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FOREWORD 

The Radio Amateur's Handbook has long been a 
staple of the radio amateur's library. Since it was first 
published in 1925, nearly five million copies have been 
distributed, putting it near the top of the all-time best 
seller list. It has achieved that distinguished record 
because it is a practical, useful manual. I ts continuing 
purpose is to present the necessary fundamentals, as 
well as changing technology and applications, to serve 
the varied interests of the experimenter, the home 
builder, the DXer, the contester, and the ragchewer. 

The present volume is the product of the efforts and 
the skills of many talented amateurs. We hope you will 
find it of value in the pursuit of your goals and your 
interests, particularly in these times when there seems to 
be a growing enthusiasm in and excitement about 
amateur radio. 

Newington, Conn . 
November, 19 76 

RICHARD L BALDWJN, W !RU 
General Manager 
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The Amateur's Code 

ONE 
The Amateur is considerate ... He never knowingly uses 
the air in such a way as to lessen the pleasure of others. 

TWO 

The Amateur is Loyal ... He offers his loyalty, encour
agement and support to his fellow radio amateurs, his local 
club and to the American Radio Relay League, through 
which amateur radio is represented. 

THREE 
Tbe Amateur is Progressive ... He keeps his station 
abreast of science. It is well built and efficient. His 
operating practice is above reproach. 

FOUR 

Tbe Amateur is Friendly . . . Slow and patient sending 
when requested, friendly advice and counsel to the begin
ner. kindly assistance, cooperation and consideration for 
the interests of others; these are marks of the amateur 
spirit. 

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

SIX 
The Amateur is Patriotic ... His knowledge and his 
station are always ready for the service of his country and 
his community. 

- PAUL M. SEGAL 



Amateur Radio 

Amateur Radio. You've heard of iL You 
probably know Iha! amatelll radio operaton aze 
also called "hmns." (Nobody knows quite why!) 
But who are these people and what are they doing? 

WeU, every minute of every hour of every day, 
365 days a year, radio amateurs all over the world 
are communicating with each other. It's a woy of 
discovering new friends while experimenting with 
different and exciting new ways to advance the art 
of their hobby. Ham radio is a global fraternity of 
people with common and yet widely varying 
interests, able to exchange their ideas and learn 
more about each other with each new cont.act 
Because of this, radio amateurs have the unique 
ability to enhance international relations as does 
no other hobby. How else is it possible to talk to 
an engineer involved in a space program, a Tokyo 
businessman, a U.S. legislator. a store owner in the 
New York Bronx, a camper in a Canadian national 
park, the head of state of a Mediterranean-area 
country, a lludent at a high school radio club i.n 
Wyoming or a sailor on board a ship in the middle 
of the Pacific? And all without leaving your home! 
Only with amateur radio - that's how! 

The way in which communication is accom
plished is just as interesting as the people you get to 
"meet." Signals can be sent around the world usin6 

reflective layer.i of the earth's ionosphcn: or 
beamed from poinl to point from mounlllinlops by 
relay stations. There arc ~alellile5 in orbit that 
hams built and hams pre~ntly use to achieve 
communication. Still other hams bounce their 
signals off the moon! The possibilities are almost 
unlimited. Not only do radio amateurs use interna
tional Morse code and voice for communication, 
but they also use radiotelelype, facsimile nnd 
various forms of television. Some hams even have 
computers hooked up to their equipment! As new 
techniques and modes of communication are 
developed, hams continue their long tradition of 
being among the first to use them. 

What's in the future? Digital voice-encoding tech
niques? Three-dimensional TV? One can only guess. 
But if there is ever such ~ thing as a Star Trek 
transporter unit, hams will probably have them! 

Once radio amateurs make sure that their gear 
does work, they look for things to do with the 
equipment and with the special skills they possess. 
Public service is a very large and inregral part of the 
whole Amateur Radio Service. Hams continue this 
tradition by becoming involved and sponsoring 
various activities in their community. 

Field Day, just one of many public service-type 
activities, is an annual event occurring every June 
when amaleun (using electricity generated at the 
site of operation) take their equipment into the 

7 

Chapter 1 

great outdoors and test it for use in case of 
disa.~ter. Not only do they test their equipment, 
but they make a contest out of the exercise and tsy 
to contact as many other hams operating 
emergency-type stations as possible (along with 
"ordinary" types). Often they make Field Day a 
club social event while they arc operating. 

Traffic nets meet on the airwaves on a schedule 
for the purpose of handling routine me!iSilges for 
people all over the country and in other countries 
where such third-party traffic is permitted. By 
doing so, amateurs stay in practice for handling 
messages should any real emergency or disaster 
occur which would require operating skill to move 
messages efficiently. Nets also meet because the 
members often have common interests: Simihu 
jobs, in tere~u in different languages, differ-en t 
hobbies (yes, some people have hobbies other than 
ham radio 1) and a whole barrclful of other reasons. 
It is often a way to improve one's knowledge and 
lo share experiences wilh other amateurs for the 
good or oil involved. 

DX (distance) contests arc popular and aw111ds 
are actively sought by many amateurs. This arm
chair travel is one of the more alluring activities of 
amateur radio. There arc awards fo1 Worked All 
States (WAS), Worked All Provinces (WAVE), 
Worked All Continents (WAC), Worked 100 Coun
tries (DXCC) and many ot?lers. 

Mobile operation (and especially on the very 
high frequencies) holds a special attraction to 
many hams. It's always fun to keep in touch with 
ham friends over the local repealer (devices which 

HIRAM PERCY MAXIM 
Pre1ident ARRI. I 914-1936 

I 
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A ~ldah N dahlt 

B dah~id_idit 0 dahdahdah - - -
C dahdidahdit p ~idah,dahd\t 
D dahdid it Q dahdahdidah - - •-E dit R d_idahdi,t 

F dididahdit s ~i4idlt 
G dahdahdit T dah --· H 4i~~idlt U dididah 

I d,idjt V ~i~id_idah 

J didahdahdah W didahdah ·---
K dahdidah X dahdididah - ·- -· •-L d_idahd.idjt y dahdidahdah - ·--M dahdah z dahdahdidit - -· 
1 didahdahdahdah 6 dahdidididit ·----- -·· · . 2 d_ic!idahdahdah 7 dahdah~i~idjt 
3 didididahdah 8 dahdahdahdidit , . . __ - - - · · 4 d,id_i~d.idah 9 dahdahdahdahdjt ----5 dididididit 0 dahdahdahdahdah -----

Period: didahdidahdidah. Comma: dahdahdidi• ·-· - ·- --·. 
dahdah. Question mark: ~i~idahdah~id!t, Error: 

d_id_i~iqid.id_i<ffdit- Double dash: dahdidididah. 

Colon : dahdahdahdididit. Semicol~ <bhdidah
d,idahd_iL Pa~the; is: dahd_idahdah<!idah: F rac
tion bar: dahd_id_ldahdjt. Wait: 4idahqid.idjt. End 
of message: didahdidahdit. Invitation to trans
mit : dahdidah: End ;;r-~ark : didididahdidah. - · - · ·· -·-
receive your signal and retransmit ii for better 
coverage of the area) or finding new friends on 
other frequencies while driving across the country. 
Mobile units are often the vital link in emergency 
communications, too, since they are usually first 
on the scene of an accident or disaster. 

The Oscar (Orbiting Satellite Carrying Amateur 
Radio) program is a new challenge to thi: amateur 
radio fraternity. Built by hams from many coun
tries around the world, lhese ingenious devices 
hitch rides as ballast (secondary payloads) on space 
•hot, for commerclnl communicationK or weather 
satellites. Oscar :iatcllites lhen receive signals from 
the ground on one frequency and convert those 
signals to ano ther freq uency to be sent back down 
to Earth. Vhf (very high freq uency) and uhf 
(ultra-h igh frequency) signals normally do not have 
a range much greater than the horizon, but when 
beamed to these satellites, a vhf/ uhf signal's c!Tec
live range is greatly increased to make global 
communication a possibility. These Oscar satellites 
also send back telemetry signals either in Morse 
code or radioteleprinter (RTIY), constantly giving 
Information on the condition of eq uipment aboard 
the sa tclli tc. 

Radio amateur clubs often provide social as 
well as operational and technical activities. The fun 
provided by amaleur radio is greatly enhanced 
when hams get together so they can "eyeball" or 
see each other. It's a good supplemenl to talking to 
each other over the radio. The swapping or tales 
(and sometimes equipment), telling of joke~ and a 
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general feeling of high spirits adds a bil of spice lo 
club meetings along with technical matters on the 
agenda. Club§ offer many people their first contact 
with amateur radio by setting up displays in 
~hopping centers and at events like county fairs, 
etc. Classes for beginnen; are given by many clubs 
on a regular buis and offer the prospective ham a 
chance to exchange ideas with the instruc 101 and 
classmates so that learning may prog1es..~ at a faste1 
speed than by individual study. 

Self-reliance has always been a trademark of the 
radio amateur. This is often best displayed by the 
strong desire by many hams to design and build 
lheir own equipment. Many other, prefer to build 
their equipment from kits. The main point here is 
that hams want to know how their equipment 
function!. whet to do with it and how to fix it if a 
malfunction should occur. Repair shops aren't 
always open during hunicanes or floods and they 
aren't always out in the middle of the Amazon 
jungle, either. Hitffis often come up with variations 
on a circuit design in common use so tha t they 
may achieve a special function, or a totally original 
electronic design may be brought out by a ham, all 
in the interest of :ulvancing the radio art. 

GETTING A LICENSE 

"All of !hi~ sounds very interesting and seems 
to be a lot of fun, but just how do I go about 
ge tting into thia hobby? Don't you almost need a 
degree in elec Ironies lo pass the test and ge I a 
license?" 

Nothing could be farther from the truth. 
Although you are required lo have a license to 
operate a station , it only takes a minimal amount 
of study and effort on your part lo pass the basic, 
entry-grnde exam and get on the air. 

"But what about the code? Don't I have to 
kn ow code to gel a license?" Yes, you do. 
International agreements require amateur radio 
operators to have the ability 10 communicate in 
international Morse code. But the speed at which 
you are required to receive it is relatively low so 
you should have no difficulty p.assing it in the 
course of your c"am. It's not aJl !1101 hard, either. 
Many grade-school students have passed their tests 
and each month hundreds of people from 8 to 80 
join the ever-growing number of amateur radio 
opera to rs around the world. 

Concerning the written exam, to get a license 
you need to know some basic electrical and radio 
principles and regulations governing the class of 
license applied for. The ARRL's basic beginner 
package, Tune in rhe World with Ham Radio, is 
available for S 7 from local radio stores. It may al~o 
be purchased by mail from the address below. 
Quite a few radio club~ teach amateur radio theory 
and welcome HII those in tere sled in the hobby. 
Leaming with a group often seems lo make the 
study a bit easier and go more smoothly, too. You 
may obtain !he location of the closest amateur 
radio club with classes simply by sending a 
self-addressed-stamped envelope to the American 
Radio Relay League, 225 Main SI., Newington , CT 
06 I] l. 



Public Service 

Don Mix, 1TS. at WNP (Wireless North Pole). 

LOOKING BACK 

How did amateur radio become the almost 
unlimited hobby it is today? The beginnings arc 
slightly obscure, but electrical experimenters 
around the "tum of the century" inspired by the 
experiments of Marconi and others of the time, 
beg:in duplicating those experiment~ nnd 
a ttempted to communicate among themselves. 
There were no regulatory agencies at that time and 
much interference was cau!;Cd by these .,amateur" 
experimenters to other stttions until governments 
the world over stepped in and established licensing, 
laws and regulations lo control the problems 
involved in this new technology. "Amateur" 
experimenter stations were then restricted lo the 
''useles.~" wavelengths of 200 meters and below. 
Amateurs suddenly found that they could achieve 
communication over longer distances than com
mercial stations on !he longer wavelengths. Even 
so, signals often had to be relayed by intermediate 
amateur .~tations to get a me~sage to the proper 
destination. Because of this. the American Radio 
Relay League wus organized to establish routes of 
amateur radio communication and serve the public 
interest through amateur radio. But the dream of 
eventual transcontinental and even transoceanic 
arna teur radio contact burned hot in the minds of 
radio amateur experimenters. 

World Wu I broke out and amateur radio, still 
in its infancy, w-.ss ordered out of ellistence until 
further notice. Many former am:iteur radio opera
tors joined the armed services and served with 
distinction as radio operators, finding their skills to 
be much needed. 

After the close of the "War lo End All Wars:• 
amateur radio wa~ still banned by law; ye! there 
wtire many hundreds of formerly licensed amateurs 
just itching to "get back on the air." The govern-
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menl had tasted supreme authority over the radio 
seivices and was half inclined to keep it. Hir-Jm 
Percy Ma,cim, one of the foundeI5 of the American 
Radio Relay League, called the pre-war League's 
officer~ togi:ther and then contacted all the old 
members that could be found in an attempt to 
re-establish amateur radio. Maxim traveled to 
Washington, D.C. and after considerable effort 
(and untold red tape} amateur radio was opened up 
again on October I, 1919. 

Experiments on shorter wavelengths were then 
begun with encournging re~ults. It was found that 
as the w-,ivelength dropped (i.e. frequency in· 
creased) greater distances were achieved. The com
mercial stations were not about to miss out on this 
opportunity. They moved !heir stations to the new 
shorter wavelengths while the battle raged over 
who had the right to transmit in this new an:a. 
Usually it turned out to be the station with the 
stronger signal able to blot out everyone else. 

Many national and international conferences 
were called in the twenties to straighten out the 
whole me~s of wavelength allocations. Through the 
efforts of ARR L officials, ama tcurs obtained fre
quencies on various bands simil.u to what we have 
today'. One-hundred sixty through six meters.. 
When the :imatcur operators moved to 20 meters, 
the dream of coast-to-coast and transoceanic com
munication without a relay station wa~ finally 
realized. (A more detailed history of the early days 
of amateur radio is contained in the ARRL 
publication Two Hundred Meters and Down by 
Clinton B. DeSoto.) 

PUBLIC SERVICE 
Amateur radio is a grand and glorious hobby 

but this fact alone would hardly merit such 
wholehearted support u is given it by many 
governments at international conferences. There 
are other reasons. One of these is a thorough 
appreciation of the value of the amateur as a 
source of skilled radio personnel in time of war. 
Another asset is best described as "public service." 

The "public-service" record of the amateur i~ a 
brilliant tribute to his work. These activities can be 
roughly divided into two classes, expeditions and 
emergencies. Amateur cooperation with expedi
tions began In 1923 when a League member, Don 
Mix. ITS, accompanied MacMillan lo the Arctic on 
the schooner Bowdoin with an amateur stulion. 
Amatcun in Canada and the U.S. provided the 
home contacts. The success of this venture W8$ so 
outstanding that other explorers followed suil. 
During subsequent year.i a total of perhap~ two
hundred voyages and expeditions were assisted by 
amateur radio. the 11everal explorations of the 
Antarctic being perhaps the best known. 

Since 1913 amateur radio has been the princi
pal, and in many cases the only, means of outside 
communication in several hundred slonn, nood 
and earthquake emergencies. The earthquakes 
which hit Alaska in 1964, Peru in 1970, Cal ifornia 
in 1971, !he Guatemalan earthquake of 1976 and 
the J 976 Italian earthquake. the Dakota floods. 
the aftermath of tJopical ~lorm Agnes in 1972, 
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The "shack" for WNP was on the schooner 
Bowdo/,i. 

respectively, called for the amateur's greatest 
emergency effort. In these disasters and many 
others - tornados, sleet storms, forest fires, bliz
zards - amateurs played a major role in the relief 
work and earned wide commendation for their 
resourcefulness in effecting communication where 
all other means had failed. 

TECHNICAL DEVELOPMENTS 

Amateurs started the hobby with spark-gap 
transmitters lllking up great hunks of frequency 
space. Then they moved on to lubes when these 
devices came along. Much later, transistors were 
utilized ; now integrated circuits are a part of 
everyday hardware in the amateur radio shack. 
This is because the amateur is constandy in the 
forefront of technical progress. His incessant 
curiosity and his eagerness to try anything new are 
two reuons. Another is that ever-growing amateur 
radio continually overcrowds its frequency assign
ments, spurring amateurs to the development and 
adoption of new techniques to permit the accom
modation of more stations. 

Amateurs have come up with ideas in their 
shacks while al home and then taken them lo 
industry with surprising results. During World War 
n, thou11ands of skilled amateurs contributed their 
knowledge to the development of secret radio 
devices, both in government and private labora
tories. Equally as important, the prewar technical 
progress by amateurs provided the keystone for the 
development of modern military communications 
equipment. 

Many youngster~ start ou I with a.n interest in 
amateur radio and then follow through with a 
career in a technical field. Ham engineers often 
come up with many of the new developments, if 
not actually designing a new device that is appli
cable not only to industry but to amateur radio use 
as well . This aspect of the hobby is often best 
dem onstra led by pointing to the Oscar satellite 
program. Hams from around the world with 
technical backgrounds participate In lhe design, 
construction and launch plans for each satellite. 
The entire program is under the direction of 

AMATEUR RADIO 

AMSAT, the Amateur Radio Satellite Corporation, 
an affiliate of the American Radio Relay League . 

THE AMERICAN RADIO RELAY 
LEAGUE 

Ever since its establishment in l9l4 by Hiram 
Percy Maxim and Clarence Tuska, the American 
Radio Relay League has been and is today not only 
the spokesman for amateur radfo in the U.S. and 
Canada but the largest amateur organiza tion In the 
woTld. It is strictly of, by and for amateurs, is 
noncommercial and has no stockholders. The 
members of the League are the owners of the 
ARRL and QST, the monthly journal of amateur 
radio published by the League. 

The League is pledged to promote interest in 
two-way amateur communication and experiment.a· 
lion. It is interested in the relaying of messages by 
amateur radio. It is concerned with the advancement 
of the radio art. It stands for the maintenance of 
fraternalism and a high standurd of conduct. It repri:
scnts the amateur in lc~islativc matters. 

One of the League's principal purpo!IC5 is to 
keep amateur activities so well conducted that the 
amateur will continue to justify his existence. 
Amateur radio offers its followers countle&s 
pleasures and unending satisfaction. It also calls for 
the shouldering of responsibilities the main
tenance of high standards, a cooperative loyalty to 
the traditions of amateur radio, a dedication to iu 
ideals and principles, so that the institution of 
amateur radio may continue to operate "in the 
public in tcrest, convenience and nccessi ty ." 

In addition to publishing QST, the ARRL 

A USAF sPace vehicle going into orbit with Oscar, 
the first amateur satellite. 

radio.lt


CANADIAN AMATEUR BANDS 

maintains a model amateur radio station, WlAW, 
which conducts code practice and sends bulletins 
of interest to amateurs the world over. ARRL 
maintains an intruder watch so that unauthorized 
U!le of the amateur radio frequencies may be 
detected and appropriate action taken. At lhe 
headquarteu of the League in Newington, Conn., is 
a well-i:quippcd laboratory lo assist staff members 
in preparation of technical material for QST and 
the Radio Amoteur's Ha11dbook . Among its other 
activities, the League maintains a Communications 
Deparlmenl concerned with lhe operating activities 
of Lugue members. A large field organization is 
headed by a Section Communications Manager in 
each of the League's seventy-four section.~. There 
are appointments for qualified members in various 
fields, as outlined in Chapter 24. Special activities 
and contests promote operating skill A special 
place is reserved each month in QST for ami:teur 
news horn every section. 
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The ARRL publishes a virtual libra,y of infor
mation on amateur radio. Tune in the World with 
Ham Radio, written for the person without 
1>revious conlllct with amateur radio, and the 
Radio Amateur's Uce,ue ManUlll are two of the 
oooks de~igned lo assist lhe prospective amateur lo 
get into the hobby in the shortest possible time. 
Tune i11 1he World comes complete with a code 
instruction and practice tape. They arc both 
available from either local radio stores or from the 
I\RRL postpaid. 

Once you have studied, taken the test and have 
received your license, you will find that there is no 
other thrill quile the same as amateur radio. You 
may decide to operale on the lowest amateur band, 
160 meters (:we map) . Or you may prefer to 
operate in the gigaherl2 bands (billions of cycles 
per second) \\'here the entire future of communica
tions may lie. Whatever your interest. you are sure 
to find It in amateur radio. 

CANADIAN AMATEUR BANDS 

80m<U.. 
I) ll .fl 51 

40 me1an 
I) l) 41 J) 

ISm•Un 
I) 114) Sl 

JO IDtlG> 

21 3) 4} S) 

6 meten 
3) 4) 

l meten 
3) ◄) 

3.500- 1.725 MHz Al, Fl 
l.725- 4.000 Mllr Al. Al. Fl 

7.000- 7.150 MHr Al. Fl. 
7.150- 7.300 MHl Al. Al. Fl 

14.000- 14.100 MHz Al, Fl 
14.100- 14.JSOMH, Al.Al.Fl 

JI .000- 21.100 MHz Al. fl 
ll.100-- 21.◄SO MIiz Al. Al. F1 

l8.000- lB.JDO MHz Al. fl 
18.100- 29.700 IIIH1 Al. Al. fl 

50000- 50.050MHz Al 
50.0SO- 51.000 MIiz Al. Al, Al. Fl 

Fl. Fl 
51.000- J.f.llOOlllt1 Al. Al. Al. AJ 

A4. Fl. n. Fl. 
F4 

144.000- 14'1.IDO IIIH1 Al 
144.100- 148.000 Mtu Ae. Al. Al. Al 

A◄. Fl. Fl. Fl 
F◄ 

3) 41 220.000- 225 000 MH, A •. Al. Al. Al. 

4) 6) 420 000- HO.ODO Miu) 
1215.000- 1100.000 MH1) 
2300.000- 2450.000 MH•l 

A4. Fl. Fl. Fl, 
F.f 

HOO.ODO- JS00.000 MH•l Ail, Al. Al. Al 
5650.000- 5925.000 MHzl A◄. A5. FI. Fl 

10000.00II- I0500.000 Mlb) Fl. F◄ 
24000.000· 24250.000 MHll 

I) I'll<>•• pn•olqn.,. mlricl<!d la ~ald,nor Ad .. nc•d Am• 
-• Radio Openlor Cor1mu1m. and af Connn<ftCOII c,,ufl. 
ala. 

7J PhoM pn•~•l!I" on, 1e11nc1od "' In fDDtno,. ll. and la 
holden oC Am■laur Radio Opcra1on Certmc:aec1. whoil cettf0· 
ca1es have been cndoued for operation on ;ihone in theie band•. 

l) Ampl,..,do modulation IA], Al, A4) thall nol •x.ccod .t l 
klu (&Al). 

4) Fn,q••""Y modllllolil>o (Fl. Fl, F4J shall nol produa, • c:u
Dl!r dniallon nceedlog .tl tHz. (6f] I ucq,I 1h11 In !ht 52-
S4 Mlb and 146- 148 MHz band, and blplc, Ille c.,.;,,1 11,,,;.. 
Lion dwl nol nceed .tl5 kHz llOFl). 

S) Slow Seu lolewi,ion (AS), permlll•d by ,pedal aulhorlu• 
tion, shall not o,u:eed a bandwidlh a,Oller than that oc1."llpl1d 
by I normal 11nll~ 1ldeband ~oke ln.nlffll1.·don . 

6) Telft'lDon 4115). p,rmilled hy ,pedal 11Uhoriulion. ,lull 
,mploy a17ucmaf 11 ■ndud tnlini:ace ■nd cr1nn1n1 with • band
w1d1h of no1 more lhan ~ Mlh. 

Operalion In fn:qucncy band 1.800-2.000 MHt ,ball bo 
limited lo the uc11 H tnWcatcd in the (0Unwin1 table ■nd 1hall 
tiit limited 10 l!te lndicatEd rna,i.tmum de power Input to the 1n• 
>de of lh• Onal radlo freqo•DCY 11..,, or lhc lrammlller dunn1 
clay and rugh1 hours 11'1pecti.,ly: fol lht purpm,c of this ••bk 
'day" means lho _,. i,,1....,.n "'"""' and 8lmel. ind ""'lhl" 
mun< llv houn lx!Wttn m1111CI ud "'"""'· Al. AJ and t'l 
:mmi011 ..., p,nnlllcd. 

Biilish Columbl■ 
Alber1a 
Sl1katt:hewan 
Manitoba 
Onwio 
North of so• N. Lal. 
Ontario 
South of JO" N. Lat. 
P,owinc• of Ou•~· 
North af 52" N. ual. 
Province of Out bet: 
Sout.h af S2" N. l.aL 
Nra. Bn11lftt"Kk 
Nova S,C'otj1 
Pnnct Edw.,d Mind 
Newfoundl1nd I bland) 
Newfoundland r Lab11dor) 
Yukon Tenilol')' 
Di,tric1 of M1dCen1h~ 
Dinrict or KN\llatln 
Di<lric1 of l•ranlllln 

A BCD"-"FGH 

311 J 3 I O D O 0 
JII 3 3 ] I O O I 
]II ] ] 3 3 I I ] 
]ll J 2 l 2 2 l 311 
3 I I I I O O 2 

]ll 2 0 0 0 0 

0 0 0 0 

J O O O O 0 

J 2 I O O O O 0 
l 2 I O O O O O 
J J I O O O O 0 
1 11 00000 
2 0 0 0 D O O 0 
311 J l I D O O 0 
JIJ 3 3 1 I O O I 
l 1132002 
0 0 0 0 I O O I 

I I The po_, lcoolt 500 day - I 00 nll)lt may br ln,:n,asod la 
1000 dai, - 200 niJ!hl """" 1111horill!<I hr I Radio INsa:.,, 
of the Dcpartmenr c:1r CommuniL'11tJoa1. 

FwqvrN'.'IJ 8atJd 

A 1.800- 1.825 MIi• 
B 1.825- 1.850 MIi, 
C I.BS0 - 1.875 MH1 
D 1.875-1.900 MHr 

E 1.900- 1.915 MHz 
F 1.925- 1.950 MHt 
G 1.950-1.975 Mlb 
H 1.975-2.000 lilH• 

1'o-,Lt,M- lllara 

0 - Openllan ""' p,tmilled 
I - H nighl 
2 - SO night 
3- 100 night 

125 day 
250 d.,y 
500 d1y 



12 AMATEUR RADIO 
U.S. AND POSSESSIONS AMATEUR BANDS 

kHz EMISSIONS 

160m. 1800-2000 Al,A3 

3500-4000 Al 6m. 

80m. 3500-377S Fl 
3775- 3890 ASl, FS I 

3775-4000 A3,F32 

Al 7000-7300 2 m. 
40 m. 7000-71S0 Fl 

71S0-7225 ASl, FSl 
7150- 7300 A3, f32 

14000-143S0 Al 

20 m. 14000-14200 Fl 
14200- 1427.S A.5 1, f51 
14200-14350 A3, F3 2 

MHz EMISSIONS 

21.00--21.4S Al 

IS m. 21.00--21.2S Fl 
21.2S-21.35 ASl, FSI 
21.25-21.45 A3,fJ2 

28.0-29.7 Al 
28.0-28.S Fl !Om. 
28.S-29.7 A3, ASI, F32, f51 
29.0-29.7 f3 

NOTE : Frequenci•• from 3.9-4.0 MHz and 7. 1•7.3 
MHz are nol ava ilable 10 amateurs on Baker, 
Canion, Enderbury, Guam, Howland, Jarvis. 
Palmyra, American Samoa, ond Wake Islands. 

When opernting from points outside ITU Rc~on 2 
(roughly, the Western Hemisphere extended lo 
include Hawaii), licensee~ of General Class and 
higher m11y operate A.3 and FJ from 7075,7100 
kHz; Novice licensees may operate Al from 
7050-707 5 kHz. 

REPEATERS: 

The fn:quency ranges (in MHz) available ror 
repeater Inputs and outputs an: 115 follows: 

29.5 - 29.7 
52.0 - 54.0 

146.0 - 148.0 
222.0 - 225.0 
442.0 - 450.0 

any amateur frequency above 121S MHz. 

Na11ice licen=s may LISC A 1 em1ss1on o.nd a 
maximum power input of 250 watts on lhc 
following frequencies : 
3.700 -3.750 MHz 21.100-21.200 MHz 
7.100-7.IS0 MHz 28.100 - 28.200 MHz 

MHz EMISSIONS 

S0.0-54.0 Al 
S0.1-54.0 Al, AJ, A4, AS3, Fi, 

F2,f32, FS1 
5l.0- S4.0 All 
52.5-.S4.0 F3 

144-148 Al 
144.1 - 148 A9, A2, A3, A4, A53, 

F9,Fl,F2,F3,f51 

220-225 All, Al , A2, A3, A4, Asa, 
F&, Fl ,F2,f3,f4,f51 

420- 4504 AD, Al, A2, A3, A4,A53, 
l,21S - 1,300 FD,fl,F2,F3,F4,FS 

2,300-2,4S0 
3,300-3,S00 
S,6S0-5,925 All.Al,A2,A3,A4,AS 

I 0,000-10,5005 FD, Fl, F2, Fl, F4, FS, 
24,000 - 24,250 pulse 

The bands 220 thruu1h 10,500 MHz are shared 
wilh the Gtwernmenl Radiu Pasilioning Sorvice, 
which has priority. 

! Slow-scan television no wider than ■ 1ingle
•ideb■nd voice signal may be used; on AS if voice is 
simultaneously used. 1h• 10111 ngnal can ba no 
wider lhan a standard a-m sixnol. 

l Narrow-band frequ•nry - or phase-modulgllon 
no wider then s.tandard 1-m voice &ignal. 

l Slaw-acan leleivi:Kion no wider than a standard 
a-m vol~• 1l11nal. 

4 lnpul po,wr musl nol nceed SO WIIIII In 
Fla., Arh., and parls of Ga., Al■,, Miss .• N. Mex., 
Tex,, Nev., ond Ca. See lhe Ltcen!te Manual or 
write ARRL for further delall ■• 

S No pulse permillrd In 1hi1 band. 

Technician licen,ees arc permitted au amateur 
privilege, in S0.1-54 MHz, 145-148 !.!Hz and ln the 
bands 220 ~IHz and above, and in addition have 
full Novice privileg,,s. 

Except as otherwise specified, the maximum 
amateur po~r input is l000 waltl. 
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43310000 
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ABclEFOH 
433ll002 

COlO . 

tfUJFca 
~l 

ABCDEFGR 
4J2oooo2 

AR12, 
"'-HCX, 

AllC 1lEr'c; H 
ABCIEFOH 43300ooo 
43100134 

~o 
'C)~ 

~~ 
HAWAII {) 

ABCIEFGR 
00002113 

U.S. 160-METER ALLOCATIONS 

N. DAK. 
\ MINN. 
I ~· ____ t,J./~ 

S..DAK. ~ ~ 
I J 
I 
I 

NEBR 

ABCMroH 
3l000002 

tThe range I 82S-1830 kHz is used by DX nation• 
attempting to con_tact North American stations. 
Use of this "DX Window" should be avoldod by 
stations on this continent. 

INPUT POWER (WA TIS) 

0 No operation, day or night 
l 100 day, 25 night 
2 200 day, SO njght 
3 500 day, 100 night 
4 1000 day, 200 night 
5 125 day, 25 night 
6 250 day, 50 night 

SEGMBNTS (kHz) 

A 1800-1825 
B 1825-1850t 
C 1850-J 875 
D 1875-1900 
E 1900.1925 
P 1925-1950 
G 1950-1975 
II 1975-2000 



Electrical Laws 
and Circuits 

FUNDAMENTAL PRINCIPLES 

Some or tlte manifestations of electricity and 
magnetism are familiar to everyone. The effects of 
static electricity on a dry, wintry day, an attraction 
by lhe magnetic north pole to a compass needle, 
and the propagation and reception of radio waves 
are just a few examples. Less easily recognized as 
being electrical in nature perhaps, lhe radiation of 
light and even radiant heat from a stove are 
governed by the same physical laws Iha t describe a 
signul from a TV station or an amateur transmitter. 
The ability to transmit electrical energy through 
space without any reliance on matter that might be 
in that space (such as in a vacuum) or the creation 
of a disturbance in space that can produce a force 
are topics that are classified under the study of 
electromagnetic fields. Knowledge of the proper
ties and definitions of fields is important in 
undersl.lnding such devices as transmission lines, 
antennas, and circuit-construction practices such as 
shielding. 

Once a field problem is solved, it is often 
possible to use the results over and over again for 
other purposes. The field solution can be used to 
derive numerical formulas for such entities as 
resistance, inductance, and capacitance or the 
latter quantities can be determined experimentally. 
These elements, then, form the building blocks for 
more complex configurations called network.I or 
circuits. Since there is no need to describe the 
physical appearance of the individual elements, a 
pictorial representation is orten used and it is 
called a 1ehem.atic diagram. However, each element 
must be assigned a numerical value, otherwise the 
schematic diagram is incomplete. If the numerical 
values associated with the source$ of energy (such 
as batteries or generators) are also known, it is then 
possible to determine the power transferred from 
one part of the circuit lo another element by 
finding the numerical values of entities called 
voltage and cunent. 

Finally, there is the consideration of the funda
mental properties of the matter that makes up the 
various circuit elements or devices. It is believed 
that all matter is made up of complex structures 
called atorm which in tum are composed of more 
or less unchangeable particles called electrons, 
protons, and neutrons. Construction of an atom 
will determine the chemical and electrical proper
ties of matter composed of like atoms. The 
periodic table of chemical elements is a cla~sifica
tion of such atoms. Electrons play an important 
role in both the chemical and electrical properties 
of matter and clements where mme of the elect-

Chapter 2 

rons are rcla tively free to move about. These 
materials are called conductors. On the other hand, 
elements where all of the electrons are tightly 
bonded in the atomic structure are called inS\lla · 
tors. Metals such as copper, aluminum. and silver 
arc very good conducton while glass. plaslie$. and 
rubber are good insulators. 

Although electrons play the principal role in 
the properties of both insulators and conductors, it 
is possible to construct matter with an apparent 
charge of opposite sign to that of the electron. 
Actually, the electron is still the charge carrier but 
it is the physical absence of an electron location 
that moves. However, it is convenient lo consider 
lhat an actual churge carrier is present and it has 
been labeled a hole. Materials io which the motion 
of electrons and holes determine the electrical 
characteristics are called semiconductors. Trans
istors, integrated circuits, .'Uld similar solid~tate 
devices arc made up from semiconductors. While 
there are materials that fall in between lhc clas
sifications or conductor and insulator, and might 
be labeled ai; IIC miconductors, the latter term is 
applied exclusively to materials where the motion 
of electrons and holes i~ important. 

Electro~tatic Field and Potentials 

All electrical quantities can be expressed in the 
fundamental dimensions of time, mass, force, and 
lengrh. In addition, the quantity or dimemion of 
chargr! is also required. The metric system or units 
(SI system) is almost exclusively used now to 
specify such quantities, and the reader is urged to 
become familiar with this system. In the metric 
system. the basic unit of charge is the coulomb. 
The smallest known charge is that of the electron 
which is - 1.6 X I Q-19 coulombs. (The proton has 
the same numerical charge except the sign is 
positive.) 

The concept of electrical charge is analogou~ to 
that of mass. It is the mass of an object thal 
determines the force of gravitational attraction 
between the object and another one. A similar 
phenomenon occurs with two charged objects. If 
the charges can be considered to exist al points in 
space, the force of attraction (or repulsion if the 
charges have like signs) is given by the formula : 

F = Q102 
4'fffT2 

where Q1 is the numerical value of one charge, 02 
is the other charge value, r is the di~tance in 
meters, e Is the permlrtivit_v of the medium 
surrounding the charges, and F is the force in 
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Fundamental Principles 
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Fig. I A - Field (solid lines I and potential (dotted 
lines) lines surrounding a charged sphere. 

newtons. In the case of free space of a vacuum, E 

has a value of 8.854 x 10-12 and is the 
permiuivity of free space. The product of re/11tive 
permittivity and e0 (the permittivity of free space) 
gives the permittivity for a condition where matter 
is present . Permitt ivit~· is also called the dielectric 
constant and relative dielectric constants for plas
tics such as polyethylene and Teflon are 2.26 and 
2.1 respectively. (The relative dielectric constant is 
also important in transmission-line theory. The 
reciprocal of the i:qu:ue root of the dielectric 
constant of the material med to separate the 
conductors in a transmission line gives the velocity 
factor of the line. The effect of velocity factor will 
be treated in later chapter~.) 

If instead of just two chuges. a number of 
charged objects are present, the force on any one 
member is likely lo be a complicated function of 
lhe positions and magnitudes of the other charges. 
Consequently, the concept of electric field strength 
is a U8eful one to introduce. The field strength or 
field in tensity is defined as the force on a given 
charge (concentrated at a point) divided by the 
numerical value of the charge. Thus. if a force of 1 
newton existed on a test charge of 2 coulombs, the 
field intensity would be 0.5 newtons/coulomb. 

Whenever a force exists on an object, it will 
rcq uire an e xpendilurc of energy lo move the 
object against thal force. In ~ome instances. the 
mechanical energy may be recovered (such as in a 
compressed spring) or it may be converted lo 
another form of energy (such as heat produced by 
friction). As is !he case for electric-field intensity, 
it is convenient to express energy .;. chHrgc 
as the potential or voltage of a charged object at a 
point. For instance, if it look lhe expenditure of 5 
newton-meters (5 joules) lo move a charge of 2 
coulombs from a point of zero energy to a given 
point. the voltage or potential al that point would 
be 2.5 joules/coulomb. Because of the frequency 
of problems of this type, the dimension of joules/ 
coulumb is given a special designation and one 
joule/coulomb is defined as one volt. Notice that if 

15 
the voltage is divided by length (meters), the 
dimensions of field intensity will be obtained and a 
field strt!ngth of one newton/coulomb is also 
defined as one volt/meter, The relationship be
tween field intensity and potential is illustrated by 
I.he following example shown in Fig. lA. 

A conducting sphere receives a charge until its 
surface is at a potential of S volts. As charges are 
placed on the surface of a conductor, they lend to 
spread out into a uniform distribution. Conse
quently, ii will require the same amount of energy 
to bring a given amount of charge from a point of 
zero reference lo any point on the sphere. The 
outside of the sphere is then gjd lo constitute an 
equipotential surface. Also, the amount of energy 
expended will be independent of the path traveled 
to gel to the surface. For instance, it will require 5 
joule~ of energy to bring a charge of I coulomb 
from a point of O voltage to any point on the 
sphere (as indicated by the dolled lines in Fig. 1 A). 
The direclion of the force on a charged particle at 
the surf11ce of the surface of !he sphere must be 
perpendicular to the surface. This is because 
charges are able to flow about freely on the 
conductor but not off it. A force wilh a direction 
other than a right angle to the surface will have a 
component lhal is parallel to the conductor and 
will cause the charges to move about. Eventually. 
an equilibrium condition will be reached and any 
initial field ~omponent parallel lo lhc surface will 
be zero. This motion of charge under the influence 
of an electric field is a very important concept in 
electricity. The rate at which charge nows past a 
reference pninl is defined as the current. A rate of 
1 coulomb per second is defined as I ampere. 

Because of the symmetry involved, the direc
tion of the electric force and electric field ~an be 
represented by the !;()lid straight lines in rig. I A. 
The arrows indicate the direction of lhe force on a 
positive cha,ge. Al points away from the sphere. 
less energy will be required to bring up a lest 
charge from zero reference. Consequently, a series 
of concentric spherical shells indicated by the 
dashed lines will define lhc equipotential surraces 
around the 5phere. From mathematical consider-

o.,__~-~-..---~---
o • Z• a. 4e 5o 

OlSTANC! SCAL..E 

Fig. 1 B - Variation of potential with distance • 
the charged sphere of Fig. 1 A. 

I 
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Fig. 1 C - Variation of field strength with distance 
around a sphere charged to 5 volts for spheres of 
different radii. 

ations (which will not be discussed here), it can be 
shown that the potential will vary as the inverse of 
the distance from the center of the sphere. Thi.~ 
relationship is indicated by the numbers in Fig. I A 
and by the graph in Fig. IB. 

While the electric field gives the direction and 
magnitude of a force on a charged object, it is also 
equal to the negative slope numerical value of the 
curve in Fig. I B. The slope of a curve is the rate of 
change of some variable with distance and in this 
case, the variable is the potential. This is why the 
electric field is sometimes c.a.Lled the po ten lial 
gndient (gradient being equivalent to slope). In the 
case of a curve that varies as the inverse of the 
distance, the slope at any point is proportional to 
the inverse of the distance squared. 

An examination of Fig. I would indicate that 
the potential variation is onJy dependent upon the 
shape of the conductor and not its actual physical 
size. That is, once the value of the radius a of the 
sphere in Fig. I is specified, the potential at any 
other point a given distance from the sphere is also 
known. Thus, Fig. I B can be used for any number 
of spheres with different radii. When It is changed 
by a certain percentage, all the other values would 
change by the same percentage too. However. the 
amount of charge required to produce a given 
voltage, or voltage change, does depend upon the 
size of the conductor, its shape, and its position in 
relation to other conductors and insulators. For a 
given conductor configuration, the voltage is 
related to the required charge by the formula : 

v - il 
C 

where the entity C is defined as the capacitance. 
Capacitance will be discussed in more detail in a 
later section. 

Since the electric-field intensity is related to the 
change in potential with distance, like potential, 
the manner in which it changes will be uneffected 
by the absolu te physical size of the conductor 
configuration. However, the exact numerical value 
at any point does depend on the dimensions of the 

ELECTRICAL LAWS AND CIRCUITS 
configuration. This is illustrated in Fig. IC for 
sphere11 with different radii. Note that for larger 
radii, the numerical value of the field strength at 
the surface of the sphere (distance equal to a) is 
less than it is for smaller radii. This effect is 
important in the design of transmission lines and 
capacitors. (A capacitor is a device for storing 
charge. In older terminology, It was sometimes 
called a condenser.) Even though the S4me 110llage 
is applied across the terminals of a transmission 
line or capacitor, lhe field strength between the 
conductors is going to be higher for configurations 
of small physical size than it is for larger ones. If 
the field strength becomes too high, the insulating 
material (including air) can "break down." On the 
other hand. the effect can be used to advantage in 
spark gaps used to protect equipment connected to 
an antenna which is mbject to atmospheric elec
tricity. The sparkifap conductors or electrodes are 
filed lo sharp points. Because the needlepoints 
appear as conductors of very small radii. the field 
strength is going to be higher for the saml! applied 
potential than it would be for blunt electrodes 
(Fig. 1D). This means the separation can be greater 
and the effect of the spark gap on normal circuit 
operation wiU not be as pronounced. However, a 
blunt electrode such as a sphere is often used on 
the tip of a whip antenna in order to lower the 
field strength under transmitting conditions. 

An examination of Fig. IC reveals that the field 
strength is zero for distances less than a which 
includes points Inside the sphere. The implication 
here is that the effect of fields und charges cannot 
penetrate the c:nnd urting surface and di~turb con• 
ditions inside the enclosure. The conducting sphere 
is said to fonn an electrostatic shield around the 
contents of the enclosure. However, the converse is 
not true. That is. charges inside the sphere will 
cause or induce a field on the outside surface. This 
is why it is very important that enclosutes designed 
to confine the effects of charges be connected to a 
point of zero potential. Such a point is often called 
agrou nd. 

fields and Currents 

In the last section, the motion of charged 
particles in the presence of an electric field was 
mentioned in connection with charges placed on a 
conducting sphere and the concept of current was 

T'D 
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Fig. 1 D - Spark gaps with sharp points break 
down at lower voltages than one• with blunt 
surfaces even though the separation t is the same . 



Fundamental Principles 

introduced. II was assumed lhal charges could 
move around unimpeded on lhe surface of the 
sphere. In lhe case of actual conductors, this is not 
true. The charges appear to bump into atoms as 
!hey move through lhc conductor under the 
influence of lhe electric fieW. This effect depends 
upon the kind of material used. Silver is a 
conductor with the '2ast a.mount of opposition to 
the movement of charge while i.:arbon and certain 
alloys of iron are rather poor conductors of charge 
flow. A measure of how easily charge can flow 
through a conductor is defined as lhe conductivi 1y 

and is denoted by a. 
The cunenl density J, in a conductor is lhe rate 

of charge flow or current through a given cross
sectional area. II is related lo lhe electric field and 
oonduclivity by lhe formula: 

J • aE 

In general, the conductivity and electric field will 
not be constant over a large cross-~ectional area, 
but for an important theoretical case this is 
assumed to be true (Fig. 2). 

A cylinder of a material with conductivity a is 
inserted between two end caps of infinite conduct
ivity. The end caps are connected 10 a voltage 
source such as a battery or generator. (A battery 
consists of a number of cells that convert chemical 
energy to electrical energy and a generator converts 
mechanical energy of motion lo electrical energy.) 
The electric field ill also considered to be constant 
along the length, I, of the cylinder and, as a 
consequence, the slope of the potential variation 
along the cylinder will also be a constant. Th is is 
indicated by the dotted lines in Fig. 2. Since lhe 
electric field is constant, the current density will 
al~o be constant. Therefore, the total current 
entering the end caps will just be the product of 
the current density and the crosHectional area. 
The value of the electric field will be the quotient 
of the total voltage and the length of the cylinder. 
Combining the foregoing results and introducing 
two new entities gives the following set or equa
tions: 

J .. o({) sinceJ=oEandE = 1-
aA 

I = J( ) =-,-
P = ~ and V = I ( ~ ) 

R = E}~ and V = IR 
A 

where p is the resistivity of a conducting material 
and R is the resistance. The final equation is a very 
basic one in circuit theory md is called Ohm'§ 
Law. Configurations similar to the one shown in 
Fig. 2 arc very common ones in electrical circuits 
and are called resistors. 

JI will be shown in a later sec lion that the 
power di§sipatcd in a resistor is equal lo the 
product of the resistance and the square of the 
current. Quite often resistance is an undesirable 
effect (such as in a wire carrying current from one 

V 

IIY/ l 

V 
♦ 

' ' ' .... Of----------~-
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Fig. 2 - Potential and field strength along a 
cun-en t<arrying conductor. 

location to another one) and must be reduced as 
much as pogsiblc. This can be accomplished by 
using a conductor with a low resistivity ~uch as 
silver (or copper which is close lo silver in 
resistivity but is not as expensive) with a large 
cross-sectional area and as short a length as 
possible. The current-carrying capability decreases 
as the diameter of a conductor size gets smaller. 

Potential Drop and Electromotive 1-·orce 

The application of the relations between fields, 
potential, and similar concepts to the physical 
configuration shown in Fig. 2 permilled the 
derivation of the formula that eliminated further 
consideration of the field problem. The idea of an 
electrical energy ~ourcc WH alRo introduced. A 
similar analy ~is involving mechanics and 11eld 
theory would be required to determine the char
acteristics of an electrical generator and an appli
cation of chemistry would be involved in designing 
a chemical cell. However , it will be assumed that 
this problem has been !;Olved and that the energy 
source can be replaced wilh a symbol such as that 
used in Fig. 2. 

The term elecuomotive forctJ (emf) is applied 
to describe a source of electrical energy , and 
potcotial drop (or voltage drop) is used for a devil:1l 
that consumes electrical energy. A combination of 
sources and resist11nce~ (or other elements) th:it are 
connected in some way b called a network or 
circuit. II is evident that the energy consumed in a 
network must be equal to the energy produced. 
Applying Ibis principle lo the circuit shown in Fig. 
3 gives ,m important e,ctcnsion of Ohm's Law. 

-~~· +~7 V5 

,o -
I 

- ve + 

Fig. 3 - A series circuit illustrating the effectli of 
emf and potential drop. 
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In Fig. 3, a number of sources and resistances 

are connected in tandem or in series to form a 
c ircuit loop. It is desired to determine the current 
/. The current can be assumed to be flowing in 
either a clockwise or counter-clockwise direction. 
If the assumption is not correct, the sign of the 
current will be negative when the network equa
tions are solved and the direction can be corrected 
accordingly. In order to solve the problem, it i; 
necessary to find the sum of the emfs (which fa 
proportional to the energy produced) and to 
equate this sum to the sum of the potential drops 
(which is proportional lo the energy consumed). 
Assuming the current is flowing in a clockwise 
direction, the first element encountered at point a 
is an emf. V 1. but is appears to be connected 
"backwards:• Therefore, it receives a minus sign. 
The nexl source is V4 and it appears as a voltage 
rise so it is considered positive. Since the current 
flow in all the resisto rs is in the ~ame direction, all 

ELECTRICAL LAWS AND CIRCUITS 

the potential drops have the same sign. The 
potential drop is the product of the current in 
amperes and the resistance in ohms. The sums for 
the emfs and potential drops and the resulting 
current are given by: 

sumofemf = Vt+ V4 = -10+5 = -5volts 

sum of pot. drops = V 2 + V 3 + V 5 + V 6 = 

/( 2 + 4 + 7 + I 0) = 23 / 

- 5 
I= - • -0.217 ampere 
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Because the sign of the current is negative. it is 
actually flowing in a counter-clockwise direction. 
The physical significance of this phenomenon is 
that one source is being "charged ." For instance, 
the circuit in fig. 3 might represent a direct
current (de) generator and a battery. 

RESISTANCE 

Given two conductors of the same size and 
shape, but of different materials. the amount of 
current that wiU flow when a given emf i~ applied 
will be found to vary with what is called the 
resistance of the material. The- lower the resistance, 
the greater the current for a given value of emf. 

Resistance is measured in ohms. A circuit has a 
resistance of one ohm when an applied emf of one 
volt causes a current of one ampere to flow. The 
resistivity of a material is the resistance-, in ohms, 
of a cube of the material measuring one centimeter 
on each edge. One of the best conductors fa 
copper. and it is frequently convenient. in making 
resistance calculations, to compare the resistance 
of the material under consideration with that of a 
copper conductor of the same size and shape. 
Table 2-1 gives the ratio of the resistivity of variou; 
conductors to that of copper. 

The longer the path through which the current 
flows the higher the resistance of that conductor. 

TABLE 2-1 
Relative Resistivity of Metals 

Materials 

Aluminum (pure) 
Brass 
Cadmium 
Chromium 
Copper (hard-drawn) 
Copper (annealed) 
Gold 
Iron (pure) 
Lead 
Nickel 
Phosphor Bronze 
Silver 
Steel 
Tin 
Zinc 

Resistivity 
Compared to Copper 

1.6 
3.7- 4.9 

4.4 
1.8 
1.03 
1.00 
1.4 
5.68 

12.8 
5.1 

2.8-5.4 
0.94 

7.6-12.7 
6.7 
3.4 

For direct current and low-frequency alternating 
currents (up to a few thousand cycles per second) 
the resistance is inversely proportional lo the 
cross-sectional area of the path the current must 
travel; that is, given two conductors of the same 
material and having the same length, bu I differing 
in cross-sectional area, the one with the larger area 
will have the lower resistance. 

Resistance of Wires 

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

Example: Suppose a n:sisli1U1C'C or 3.S ohms is needed 
and mme No. 28 wire is on haml. The wire Lablr: in Chapter 
18 s.ho,ws that No. 28 ha1; a n:s.is.U:nrt= of 66.17 ohms per 
lhous1rnd feel Since lhe des.ired rcs.istam:r: is 3.5 ohms, the 
le ngth of wire required wilJ be 

~~ X l000 = 52.89 feel. 
oo.J I 

Or. ~uppo~ that the resistance of lhc wire in the ci1cuit 
musl nol exceed 0.05 ohm and thar the lenglh or wire 
reqLlin::d for making the connections lotals 14 fe.el. Then 

1 ~tirx R = 0.05 ohm 

where R. is the ma.x.imum allowable re!!.istance in ohms per 
rhousand feeL Re manging the formula give& 

R n Jl,~~fWN~ 3.S7 ohms/ l000 ft. 

Rcfcn:nc.e lO the wire table shows that No. 1.5 i~ the 
smalleitl size having .11 re~ittance lca.S lha.n this ..,aJue. 

When the wire is not copper, the resistance 
values given in the wire table should be multiplied 
by the ratios given in Table 2-1 to obtain the 
resistance. 



Resistance 

Types of resistors used in radio 
equipment. Those in the fore• 
ground with wire leads are carbon 
types, ranging in size from 1 /2 
watt at the left to 2 watts at the 
right. Tha larger resistors use 
retlstence wire wound on ceramic 
tubes; sizes shown range from 5 
watts to 100 watts. Three ara tha 
adjustable type, having a sliding 
contact on an exposed section of 
the re1inance winding. 

Exam ple: 1r th• wire In rho lin t eumplc "•renlckel 
lnlload of copper the length r<qulr•d for l~ ohm• would be 

6o. l~~ S. l X I000 • 10.l7 Cee1 

Temperature Efrects 

The resistance of a conductor changes with its 
temperature. Although it is seldom necessary to 
consider temperature in ma.king resistance calcula
tions for amateur work, it is well to know that the 
resistance of practically alJ meta!Jic conductors 
increases with increasing tempenture. Cuban, 
however, acts in the opposite way: its resistance 
d,r."at,,., when itl temperature ri~e•. The tempera
ture effect is important when it is necessary to 
maintain a constant re~istance under all conditions. 
Special materials that have little or no change in 
resistance over a wide temperature range are used 
in that case. 

Resistors 

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

Skin Effect 

The resistance of a conductor is not the same 
for allemlling current as It Is for direct current. 
When the current is alternating there are internal 
effects that tend to fore:£ the cum:nt to flow 
mostly in the outer paru of the conductor. This 
decreases the effective cross-sectional area of the 
conductor, with the result that the resistance 
increases. 

For low audio frequencies the inciease in 
resistance is unimportant, but at radio frequencies 
this skin effect is so great that practically all the 

19 

current flow ls confined within a few thousandth& 
of an inch of the conductor surface, The rf 
re!rlstance is consequently many times the de 
resistance, and increases with increadng frequency. 
In the rf range a conductor of thin tubing will have 
just a.s low resistance as a solid conductor of the 
same diameter, because material not close to the 
surface carries practically no current. 

Condacblllce 

The reciprocal of resistance(that is, 1/R) is 
calJcd cooductaacm. It is usually represented by the 
symbol G. A circuit having large conductance hu 
low resistance, and vice versa. In radio work the 
term is used chiefly in connection with 
vacuum-tube characteristics. The unit of conduct
ance is the mho. A resistance of one ohm has a 
conductance of one mho, a resistance of 1000 
ohms has a conductance of .001 mho, and so on. 
A unit frequently u!ed in connection with vacuum 
tubes is the micromho, or one-millionth of p, mho. 
It is the conductance of II resistance of one 
megohm. 

OHM'S LAW 

The simplest form of electric circuit is a battery 
with a relliltance connected to its terminals , ti 

shown by the symbols in Fig. 2-3. A complete 
circuit must have an unbroken path so current can 
flow out of the battery, through the apparatus 
connected to it, and back into lhe battery. The 
circuit is broken, or open, if a connection is 
removed at any point. A switch is a device for 
ma.king and breaking connections and thereby 
closing or opening the circuit. either allowing 
current to flow or preventing it from flowing. 

The values of current, voltage and resi!tance in 
a circuit are by no means independent of each 

Fig. 2..J - A simple 
circuit consisting of a 
battery and resistor. D 
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TABLE 2-11 
Conversion Facton; for Fractional and 

Change 
From 

Units 

Micro
units 

Milli
units 

Kilo
units 

Mega
units 

Multiple Units 

To Divide by 

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

Milli-units 1,000 
Units 1,000,000 

Micro-units 
Units 1,000 

Units 
Mega-units 1,000 

Uni ts 
Kilo-units 

Multiply by 

1,000,000 
1,000 

1,000 

1,000 

1,000,000 
1,000 

other. The relationship between them is known as 
Ohm's Law. It can be stated as follows: The 
current flowing in a circuit is directly proportional 
to the applied emf and inversely proportional to 
the resistance. Expressed as an equation, it is 

/ (amperes) = E (volts) 
R (ohms) 

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

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

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

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

Table 2-Il shows how to convert between the 
various units in common use. The prefixes attached 
to the basic-unit name indicate the nature of the 
unit. These prefixes are; 

micro - on&-millionth (abbreviated /J) 
milli - one-thousandth (abbreviated m) 
kilo - one thousand (abbreviated k) 

mega - one million ( abbreviated M) 

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

ELECTRICAL LAWS AND CIRCUITS 

1be fellowing example, iDustratc the use of ohm', law: 
The cum::nt flowing in a resishmce of 20,000 ohm~ i!i 

150 milliamperes. What i• the voltage? Since 1he voltage is 
to be found, the: r:quaCion to U!e i:s E ~ JR. Thi! 1:umrnl 
mus( fust be con-.erted from mill.ia.mpereji lo ampe.res. and 
reference 10 the table !hows lhat to do oo it i! ne&.:cssal)' lo 
divide by 1000. Therefo,c, 

F • ~ X 20,000 ~ 3000 vo118 

When a ~olla~ or i SO i& applied 10 a circuit the c1.un:nl 
H, mc3!Sured at 2.5 amperet. What is the tt'!ii!t.mce of the 
circuit'? lo this case R h, the unknown, JO 

R • t:. , li!!. • 60 ohm, 
I 2.S 

No converflon we~ necei~cy because the voltage and 
cumnt were given in vol ts and ampere!. 

How much curn:n! will flow if 250 volts Is applied !o a 
SOOO-Ohm resiitor? Since/ iJ unknown 

I=j=~ = 0.05 ampere 

Milliampere units would be rnare convenient for U1 e 
cunen1, and 0.05 amp. X 1000 ~ ~0 miltiampere,. 

SERIES AND PARALLEL RESISTANCES 

Very few actual electric circuits are as simple as 
the illustration in the preceding section. Common
ly, resistances are found connected in a variety of 
ways. The two fundamental methods of connecting 
resistances are shown in Fig. 2-4. In the upper 
drawing, the current flows from the source of emf 
(in the direction shown by the arrow, let us say) 
down through the first resistance, RI, then 
through the second, R2, and then back to the 
source. These resistors are connected in series. The 
current everywhere in the circuit has the same 
value. 

Fig. 2-4 - Resis
tors connected 
in series and in 
parallel, 

□-R, Sou 
of E.MF 

R2 -
--

SERI ES 

PARALLEL 
Source 
or E.M.F. 1 R, 1 R2 

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

Resistors in Series 

When a circuit has a number of resistances 
connected in series, the total resistance of the 
ctrcuil is the sum of the individual resistances. If 
these are numbered Rl, R2, RJ, etc., then 
R (total)= RI + R2 + R3 + R4 + ••••••.••• 



Series and Parallel Resistances 

where the dots indicate that as many resistors as 
necessary may be added. 

Ek.ample : Suppose 1h11 thtte re:siston aJC connected to 
a sou,ce or emf as shown in Fig. 2-5. The cmr u 250 volts. 
RI i, 5000 ohm,, R2 i• 20,000 ohms. and R3 is 8000 
ohms. The tot:al resistance h then 

R = RI + R2 + Rl = 5000 + 20,000 + 8000 
• 33.000 ohms 

lbe current Oowing in the circuit i.1 th1m 

I • R • 1-f%%o = 0.00757 amp. = ? .57 mA. 

(We ncDd oat cany calculations beyond tlucc significant 
figu1es 1 and oft.:11 two will suffi~ because the accuracy or 
meHuremants i5 seldom be tier th■n a few percent.) 

Voltage Drop 

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

Example : Ir the voll■IP' ■cro,s RI (Fig. 2-5) 11 called EI, 
lh:,t 1cm1S Rl u called El, and 1h11 aaoss Rl Is called El. 
then 

El= IRI = 0.00757 X 5000 • 37.9 Yolt. 
E2 = IR2 = 0.00757 X 20,000 • 1S1 .4 volu 
El = IR3 = 0.00757 X 8000 = 60.6 volU 

The applied vollJlge must equal the sum or the individual 
vollage drops: 

E =El+ E2+ El• 17.9+ 151 .4 + 60.6 
• 249.9 volts 

11i.c llllSWer would h.3.w bean more nearly exact if the 
current had been catcul11ed to more decimal places, but u 
explained abo'fc a vary hJgh order of accwacy is not 
necessary. 

In problems such as this considerable time and 
trouble can be saved, when the current is small 
enough to be expressed in milliamperes, if the 
resistance is expressed in kilohms rather than 
ohms. When resistance in kilohms is substituted 
directly in Ohm's Law the current will be 
milliamperes if the emf is in volts. 

R, 

5000 Fig. 2-5 - An ex
ample of resistors in 
series. The solution 
of the circuit is 
worked out in the 
text, 

Resistors in Parallel 

In a circuit with resistances in parallel, the total 
resistance is less than that of the lowest value of 
resistance present. This is because the total current 
is always greater than the current in any individual 
resistor. The formula for finding the total 
resistance of resistances in parallel is 
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where the dots again indicate that any number of 
resistors can be combined by the same method. 
For only two resistances in parallel (a very 
common case) the formula becomes 

R • RlB,2 
Rl+ R2 

Example : tr a SOO-ohm re<i,lor is paralleled wilh one of 
1200 ohms, the tolal resislance i,, 

R = _R R2 • 500.l!.UClll ,. ~0.OQD 
R 1 + R2 soo+TIIIII !')()(] 

• 3S3 ohms 

It is probably easier to solve practical problems 
by a different method than the .. reciprocal of 
reciprocals" formula. Suppose the three resistors of 
the previous example are connected in parallel as 
shown in Fig. 2-o. The same emf, 250 volts, is 
applied to all three of the resistors. The current in 
each can be found from Ohm's Law as shown 
below, lJ, being the current through RI, 12 the 
current thtough R2 and/3 the current through R3. 

For can<Jcnience, the resistance will be expressed io k.ilohms 
!O the current will be in milliamperes. 

II *f. ~ 1i9 a 50 mA 

l2e /i-~• 12.5 mA 

13 = 1i3 = ~- 31.25 mA 

The total cunent is 
I • 11 + 12+ 13 ~ SO+ 12.S + 31.25 

=93.7S111A 
The lolaJ resistance or the ci.J'Luil is therefore 

R • I • .1flr 2.66 ldlohms (• 0 oh 

Ri 
20,000 

Fig. 2~ - An example of resistors in parallel, The 
solution is worked out in the text. 

Resistors in Series-Parallel 

An actual circuit may have resistances both in 
parallel and in series. To illustrate, we use the same 
three resistances again, but now connected as in 
Fig. 2-7. The method of solving a circuit such as 
Fig. 2-7 is as follows: Consider R2 and R3 in 
parallel as through they formed a single resistpr. 
Find their equivalent resistance. Then this 
resistance in series with RI forms a simple series 
circuit, as shown at the right in Fig. 2-7. An 
example of the arithmetic is given under the 
illustration. 

Using the same principles, and staying within 
the practical limits, a value for R2 can be 
computed that will provide a given voltage drop 
across R3 or a given current thtough Rl. Simple 
algebra is required. 

Example : Tho lln1 mp is to find .the equi.valenl 
resistance of Rl and R3. From the formula far 1.wo 
re.1istJtnces in paiaUel. 

12 •• =_1!2RJ • 201!.8.a 16.(J 
- ~ R2+Rl 20+8" ft 

a S. 71 kilohms 
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5000 tJ Req. 
CEqulvoltnl R 
of R1 olld R5 

In pa,ollel) 

Fig. 2-7 - An example of resistors in series-parallel. 
The equivalent circuit is at the right. The solution 
Is ~rked out In the text. 

llt,e toUI reiJ1tance in lhf drcui& b Chen 

R •RI ♦ Roq. • 5 + 5.71 klloll1111 
• 10.71 kilohm, 

Tht: curfl?nl 11 

I•£• iS'\ • 23.l mA 

Th• voltap <bops aaoa RI >nd Roq 1tt 

El= IRI • 23.3 X 5 • 117 volt.I 
El= IRoq ~ 23.3 X ~.'I~ 133 volts 

with 1uff'x:u:~n1 aa:unc,. 1lacse total 2S0 valll, thu1 
checki"l! the alculalioM >0 ru. becau,c lhe 1t1m "' lhc 
•ohag,, drop• mu,1 cqu•l the applied voll"I". Sina, f.l 
appcan acrou holh R 2 and RJ, 

12 • ~i •Po• 6.65 mA 

13• R3. ll)= 16.6 mA 

whl!r, 12 • Cuf!fflt 1brool!fl 112 
13 • Cum,at throul!h Ill 

n,, total 11 23.2.5 mA. which cllecb clo&,Jr enoo_gh 
with 23.l mA, lhc cam,nl through the wt,oi< a,cull. 

POWER AND ENERGY 
Power - the rate of doing work - is equal to 

voltage mult iplied by current. The unit of electrical 
powe1, cllllcd the watt, is equal to one volt 
mulliplied by one ampere. The equation for power 
therefore is 

P=El where P = Power in watts 
e = Emf in volts 
I= Current in amperes 

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

E:1ample : Thi! plat! voltage oo a lrmumhti"8 w■t.uwn 
tnbe is 2000 waits aJld tu plalc cam:nl Is 150 mllU..mpcreL 
(The ca1ttnt fflUII bt rtunlf!d lo ampem bdott IUhllilution 
in the fanaula. and.., Is O.H omp.) llwn 

P• El • 2000 >C D.35 • 700 ""'Ill 

By substituting lhe Ohm's Law equivalent for E 
and / , the fo llowing formula!! arc obtained for 
power: 

p:E.! 
R 

P=J2R 

These formulas are useful in power calculations 
when the resistance and either the current or vol
tage (but nol both) arc known. 

Enmpl.: · How mud! po..,.,, will bo u,cd up la a 
4000-ohm resl.1lor Ir U,c vollage applied In 11 i1 200 volt,? 
From the equaciun 

p • E! a llll!ll! ■ ~ ... 10 WI I 
R ◄OOil 4000 

Or, >11ppo .. I C11m:D1 of 20 milli:unp,n!S now, IIUOU@h a 
l CJO.oltm rabtor. Then 

P • /211 • co.0211 IC JOO = O.OO(M IC 300 

• 0.12 "'"" 
Note 1h11 lhc cunll!nl was i:han~d r,om mllll1mpeR1 10 
amperrs bc(cm, 111btt11u1lon Id the formula. 

ELECTR ICAL LAWS AND CIRCUITS 

Electrical power in a resistance Is !Urned inlo 
heal. The gJl!ater the power the more rapidly the 
heat is generated. Resistors for radio work are 
made in many sizes, the smallest being rated lo 
"dissipate" (or carry safely) about 1/8 watt. The 
!Jugest resistors commonly used In amateur equip
ment will dis~ipate about I 00 watts. 

Generalized Definition or Rewtance 

Electrical power is not always turned into heat. 
The power u~ed in running a motor, for example, is 
converted to mechanical motion. The power 
supplied to a radio transmitter is largely converted 
into radio waves. Power wpplicd to a loudspeaker is 
changed into sound waves. But in every case of tttis 
kind the power is completely .. used up" - it 
cannot be recovered. Also, for proper operation of 
the device the power must be supplied at a definite 
ratio of voltage to current. Both these features are 
characteristics of resistance, so it can be said that 
any device that dissipates power has a definite 
value of "resistance." This concept of resistance as 
something that absorbs power at a definite 
voltage/current ratio is very useful, since it permits 
substituting a simple resistance for the load or 
poweHonsuming part or the device receiving 
power, often with considerable simplification of 
calculations. Of course, every electrical device has 
some resistance of it.s own in the more nanow 
sense, so a part of the power supplied to it is 
dissipated in that resistance and hence appears as 
heat even though the major part of the power may 
be con11et1od to o.nothcr fonn. 

Efficiency 

In devices such as motou and vacuum tubes, 
the object is to obtain power in some other fonn 
than heat. Therefore power used in heating is 
considered to be a loss, because It is not the useful 
power. The effi ciency of a devicti is the useful 
power output (in its converted form) divided by 
the power input to the devicti. In a vacuum-tube 
transmitter, for example, the object is lo convert 
power from a de source into ac power at some 
radio frequency. The ratio of lhe rf power outpul 
to the de input is the efficiency of the tube. Thal 
is, 

E'/J'r=& 
J • Pi 

where Eff, = Efficiency (as a decimal) 
Po "' Power output (wattll) 
Pt c Power input (watts) 

E .. mpl•· If Cht de inpul lo l~C tube II 100 walls, and 
tho r1 po,wr output I, 60 WBU, ..... ,mcicncy h 

£ff.~~ Ji• 0.6 
I 

IHOciency 11 u,iunlly exprased 111 perccnlage: 1hat is, 11 
1clh wha1 pcrccnl oflhe fnpul power will be auUsble a, use
ful outpul. TIie cfnciency In !he•-• eumple It 60 per• 
cent. 

Energy 

In residences, the power company's bill is for 
electrical energy, not for power. What you pay for 
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is the work that electricity does for you, not the 
rare at which that work is done. Electrical work is 
equal to power multiplied by time; the common 
unit is the watt-hour, which means that a power of 
one watt has been used for one hour. That is, 

W=PT where W = Energy in watt-hours 
P = Power in watts 
T = Time in hours 
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Other energy units arc the kilowatt-hour and 

the watt-second. These units should be self-explan
atory. 

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

CAPACITANCE 

Suppose two flat metal plates are placed close 
to each other (but not touching) and are connected 
to a battery through a switch, as shown in Fig. 2-8. 
At the instant the switch is closed, electrons will be 
attracted from tlte upper plate to the positive 
terminal of the battery, and the same number will 
be 1epelled into the lower plate from the negative 
battery terminal. Enough electrons move into one 
plate and out of the other to make the emf 
between them the same as the emf of the battery. 

If the switch is opened after the plates have 
been charged in this way, the top plate is left with 
a deficiency of electrons and the bottom plate with 
an excess. The plates remain charged despite the 
fact that the battery no longer is connected. 
However, if a wire is touched between the two 
plates (short-circuiting them) the excess electrons 
on the bottom plate will flow through the wire to 
the upper plate, thus restoring electrical neutrality. 
The plates have then been discharged. 

Mtlal Pt,tos 

Fig. 2-8 -
A simple 
capacitor. 

The two plates constitu le an electrical capaci
tor ; a capacitor possesses the property of storing 
electricity. (The energy actually is stored in the 
electric field between the plates.) During the time 
the electrons are moving - that is, while the 
capacitor is being charged or discharged - a 
current is flowing in the circuit even though the 
circuit is "broken" by the gap between the 
capacitor plates. However, the current flows only 
during the lime of charge and discharge, and this 
time is usually very short. There can be no 
continuous flow of direct current "through" a 
capacitor, but an alternating current can pass 
through easily if the frequency is high enough. 

The charge or quantity of electricity that can 
be placed on a capacitor is proportional to the 
applied voltage and to the capaci tance of the 
capacitor. The larger the plate area and the smaller 
the !!pacing between the plate the greater the 
capacitance. The capacitance also depends upon 
the kind of insulating material between the plates; 
it is smallest with air insulation, but substitution of 
other insulating materials for air may increa'!C the 

cipacitance many times. The ratio of the 
c1pacitance with some material other than air 
between the plates, to the capacitance of the same 
c1pacitor with air insulation, is called the dielectric 
constant of that particular insulating material. The 
material itself is called a dielectric. The dielectric 
constants of a number of materials commonly used 
as dielectrics in capacitors are given in Table 2-III. 
If a sheet of polystyrene is substituted for air 
between the plates of a capacitor, for example, the 
capacitance will be increased 2.6 times. 

Units 

The fundamental unit of capacitance is the 
farad, but this unit is much too large for practical 
work. Capacitance is usually measured in micro
farads (abbreviated µF) or picofarads (pF). The 
microfarad is one-millionth of a farad, and the 
picofa1ad (formerly micromicrofarad) is one-mil
lionth of a microfarad. Capacitors nearly always 
have more than two plates, the alternate plates 
teing connected together to form two sets as 
shown in Fig. 2-9. This makes it possible to attain a 
fairly large capacitance in a small space, since 
several plates of smaller individual area can be 

TABLE 2-111 
Dielectric Constants and Breakdown Voltages 

Material 

Air 
Alsimag 196 
Bakelite 
Bakelite, mica-filled 
Cellulose acetate 
Fiber 
Formica 
Glass, window 
Glass, Pyrex 
Mica, ruby 
Mycalex 
Paper, Royalgrey 
Plexig]ass 
Polyethylene 
Polystyrene 
Porcelain 
Quartz, foxed 
Steatite, low-loss 
Teflon 

Dielectric 
Constant" 

1.0 
5.7 
4.4-5.4 
4.7 
3.3 - 3.9 
5- 1.5 
4.6-4.9 
7.6-8 
4.8 
5.4 
7.4 
3.0 
2.8 
2.3 
2.6 
5.1-5.9 
3.8 
5.8 
2.1 

Puncture 
Voltage•• 

240 
300 
325-375 
250-600 
150- 180 
450 
200-250 
335 
3800-5600 
250 
200 
990 
1200 
500-700 
40-100 
1000 
1S0- 315 
1000-2000 

• At 1 MHz •• In volLs per mil (0.0 01 inch) 
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I I 
Fig. 2-9 - A multiple-plate capacitor. Alternate 
plates are connected 1ogether. 

stacked to form the equivalent of a single large 
plate of the same total area. Also, all plates, except 
the two on the ends, are exposed lo plates of lhe 
other group on both fides, and so are twice as 
effective in increasing the capacitance. 

The formula for calculating capacitance Is: 

C • 0.224 Kf (n - l) 

where C = Capacitance in pF. 
K = Dielectric constant of material between 

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

inches 
d = Separation of plate surfaces In inches 
n = Number of plates 

If the plates in one group do not have the same 
area as the pla les in the other, use the area of the 
smaller plates. 

Capacitors in Radio 

The types of capacitors used in radio work 
differ considerably in phvsical size, construction, 
and capacitance. Some representative types are 
shown in the photograph. In variable capacitors 
(alm05t always constructed with air for the 
dielectric) one set of plates is made movable with 
respect to the other set 50 that the capacitance cm 
be varied. Fixed capacitors - that is, as~emblies 
having a single. non-adjustable value of capacitance 
- also can be made with metal plates 1111d with air 
as the dielectric, but usually are constructed from 
plates of metal foil with a thin solid or liquid 
dielectric sandwiched in between, so that a 
relatively large capacitance can be !ll!cured in a 
miall unit. The solid dielectrics commonly used are 
mica, paper and special ceramics. An example of a 
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liquid dielectric is mineral oil. The electrolytic 
capacitor uses aluminum-foil plates with a 
semiliquid conducting chemical compound be
tween them; the actual dielectric is a very thin film 
of insulating material that forms on one set of 
plates through electrochemical action when a de 
voltage is applied lo the capacitor. The capacitance 
obtained with a given plate area in an electrolytic 
capacitor is very large, compared with capacitors 
having other dielectrics, because 1he mm is so thin 
- much less than any thickness that is practicable 
with a solid dielectric. 

The use of electrolytic and oil-filled capacitors 
is confined to power-supply filtering and audio 
bypass applications. Mica and ceramic capacitors 
are used throughout the frequency range from 
audio lo stlVeral hundred megacycles. 

Voltage Breakdown 

When a high voltage is applied lo the pla1es of a 
capacitor, a considerable force is exerted on the 
electron& 11nd nuclei of the dielectric. Because the 
dielectric is an insulator the elec trnns do not 
become detached from atoms the way they do in 
conducton. However, if the force L~ great enough 
the dielectric will "break down"; usually it will 
puncture and may char (if it is solid) and permit 
current lo flow. The breakdown voltage depends 
upon the kind and thickness of the diclcetric, as 
shown In Table 2-Ill. It is not directly proportional 
to lhe thickness; that is, doubling the thickness 
does not quite double the brnakdown voltage. If 
the dielectric is air or any other gas, breakdown Is 
evidenced by a spark or arc hetwe,•n th<' pl~tr.q, hut 
if the voltage is removed the arc ceases and the 
capacitor is ready for use again. Breakdown will 
occur at a lower voltage between pointed or 
sharp-edged surfaces than between rounded and 
polished surfaces; consequently, the breakdown 
voltage between me Lal plate~ of given spacing in air 
can be increa~ed by buffing the edges of the plates. 

Since the dielectric must be thick to witllstand 
high voltages, and since the thicker the dielectric 
the smaller lhe capacitance for a given plate area, a 
high-voltage capacitor must have more plate area 
than a low-voltage one of the same capacilancc. 
High-voltage high<apacilanl-e capacitors are phys
ically huge. 

Fixed and variable capacitors. The 
large unit at the left is e 
transmitting-type variable capaci
tor for rf tank circuits. To its 
right are other air-dielectric vari
ables of different sizes ranging 
from the midget "air padder" to 
the medium-power lank capacitor 
at the top center. The cased 
capacitors in the top row are for 
power~upply filters. the cylindri
cal-can unit being an electrolytic 
and the rectangular -one a paper
dielectric capaci 1or. Various types 
of mica, ceramic, and paper
dielectric capacitors are in the 
foreground. 



Inductance 

CAPACITORS IN SERIES AND 
PARALLEL 

The terms "parallel" and "series" when used 
with reference to capacitors have the same circuit 
meaning as with resistances. When a number of 
capacitors are connected in paiallel, as in Fig. 2-10, 
the total capacitance of the group is equal to the 
sum of the individual capacitances, so 
C (total) = Cl + C2 + C3 + C4 + •.....••...... . 

However, if two or more capacitors aie 
connected in series, as in the second drawing, the 
total capacitance is less than that of the smallest 
capacitor in the group. The rule for finding the 
capacitance of a number of series-connected 
capacitors is the same as that for finding the 
resistance of a number of parollel-connected 
resistors. That is, 

C (total)= _l + J... /_l_+ __l + .. ...... .. 
Cl C2 C3 C4 

and, for only two capacitors in series, 

C (total) = ClC2_ 
Cl +C2 

0 

~I I 1 Sourct 
ol E.M.F. I C2I C3J 

0 Fig. 2-10 - Ca-
PAAAUE:l pacitors in paral-

lei and in series . 

l l 
Source 

c, I 
cfEJdr. ~ 
t C3j 

Sl!:Rl[5 

The saine units must be used throughout; that 
is, all capacitll.Ilces must be expressed in either µF 
or pF; both kinds of units cannot be used in the 
same equation. 

Capacitors arc connected in parallel to obtain a 
larger total capacitance than is available in one 
unit. The largest voltage that can be applied safely 
to a group of capacitors in parallel is the voltage 
that can be applied safely to the one having the 
lowegt voltage rating. 
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l 
E•20001L 

j 
Fig. 2-11 - An example of capacitors connected in 
series. The solution to this arrangement is worked 
out in the text. 

When capacitors are connected in series, the 
applied voltage i~ divided up among them, the 
situation is much the same as when resistors are in 
series and there is a voltage drop across each. 
However, the voltage tllat appeais across each 
capacitor of a group connected in series is in 
inverse proportion to its capacitance, as compared 
with the capacitance of the whole group. 

E:rii21mple : Tiuec capacitor1 having capacitances of 11 2 
and 4 µF. respectively, are cannec1ed in \aeries as 1hown in 
Fi8. 2-1 I. The lot.al capaci1ance is 

C=--,..-~z = =4 

ti+a+t t+1+¼ ¼ 1 

: 0.511 µF 
'The voltage 11c1m:§ nch cap111tito1 ~ proportional 1o the total 
L"&paciuncc dhiided by- lhe capacitanc.e of the capacitor in 
question. s.o the vollagi :.croliS Cl is 

El = ~ >C 2000 = 1142 volt, 

Similarly. !he volf"ll"• aero" Cl and C3 &re 

E2 = 2i11" )( 2000 a 571 vollS 

E3 =JJ-5471 l< 2000 = 286 volLS 

101aling approxima1ely 2000 volu, the app~ed •ollBgc. 

Capacitors are frequently connected in series to 
enable the group to withstand a larger voltage (at 
the expense of decreased total capacitance) than 
any individual capacitor is rated to 5tand. However, 
as shown by the previous example, the applied 
voltages does not divide equally among the capaci
tors (except when all the capacitances are the 
same) so care must be taken to see that the voltage 
rating of no capacitor in the group is exceeded. 

INDUCTANCE 

It is possible to show that the flow of cunent 
through a conductor is accompanied by magnetic 
effects; a compass needle brought near the con
ductor, for example, will be denected from its 
normal north-south position. The current, in other 
words, sets up a magnetic field. 

The uamfer of energy to !he magnetic field 
represents work done by the source of emf. Power 
is required for doing work, and sinL'C power is 
equal to current multiplied by voltage, there must 
be a voltage drop in the circuit during the time in 
which energy is being stored in the field. This 
voltage "drop" (which has nothing to do with the 

voltage drop in any resistance in the circuit) is the 
result of an opposing voltage .. induced" in the 
circuit while the field is building up to its final 
value. When the, field becomes constant the in
duced emf or back emf disappears, since no 
further energy is being stored. 

Since the induced emf opposes the emf of the 
source, it tends lo prevent the current from rising 
rapidly when the circuit is closed. The amplitude 
of the induced emf is proportional to the rate at 
which the current is changing 11nd to a constant 
associated with the circuit itself, called the induc
tance of the circuit. 
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I nduclance depends on the physical characteris

tics of the conductor. If the conductor is formed 
into a coil, for example, its Inductance is increased. 
A coil of many turns will have more inductance 
than one of few turns , if both coib are otherwise 
physically similar. Also, if a coil is placed on an 
iron core its inductance will be greater than it was 
without the magnetic core. 

The polarity of an induced emf is always such 
11s to oppose any change in the cunent in tl1e 
circuit. This means that when the current in the 
circuit is increasing, woric is being done against the 
induced emf by storing energy in the magnetic 
field. If the current in the circuit tends to decrease, 
the stored energy of the field returns to the circuit, 
and thus adds to the energy being supplied by the 
source of emf. This tends to keep the current 
flowing even though the applied emf may be 
decreasing or be removed entirely. 

The unit of inductance is the henry. Values of 
inductance used in radio equipment vary over a 
wide range. Inductance of several henrys is re
quired in power-supply circuit~ (~cc chapter on 
Power Supplies) and to obtain such values of 
inductance it is necessary to use coili of many 
turns wound on iron cores. In radio-frequency 
cucuits, the inductance values used will be mea
sured in millihenrys (a mH, one one-thousandth of 
a henry) at low frequencies , and in microhenl)'s 
(J.4i, one one-millionth of a henry) at medium 
frequencies and higher. Although coils for radw 
frequencies may be wound on special iron cores 
(ordinary iron is not suitable) most rf coils made 
and used by amateurs are of the "air-core" type; 
that is, wound on an insulating support consisting 
of nonmagnetic material. 

Every conductor has inductance, even though 
the conductor is not formed into a coil. The 
inductance of a short length of straight wire is 
small, but it may not be negligible because if the 
current through it changes its intensity rapidly 
enough the induced voltage may be appreciable. 
Trus will be the case in even a few inches of wire 
when an aJtemaling current havinz a frequency of 
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Fig. 2-12 - Coll dimen
sions used in the in
wctance formula . The 
wire diameter does not 
enter into the formula. 

the order of I 00 MHz. or higher is flowing. 
However, at much lower frequencies the induc• 
tance of the same wire could be ignored because 
the induced voltage would be negligibly small. 

Calculating Inductance 

The approximate induclllnce of single-layer 
air-core cow may be calrulated from the simplified 
formula 

l H - a2n2 
(J.t > - §a+ 10b 

where l = Inductance in microhenrys 
a = Coil radius in inches 
h =Coil length in inches 
n ° Number of turns 

The notation is explained in Fig. 2-12. Thi~ 
formula is a close approximation for coils having a 
length equal lo or greater than 0.8a 

li: 11U1mp~ : A.1111.unc a C"DU hmng 48 cums wound ll 1um1 
pu 111th and• llbm,,tor or 3/4 iuch. Thu,•= 0.75 +2 • 
Q.175. b • 4ll : 32 • 1.5. 10d 11 = 48_ Substito tillg. 

To calculalc the number of turns of a single
layer coil for a required value of inductance, 

n = /Lt9a+10b-J 
a2 

Examrlo: Suppo"' 1n induc11nae of I O µH is ffi! Olrr,L 
Th.r fonn on which t'hr colJ II 10 be wonnd has a dinme lt r 
of DM Ulrh 11nd 11 long rnough lo accommodate I coil of 
I 1/4 b,cl.,, Tlw:n • • O.S, b = 1.25. and l • I 0. 
Subs1ilutln1, 

Inductor. for power and radio 
frequencies. The two iron-core 
coils et the left are "chokei;" for 
power~upply filters. The mount
ed air-core coils at the top center 
aru adjustable inductors for trans
mitting tank circuits. The "pie
wound" coils at the left and in 
the foreground are radio-lrequan• 
r::y choke coils. The remaining 
coils are typical of inductors used 
In rf tuned circuits, the larger 
sizes being used principally for 
transmitters. 



Iron-Core Coils 

11 J6-1urn coil 'MJQ)d be cl""' cnougl, •• pracllal ,..,.._ 
Sina 111< coa ..U be 1.25 inche, lo"I, 111< numllrn or turns 
pe1 in<h ..,JI be 26.1 -,. 1.25 •20.8. Co111ultln1 11>, .,.,. 

l&blo . .., llnd lbal No. 17 rnamelod wire (01 Hylblftl 
,mall,1) CM lie uocd. 111c proper induci.na II obl&lned by 
windln1 t~ ~q&rirN number of tum1 on 1hc form 411d tJrarn 
1djut1ln1 lh• ~Ill& bel...,.h lht: hlms 10 mlk• I 
unJfonnly .. poctd coil 1.25 indm long. 

Inductance Charts 

Most Inductance formulas lose accuracy when 
applied to small coils (such as are used in vhf work 
and in low-pass filters built for reducing harmonic 
interference to television) because the conductor 
thickness is no longer negligible in comparison with 
the size of the coil. Fig. 2-13 shows the me1151.1red 
Inductance of vhf coils, and may be used as a basis 
for circuit design. Two curves ate given: curve A is 
for coils wound to an inside diameter of 1/2 inch; 
curve B is for coils of 3/4-inch inside diameter. In 
bolh curves the wire size is No. 12, winding pitch 8 
turns to the inch (l/8 inch center-to-center turn 
spacing). The inductance values given include leads 
1/2 inch long. 

The charts of Figs. 2-14 and 2-15 arc useful for 
rapid determination of the inductance of coils of 
the type commonly used in radio-frequency 
circuits in the range 3-30 MHz. They are of 
rufficient accuracy for most practical work. Given 
the coil length in inches, the cul'\lcs show the 
multiplying factor to be applied to the inductance 
value given in tlle table below the curve for a coil 
of the same diameter and number of turns per 
inch. 

l::qmr,1<,: A co~ I Inch In diamc1cr ft I 1/4 Inch"' long 
.nd has 2:D IUtn\. Thettfotr ii hai. 16 1um1 per inch, and 
rn,m lhc l•bl• unlltr Fig. 2·1511 h found lh•I lhc tdercncc 
lndurun~ (or a coil of thh dfam~1cr mnd numhor or lum1 
pu Inch I., 16.8 µH. From cu,...e H In lh• ri1urc the 
mulUpl)!lnB r11chn is O.J.5, so the inductance i• 

16 .8 X 0.35 = 5.9 µ.H 

The charts also can be used for finding ruitable 
dimensions for a coil having a required value of 
inductance. 

f.umpl,: II coll h2vmg an inductanc< of 12 j,ltt is 
~qulrrd.. It U ID be wound an a form hnin11 • dUllT'ttrrr or 
I ln,:h, rho leng1h ••ailable for lllle ,.lnJln, bcjn1 .._,, mott 
than I 1/4 lnclln. Fn,m l'i!- 2-15. lhc mulliplyiog bcro, 
(o, a l•1nch Jl.mttc1 aw (culft BJ havm1 lhc nu1dn1um 
powblo: length af I I /4 incht-. I> 0.35. Hcna rhc numb<, 
or 1um1 pu ini:h mu,, be chosen for a rcfcrcncr inclucu11ncr 
or •t leoul 12/0.3~. or 34 µJI . Fron, 1hc Tobie under Fig. 
2-15 U i1 ~,n thar 16 tum!<i per inch frcfucnce induct,111ncr 
16.8 µII) I loo ,mall. Using Jl 1um, per inch, 1hr 
multipl~U'll,c fA(IOr i& 12/68, o, O. l 77, and from c.:u OC! D Lhlt, 
comapond, to n coil l~r1gth of 3/4 ina:h, l'hrm~ ~OI hr 24 
rurn• in lh!I length, .Jnce the wtndi llj! ·· pllch•• 11 32 1urn1 
per inch. 

Machine-wound coils wilh lhe diameters and 
turns per inch given in the tables are .ivailable in 
many radio stores, under the trade names of "B&W 
Miniductor" and "Illumitionic Air Dux." 

IRON-CORE COILS 

Permeability 

Suppose that the coil in Fig. 2-16 is wound on 
an iron core having a cross-5ectional area of 2 
square inches. When a certain cum:nt is ~nt 
through the coil ii is found that there are 80,000 
lines of force in the core. Since the area is 2 square 
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inches, the flux density is 40,000 lines per square 
inch. Now suppose thal the iron core is removed 
and the same current is maintained in the coil, and 
that the flux density without the iron core is found 
to be SO lines per square inch. The ratio of the flux 
density with the given core material to the flux 
density (with the same coil and same current) with 
an air core is called the permeability of the 
material. In this case the permeability of the iron is 
40,000/50 = 800. The inductance of lhe coll is 
increased 800 times by inserting the iron core 
since, other things being equal, the induct.a.nee will 
be proportional to the magnetic flux through the 
coil. 

The permeability of a maj!netic material varies 
with the flux density. At' low flux densities (or 
with an air core) increuing the current through the 
coil will cause a proportionate increase in flux, but 
at very high flux densities, increasing the current 
may cause no appreciable change in the flux. 
When this is so, the iron is said to be saturated. 
Saturation causes a rapid decrease in permeability, 
because it decreases the ratio of flux lines to those 
obtainable with the same current and an air core. 
Obviously, the inductance of an iron-rore inductor 
is highly dependent upon the current flowing in 
the coil. In an air-core coil, the inductance is 
independent of current because air docs not 
saturate. 

Iron core coils llllCh as the one sketched in Fig. 
2-16 are used chiefly in power-supply equipment. 
They usually have direct cu.m:nt flowing through 
the winding, and the variation in inductance with 
current is usually undesirable. II may be overcome 
by keeping the flux density below the saturation 
point of the iron. This is done by opening lhe core 
so that !here is a small "air gap," as indicated by 
the dashed lines. The magnetic "resistance" intro
duced by such a gnp is so large - even though the 
gap is only a ~mall fraction of an inch - compared 
with that of the iron that the gap, rather than the 
iron, controls the flux density. This reduces the 
inductance, but makes it practically constant re
gardless of the value of the current. 

!-""I-"' 
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Fig. 2-13 - Measured inductance of coils 1NOund 
with No. 12 bare wire, B turns to the Inch. The 
values include half-Inch leads. 
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Fig. 2-14 - Factor to be applied to the inductance 
of coils listed in the tabla below, for coil lengths up 
to 5 inches. 

Eddy Currents and Hysteresis 

When alternating current flows through a coil 
wound on an iron core an emf will be induced, as 
previously explained, and since iron is a conductor 
a current will flow in the care. Such cwrents 
(called eddy currenll) represent a waste of power 
because they flow through the resistance of the 
iron and thus cause heating. Eddy-current losses 
can be reduced by laminating the core; that Is, by 
cutting it into thin strips. These strips or lamina
tions must be Insulated from each other by 
painting them with some insulating material such 
as varnish or shellac. 

There is al!o another type of energy loss: the 
iron tends to resist any change in its magnetic 
state, so a rapidly-changing cunent such as ac iB 

Coil dia, 
Inches 

1 1/4 

1 J/2 

I 3/4 

2 

2 J/2 

3 

No. of tpi 

4 
6 
8 

10 
16 

4 
6 
8 

10 
16 

4 
6 
8 

10 
16 

4 
6 
8 

10 
16 

4 
6 
8 

10 

4 
6 
8 

10 

lnductanct 
In µJI 

2.75 
6.3 

11.2 
17.S 
42.5 

3.9 
8.8 

15.6 
24.5 
63 

5.2 
11.8 
21 
33 
85 

6.6 
15 
26.5 
41 

108 

10.2 
23 
41 
64 

14 
31.5 
56 
89 
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forced continually to supply energy to the iron to 
overcome thls "inertia." Losses of this sort are 
called hy sleresis losses. 

Eddy-current and hysteresis losses in iron in
crease rapidly as lhe frequency of the alternating 
current is increased. For this reason, ordinary iron 
cores can be used only at power and audio 
frequencies - up to, say, 15,000 cycles. Even so, a 
very good grade of iron or steel ia necessary if the 
core i.a 10 perform well at the higher audio 
frequencies. Iron cores of thi.a type are completely 
U!leless at radio frequencies. 
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Fig. 2-16 - Factor to be applied 10 the inductance 
of coils listed in the table below, as a function of 
coil length. Use cuive A for coils marked A, end 
curve B for coils marked 8. 

Coil dia, 
/nchts 

1/2 
(A) 

5/8 
(A) 

l/4 
(B) 

I 
(B) 

No. of tpi 

4 
6 
8 

10 
16 
32 

4 
6 
8 

10 
16 
32 

4 
6 
8 

10 
16 
Jl 

4 
6 
8 

10 
16 
32 

lnductanct 
inµH 

0. 18 
0.40 
0.72 
1.12 
2.9 

12 

0.28 
0.62 
1.1 
1.7 
4.4 

18 

0.6 
1.35 
2.4 
3.8 
9.9 

40 

1.0 
2.3 
4.l 
6.6 

16.9 
68 

For radio-frequency work, the losses In iron 
cores can be reduced to a satisfactory figure by 
grinding the iron into a powder and then mixing it 
with a "binder" of insulating material in such a 
way that the individual iron particles llJ'C insulated 
from each other. By this means cores can be made 
that will function satisfactorily even through the 
vhf range - thal Is, at frequencies up to perhaps 
100 MHz. Because a large part of the magnetic 
path is thlough a nonmagnetic material, the perme
ability of the Iron is low compared with the values 
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Fig. 2-16 - Typical con
struction of an Iron-core 
inductor. The small air gap 
prevents magnet ic satura
tion of the iron and thus 
maintains the inductance 
at high currents. 

obtained at power-supply frequencies. The core Is 
usually in the form of a "!lug" or cylinder which 
fits inside the insulating Conn on which the coll is 
wound, Despite the fact that, with Ibis construc
tion, the major portion of the magnetic path for 
the flux is in air, the slug is quite effective in 
increasing !hf! coil inductance. By pushing the slug 
in and out of the coil the inductance can be varied 
over a considerable range. 

INDUCTANCES IN SERIES AND 
PARALLEL 

When two or more inductors are connected In 
series (Fig. 2-17, left) the total inductance is equal 
lo the sum of the individual inductances.provided 
the coih are sufficiently separated so that no coil Is 
in the mllg1letic field of another. 
That is, 
ltotal = L1 + L2 + L3 + L4 + ••.. • • , •••. 
If inductors are connected in parallel (Fig. 2• 17, 
right) - and the coils 111e separated sufficiently, the 
total lmlu<.:tam:c: Is given by 

ltotal = ..L ...1.. I --1.. 
L1 + L2 + L3 + L4 + 

and for two inductllnces in parallel, 

L = Tl.l.!.l._ 
1 + L2 

Flg. 2-17 - In
ductances n I r
es and paraH I. 

Thus the rules for combining inductances in series 
and parallel are the same for resistances, if the coils 
are far enough apart so that each is unaffected by 

Fig, 2-18 -
Murual in• 
ductance, 
When the 
switch, S, is 
closed cur• 
rent flows 
through coil 
No. 1, setting 
up a mag
netic field 
that induces 
an emf in the 
turns of coil 
No.2. 
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another's magnetic field. When this is not so the 
formulas given above cannot be used. 

MUTUAL INDUCTANCE 
If two coils are arranged with their axes on the 

same line, as fflown In Fig. 2-18, a current sent 
through Coil 1 will cause a magnetic field which 
"cu ts" Coil 2. Consequently, an emf will be 
induced in Coll 2 whenever the field !lrength Is 
changing. This induced emf is similar lo the emf of 
self-induction, bu I since it appears in the second 
coil becauY! of current flowing in the fint, it is a 
••mutual" effect and results from the mutual 
inductance between the two coils. 

If all the flux set up by one coil cuts all the 
turns of the other coil the mutual inductance has 
its maximum possible value. If only a small part of 
the flux set up by one coil cuts the tums of the 
other the mutual inductance is relatively small. 
Two coils having mutual inductance 111e said to be 
coupled. 

The ratio of actual mutual inductance to the 
maximum pos!ible value that could theoretically 
be obtained with two given coils is called the 
coefficient or coupling between the coils. It is 
frequently expressed as a percentage. Coils that 
have nearly the maximum possible (coefficient= 1 
or 100%) mutual inductance are said to be cloiely, 
01 tigh lly, coupled, but if the mutual inductance is 
relatively smaU the coils are said to be loosely 
coupled. The degree or coupling depends upon the 
physical spacing between the coils and how they 
are placed with respect to each other. Maximum 
coupling exists when they have a common axis and 
are as close together as possible (one wound over 
the other). The coupling is least when the coils are 
far apart or are placed so their axes are at right 
angles. 

The maximum possible coefficient of coupling 
is closely approached only when the two coils are 
wound on a closed Iron core. The coefficient with 
air-core coils may run as high as 0.6 or 0. 7 if one 
coil is wound over the other, but will be much less 
if the two coils are separated. 

TIME CONSTANT 
Capacitance and Resistance 

CoMecling a source of emf lo a capacitor 
causes the capacitor to become charged to the full 
emf practically instllntaneously, if there ls no 

resistance in the circuit. However, If the circuit 
contains resistance, as in Fig. 2-19A, the resistance 
limits the current flow and an appreciable length of 
time is required for the emf between the capacitor 
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R ('7~ r J _ _j -

(A) (8) 

Fig. 2-19 - Illustrating the time constant of an RC 
circuit. 

plales to build up to the same value as the emf of 
the source. During this "building-up" period the 
current gradually decreases from its initial value, 
because the increasing emf stored on the capacitor 
offers increasing opposition to the steady emf of 
the source. 

Theoretically, the charging process is never 
really finished, but eventually the cha,ging current 
drops to a value that is smaller than any thing that 
can be measured. The time constant of such a 
circuit is the length of time, in seconds, required 
for the voltage across the capacitor to reach 63 per 
cent of the applied emf (this figure Is chosen for 
mathematical reasons). The voltage across the 
capacitor rises with time as shown by Fig. 2-20. 

The fonnula for time constant is 

Tz=RC 

where T = TI me constant in seconds 
C =Capacitance in farads 
R = Re&istance in ohms 

Example: The: 1ime conitant of 1 2-1,J.F c.1p1£hor ■nd a 
250,000-ahm (0.25 mogohm I re,i,101 II 

T= RC • 0.25 X 2 • 0.5 ,ecand 

If th• applltd tmf i• 1000 •alu, lhe •01111• belwc<ll lh• 
cal)Jl<ilOr plat,s will be fiJO •alt, •• the end or 1/2 ,ecand. 

If C Is in rnicrofarads and R in megohms, the time 
constant also is in seconds. These units usually are 
more convenient. 

If a charged capacitor is discharged through a 
resistor, as indicated in Fig. 2-198. the same time 
consllnl applies. If there were no resistance, the 
capacitor would discharge instantly when S was 
closed. However, since R limits the current flow 
the capacitor voltage cannot instantly go to zero, 
but It will decrease just as rapidly as the capacitor 
can rid itself of it~ charge through R. When the 
capacitor is discharging through a resistance, the 
time constant (calculated in the same way as 
above) is the time, in seconds, that ii takes for the 
capacitor to lose 63 percent of its voltage; that is, 
for the voltage to drop to 37 percent of Its initial 
value. 

hamplec If the capacitor or the cqmple IIKm, lo 
chuFd lo I 000 volt>, ii will dllcharl!" la l70 •oll• in I /2 
_,.,.c1 lhroup the 2>0,000-olun n,li11or. 

Inductance and Resistance 

A comparable situation exists when resistance 
and inductance are in series. In Fig. 2-21, first 
consider L to have no resistance and also assume 
that R Is zero, Then closing S would tend to send a 
cummt through the circuit. However, the instanta
neous transition from no cuaent to a finite value, 
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Fig. 2-20 - How the voltage across a capacitor 
rises. with time, when charged through a resistor, 
The lower curve shows the way in which the 
voltage decreases across the capacitor terminals on 
discharging throuiti the same resistor. 

however small, represents a vezy rapid change in 
current, and a back emf is developed by the 
self-inductance of L that is practically equal and 
opposite to the applied emf. The result is that the 
initial current is very small. 

The back emf depends upon the change in 
current and would cease to offer opposition if tl1e 
current did not continue lo increase. With no 
resistance in the circuit (which would lead lo an 
infinitely large current, by Ohm's Law) the current 
would increase forever, always growing just fast 
enough to keep the emf of self-induction equal 10 
the applied emf. 

When resistance is in series, Ohm's Law sets a 
limit to the value that the current can reach. The 
back emf generated in L has only to equal the 
difference between E and the drop across R, 
because that difference is the voltage actually 
applied to L. This difference becomes smaller as 
the current approaches the final Ohm's Law value. 
Theoretically, the back emf never quite disappears 
and so the current never quite reaches the Ohm's 
Law value, but practically the differences becomes 
unmeasurable after a lime. The time constant of an 

N rR 
D 

i 10 
~....-

i'° - .v 
~40 V 
... j_ 

10 II 
l •o h. Tllf. t 

Fig. 2-21 - Time constant of an lR circuit. 
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inductive circuit is the time in seconds required for 
the current to reach 6 3 percent of its final value. 
The formula is 

where T = Time constant in seconds 
L a Inductance in Henrys 
R = Resii.tance in ohms 

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

Ex■mpk:: A coil haYln, an lnduclmco or 20 henry, •nd 
a ralltance or IOOohn11 hu ■ ti= comtanl of 

T~ !. ~ _lJ)_ m 0.2 111COnd 
R 100 

if thore b no other n::tittan..:c in the circuit. If" de emf of 
10 wolu I, •pplied lo ,urh • coil, the nnoJ current. by 
Ohm',uw,11 

l•f ~ ~ 0.1 omp. or 100 mA 

The cuncnl would riir horn Jcro lo 6] milhamprre, in 0 .2 
second after clmiog IM twitch. 

An inductor cannot be "dischorged" in the 
same way a.s a capacitor, because the magnetic field 
disappears as soon as current flow ceases. Opening 
S does not leave the inductor "charged." The 
energy stored in the magnetic field instantly 
returns to the circuit when S is opened. The rapid 
disappearance of the fie ld causes a very large 
voltage lo be induced in the coil - ordinarily many 
times larger than the voltage applied, because the 
induced voltage is proportional to lhe rpeed witl1 
which the fie ld changes. The common result of 
opening the switch In a circuit such as the one 
shown is that a spark or arc forms at the switch 
contacts at the instonl of opening. If the induct
ance is large and the current in the circuit is high, a 
great deal of energy is released in a very short 
period of time. It is not at all unusual fo r the 
switch contacts to burn or melt under such 
circumstances. The sparlc or arc at the opened 
switch can be reduced or suppressed by connecting 
a suitable capacitor and resistor in wrie1 across the 
contacts. 
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Fig. 2-22 - Voltage across capacitor terminals in a 
discharging RC circuit. in terms of the initial 
charged vollage. To obtain time in seconds, 
multiply the factor r/RC by the time constant of 
the circuit. 

Time constants play an important part in 
numerous devices, such as electronic key•. timing 
and control circuits, and shaping of keying charac
teristics by vacuum tubes. The time constants of 
circuits arc also important in such applications as 
automatic gain control and noise limiters. In nearly 
all such applications a resiitonce-<:apacitance (RC) 
time constant is involved, and ii is U!!Ually neces
sary to know the voltage across the capacitor at 
some time interval huger or smaller than the actual 
time constant of the circuit as given by the formula 
above. Fig. 2-22 can be used for the solution of 
such problems, since the curve gives the vollllge 
acro!iS the capacitor, in terms of percentage of the 
initial chorge, for percentages between S and I 00, 
at any time after discharge begim. 

tx■mple: A 0.01.µF copa<ltor b c!wJed lo 1$0 •oll, 
and then allowed lo dlscluQI< through • 0. 1-fncgohm 
n,ii!uor. How long will II rake lhc •ollll!I• lo lol lo 10 
wolt<? In pc,runlag,,. 10/150 • 6-"'· From !he elm1, the 
lacloJ con-e-,poading 10 6.7.., 11 2.7. Tbe time con>\anl of 
the circuit b oqual 10 RC • 0.1 >< .01 ~ .001. The time i> 
therefore 2.? X 0.001 ~ .0027 ,econd. or 2.7 milli,.,cond,. 

ALTERNATING CURRENTS 

PHASE 
The lenn phase essentially means " time," or 

the time Interval between the instant when one 
thing occun and the instant when a second related 
thing tekes place. The later event is said to lag the 
earlier, while the one that occurs first is said to 
lead. In ac circuits the current amplitude changes 
continuously, so the concept of phase or time 
becomes important. Phase can be meosured in the 
ordinaiy time units, such as the second, but there 
ill a more convenient metllod : Since each ac cycle 
occupies exactly the same amount of time as every 
other cycle of the same frequency, we can use the 
cycle itself as the time unit. Using the cycle as the 
time unit makes the specification or measurement 
of phase independent of the frequency of the 
current, so long as only one frequency is under 
consideration at a time. When two or more 

frequencie~ are to be considered, as in the case 
where harmonics are present, the phase measure
ments are made will! respect to the lowest, or 
fundamental, frequency. 

The time interval or "phase difference" under 
consideration usually will be less than one cycle, 
Phase difference could be measured in decimal 
parts of a cycle, but it i.J more convenient to divide 
the cycle into 360 parts ot degrees. A phase degxee 
is therefore 1/ 360 of a cycle. The reason for this 
choice is tllat with sine-wave alternalins current 
the value of the current at any instant is propor
tional to the sine of the angle that corresponds to 
the number of degrees - that is, length of time -
from the in,lant the cycle began. There is no actual 
"angle" associated with on alternating current. Fig. 
2-23 should help make this method of meaxure
ment clear. 
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fig. 2-23 - An ac cycle is divided off into 360 
degrees that are used as a measure of time or phase. 

Mea5uring Phase 

The phase difference between two currents of 
the same frequency is the time or angle difference 
between corresponding parts of cycles of the two 
currents. This is shown in Fig. 2-24. The current 
labeled A leads the one marked B by 45 degrees, 
since A's cycles begin 45 degrees earlier in time. It 
Is equally correct to say that B lags A by 45 
degrees. 

Two important special cases are shown in Fig. 
2-25. In the upper drawing B lags 90 degrees 
behind A; that is, its cycle begins jull one-quarter 
cycle later than I hat of A. When one wave is 
passing through zero, the other is just at its 
maximum point. 

In the lower drawing A and B are 180 degrees 
out of phase. In this case it does not matter which 
one Is considered to lead or lag. B Is always positive 
while A is negative, and vice versa. The two waves 
are thus completely out of phase. 

The waves shown in Figs. 2-24 and 2-25 could 
represent current, voltage, or both. A and B might 
be two cwrents in separate circulU, or A might 
represent voltage and B current in the same circuit. 
IC A and B rcpre,ent two cunents in the same 
circuit (or two voltages in the iame circuit) the 
total or resultant current (or volta&e) also ii a sine 
wave, because adding any number of sine waves of 
the same frequency always gives a sine wave also of 
the same frequency. 

Phase in Resistive Circuits 

When an alternating voltage Is applied to a 
resistance, the current flows exactly in step with 
the voltage. In other words, the voltage and current 
are in phase. This is true at any frequency if the 

fig. 2-24 - When two waves of the same frequency 
start their cycles at slightly different ti mes, the 
time difference or phase difference 11 measured in 
degrees. In this drawing wave B starts 45 degrees 
(one-eighth cycle) later than wave A, and so lags 45 
degrees behind A. 
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resistance ls "pure" - that is, is free from the 
reactive effects dw:u~ed in the next section. 
Practically, it is often dilficult to obtain • purely 
resistive circuit at radio frequencies, because the 
reactive effects become more pronounced as the 
frequency !1 increased. 

In a purely resistive circuit, or for purely 
resistive parts of circuits, Ohm's Law isjust as valid 
for ac of any frequency as it is for de. 

REACTANCE 
Alternating Current in Capacitance 

In Fig. 2-26 a sine-wave ac voltage having a 
maximum value of 100 volts is applied to a 
capacitor. In the period OA, the applied voltage 
increases from zero to 38 volts; at the end of thi~ 
period the capacitor i1 charged to that voltage . In 
interval AB the voltage increases to 71 volts; that 
is, 33 volts additional. ln this interval a smaller 
quantity of charge has been added than In DA , 
because the voltage rise during Interval AB Is 
smaller. Consequently the average current during 

Fig. 2-25 - Two important special cases of phase 
difference. In the upper drawing, the phase 
difference be~n A and B is 90 degrees; in the 
lower drawing the phase difference is 180 degrees. 

AB is smaller than during DA. In the third interval, 
BC, the voltage rises from 71 to 92 volts, an 
increase of 21 volts. This is less than the voltage 
increase during AB, so the quantity of electricity 
added is less; in other words, the average current 
during interval BC is still smaller. In the fourth 
interval, CB, the voltage increases only 8 volts; the 
charge added Is ~maller than in any preceding 
interval and therefore the cuuent also is smaller. 

By dividing the ftnt quartet cycle into a very 
large number of intervals it could be shown that 
the current charging the capacitor has the shape of 
a sine wave, just as the applied voltage does. The 
current Is largest at tl1e beginning of the cycle and 
becomes zero at the maximum value of the voltage, 
so there is a phase difference of 90 degrees 
between the voltage and current. During the fint 
quarter cycle the current is flowing in the normal 
direction through the circuit, since the capacitor i1 
being charged. Hence the cum:nt is positive, aA 

indicated by the dashed line in Fig. 2-26. 
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Fig. 2-26 - Voltage and currvnt phase relationships 
when an alternating voltage is applied to a 
capacitor. 

ln the second quarter cycle - that is, in the 
time from D to H, the volt.age applied to the 
capacitor decreases. During this time the capacitor 
loses its charge. Applying the same reasoning, it is 
plain that the current is small in interval DE and 
continues to increase during each succeeding inter
val. However, the current is flowing against the 
applied voltage because the capacitor is discharging 
into the cizcuit. The curren I flows in the negt1ti~e 
direction during this quarter cycle. 

The thizd and fomth quarter cycles repeat the 
events of the first and second, respectively, with 
this difference - the polarity of the applied voltage 
bas reversed, and the current changes tg corres
pond. In other words, an alternating current nows 
in the circuit becausc of the alternate chasging and 
disciurging of the c11po.citance. As shown by Fig. 
2-26, the current starts iu cycle 90 degrees before 
the voltage, so the current in a capacitor leads the 
applied voltage by 90 degree~. 

Capacitive Reactance 

The quantity of electric charge that can be 
pl.aced on a capacitor is proportional to the applied 
emf and the capacitance. This amount of charge 
moves back and forth ln the circuit once each 
cycle, and so the rate of movement of charge -
that is, the cunent - is proportional to voltage, 
capacitance and frequency. If the effects of capaci
tance md frequency are lumped together, they 
farm a quantity that plays a part similar to that of 
resistance in Ohm's Law. This quantity is called 
reac tance, and the unit for it i1 the ohm.just 11s in 
the cue of regisl1111ce. The formula for It is 

where Xe = Capacitive reactance in ohms 
/ '" F requcncy in cycles per second 
C -= Capacitance in farads 
ff " 3. 14 

Although the unit of reactance is the ohm. 
there is no power dissipation in reactance. The 
energy stored in the capacitor in one quarter of the 
cycle is simply returned to the circuit in the next. 

The fundamental units (cycles per SEcond, 
farads) are too luge for practical use in radio 
circuits. However, if the capacitance is in micro
farads 111d the frequency is in megacycles, the 
reactance will come out in ohms in the formula. 
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E.umpl,: Th• ,.,..,..,.,,. or I ,,.,. .. 1to1 ol '70 pF 

(0..ll0047 ,if) 11 • lrtqo,111:y of 7150 klb {7.15 MH1) II 

X -~m0i'1IT.'1l X .oooi7 • 47.4 ohffll 

Inductive Reacta111:e 

When an allemating voltage is applied to a pure 
inductance (one with oo remtance - all prr1Cticm 
inductors have resistance) the current Is again 90 
degn:es out of phase with the applied voltage. 
However, in thu case the cunent llZgS 90 degrees 
behind the voltage - the opposite of the capacitor 
cunent-volbge relationship. 

The primary cause for this is the bock emf 
generated in the inductance, and since the ampli
tude of the back emf is proportional to the rate at 
which the current changes, and this in tum is 
proportional to the frequency, the amplitude or 
the current is inversely proportional to the applied 
frequency. Aho, sinC4l the back emf Is proportional 
to inductance for a given rate of current change, 
the current flow is inversely proportional to 
inductance fo r a gi11en applied voltage and frequen
cy. (Another way of saying this is that just enough 
current flows to generate an induced emf that 
equals and opposes the applied voltage.) 

The combined effect of inductance and fre
quency is called inductive reactance, aim expressed 
in ohms, and the formula for it is 

where XL = Inductive n,actAncc in ohms 
f = Frequency in cycles per second 

L = Inductance in heill)'s 
7T• 3.14 

Eutnplo: Th• tH<IMct! of ■ U-m1<mh<o1Y coD al • 
fn,qucncy of 14 MIil is 

XL • lllfl. • 6.28 X 14 X IS• 1319 ohms 

In radi~(req_uency cizcuits the indu ctance 
nlues usually are small and the frequencies are 
large. If the inductance is expreued in millihenrys 
and the frequency in kilocycles, the convenion 
factors for the two units cancel, and the formula 
for 1eactance may be used without first converting 
to fundamental units. Similarly, no conversion is 
necessary if the inductance Is in microhenrys llJld 
the frequency is in megacycles. 

~ 'I ,." I \ ,.. ' , 

Fig. 2-77 - Phase relutionshipg between 11olla11C 
and current when an alternating voltage is applied 
to an inductance. 
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Fig. 2-28 - Inductive and capacitive reactance vs. frequency. Heavy lines represent multiples of 10, 
intermediate light lines multiples of 5; e.g., the light line between 10 µH and100µH represents50µH, 
the light line between 0.1 µF and 1 µF represenrs 0.5 µF, etc. Intermediate values can be estimated 
with the help of the interpolation scale. 

Reactances outside the range of the chart may be found by applying appropr;ate factors to values 
within the chart range. For example, the reactance of 10 henrys at 60 cycles can be found by taking the 
reactance to 10 henrys at 600 cycles and dividing by 10 for the 10-times decrease in frequency. 

Example: The reactartCe cf ii i.:oil having an inductance 
or 8 henrys, al a frequency of !20 cycles, is 

XL = 27!/L = 6.28 X !20 X 8 • 6029 ohm, 

The resistance of the wire of which the coil is 
wound has no effect on the reactance, but simply 
acts as though it were a separate resistor connectell 
in series with the coil. 

Ohm's Law for Reactance 

Ohm's law for an ac circuit containing only 
reactance is 

where E = Emf in volt.s 
l = Current in amperes 

X = Reactam;e in ohms 

The reactance in the circuit may, of course, be 
either inductive or capacitive. 

E,ample: !f a l:uncnt or 2 ampcn!i is nowing thrnugh 
the cap21ci1or of the c.uhcr 1.!Xample (rearlance ~ 41.4 
ohms) .11 7J50 kHz. the voltage drnp &eroSi lhe capacltoc is 

£=IX= 2 X 47.4 = 94.B•olls 
If 400 voUi;; a! 120 hertz is appljcd tu lht: &-h i.! nr)' 

induclor of lht c:arlic1 C:\amplc, lhe current through the 
coil will be 

I= f = 0\09 = 0.0663 omp. (66.3 mA) 

Reactance Chart 

The accompanying chart, Fig. 2-28, shows the 
rcactance of capacitances from 1 pF to l 00 µF, 
and the reaclance of inductances from 0.1 µfl to 
l 0 henrys, for frequencies between 100 hertz and 
100 megahertz per second. The approximate value 
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of reactance can be read from the chart or, where 
more exact values are needed, the chart will serve 
as a check on the order of magnitude of reactances 
calculated from the formulas given above, and thus 
avoid "decimal-point errors." 

Reactances in Series and Parallel 

When reactances of the same kind are connect
ed iJl series or parallel the resultant reactance is 
that of the resultant inductance or capacitance. 
Th.is leads to the same rules that are used when 
determining the resultant resistance when resistors 
are combined. Thal is, for series reactances of the 
same kind the resultant reactance is 

X = XI + X2 + X3 + X4 

and for reactance5 of lhe same kind in parallel the 
re!lllltant is 

X=------- -
1 + l + l + 1 

XI X2 X3 X4 

or for two in parallel, 

X= rlWz-
The situation is different when reactances of 

opposite kinds are combined. Since the current in a 
capacitance leads the applied voltage by 90 degrees 
and the current in an inductance lags the applied 
voltage by 90 degrees, the voltages at the terminals 
of opposite types of reactance are l 80 degiee, out 
of pha.11e in a series circuit (in which the current has 
to be the same through all elements), and the 
currents in reactances of opposite types are 180 
degrees out of phase in a parallel circuit (in which 
the same voltage is applied to all elements). The 
180-dcgree phase relationship means thal the cur
rents or voltages are of opposite polarity, so in the 
series circuit of Fig. 2-29A the voltage EL across 
the inductive reactance XL is of opposite polarity 
to the voltage EC across the capacitive reactance 
XC. Thus if we call XL "positive" and XC 
"negative"' (a common convention) the applied 
voltage EAC 'ui EL - EC. In the parallel ci.n:uit at 8 
the total current,/, is equal to IL - IC, since the 
currents are 180 degrees out of phase. 

In the series case, therefore, the resultant 
reactance of XL and XC is 

X"'XL-Xc 

and in the parallel case 

r-A 
~Xe 

IBI 

Fig. 2-29 - Series and parallel cirruits containing 
opposite kinds of reactance. 
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Note that ln the series circuit the total react

ance is negative if XC is larger than XL; this 
indicates that the total reactance is capacitive in 
such a case. The re!lllltan t reactance in a series 
ciicult is always smaller than the larger of the two 
individual reactances. 

In the parallel circuit, the resultant reactance is 
negative (i.e., capacitive) if XL is larger than XC, 
and positive {inductive) if XL is smaller than XC, 
but in every case i, always larger than the smaller 
of the two individual reactances. 

In the special case where XL "' XC the total 
reactance is zero in the series circuit and infinitely 
large in the parallel circuit. 

Reactive Power 

In Fig. 2-29A the voltage drop across the 
inductor is larger than the voltage applied to the 
circuit. This might seem to be an impossible 
condition, but it is not; the explanation is that 
while energy is being stored in the inductor's 
magnetic field, energy is being returned to the 
circuit from the capacitor's electric field, and vice 
versa. Th.is stored energy is responsible for the fact 
that the voltages aaoss reactances in series can be 
larger than the voltage applied to them. 

In a resistance the flow of current causes 
heating and a power loss equal to /2R. The power 
in a reactance is equal to flX, but is nol a "loss"; it 
is simply power that is transferred back and forth 
between the field and the circuit but not used up 
in heating anything. To distinguish this "nondis
sipated" power rrom rhe power which is actually 
consumed, the unit of reactive power I& called the 
volt-ampere-reactive, or var, in!ltead of the watt. 
Reactive power Is sometimes called "wattless"' 
power. 

IMPEDANCE 
When a circuit contains both resistance and 

reactance the combined effect of the two is called 
impedance, symbolized by the letter Z. (Impe
dance is lhus a more general term than either 
resistance or reactance, and is frequently used even 
for circuits that have only resistance or reactance, 
although usually with a qualification - such as 
"resistive impedance" to indicate that Che circuit 
ha:s only resistance, for example.) 

The reactance and resistance comprising an 
impedance may be connected either in series or in 
parallel, as shown in Fig. 2-30. In the!le circuits the 
reactance is shown as a box to indicate that ii may 
be either inductive or capacitive. In the series 
circuit the cunent is the ~e In both elements, 
with (generally) different voltages appearing across 
the resistance and reactance. In the puallel circuit 
the same voltage is applied to both elements, but 
different currents flow in the two branches. 

Since in a resistance the current is in phase with 
the applied voltage while in a reactance it is 90 
degrees aul of phase with the voltage, the pha5e 
relationship between current and voltage in the 
drcuit as a whole may be anything between zero 
llld 90 degrees, depending on the relative amounts 
of resistance and reactance. 
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□l (Al 

~ 
~ 

Fig. 2-30 - Series and parallel circuits containing 
resistance and reactance. 

Series Cin:uits 

When resistance and reactance are in series, the 
impedance of the circuit is 

Z=7R2+ X2 

where Z = Impedance in ohms 
R = Resistance in ohms 
X = Reactance in ohms 

The reactance may be either capacitive or induc
tive. If there are two or more reactances in the 
circuit they may be combined into a rc&ultant by 
the rules previously given, before substitution into 
the fonnula above; simila.rly for resistances. 

The "square root of the sum of the squares .. 
rule for finding impedance in a series circuit arises 
from the fact that the voltage drops across the 
resislance and reactance are 90 degrees out of 
phase, and so combine by the same rule lhBt 
applies in finding the hypothenuse or a right-angled 
trian!de when the base and altitude are known. 

Parallel Cin:uits 

With resistance and reactance In parallel, as in 
Fig. 2-308, the impedance is 

Z= RX 
fR2+ X2 

where the symbols have the same meaning a.s fm 
series cln:uits. 

Just as in the case of series circuits, a number of 
reactances in parallel should be combined to find 
the resultant reactance before substitution into the 
formal above; similarly for a number of resistance! 
in parallel. 

Equivalent Series and Parallel Circuits 

The two circuits shown in Fig. 2-30 are 
equivalent if the same current flows when a given 
voltage of the same frequency is applied, &lld if the 
phase angle between voltage and current is the 
same in both cases. It is in fact possible to 
"transform" any given series circuil into an equiv
alent parallel circuit, and vice versa. 

Transformations of this type often lead to 
simplification in the solulion or complicated 
-circuits. However, from the standpoint of practical 
work the usefulness of such transformations lies in 
the fact that the impedance of a circuit may be 
modified by the addition of either series or parallel 
elemenh, depending on which happens lo be most 
convenient In the particular case. Typical applica
tionft are considered later in conneccion with tuned 
circuits and transmission lines. 

ELECTRICAL LAWS AND CIRCUITS 

Ohm'• Law for Impedance 

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

I = E. z 
E•IZ 

z=E. 
I 

where E = Emf in volts 
I =Current in amperes 
Z = Impedance in ohms 

F;,. l-31 111,ow, a 11mpl< cirruil comi>ling of ■ 
rt1i1t1.na of '! ol'lm• dAd a ftatUO~ of 100 ohau 111 
,.,.;,,._ Fram 1he lo,,,.ub ptt,,iously II"""· lhe iJnp,danc,, n 

Z• yJfJ•IV • ~ 125 

11 lhe applied >ollaF Is 250 woh._ then 

t•f · 1n· 2.1.mperes 
This 1:Dmml tlowi lhrouMh both the rt~isrance and n:ac
tance, so the Yolt ■ae drop u~ 

ER• JR • 2 IC 75 • 150 volb 
£XL• IXL • 2 X 100 • 100 volt< 

The simple arhbme1kal ,um of lh<"' lwo drop,, 350 •oll>, 
is greater than lhi: applied 'ltollq~ because the two \IOll~!i 
am 90 de,ttc• O\II o( pltase. Their ai::rual remltanl. whan 
phas< I, tak•n inlo o<-eao1nl. is 

y( 150)1 • (200)2 • 250 val ts 

Power Factor 

In the circuit of Fitt. 2-31 an applied emf of 
250 volts result; in a current of 2 amperes, giving 
an apparent power of 250 X 2 = 500 watts. 
However, uuty U1t: u:.hlllllt..., ,u;tually cu11su1111:~ 
power. The power in the resistance is 

P = J2R = (2)2 X 75 = 300 watts 

The ratio of the power consumed to the apparent 
power is caUed the power factor of the circuit, and 
in this example the power factor would be 
300/500 = 0.6. Power factor is frequently ex
pressed as a percentage; in this case, it would be 60 
percent. 

"Real" or dissipated power is measured in 
watts; apparent power, to distinguish ii from reaJ 
power, is measured in volt-amperes. It is simply the 
product of volts and amperes and has no din:ct 
relationship to the power actually used up or 
dissipated unless the power factor of the circuit is 
known. The power factor of a purely resistive 
circuit is 100 percent or I, while the power factor 
of a pure reactance is zero. In this illustration, the 
reactive power lli VAR ~ / 2X = (2)2 X 100 = 400 
volt-amperes. 

Fig. 2-31 - Circuit used as an eKample for 
impedance calculations. 



Transformers for Audio Frequencies 

React.a.nee and Complex Waves 

It was pointed out earlier in this chapter that a 
complex wave (a "nonsinusoidal" wave) can be 
resolved into a fundamental frequency and a series 
of harmonic frequencies. When such a complex 
voltage wave is applied to a circuit containing 
reactance, the current through the circuit will not 
have the same wave shape as the applied voltage. 
This is because the reactance of an inductor and 
capacitor depend upon the applied frequency. For 
the second-harmonic component of a complex 
wave, the reactance of the inductor is twice and 
the reactance of the capacitor one-half their 
respecti'lle values at the fundamental frequency; for 
the third harmonic the inductor reactance is three 
times and the capacitor reactance one-third, and so 
on. Thus the circuit impedance is different for each 
harmonic component. 

Just what happens to the current wave shape 
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depends upon the values of remtance and reac
tance involved and how the ciicuit is arranged. In a 
simple circuit with resistance and inductive reac
tance in series, the amplitudes of the harmonic 
currents will be reduced because the inductive 
reactance increases in proportion to frequency. 
When capacitance and resistance are in series, the 
harmonic current is likely to be accentuated 
because the capacitive reactance becomes lower as 
the frequency is raised. When both inductive and 
capacitive reactance are present the shape of the 
current wave can be altered in a variety of ways, 
depending upon the circuit and the "constants," or 
the relative values of L, C, and R, selected. 

ThiJ property of nonuniform behavior with 
respect l9 fundamental and harmonics b an ex
tremely useful one. It is the basis of "fOtering," or 
the suppression of undesired frequencies in favor 
of a single desired frequency or group of such 
frequencies. 

TRANSFORMERS FOR AUDIO FREQUENCIES 

Two coils having mutual inductance constitute 
a transformer. The coil connected to the source of 
energy is called the primary coil, and the other is 
called the secondary coil. 

The usefulness of the lransfonner lies in the 
fact that electrical energy can be uansfeued from 
one circuit to another without direct connection, 
and in the process can be readily changed from one 
voltage level to another. Thus, If a device to be 
operated R:quircs, for e:umple, 115 volts ac and 
only a 440-volt wurce is available, a transformer 
can be used to change the source voltage to that 
required. A transformer can be used only with ac, 
since no voltage will be induced in the secondary if 
the magnetic field is nol changing. If de is applied 
to the primary of a transformer, a voltage will be 
induced in the secondary only at the instant of 
clo!ling or opening the primary circuit, since It b 
only at the!IC times that the field is changing. 

THE IRON-CORE TRANSFORMER 

As shown in Fig. 2-32, the primary :ind 
secondary coils of a transformer may be wound on 
a core of magnetic material. Titis increases the 
lnductan~ of the coils so that a relati'llely small 
number of turns may be used to induce a given 
value of voltage with a small current. A closed core 
(one having a continuous magnetic path) such as 

Fig. 2-32 - The transformer. Power iii transferred 
from the primary coil to the secondary by means 
of the magnetic field. The upper symbol at right 
indicates an iron-core transformer, the lower one 
an air-core transformer. 

that shown in Fig. 2-32 aho tends ID insure that 
practically all of the field set up by the current in 
the primary coil will cut the turns of the secondary 
coll. However, the core introduces a power loss 
because of hysteresis and eddy currents so this 
type of construction is nonnaUy practicable only 
at power and audio frequencies. The discussion in 
this section is confined to transformers operating 
at such frequencies. 

Voltage and Tums Ratio 

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

n, 
E5 =;r Ep 

p 

where E8 = Secondary voltage 
Ep = Primllf}' applied voltage 

118 = Number of turns on seoondaey 
np = Number of turns on primary 

The ratio, ns/np is called the secondary-to-primary 
turns ratio of the transformer. 

Eumplo· A lnnlfonner has I primary of 400 tum1 and 
1 W!Cdndary of 2800 lum11, 1111d an emf of I 1, •oil! ii 
•pplled 10 the primary. 

£.2n £p • ll00x IU•lX IU 
n,. 4l!IJ 

• 80~ •olb 
Aho. il an emf of 805 ·•oh• Is ■ pptied ta lite 2800-IUm 
winding (which then become, lhc primary) the outp<il 
vol111ge from the 400-lum winding will be 115 •olu. 

Either windtna of ■ 1rao<form.1 can be l1M!d .. Ille 
primary, prooidln1 IIIO wind1n1 ~•• ,naug!l 1urn1 ler>aul!fl 
1nduclance) ID Induce ■ volt>F equal 10 lb, applied woltap, 
wilhout ~uirinS ■n uassive C'tlRt!nt Raw. 
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Effect of Seconda.ry Current 

The current that flows in the primuy when no 
current is taken from the secondary is called the 
magnetizing current of the uansfonner. In any 
properly11esigned transformer the primary induc
tance will be so large that the magnetizing current 
will be quite small. The power consumed by the 
transformer when the secondary is "open" - that 
is, not delivering power - is only the amount 
necessary to supply the losses in the iron core and 
in the resistance of the wire with which the 
primary is wound. 

When power is taken from the secondazy 
winding, the secondary current sets up a magnetic 
field that opposes the field set up by the: primary 
current. But if the induced voltage in the primary 
is to equal the applied voltage, the original field 
must be maintained. Consequently, the primazy 
must draw enough additional current to set up a 
field exactly equal and opposite to the field set up 
by the secondary current. 

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

If the magnetic fields set up by the primary and 
secondary currenu are to be equal, the primary 
current multiplied by the primary turns must equal 
the secondary cunent multiplied by the secondary 
turns. From this it follows that 

• !!.J. • 
1 P • 1s 

np 
where/11 2 Primary current 

/ 8 = Secondary current 

np = Number of turns on primary 
119 = Number of turns on secondary 
Eumplo : Suppa"' thal tho .econda,y or lho ....... 

former in the previow example Is drliterl"I • current oro.2 
ampon, lo ■ loal. The,, tho primory cumnr will be 

/••'!!&./, ~ X 0.2• 7 X 0.2 • 1.4 1111p. 
np 4 

Altbou,t, rho s,,condary •oli. is h1at,01 lh■n 1ho pnmary 
•olL■ge. Ibo a,<ondary ,.,,_, ii law,, lh■n Ill• primary 
curn:in l , •nd b)' the ume r.u:io. 

Power Relationships: Efficiency 

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

P0 = nPi 
where PO " Power output from secondary 

P1 = Power input to primary 
n =- Efficiency factor 

The efficiency, n, always is less than I. It is usually 
expressed as a percentage: if n is 0.65, for 
instances, the efficiency is 65 percent. 

E""mple: A 1ramfonno1 h•• an omcloncy ol 85 porc<nl 
ul Ill Ml-load output or 150 w1 111. l"ll• power lnpul lo rho 
primary 11 fuU secondary load wlll be 

,.,.~- ll-1, .S 1 

" 
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A transformer is usually designed to have its 
highest efficiency at the power output for which it 
is rated. The efficiency decreases with either lower 
or higher outputs. On the other hand, the Iossa in 
the transformer are relatively small at low output 
but increase as more power is taken. The amount 
of power that the transfonner can handle is 
determined by its own losses, because these heat 
the wire and core. There is a limit to the 
temperature rise that c11n be tolerated, because 
too-high temperature either will melt the wire or 
cause the insulation to break down. A transformer 
can be operated a reduced output, even though the 
efficiency is low ,because the actual loss will be low 
under such conditions. 

The full-load efficiency of small power trans• 
formers such as are used in radio receivers and 
transmitters usually lies between about 60 and 90 
percent, depending upon the size and design. 

Leakage Reactance 

In a practical transformer not all of the 
magnetic flux is common to both windings, 
although in well-designed transformers the amount 
of flux that "cuta" one coil and not the other is 
only a small percentage of the total flux. This 
leakage flux causes an emf of self-induction; 
consequently, there ue small amounts of leakage 
indnctance associated with both windings of the 
transformer. Leakage inductance acts in exactly 
the same way as an equivalent amount or ordinary 
inductance inserted in series with the circuit. It 
has, therefore, a cerram reactance, depending upon 
the amount of leak:ige inductance and the 
frequency . This rcactance is called leakage reac• 
ranee . 

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

At power frequencie~ (60 cycles) the voltage at 
the secondary, with a rea~onably well-<iesigned 
transformer, should not drop more than about 10 
percent from open-circuit conditions to full load. 
The drop in voltage may be considerably more 
than this in a transformer operating al audio 
frequencies becau~ the leakage reactance increases 
directly with the frequency. 

Impedance Ratio 

In an ideal transforrner - one without losses or 
leakage reactancc - the following relationship is 
true: 
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where Zp = Impedance looking into primary ter
minals from source of power 

Z1 Impedance of load connected to sec• 
onda.ry 

J. 1 ., Tums ratio, primary lo secondary 

That is, a load of any given impedance connec
ted to the secondary of the transformer will be 
transformed to a different value "lookins Into" the 
primary from the source of power. The impedance 
transformation is proportional to the square of the 
primary-to-secondary turns ratio. 

Eumplc: A 1raMf111mu has I prim■ry-lo-ocmndary 
IUffll rallo of D.6 (primary bat 6/ ID at many lam, • 11,. 
IKOndary) and a load of ]ODD ollm1 II comu,cted lo lh• 
-ondary. n. bnpedana, l0<>lti111 inla lhe primary th•• 
,-j)Jbo 

ZD • Z,~NJ a 3000 X (0.6)2 • lODO X 0.36 

= 1080 ohms 

By choosing the proper turns ratio, the imped
ance of a fixed load can be transformed to any 
desired value, within practical limits. If transformer 
losses can be neglected, the transformed or 
"reflected" impedance has the same phase angle as 
the actual load impedance; thus if the load is a 
pure resistance the load presented by the primary 
to the source of power also will be a pure 
resistance. 

The above relationship may be used in practical 
work even though it is based on an .. ideal" 
transformer. Aside from the normal design require
ments of reasonably Jow internal losses and low 
leakage reactance, the only requirement Is that the 
primary have enough inductance to operate with 
low magnetizing current at the voltage applied to 
the primary. 

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

Impedance Matching 

Many devices require a specific value of load 
resistance (or impedance) for optimum operation. 

LIEJ· 
Fig. 2-33 - The equivalent circuit of a transformer 
Includes the effects of leakage inductance end 
resistance of both primary and secondary windings. 
The resistance Re is an equ ivalant resistance 
repreaentlng the core losses, which are essentially 
constant for any given applied voltage and 
frequency. Since these are comparatively small, 
their effect may be neglected in many approximate 
calculations. 
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Fig. 2-34 - Two common types of transformer 
construction. Core pieces are interleaved to provide 
a continuous magnetic path. 

The impedance of the actual load that is to 
dissipate the power may differ widely from this 
value, so a transformer is used lo change the actual 
load into an impedance of the desired value. This Is 
called impedance matching. From the preceding, 

-~ z • 
where JNa= Required turns ratio, primary to 

secondary 
Z.JI .. Primary impedance required 
Z8 = Impedance of load connected to 

secondary 
E11.mplo: A va,uum-111111 of amplif",er ieqaln!, • l01d of 

SOOO ohmt for optimum performana, ao.d Is lo be 
connocied In a loud-spe1h1 ha.Ing an Impedance of 10 
ohm~. The tu.rns ratio, primary to secondary, nquind in 
the coupling tn.nsro,mcr }t 

;a. l'i· ~--ffoo:22-4 
• • 

Thie primary therdon mu1t h1vl! l2.4 times as many 1um1 
as the secondary. 

Impedance matching means, in general, adjust• 
ing the load impedance - by means of a trans
former or otherwise - to a desired value. However, 
there is also another meaning. It is possible to show 
that any source of power will deliver its maximum 
possible output when the impedance of the load is 
equal to the internal impedance of the source. lbe 
impedance of the source is said to be "matched" 
under this condition. The efficiency is only 50 
percent in such a case; just as much power is used 
up in the source as Is delivered to the load. Because 
of the poor efficiency, this type of impedance 
matching is limited to cases where only a small 
amount of power is available and heatin.11, from 
power loss in the source is not important. 

Transformer Construction 

Transformen usually are designed so that the 
magnetic path around the core is as short as 
possible. A short magnetic path means that the. 
transformer will operate with fewer turns, for a 
given applied voltage, than if the path were long. A 
short path also helps to reduce flux leakage and 
therefore minimizes leakage reaclance. 

Two core shapes are in common ui;e, as shown 
in Fig. 2-34. In the shell type both windings are 
placed on the inner leg, while in the core type the 
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Fig, 2-35 - The autotransformer is based on the 
transformer principle, but uses only one winding. 
The line and load currents in the common winding 
(A) flow in opposite directions, so that the 
resultant current is the difference between them. 
The voltage across A is proportional to the turns 
ratio. 

primary and secondary windings may be placed on 
separate legs, if desired. This is sometimes done 
when ii is necessary to minimize capacitive effects 
between the primary and secondary, or when one 
of the windings must operate at very high voltage. 

Core material for small tranAf'ormers is urually 
silicon steel, called "transformer iron." The core is 
built up of laminations, insulated from each other 
(by a thin coating of shellac, for example) to 
prevent the flow of eddy currents. Tite laminations 
are interleaved at the ends to make the magnetic 
path as continuous as possible and thus reduce flux 
leakage. 

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

In most transformers the coi1s are wound in 
layers, with a thin sheet of treated-paper insulation 
between each layer. Thicker insulation is used 
between coils and between coils and core. 

Au to transformers 

The transformer principle can be utilized with 
only one winding instead of two, as shown in Fig. 
2-35; the principles just discussed apply equally 
well. A one-winding transformer is called an 
autotransformer. The current in the common 
section (A) of the winding is the difference 
between the line (primary) and the load (second
ary) currents, since the~e currents are out of phase. 
Hence if the line and load currents are nearly ~ual 
the common section of the winding may be wound 
with comparatively small wire. Titis will be the case 
only when the primary (line) and secondary (load) 
voltages are not very different. The · auto
transformer is used chiefly for boosting or reducing 
the power-line voltage by relatively small amounts. 
Continuously-variable auto transformers are 
commercially available under a variety of trade 
name~; "Variac" and "Powerstat" are typical 
examples. 

THE DECIBEL 

In most radio communication the received 
signal is converted in to sound. This being the case, 
it is useful to appraise signal strengths in terms of 
relative loudness as registered by the ear. A 
peculiai:ity of the ear is that an increase or decrease 
in loudness is responsive to the ratio of the 
amounts of power involved, and is practically 
independent of absolute value of the power. For 
example, if a person estimates that the signal is 
"twice as loud" when the transmitter power is 
increased from l O watts to 40 watts, he will allio 
estimate that a 400-Watt ~ignal is twice as loud as a 
100-watt signal. In other words, the human ear has 
a logarithmic response. 

This fact is the basis for the use of the 
relative-power unit called the decibel (abbreviated 
dB). A change of one decibel in the power level i£ 
just detectable as a change in loudness under ideal 
conditions. The number of decibels corresponding 
to a given power ratio is given by the following 
formula: 

dB ~ 10 log p 2 
Pi 

Common logarithms (base 10) are used. 

Voltage and Current Ratios 

Note that the decibel is based on power ratios. 
Voltage or current ratios can be used, but only 
when the impedance is the same for both values of 

voltage, or current. The gain of an amplifier carmot 
be expressed correctly in dB if it is based on the 
ratio of the output voltage to the input voltage 
unle~s both voltages are measured across the same 
value of impedance. When the impedance at both 
points of measurement is the same, the following 
formula may be used for voltage or current ratios: 

dB= 201og~ 
Vi 
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Fig. 2-36 - Decibel chart for power, voltage and 
current ratios for power ratios of 1 : 1 and 10: 1. In 
determining decibels for current or voltage ratios 
the currents lor voltages) being compared must be 
referred to the same value of impedance. 
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Decibel Chart 

The two formulas are shown graphically In Fig. 
2-36 for ratios from l to 10. Gains (increases) 
expressed in decibels may be added arithmetically; 
losses (decreases) may be subtracted. A power 
dec~ease is indicated by prefixing the decibel figure 
with a minus sign. Thus +6 dB means that the 
power has been multiplied by 4, while - 6 dB 
means that the power has been divided by 4. 

The chart may be used far other ratios by 
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adding (or subtracting, if a loss) 10 dB each time 
the ratio scale is multiplied by 10, for power ratios; 
or by adding (or subtracting) 20 dB each time the 
scale is multiplied by 10 for voltage or current 
ratios. For example, a power ratio of 2.S is 4 dB 
(from the chart). A power ratio of 10 times 2.5, or 
25, is 14 dB (10 + 4), and a power ratio of 100 
times 2.5, or 250, is 24 dB (20 + 4). A voltage or 
current ratio of 4 is 12 dB, a voltage or current 
ratio of 40 is 32 dB (20 + 12), and one of 400 is 52 
dB (40 + 12). 

RADIO-FREQUENCY CIRCUITS 

RESONANCE IN SERIES CIRCUITS 

Fig. 2-37 shows a resistor, capacitor and in
ductor connected in series with a source of 
alternating current, the frequency of which can be 
varied over a wide range. Al some low frequency 
the capacitive reactance will be much larger than 
the resistance of R, and the inductive reactance 
will be small compared with either the reactance of 
C or the resistance of R. (R is assumed to be the 
same at all frequencies.) On the other hand, at 
some very high frequency the reactance of C will 
be very small and the reactance of L will be very 
large. In either case the cuuent will be small, 
because the net reactance is large. 

At some intermediate frequency, the reactances 
of C and L will be equal and the voltage drops 
across the coil and capacitor will be equal and 180 
degrees out of phase. Therefore they cancel each 
other completely and the current flow is deter
mined wholly by the resistance, R. At that 
frequency the cunent has its largest pos~ible value, 
assuming the source voltage to be constant regard
less of frequency. A series circuit in which the 
inductive and capacitive reactances are equal is said 
to be resonant. 

The principle of resonance finds its most 
extensive application in radio-frequericy circuits. 
The reactive effects associated with even small 
inductances and capacitances would place drastic 
limitations on rf circuit operation if it were not 
possible to "cancel them out" by supplying the 
right amount of reactance of the opposite kind -
in otller words, "tuning the circuit to resonance." 

Resonant Frequency 

The frequency at which a series circuit is 
resonant is that for which XL =XC . Substituting 

Fig. 2-37 - A series circuit con mining L, C and R 
is "resonant" at the applied frequency when the 
reactance of C is equal to the reactance of l. 

the formulas for inductive and capacitive reactance 
gives 

f=~ 

where f= Frequency in cycles per second 
L = Inductance in henrys 
C = CapacitRnce in farads 
tr= 3.14 

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

= 1Q6 
f 211'{1Z 

where f = Frequency in kilohertz (kHz) 
L = Inductance in micmhenrys 0-LH) 
C = Capacitance in picofarads (pF} 
tr= 3.14 

ExampJe; The resonant frequency of a series d1cuit 
containing a 5-;ill incruc101 and a 3S-pf c:apJci1or is 

f- J.O~ ___ rn_& __ _ 
- 2,ry/Z - 6.28 X -y'!"J°E 

) 1)6 1~ 
~ 6.28 X 13.2 • u • 12,050 kHz 
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Fig, 2-38 - Current 1n a series-resonant circuit with 
various values of series resistance. The values are 
arbitrary and would not apply to all circuits, but 
represent a typical case. It is assumed that the 
reactances (at the resonant frequency) are 1000 
ohms. Note that at frequencies more than plus or 
minus ten percent away from the resonant 
frequency the current is substantially unaffected 
by the resistance in the circuit. 
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The formula for resonant frequency is not affected 
by resistance in the circuit. 

Resonance Curves 

If a plot is drawn on the cunent flowing in the 
circuit of Fig. 2-37 as the frequency is varied (the 
applied vollage being constant) it would look like 
one of the curves in Fig. 2-38. The shape of the 
resonance curve at frequencies near resonance is 
delecmined by the ratio of reactance to resistance. 

If the rcactancc of eilher the coil or capacitor is 
of the same order of magnitude as the resistance, 
the cunent decrea!lts rather slowly 115 the 
frequency is moveo in either direction away from 
resonance. Such e curve is said lo be broad. On the 
other hand, if the reactance is considerably larger 
than the resistance the current decreases rapidly as 
the frequency moves away from resonance and the 
circuit is said to be sharp. A sharp circuit will 
respond a great deal more readily to the resonant 
frequency than to frequencies quite close to 
resonance; a broad circuit will respond almost 
equally well to a group or band of frequencies 
centering around the resonant frequency. 

Both types of rc~onance curves are useful. A 
sharp circuit give~ good selectivity - the ability to 
respond strongly (in terms of current amplitude) at 
one desired frequency and discriminate against 
others. A broad circuit is used when the apparatus 
must give about the same response over a band of 
frequencies rather than to a single frequency alone. 

Q 
Most diagrams of resonant circuits show only 

inductance and capacitance; no resistance i.s indi
cated. Neverthele!!.!, resistance is always present_ At 
frequencies up 10 perhaps 30 MHz this resistance is 
mostly in the wire of the coil. Above this fre
quency energy loss in the capaci tor (principally in 
the solid dielectric which must be used to form an 
insulating support for the capacitor plates) also 
becomes a factor. Titls energy loss is equivalent to 
resistance. When maximum sharpness or selectivity 
is needed the object of de~ign is to reduce the 
inherent resistance to the lowest possible value. 

The value of the reactance of either the 
induccor or cep11cicor 11t the resonant frequency of 
a series-resonant circuit, divided by the series 
resistance in the circuit, is called the Q (quality 
factor) of the circuit, or 

Q = r 

where Q .. Quality factor 
X .. Reactance of either coil or capacitor in 

ohms 
, = Series resistance in ohms 

Ex.amplt: The induc tm .ind c11po.citor in a teries circuit 
ca<h hove I ruclancr of 350 ohms al th• n:sonanl 
frequency. The Nlllll ■nce 11 5 ohmL Thcn the(} I• 

a • .r • ..uo. 10 , s 
The effect of Q on the sharpness of resonance 

of a circuil is shown by the curves of Fig. 2-39. In 
these curves the frequency change is mown in 
percentage above and below the resonant £re-
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Fig. 2-39 - Current in series-r&Sonant circuits 
having different Qs. In this graph the current at 
resonance is aS$u med to be the same in ell cases. 
The lower the Q, the more slowly the current 
decreases as the i! pplied frequency is moved away 
from resonance. 

quency . Qs of 10, 20, 50 and 100 are shown; these 
values cover much of the range commonly used in 
radio work. The unloaded Q of a circuit is 
detennined by the inherent resistances associnted 
with the components. 

Vol tage Rise at Re!IOnance 

When a voltage of the resonant frequency is 
inserted in series in a resonant circuit, the voltage 
that appears across either the inductor or capacitor 
is considerably higher than the applied voltage. The 
current in the circuit i11 limiterl only by the 
resistance and may have a relatively high value; 
however. the same current nows through the high 
reactances of the induclor and capacitor and causes 
large voltage drops_ The ratio of the reactive 
voltage to the applied voltage is equal to Ute ratio 
of reactance to resistance. Ibis ralio is also the Q 
of the circuit. Therefore, the voltage across either 
the inductor or capacitor is equal to QE where E is 
the voltage inserted in series. This fact accounts for 
the high voltages developed acros..~ the components 
of series-tuned antenna couple~ (see chapter on 
"Transmission Lines"). 

RESONANCE IN PARALLEL CIRCUITS 

When a variable-frequency source of cons tan I 
voltage is applied lo a puallel circuit of the type 
shown in Fig. 2-4 0 there 111 a resonance effect 
similar to that in a series circuit. However, in this 
case the "line" current (measured at the point 
indicated) is smallest at the frequency for which 
the inductive and capacitive reactances ue equal. 
At that frequency the current through L is exactly 
canceled by the out-of-phase current through C, so 
that only the current taken by R flows in the line. 
At frequencies below resonance the current 
through L is larger than that through C, because 
the reactance of L is smaller and that of C higher at 
low frequencies; there is only partial cancellation 
of the two reactive currents and the line current 
therefore is larger than the current taken by R 
alone_ At frequencies above resonance the sitW1tion 
is rever.;ed and more current nows lhrough C than 
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Fig. 2-40 - Circuit illustrating parallel resonance. 

through L, so the line current again increases. The 
cunent at resonance, being determined wholly by 
R, will be small if R is large and large if R is small. 

The resistance R shown in Fig. 2-40 is not 
nece!l!larily an actual resistor. In many cases ii will 
be the series resistance of the coil "transformed" 
to an equivalent parallel resistance (see later). It 
may be antenna or other load resistance coupled 
into the tuned circuit. In all cases ii represents the 
total effective re!rislance in the circuit. 

Parallel and series re~onant circuits are quite 
alike in some respects. For instance, the circuits 
given al A and B in Fig. 2-41 will behave 
identically, when an external voltage is applied, if 
(I) Land Care the same in both cases; and (2)R 
multiplied by r, equals the ~quare of the reactance 
(at resonance) of either l or C. When these 
conditiorur arc met the two circuits will have the 
same Q. IThese statements are approximate, but 
are quite accurate if tile Q is IO or more.) The 
circuit at A is a series circuit if it is viewed from 
the "inside" - that is, going uound the loop 
fanned by L, C and r - so its Q can be found from 
the ratio of X tor, 

Thus a circuit lilce that of Fig. 2-41A has an 
equivalent parallel impedance (al resonance) 

of R -= ~ : X is the reactance of either the 
r 

inductor or the capacitor. Although R is not an 
actual resistor, to the source of voltage the 
parallel-resonant circuil "looks like" a pure resis
tance of that value. It is "pure" re5i5tam:e because 
the inductive and capacitive currents are 180 
degrees out of phase and are equal; thus there is no 
reactive current in the line. In a practical circuit 
with a high-Q capacitor, at the resonant frequency 
the parallel impedance is 

Z, =- QX 

where z, = Resistive impedance at resonance 
Q = Quality factor of inductor 
X = Reaclancc (in ohms) of either the in

ductor 01 capacitor 

(A) (B) 
Fig. 2-41 - Series and parallel equivalents when 
the two circuits are resonani. The series resistani:e, 
r, In A is raclaced in 8 bv the equivalent parallel 
resistance (R = X'l.c/r ., X2L/rJ and vice ve~a. 
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Fig. 2-42 - Relative impedance of parallel-resonant 
circuits with different Qs. These curves are similar 
to those in Fig. 2-39 for current In a series-resonant 
circuit. The effect of Q on impedance Is most 
marked near the resonant frequency. 

Eumplc: Th• p,uallcl lmpedanco at a cln:ult wllh I coil 
Q of SO and ha,ong lnducu .. nnd capoclllv• JOJIClan« at 
300 ohm, will be 

Z, ~ QX • 50 X lDO • 15,000 ohms 

At frequencies off resonance the impedance is 
no longer purely resistive because the inductive and 
capacitive currents are not equal. The off-resonant 
impedance therefore is complex, and is lower than 
the resonant impedance for the reasons previously 
outlined. 

The higher the Q of the circuit, the higher the 
parallel impedance. Curves showing the variation of 
impedance (with frequency) of a parallel circuit 
have just the same shape as lhe CU[VCS showing Ule 
variation of currenl with frequency in a series 
circuit. Fig. 2-42 is a set of 1111ch curves. A set of 
curves showing the relative response as a function 
of the departure from the resonant frequency 
would be similar to Fig. 2-39. The - 3 dB band
width (bandwidth at 0.707 relative response) i.s 
given by 

&ndwidtlt - 3 dB= fJQ 
where fo is the resonant frequency and Q the 
circuit Q. It is also called the "half-power" 
bandwidth, for ease of recollection. 

Parallel Resonance in Low-Q Circuits 

The preceding discussion is accurate only for Qs 
of 10 01 more. When the Q is below 10, resonance 
in a parallel circuit having resistance in series with 
the coil, as in Fig. 2-41A, is not so easily defined. 
There is a set of values for L and C !hat will make 
the parallel impedance a pure resistance, but with 
these values the impedance does not have its 
maximum possible value. Another set of values for 
l and C will make the parallel impedance a 
maximum, but this maximum value is not a pure 
resistance. Either condition could be called 
"resonance," so with low-Q circuits It is necessary 
lo distinguish between maximum impedance and 
resistive impedance parallel re&onani:e. The differ
ence between lhese L and C values and the equal 
reactances of a serie•resonant circuit is appreciable 
when the Q is in the vicinity of 5, and becomes 
more marked with still lower Q values. 
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(A) (BJ 
Fig. 2-43 - The equivalent circuit of a resonant 
circuit delivering power to a load. The resistor R 
represents the load resistance. At B the load is 
tapped across part of L, which by transformer 
action is equivalent to using a higher I oad 
resistance across the whole circuit. 

Q or Loaded Cin:uiu 

In many applications of resonant circuits the 
only power lost is that dissipated in the resistance 
of the circuit itself. At frequencies below 30 MHz 
most of this resistance i5 in the coil. Within limjts, 
increasing the number of turns in the coil increases 
the reactance faster than it raises the resistance, so 
coils for circuits in which the Q must be high are 
made with relatively large inductance for the 
frequency. 

However, when the circuit delivers energy to a 
load (as in the case of the resonant circuits used in 
transmitters) the energy cof1511med in the circuit 
itself is usually negligible compared with that 
consumed by the load. The equivalent of such a 
circuit is shown in Fig. 2-43A, where the parallel 
resistor represents the load to which power is 
delivered. If the power dissipated in the load is at 
least ten times as great as the power lost in the 
inductor and capacitor, the parallel impedance of 
the resonant circuit iuelf will be so high compared 
with the resistance of the load that for all practical 
purpo1Cs the impedance of the combined circuit is 
equal to the load resistance. Under these condi
tions the Q of a parallel resonant circuit loaded by 
a resistive impedance is 

a=t 
where R = Parallel load resistance (ohms) 

X= Reactance (ohms) 

Eumplc: A "'"'Im: load of 3000 ohm, b cann«I ... 
acrou ■ ruonanl cin:"Llil in which lhe 1ndu.c1lw and 
cap■ciUwe rncran~!!i a.tt each 250 ohm1. TIie, drc-ull CJ 11 
&Mn 

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

Impedance Traasformation 

An important application of the parallel
resonant circuit is as an impedance-matching device 
In the output circuit of a vacuum-tube rf power 
amplifier. As described in the chapter on vacuum 
tubes, there is an optimum value of load resistance 
for each type of tube and set of operating 
conditions. However, the resistance of the load to 
which the tube is to deliver power usually is 
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considerably lower than the value required for 
proper tube operation. To transform the actual 
load resistance to the desired value the load may be 
tapped across part of the coil, as shown in Fig. 
2-438. This i1 equivalent to connecting a higher 
value of load resistance across the whole circuit, 
and is similar in principle to impedance transforma
tion with an iron-core transformer. In high
frequency re son ant circuits the impedance ratio 
does not vary exactly as the square of the turns 
ratio, because all the magnetic flux lines do not cut 
every turn of the coil. A desired reflected Im
pedance usually must be obtained by experimental 
adjustment. 

When the load resistance has a very low value 
(say below I 00 ohms) it may be connected in 
2ries in the resonant circuit (as in Fig. 2-4 l A, for 
example), in which case it is transformed to an 
equivalent parallel impedance as previously de
scribed. If the Q is at least 10, the equivalent 
parallel impedance Is 

Z, • r 

where Z, = Resistive parallel impedance at reso
nance 

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

r = Load resistance inserted in series 

If the Q is lower than 10 the reactance will have 
to be adjusted somewhat, for the reasons given in 
the discussion of low-Q circuits, to obtain a 
resistive impedance of the desired value. 

While the circuit shown m Fig. 2-438 will 
usually provide an impedance step-up as with an 
iron-core transformer, the network h:l!i some 
serious disadvantages for some applications. For 
instance , the common connection prmides no de 
isolation and the common ground is sometime~ 
troublesome in regards to ground-loop currents. 
Consequently, a network in which only mutual 
magnetic coupling is employed is usually prefer
able. However, no impedance step-up will result 
unless the two coils are coupled tightly enough. 
The equivalent resistance seen at the input of the 
network will always be lower regardless of the 
turns ratio employed. However, such networks are 
still useful in impedance-transformation 11pplica
tions if the appropriate capacitive elements are 
used. A more detailed treatment of matching 
networks and similar devices will be taken up in 
the next section. 

Unfortunately, networks involving reactive 
elements are usually narrowband in nature and it 
would be desirable if such elements could be 
elimjnated in order to increase the bandwidth. 
With the advent of ferrites, this has become 
possible and It is now relatively easy to construct 
actual impedance transformers that are both broad
band and permit operation well up into the vhf 
portion of the spectrum. This is also accomplished 
in part by tightly coupling the two (or more) coils 
that make up the transformer either by twisting 
the conductors togerher or winding them in a 
parallel fashion. The latter configurat ion is some
times called a bifiliar winding. 
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COUPLED Cl RCUITS AND Fl L TERS 

Simple Ladder Networks 

Two circuits are said to be coupled when a 
voltage or current in one network produces a 
voltage or cWJenl in the other one. The network 
where the energy originates is often called the 
primary circuit and the network that receives the 
energy is called the secondary circuit. Such 
coupling is often of a desirable nature since in the 
process, unwanted frequency component~ or noise 
may be rejected or isolated and power transferred 
from a source to a load with greatest efficiency, On 
the other hand, two or more circuits may be 
coupled inadvertently and undesirable effects pro
duced. While a great number of coupling-circuit 
configurations are poS&ible, one very important 
class covers so many practit:al appHcalions that 
analysi~ of it will be covered in detail. 

Any two circuits that are coupled can be drawn 
schematically as shown in Fig. IA. A voltage 
source represented by E8 c with a source resistance 
Rp and a source reactance Xp is connected to the 
input of the coupling network, thus forminit the 
primary circuit. At the output, a load reactance X5 

and a loadn:mlance R5 are connected u shown lo 
form the secondary circuit. The circuit in the box 
could consist of an infinite variety of resistors, 
capacitors, inductors, and even transmission lines. 
However, ii will be assumed that the network can 
be reduced to a combination of series and shunt 
elements consisring only of induc1ors and 01pac
ltors as indicated by lhe circuit shown in Fig. I B. 
For obvious reasons, the circuit is often called a 
ladder network. In addition, if there are no 
resistive elements pre5Cnt, or if such elements can 
be neglected, the network is said to be dis
sipationless. 

If a network is dissipationless, all the power 
delivered to the input' of the network will be 
dissipated in the load resistance Rs. This effect 
leads to important simplifications in oompulalions 
involved in coupled networks. The assumption of a 
dissipationless network is usually valid wilh trans
mitting circuits since even a small network loss (0.5 
dB) will resull in considerable heating at the higher 
power levels used in amateur applications. On the 
other hand, coupled circuits used in some receiving 
stages may have comdderable loss. This is because 
the network may have some advantage and Its high 
loss can be compensated by additional am
plification in another stage. However, such devices 
fonn a relatively small minority of coupled net
works commonly encountered and only lhe dis
sipationless case wiU be considered in lhis section. 

Effective Attenuation and Insertion Lou 

The most important consideration in any 
coupled network is the amount of power delivered 
to the load resistance, R5 , rrom the source, Eac• 
with the network pre:ienl. Rather than specify the 
source voltage each lime, a comparison is made 
with the maximum available power from any 
source with a given primary resistance, Rp. The 

value of Rp might be considered as the impedance 
level a!".Sociated with a complex combination of 
sources, transmission lines, coupled networks, and 
even antennas. Typical values of Rp are 52n, 75n, 
300n, and 600n. The maximum available power is 
given by: 

If the network is also dissipationlcss, the power 
delivered to the load resistance, R 9, ii just the 
power "dissipated" in Rin. Thif power is related to 
the input current by: 

Po= ljn2Rtn 

and the current in terms of the other variables is: 

Eac 
fin .., --;:::;:====::::;;:.=====~ 

✓ (Rp + Rin)2 + (Xp + Xm)2 

Combining the foregoing expressions gives a very 
useful formula for the ratio of power delivered to a 
load in terms of the maximum available power. 
This ratio expressed in decibels is given by: 

Attn .. - !Olag(;: ) = 

- IO!og ~ 4RinRp 

(Rp + Rrn)2 + (Xp + X1nl 

and is sometimes called the effective auenuation. 
In the special case where Xp and X9 are either 

zero or can be combined into a coupling network, 
and where Rp is equal to R5 , the effective 

( Al 

(BJ 

Fig. 1 - A rttpresentative coupling circuit IAI and 
ladder network (B). 
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attenuation is also equal to the insertion 1011 of the 
network. The in~rtion loss is the ratio of the 
power delivered lo the load with the coupling 
network in the circuil to the power delivered lo 
the load with the network absent. Unlike the 
effective attenuation which is always positive when 
defined by the previous formula, the insertion loss 
can take on negative values if Rn is not equal to R5 

or if Xp and X5 are not zero. In effect, the insertion 
loss would represent a power gain under these 
conditions. The inteprctation of this effect is that 
maximum available power does not occur with the 
coupling network out of the circuit because of the 
unequal source and load resistances and the non
zero reaclanccs, With the network in the circuit, 
the resistances are now "matched" and the reac
tances are said to be "tuned out". The action of 
the coupling network in this instance is very similar 
10 that of a transformer (which was discu-d in a 
previous section) and networks consisting of 
.. pure" inductors and capacitors are often u,cd for 
lhfa purpose. Such circuits arc often referred lo as 
matching network~. On the olher hand, it is often 
desired to deliver the greatest amount of power to 
a load at some frequencies while rejecting energy at 
other frequencies. A device that accomplishes this 
action is called a falter. In the c.ase of unequal 
source and load ro!!istance, it is often po1,5ible to 
combine the processes of tillering and matching 
into one network. 

Solving Ladder-Network Problems 

From the last section, it is evident that if the 
values of Rm and .Xin of l-'1g. IA can be de
termined, the effective attenuation and possibly 
the insertion loss are also easily found. Being able 
to solve this problem has wide appllcations in rf 
L"ircuits. For instance, design formulas for fillers 
often include a simplifying assumption that the 
load resistance is comtant with frequency, In the 
ca~ of many circuits, this a~sumption is not true. 
However, if the value of R! and X8 at any 
particular frequency is known, the attenuation of 
the filter can be determined even though it is 
improperly terminated. 

Unfortunately, while the solution lo any ladder 
problem b pos_tjble from a theoretical standpoint. 
practical difficulties arc encouotered as the net
work complexity increases. Many computations to 
a high degree of accuracy may be required, making 
the process a tedious one. Consequently, the 
availability of a calculator or similar compu ling 
device is recommended. The approach used here is 
adapted readily lo any calculating method in
cluding the we of an inexpensive pocket cal
culator. 

Susceptllnce and Admittance 

The respective reactanccs of an inductor and a 
capacitor arc given by: 

- I 
Xe= 2n/C 

In a ~mple series circuit, lhe total resistance ii just 
the sum of the individual resistances in the network 
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Fig. 2 - Resistance5 and reactances add In series 
circuits while conductances and susceptances add 
in parallel circuits. {Formulas shown are for 
numerical values of X and B.l 

and the total reactance is the sum of the reac
tances. However, it is important to note the sign of 
the reactance. Since capacitive reactance is negative 
and inductive reactance is positive, it is possible 
that the sum of the reactances might be zero even 
though the individual reactanccs are not zero. In a 
series circuit, it will be recalled Iha I the network is 
said lo be resonant al the frequency where the 
reactances ancel. 

A complement.ary condition exists in a parallel 
combination of circuit clements and it is con
venient to introduce the concepts of admittance. 
conductance, and ausceptance. In the case of a 
simple resistance , the conductance is just the 
rec.:iprucal . That is, !he conductance or a 50-u 
resistance is I /.SO or 2 X 10-• . The reciprocal unit 
of the ohm is the mho. For simple inductance5 and 
capacitances, the formulas for the respective recip
roca I en Ii ties a re : 

8 

and are defined as susceptanccs. In a parallel 
combination of conductances and susceptanccs, 
the total conductance is the sum of the individual 
conductances .ind the total susceplances is the snm 
of the individWll susceplance§ laking the respective 
signs of the latter into account. A comparison 
between the way resistance and rcactence add and 
the manner in which conductance and susceptance 
add is shown in the C)(ample of Fig. 2, An entity 
caJled admittance can be defined in terms of the 
tolaJ conductance and lotaJ susceplance by the 
formula: 

and i8 often denoted by the symbol Y. If the 
impedance of a circuit is known, the admittance is 
just the reciprocal. Likewise. if the admittance of a 
circuit is known, the impedance is the reciprocal of 
the admillance. However, conductance, reactance, 
resistance, and susceptance are not so simply 
related. If the total resistance and total reactance 
of a series circuit arc known, the conductance and 
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Fig. 3 - Application of conversion formulas can be 
used to transform a shunt conductance and suscep
tance to a series equiva len t circuit. The converse Is 
illustrated at (Bl. 

susceplance of the circuit are related to the latter 
by the formulas: 

On the other hand. if the total conductance and 
total susceptance of a parallel combination are 
known, the equivalent resistance and reactance can 
be found from the formulas: 

These rclalions are illustrated in fig. 3A and Fig. 
38 respectively. While the derivation of the math
ematical expressions will not be given, the im
portance of the change of sign cannot be stressed 
too hfah/y_ Solving network problems with a 
calculator is merely a matter of bookkeeping, and 
failure lo take the sign change associated with the 
lramformed reactance and susceptance is the most 
common so1Uce of error. 

A Sample Problem 

The following example illustrates the manner in 
which the foregoing theory can be applied to a 
practical problem. A filler with the schematic 
diagram shown in Fig. 4A is lillf)pored to have an 
insertion loss at 6 MHz of 3 decibels when 
connected between a 52-n load and a source with 
a 52-n primary resistance (both X P and X5 are 
zero). Since this is a case where the effective 
attenuation is equal to the insertion loss. the 
previous formula for effective allenuation applies. 
Therefore. it is required to find R;n and hi' 

Starting at the output, the values for the 
conduct.ance and susceptance of the parallel RC 
circuit must be detennined first. The conductance 
is just the reciprocal of S 2n and the previous 
formula for capacitive susceplance gives the value 
shown in parentheses in Fig. 4A. (The upside-down 
n is the symbol for mho.) The next step Is lo 
apply the formulas for resistance and reactance in 
tenns of the co.nductance and susceptance and the 
results give a 26-n resistance in series with a 
- 26-n capacitive reactance as indicated in Fig. 4B. 
The reactance of the inductor can now be added to 
give a total reactance of 78.0ln. The conductanCll 
and susceptancc formulas can now be applied and 
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lhe results of both of these operations is shown in 
Fig. 4C. Finally, adding I.he susceptance of the 
Sl0.1-pF capacitor {rij. 4D) gives the circuit al 
Fig. 4E and applying the fonnulas once more gives 
the value of Rjn and Xin (l'ig. 4F). If the latter 
values are subshluted into the effective allenuation 
formula, the insertion loss and effective atten
uation are 3.0 I dB. which is very closs to the value 
specified. The reader might verify that the in
sertion loss is 0.167, 0.37, and 5.5 dB al 3.5, 4.0, 
and 7.0 MHz rcspeclivepi. lfa plot of insertion loss 
versus frequency was constructed this would give 
the frequency response of the filter. 

Frequency Sealing and Normalized Impedance 

Quite often, ii is desirable lo be able to change 
a coupling network at one (requency and im
pedance level to another one. For example, sup
pose it wa~ desired lo move the 3-<IB point of the 
filter in the preceding illustration from 6 lo 7 MHz. 
An examination of the reactance and susceptance 
formulas reveals that multiplying the frequency by 
some constant k and dividing both the inductance 
and capacitance by the same value of k leave~ the 
equations unchanged. Thus, if the capacitances and 
inductance in Fig. 4A are multiplied by 6/7, all the 
rcactances and susceptances in the new circuit will 
now have the same value at 7 MHz that the old one 
had at 6 MHz. 
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Fig. 4 - Problem ill ustrating network reduction to 
find insertion loss. 
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Fig. 5 - Ideal filter response cur'W!S are shown at 
(Al and characteristics of practical filter. are 
shown at (Bl. 

ll is common practice with many filler tables 
especially, to present all the circuit components 
for a number of designs at some convenient 
£requency. Translating lhe design to some desired 
frequency is nmply accomplished by multiplying 
all the components by S10mc constant factor. The 
most common frequency used is lhe value off ~uch 
that 27r/ is equal lo LO. This is sometimes called a 
radian frequency of 1.0 and corresponds to 0.1592 
Hz. To chan&e a "one-radian" filter to a new 
frequency / 0 (in Hz), all that is necessary is to 
multiply the inductances and capacitances by 
0.1592//0 , 

In a similar manner, if one resistance (or 
conductance) is multiplied by some factor n, all 
the other resistances (or conductances) and reac
tances (or susceptances) must be multiplied by the 
same factor in order to preserve the network 
characteristics. For instance, if the secondary 
resistance, R 8 is multiplied by n, all circuit in
ductances must be multiplied by n and the circuit 
capacitances divided by n (since capacitive reac• 
lance varies a~ the inverse of C). If, in addition 10 
converting the filter of Fig. 41\ to 7 MHz from 6 
MHz, it wu also desired to change lhe impedance 
level from 52 to 600n, the inductance would have 
to be multiplied by (6/7)(600/52) and the capac
itances by (6/7)(52/600). 

Using Filter Tables 

In a previous example, It was indicated that the 
frequency response of a filter could be derived by 
solving for the insertion loss of the ladder network 
for a number of frequencic11. The question might 
be asked if the converse is possible. That is, given a 
desired frequency response, could a network be 
found that would have this response? The answer is 
a qualified yes and the technical nomenclature for 
this sort of process is network synthe~i~. Fre
quency responses can be "cataloged" and, if a 
suitable one can be found, the corrnponding 
network elements can be determined from an 
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associa led table. Filters derive<l by network 
synlhe~s and similar methods (such as optimized 
computer designs) are often referred to as "'modern 
filters" even though the theory has been in 
existence for years. The term is useful in dis
tinguishing such designs from those of an older 
approximate method called "image-parameter" 
theory. 

Butterworth Fillers 

Filters can be grouped into four general cate
gories as illustrated in Fig. SA. Low-pass filters 
have zero insertion loss up to some critical fre
quency ifc) or cutoff frequency and then provide 
high rejection above this frequency. (The latter 
condition is indicated by the shaded lines in Fig. 
5A.) Band-pass filters have zero insertion loss 
between two cutoff frequencies with high rejection 
outside of the prescribed "bandwidth." (Band-stop 
filters reject a band of frequencies while pas!ling all 
others.) And high-pass fillers reject all frei:i, uencies 
below some cutoff frequency. 

The attenuation shapes shown in Fig. 5A are 
ideal and can only be approached or approximated 
in practice. For instance, if the filter in lhe 
preceding problem was used for low-pass purposes 
in an 80-mctcr transmitter lo reject harmonics on 
40 me ten, its performance would leave a lot to be 
desired. While insertion loss at 3.S MHz was 
acceptable, it would likely be too high at 4.0 MHz 
and rejection would probably be inadequate at 7 .0 
MHz. 

Fortunately, design formulas exist for this type 
of network and form a class caUed Butterworth 
filters. The name is derived from the shape of the 
curve for insertion-loss vs. frequency and is some
time~ called a maximally na1 response. A formula 
for the frequency response curve is given by: 

where f c is the frequency for an insertion loss of 
3.01 dB, and k is the number of circuit elementx. 

CAI 
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Fig. 6 - Schematic diagram of a Butterworth 
low-pass filter. (See Table I for element values.I 
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Table I 
Fig. 6A Cl L2 C3 L4 cs L6 C7 L8 C9 LlO 
Fig.6B LI C2 13 C4 LS C6 L7 CR L9 CIO 
k 

J 2.0000 
2 1.4142 1.4142 
3 1.0000 2.0000 1.0000 

" 0.7654 1.84 78 l. 84 78 0. 7654 
j 0.6180 1.6180 2.0000 l.6180 0.6180 
6 0.5176 1.4142 1.9319 I. 9319 1.4142 0.5176 
7 0.4450 1.2470 J.8019 2.0000 1.8019 1.24 70 0.4450 
8 0.3902 1.1111 1.6629 1.9616 1.9616 1.6629 1.llll 0.3902 
9 0.3473 1.0000 l.5321 l.8794 2.0000 1.8794 l.5321 1.0000 0.3473 
JO 0.3129 0.9080 1.4142 I. 7820 1.9754 1.9754 1.7820 1.4142 0.9080 0.3129 

The shape of a Butterworth low-pass filter is shown 
in the left-hand portion of Fig. SB. (Another type 
that ls similar in nature, only one that aUows some 
"ripple" in lhe passband, is also shown in Fig. SB. 
Here, a high-pass characteristic illustrates a 
Chebyshev response.) 

As can be seen from the formula. increasing the 
number of elements will result in a filter that 
approadtcs the "ideal" low-pass shape. For 
instance, a 20~lement filter designed for a 3.01-dB 
cutoff frequency of 4.3 MHz, would have an 
insertion loss at 4 MHz of 0.23 dB and 84.7 dB at 
7 MHz. However, practical difficulties would make 
such a filter very · hard to construct. Therefore, 
some compromises are always required between a 
theoretically perfect frequency response and ease 
of construction. 

Element Values 

Once the number of elements, k, is determined, 
the next step is to find the network configuration 
corresponding to k. (Filter tables sometimes have 
sets of curves that enable the user to select the 
desired frequency response curve rather than use a 
formula. Once the curve with the fewest number of 
elements for the specified passband and stop-band 
insertion loss is found, the filter is then fabricated 
around the corresponding value of k.) Table I gives 
normalized element values for values of k from 1 
to I 0, This table is for a 1-n source ond load 
resistance (reactance zero) and a 3.01-dB cutoff 
frequency of I radian/second (0.1S92 Hz). There 
arc two poSllible circuit configurations and these 
are shown in Fig. 6. Here, a S-elemenl filter is given 
as an example with either a munt element next to 
the load (Fig. 6A) or a seiies elemenl next to the 
load (Fig. 6B). Either filter will have the same 
respomie. 

After the values for the 1-n, I-radian/second 
"prototype" filter are found, the corresponding 
values for the actual frequency /impedance levi:l 
can be determined {sec the section on frequency 
and impedance scaling). The prototype inductance 
and capacitance values are multiplied by the ratio 
(0.1592/fe) where fc is lhf actual 3.01-dB cutoff 
frequency. Next, this number is multiplied by the 

load resistance in the case of an inductor and 
divided by the load resistance if the element is a 
capacitance. For instance, the filter in the 
preceding example is for a 3-element design ( k 
equal to 3) and the reader might verify the values 
for the components for an fc of 6 MHz and load 
resistance of 520. 

High-Pass Butterworth Filten 

The formulas for change of impedance and 
frequency from the 1-n, 1-nidian/second proto
type to some de~ired level can also be conveniently 
written as: 

R 
L = --- Lpro101ype 

2-rrfe 
l 

C = -- Cprototype 
2-rrfcft 

where R is the load resistance in ohms, fe is the 
desired 3.01-dB frequency in Hz. Then, L and C 
give the actual circuit~lement values in henrys and 
farads in terms of the prototype element values 
from table 1. 

However. the usefulness of the low-pass proto
type does not end here. If the following set of 
equations is applied lo the prototype values, circuit 
elements for a high-pass filter can be obtained. The 
filter is shown in Fig. 7 A and Fig. 7B which 
rorrespond to Fig. 6A and Fig. 6B in table I. The 
equations for the actuaJ high-pass circuit values in 
terms of the low-pass prototype are given by 

C= I 
R2n/tf:prot. 

and the frequency response curve can be obtained 
from: 

For instance. a high-pass filter with 3 elements, a 
3.01-<1B fc of 6 MHz and 5 2n, has a Cl and C3 of 
S JO pF and ~n L2 of 0.6897 µH. The insertion loss 
at 3.5 and 7 MHz would be 14.21 and 1.45 dB 
respectively. 



50 
I 

1 
IAI 

IBI 

Fig . 7 - Network configuration of a Butterworth 
highi)ass Ii lter. The low-pass prototype can be 
transformed as described In the text. 

Butterworth Band-Pas., Pillen 

Band-pass filters can also be designed through 
the use of Table I. Unfortunately, the prooess is 
not as straightforward as it Is for low-pass 1md 
high-pass filters if a practical des~ is to be 
obtained. In essence, a low-pass filter IS resonated 
to some "center frequency" with the 3.01-dB 
cutoff frequency being replaced by the filter 
bandwidth. The ratio of the bandwidth to center 
frequency must be relauvely large otherwise com
ponent values tend to become unm1t111cable . 

While there arc many variations of specifying 
such filters , a most useful approach is to determine 
an upper and lower frequency for a given at
tenuation. The center frequency and bandwidth 
are then given by: 

BW =f, - ft 

If the bandwidth specified is not the 3.01-dB 
bandwidth (BWc), the latter can be determined 
from: 

in the case of a Butterworth response or from 
tables of curves. A is the required allenuation at 
the cutoff frequencies. The upper and lower cutoff 
frequencies ifcu and fc1> are then given by : 

-BWc + ../(B'Wc"f2· + 4/0 2 
fc1 = 2 

fcu • fc1 + BWc 

A somewhat mon: convenient method is to pick 
a 3.01-dB bandwidth (the wider the better) around 
some center frequency and compute the at-
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tenuation at other frequencies of interest by using 
the transformation: 

f 
y;: 

fo I 
Bl C .1 

which can be substituted into the insertion-loss 
formula or table of curves. 

As an example, suppose it is desired to build a 
band-pa~~ filter for the 15-meter Novice band in 
order to eliminate the possibility of radiation on 
the 14- and 28-MHz bands. For a starting choice, 
16 and 25 MHz will be picked as the 3.01-dB 
points giving a 3-dB bandwidth of 9 MHz. For 
these two points, f O will be 20 MHz. It is common 
practice to equate the number of branch elements 
or filter resonators to certain mathematical entities 
called "poles" and the number of poles is just the 
value of k for purposes of discussion here. For a 
3-pole filter (k of 3), the insertion loss will be 
12.79 and 11.3 dB at 14 and 28 MHz respectively. 

Cl, CJ and L2 are then calculated for a 9-MHz 
low-pass ftlter and the elements for this filter are 
resonated to 20 MHz as shown in Fig. 8A. The 
response shape is plotted in Fig. 88 and it appears 
to be unsymmetrical about/0 , In spite of this fact. 
such niters are called symmetrical band-pass filters 
and / 0 is the "center frequency." 

If the response is plotted against a logarithmic 
frequency scale, the symmetry will become ap
parent. Consequently, using a logarithmic plot is 
helpful in designing filters of this type. 

ExamiDation of the component values reveals 
th~t while the filte.r is pra~tkal, it is a bit untidy 
from a construction standpoint . Rather than using 
a single 340.1-pF capacitor, paralleling a number of 
smaller valued units would be advisable. En
countering difficulty of this sort is typical of most 
filter designs, consequently, some tradeoffs be
tween performance, complexity, and ease of con
struction are usually required. 

Coupled Resonaton 

A problem frequently encountered in rf circuits 
is that of a coupled resonator. Applications include 
simple filters, oscillator tuned circuits, and even 
antennas. The circuit shown in Fig. 9A is il
lustrative of the basic principles involved. A series 
RLC circuit and the external terminals ab are 
"coupled" through a common capacitance, Cm. 
Applying the formulas for conductance and sus
ceptance in terms of series reactance and resistance 
gives the following set of formulas: 

R, 
G b "' ~,.--....,.,.,,... 

I Rr2 + X2 

The significance of these equations can be seen 
with the aid of fig. 98. At some point, the series 
inductive reactance will cancel the series capacitive 
reactance (at a point slightly below/ 0 where the 
conductance curve reaches a peak). Depending 
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Fig. 8 - A Butterworth Bandpass filtar. (Capaci-
1ance 11aluas ara in picofarads. I 

upon the value of the coupling susceptance, Bm, it 
is possible that another point can be found where: 
the total input s.usceptance is zero. The input 
conductance at this frequency, / 0 , is then G0 • 

Since G0 is less than the conductance at the 
peak of the curve, I/G0 or R0 is going to be greater 
lhan Rr• This effect can be applied when it is 
desired to match a low-value load resistance (such 
as found in a mobile whip antenna) lo a more 
practical value. Suppose R, and c, In Fig. 9A are 
I On and 21 pF respectively, and represent the 
equivalent circuit of a mobile antenna. Find the 
value of L, and Cm which will match this antenna 
to a S2-n feed line at a frequency of 3900 kHz. 
Subslitu ting the foregoing values into the formula11 
for input conductance gives: 

I IO ---
52 102 + X2 

Solving for X (which is the total series reactanoe) 
gives a value of 20.49n. The reactance of a 21-pF 
capacitor at 3900 kHz is 1943.3n so the inductive 
reactanoe must be 1963.7n. (While either a pos
itive or negative reactance will satisfy the equation 
for Gab• a positive value is required to tune out 
Bern· If the coupling element was a shunt inductor, 
the total reactance would have to be capacitive or 
negative in value.) Thus, the required inductance 
value for Lr will be 80. l µH. In order to obtain a 
perfect match, the input susceptance must be zero 
and the value of Bcm can be found from the 
equation: 

20.49 
0 = Bern - ------102 + (20.49)2 

giving a susceptance value of .04 mhos which 
corresponds to a capacitance of 1608 pF. 

Piezoelectric Crystals 

A somewhat different form of resonator con
sists of a quartz crystal between two conducting 
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plates. lf a voltage is applied to the plates, the 
resultant electric field causes a mechanical stress in 
the crystal. Depending upon the size and "cut" of 
the crystal, a frequency will exist at which the 
crystal begins to 1111,ra te. The effect of this me
chanical VIDration is to simulate a series RLC 
circuit as in Fig. 9A. There is a capacitance 
associated with the crystal plates which appears 
across the terminals (Cm in Fig. 9A). Conse
quently, this circuit can also be analyzed with the 
aid of Fig. 9B. At some frequency (f1 in Fig. JO), 
the series reactance is zero and Gab in the 
preceding formula will just be 1/Rr· Typical values 
for R, range from 10 kn and higher. However, the 
equivalent inductance of the mechanical circuit is 
normally extremely high (over 10,000 henries in 
the case of some low-frequency units) which 
results in a very high circuit Q (30,000). Above fi, 
the reactance is "inductive" and at h, the suscep• 
tance of the series resonator is just equal to the 
susceptance of the crystal holder, Bern· Here, the 
total susceptance is zero. Since Bern is usually very 
small, the equivalent series susceptance is also 
small. This means the v~lue for X in the suscep· 
tance formula will be very large and consequently 
Gab will be small, which corresponds to a high 
input resistance. A plot of the magnitude of the 
impedance is shown in Fig. 10. The dip al fi is 
called the series-resonanl mode and the peak at h 
is referred to as the paraUel-resonant or "anti· 
resonant" mode. When specifying crystals for 
oscillator applications, the type of mode must be 
given along with external capacitance across the 
holder or tyrw, o_,,illatnr ciTcuit to he Wied. 
Otherwise, considerable difference in actual oscil• 
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Fig. 9 - A capacitively coup led resonator is shown 
at (A). See text for explenetion of figura shown et 
18). 
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Fig. 10 - Frequency response of a quartz-crystal 
resonator . The minimum v~lue is only approximate 
since holder capacitance is neglected. 

lator frequency will be observed. The effect can be 
used to advantage and the frequency of a crystal 
oscillator can be "pulled" with an external reactive 
element or even frequency modulated with a 
device that converts voltage or current fluctuations 
in to changes in reactance. 

Coefficient or Coupling 

If the solu lion to the mobile whip-antenna 
problem is examined, it can be seen that for a given 
frequem,-y, Rr, Lr, and Cr, only one value of Cm 
results in an input load tha I appears as a pure 
resistance. While such a condition might be defined 
as resonance, the resistance value obtained is not 
necessarily the one required for maximum transfer 
of power. 

A definition that is helpful in determining how 
to vary the circuit elements in order to obtain the 
desired input resistance is called the coefficient of 
coupling. The coefficient of coupling is defined as 
the ratio of the common or mutual reactancc and 
the square root of the product of two specially 
defined reactances. If the mutual reactance is 
capacitive, one of the special reactances is the sum 
of the series capacitive reactances of the primary 
mesh (with the resonator disconnected) and the 
other one is the sum of the series capacitive 
reactances of the resonator (with the primary 
disconnected). Applying this definition to the 
circuit of Fig. 9A, the coefficient of coupling, k, is 
given by: 

How meaningful the coefficient of coupling will 
be depends upon the particular circuit config
uration under consideration and which elements 
are being varied. For example, suppose the value of 
Lr in the mobile-whip antenna problem was fixed 
at 100 µHand Cm and Cr were allowed to vary. (It 
will be recalled that Cr is 21 pF and represents the 
antenna capacitance. However, the total resonator 
capacitance could be changed by adding a series 
capacitor be tween Cm and the antenna, Thus, Cr 
could be varied from 21 pF to some lower value 
but not a higher one.) 

A calcula ted plot of k versus input resistance, 
Rin, is shown in Fig. 11. Note the unusually high 
change in k when going from resistance values near 
I on to slightly higher ones. 

Similar networks can be designed to work with 
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any ratio of input resistance and load resistance 
but it is evident small ratios are going to pose 
difficulties. For larger ratios, component tolerances 
are more relaxed. For instance, Cm might consist 
of switchable fixed capacitors with Cr being 
variable. With a given load resistance, Cm essen
tially sets the value of the react.ance and thus the 
input resistance while Cr and Lr provide the 
required reactance for the conductance fonnula. 
However, if L, is varied, k varies also. Generally 
speaking, higher values of Lr (and consequently 
circuit Q) require lower values of k. 

At this point, the question arises as to the 
significance and even the merit of such definitions 
as coefficient of coupling and Q. If the circuit 
element values are known, and if the configuration 
can be resolved into a ladder network, important 
properties such a:; input impedance and atten
uation can be computed directly for any fre
quency. On the other hand, circuit information 
might be obscured or even lost by attempting to 
attach too much importance to an arbitrary de
finition. For example, the plot in Fig. 11 merely 
indicates Cm and Cr are changing with respect to 
one anotller. But it doesn't illustrate how they are 
changing. Such information is important in prac
tical applications and even a simple table of Cm 
and Cr vs. Rin for a particular R, would be much 
more valu able th an a plot of k. 

Similar precautions have to be taken with the 
interpretation of circuit Q. Selectivity and Q are 
simply related for single resonators and circuit 
components but tlle situation rapidly deteriorates 
with complex configurations. For instance , adding 
loss or resistance to circuit elements would seem to 
contradict the idea that low-loss or high-Q circuits 
provide the best selectivity. However, tllis is 
actually done in some tilter designs to improve 
frequency response. In fact, the filter with the 
added loss has identical characteristics to one with 
"pure" elements. The method is called pre
distortion and is very useful in designing filters 
where practical considerations require the use of 
circuit elemen ts with parasitic or undesired 
resistance. 

As the frequency of operation is increased, 
discrete components become smaller until a point 
is reached where other forms of networks have to 
be used. Here, entities such as k and Q are 
sometimes the only means of describing such 
networks. Another definition of Q that is quite 
useful in this instance is that it is equal lo the ratio 
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'° 100 •• 
Fig. 11 - Variation of k with input resistance for 
circuit of Fig. 9 . 



Matching Networks 

Fig. 12 - Two types of magnetically 
coupled circuits. At (A). only mutual 
magnetic coupling exists while the cir• 
cuit at (Bl contains a common induc· 
tance also. Equivalents of both circuits 
are shown at the right which permit the 
application of the ladder-network analy• 
sis discussed in this section. (If the sign 
of voltage is unimportant, Tl can be 
eliminated.I 

of 2n (energy stored per rf cycle)/(energy lost per 
rf cycle) . 

Mutually Coupled Inductors 

A number of very useful rf networks involve 
coupled inductors. In a previous section, there was 
some discussion on iron-eore transformers which 
represent a special case of the coupled-inductance 
problem. The formulas presented apply to in
stances where the coefficient of coupling is very 
close to 1.0. While it is possible to approach this 
condition at frequencies in the rf range, many 
practical circuits work at values of k that are 
considerably less than 1.0. A general solution is 
rather complex but many practical applications can 
often be simplified and solved through use of the 
ladder-network method. In particular , the sign of 
the mutual inductance must be taken into account 
if there are a number of coupled circuits or if the 
phase of the voltage between two coupled circuits 
is important. 

The latter consideration can be illustrated with 
the aid of Fig. 12A. An exact circuit for the two 
mutually coupled coils on the left is shown on the 
right . Tl is an "ideal" transformer that provides 
the "isolation" between terminals ab and ed. IC the 
polarity of the voltages between these terminals 
can be neglected, the transformer can be elim· 
inated and ju~t the circuit before terminals c'd' 
substituted. A second circuit is shown in Fig. 128. 
Here, it is assumed that the winding sense doesn't 
change between Ll and L2. If so, then the circuit 
on the right of Fig. 128 can be substituted for the 
tapped coil shown at the left. 

Coefficients of coupling for the circuits in Figs. 
12A and 12B are given by: 

k = M 
.../Li Li 

L l +M 
k= -

.../L1(L1 + L2 + f 
If Ll and L2 do not have the same value, an 
intere~ting phenonemon takes place as the coupling 
is increased. A point is reached where the mutual 
inductance exceeds the inductance of the smaller 
coil. The interpretation of this effect can be 
illustra led with the aid of Fig. 13. While all of the 
flux lines (as indicated by the dashed lines) 
associated with LI also encircle turns of L2, there 
arc additional ones that encircle extra turns of L2, 
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also. Thus, there are more flux lines for M than 
there are for Ll. Consequently, M becomes larger 
than LI. Normally, this condition is difficult to 
obtain with air-wound coils but the addition of 
ferrite material greatly increases the coupling. Ask 
increases so that Mis larger than Ll (Fig. 13), the 
network begins to behave more like a transformer 
and for a k of I, the equivalent circuit of Fig. 12A 
yields the transformer equations of a previous 
section. On the other hand, for small values of k, 
the network becomes merely three coils arranged 
in a "T" fashion. One advantage of the circuit of 
Fig. 12A is that there is no direct connection 
between the two coils. This property is important 
from an isolation standpoint and can be used to 
suppre~s unwanted currents that are aften re
sponsible for RFI difficulties. 

Matching Networks 

In addition to filters, ladder networks are 
frequently used to match one impedance value lo 
another one. While there are many such circuits , a 
few of them offer particular advantages such as 
simplicity of design formulas or minimum number 
of elements. Some of the more popular ones are 
shown in Fig. 14. Shown at Fig. 14A and 148, are 
two variations of an " L" network. These networks 
arc relatively simple to design. 

The situation is so mewhat more complicated 
for the circuits shown at 14C and 140. For a given 
value of input and output resistance, there are 
many networks that sa tisfy the conditions for a 
perfect match. The difficulty can be resolved by 
introducing the "dummy variable" labeled N. 

Fig. 13 - Diagram illustrating how M can be larger 
than one of the self inductances. This represents 
the transition from lightly coupled circuits to 
conventional transformers since an impedance step 
up is possible without the addition of capacitive 
elements . 
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(A) 

Al~R2 

~ 
(C) 

R1>R1 

XL • 'I/Rr:,-,1Rc--1--"""11'"'11r-

Xc • ~ 
RL 

R2>R1 

XL • Rzj A1~R1 

Xe• - R1Rz 

R1<A1, N> ✓ ll1/R1 - 1 
XL --':-

Fig. 14 - Four matching networlu that can be 
used to couple a source and load with different 
r1t1istanca values. (Although networks are drawn 
with R l appearing as the source resistance, all can 
be applied with R2 at the source end.) 

From a practical standpoint, N should be 
selected in order to optimize circuit component 
values. Either values of N that are too low or too 
high result in networks that are hud 10 comtruct. 

Networks with mutual magnetic coupling have 
been used for matching purposes in a wide variety 
of applications. The mo~I common configuration 

ELECTRICAL LAWS AND Cl RCUITS 

consists of two coils positioned in proximity to 
each other so that a mutual inductance is present. 
Unfonunalely, such networks do not lend them· 
selves to design very readily. However, if the 
various circuit elements are known, the problem 
can be analyzed with the aid of the equivalent 
circuit shown in Fig. 12. 

For instance, suppose measurements indkaled 
the "self inductance" of the primary coil was 21.6 
µH and the self inductance of the secondary coil 
was measured as 11.7 µll. Also assume the coeffi• 
cient of coupling was .082 which results in a 
mutual inductance of l.3 µH. If a load resistance 
of 52 ohms is connected across the secondary coil, 
what is the impedance !leen at the primary termi· 
nals al a frequency of 3.7 MHz? 

The solu lion to the problem is found by fin I 
computing the equivalent inductances in the T 
network and then the reactances. Referring to Fig. 
12, the rcaclance or ll - Mis 472 ohms, of the 
shunt ann M, 30.2 ohms, and the reactance of L2 
- M is 242 ohms. If lhe ladder-network analys.b is 
applied to this new circuit, the input impedance 
consists of a 0.62-ohm resistance in series with a 
498-ohm inductive reactance. If the parallel equiva
lent circuit associated with this impedance is 
found, the network appears as a 402-kn resistance 
in parallel with a 498-0hm inductive reactance. If a 
498-ohm capacilive reactance was connected across 
the primary tenninals, this network could be used 
to match a 52-0hm load lo 402-kn source or 
conversely. Note thal lhe resistance transformation 
here is not accomplished in the same way that ii is 
with oonven tional iron-con: transformers but by 
means of reactive elements. However, the reader 
might verify that if the coefficient of coupling is 
increased to 0.82, the result is a 63.3-ohm resis
tance in series with an inductive reactance of 176.4 
ohms. Here, the resistance has been transformed in 
the manner of an ordinary transformer although it 
is far from being one that could be considered 
ideal. 

UHF CIRCUITS 
RESONANT LINES 

In reaonant circuits as employed al the lower 
frequencies it ill possible to consider each of the 
n,actance components as a sepazate entity. The 
fact that an inductor has a certain amount of 
self-capacitance, as well as some resista!lce, while a 
capacitor also possesses a small self-inducta!lce, can 
usually be disregarded. 

At the very-high and ultrahigh frequencies It is 
not readily poSS1.lile to separate these componentJ. 
Also, the connecting leads, which at lower frequen
cies would serve merely to join the capacitor and 
coll, now may have more inductance than the coil 
itself. The rc,quiied inductance coil may be no 
more than a single tum of wire. yet even this single 
tum may have dimensions comparable to a wave
length at the operating frequency . Thus the energy 
in the field surrounding the "coil" may in part be 
radiated. At a sufficiently high frequency the loss 
by radiation may represent a major portion of the 
total energy in the circuit. 

For these reasons it is common practice to 
utilize resonant sections of tnlWllinion line as 
tuned circuits at frequencies above I 00 MHz or so. 

Fig. 2-60 - Equivalent coupling circuits for 
parallel-line, coaxial-line and conventional resonant 
circuits. 
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A quarter-wavelength line, or any odd multiple 
thereof, shorted at one end and open at the other 
exhibits l.a.rge standing waves, as described in the 
section on transmiHion lines. When a voltage of the 
frequency at which such a line is resonant is t 
applied to the open end, the response is very 
similar to that of a parallel resonant circuit. The 
equivalent relationships are shown in Fig. 2-60. At 
frequencies off resonance the line displays qualities 
comparable with the inductive and capacitive 

l 

reactances of a conventional tuned circuit, so Fig. 2-61 
sections of transmission line can be used In much lines. 

Methods of tuning coaxial resonant 

the same manner as inductors and capacitoN. 
To minimize radiation loss the two conductors 

of a parallel-conductor line should not be more 
than about one-tenth wavelength apart, the spacing 
being measured between the conductor axes. On 
the other hand, the spacing should not be less than 
about twice the conductor diameter because of 
"proximity effect," which causes eddy currents 
and an increase in loss. Above 300 MHz it is 
difficult to satisfy both the~e requirements sirnulta• 
neously, and the radiation from an open line tends 
to become excessive, reducing the Q. In such case 
the coaxial type of line is to be preferred, since it is 
inherently shielded. 

Representative methods for adjusting coaxial 
lines to resonance are shown in Fig. 2-61. At the 
left, a sliding shorting disk is used to reduce the 
effective length of the line by altering the position 
of the short-circuit. In the center, the same effect 
Is accomplished by using a telescoping tube in the 
end of the inner conductor to vary its length and 
thereby the effective length of the line. At the 
right, two possible methods of using paraUel-plate 
capacitors are illusuated. The arrangement with 
the loading capacitor at the open end of the line 
has the greatest tuning effect per unit of capaci• 
lance; the alternative method, which is equivalent 
to tapping the capacitor down on the line, has less 
effect on the Q of the circuit. Lines with capacitive 
"loading" of the ~ort illustrated will be shorter, 
physically, than unloaded lines resonant at the 
same frequency. 

Two methods of tuning parallel-conductor lines 
are shown in Fig. 2-62, The sliding short-circuiting 
strap can be tightened by means of screws and nuts 
to make good electrical contact. The parallel-plate 
capacitor in the second drawing may be placed 
anywhere along the line, the tuning effect becom
ing less as the capacitor is located nearer the 
~horled end of the line. Although a low-capaci
tance variable capacitor of ordinary construction 
can be used, the circular-plate type shown is 
symmetrical and thus does not unbalanoe the Une. 
It also has the further advantage that no insulating 
material is required. 

WAVEGUIDES 
A waveguide is a conducting tube through 

which energy is transmilled in the form of electro
magnetic waves. The tube is not considered as 
carrying a cunent in the same sense that the wires 
of a two-conductor line do, but rather as a 
boundary which confines the waves to the enclosed 
space. Skin effect prevents any electromagnetic 

effects from being evident outllide the guide. The 
energy is injected at one end, either through 
capacitive or inductive coupling or by radiation, 
and ii received at the other end. The waveguide 
then merely confines the energy of the fields, 
which are propagated through it to. the recdving 
end by means of reflections against Its Inner walls. 

Analysis of waveguide operation is based on the 
assumption that the guide material is a perfect 
conductor of electricity. Typical distributions of 
electric and magnetic fields in a rectangular guide 
are shown in Fig. 2-63. It will be observed that the 
intensity of the electric field is greatest (as indi
cated by closer spacing of the lines of fon:e) at the 
center along the JC dimension, Fig. 2-63(8), dimin
ishing to zero at the end walls. The latter is a 
necessary condition, since the existence of any 
electric field parallel to the walls at the rurface 
would cause an infinite current to flow in a perfect 
conductor. This represents an impossible situation. 

Modes of Propagation 

Fig. 2-63 represents a relatively simple distribu
tion of the electric and magnetic fields. There is in 
general an infinite number of ways in which the 
fields can arrange themselves in a guide so long as 
there is no upper limit to the frequency to be 
transmitted. Each field configuration is called a 
mode. All modes may be separated into two 
general groups. One group, designated TM (trans
verse magnetic) . has tbe magnetic field entitely 
transverse to the direction of propagation, but bas 
a component of electric field in that di~tlon. The 
other type, designated TE (transverse electric) has 
the electric field entirely transverse, but has a 
component of magnetic field in the direction of 
propagation. TM waves arc sometimes called E 
waves, and TE woves are sometimes coiled H waves, 
but the TM and TE designations are preferred. 

The particular mode of transmission is identi
fied by the group letters followed by two subscript 

: 
Fig. 2-62 - Methods of tuning parallel-type 
resonant lines. 
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Fig. 2-63 - Field distribution In a rectangular 
~11,1ide. The TE1,o mode of propagation is 
depicted. 

numerals: for example, TE1 o, 7l f11 etc. The 
number of possible modes incr'eues wiih'frequency 
for a given size of guide. There ls only one possible 
mode (called the dominant mode) for the lowest 
frequency that can be transmitted. The dominant 
mode i5 the one generally used in practical work. 

Waveguide Dimensions 

In the rectangular guide the critical dimension 
i1 x in Fig. 2-63; this dimension must be more than 
one-half wavelength at the lowest frequency to be 
tr.uumitted. In practice, they dimension usually is 
made about equal to 1/2 x to avoid the possibility 
of operation at other than the dominant mode. 

Other cross-sectional shapes than the rectangle 
can be u:ied, the most important being the circular 
pipe. Much the same coasideratiom apply as in the 
rectangular case. 

Wavelength formulas for rectangular and circu
~111 suides are given in the following table, where x 
1s the width of a rectangular guide and r is the 
radius of a circular guide. All figures are in terms of 
the dominant mode. 

Rec1angular Orc:ular 

Cutoff wavelength 2x 3.41, 
Longest wavelength trans-

mltted with little attenu-
ation t.6, 3.2, 

Shortest wavelength before 
next mode becomes pos-
sible l.lx 2.8r 

ELECTRICAL LAWS AND CIRCUITS 

Cavity Rewnaton; 

Another kind of circuit particularly applicable 
at wavelengths of the order of centimeters is the 
cavity resonator, which may be looked upon as a 
section of a waveguide with the dimensions chosen 
so that waves of a given length can be maintained 
inside. 

Typical shapes used for resonators are the 
cylinder, the rectangular box and the sphere, as 
shown in Fig. 2-64. The resonant frequency de
pends upon the dimensions of the cavity and the 
mode of oscillation of the waves (comparable to 
the transmission modes in a W3Yeguide). For the 
lowest modes the resonant wavelengths arc as 
follows: 

Cylinder 
Square box •••. 
Sphere •••• •• 

2.61, 
1.41/ 
2.28, 

The resonant wavelengths of the cylinder and 
square box are independent of the height when the 
height is less than a half wavelength. In other 
modes of oscillation the height mw;t be a multiple 
of a half wavelength as measured inside the cavity. 
A cylindrical cavity can be tuned by a sliding 
shorting disk when operating in such a mode. 
Other tuning method.~ Include placing adjustable 
tuning paddles or "slugs" inside the cavity so that 
the standintwave pattern of the electric and 
magnetic fields can be varied. 

A form of cavity resonator in practical use is 
the re-entrant cylindrical type shown in Fig. 2-65. 
In construction it re~emblcs a concentric line 
closed at both ends with capacitive loading at lhe 
top, but the actual mode of oscillation may differ 
considerably from that occuring in coaxial lines. 
The resonant frequency of such a cavity depends 
upon the diameters of the two cylinders and the 
distance d between the cylinder ends. 

Compared with ordinary resonant circuits, cav
ity resonators have extremely high Q. A value or Q 
of the order of 1000 or more is readily obtainable, 
and Q values of several thousand can be secu~ 
with good design and construction. 

SQUARE PR1S14 CYLINDER 

SPHEA! 

Fig. 2-64 - Forms of cavity resonate"-. 



Modulation. Heterodyning, and Beats 

~ CROSS-SECTIONAL VJEW 

Fig. 2-66 - Re-entrant cylindrical cevity resonator. 

Coupling to Waveguides and Cavity 
Rl'l!onalol'li 

Energy may be introduced into or abstracted 
tiom a waveguide or resonator by means of either 
the olcctrlc or magnetic field. The energy transfer 
frequently is through a coaxial line, two methods 
o( coupling to which are shown in Fig. 2~6. The 
probe shown at A is simply a &hart extension of 
the inner conductor of the coaxial line, 50 oriented 
that it iJ parallel to the electric lines o( force. The 
loop shown at B is arranged so that It encloses 
some of the magnetic lines of force. The point at 
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(A) (B) 

Fig. 2-66 - Coupling lo waveguides and resonaton. 

which maximum coupling will be secured depends 
upon the particular mode of propagation in the 
gwde or cavity; the coupling will be maximum 
when the coupling device is in the most intense 
field. 

Coupling can be varied by turning the probe or 
loop through a 90-degree angle. When the probe Is 
perpendicular to the electric lines the coupling will 
be minimum; similarly, when the plane of the loop 
is paullel to the magnetic lines the coupling will 
have its minimum value. 

MODULATION. HETERODYNING, AND BEATS 

Since one of the most widespread uses of radio 
frequencies is the transmission o( speech and 
music, it would be very convenient i( the audio 
spectrum to be transmitted could simply be shifted 
up to some radio frequency, transmitted as radio 
waves, and shifted back down 10 audlu •t tht: 
receiving point. Suppose the audio ~ignal to be 
transmitted by radio is a pure 1000-hcrtz lone, and 
we wish to transmit the ~gnal at l MHz (1,000,000 
hertz. One possible way to do this might be to add 
1.000 MHz and l kHz together, thereby obtaining 
a radio frequency of 1.001 MHz. No simple 
method for doing this directly has been devised, 
although lhe effect is obtained and used in 
"!inglc-sldeband transmwion." 

When two different frequenc1e.s are present 
wnultaneously In an ordinary circuit (specifically, 
one in which Ohm's Law holds) each behaves as 
though the other were not there. The total or 
resultant voltage (or current) in the circuit will be 
the sum of the instantaneous values of the two at 
every Instant. This is because there can be only one 
value of cuuen t or voltage at any single point in a 

Fig. 2~7 - Amplitude-11s.-time and amplitude-vs.
frequency plots of various signals. IAI 1-1/2 cycles 
of an audio signal, assumed to be 1000 hz in !his 
example . IBI A radio-frequency signal. 11ss:umed 10 

be 1 MHz; 1500 hertz are completed during the 
same time as cha 1-1/2 cycles in A, so they canno1 
be shown accurately. (Cl The signals of A and Bin 
the same circuit; each maintains its own idenciry. 
IOI The signals of A and B in a circuit where the 
amplitude of A can control the ampl itude of B. 
The 1-MHz signal is modulated by the 1000-hz 
signal. 

E, F, G and H show the spectrums for the 
signal& in A, B, C and □, respectively. Note the new 
frequencies in H, resulting from the modulation 
process. 

circuit al any instant. Pip. 2~7A and B show two 
such frequencies, and C shows the resultant. The 
amplitude of the I-MHz current is not affected by 
the prel!t!nce of the I-kHz current, but the axis is 
shifted back and forth at the I-kHz rate. An 
attempt to transmit such a combination as a mdio 
wave would result In only the radiation of the 

~ I ---IT<......, 
CA) (E) 

L ___ t r,..., 
(F) 

4.-.t 
CG) 

CO) (H) 
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I-MHz frequency, mice the I-kHz frequency re
tains its identity as an audio frequency and will not 
radiate. 

There are devices, however, which make it 
possible for one frequency to control the ampli 
tude of the other. If, for example, a I-kHz tone is 
used to control a I-MHz signal, the maximum rf 
output will be obtained when the I-kHz signal is at 
the peak of one alternation and the minimum will 
occur at the peak of the next alternation. The 
process is called amplitude modulation, and the 
effect is shown in Fig. 2~7D. The resultant signal 
Is now entirely at radio frequency, but with its 
amplitud£ varying at the modulation !'llle (l kHz). 
Receiving equipment adjwited 10 receive the I-MHz 
rf signal can reproduce these changes in amplitude, 
and reveal what the audio signal is, through a 
process called detec tion. 

II might be assumed that the only radio 
frequency present in such a signal is the original 
1.000 MHz, but such is not the case. Two new 
freq ucncies have appeared. Thest! are the sum ( l.00 
+ .001) and the difference (1.000 - .001) of the 
two, and thus the radio frequencies appearing after 
modulation are 1.001, 1.000 and .999 MHz. 

When an audio frequency is ust!d to control the 
ampUtud£ of a radio frequency, the process is 
generally called "amplitude modulation," as men
tioned, but when a radio frequmcy modulates 
another radio frequency it is called hctcrodyning. 
The processes are identical. A general term for the 
sum and difference frequencies generated during 
hetcrodymng or amplJtudc modulation Is "beat 
frequencies," and a more specific one is upper side 
frequency, for the sum, and lower side frequency 
for the difference. 

In the simple example, the modulating signal 
was assumed to be a pure tone, but the modulating 
signal can .just as well be a band of frequencies 
making up speech or music. In this case, the side 
frequencies are grouped into the upper sideband 
and the lower sideband . Fig. 2~7H ~hows the side 
frequencies appearing as a result of the modulation 
process. 

Amplitude modulation (a-m ) is not the only 
possible type nor is it the only one in use. Such 
signal properties as phase and freq ucncy can also 
be modulated. In every case the modulation 
proccs,s leads to the generation of a new set (or 
sets) of radio frequencies symmetrically disposed 
abou I the original radio (c:arrier) frequency. 

ELECTRICAL LAWS AND CIRCUITS 

Fig. 2-68 - Actual oscilloscope photograph show
in g the signals described in the text and shown In 
the d rawings of Fig. 2-67. 

TOROIDAL INDUCTORS AND TRANSFORMERS 

With many builder11, miniaturization is the 
watchword. This is especially true when working 
with solid-state and etched-circuit projects. One of 
the deterrents encountered in designing small
volume equipment iti the squeezing in of bullcy 
inductors - slug-tuned or air wound - into a 
compact assembly. Toroids offer a practical solu
tion to the problem of mass. The good points do 
not end there , however; toroidal-wound inductors 
not only flt into small places. they offer exception
ally high values of tunc:d-cin:uit Q, a definite 

attribute when selectivity in an important con
sideration in equipment performance. Ordinarily, 
air-wound inductors which provide comparable Q 
arc many times larger than are their toroidal 
kinsmen . Tite correct type of core material mu5t be 
used In order to realize: the best possible Q at a 
particular frequency. 

Minimum interaction between the tuned stage~ 
of a given piece of equipment is u~ually of 
p:uamount importance to the builder. Here is 
where the toroid performs well; a toroidal inductor 
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is self-shielding. That is to say, its magnetic flux is 
very nearly all contained within the coil itself. This 
feature cuts down stray inductive coupling be
tween adjacent circuits and permits the toroid to 
be mounted physically close to other components 
- including the chassis and cabinet walls - without 
impairment of its efficiency. The latter is not true 
of ordinary rf or af inductors. Because the flux is 
contained within the toroid coil, tighter coupling 
between windings, when a primary and secondary 
are used, is possible. 

The high permeability of ferrite toroid cores 
permits the user to employ fewer turns in the 
tuned-circuit inductor. With fewer turns of wire 
required, larger wire gauges can be used, with a 
resultant reduction in heating and J2R losses. This 
feature is especially beneficial in transistorized 
equipment where high collector currents are fre
quently required. 

It is best to understand that the word "to
roidal" refers to a physical format - doughnut 
shape - rather than to a specific device or type of 
material. Toroid cores come in a host of sizes, are 
manufactured by many firms (each with a different 
identifying code for the type of core material 
used), and are fashioned from a wide variety of 
materials. Some cores are made by rolling up great 
lengths of thin silicon steel tape (Hypersil) into a 
toroidal form. Such cores are held together by 
means of plastic covers, or are wrapped with glass 
tape which holds the core intact while insulating it 
Crom the wire which is wound on it. This type of 
core is commonly used for low-frequency power 
applications such as de-to-de, and dc-to-ac con
verters. For audio and rf applications powdered 
iron and ferrite (a newer type of ceramic) material 
are generally used. Ferrite acts like an insulating 
material, making it unnecessary in all instances to 
place a layer of tape between the core and the 
winding of the transformer or inductor. 

Choosing a Core 

There is no simple rule that can be used for 
selecting a toroid core for a particular job. Many 
things must be considered notably the intended 
frequency of operation, the operating frequency 
versus the physical size and permeability of the 
core, and whether or not the core will be used in a 
small• or large-signal tuned circuit. The higher the 
permeability rating of the material , the fewer will 
be the number of turns required to obtain a 
specific inductance value. For example: if a core of 
certain size has a permeability rating of 400, it 
might require, say, 25 turns of wire to give an 
inductance of 10 µH . Therefore, where minimum 
J2R loss in the winding is desirable, the higher 
permeability is better. A core with a larger cross
sectional area (computed from inside diameter, 
outside diameter, and core height) will reduce the 
required number of turns also. These are but a few 
possibilites to consider when selecting a core. QI 
material is rated for rf applications up to LO MHz, 
Q2 stock is good to SO MHz, and Q3 ferrite is rated 
to 225 MHz. These three ranges handle most rf 
needs. 1 If the improper material is chosen for a 
given frequency of operation, the core material will 
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not provide a high-Q inductor. In fact, the wrong 
material can completely ruin a tuned circuit. If too 
large a core (physical size) is used in the upper hf 
region, or at vhf, it may be impossible to wind a 
suitable coil on the toroid because so little wire 
will be required to provide the needed value of 
inductance. For this reason, the smaller cores, and 
those with low permeability ratings, should be used 
in the upper frequency range. 

It is helpful to have some knowledge of the 
core types offered by the various companies before 
ordering a toroid for a particular project. Indiana 
General offers a specifica lion sheet for each of 
their core materials (see Table 1). Each sheet lists 
such data as permeability, flux density ,residual 
magnetism, usable frequency range, and the loss 
factor at a specified frequency. Bulletin lOIA lists 
the physical dimensions of their cores and also 
gives the cross-sectional area of each model in 
square inches. With this information one can 
calculate the required number of turns for a 
specific inductance value, using a selected core size. 
With the foregoing information at our disposal, the 
formula given here will enable the constructor to 
determine the inductance of a toroid when the 
number of turns is known: 

L = ( 0.0046 µN2h /og10 OD ) µJI 
- ll) 

Wherel = inductance 
µ = permeability of the material 
N = number of turns 

OD = outer diameter of core (cm.) 
ID = inner diameter of core (cm.) 

h = height of core (in cm.) 

To obtain dimensions in centimeters, multiply 
inches by 2.S4. The inductance nomogram given 
in Fig. 2-70 can be used when designing toroidal 
inductors which are to be wound on the standard 
cores offered by Indiana General. 

Specific Applications 

Because toroids can be used in circuits that 
handle anything from microwatts to kilowatts, 
they can be put to good use in almost any 
tuned-circuit or transfonner application. 

Most amateurs are familiar with balun trans• 
formers, having used them at one time or another 
in their antenna systems. Toroids find widespread 
use as balun transformers because they provide a 
broad-band transformer that is compact and offers 
good power-transfer efficiency . An article which 
describes how to contruct homemade toroidal 
baluns was published in August 1964 QST. Core 
size with respect to four different power levels -
I SO to 1000 watts - is treated in the article. 

Toroidal inductors are useful when applied to 
circuits in which a high degree of selectivity is 
desired. A high-Q toroidal tuned circuit in the rf 
and mixer stages of a communications receiver can 
aid image rejection more than is possible with 
conventional slug-tuned inductors. 

lQ1, Q2, and Q3 designations used here are 
those assigned to cores made by Iodiana General 
Corp., Keasbey, NJ 08832. Other manufactures of 
ferramic materials use different identifylne; codes. 
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Another application for toroidal inductors is in 

transistorized transmitting and receiving equipment 
- and in some vacuum-tube circuits - where 
broad-band input, interstage, or output rf trans
formers are desired. Toroidi can be used in such 
circuits to provide good efficiency and smr:11 
physical size. The broad-band transformer requires 
no tuning controls when properly designed for a 
given frequency range - a particularly usefal 
feature in mobile equipment. It is not difficult to 
design a broad-band transformer 2 that will work 
over a range of 3 to 30 MHz, but one must take 
precautions against the radiation of harmonic 
energy when using this kind of t!'llnsfonner in tbe 
(inal stage of a transmitter. 

Compact equipment calls for the close spacing 
of component parts, often requiring that the tuned 
circuits of several stages be in close physical 
proximity. This sort of requirement often leads to 
electrical instability of one or more of the stages, 
because of unwanted interstage coupling, thus 
impairing the performance of the equipment. 
Because the toroidal transformer or inductor is 
self-shielding, it is possible to place the tuned 
circuits much closer together than when usillg 
conventional inductors. The self-shielding feature 
also makes it possible to mount a toroid against a 
circuit board, or against a metal chasm or cabinet 
wall, without significantly affecting their Q. 
Normally, the most noticeable effect of moving a 
toroid closer to or farther away from a metal 

2C.L. RutbroH. "Some Broadband TrBD.!1-
tormen", Proc. JRt;sVol. 47, p. 137, Aug. l\J~!I. 

Fig. 2-69 - Namograph which can be 
used to calculate the number of turns 
required for a specific i nductence 
once the type of core (I ndlana Gen
eral I is known. Draw a line of in
ductance, L through the marker 
which indicates the core material 
being used, 01, 02, 03, etc. Com
plete this line until it intersect, the 
Reference line. Now draw a line from 
the intersect point on the Reference 
line to the catalog number line of the 
nomogram !CF number of the cor11I. 
This lin11 will cross the Number of 
Turns INI line, indicating the number 
of turns needed. Example shown 
15-turn winding required for lOµH 
inductance on Cf-114 core of Q2 
material. I No mo gram courtesy of 
Indiana General.) 
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ELECT RICAL LAWS AND CIRCUITS 

surface ill a change In overall circuit capacitance, 
which in lurn slightly affects the resonant fre
quency of the toroidal luned circuit. Because fewer 
tllrus of wire are needed for a toroid coil than for 
ordinary ai-wound or slug-tuned inductors, the 
assembly can be made extremely compact - a 
much sought-after fea1ure in miniaturized equip
ment. 

Inductors and tran~formers which are wound 
on toroid cores are subjecl to the same general 
conditions that are common to the laminated 
iron-core types ire.aced earlier in this chapter. A 
sufficient amounl of cross-sectional area is nee• 
essary for a given amounl of power in order to 
prevent saturation and healing. Either of these 
conditions wiU seriously impair the efficiencycf a 
circuit. When toroids are used in circuits where 
high pk-pk rf voltage is (or can be) present, the 
core should be wrapped with glass tape or some 
insulating material of similar characteristics. Tef
lon-insulated wire ~hould be used to prevent 
llashovcr between turns, or be tween the winding 
and the core. 

Additional design data and information on 
making one's own toroid cores are given in, 
"Toroidal-Wound lnductol"!I," QST for January 
1968, page 11. I ndu~trial data files and application 
notes are available £ram the manufacturers of 
ferrite products. 3 

3(ndiana General Corp., Electronics DI v./ 
Femtes. Keubay, NJ 08B32. Also, Ferro:u:ube 
CorJ>. of Amedca, Sauaertles. NY 12477 and 
Am1doo A88odate1, 12083 Otsego St., N. Holly
wood, CA 1Hti01. 
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Chapter 3 

Vacuum-Tube Principles 

CURRENT IN A VACUUM 

The outstanding difference between the 
vacuum tube and most other electrical devices is 
that the electric current does not flow through a 
conductor but through empty space - a vacuum. 
This Is only possible when "free" electrons - thal 
is, electrons that are not attached to atoms - are 
somehow introduced Into the vacuum. Free 
electrons in an evacuated space will be II ltracted to 
a positively charged object within the same space, 
or will be repelled by a negatively charged objecL 
The movement of the electrons under the 
attraction or repulsion of such charged objects 
constitutes the current in the vacuum. 

The most practical way to introduce a 
sufficiently large number of electrons into the 
evacuated space is by thermionic emission. 

Thermionic Emission 

If a piece of metal is heated to incandescence in 
a vacuum, electrons near the surface are given 
enough energy of motion to fly off into the 
surrounding space. The higher the temperature, the 
greater the number of electrons emitted. The name 
for the emitting metal is ca th ode. 

If the cathode Is the only thing in the vacuum, 
most of the emitted electrons stay in its immediate 
vicinity, forming a .. cloud" about the cathode. The 
reason for this is that the electrons In the space, 
being negative electricity, for a negative charge 
(space charge) in the region of the cathode. The 

Tran&mitting tubes are in the back and center rows. 
Receiving tubes are In the front row Cl. to r.): 
miniature. pencil, planar uiode (twwl, Nwistor and 
1-inch diameter cathode-ray tube. 

Fig. 3-1 - Conduction by thermionic emission In a 
vacuum tube. The A battery Is used to heat the 
cathode to a temperature that will cause It to emit 
electrons. The B battery makes the plate positive 
with respect to the cathode, therebv causing the 
emitted electrons to be attracted to the plate. 
Electrons captured bv the plate flow back through 
the B battery to the cathode. 

space charge repels those electrons neareJt the 
cathode, tending to make them fall back on it. 

Now suppose a second conductor is introduced 
into the vacuum, but not connected to anything 
else inside the tube. If this second conductor is 
given a positive charge by connecting a voltage 
source between it and the cathode, as indicated in 
Fig. 3-1, electrons emitted by the cathode arc 
attracted to the positively charged conductor. An 
electric cuoent then flows through the circuit 
formed by the cathode, the charged conductor, 
and the voltage source. In Fig. 3-1 this voltage 
source is a battery ("B" battery ); a second battery 
("A" battery) is also Indicated for heating the 
cathode to the proper operating temperature. 

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

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

Cathodes 

Before electron emission can occur, the cathode 
must be heated to a high temperature. However, it 
is not essential that the heating current flow 
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(Bl (C) (DI (E) 

Fig. ~2 - Types of cathode construc1ion. Directly 
heated cathodes or "filaments" are shown at A. B, 
and C. The inverted V filament is used in small 
receiving tubes, the M in both receiving and 
transmitting tubes. The spiral filament is a trans
mitting tube type. The inclrectly heated cathodes 
at O and E show two types of heater construction, 
one a twisted loop and the other bunched heater 
wlrn. Both types tend to cancel the magnetic 
fields set up by the current through the heater. 

through the actual material that does the emitting; 
the filament or heater can be electrically separate 
from the emitting cathode. Such a cathode is called 
indirectly heated. while an emitting filament is 
called a directly heated cathode. Fig. 3-2 showx 
both types in the forms which they commonly 
take. 

Much greater electron emission can be obtain
ed, at relatively low temperatures, by using special 
cathode materials rather than pure metals. One of 
these is thoriated tung.,;ten or tungsten in which 
thorium is dissolved. Still greater efficiency is 
achieved in the oxide-coated cathode, a cathode in 
which rare-earth oxides form a coating over a metal 
base. 

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

Plate Current 

1£ there is only a small positive voltage on the 
plate, the number of electrons reaching it will be 
small because the space charge (which is negative) 
prevents those electrons nearest the cathode from 
being attracted to the plate. As the plate voltage is 
increased, the effect of the space charge is 
increasingly overcome and the number of electrons 

lnc,.ue-
Plait Volt•&• 

Fig, ~3 - The diode, or two-illement lube, and a 
typical curve showing how the plate current 
depends upon the voltage applied to the plate. 

VACUUM-TUBE PRINCIPLES 

attracted to the plate becomes larger. That is, the 
plate current increases with increasing plate 
voltage. 

Fig. 3-3 shows a typical plot ofplale current I'S'. 

plate voltage for a two-element tube or diode. A 
curve of this type can be obtained with the circuit 
shown, if the plate voltage is increased in small 
steps and a current reading taken (by means of the 
current-indicating instrument - a milliammeter) at 
each voltage. The plate current is zero with no 
plate voltage and the curve rises until a saturation 
point is reached. This i, where the positive charge 
on the plate has substantially overcome the space 
charge and almost all the electrons are going to the 
plate. At higher voltages the plate current stays at 

Aca1l11d 

+VO n n 
- 07TU 
+7\ [\ [\ 

Fig. 3-4 - Rectification in a diode. Current flows 
only when the plate i& positive with respect 10 the 
cathode, so that only half-cycles of current flow 
through the load resistor, R. 

practically the same value. 
The plate voltage multiplied by the plate 

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

RECTIFICATION 

Since current can flow through a tube in only 
one duection, a diode can be used to change 
alternating cum:nt into direct current. It does this 
by permitting current to flow only when the anode 
is pOliitive with respect to the cathode. There is no 
current flow when the plate is negative. 

Fig. 3-4 shoWll a representative circuit. Alternat
ing voltage from the secondary of the b'ansformer, 
T, is applied to the diode tube in series with a load 
resistor, R. The voltage varies as is usual with ac, 
but cturent flows through the tube and R only 
when the plate is positive with respect to the 
cathode - that is, during the half-<:ycle when the 
upper end of the transformer winding is positive. 
During the negative half-<:ycle there is simply a gap 
in the cu.rrent flow. This rectified alternating 
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cum:nt therefore is an intermittent din:ct current. 
The load resistor, R, represents the actual 

circuit in which the rectified alternating current 
does work. All tubes worlc with a load of one lype 
or another: in this respect a tube is much like a 
generator or transformer. A circuit that did not 
provide a load for the tube would be like a 
short-circuit across a transformer; no useful 
purpose would be accomplished and the only result 
would be the generation of heat in the transformer. 
So it la with vacuum tubes; they must cause power 
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to be developed in a load In order to serve a 11.1eful 
purpose. Also, to be efficient most of the power 
must do useful work in the load and not be used in 
heating lhe plate of the tube. Thus the voltage 
drop across the load should be much higher than 
the drop across the diode. 

Wlth the diode connecuid as shown in Fig. 3-4, 
lhe polarity of the cunent through tile load is as 
indicated. If the diode were reversed, the polarity 
of the voltage developed across the load R would 
be reversed. 

VACUUM-TUBE AMPLIFIERS 

TRIODES 
Grid Control 

If a third element - called the control grid, or 
simply grid - is inserted between the cathode and 
plate ea in Fig. 3-S, it can be used to control the 
effect of the space charge. If the grid is given a 
positive voltage with respect to the cathode, the 
positive charge will tend to ncu tralize the negative 
space charge. The result is that, at any ,ielected 
plate voltage, more electrons will now to the plate 
than if the grid were not present. On the other 
hand, If the grid is made negative with respect to 
lhe cathode the negative charge on the grid will 
add to the space charge. This will reduce the 
number or electtons that can reach the plate at any 
selected plate voltage. 

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

Ota.racteristic Curves 

For any particular tube, the effect or the grid 
voltage on the plate current can be shown by a set 
of chanctedatic curves. A typical set of curves is 
shown in Fig. 3-6, together with the circuit that Is 
used for getting them. For each value or plate 
voltage, there is a value of negative grid voltage 
that will reduce the plate current to zero; that is, 
there Is a value of negative grid voltage that will cut 
off the plate current. 

Fig. 3-5 - Construction 
of an elementary triode 
vacuum tube, showing 
the di rec ti y-heated 
cathode lfilamentl, grid 
lwith an end view of 
the grid wi real and 
plate. The relative den
sity of the space charye 
is indicated roughly by 
the dot density. 

V 
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Fig, 3-6 - Grid-voltag9-\IS .-plate-current curves at 
various fixed values of plate voltage lEbl for a 
typiCal small triode. Characntrluic curves of this 
type can be taken by varying the battery voltages 
in the circuit at the right. 

The curves could be extended by making the 
grid voltage positive as well as negative. When the 
grid is negative, It repels electrons and therefore 
none of tllem reaches it; in other words, no current 
flows in the grid circuit. However, when the grid is 
positive, it attracts electrons and a cummt (Jrid 
wrrent) flows, just as current flows to the positive 
plate. Whenever then: is grid current there is an 
accompanying power Ion in the grid circuit, but !JO 

long as the grid is negative no power is used. 
It is obvious that the grid can act as a valve to 

control the now of plate cunenL Acrually, the grid 
has a much greater effect on plate current flow 
than does the plate voltage. A small change in grid 
voltage is just as effective in bringing about a given 
change in plate cumnt as is I large change in plate 
voltage. 

The fact that a small voltage acting on the grid 
is equivalent to a large voltage acting on the plare 
indicates the possibility of amplilicalion with the 
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The best all-a.round indication of the effective
ness of a tu be as an amplifier is ita grid-plate 
tnnscondnctance - also called mutual conduct• 
ance or Km· It is the change in plate current divided 
by the change in grid voltage that caused the 
change; it can be found by dividing the 

~ amplification factor by the plate resistance. Since 
1 current divided by voltage is conductance, 

r.t.il'I--'-~•.§ transconductance is measured in the unit of 
...... -~-1 condnctance, the mho. 

Fig. 3-7 - Dynamic characteristics of a smell triode 
with various load resistances from 5000 to 100,000 
ohms. 

triode tube. The many uses of the electronic tube 
nearly all are based upon thi5 amplifying feature. 
The amplified output is not obtained from the 
tube iUelf, but from the voltage source connected 
between its plate and cathode. The tube simply 
controls the power from this source, changing it to 
the desired form. 

To utilize the controlled power, a load must be 
connected in the plate or "output" circuit, just as 
in the diode case. The load may be either a 
resistance or an impedance. The term "impedance" 
i! frequently used even when the load is purely 
resistive. 

Tu be Ouuiu:temtics 

The physical construction of a triode deter
mines the relative effectiveness of the grid and 
plate in controlling the plate current. The conhol 
of the grid is increased by moving it closer to the 
cathode or by making the grid mesh finer. 

The plate resis12nce of a vacuum tube is the ac 
resistance of the path from cathode to plate. For a 
given grid voltage, It is the quotient of a small 
change in plate voltage divided by the resultant 
change in plate current. Thus If a I-volt change in 
plate voltage caused a plate~urrent change of .01 
mA (.00001 ampere), the plate resistance would 
be 100,000 ohms. 

The amplification factor (usually designated by 
the Greek letter JJ.) of a vacuum tube is defined as 
the ratio of the change in plate voltage to the 
change in grid voltage to effect equal changes in 
plate current. If, for example, an increase of 10 
plate volb raised the plate current 1.0 mA, and an 
increase In (negative) grid voltage of 0. 1 volt were 
required to return the plate current to its original 
value, the amplification factors of triode tubes 
would be 100. The amplification factors of triode 
tubes range from 3 to 100 or so. A high-µ tube is 
one with an amplification of perhaps 30 or more, 
medium-.U tubes have amplification factors in the 
approximate range 8 to 30 and low-µ tubes in the 
range below 7 or 8. The JJ. of a triode is useful in 
computing stage gains. 

Practical values of transconductance are very 
small. so the micromho (one millionth of a mho) is 
the commonly used unit. Different types of tubes 
have transconductanccs ranging from a few 
hundred to several thousand. The higher the 
transconductance the greater the posiblc amplifica• 
tion. 

AMPLIFICATION 
The way in which a tube amplifies is best 

known by a type of graph called the dynamic 
characteristic. Such a graph, together wl th the 
circuit used for obtaining it, is shown In Fig. 3-7. 
The curves are taken with the plate-supply voltage 
fixed at the desired operating value. The difference 
between this circuit and the one shown in Fig. Jo{) 
is that in Fig. J. 7 a load resistance is connected in 
series with the plate of the tube. Fig. J. 7 thus 
shows how the plate current wiU vary, with 
different grid voltage~, when the plate current is 
made to now through a load and thus do useful 
work. 

The seveDJ curves in 1-'ig. J·7 are !'or vanous 
values of load resistance. When the resistance is 
small (as in the case of the S000-ohm load) the 
plate current changes rather rapidly with a given 
change in grid voltage. If the load resistance is high 
(as in the 100,000-ohm curve), the change in plate 
current for the same grid-vollllge change is 
relatively small; al.~o, the curve tends to be 
straighter. 

Fig. 3-8 is the same type of curve. but with the 
circuit arranged so that a source of alternating 
voltage (signal) is inserted between the grid and the 
grid battery ("C" battery). The voltage of the grid 
battery is fixed al - S volts. and from the curve it is 
seen that the plate current at this grid voltage Is 2 
milliamperes. This current flows when the load 
resistance is 50,000 ohms, as indicated in the 
circuit diagram. If there Is no ac signal in the grid 
circuit, the voltage drop in the load resistor Is 
50,000 x .002 = I 00 volts, leaving 200 volts 
between the plate and cathode. 

When a sine-wave signal hoving a peak value of 
2 volts is applied in series with the bias voltage in 
the grid circuit, the instantaneous voltage at the 
grid will swing to -3 volts at the instant the lignal 
reaches its positive peak, and to - 7 volts at the 
instant the signal reache! Its negative peak. The 
maximum plate current will occur at the instant 
the grid voltage is - 3 volts. As shown by the graph, 
it will hllve a value of 2.6S milllarnpen:s. The 
minimum plate current occun at the instant the 
grid voltage is - 7 volts. and has a value of 1.35 
mA. At intermediate values of grid voltage. 
interrndiate plate-current values will occur. 
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Fig. 3-8 - Amplifier operation. When the plate 
current varies in response to the signal applied to 
the grid, a varying voltage drop appears across the 
load, Rp, as shown by the dashed curve. Ep, Ip is 
the plate current. 

The instantaneous voltage between the plate 
and cathode of the tube also is shown on the 
graph. When the plate current is maximum, the 
instantaneous voltage drop in Rp is 50,000 X 

.00265 = 132.5 volts; when the plate current is 
minimum the instantaneous voltage drop in Rp is 
50,000 x .00135 = 67.5 volts. The actual voltage 
between plate and cathode is the difference 
between the plate-supply potential, 300 volts, and 
the voltage drop in the load resistance. The 
plate-to-cathode voltage is therefore 167.5 volts at 
maximum plate current and 232.5 volts at 
minimum plate current. 

This varying plate voltage is an ac voltage 
superimposed on the steady plate-cathode poten
tial of 200 volts (as previously determined for 
no-signal conditions). The peak value of this ac 
output voltage is the difference between either the 
maximum or minimum plate-cathode voltage and 
the no-signal value of 200 volts. In the illustration 
thLs difference is 232.5 - 200 or 200 - 167.S; that 
is, 32.5 volts in either case. Since the grid signal 
voltage hai; a peak value of 2 volts, the: 
voltage-amplification ratio of the amplifier is 
32.5/2 or 16.25. That is, approximately 16 times 
as much voltage is obtained from the plate circuit 
as is applied to the grid circuit. 

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

The fixed negative grid voltage (called grid bias) 
in Fig. 3-8 serves a very useful purpose. One object 
of the type of amplification shown in this drawing 
ii to obtain, from the plate circuit, an alternating 
voltage that has the same wave shape as the signal 
voltage applied to the grid. To do so, an operating 
pain I on the straight part of the curve must be 
s~lected. The curve must be straight in both 
directions from the operating point at least far 
enough to accommodate the maximum value of 
tlte signal applied to the grid. If the grid signal 
swings the plate current back and forth over a part 
of the curve that is not straight, as in Fig. 3-9, the 
shape of the ac wave in the plate circuit will not be 
the same as the shape of the grid-signal wave. In 
such a case the output wave shape will be 
distorted. 

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

Distortion of the output wave shape that results 
from working over a part of the curve that is not 
straight (that is, a nonlinear part of the curve) has 
the effect of transforming a sine-wave grid signal 
into a more complex waveform. As explained in an 
earlier chapter, a complex wave can be resolved 
into a fundamental and a series of harmonics. In 
other words, distortion from nonlinearity causes 
the generation of harmonic frequencies - frequen
cies that are not present in the signal applied to the 
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Fig. 3·9 - Harmonic distortion resulting from 
choice of an operating point on the curved part of 
the tube characteristic. The lower half-cycle of 
plate current does not have the same shape as the 
upper half-cycle. 
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TRANSFORMER ())UPLING 

Fig. 3-10 - Three types of coupling are in common 
use at audio frequencies. These are resistance 
coupling, impedance coupling, and transformer 
coupling. In 11II three cases the output is shown 
cou pied to the grid circuit of I subsequent ampl ili
a, tube, but the same types of circuits can be usl.'d 
to couple to other devices than tubes. 

grid. Hannonic distortion Is undesuable in most 
amplifiers, although there are occasions when 
harmonics are deliberately generated and used. 

Aud.lo Amplifier Output Cilcuits 

The useful output of a vacuum-tube amplifier is 
the alternating component of plate current 01 plate 
voltage. The de voltage on the plate of the tube is 
essential for the tube's operation, but it almost 
invariably would cause dlfficul ties if it were 
applied, nlong with the ac output voltage, to the 
load. The output circuits of vacuum tubes are 
the1efore arranged so that the ac is transferred to 
the load but the de is not. 

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

In the resistance-i:oupled circuit, the ac voltage 
developed across the plate resistor Rp (that is, the 
ac voltage between the plate and cathode of the 
tube) is applied to a second resistor, Rg, through a 
coupling capacitor, Cc, The capacitor "'blocks of.~' 
the de voltage on the plale of the fint lube and 
prevents it from being applied to the grid of lube 
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B. The latter tube has negative grid bias supplied 
by the battery shown. No cuncnt nows on the grid 
circuit of tube B and there is therefore no de 
voltage drop in R 1; in other words, the full voltage 
of the bias battery is applied to the grid of tube B. 

The grid resistor R 1 , usually has a rather high 
value (0.5 to 2 megohms). The rcactance of the 
coupling capacitor, Cc, must be low enough 
comp111ed with the resistance of R1 so that the ac 
voltage drop in Cc is negligible at the lowest 
IJequency to be amplified. If R 1 is at least O.S 
megohm, a 0.1..µF capacitor will be amply large for 
the usual range of audio frequencies. 

So far as the alternating component of plate 
voltage is concerned, it will be realized that If the 
voltage drop in Cc is negligible then Rp and R 1 are 
effectively in parallel (although they are quite 
separate so far as de is concerned). The resultant 
parallel resistance of the two is therefore the actual 
load resistance for the tube. Th11t is why R I is 
made as high in resistance as possible: then it will 
have the least effect on the load represented by 
Rp. 

The impedance-coupled circuit differs from 
that using resistance coupling only in the 
substitution of a high inductance (as high as several 
hundred henrys) for the plate resistor. The 
advantage of using an inductor rather than a 
resistor at this point is that the impedance of the 
inductor is high for audio frequencies, but its 
resistance. is relatively low. Thus it provides a 
higher value of load impedance for ac without an 
excessive de voltage drop, and consequently the 
power-supply voltage does not have to be higll for 
effective operation. 

The transformer-i:oupled amplifier uses a 
llaruiforrner with its primary connected in the plate 
cilcuit of the tube and its secondary connected to 
the load (in the circuit shown, a following 
amplifier). There is no direct connection between 
the two windings , so the plate voltage on tube A is 
isolated from the grid of tube B. The transformer
coupled amplifier has the same advantage as the 
impedance-coupled circuit with respect to loss of 
de voltage from the plate supply. Aho, if the 
secondary has more turns than the primary, the 
output voltage will be "~tepped up" in proportion 
to tlle turns ratio. 

Resistance coupling ia simple, inexpensive, a.nd 
will give the same amount of amplification - or 
voltage gain - over a wide range of frequencies; It 
will give substantially the same amplification at 
any frequency in the audio range, for example. 
Impedance coupling will give somewhat more gain, 
with the same lube and same plate-supply voltage, 
than resistance coupling.. However, It Is not quite 
so good over a wide frequency range: it tends to 
"peak," or give maximum gain, over II comparative
ly nanow band of frequencies. With a good 
transformer the gain of a tJan1former-<:oupled 
amplifier can be kept fairly constant over the 
audio-frequency range. On the other hand, 
transfonner coupling in vol~ amplifiers (see 
below) is best suited to triodes having amplifica
tion factors of about 20 or less, for the reason that 
the primary inductance of a practicable transform-
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Fig. 3-11 - An elementary power-amplifier circuit 
In which the power-consuming load is coupled to 
the plate circuit through an impedance-matching 
tran1former. 

er cannot be made large enough lo work well with 
a tube having high plate resistance. 

a~ A Amplifiers 

An amplifier in which voltage gain is the 
primary consideration is called a voltage amplifier. 
Maximum voltage gain is secured when the load 
r!lsistance or impedance is made as high as possible 
in compa,ison with the plate resistu.nce of the tube. 
In such a case, the major portion of the voltage 
generated will appear across the load, 

Voltage amplifie~ belong to a group called 
aw A amplifiers. A Oass A amplifier is one 
operated so that the wave shape of the output 
voltage is the same as that of the signal voltage 
applied to the grid. If a Oass A amplifier is biased 
so lhal lhe grid is always negative, even with the 
largest signal lo be handled by the grid, it is called 
a Qus A1 amplifier. Voltage amplifier.I~ always 
Cass A1 amplifiers, and their primary use is in 
driving a following □ass A1 amplifier. 

Power Amplifiers 

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

Fig. 3-11 shows an elementuy power-amplifier 
circuit. It is simply a transformer-coupled amplifier 
with the load connected to the secondary. 
Although the load is shown as a resistor, it actually 
would be some device, such as a loudspeaker, that 
employs the power usefully. Every power tube 
requires a specific value of load resistance from 
plate to cathode, usually some thousll!lds of ohms, 
for optimum operation. The resistance of Ille 
actual load is rarely the right value for "matching" 
this optimum load resistance, so the tl'llJlsformer 
turns ratio is chosen to reflect the power value of 
resistance into the primary. The tum& ratio may be 
either step-up or step-down, depending on whether 
the actual load resistance is higher or lower than 
the load the tube wants. 

The power-amplification ratio of an amplifier is 
the ratio of the power output obtained from the:. 
plate circuit to the power required from the ac 
signal in the grid circuit. There is no power lost in 
the grid circuit of a Class A1 amplifier, io such an 
amplifier has an infinitely large power-amplifica
tion ratio. However, It is quite possible to operate a 

67 
Class A amplifier in such • way that current flows 
in its grid circuit during at least part of the cyde. 
In such a case power is used up in the grid circuit 
and the power amplification ratio is not infinite. A 
tube operated in this fashion is known as a aass 
A2 amplifier. Jt is necessary to use a power 
amplifier to drive a Cass A2 amplifier, because a 
voltage amplifier cannot deliver power without 
serious distortion of the wave shape. 

Another term used in connection with power 
amplifiers is power sensitivity. In the case or a 
□ass A 1 amplifier, it means the ratio of power 
output to the grid signal voltage that causes it. If 
grid current flows, the term usually means the Jlltio 
of plate power output to grid power input. 

The ac poWt:r that is delivered to a load by an 
amplifier tube has to be paid for in power taken 
from the source of plate voltage and current. In 
fact, there is always more power going into the 
plate circuit of the tube than is coming out as 
useful output The difference betwe'en the input 
and output power ls used up in heating the plate of 
the tube, as explained previously. The ratio of 
useful power output to de plate input is called the 
plate efficiency. The higher the plate efficiency, 
the greater the amount of power that can be taken 
from a tube having a given plate-dissipation rating. 

Parallel and Push-Pun . 

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

If the amplifier operates in such a way as to 
consume power in the grid circuit, the grid power 
required is in proportion to the number of tubes 
used. 

311 

311 

Fig. 3-12 
circuits. 
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PARALLEL 

PUSH•PULL 

Parallel and push-pull af amplifier 
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Fig. 3-13 - Class B amplifier operation. 

An increase in power output nlso can be 
secured by connecting two tubes in push-pull. In 
this case the grids and plates of the two lubes are 
connected to opposite ends of a balanced circuit as 
shown in Fig. 3-12. At any instant I.he ends of the 
secondary winding of the input transformer, T 1, 
will be at opposite polarity with respect to the 
cathode connection, so the grid of one tube is 
swung positive al the same instant that the grid of 
the other is swung negative. Hence, in any 
push-pull-connected amphfler the voltages and 
currents of one tube are out of phase with those of 
the other tube. 

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

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

C a.'IC ade Arn pli fie rs 
It is readily possible to take the outpu I of one 

amplifier and apply it as a signal on the grid of a 
~econd amplifcr, then take the second amplifier's 
output and apply ii lo a third, and so on. Each 
amplifier is called a stage, and stages used 
successively are ~d to be in cascade. 

Oass 8 Amplifiers 

Fig. 3-13 shows two tubes connected in a 
push-pull cizcuit. If the grid bias is set at the point 
where (when no signal i~ applied) the plate current 
h just cut off, then a signal can cause plate current 
to flow in either tube only when the signal voltage 
applied to that particular tube is positive with 
respect to the cathode. Since in the balanced grid 
circuit the signal voltages on the grids of the two 
tubes always have opposite polarities, plate current 
flows only in one tube at a time. 
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The graphs show the ope111lion of such an 

amplifier. The plate current of tube B is drawn 
inverted to show that it floWl! in the opposite 
direction, through the primary of the output 
transfonner, to the plate current or tube A. Thus 
each half or the output-transformer primary works 
alternately to induce a half-cycle or voltage in the 
secondary. In the secondary of T2, the original 
waveform is restored. This type or operation is 
called □us 8 amplification. 

The Oass B amplifier has con~iderably higher 
plate efficiency than the Class A amplifier. 
Furthermore, the de plate current of a Class B 
amplifier is proportional to the signnl voltage on 
the grids, so the power input is small with small 
signal~. The de plate power input to a Class A 
amplifier is the same whether tl1e signal is large, 
small, or absent altogether; therefore lite maximum 
de plate input that can be applied to a Class A 
amplifier is equal to the rated plate dissipation of 
the tube or tubes. Two tubes in a Oa.,s B amplifier 
can deliver approximately twelve times as much 
audio power as the same two tubes in a Class A 
amplifier. 

A CIIISll B amplifier usually is operated in such a 
way as to secure the maximum possible power 
output. This requires rather IBJ'ge values of plate 
current, and to obtain them the signal voltage must 
completely overcome the grid bias during at least 
part of the cycle, so grid current flows and the grid 
circuit consumes power. While the power require
ment~ are fairly low (as compared with the power 
output), the fact that the grids are positive during 
only part of the cycle means that the load on the 
preceding amplifier or driver stage varies in 
magnitude during the cycle; the effective load 
resistance is high when the grids are not drawing 
current and relatively low when they do take 
current. This must be allowed for when designing 
the driver. 

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

known as linear amplifiers because they are 
adjusted lo operate in such a way that the power 
output ill proportional to the squm: of the rf 
exciting voltage. TI!is permits amplification of a 
modulated rf signaJ without distortion. Push-pun is 
not required in thls type of operation; a single tube 
can be used equally well. 

Class AB Amplifiers 

A Class AB audio ampl ifier is a push-pull 
amplifier with higher bias than would be normaJ 
for pwe Class A operation, but less than the 
cut-off bias required for Class B. At low signal 
levels the tubes operate as Class A amplifiers, and 
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the plate current is the same with or without 
signal. At higher signal levels, the plate cunent of 
one tube i5 cut off during part of the negative cycle 
of the signal applied to its grid, and the plate 
current of the other tube rises with the signal. The 
total plate current for the amplifier also rises above 
the no-signal level with a large signal is applied. 

In a properly designed Class AB amplifier the 
distortion is as low as with a Class A stage, but the 
efficiency and power output are considerably 
higher than with pure Class A operation. A Class 
AB amplifier can be operated either with or 
without driving the grids into the positive region. A 
Class AB1 ampli fie r is one in which the grids are 
never positive with respect to the cathode; 
therefore no driving power is required - only 
voltage. A Class AB2. amplifier is one that has 
grid-current flow during part of the cycle if the 
applied signal is large; it takes a small amount of 
driving power. The Class AB2 amplifier will deliver 
somewhat more power (u~ing the same tubes) but 
the Class AB1 amplifier avoids the problem of 
designing a driver that will deliver power, without 
distortion, into a load of highly variable resistance. 

Operating Angle 

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

An operating angle of less than 180 degrees 
leads to a considerable amount of distortion, 
because there is no way for the rube to reproduce 
even a half-cycle of the signal on its grid. Using two 
tubes in push-pull, as in Fig. 3-13, would merely 
put together two distorted half-cycles. An 
operating angle of less than 180 degrees therefore 
cannot be used if clistortionless output is wanted. 

Class C Am plifiers 

In power amplifie~ operating at radio frequen
cies distortion of the rf wave fonn is relatively 
unimportant. For reasons described later in thil; 

chapter, an rf amplifier must be operated with 
tuned circuits, and the selectivity of such circuits 
"filters out" the rf harmonics resulting from 
distortion. 

A radio-frequency power amplifier therefore 
can be used with an operating angle of less than 
180 degrees . This is called Qa55 C operation. The 
advantage is that the plate efficiency is increased, 
because the loss in the plate is proportional, among 

69 
other things , to the amount of time during which 
the plate cunent flows, and thi~ time is reduced by 
decreasing the operating angle . 

Depending on the type of tube, the optimum 
load resistance for a Class C amplifier ranges from 
about 1500 to 5000 ohms. It is usually secured by 
using tuned-circuit anangements, of the type 
described in the chapter on circuit fundamentals, 
to transform the resistance of the actual load to 
the value required by the tube. The grid is driven 
well into the positive region, so that grid current 
flows and power is consumed in the grid circuit. 
The smaller the operating angle, the greater the 
driving voltage and the larger the grid driving 
power required to develop full output in the load 
resistance. The best compromise between driving 
power, plate efficiency, and power output usually 
results when the minimum plate voltage (at the 
peak of the driving cycle, when the plate current 
reaches its highest value) is just equal to the peak 
positive grid voltage. Under these conditions the 
operating angle is usually between 120 and 150 
degrees and the plate efficiency lies in the range of 
60 to 80 percent. While higher plate efficiencies 
are possible, attaining them requires excessive 
driving power and grid bias, together with higher 
plate voltage than is "normal" for the particular 
tube type. 

With proper design and adjustment, a Class C 
amplifier can be made to operate in such a way 
that the power input and output a.re proportional 
to the square of the applied plate voltage. This is 
an important consideration when the amplifier is 
to be plate-modulated for radio telephony, as 
described in the chapter on amplitude modulation. 

FEEDBACK 
It is possible to take a part of the amplified 

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

If the voltage that is inserted in the grid circuit 
is 180 degrees au t of phase with the signal voltage 
acting on the grid, the feedback is called negative, 
or degenerative. On the other hand, if the voltage is 
fed back in phase with the grid signal, the feedback 
is called positive, or regenerative. 

Negative Feedback 

With negative feedback the voltage that is fed 
back opposes the signal voltage. 1bis decrea.~es the 
amplitude of the voltage acting between the grid 
and cathode and thus has the effect of reducing the 
voltage amplification. That is, a larger exciting 
voltag~ is required for obtaining the same output 
voltage from the plate circuit. 

The greater the amount of negative feedback 
(when properly applied) the more independent the 
amplification becomes of tube characteristics and 
circuit conditions. This tends to make the 
frequency-response characteristic of the amplifier 
flat - that is, the amplification tends to be the 
same at all frequencies within the range for which 
the amplifier is designed. Also, any distortion 
generated in the plate circuit of the tube tends to 
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Fig. 3-14 - Simple circuits for producing feedback. 

"buck itself out" Amplifiers with negative 
feedback are therefore comparatively free from 
hannonic distortion. These advantages are wortli 
while if the amplifier otherwise has enough voltage 
gain for its intended use. 

In the circuit shown at A in Fig. 3-14 resistor 
Re is in series with the regular plate resistor, Rp 
and thus is a part of the load for the tube. 
Therefore, part of the output voltage wiU appear 
across Re. However, Re also is connected in series 
with the grid circuit. and so the output voltage tha: 
appears across R c is in series with the signa! 
voltBge. The output voltage across Re opposes the 
signal voltage, so the actual ac voltage between the 
grid and cathode is equal to the difference betweer. 
the two voltages. 

The circuit shown At Bin Fig. 3-14 can be usec 
to give either negative or positive feedback. The 
secondary of a transformer is connected back into 
the grid circuit to insert a desired amount of 
feedback voilage. R~-versing the terminals of either 
~sformer winding (but not both simultaneously:, 
will reverse the phase. 

Positive Feedback 

Positive feedback increiucs the amplifica lion 
because the feedback voltage adds to the original 
signal voltage and the resulting larger voltage on 
the grid causes 11 larger output voltage. The 
amplification tends to be greatest at one frequency 
(which depends upon the particular circul: 
amuigement) and hannonic distortion is increased. 
If enough energy is fed back, a self-sustaining 
oscillation - in which energy at essentially one 
frequency ls genenlcd by the lube itself - will be 
set up. In such C&Je all lhe signal volt.age on the 
grid can be supplied from the plate cin:uit; no 
external signal I! needed because any small 
ilregularity in the plate current - and there are 
always some irregularities - wiU be amplifiec 
and thus give the oscillation an opportunity to 
build up. Positive feedback finds a major 
application in such "oscillators," and in addition is 
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. used for selective amplification at both audio and 
radio frequencies, tbe feedback being kepi below 
the value that causes self-oscillation. 

INTERELECTRODE CAPACITANCES 

Each pair of elements in a tube forms a small 
capacitor "plate." There are three such capaci
tances in a triode - that between the grid and 
cathode, that between the grid and plate, and that 
between the plate and cathode. The capacitances 
are very small - only a few picofarads at most -
but tbey frequently have a very pronounced effect 
on the opention of an amplifier circuit 

Input Capacitance 

It was explained previously that the ac grid 
voltage and ac plate voltage of an amplifier having 
a resistive load are 180 degrees out of phase, usi,ng 
the cathode of the tu be as a reference point. 
However, these two voltages are in phase going 
around the circuit from plate to grid as shown in 
Fig. 3-15. This means that their ~um is ucting 
between the grid and plate: that is, across the 
grid-plate capacitance of the tube. 

As a result, a capacitive current flows around 
the circuit, its amplitude being directly proportion
al to lhe si,m of the ac grid and plate voltages and 
to the grid-plate capacitance. The souroe of the 
grid signal must furnish this amount of cunent. in 
addltlon to lhe capacirive cuncnl lhal flows In the 
grid-<:athode capacitance. Hem~ the signal souroe 
usees" an effective capacitance that is larger than 
the grid-cathode capacitance. This is lcnown u the 
Miller EffecL 

The greater the voltage amplification the 
greater the effective inpu1 capacitance. The input 
capacitance of a resistance-coupled amplifier is 
given by the fonnula 

C1nput"' Cg1c + CIP (A+ I) 

y,ihere ':g1c is the grid•te;cathode cap11citance, CKP 
1s the god-to-plate cupac1tance, and A is the vollug~ 
amplification. The input capacitnnce may be as 
much as several hundred picofarads when the 
voltage amplification is large, even though the 
interelectrode capacitnnceN are quite small. 

Fig. 3-15 - The ac voltage appearing between the 
grid and plate of the amplifier is the aum of the 
signal voltage and the outpUt voltage, as shown by 
this simplified cira.iit. lnstanlaneous polarities are 
indicated. 
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Output Capacitance 

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

Tube Capacitance at RF 

At radio frequencies the reactances of even very 
small interelectrode capacitances drop to very low 
values. A resistance-coo pied amplifier gives very 
little amplification at rf, for example, because the 
reactances of the interelectrode "capacitors" are so 
low that they practically short-circuit the input 
and output circuits and thus the tube is unable to 
amplify. Titis is overcome at radio frequencies by 
using tuned circuits for the grid and plate, making 
the tu be capacitances part of the tuning capaci
tances. In this way the circuits can have the high 
resistive impedances necessary for satisfactory 
amplification. 

The grid-plate capacitance is important at radio 
frequencies because its reactance, relatively low at 
rf, offers a path over which energy can be fed back 
from the plate to the grid. In practically every case 
the feedback is in the right phase and of sufficient 
amplitude to cause self-oscillation, so the circuit 
becomes useless as an amplifier. 

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

SCR EEN-GRID TUBES 
The grid-plate capacitance can be reduced to a 

negligible value by inserting a second grid between 
the control grid and the plate, as indicated in Fig. 
3-16. The second grid, called the screen grid, acts 

Fig, 3-16 - Representative arrangement of ele
ments in a screen-grid tetrode, with part of plate 
and screen cut away. This is "single-i!nded" con
struction with a button base, typical of miniature 
receiving tubes. To reduce capacitance between 
control grid and plate the leads from these ele
ments are brought out at opposite sides; actual 
tubes probably would have additional shielding 
between these leads. 
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as an electrostatic shield to prevent capacitive 
coupling between the control grid and plate. It is 
made in the form of a grid or coarse screen so that 
electrons can pass through it. 

Because of the shielding sction of the screen 
grid, the positively charged plate cannot attract 
electrons from the cathode as it does in a triode. In 
order to get electrons to the plate, it is necessary to 
apply a positive voltage (with respect to the 
cathode) to the screen. The screen then attracts 
electrons much as does the plate in a triode tube. 
In traveling toward the screen the electrons acquire 
such velocity that most of them shoot between the 
screen wires and then are attracted to the plate. A 
certain proportion do strike the screen, however, 
with the result that some current also flows in the 
screen-grid circuit. 

To be a good shield, the screen grid must be 
connected to the cathode through a circuit that has 
low impedance at the frequency being amplified. A 
bypass capacitor from screen grid to cathode, 
having a reactance of not more than a few hundred 
ohms, is generally used. 

A tube having a cathode, control grid, screen 
grid and plate (four elements) is called a tetrode. 

Pentodes 

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

To overcome the effects of secondary emission, 
a third grid, called the suppressor grid, may be 
inserted between the screen and plate. This grid 
acts as a shield between the screen grid and plate so 
the secondary electrons cannot be attracted by the 
screen grid. They are hence attracted back to the 
plate without appreciably obstructing the regular 
plate-current flow. A five-element tube of this type 
is called a pentode. 

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

capacitance is only a small fraction of a picofarad. 
lb.is capacitance is too small to cause an appreci
able increase in input capacitance as described in 
the preceding section, so the input capacitance of a 
screen-grid tube is equal to the capacitance be
tween the plate and screen. 

In addition to their applications as radio-fre
quency amplifiers, pentodes or tetrodes also are 
used for audio-frequency power amplification. In 
tubes designed for this purpose the chlef function 
of the screen is to serve as an accderator of the 
electrons, so that large values of plate current can 
be drawn at relatively low plate voltages. Such 
tube:; have quite high power sensitivity compared 
with triodes of the same power output, although 
harmonic distortion is somewhat greater. 

Beam Tubes 

A beam tetrode is a four-element screen-grid 
tube constructed in such a way that the electrons 
are formed into concentrated beams on their way 
to the plate. Additional design features overcome 
the effects of secondary emission so that a suppres
sor grid is not needed. The '"beam" construction 
makes it possible to draw large plate currents at 
rel a lively low plate voltages, and increases the 
power sensitivity. 

For power amplification at both audio and 
radio frequencies beam tetrodes have largely sup
planted the non beam types because large power 
outputs can be secured with very small amounts of 
grid driving power. 

Variable-µ Tubes 

The mutual conductance of a vacuum tube 
decreases when its grid bias is made more negative, 
assuming that the other electrode voltages are held 
constant. Since the mutual conductance control~ 
the amount of amplification, it is possible to adjust 
the gain of the amplifier by adjusting the grid bias. 
Th.is method of gain control is universally used in 
radio-frequency amplifiers designed for receivers . 

The ordinary type of tube bas what is known as 
a sharp-cutoff characteristic. The mutual conduct
ance decrell!les at a uniform rnte as the negative 
bias is increased. The amount of signal voltage that 
such a tu be can handle without causing distortion 
is not sufficient lo take care of very st.Jong signals. 
To overcome this, some tubes are made with a 
variable-µ characteristic - that is, the amplification 
factor decreases with increasing grid bias. The 
variable-µ tu be can handle a much larger signal 
than the sharp-cutoff type before the signal swings 
either beyond the zero grid-bias point or the 
plate-current cutoff point. 

INPUT AND OUTPUT IMPEDANCES 

The input impedance of a vacuum-tube amplifi
er is the impedance "seen" by the signal source 
when connected to the input tenninals of the 
amplifier. In the types of amplifiers previously 
discussed, the input impedance is the impedance 
measured between the grid and cathode of the tube 
with ope1ating voltages applied. At audio frequen-
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cies the input impedance of a Class A 1 amplifier is 
for all practical purposes the input impedance of 
the stage. If the rube is driven into the grid-current 
region there is in addition a resistance component 
in the input impedance, the resistance having an 
average value equal to E 2/P, where E is the nns 
driving voltage and P is the power in watts 
consumed in the grid. The resistance usually will 
vary during the ac cycle because grid current may 
flow only during part o'f the cycle; also, the 
grid-voltage/grid-current cha1acteristic is seldom 
linear. 

The output impedance of amplifiers of thls 
type consists of the plate resistance of the tube 
shunted by the output capacitance. 

At radio frequencies, when tuned circuits are 
employed, the input and output impedances are 
u~ually pure resistances; any reactive components 
are "tuned out" in the process of adjusting the 
circuits to resonance at the operating frequency. 

OTHER TYPES OF AMPLI Fl ERS 

In the amplifier circuits so far discussed, the 
signal has been applied between the grid and 
cathode and the amplified output has been taken 
from the plate-to-cathode circuit. That is, the 
cathode has been the meeting point for the input 
and output circuits. However, it is possible to use 
any one of the thr~e principal elements as the 
common point. This leads to two additional kinds 
of amplifiers, commonly called the grounded-grid 
amplifier (or grid-separation cucuit) and the cath
ode follower. 

These two circuits are shown in simplified fonn 
in Fig. 3-17. In both circuits the resistor R 
represents the load into which the amplifier works; 
the actual load may be resistance-capacitance
coupled, transformer-coupled, may be a tuned 
circuit if the amplifier operates al radio frequen
cies, and so on. Also, in both circuits the batteries 
that supply grid bias and plate power are assumed 
to have such negligible impedance that they do not 
enter into the operation of the circuits. 

Grounded-Grid Amplifier 

In the grounded-grid amplifier the input signal 
is applied between the cathode and grid, and the 

Fig, J.-17 - In 
the upper cir
cuit, the grid is 
the junction 
point between 
the input and 
output circuits 
in the lower 
drawing, the 
plate is the junc
tion. In either 
case the output 
is developed in 
the load resistor, 
R, and may be 
coupled to a fol
lowing amplifier 
by the usual 
methods. 

R 

GROUNOEO-GRIO AMPLIFIER 

CAT'1QOE FOLLOWER 



Cathode Circuits and Grid Bias 

output ls taken betw.:en the plate and grid. The 
grid is thus the common element. The ac compon
ent of the plate current h119 to now through the 
signal source to reach the cathode. The source of 
signal is in series with the load lhtougb the 
plate-to-cathode resistance of the tube, so some of 
the power in the load is 1upplied by the signal 
sowce. In transmitting applications this fed
lhtougb power Is of the order of 10 percent of the 
total power output, using tubes ruitable for 
grounded-grid service. _ 

The input impedance of the grounded~d 
amplifier consists of a capacitance in parallel with 
an equivalent nlsistance representing the power 
furnished by the driving source of the grid and to 
the load. This resistance is of the order of a few 
hundied ohms. The output impedance, neglecting 
the interelectrode capacitances, is equal to the 
plate resistance of the tube. This is the s,ame as in 
the case of the grounded-cathode amplifier. 

The grounded~rld amplifier is widely used at 
vhf and uhf, where the more conventional amplifi
er circuit fails to work properly. With a triode tube 
designed for this type of operation, an rf amplifier 
can be built that is free from the type of feedback 
that causes oscillation. This requires that the grid 
act as a shield between the cathode and plate, 
reducing the plate-cathode capacitance to a very 
low value. 

Cathode Follower 

The cathode follower uses the plate of the tube 
as the common element. The input signal is applied 
between the grid and plate (assuming negligible 
impedance in the batteries) and the output is taken 
between cathode and plate. This circuit is degener
ative; in fact, all of the output voltage is fed back 
into the input circuit out of phase with the grid 
signal. The input signal therefore has to be larger 
than the output voltage; that is, the cathode 
follower gives a loss in voltage, although it gives the 
same power gain as other circuits under equivalent 
operating conditions. 

An important feature of the cathode follower is 
its low output Impedance, which ls given by the 
formula (neglecting interelectrode capacitances) 

r 
Zwt'"-rrµ 

where rp !s the tube plate resiJtan~e and µ. is _the 
amplification factor. Low output impedance 1s a 
valuable charo.cterlstic In an amplifier designed to 
cover a wide band of frequencies. In addition, the 
input capacitance Is only a fraction of the grid-to
cathode capacitance of the tube, a feature of 
further benefit in a wide-band amplifier. The 
cathode follower is useful as a step-down imped
ance transformer, since the Input impedance is high 
and the output impedance ii low. 

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

powered by the ac line. 11w includes the filaments 
or beaten or vacuum tubes. Although supplies for 
the plate (and sometimes the grid) are usually 
rectified and filtered to give pure de - that is, 
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direct current that is constant and without a 
superimposed ac component - the relatively luge 
currents required by filaments and heaters usually 
make a rectifier-type de supply impracticable. 

Filament Hum 

Alternating current is just as good as direct 
current from the heating standpoint, but some of 
the ac voltage is likely to get on the grid and cause 
a low-pitched "ac hum" to be superimposed on the 
output. 

Hum troubles are worst with directly-heated 
cathodes or filaments, because with such cathodes 
there has to be a direct connection between the 
source of heating power and the rest of the circuit. 
The hum can be minimized by either of the 
connections shown in Fig. 3-18. In both cases the 
grid• and plate-return circuits are connected to the 
electrical midpoint (center tap) of the filament 
supply. Thus, so far as the grid and plate are 
concerned, the voltage and current on one !Ide of 
the filament are balanced by an equal and opposite 
voltage and current on the other side. The balance 
is never quite perfect, however, so filament-type 
tubes arc never completely hum-free. For this 
reason directly-heated filaments are empl9ycd for 
the most part in power tubes, where the hum 
introduced is extremely small in comparison with 
the power-output level. 

With indirectly heated cathodes the chief prob
lem is the magnetic field set up by the heater. 
Occasionally, also, there is leakage between the 
beater and cathode, allowing a small ac voltage lo 
get to the grid. If hum appears, grounding one side 
of the heater supply usuaDy will help to reduce it, 
although sometimes better results are obtained if 
the heater mpply is center-tapped and the centel'
tap grounded, as in Fig. 3-18, 

Cathode Bias 

In the simplified amplifier circuits discussed in 
this chapter. grid bias hu been supplied by a 
battery. However, in equipment that operates from 
the power line, cathode bias is almost universally 
used for tubes that are operated in Oass A 
(constant de input). 

The cathode-bias method uses a resistor (cath
ode resistor) connected in serieR with the cathode, 

Fig. 3-18 - Filament center-tapping methods for 
use with directly heated tubes. 

(8) 
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11[ 
Fig. 3-19 - Cathode biasing. R i• the cathode 
resistor and C is the cathode bypass capacitor. 

as shown at R in Fig. 3-19. 11le direction of 
plale<uminl flow is such that the end of the 
~istor nearest the cathode is positive. The voltage 
drop across R therefore places a ntgati~ voltage 
on the grid. nus negative bias is obtained from the 
steady de plate currenL 

If the alternating component of plate current 
flows through R when the tube is amplifying, the 
voltage drop caused by the ac will be degenerative 
(note the similarity between this circuit and that of 
Fig. 3-14A). To prevent this the resistor Is by
passed by a capacitor, C, that has very low 
reactance compared with the .reslstllflce of R. 
Depending on the type of tube and the particular 
kind of operation, R may be between about 100 
and 3000 ohms. For good bypassing at the low 
audio frequencies, C should be 10 to 50 micro
farads (electrolytic capacitors are used for thu 
purpose). At radio frequencies, capacitances of 
about l00 pF to 0.1 µF a.re used; the small values 
are sufficient at very high frequencies and the 
large.st at low and medium frequencies. In the 
range 3 to 30 megahertz a capacitance of .01 µF 
is satisfactory. 

The value of cathode resistor for an amplifier 
having negligible de resistance in its plate circuit 
(transformer or impedance coupled) can easily be 
calculated from the known operating conditions of 
the tube. The proper grid bias and plate current 
always are specified by the manufacturer. Knowing 
lhe$C, the .required remtance can be found by 
applying Ohm's Law. 

h■mplo , II ii found Cram lube i.blu lh ■I 1hr lube to 
bo UICd •hould """' • nrpli .. pid blu or. •oll, and th■ I 
■I lhb biu 1hr pbl• ctlffl!fft .. ill bl! 12 mYli ■mporH (0.011 
amp). Tho requin:d cathode mmtancr ii then 

R •f • -In• 667 ohms 

lbe nean1I 1tand.a.Id value, 680 ohm,. would be close 
cinaup. Tire pmwr used io tbe resblor I• 

P • El• 8 X .Oil• 0.096 -11 

A 11•-11 or 1/l .... tt resnlm would ha .. ■mpl• rotln1. 

The current that flo= through R is the total 
cathode current. In an ordinary triode amplifier 
this is the same as the plate current, but in a 
screen-grid tube the cathode current is the sum of 
the plate and screen currents. Hence these two 
currents must be added when calculating the value 
of cathode .resistor required for a screen-gid tube. 
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Eumple: A natlwin1 penloclo "'l"im l ""'" nepli .. 
him. At Ibis ba,1 and 1i.. -~mmrnded plal< .. d 1cn,on 
mlfaFS. tu phi• Clltftftl ii 9 IIIA a.ad ib ~ aman 11 2 
mA. 11le ca-• """'"' 11 rh,.,.(..., 11 mA (0.01 I amp). 
Th• roqulr,d rabloll<t b R•,• ½i • 2l2ohm1 

A 270-0hm n11lt1or would be 1a1i1Caclory. Tir• powet in the 
rellistor •• 

/'•£/ • 3 X 0.011 • .Oll watt 

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

Calculation of the cathode resistor for a resist• 
ance-<:oupled amplifier is ordinarily not practicable 
by the method described above, because the plate 
current in such an amplifier is usually much smaller 
than the rated value given in the tube tables. 
However, representative data for the tubes com· 
monly used as resistance-;::oupled amplifiers are 
given in the chapter on audio amplifiers, including 
cathode-resistor values. 

"Contact Potential" Bias 

In the absence of any negative bias voltage on 
the grid of a tube, some of the electrons in the 
space ch11ge will have enough velocity to reach the 
grid. This causes a small current (of the order of 
microamperes,) to flow in the external circuit 
between the grid and cathode. If the current Is 
made to flow through a high resistance - a 
megohm or so - the resulting voltage drop in the 
resistor wiU give the grid a negative bias of the 
order of one volt. The bias so obtained is called 
contact-potential bias. 

Contact-potential bias can be used to advantage 
in circuits operating at low signal levels (less than 
one volt peak) since it eliminates the cathode-bias 
resistor and bypass capacitor. It is principally used 
in low-level resistan~-<:oupled audio ampllflers. 
The bias resistor 11 connected directly between grid 
and cathode, and must be isolated from the signal 
source by a blocking 1.:apadtor. 

Screen Supply 

In practical circuits using telrodes and pentodes 
the voltage for the screen frequently is taken from 
the plate supply through a resistor. A typical 
circuit for an rf amplifier is shown in Fig. 3·20. 
Resistor R Is the screen dropping resistor, end C is 
the screen bypua capacitor. In flowing through R, 
the screen cum:nt causes a voltage drop in R that 
reduces the plate-tupply voltage to the proper 
value for the screen. When the plate-supply voltage 
and the screen current arc known, the value of R 
can be caluclated from Ohm's Law. 

Eumple : An rt recei.vins pentode has ■ rated 11cn:11n 
c1tmnl or l mllllamporo, (0.002 amp) 11 normal operalin1 
conditlona. Th• ral•d 1c, .. n vollage i, I 00 voltJ. and lhc 
ploi., lllpply gjvu 2'0 volll. To pill I 00 volts on th• ,cr,on, 
the drop ■crou R mull be equal lo th• cliffrr,ncr between 
the plalc1upply volta1• and lhf 11:n:c:n voll"ll"; 1h11 ii, 
l50 - 1110 • 150 voll1. Tllon 
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Fig. J-20 - Screen-voltage supply for a penrode 
tube through a dropping resistor. R. The screen 
bypass capacitor. C, must have low enough react
ance to bring the screen to ground potential for the 
frequency or frequencies being amplified. 

R • f • ~n 75,000 ohms 

Tt.! po•irt la be dl1dpated ii! the reli.um ii 

l'•EI• ISOX .Q02eQ.lon 

A I /2• or 1-w■ It res\1101 woold be ,.li,faclmy. 
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The reactllnce of the screen bypass capacitor, C, 
should be low compared with the screen-to
cathode impedance. For radio-frequency applica
tions a capacitance in the vicinity of .01 µF is 
amply large. 

In some vacuum-tube circuits the screen voltage 
is obtained from a voltage divider connected across 
the plate supply. The design of voltage dividers is 
discussed at length elsewhere in tJUB book. 

OSCILLATORS 
It was mentioned earlier that if there is enough 

positive feedback in an amplifier circuit, self-~us
taining oscillations will be set up. When an ampllfi
er is arranged so that this condition exist~ it Is 
called an oscillator. 

Oscillations normally take place at only one 
frequency, and a desued frequency of oscillation 
can be obtained by using a resonant circuit tuned 
to that frequency. FOI example, in Fig. 3-2lA the 
circuit LC· ls tuned to the desired frequency of 
oscillation. The cathode of lhe rube is connected 
to a lap on coil L and the grid and plate are 
connected to opposite ends of the tuned circuit. 
When an rf current flows in the tuned circuit there 
is a voltage drop across L that increases progressive
ly along the turns. Thus the point at which the tap 
is connected will be at an intermediate potential 
with respect to the two ends of the coil. The 
amplified current in the plate circuit, which flows 
through the bottom section of L, is In phase with 
the cunent already flowing in the circuit and thus 
in the proper relationship for positive feedback. 

The 11JT1ount of feedback depends on the 
position of the tap. If the tap is too near the grid 
end the voltage drop between grid and cathode is 
too small to give enough feedback to sustain 
oscillation, and if it is too near, the plate end of the 
impedance between the cathode and plate is too 
small to permit good amplification. Maximum 
feedback usually is obtained when the tap is 
~omcwherc near the center of the coil. 

The circuit of Fig. 3-21 A ls punllel-fed, Cb 
being the blocking capacitor. The value of Cb is 
not critical so long as its reactance i~ low (not more 
than a few hundred ohms) at the operating 
frequency. 

Capacitor C1 is the grid capacitor. It and R1 
(the grid leak) are used for the purpose of 
obtaining grid bias for the tube. In most oscillator 
ciJcuits the tube generates its own bias. During the 
part of the cycle when the grid is positive with 
respect to the cathode, it attracts electrons. These 
electrons cannot flow through L back to the 
cathode because C 1 "blocks" direct current. They 
therefore have to flow or "leak" through Ra to 
cathode, and in doing so cause a voltage drop in Ra 
that places a negative bias on the grid. The amount 

of bias so developed is equal to the grid current 
multiplied by the resistance of R1 (Ohm's Law). 
The value of grid-lealc resistance required depends 
upon the kind of tube used and the purpose for 
which the oscillator is intended. Values range all 
the way from a few thousand to several hundretl 
thousand ohms. The capacitance of C1 should be 
large enough to have low reactance (a few hundred 
ohms) at the operating frequency. 

The ciJcuit shown at 8 in Fig. 3-21 uses the 
voltage drops across two capacitor.; in series in the 
tuned circuit to supply the feedback. Other than 
this, the operation is the same as just described. 
The feedback can be varied by varying the ratio of 
the reactance of Cl and C2 (that is, by varying the 
ratio of their capacitances). 

Another type of osciUator, called the tuned
plate tuned-grid circuit, is shown in Fig. 3-22. 
Resonant circuits tuned approximately to the same 
frequency are connected between grid and cathode 
and between plate and cathode. The two coils, LI 

Plato lotlt 

MAFHLE~ CIRC:VIT 

C0U'IT TS C IIICITT 

Fig. 3-21 - Basic oscillator circuits. Feedback 
voltage is obtained by tapping the grid and cathode 
across a portion of the tuned circuit. In the Hartley 
circuit the tap is on the coll. but in the Colpitts 
circuit the voltage is obtained from the drop across 
a capacitor. 
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Fig. 3-22 - The tuned-plate tuned-grid oscillato,. 

and L2, are not magneticaUy coupled. The feed
back is through the grid-plate capacitance of the 
tube, and will be in the right phase to be p~sitive 
when the plate circuit, C2-L2, is tuned to a slightly 
higher frequency than the grid circuit, Ll~l. The 
amount of feedback can be adjusted by varying the 
tuning of either circuit. The frequency of oscilla
tion is determined by the tuned circuit that has the 
higher Q. The grid leak and grid capacitor have the 
same functions as in the other circuits. In this case 
it is convenient to use series feed for the plate 
circuit, so Cb is a bypass capacitor to guide the rl 
current around tltc plate supply. 

The:e are many oscillator circuits (examples of 
others will be found in later chapters) but the basic 
feature of all of them is that there is positive 
feedback in the proper amplitude and phase to 
sustain oscillation. 

Oscillator Open.ting Characteristics 

When an oscillator is delivering power to a load, 
the adjustment for proper feedback will depend on 
how heavily the oscillator is loaded - that is, how 
much power is being taken from the circuit. If the 
feedback is not luge enough - grid excitation too 
small - a small Increase in load may tend to throw 
the circuit out of oscillation. On the other hand. 
too much feedback will make the grid cUJTent 
excessively higher, with the result that the power 
loss in the grid circuit becomes larger than 
necessary. Since the oscillator itself supplies this 
grid power, excessive feedback lowers the over-all 
efficiency because whatever power is used in the 
grid circuit is not available as useful output. 

One of the most important considerations in 
oscillator design is frequency stability. The princi
pal factors that cause a change in frequency are (l) 
temperature, (2) plate voltage, (3) loading, (4) 
mechanical variations of circuit elements. Tempera
ture changes will cause vacuum-tube clements to 
expand or contract slightly, thus causing variations 
in the interelectrode capacitances. Since these are 
unavoidably part of the tuned circuit, the frequen
cy will change correspondingly. Temperature 
changes in the coil or the tuning capacitor will alter 
the inductance or capacitance slightly, again caus
ing a shift in the resonant frequency. These effects 
are relative.ly slow in operation, and the frequency 
change caused by them is called drift. 

A change in plate vollllge usually will cause the 
frequency to change a small amount, an effect 
called dynamic instability. Dynamic instability can 
be reduced by using a tuned circuit of high 
effective Q. The energy taken from the circuit to 
supply grid losses, as well as energy supplied to a 
load, represent an increase in the effective resist-
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ance of the tuned circuit and thus lower its Q. For 
highest stability, therefore, the coupling between 
the tuned circuit and the tube and load must be 
kept as loose as possible. Preferably, the oscillator 
should not be required to deliver power to an 
external circuit, and a high value of grid leak 
resistance should be used since this helps to raise 
the tube grid and plate resistances as seen by the 
tuned circuit. Loose coupling can be effected in a 
variety of ways - one, for example, is by "lapping 
down" on the tank for the connections to the grid 
and plate. Tius is done in the "series-tuned" 
Colpitts circuit widely used in variable-frequency 
oscillators for amateur transmitters and described 
in a later chapter. Alternatively , the L/C ratio may 
be made as small as possible while sustaining stable 
oscillations (high C) with the grid and plate 
connected to the ends of the circuit as shown in 
Figs. 3-21 and 3-22. Using relatively high plate 
voltage and low plate current also is desirable. 

In general, dynamic stability will be al maxi
mum when the feedback is adjusted to the least 
value that perrni ts reliable oscillation. The use of a 
tube having a high value of transconductance is 
desirable, since the higher the transconductance 
the looser the permissible coupling to the tuned 
circuit and the smaller the feedback required. 

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

Mechanical variations, usually caused by vibra
tions, cause changes in inductance and/or capaci
tance that in turn cause the frequency to "wobble" 
in step with the vibration. 

Methods of minimizing frequency variations in 
oscillaton are taken up in detail in later chapters. 

Ground Point 

In the oscillator circuits shown in Figs. 3-21 
and 3-22 the cathode is connected to ground. It is 
not actually essential that the radio-frequency 
circuit should be grounded at the cathode; in fact, 
there are many times when an rf ground on some 
other point in the circuit is desirable. The rf 
ground can be placed at any point so long as 
proper provisions arc made for feeding the supply 
voltages to the tube elements. 

Fig. 3-23 shows the Hartley circuit with the 
plate end of the circuit grounded. The cathode and 
control grid are "above ground," so far as the rf is 
concerned. An advantage of such a circuit Is that 
the frame of the tuning capacitor can be grounded. 
The Colpitts circuit can also be used with the plate 

Fig. 3-23 - Showing how the plate may be 
!J'Ounded for rf in a typical oscillator circuit 
(Hartley I. 
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grounded and the cathode above ground; it is only 
necessary to feed the de to the cathode through an 
rf choke. 

A tetrode or pentodc tube can be used in any 
of the popular oscillator circuits. A common 
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variation is to use the screen grid of the tube as the 
anode for the Hartley or Colpitts oscillator circuit. 
It is usually used in the grounded anode circuit, 
and the plate circuit of the tube is tuned to the 
second harmonic of the oscillator frequency. 

VHF AND MICROWAVE TUBES 

Until now, it has been assumed that the time it 
take~ for the electrons to travel from the cathode 
to the plate does not affect the performance of 
vacuum-tube operation. As the frequency of opera
tion is raised, this time, called the transit time, 
becomes increasingly important. The transit time 
depends upon the voltage from the cathode to the 
plate and the spacing between them. The higher 
the voltage and the smaller the spacing, the shorter 
the transit time. This is why tubes designed for vhf 
and uhf work have very small interelectrode 
spacings. However, the power handling capabilities 
also get smaller as the spacing decreases so there is 
a limit above which ordinary triode and pentode 
tubes cannot be operated efficiently. 

Many different tubes have been developed 
which actually use tnuuit-tirne effects to an ad
vantage. Velocity modulation of the electron 
stream in a klystron is one example. A small 
voltage applied across the gap in a re~ntrant cavity 
resonator either retards or accelerates an electron 
stream by means of the resultant electric field. 
Initially, all the electrom arc traveling at the same 
velocity and the current in the beam is uniform. 
After the velocity fluctuations are impressed on 
the beam, the current is still uniform fo1 awhile 
but then the electrons that were accelerated begin 
to catch up with the slowe1 ones that passed 
through when the field wa~ zero. The latter are also 
catching up with ones that passed through the gap 
earlier but were retarded. The result is that the 
current in the beam is no longer uniform bu I 
consists of a series of pulses. If the beam now 
passes through another cavity gap, a current will be 
induced in the cavity walls and an electric field also 
will be set up across the gap. If the phase of the 
electric field is right, the electron pulses or 
"bunches" pass through the gap and are retarded, 
thus giving up energy to the electric field. When 
the electric field reverses, it would normally 
accelerate the same number of electrons and give 
back the energy, but fewer electrons now pass 
through the gap and the energy given up is less. 
Thus, a net 11ow of energy is from the beam to the 
cavity. If the voltage produced across the output 
cavity is greater than that across the input cavity, 
amplification results (assuming the two cavity 
impedances are the same). 

The type of klystron that amateurs arc most 
likely to use is the reflex klystron oscillator. Here, 
the input and output cavity are the same. The 
electron stream makes one pass through, becomes 
velocity modulated, and is turned around by the 
negative charge on an element called the repeller. 
During tlte second pass through, the stream is now 
bunched and delivers some of its energy to the 
cavity . The dissipated beam is then picked up by 

the cavity walls and the circuit is completed. This 
is shown pictorially in Fig. 3-24. 

Klystrons either have cavities external to the 
vacuum part of the tube or built in as an integral 
part of the tube structure. The 723 reflex klystron 
is of the latter type, and along with similar types 
can be purchased surplus. These tubes were used as 
local oscillators in radar receivers and can be used 
for the same purpose in amateur applications. They 
al.so may be used in low power transmitters. 

Along with a heater supply (usually 6.3 volts), 
two other voltages are necessary for the operation 
of the reflex klystron. This is shown in Fig. 3-24. 
Ve is typically 300 volts de and Vr will vary from 
100 to 1 SO volts de. The loaded Q of the reflex 
klystron cavity is quite low and oscillations will 
occur at different frequencies for various values of 
Vr. This can be used to advantage and either 
frequency modulation or automatic frequency 
control (afc) can be applied to the klystron by 
means of changes in Vr. As the repeller voltage is 
made more negative, it will be found that 
oscillations will occur, increase in amplitude, and 
then drop out. Jb..is will be repeated as the voltage 
is increased and each time the maximum amplitude 
of the output power will be less. However, the 
frequency range covered by each different set of 
oscillation conditions is approximately the same. 

Re-ell.fttvt.t 
cavi±j resonator 

OutDul 
wu.p 1iHg /.oc,p 

W~u.ule 
CiJllp/.iii9 probe 

Fig. 3-24 - Cross~ectional view of a typical reflex 
klystron . The frequency of the cavity resonator is 
changed by varying the spacing between the grids 
using a tuning mechanism and a flexible bellows. 
Modification of this system may be necessary to 
get certain surplus klystrons into an appropriate 
amateur band. 
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MODULATOR MOO. Fig. 3-25 - Schematic diagram 
and parts info rmation for a 
power supply and control unit 
suitable for amateur micro
wave transceivers. Unless 
otherwise specified, capacitor 
val ues are in µF and resistors 
are 1 /2-watt composition. 
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Practical metering, afc, modulator, and power 
supply circuit diagrams are 5hown in fig. 3-25 
(QST, August, 1960) which are suitable for the 
723 and 2K26 klystrons. One disadvantage of the 
system shown is that the shell of the klystron is at 
260 volts above ground. An alternate method is to 
ground the shell and apply - 260 volts to the 
cathode and -(260 + Vr) to the repellcr . A 
S LO-volt supply is needed for the repeller, but since 
the repellcr draws negligible current, this should 
not be difficult. 

As is the case with most microwave tube~, 
coupling power out from the klystron is somewhat 
more complicated than is the case with low
frequency tubes. A magnetic pickup loop placed in 
the cavity is connected either to a coaxial fitting or 
a waveguide probe. The latter (used with the 2K26 
and the 723) is inserted into the middle of the 

OA2 

1oav 
082 TO AFC 

S3 - Single-pole 3-position 
wafer switch. 

S4 - Toggle switch . 
T1 - 270-0-270 volts at 70 

mA min., 5 volts, 3 A. 6.3 
vo I ts, 3.5 A (Stanco, 
PC-84051. 

T2 - 6.3 volts, 1.2 A (Stancer 
P-6134). 

waveguide and the coupling to the line is de
termined by the depth of the probe. Since 
klystrons (and other microwave tubes) are quite 
sensitive lo variations in loading, some sort of 
attenuator or an isolator is often necessary to 
prevent malfunctions. 

Other types of microwave tubes that the 
amateur may encounter are the traveling wave tube 
(TWT), and the backward wave oscillator (BWO). 
Here, an electrnmagnetic wave is slowed down 
below the speed of light in free space and allowed 
to interact continuously with an electron stream. 
While the latter two tubei; use magnets for focusing 
the electron beam, the magnetron and other 
crossed-field amplifien; also use a magnetic field in 
conjunction with an electric field in their 
operation. 



Semiconductor 

Materials whose conductivity falls approximate
ly midway between that of good conductors (e.g., 
copper) and good insulator.; (e.g., quartz) an: called 
aemiconductors. Some of these materials (primarily 
gennanium and silicon) can, by careful processing, 
be used in sotid1bte electronic devices that 
perform many or all of the (unctionsofthermionic 
tubes. In many applicatioru; their small siz.e, long 
life and low power requirement~ make them 
superior lo tube~. 

The conductivity of a material is proportional 
to the number of free electrons in the material. 
Pure germanium and pure silicon crystals have 
relatively few free electrons. If, however, carefully 
controlled amounts of "impurities" (materials 
having a different atomic structure, such as arsenic 
or antimony) are added the number of free 
electrons, and consequently the conductivity, is 
increased. When certain other Impurities are 
introduced (such as aluminum, gallium or indium), 
an elec11on deficiency, or hole, is produced. As in 
the case of free electrons, the presence of holes 
encourages the flow of electrons in the semicon
ductor m11tcrial, and the conductivity is increased. 
Semiconductor material that conducts by virtue of 
the free electrons is caDed n-type material; material 
that conducts by virtue of an electron deficiency is 
called p-typc. 

Electron and Hole Conduction 

U a piece of p-type material is joined to a piece 
of n-type material as at A in Fig. 4-1 and a voltage 
ill appUed to the pair as at B, current will flow 
across the boundary or junction between the two 
(and also in the external circuit) when the battery 
ha! the polarity indicated. Electrons, indicated by 
the minus symbol, are attracted across the junction 
from the n material through the p matcrinl to the 
positive tenninal of the battery, and holes, 
indicated by the plus symbol, are attracted in the 
oppo,ite direction across the junction by the 
negative potential of the battery. Thus current 
flows through the circuit by means of electrons 
moving one way and holes the other. · 

lf the battery polarity is reversed, as at C, the 
excess electrons in the n material are attracted 
away from the junction and the boles in the p 
material are attracted by lbe negative potential of 
the battery away from the junction. This leaves the 
junction region without any current caniers, 
consequently there is no condnction. 

In other words, a junction of p- and n-type 
materials constitutes a rectifier. It differs from the 

Typical sil icon and germanium diodes of the 
present ere. The larger uni ts are designed to handle 
high current. 

Chapter 4 

Devices 
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tube diode rectifier in that there is a measurable, 
although comparatively very small, reverse cummt. 
The reverse current re51llts from the presence of 
some carriers of the type opposite to those which 
principally characterize the material. 

With the two plates separated by practically 
zero spacing, the junction forms a capacitor of 
relatively high capacitance. This places a limit on 
the upper frequency at which semiconductor 
devices of tltis coll!ltruction will operate, as 
compared with vacuum tubes. Also, the number of 
excess electrons and hole~ in the material depends 
upon temperature, and since the conductivity in 
tum depends on the number of excess holes and 
electrons, the device is more temperature sensitive 
than is a vacuum tube. 

Capacitance may be reduced by making the 
contact area vecy small. 11m is done by means of a 
point contact, a tiny p-type region being fanned 
under the contact point during manufacture when 
a-type material is used for the main body of the 
device. 

SEMICONDUCTOR DIODES 
Point-contact and junction-type diodes are used 

for many of the same purposes for which tube 
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(C) 
SYMBOL 

Fig. 4-2 - At A, a germanium point-contact diode. 
At B, construction of a silicon junction-type diode. 
Toa symbol at C is used for both diode types and 
Indicates the direction of minimum resistance 
measured by conventional methods. At C, the 
arrow corresponds to the plate (anode) of a 
vacuum-tube diode. The bar represents the tube's 
cathode element. 

diodes me used. The construction of such diodes is 
shown in Fig. 4-2. Germanium and silicon are the 
most widely used materials; silicon finds much 
application as a microwave mixer diode. As 
compared with the tube diode for rf appllcatiollll, 
the semiconductor point-contact diode has the 
advantages of very low interelectrode capacitance 
(on the order of 1 pF or less) and not requiring any 
heater or filament power. 

The germanium diode is chazacterized by 
relatively luge current flow with small applied 
voltages in the "forward" dittction, and small, 
although finite, cunent flow in the revenc or 
"back" direction for much larger applied voltages. 
A typical characleristic cuIYe is shown in Fig. 4-3. 
The dynamic resistance in either the forwud or 
back direction is detennined by the change in 
current that occurs. at any given point on the 

Fig. 4-3 - Typical 
point cont11Ct german
ium diode characteristic 
curw. Because the back 
current is much smaller 
than the forward cur
rent, a different scale is 
used for back voltage 
and current. 
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SEMICONDUCTOR DEVICES 

curve, when the applied voltage is changed by a 
small amount. The forward resistance shows some 
variation in the region of veiy small ' applied 
volt~s. but the curve is for the most part quite 
straight, indicating fairly constant dynamic resist• 
ance. For small applied voltages, the forward 
resistance is of the order of 200 ohms or less in 
most such diodes. The back resistance show, 
considerable variation, depending on the particular 
voltage chosen for the measurement. It may run 
from a few thousand ohms to well over a megohm. 
In applications such as meter rectifien for rf 
indicating instruments (rf voltmeters, wavemeter 
indicators, and so on) where the load resistance 
may be small and the applied voltage of the order 
of several volts, the resistances vary with the value 
of the applied voltage and are considerably lower. 

Junction Diodes 

Junction-type diodes made of silicon are 
employed widely as rectifiers. Depending upon the 
design of the diode, they ue capable of rectifying 
currents up to 40 or SO amperes, and up to revenc 
peak voltages of 2500. They can be connected in 
series or in parallel, with suitable circuitry, to 
provide higher capabilities than those given above. 
A big advantage over thermionic rectifiers is their 
large surge-to-average-cu rrcnt ratio, which make~ 
them suitable for use with capacitor"(Jnly filter 
circuits.. This in tum leads lo improved n~oad-to
full-load voltage characteristics. Some considera
tion must be given to the operating temperature of 
silicon diodes, although many carry ratings lo I SO 
degrees C or so. A silicon junction diode requires a 
forward voltage of from 0.4 to 0. 7 volts to 
overcome the junction potential barrier. 

Ratin~ 

Semiconductor diodes are rated primarily ln 
terms of maximum sate invene voltage (PIV or 
PRV) and maximum average rectified current. 
Inverse voltage Is a volt.age applied in the direction 
opposite to that which would be read by a de 
meter connected In the current path. 

It is also customary with some types to specify 
standards of performance with respect to forward 
and back current A minimum value of forwud 
current is usually specified for one volt applied. 
The voltage al which the maximum tolerable back 
current Is specified varies with the type of diode. 

Zener Diodes 

The Zener diode Is a special type of silicon 
junction diode thot has a characteristic similar Co 
that shown in Fig. 4-4. The shup break from 
non-conductance to conductance is called the 
Zener knee; al applied voltages grealer than this 
breakdown point. the voltage drop across the diode 
is essentially constant over a wide range of 
cunents. The substantially constant voltage drop 
over a wide range of cum:nts allows this 
semiconductor device to be used as a constant 
voltage reference or control element, in a manner 
somewhat similar to the gaseous voltage-regulator 
tube. Voltage~ for Zener-diode action range from a 
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Fig. 4-4 - Typical characteristic of a Zener diode, 
In this example, the voltage drop is substantially 
constant at 30 volts in the (normally) reverse 
direction. Compare with Fig. 4-3. A diode with this 
characteristic would be called a "JO-volt Zener 
diode." 
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few volts to several hundred and power ratings run 
from a fraction of a watt to SO watts. 

Zener diodes can be connected in series to 
advantage; the temperature coefficient is improved 
over that of a single diode of equivalent rating and 
the power-handling capability is increased. 

Examples of Zener diode applications are given 
in Fig. 4-5. The illustration8 represent some of the 
more common uses to which Zeners are put. Many 
other applications are possible, though not shown 
here. 

Voltage-Variable Capacitor Diodes 

Voltage-variable capacitors, Varicaps or varac
tors, are p-n junction diodes that behave as 
capacitors of reasonable Q when biased in the 
reverse direction. They are useful in many 
applications because the actual capacitance value is 
dependent upon the de bias voltage that Is applied. 
In a typical capacitor the capacitance can be varied 
over a IO-to-I range with a bias change from O to 
- IOO volts. The current demand on the bias supply 
is on the order of a few microamperes. 

Typical applications include remote control of 
tuned circuits, automatic frequency control of 
receiver local oscillators, and simple frequency 
modulators for communications and for sweep-

+ R 

+30'1 +30'I I SIDE 177 LOAD 

_t---i---O_j +42V 

:::E--++12_v_o. I .. i, 
+6.IIV 

ZENER-DIODE V0LTAGE
DIVI0ER/REGULATOR 

(B) 
R F AMP. r-------, 

1. 18-W~T 
ZENER 

8+ 

TRANSIENT PROTECTION 
(F) 

Fig. 4-5 - Zener diodes have many practical uses. Shown at A, is a simple de voltage regulator which 
operates in the same manner as a gaseous rngulator tube. Several Zener diodes can be connected in series 
1B) to provide various regulated voltages. At C, the filament line of a tube is supplied with regulated de 
to enhance oscillator stability and reduce hum. In the circuit at D a Zener diode sets the bias level of an 
rf power amplifier. Bias re11-1lation is afforded the bipolar transistor at E by connecting the Zener diode 
between base and ground. At F, the 18-volt Zener will clip peaks at and above 18 volts to protect 12-volt 
mobile equipment. (High peaks are frequently caused by transients in the automotive ignition system.) 
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tuning applications. Diodes used in these appliCll
tions are frequently referred to llli "Varlcap" or 
"Epicap" diodes. 

An important transmitter application of the 
varactor is as a high-efficiency frequency multipli
er. The basic circuits for varactor doublers and 
trlplers are shown in Fig. 4-6, at A and B. In these 
cin:uits the fondamenlal frequency nows around 
the input loop. Harmoniai generated by the 
varactor are passed to the load through a filter 
tuned to the desired harmonic. In the case of the 
tripler circuit al B, an idler circuit, tuned to the 
~econd harmonic, is required. Tripling efficiencies 
of 75 percent arc not too difficult to come by , at 
power levels of 10 to 25 watts. 

Fig. 4-6C illustrates how a voltage-variable 
capacitor diode can be used to tune a VFO. These 
diodes can be uAed to tune other rf circuits also, 
and are particularly useful for remote tuning such 
as might be encountered in vehicular instal!Qtions. 
These diodes, because of their small size, pennit 
tuned-circuit assemblies to be quite compact. ~ince 
the Q of the diode is a vital consideration in 

N+SILICON WAFER 
GOLD-PLATED WHISICER 

GLASS 

Fig. 4-7 - Cross-1.ectional view of a hot~rrier 
diode. 
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Fig. 4-{; - Varactor frequency multipliers are 
shown at A and B. In practice the tuned circuits 
and impedance-matching techniques are somewhat 
more complex than those shown in these 
representative circuits. At C, a varactor di ode is 
used to vary the frequency of a typical JFET VFO. 
As the de voltage is changed by control R, the 
junction capacitance of CR1 changes to shift the 
resonant frequency of the tuned circuit. 

such applications, this factor must be taken into 
account when designing a circuit. Present-day 
manufacturing processes have produced units 
whose Qs are in excess of 200 at SO MHz. 

HOT-CARRIER DIODES 

The hot-carrier diode is a high-frequency and 
microwave semiconductor whose characteristics 
fall somewhere between those of the point-contact 
diode and the junction diode. The former is 
comparable to the point-contact diode in high
frequency characteristics, and exceeds it in 
uniformity and reliability. The hot-carrier diode is 
useful in high-speed switching circuits and as a 
mixer, detector, and rectifier well into the 
microwave spectrum. In essence, the hot-carrier 
diode is a rectifying metal-semiconductor junction. 
Typical metals used in combination with silicon of 
either the n· or p-rypc are platinum, silver, gold or 
palladium. 

The hot-carrier diode utilizes a true Schottky 
barrier, wherca~ the point-contact diode used a 
metal whisker to make contact with the semicon
ductor element. In a hot-<:anier diode a planar area 
provides a uniform contact potential nnd uniform 
current distribution throughout the junction. This 
geometry re5ults in lower series re!listance, greater 
power capabiliry, lower noise characteristics, and 
considerably greater immunity to burnout from 
transient pulses or spikes. A cross-sectional view of 
a hot-carrier diode is shown in Fig. 4-7 (courtesy of 
Hewlett Packard Associates). A comparison in 
characteristics between a point-<:ontact diode and a 
hot-carrier diode is given in Fig. 4-8. Detailed 
information on the chani.cteristics of hot-carrier 
diodes and their many applications is given in 
Hewlett Packan1 Application Note 90 7. 



Transistors 

PIN Diode5 

Another type of diode is the PIN diode . It 
might more aptly be described as a variable resistor 
than as a diode. In its intended application (at vhf 
and higher) it docs not rectify the applied signal, 
nor does ii generate harmonics. Its resistance is 
controlled by de or a low-frequency signal, and the 
high-frequency signal which Is being controlled by 
the diode secs a constant polarity-independent 
resistance. The dynamic resistance of the PIN 
diode is often larger than 10,000 ohms, and its 
junction capacitance is very low. 

PIN diodes are used as variable shunt or series 
resistive elements in microwave transmission lines, 
and as age diodes in the signal input lead to vhf and 
uhf fm receivers. The PIN diode offer.i many 
interestinR possibilities. 
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Fig. 4-8 - Curves showing the comparison in 
characteristics between a 1 N21 G poi nt-contect 
diode and a Hewlett-Packard HPA2350 hot-carrier 
diode. 

TRANS ISTORS 

....... -

Fig. 4-9 - Illustration of a junctionpnp transistor. 
Capaci 1ane11s Cbe and Cbc are discussed in the te1<1, 
and vary with changes in operating and signal 
voltage. 

Fig. 4-9 show! a "sandwich" made from two 
layers of p-type semiconductor material with a lhin 
layer or n-type between. There ue in effect two pn 
junction diodes back to back. If a positive bi.as is 
applied to the p-type material at the left, current 
will flow though the left-hand junction, the holes 
moving lO the right and the electrons from Che 
n-type material moving to the left. Some of the 
holes moving Into the n-type material will combine 
with the electrons there and be neunalized, but 
some of them also will travel to lhe region of lhe 
right-h.and junction. 

If the pn combination at the right is biased 
negatively, as shown, there would normally be no 
current now in this circuit. However, then: are now 
additional holes available at the junction to travlll 
to point Band electrons can travel toward point A, 
so a current can flow even though this section of 
the sandwich ls biased to prevent conduction. Most 
of the current is between A and 8 and does not 
flow out through the common connection to the 
n-type material in the sandwich. 

A i:emiconductor combination of this type is 
called a transistor, and the thiee sections are 
known as the emi tter, base and collector, 
respectively. The amplitude of the collector 
current depends principally upon the amplitude of 

the emitter cunent; that is, the collector current is 
controlled by the emitter current . 

Between each p-n junction exists an aro3 known 
as the depletion. or transition iegion. It is similar in 
characteri~tics to a dielectric layer, and its width 
varies in accordance with the operating voltage. 
The semiconductor materials either side of the 
depletion region consitute the plates of a capacitor. 
The capacitance from base to emitter is shown llli 

Che (Fig. 4-9), and the collector-base c.apacitance is 
represented as C1,c. Changes in signa1 and operating 
voltages cause a nonlinear change in these junction 
capacitances, which must be taken into account 
when deliigning some circuits. A base-emilter 
resistance, rb', also exists. The junction capaci
tance, in combination with rb' determines the 
useful upper frequency limit (fr or fa) of a 
transistor by establishing an RC time constant. 

Power Amplification 

Because the collector Is biased in the back 
direction the collector-to-base resistance is high, 

This photo shows various modern-day bipolar and 
field-effect transistors. Various case styles and 
power c lasses are represented here. 
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Fig. 4• 10 - Schematic and pictorial representations 
of Junction-type transistors. In analogous terms the 
base can be thought of as a tube's grid, the 
collector as a plate, and the emitter as a cathode. 
(See Fig. 4-12.I 

On the other hand, the emitter and collector 
cunents are substantiaUy equal, so the power in 
the collector circuit is larger than the power in the 
emitter circuit (P = J2R, so the powen are 
proportional to the respective resistances, if the 
currents are the same). In practical transistors 
emitter resistance is of the order of a few hundred 
ohms while the collector resistance is hundreds or 
thousands of times higher, so power gains of 20 to 
40 dB or even more are possible. 

Types 

The transistor may be one of the types shown 
in Fig. 4-10. The assembly of p- and n·types 
materials may be reversed, so that pnp and npn 
transistors are both possible. 

The first two letters of the npn and pnp 
designations indicate the respective polarities of 
the voltages applied to the emitter and collector in 
normal operation. In a pnp transistor, for example, 
the emitter is made positive with respect to both 
the collector and the base, and the collector is 
made negative with respect to both the emitter and 
the base. 

Manufacturers are constantly working to 
improve the performance of their transistors -
greater reliability, higher power and frequency 
ratings, and improved unifounity of characteristics 
for any given type number. Recent developments 
provided the overlay hansistor, whose emitter 
stNcture ls made µp of several emitters which are 
joined together at a common ca,c terminal. 11lis 
process lowers the base-emitter resistance, rb', and 
improves the transistor's input time constant, 
which ls determined by rb' and the junction 
capacitance of the device. The overlay transistor is 
extremely useful in vhf and uhf applications, and is 
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capable of high-power operation wen above 1000 
MHz. These tninsiston are quite userul a., 
frequency doublers and triplers, and are able to 
provide an actual power gain in the process. 

Another multi~mitlcr transistor has been 
developed for use from hf through uhf, and should 
be of particular interest lo the radio amateur. It is 
called a balanced-emitter transistor (BET), or 
"ballasted" transistor. The transistor chip contains 
several triode semiconductors whose bases and 
collectors arc connected in parallel. The various 
emitters, however, have built-in emitter resistors 
(typically about 1 ohm) which provide a 
current-limiting safety factor during overload 
periods, or under conditions of significant 
mismatch. Sina: 1he emitters are brought out to a 
single case terminal the resistances are effectively 
in parallel, thus reducing the combined emitter 
resistances to a fraction of an ohm. (If a significant 
amount of resistance were allowed to exist it 
would cause degeneration in the stage and would 
lower the gain of the circuit.) 

Most modem transistors are of the junction 
variety. Various names have been given to the 
several types, some of which are junction alloy, 
mesa, and planar. Though their characteristics may 
differ slightly, they are basicaUy of the same family 
and simply represent different physical properties 
and manufacturing techniques. 

Transistor Characteristics 

An importllllt characteristic of a transistor is its 
beta rP), or cunent-arnplification factor, which is 
sometimes expressed as hvs: (slatic-forward-cunenl 

-°a-
Ill P14UEl 

c°"'-

NEVT'RAUZATION tB) 

Fig. 4-11 - Transit-time effects (in combination 
with bas1H:ollector cepecitance Cbcl cen cause the 
positive-feedback condition shown at A. Normally, 
the phase of the collector si!Jlal of an amplifier is 
the inverse of the base Si!J'al. Positive feedback can 
be corrected by using unilateralization, feeding an 
equal amount of opposite-phase signal back to the 
base through Uc. Neutralization is shown at B, end 
deals with negalive feedback, as can be seen by the 
phase relationships shown. 



Transistors 

transfer ratio) or hfe (small-signal forward-current 
transfer ratio). Both symbols relate to the 
grounded-emitter configuration. Beta is the ratio of 
the base current to the collector current. Thus, if a 
base current of 1 mA causes lhe collector current 
to rise to 100 mA the beta is l00. Typical hew for 
junction transiston range from as low as 10 to as 
high as several hundred. 

A tJansistor's alpha (a) is the ratio of the 
emitter and collector currents. Symbols hFB (static 
forward-current transfer ratio) and hfb (srnall
signal foiwa..rd-current transfer ratio), common
base hookup, are frequently used in connection 
with gain. The smaller the base current, the closer 
the collector current come!! to being equal to that 
of the emitter, and the closer alpha comes to being 
L Alpha for a junction transistor is usually 
between 0.92 and 0.98. 

Transistors have frequency characteristics 
which are of importance to circuit designers. 
Symbol fT is the pin bandwidth product 
(common-emitter) of the tran~istor. This is the 
frequency at which the gain becomes unity, or 1. 
The expression "alpha cutofr' is frequently used 
to express the useful upper-frequency lirnlt of a 
transistor, and this relates to the common-base 
hookup. Alpha cutoff is the point at which the 
gain is 0. 707, its value at 1000 Hz. 

Another factor which limits the upper frequen
cy capability of a transistor is its transit time. This 
is the period of time required for the current to 
flow from ernltter to collector, through the 
semiconductor base materiel. The thicker the base 
material, the greater the transit time. Hence, the 
thicker the hue material the more likelihood there 
will be of phase shift of the signal passing through 
it. At frequencies near and above IT or alpha 
cutoff partial or complete phase shift can occur. 
This will give rise to positive feedback bm:ausc the 
internal capacitance, Cbc, (Fig. 4-11) feeds part of 
the in-phase collector signal back to the base. The 
positive feedback can cause instability and 
oscillation, and in most case§ will interlock the 
input and output tuned circuits of an rf amplifier 
so that it is almost impossible to tune them 
properly. Positive feedback can be corrected by 

r£C¥Jr1 
~~~ 

r •• i.. ... . 
2 

0 
- 10 -l!O -30 

Cl)LJ.ECTOR VOLT$ 

Fig. 4-12 - A typical collector-currant vs. 
collector-voltage characteristic of a junction-type 
transistor, for various emitter-currant values. The 
circuit shows the setup for taking such measure
ments. Since the emitter resistance is low, a 
current-limiting resistor, R, is connected in series 
with the source of current. The emitter current can 
be set at a desired value by adjustment of this 
resistance. 

85 

10 ZO .JO 
CDl.l.ECTOR VOIJ.S 

Fig. 4-13 - Collector current vs. collector voltage 
for various values of base current, for a 
junction-type transistor. The values are determined 
by means of the circuit shown. 

using a form of neutralization called unilatenliza
tioo. In this case the feedback conditions are 
balanced out. These conditions include a resistive 
as well as a capacitive component, thus changing a 
network from bilaterial to one which i§ unilateral. 
Negative feedback caused by Cb~• on the other 
hand, can be corrected by neutralization. Examples 
of both techniques arc given in Fig. 4-11. 

Cluuacteristic Curves 

The operating characteristics of tr11J1silltors can 
be shown by a series of characteristic curves. One 
such set of curves is shown in Fig. 4-12. It shows 
the collector cummt ~!. collector voltage for a 
number of fixed values of emitter current. 
Practically the collector current depends almost 
1:ntin:ly uu lln:: emitter current and b independent 
of the collector voltage. The separation between 
curves representing equal steps of emitter current is 
quite uniform, indicating that almost distortionlcss 
output can be obtained over the useful operating 
range of the transistor. 

Another type of curve is shown In Fig. 4-13, 
together with the circuit used for obtaining it. This 
also shows collector current va collector voltage, 
but for a number of different values of ba,;e 
current. In this case the emitter element is used as 
the common point in the circuit. The collector 
current is not independent of collector voltage 
with this type of connection, indicating that the 
output resistance of the device b fairly low. The 
ba~e current also is quite low, which means that 
the resistance of the base-emitter circuit Is 
moderately high with this method of connection. 
This may be contrasted with the high vlllues of 
emitter current shown in Fig. 4-12. 

Ratinzs 

The principal maximum ratings for transistors 
are collector dissipation, collector voltage, collect
or current, and emitter current. Variations in these 
basic ratings, such as maximum collector-to-base 
volt.age, are covered in the symbols chart later in 
this chapter. The designer should study the 
maxi.mum ratings of a given transistor before 
selecting it for use in a circuit. 

The dissipation rating can be a troublesome 
matter for an inexperienced designer. Techniques 
must be employed to reduce the operating 
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Fig. 4-14 - Basic transistor amplifier circuits. The 
differences between modes is readily apparent. 
Typical comp0rtent values are given for use at 
audio frequencies. The input and output phase 
relationships are as shown. 

temperature of power transiston, and this u5ually 
requires that thermal-conducting materials (heal 
sinks) be ins tailed on the body of the transistor. 
The specification sheets list the maximum 
transistor dissipation in tenns of case temperatures 
up to 25 degrees C. Symbol Tc is used for the case 
temperature and PT represents the total dissipa• 
lion. Silicone grease is often used lo assure proper 
thermal transfer between the IJansistor and its heat 
sink. Additional information on the use of heat 
sinks is given In Chapter 18. 

Excessive heat can lead to a condition known as 
thermal runaway . As the transistor gets hotter its 
internal resistance becomes lower, resulting in an 
increase of cmittcr-tD-i:ollector and emitter-to-base 
current. The increased current raises the dlssipation 
and further lowers the internal resistance. The 
effects are cumulative, and eventually the tran
sistor will be destroyed. It can be seen from this 
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discussion that the use or heat sinks is important, 
where applicable. 

TRANSISTOR AMPLIFIERS 
Amplifier circuits used with transistors fall into 

one of three types, known as the common-b111e, 
common-emitter, and common-i:ollector circuits. 
These are shown in Fig. 4-14 in elementary rorm. 
The three circuits correspond approximately to the 
grounded-grid, grounded-cathode and cathode
follower circuits, respectively, used with vacuum 
tubes. 

The important transistor parameters in these 
circuits are the short-i:lrcuit current transfer ratio, 
the cut-of1 frequency, and the input and output 
impedances. TIie short-circuit cunent transfer ratio 
is the ratio of a small change in output current to 
the change in input current that causes it, the 
output circuit being short-i:i.Jcuited. The cutoff 
frequency was discussed earlier in this chapter. The 
input and output impedances are, respectively, the 
impedance which a signal source working into the 
transistor would see, and the internal output 
impedance of the transistor (corresponding to the 
plate resistance of a vacuum tube, for example). 

Common-Base Circuit 

The input clra.tit or a common-base amplifier 
must be designed for low impedance, since the 
emitter-to-base resistance is of the order of 25/1 e 
ohms, where le Is the emitter current in 
milliampc:n:s. The: uplimum output load impe
dance, RL, may range from a few thousand ohms 
to I 00,000, depending upon the requirements. 

In this circuit the phase of the output 
(collector) current is the same as that of the input 
(emitter) current. The parts of these currents that 
flow through the base resistance are likewise In 
phase, so the circuit tends to be regenerative and 
will oscillate if the current amplification factor is 
greater than 1. 

Common-Emitter Circuit 

The common-emitter circuit shown in Fig. 4-14 
corresponds to the ordinary grounded-cathode 
vacuum-tube amplifier. As indicated by the curves 
of Fig. 4-13, the base current is small and the input 
impedance is therefore fairly high - several 
thousand ohms in the average case. The collector 
resistance Is some tens of thousand, of ohms, 
depending on the signal source impedance. The 
common-emitter circuit has a lower cutoff 
frequency than does the common-base circuit, but 
it gives the highest power gain of the three 
configurations. 

In this circuit the phase of the output 
(collector) current is opposite lo that of the input 
(base) current so such feedback as occun through 
the small emitter resistance is negative and the 
amplifier is stable. 

Common-Collector Circuit 

Like the vacuum-lube cathode follower, the 
common-collector transistor amplifier has high 
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input impedance and low output impedance. The 
latter ii approximately equal to the impedance of 
the signal input source multiplied by (I - a). The 
input resistance depends on the load resistance, 
being approximately equal to the load resistance 
divided by (I - a). The fact that input resistance is 
directly related to the load resistance is a 
disadvantage of this type of amplifier I! the load Is 
one whose resistance or impedance varies with 
frequency. 

The current transfer ratio with this circuit is : 

__L 
1-a 

and the cut-off frequency is the same as in the 
grounded-emitter circuit. The output and input 
currents are in phase. 

PRACTICAL CIRCUIT DETAILS 
The bipolar transistor is no longer restricted to 

use in low-voltage circuits. Many modem-day 
transistors have voltage ratings as high as 1400. 
Such transistors are useful in circuits that operate 
directly from the 117-volt ac line, following 
rectification. For this reason, battery power is no 
longer the primary means by which to operate 
blln&istorized equipment. Many low-voltage tran
sistor types are capable of developing a conside r
able amount of af or rf power, hence draw amperes 
of current from the power supply. Dry batteries 
are seldom practical in circuits of this type. The 
usual approach in powering high-current, high
wattage transistorized equipment is to employ a 
wet-cell storage battery, or operate the equipment 
fzom a 11 ?-volt ac line, stepping the primary 
voltage down to the desired level by means of a 
transformer , then rectifying the ac with silicon 
diodes. 

Coupling and Impedance Matching 

In contrast to vacuum tubes, bipolar transistors 
present low input and output impedances when 
used as amplifiers. Field-effect transistors are the 

R,. 
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exception, exhibiting terminal impedances similar 
to those of triode vacuum tubes. Therefore, the 
designer of bipolar transistor circuits must deal 
with specific matching techniques th.at assure 
efficient power transfer and acceptable stability of 
operation. Most of the LC networks used io tuned 
transistor amplifiers are of established standard 
configuration, but in practice call for much higher 
C-to-l ratios than are common to circuits using 
tubes. The low terminal impedances of bipolar 
transistors result from the fact that current is being 
amplified rather than voltage. High base or col
lector current (plus relatively low operating vol
lllges) establishes what may at limes seem to be 
unworkable terminal impedances - ten ohms or 
less. The greater the power input and output of an 
amplifier stage the more pronounced the matching 
problem becomes, requiring the employment of 
special matching techniques. Low-level amplifying 
stages are not so seriously affected, and the usual 
procedure is to use simple RC-coupling techniques 
for audio (and some rf) amplifien. This being the 
case, the disc4sslon will relate primarily to 
common-{:mitter stages that are called upon to 
d~liver significant amounts of output power. 

When designing matching network for 
efficient transfer of power from the collector to a 
given load impedance, the designer must first 
establish what the level of power output will be in 
watts. He must know also what the operating 
voltage for the collector (collector to emitter) will 
be. Once these quantities are determined the 
collector load impedance can be calculated by 
using the formula: 

V 2 
RL"~ 

'}J>0 (watts.) 

where RL = Collector load impedance at re
wnance 

Vee "'De operating voltage. collector to 
emitter 

P0 = Required power output in watts 

7MHz 
L2 L3 

Fig, 4-15 - A practical 
example illustrating the 
problems encountered 
when designing networks 
for use with solid,tate 
power amplifier... Trans
formers T1 and T2 can t,e 
used to bring the base ,md 
collector impedances up to 
a practical value for 
matching with l and T 
networks. The trans
formers ere broad-band, 
toroidal types. 

!8~ 
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X _ (B/.1.l '9/01 _ .!. 
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15:P., (1+Q•) 
Kea• OUTPUT Co• Q1 

VALUES FOIi 7 NH• 

C1 •300pF (-.) 
C2 • S50pF (HOl'fJ 
C3 • 3.SOpl' (NO#} 
LI• 0.7S.U.H 
L2• 2,4:UH 
L3" 3.2~H 
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Example: An amplifier stage must deliver 10 
watts to a known resistive load. The de voltage 
from collector to emitter is 13.6. RL Is 

R .. ~ = 18!,26 = 9.248 ohms 
L 2Po 20 

It Is not difficult to determine from this that an 
amplifier delivering, say, 25 watts output at a 
collector supply of 12 volts would have an ex
tremely low collector impedance (2.88 ohms). Pew 
standard LC networks are suitable for transforming 
that value to the typical SO-ohm nonreactive 
antenna impedance. The situation becomes even 
more complex when matching a power driver to 
the base element of a power-amplifier stage. ln 
such a case it would not be uncommon to match 
an 18-ohm collector impedance to a 3-ohm base 
impedance, or similar. 

Two common networks are illustrated in Fig. 
4-1 S. Additional information is contained in 
Chapter 6 of this book. An excellent design aid is 
Motorola's Matching Network Designs with Com
puter Solutions, Application Note AN-267- The 
bibliography at the end of this chapter lists other 
recommended texts for amateur and professional 
designers. 

Broadband toroidal-wound transformers and 
baluns are frequently used to match difficult 
impedances. They can be used in combination with 
tuned circuits or networks to arrive at practical 
network values. Resonant networks are employed 
to provide needed selectivity for auurance of cl~an 
output waveforms from amplifiers. A pracucal 
upper limit for network QL (loaded Q) is S, though 
some professional engineers design for values 
higher than S. It should be understood that the 
higher the QL the greater the chance for electrical 
instability. It is recommended that the amateur 
adhere ta the practice of designing his networks for 
QL values between 3 and S. Values 85 low as l are 
suitable for some circuits, especially low-pass 
harmonic filters of the variety used in the SCk>hm 
output line from many amplifiers. 

Bias and Biai: Stabilizadon 

Transistors must be forward biased in order ta 
conduct significant current. In the npn design case 
the collector and base must be positive with 
respect to the emitter. The same is true when 
working with a pnp device, but the base and 
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collector must be negative with respect to the 
emitter. The required bias is provided by the 
collector-to-emitter voltage, and by the emitter-to
base voltage. These bill.S voltages cause two currents 
ta now - emitter-to-collector current and 
emitter-to-base current. Either type of transistor, 
pnp or npn, can be used with a nega~ve- or 
positive-ground power source by changmg t~e 
circuit hookup ~ shown in Fig. 4-16. Forward btas 
is still properly applied in each instance. The lower 
the forward bias, the lower the collector current. 
As the forward bias is increased the collector 
current rises and the junction temperature 
increases. If the bias is continuously increased a 
point will be reached where the transistor becomes 
overloaded and bums out. This condition, called 
thennal "'naway was discussed earlier in the 
chapter. To prevent damage to the transistor, some 
form of bias stabilization should be included in the 
design. Some practical bias-stabilization te~hniq~es 
are given in Fig. 4-17. At A and B, R l m senes 
with the emitter, is for the purpose of "swamping 
out" the resistance of the emitter-base diode; this 
swamping helps to stabilize the emitter current. 
The resistance of RI should be large. compared 
with that of the emitter-base diode, which is 
·approximately equal to 25 divided by the emitter 
current in mA. 

Since the current in RI nows in such a 
direction as to bias the emitter negatively with 
respect to the base (a pnp transistor is assumed),_ a 
base-emi lier bias slightly greater than the drop m 
RI must be supplied. The proper operating point is 
achieved through adjustment of voltage divider 
R2R3, which is proportioned to give the desired 
value of no-signal collector current. 

In the transformer-coupled circuit, input signal 
currents now through RI and R2, and there would 
be a loss of signal power at the base-emitter diode 
if these resistors were not bypassed by Cl and C2. 
The capacitors should have low reactance com-

Fig. 4-16 - An example of how the circuit pol~•!tv 
can be changed to accommodate either a p":11t1ve 
or negative power-supply ground. Npn transistors 
are shown here, but the same rules apply ta pnp 
types. 

POSITIVE OAOUNO 
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(C) 
AMP. 

THERMISTOR BIAS STABILIZATION 

(D) 
Fig. 4-17 - Ellamples of bias-stabilization tech
niques. A tellt discussion Is given. 

pared with the resistances across which they are 
connected. In the rosistance-eoupled circuit R2 
serves as part of the bi.as voltage divider end also as 
part of the load for the signal-input source. As seen 
by the signal source, R3 is in parallel with R2 and 
thus becomes part of the input load resistance. C3 
must have low reactance compared with the 
parallel combination of R2R3 and the base-to
emitter resistance of the transistor. The load 
impedance will determine the reactancc of C4. 

The output load resistance in the transformer
coupled case will be the actual load as reflected at 
the primary of the transfonner, and its proper 
value wi II be determined by the transistor 
characteristics and the type of operation (Class A, 
B). The value of RL in the resistancc-<:oupled 
Clllle is usually such a,q to permit the maximum ac 
volt.age swing in the collector circuit without 
undue distortion, since Class-A operation is usual 
with this type of amplifier. 

Tran8i~tor currents are sensitive to temperature 
variations, and so the operating point tends to shift 
as the transistor heats. The shift in operating point 
is in such a direction as to increase the healing, 
leading to thermal runaway. The heat developed 
depends on the amount of power dissipated in the 
transistor, so it is obviously advantageous in thiJ 
respect to operate with as little internal dissipation 
as possible; i.e., the de input should be kept to the 
lowest value that will pennit the type of operation 
desired and should never exceed the rated value for 
the particular transistor used. 

A contributing factor to the shift in operating 
point is the collector-to-base leakage current 
(usually designated lc0 ) - that is, the current that 
flows from the collector to base with the emitter 

connection open. Tilis current., which is highly 
temperature sensitive, has the effect of increasing 
the emitter current by an amount much larger than 
/ co itself, thus shifting the operating point in such 
a way as to increase the collector current. This 
effect is reduced to the extent that / co can be 
made to flow out of the base terminal rather than 
through the ba~e~mitter diode. In the circuits of 
Fig. 4-17, bias stabilization is improved by making 
the resistance of R 1 as large as possible and both 
R2 and R3 as small as possible, consistent with 
gain and power-supply economy. 

It is common practice to employ certain devices 
in the bias networks of transistor stages to enhance 
biai; stability. Thermistors or diodes can be used to 
advantage in such circuits. Examplt:5 of both 
techniques are given in Fig. 4-17 at C and D. 
Thermistors (temperature-sensitive resistors) can be 
used to compensate the rapid increase in collector 
current which is brought about by an increase in 
temperature. As the temperature in that part of the 
circuit increases, the thermistor's resistance de
creases, reducing the emitter-to-base volt.age (billli). 
As the bias is reduced in this manner, the collector 
current tends to remain the same, thus providing 
bias stabilization. 

Resistors RS and R7 of Fig. 4-17D are selected 
to give the most effective compensation over a 
particular temperature range. 

A somewhat better bias-stabilization method ill 
shown in Fig. 4-l 7C. In this instance, a diode is 
used between the base of the transistor and 
ground, replacing the resistor that is used in the 
circuits at A and B. The diode establishes a fixed 
value of forward bias and sets the no-signal 
collector cuuent of the tranNistor. Also, the diode 
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bias cummt varies in direct proportion with the 
supply voltage, tending to hold the no-signal 
collector current of the transistor at D steady value. 
If the diode is installed thermally close lo lhe 
transistor with which it is used (clamped to the 
chassis near the uanslstor heat sink), it will provide 
protection against bias changes brought about by 
temperature excursions. As the diode temperature 
increases so will the diode bias cum:nl, thus 
lowering the bias voltage. Ordinarily, diode bias 
stabilization is applied to Class B stages. With 
germanium transistors, diode bias stabilization 
reduces collector-current variations to approxi
mately one fifth of that obtainable with thermistor 
bias protection. With silicon transistors, the current 
vuiations are reduced lo approximately one-fif
teenth the lhermislor-bias value. 

Frequency Stabiliry 

Parasitic oscillations arc a common source of 
trouble in transistor circuits. If severe enough in 
magnitude they can cause thermal runaway and 
destroy the transistor. Oscillation can take place at 
any frequency from just above de to the fT of the 
device, and these parasitics can often pass 
unnoticed if the waveforms are not examined with 
an oscilloscope. In addition lo posing a potentia1 
danger to the device itself, the oscillations can 
cause distortion and unwanted radiation of 
spurious energy. In an amateur uansmitler this 
condition can lead to violation notic:4!s from the 
FCC, interference Co other services, and lVI. In 
the case of receivers, spurious energy can cause 
"'birdies" and poor noise figures. 

A tranmtor chosen for high-frequency opera
tion CIT at lc115t five times greater than the 
proposed operating frequency) can easily oscillate 
above the operating frequency if feedback 
conditions are correct. Also, the device gain in the 
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Fig. 4-18 - Various methods for assuring high- and 
low-frequency circuit stability. (See text.I 

spectrum below the operating frequency will be 
very high, giving rise to low-frequency oscillation. 
At vhf and uhf phase shifts come into play , and 
this condition can encoura~ positive feedback, 
which leads to instability. Al these higher 
frequencies it is wise to avoid the use of rf chokes 
and coupling capacitors whenever possible. The 

capacitors can cause shifts in phase (as can the base 
semiconductor material in the transistor), and the 
if chokes, unless of very low Q, can cause a 
tuned-hue tuned-<:olllictor condition. Some pre
cautionary measures against instability are shown 
in fig. 4-18. At A, RFC! has its Q lowered by the 
addition of the 100-ohm series resistor, Alterna
tively, RFC) could be shunted by a low-value 
resistor, but at some sacrifice in driving power. One 
or more ferrite beads can be slipped over the pigtail 
of an rf choke to lower the Q of the inductor. This 
method may be preferred in instances where the 
addition of a low-lllllue resistor might establish an 
undesirable bias condition, as in the base re tum of 
a Class C stage. Pansitic choke Zl consists of three 
ferrite bead~ slipped over a short piece of wire. The 
choke is installed as close to the collector terminal 
as possible. 1l1ls low-Q choke will help prevent vhf 
or uhf instability. RFC2 is part of the decoupling 
network in the collector supply lead. It is bypassed 
for the operating frequency by means of the 
.01-µF capacitor, but is also bypassed for low 
frequencies by the addition of the 1-µF capacitor. 
In the vhf 11mplifier at B, ZI and 22 arc 
ferrite-bead chokes. They present a high impedance 
to tho base and collector elements, bul because 
they are low-Q chokes there is little chance for 
them to permi I a tuned-base tuned-collector 
oscillation. At C, the stage operates Class A, a 
typical ammgement in the low-level section of a 
transmitter. and the emitter is above ground by 
virtue of billll resistor RI. It must be bypassed to 
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assure maximum stage gain. Herc the emitter is 
bypassed for the operating frequency and for vhf. 
By not bypassing the emitter for low frequencies 
the stage is degenerative at 'If. This will lessen the 
chance of low-frequency oscillation. The supply 
leads, however, are bypassed for the operating 
frequency and for If, thus preventing unwanted 
fet:dback bt:twecn stages along the supply leads. 21 
is a ferrite-bead vhf/uhf parasitic choke. The 
IO-ohm resistor, R2, also helps suppress vhf 
para~itics. The emitter lead should be kept as short 
as possible in all three circuits to enhance stability 
and to prevent degeneration at the operating 
frequency. It is wise to use rf shields between the 
input and output halves of the rf amplifier stage to 
prevent unwanted coupling between the base and 
collector tuned circuits. At operating frequencies 
where toroid cores are suitable, the shields can 
often be omi tied if the tuned circuits use toroidal 
inductors. Toroidal transfonners and inductors 
have self-shielding properties - an asset to the 
designer. 

FIELD-EFFECT TRANSISTORS 

Still another semiconductor device, the field
effect transistor, (FET) is superior to bipolar 
transistors in many applications because it has a 
high input impedance, its characteristics more 
nearly approach those of a vacuum tube. 

The Junction FET 

Field~ffect transistors are divided into two 
main groups: junction FETs, and MOSFETs. The 
basic JFET is shown in Fig. 4-19. 

The reason for the terminal names will become 
clear later. A de operating condition is set up by 
starting a current flow between source and drain. 
This current flow is made up of free electrons since 
the semiconductor is n-type in lht: channel, so a 
positive voltage is applied at the drain. This 
positive voltage attracts the negatively charged free 
electrons and the current flows (Fig. 4-20). The 
next step is to apply a gate volt.age of the polarity 
shown in Fig. 4-20. Note that this reverse-biases 
the gates with respect to tl1e source, channel, and 
drain, This reverse-bias gate vollllge causes a 
depletion layer to be formed which takes up part 
of the channel, and since the electrons now have 
less volume in which to move the resistance is 
greater and the current between source and drain is 
reduced. If a large gate voltage is applied the 
depletion regions meet, causing pinch off, and 
consequently the source-drain current is reduced 
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Fig. 4-19 - The junction field-effect transistor. 
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Fig, 4-20 - Operation of the JFET under applied 
bias. A depletion region (light shading) is formed, 
compressing the channel and increasing its 
resistance to cu1Tent flow. 

nearly to zero. Since the large source-drain current 
changed with a relatively small gale voltage, the 
device acts as an amplifier. In the operation of the 
JFET, the gate terminal is never foward biased, 
becau!le if it were the source-drain current would 
all be diverted through the forward-biased gate 
junction diode. 

The resistance between the gate terminal and 
the rest of the device is very high, since the gate 
terminal is always rever.;e biased, so the JFET has a 
very high input resistance. The source terminal is 
the source of current carriers, and they are drained 
out of the circuit at the drain. The gate opens and 
closes the amount of channel current which flows 
in the pinch-off region. Thus the operation of a 
FET closely res~mbles the operation of the vacuum 
rube with its high grid input impedance. 
Comparing the JFET to a vacuum tube, the source 
corresponds to the cathode, the gate to the grid, 
and the drain to the plate. 

MOSFETs 

The other large family which makes up 
field-effect transistors is the insulated-gate FET, or 
MOSJ7ET, which is pictured schematically .in Fig. 
4-21. In order to set up a de operating condition, a 
positive polarity is applied to the drain tenninal. 
The substrate is connected to the source, and both 
are at ground potential, so the channel electrons 
are attracted to the positive drain. In order to 
regulate this source-drain current, voltage is applied 
co the gate contact. The gate is insulated from the 
rest of the device by a layer of very thin dielectric 
material, so this is not a p-n junction between the 
gate and the device - thus the name insulated gate. 
When a negative gate polarity is applied, 
positive-charged holes from the p-type substrate 
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Fig. 4-21 - The insulated-gate field-effect transis
tor. 
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Fig. 4-21 A-Typical JF ET characteristic curves. 

are attracted toward the gate and the conducting 
channel is made mon: narrow; thus the source
drain current is reduced. When a positive gate 
voltage is connected, the holes in the substrate are 
repelled away, the conducting channel is made 
larger, and the source-drain current is Increased. 
The MOSFET is more flexible since either a 
positive or negative voltage can be applied to the 
gate. The resistance between the gate and the rest 
of the device is extremely high because they are 
separated by a layer of thin dielectric. Thus the 
MOSFET has an extremely high input impedance. 
In fact, since the leakage through the insulating 
material is generally much smaller than through the 
reverse-biased p-n gate junction in the IFET, the 
MOSFET has a much higher input impedance. 
Typical values of Rin for the MOSFET are over a 
million megohms, while R1n for the JFET ranges 
from megohms to over a thousand megohms. There 
are both single-gate and dual-gate MOSFETs avaiJ. 
able. The latter has a ~ignal gate, Gate l, and a 
control gate , Gate 2. The gates are effec lively in 
series making it an easy matter to control the 
dynamic range of the device by varying the bias on 
Gate 2. Dual-gate MOSFETs are widely used u 
agc-oontrolled rf and i-f amplifiers, as mixers and 
product detectors, and as variable attenuators. The 
isolation between the gates is relaltvely high in 
mixer service. This helps lessen oscillator "pulling" 
and reduces oscillator radiation. The forward lraru
admlttance (transconductance, or Km ) of modem 
MOSFETs is as high as 18,000, and they ar~ 
designed lo operate efficiently well into the uhf 
spectrum. 

Characterigtic Curves 

The characteristic curves for the FETs des
cribed above are shown inFigs.4-21Aand4-21B, 
where drain-source current is plotted against 
drain-source voltage for given gate voltages. 

40673 

~ IN 

G~¢uas. 

Fig. 4-22 - Schematic presentation of a gate
protectea MOSFET. Back-to-back Zener diodes are 
bridged Internally from gates 1 and 2 to Iha 
source/substrate element. 
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Fig. 4-21 B-Typical MOSFET characteristic curves. 

Classifications 

Field-effect transistors are classed into two 
main groupings for application in circuits, EN
HANCEMENT MODE and DEPLETION MODE. 
The enhancement-mode devices are those specific
ally constructed so that they have no channel. 
They become useful only when a gate voltage is 
applied that c11uses a channel to be fonned. 
IGFETs can be used as enhancement-mode devices 
since both polarities can be applied to the gate 
without the gate becoming forward biased and 
conducting. 

A depletion-mode unit conesponds to Fi~. 
4-19 and 4-21 shown earlier, where a channel exists 
with no gate voltage applied. For the JFET we can 
apply a gate voltage and deplete the channel, 
causing the current to decrease. With the MOSFET 
we can apply n gate voltage of either polarity so 
the device can be depicted (current decreased) or 
enhanced (current increased). 

To sum up, a depiction-mode FET is one which 
has a channel constructed; thus it has a current 
flow for zero gate voltage. Enhancement-mode 
FETs are those which have no channel, so no 
current flows with zero gate voltage. 

Gate-Protected FETs 

Most JFETs are capable of withstanding up to 
80 volts pk-pk from gate to source before junction 
damage occurs. Insulated-gate FETs, however, can 
be damaged by allowing the leads to come in 
contact with plastic materials, or by the simple act 
of handling the leads with one's fingers. Static 
charges account for the foregoing, and the damage 
takes the fonn of punctured dielectric between the 
gate or gates and the remainder of the internal 
elements. Devices of the MFE3006 and 3Nl40 
series are among those which can be easily 
damaged. 

Gate-protected MOSFETs are currently 
available, and their gales are able to withstond 
pk-pk voltages (gate to source) of up to 10. 
Internal Zener diodes are connected back to back 
from each gate to the source/substrate element. 
The 40673 and 3N200 FETs are among the types 
which have built-In Zener diodes. Dual-gate 
MOSFETs which are gale-protected can be used as 
single-gate protected FETs by connecting the two 
gate leads in parallel. A gate-protected MOSFET is 
shown schematically in Fig. 4-22. 



Integrated Circuits 

A collection of modern ICs. Various case styles of 
metal and epoxy materials are illustrated. 

INTEGRATED CIRCUITS 

Just a.~ the term implies, intcgrdted circuits 
()Cs) contain numerous components which o.re 
manufactured in such a way as to be suitably 
interconnected for a particular application, and on 
one piece of semiconductor base material. The 
various elements of the IC are comprised of 
bi-pol.ar transistors, MOSFETs, diodes. resistances, 
and capacitances. There are often as many as ten or 
more tranYStors on a single JC chip, and frequently 
their respective bias resistors are formed on the 
chip. Generally speaking. ICs fall into four basic 
categories - differential amplifiers, operational 
amplifiers, diode or transistor arrays, and logic ICs. 

IC Structures 
The bas.ic IC is formed on a uniform chip of 

n-type or p-type silicon. Impurities are introduced 
into the chip, their depth into it being determined 
by the diffusion temperature and time. The 
geometry of the plane surface of the chip is 
determined by masking off certain areas, applying 
photochemical techniques, and applying a coating 
of insulating oxide. Certain areas of the oxide 
coating are then opened up to allow the formation 
of interconnecting leads between sections of the 
IC. When capacitors are formed on the chip, the 
oxide serves as the dielecbic material. Fig. 4-23 

RCA CA3028 
DIFFERENTIAL AMP. 
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(B) 

93 
1hows a reprcacntative three-component JC in both 
pictorial and schematic form. Most integrated 
circuits are housed in T0-5 type cases. or in 
fiat-pack epoxy blocks. ICs may have as many as 
12 or more leads which connect to the various 
elements on the chip. 

Types of IC Amplifier.. 
Some ICs are called differential amplifiers and 

others are known as operational amplifiers. The 
basic differential-amplifier IC consisu of a pair of 
transistors that have similar input circuits. The 
inputs can be connected so a.~ to enable the 
transistors to respond to the difference between 
two voltages or currents. During this function, the 
circuit effectively suppresses like voltages or 
currents. For the sake of simplicity we may think 
of the differential pair of transistors as a p1uh-pull 
amplifier stage. Ordinarily. the differential pair or 
transistors are fed from a controlled, constant
current source (Q3 in Fig. 4-24A. Ql and 02 are 
the differential pair in this instance). Q3 is 
commonly called a transistor current sink. 
Excellent balance exists between the input 
terminals of differential amplifiers because the 
base-to-emitter voltages and current gains (beta) of 
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Fig. 4-23 - Pictorial and schematic illustrations of 
a simple IC device. 
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Fig. 4-24 - At A, a representative circuit for a typical differential IC. An Operational Amplifier IC is 
illustrated at B. also in representative form. 
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Fig. 4-25 - Some typical circuit applications for a 
differential amplifier IC. The internal circuit of the 
CA3028A IC is given in Fig. 4-24 at A. 
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the two transistors are closely matched. The match 
results from the fact that the transistors are formed 
next to one another on the same silicon chip. 

Differential ICs are useful as linear arnplifieJS 
from de to the vhf spectrum, and can be employed 
in such circuits as limiters, product deteclon, 
frequency multipliers, mixers, amplitude modul~
tors, squelch, rf wid i-f amplifiers, and even ii 
signal-generating applications. Although they are 
designed to be used as differential amplifiers, they 
can be used in other types of circuits as well, 
treating the various IC components as discrete 
units. 

OperationaJ-amplifier ICs are ba.~ically very
high-gain direct-coupled amplifiers that rely on 
feedback for control of their response characteri1-
tics. They contain cascaded differential amplifiel'll 
of the type shown in Fig. 4-24A. A separate output 
stage, Q6 -Q7, Fig. 4-24B, is contained on the 
chip. Although operational ICs can be successfuUy 
operated under open-loop condition.,, they are 
generally controlled by ex temally applied negatiYe 
feedback. Operational amplifiers are most often 
used for audio amplificalion. as frequency-shaping 
( peaking, notching, or bandpa~s) amplifiers, or as 
integrator, differentiator, or comparator amplifiers. 

Diode-!Cs an: also being manufactured in die 
same manner as outlined in the foregoing section. 
Several diodes can be contained on a single silicon 
wafer to provide a near-perfect match between 
diode characteristics. The diode arrangement can 
take the form of a bridge circuit, series-connected 

SEMICONDUCTOR DEVICES 

BALANCED DIFFERENTIAL 
AM?LIFIER 

(B) 

I 
2000 (CT):10k 

Ml ·Z 

TOAF 
AIIP. 

kJIJ\r-l--l--_....._.,.._.-I\/Vv---0+9V 

IIFO 
INJECTIO 

PRODUCT DETECTOR 

(DI 

groups, or as separate components. Diode ICs of 
this kind are useful in balanced-modulator circuits, 
or to any application requiring closely matched 
diodes. 

Fig. 4-25 demonstrates the ve153tility of just 
one type of IC, an RCA CA3028A differential 
amplifier. Its internal workings are shown in Fig. 
4-24A, permitting a comparison of the schematic 
diagram and the block representations ofFig. 4-25. 
The circuit at B in Fig. 4-25 is characterized by its 
high input and output impedances (several 
thousand ohms), its high gain, and its stability, 
Tilis circuit can be adapted as an audio amplifier 
by using transfonner or RC coupling. In the 
circuits of B and C tenninal 7 is used to manually 
control the rf gain, but age can be applied to that 
terminal instead. In the circuit at D the CA3028A 
provides low-Doise operation and exhibih good 
conversion gain as a product detector. The 
CA3028A offers good performance from de to 100 
MHz. 

PRACTICAL CONSIDERATIONS 
Some modem-day ICs are designed to replace 

nearly all of the discrete components used in 
earlier composite equipment. One example can be 
seen in the RCA CA3089E Oat-pack IC wbich 
contains nearly the entire circuit for an fm 
receiver. The IC contains 63 bipolar transistors, 16 
diode~. and 32 resistors. The CA3089E is de~igned 
for an i-f of 10.7 MHz and requires but one 
outboard tuned cin:uiL The chip consisis of an i-£ 



Transistor Arrays 

Fig. 4-26 - The circuit at A shows practical 
component values for use with the CA3089E fm 
subsystem IC . A COS/MOS array IC is illustrated at 
B In schematic-diagram form. It consists of three 
complementary-symmetry MOSFET pairs. The 
illustration at C shows how the CA3600E can ba 
connected in cascade 10 provide at least 100 dB of 
audio 11mplification. 

amplifier, quadrarure detecto.r, audio prearnpli6er, 
age, afc, squelch, and a tuning-meter circuit. 
Limiting of -3 dB takes place at the 12-1,JV input 
level. When using an IC of this kind it is necessary 
only to provide a front-end converter for the 
desired frequency of reception, an audio amplifier, 
and a power supply (plus speaker, level controls, 
and meter). 

There are two IC subsystem units designed for 
a-m receiver use. Each is similar in complexity to 
the CA3089E illustrated in Fig. 4-26. These com
ponents are identified as CA3088E and CA3 I 23E. 
The latter is described in RCA Data File No . 63 I. 
Both ICs are readily adaptable to communication~ 
receiver use and should become popular building 
blocks for amateurs who desire compact, portable 
receiving equipment . 

TRANSISTOR ARRAYS 

Amateur designers should not overlook the 
usefulness of transistor- and diode-array !Cs. These 
devices contain numerous bipolar or MOSFET 
transistors on a common substrate. In most in
stances the transistors can be employed as one 
would treat discrete npn devices. An entire receiver 
can be made from one transistor-array JC if one 
wishes to construct a compact assembly. The 
CA3049 is a dual independent differential rf/i-f 
amplifier chip with an fT of 1.3 GHz. It is 
especially well suited to applications which call for 
double-balanced mixers, detectors, and modu
lators. Another device of similar usefulness is the 
CA301 BA. The CA304S should also be of interest 
to the amaieur. Matched electrical characteristics 
of the transislon in these )Cs offer many ad-
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Fig. 4-71 - Transistor arrays offer unlimitad 
application because several circuit combinations 
are possible. The CA3018A IC at A has a 
Darlington-connected pair plus 1WO separate 
transistors, At B, two transistors are internally 
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vantages not available when using discrete tran
sistors. Fig. 4-27 shows the internal workings of 
the CA3018A and CA3045 ICs. 

COS/MOS (complementary1ymmetry metal
oxide silicon) ICs are becoming increllingly 
popular, and one RCA part, the CA3600E, con
tains an array of complementary-symmetry 
MOSFET pairs (three) which can be used in
dividually or in cascade, as shown in fig. 4-26 at 8. 
Detailed information is given in RCA File No. 619. 
The CA36D0E is a high-input impedance, micro
power component which is lillilable for use a& a 
preamplifier, differentiaJ amplifier, op amp, com
parator, timer, mixer, chopper, or oscillator. 
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connected in II ditfarential amplifier fashion. Three 
separate transiston are available for use in other 
functions. The arnrys shown here ara useful into 
the vhf spectrum. 
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One of the more interesting and useful array of 

ICs is the RCA CA3 I 02E. It contains two differ
ential pairs and two current-soUJ"ce transistor~ The 
device is ideally suited for use in doubly balanced 
mixers, modulators, and product detectors. The 
CA3102E is excellent for use in the following 
additional applications: vhf amplifiers, vhf mixers, 
rf amp./mixer/oscillator combinations, i-f ampli
fiers (differential and/or cascode mode), ~ynchro
nous detectors, and sense amplifiers. This IC is 
similar in configuration lo the CA3049T array, but 
has an independent substrate connection which is 
common to an internal ~hield that separates the 
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two differential amplifiers. The shield helps assure 
good isolation in applications where that feature is 
required. 

FT for CA3102E is in excess of 1000 MHz. 
Noise figure at 100 MHz single transistor is 1.5 
dB. Rs " 500 ohms. Noise figure at 200 MHz 
cascode mode is 4.6 dli. Additional specifications 
can be found in RCA Data File No. 611. The 
CA3102E offer~ almost limitless possibilities for 
applications in amateur radio design work. The 
chip is manufactured in a 14-lead DIP package. The 
CA3049T comes encased in a standard TO-5 
package. 

DIGITAL-LOGIC INTEGRATED CIRCUITS 

Digital logic is the term used to describe an 
overall design proccdun: for electronic systems in 
which "on" and "off" are the important words, 
not "amplification," "detection," and other terms 
commonly applied to most amateur equipment. It 
is "digital" because it deals with discrete events 
that can be characlerizcd by digits or integers, in 
contrast with linear systems in which an infinite 
number of levels may be encountered. It is .. logic" 
because it follows mathematical laws, in which 
'"effect" predictably follows "cause." 

Just like linear integrated circuits, digital !Cs 
are manufactured in such a way that the internal 
components arc interconnected for particular 
applications. Packaging of the digital IC~ is the 
same for their linear counterparts, with the full 
package range pictured earlier being used. From 
outward appearan,u, ii would be impossible to lell 
the difference between the two types of ICs except 
from the identification numbers. 

Linear ICs are constructed to respond to 
continuously variable or analog signals, such as in 
an amplifier. Digital devices, on the other hand, 
generally have active components operating only in 
either of two conditions - cutoff or saturation. 
Digital ICs find much application in on-off 
switching circuits, as well as in counting, 
computation, memory-storage, and display cin:uits. 
Operation of these circuits is based on binary 
mathematics, so words such as .. one" and ""zero" 
have come into frequent use in digital-logic 
terminology. TI1c~e terms refer to specific voltage 

levels, and vary between manufacturers and 
devices. Nearly always, a "O" means a voltage near 
ground. while '"I"' means whatever the manufactur
er specifics. One must di~tingulsh between 
"positive logic" and "negative logk." In positive 
logic, a I is more positive than a 0, though both 
may be negative voltages. In negative logic. the 
reverse is true. Often the terms "high" and "low" 
arc used in reference to these voltage levels. The 
definitions of these tenns are the same for both 
positive and negative logic. A "high" is the mos! 
positive or least negative potential, while a "1ow" is 
the least p0.'lltive or most negative. 

For practical use in some applications it is 
desirable to convert binary data into decimal 
equivalents. such as in electronic counting and 
di$play systems. In other applications, such as for 
the graphic recording or metering of ~ummations 
or products of integers. it is convenient to convert 
the digital data into analog equivalents. Specialized 
integrated circuits designed to perfonn these 
functions are also considered to be included in the 
digital-IC category. 

LOGIC SYMBOLS 

With modem microcin:uit technology, hun
dreds of components can be packaged in a single 
case. Rather than showing a forcSI of transistors, 
resistors, and diodes, logic diagram~ show symbo1" 
based on the four distinctive shapes given in Fig. 
4-28 at A through D. These shapes may be 
"modified'" or n1tered slightly, according to 

From outward appearances, these three I Cs appear 
to be identical. Although each is a J-K flip-flop. 
there are differences in their characteristics . Pic
tured at the left is a Texas Instruments SN74H72N 
integrated circuit, called a J-K master-slave flip
flop. Shown in the center is a Motorola MC1927P 
IC, which is a 120-MHz ac-<:ouplad J-K flip-flop. 
Both of these ICs might be considered "'universal"' 
flip-flops, for they may be used In e veriety of 
ways. Shown et the right is e Motorola MC726P. a 
simple J-K flip-flop. 



Types of Digital ICs 
specific functions performed. Examples are shown 
at E through H of Fig. 4-28. 

The square, Fig. 4-28D and H, may appear on 
logic diagrams Ill! a rectangle. This symbol is a 
somewhat universal one, and thus must be 
identified with supplemental infonnation to 
indicate the eiw:t function. Internal labels are 
usually u!led. Common identification labels are: 

FF - Flip-flop 
FL - Rip-flop latch 
SS - Single shot 
ST - Schmitt trigger. 

Other logic functions may lllso be represented by 
the square or rectangle, and the label should 
adequately identify the function performed. 
Unique identifying shapes arc used for gates and 
inverters, so these need no labels to identify the 
function. Hardware- or package-identification in
formation may appear inside any of the symbols 
on logic diagrams. 

TYPES OF DIGITAL ICs 
DlgitaJ integ,ated circuits perform a variety of 

functions, but these functions can generaUy be 
cataloged into just a few categories: gates, 
inverters, flip-flops, drivers and buffers, adders and 
subtracters, registers, and memories, plus the 
spcciel-purposc ICs as mentioned earlier -
decoders and converters. Some of these types, such 
as adders and subtracters, registers, and memories, 
find use primarily in compuler systems. More 
universally used types of ICs are the inverten, gates 
and nip-flops. 

Inverters 

A single chip in one IC package may be 
designed to perform several functions, and these 
functions can be independent of each other. One 
example of an IC of this type is Motorola's 
MC789P, which bears the name, "hex inverter." 
This IC contains six identical inverter sections. The 
schematic diagram of one section is shown in Fig. 
4-29A. In operation, 3.0 to 3.6 volts are applied 
between +Vee and ground. For this device in 
positive-logic applications, 11 0 is defined as any 
potential less than approximately 0.6 volt, and a I 
is any voltage greater than about 0.8. With a logic 0 
applied ol the Input, the transistor will be at or 
near cutoff. lb output will be a potential near 
+Vee, or a logic I. If the Oat the input is replaced 
by 11 1, the transistor goes into saturation and its 
output drops nearly to ground potential; a 0 
appears at the output The output of this device is 
always the opposite or complement of the input 
logic level. This Is sometimes called a NOT gate, 
bee au Be the input and output logic levels are not 
the same, under any conditions of operation. 

Shown at the right in Fig. 4-29A is the logic 
symbol for the inverter. In all logic symbols, the 
connections for -t-Vcc and the ground return are 
omitted, although they are understood to be made. 
The proper connections are given in the manJ.Ifac
turer's data sheets, and, of coune, must be made 
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Fig. 4-28 - Distinctive symbols for digital logic 
diagrams. At A is shown an inverter, at Ban AND 
gate, at C an oa gate, and at D a flip-flop. 
Additions to these basic symbols indicate specific 
functions performed, A small circle, for example, 
placed et the output point of the symbol, denotes 
that invanion occun at the output of the device. 
Shown at E is an inwning AND or NAND gate, 
and at F l1 an inverting OH. or NOR gate. At G is 
the symbol for an exclusive Oft. gate. The symbol 
at H represents a J-K flip-flop. 

before the device will operate properly. In the case 
of all multiple-function ICs, such as the hex 
inverter, a single ground connection and a single 
+Vee connection suffice for all sections contained 
in the package. 

Gates 

Another example of an IC containing several 
bdependent functions in one package is Motorola's 
MC724P, a quad 2-input gate. Faw gates are 
oont.ained in one chip. The schematic diagram and 
logic symbols for a gnte section are shown at B in 
Fig. 4-29. No with the MC789P, a supply of 3.0 to 
3.6 volts is used; for positive logic a O is a potential 
less than 0.6 volt, and a 1 is a potential greater 
than 0.8 volt. It may be seen from the schematic 
diagram that tllc two transistors have an 
independent input to each base, but they share a 
common collector resistor. Either transistor will be 
saturated with a logic I applied at its inpu I, and a 0 
output will result. A O at the input of either 
transistor will cause that uansistor to be cut off, 
but a 1 at the opposite input will hold the output 
at 0. Thus, a l at either Input 1 or Input 2 will 
cause a O (or a NOT I) to appear at the output. 
The NOT functions are usually written with a bar 
over them , 80 f means the same thing a.s NOT l, 
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Fig. 4-29 - Digital circuits and their equivalent 
logic symbols. See text. Indicated resistor values 
are typical. 

and is expressed as NOT l when reading the term. 
Logio-circuit operation can be expressed with 
equations. Boolean algebra, a form of binar1 
mathematics, Is used. These equations should not 
be confused with ordinary algebraic equations. The 
logic equation for the ~eration of the circuit b 
Fig. 4--28A is 1 v J = 1. The little v means O!!. 
Sometimes "+" is used instead of "v." In plain 
words, the equation says that a I at Input I or 
Input 2 will yield a NOT 1 at the output. This is 
equivalent of saying the circuit is an inverting OR 
gate, or a NOT OR gate. 11tis latter name is usually 
contillCted to NOR gate, the name by which the 
circuit is known. 

If the circuit of Fig. 4-29B is used with negafoc 
logic, circuit operation remains the same; only the 
definitions of terms are changed. A logic I, now, is 
a voltage level less than 0.6, and a O is a level 
greater than 0.8 volt. If a logic 1 is applied at both 
inputs, 1 and 2, both transistors will be cut off. 
The output is near +Vee, which is a logic O or NO_! 
1. The equation for this operation is I · I = I, 
where the dot means AND. In this way, with 
negative logic, the circuit becomes an inverting 
AND gate, or a NOT AND gate or, more 
commonly, a NAND gate. Manufacturers' literature 
frequently refers to this type of device as a 
NAND/NOR gate, because it performs either 
function. 

Flip-Flops 

It is not necessary for the various functions on 
a single chip to be identical. Motorola's MC780P 
IC, a decade up-counter, contains four flip-Oops, 
an inverter, and a 2-input gate. These functions are 
interconnected to provide divide-by-JO operation, 
with ten input pulses required for every output 
pulse which appear.i. Intermediate outputs o.re also 
provided (in binary-coded fonn) so that the 
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number of pulses which have entered the input can 
be detennined at all times. These binary-coded 
decimal (BCD) outputs, after decoding, may be 
used to operate decimal-readout indicators. 

The term, medium-scale integration (MSI) is 
frequently applied to ICs such as this decade 
up-counter, which contains the equivalent of IS or 
more gates on a single chip. Large-scale in legralion 
(LSI) describes ICs containing the equivalent of 
IOO or more gates on a single chip. These terms, 
when applied to a particular IC, convey an idea of 
the complexity of the circuitry. 

A flip-flop is a device which has two outputs 
that can be placed in various 1 and O combinations 
by various input schemes. Basically, one output is a 
1 when the other is a 0, although situations do 
occur (sometimes on purpose) where both outputs 
are alike. One output is called the Q output, or 
"set" output, while the other is the Q (NOT Ql or 
"reset" output. If Q = 1 and ~ = 0, the flip-flop is 
said to be "set" or in the "I state," while for the 
reverse, the flip-flop is "reset," or "cleared," or in 
the "O state." A variety of inputs exist, from which 
the flip-Oops derive their names. 

The R-S flip-flop is the simplest type. Its 
outputs change directly as a result of changes at its 
inputs. The type T flip-flop "toggles," "flips," or 
changes its stale during the occurrence of a T 
pulse, called a clock pulse. The T flip-flop can be 
considered as a special case of the J-K flip-Oop 
described later. The type D flip-Oop acts as a 
storage element. When a clock pulse occurs. the 
complementary status of the D input is transferred 
to the Q output. The flip-flop remaim in this state 
even though the input may change, as it can change 
states only when a clock pulse occurs. 

Although there is some disagreement in the 
nomenclature, a J-K flip-flop is generally consi
dered to be a toggled or clocked R-S Rip-flop. It 
may also be used as a storage element. The J input 
is frequently called the "set" or S input; the K is 
called the "clear" or C input (not to be confused 
with the clock input). The clock input is called T, 
as in the type T flip-flop. A clear-direct or Co 
input which overrides all other inputs 10 clear the 
flip-flop to D is provided in most J-K ffip-flop 
package~. The logic symbol for the J-K flip-flop is 
shown in Fig. 4-28H. A simple J-K Oip-Oop circuit 
contains 13 or 14 transistors and 16 or 18 resistors. 

There are essentially two types of flip-flop 
inputs. the de or level-sensitive type, and the "ac" 
or transi!ition-sensitive type. II should not be 
concluded lhal an ac input is capacitively coupled. 
This was true for the discrete-component flip-flops, 
bul capacitors just do not fit into microcirruit 
dimensions. The construction of an ac input uses 
the "master-slave" principle, whore the actions of a 
master flip-flop driving a slave flip-flop are 
combined to produce a shift in the output level 
during a trwuit of the input. 

DIGITAL-LOGIC IC FAMILIES 

There arr seven categories or families of which 
nearly all semiconductor digital !Cs are members. 



Digital-Logic IC Families 

Each family hill its own inherent advantages and 
disadvantages. Each is geared to its own particular 
market, meeting II Kpecific 11et of needs. 

Resistor-Transistor Logic - RTL 

RTL is known primarily for its economy. It is 
well named, since it contains resistors and 
lmn!istors exclusively. The circuits of Fig. 4-29 are 
Rn. Advantages of the RTL family arc economy, 
ease of use in system desil_!Ils, ease of interface with 
discrete components, and high speed- power 
product. There are a wide number of functions 
available in this family. Disadvantages are low 
immunity lo voltage noise (transients, rf pickup. 
and the like), and relatively low fa.noor (the 
number of loads that may be connected to an 
output before performance is degraded). The RTL 
family requires a supply of 3.0 to 3.6 volts. 

Diode-Transistor Logic - DTL 

DTL !Cs contain diodes, as well as resistors and 
transistors. Early DTL !Cs used design criteria 
carried over from the use of discrete components, 
where diodes were inexpensive compared to 
tramistors. These ICs required negative and 
positive voltage sources. Later DTL ICs are of a 
modified design which lends itself more easily to 
IC processing. Performance characteristics are also 
enhanced, with less input current being required, 
and only a single voltage source needed. Members 
of the DTL family are limited generaUy to gates. 
Advantages of this family are low power 
dissipation, compatibility with TTL (see later 
section), low cost, ease of use in system design, 
ease of interface with discrete circuits, and 
relatively high fanout. on dimlvantages are low 
noise immunity, especially in the high state where 
the input impedance is relatively high, rapid change 
in voltage threshold.~ with temperature, speed 
slowdown with capacitive loading, and lower speed 
capabilities than some other families. The on 
family requires a supply voltage of S. 

High-Threshold Logic - HTL 

HTL devices are designed for high noise 
immunity. The circuit form is the same as D11.. 
except that breakdown (Zener) diodes are used at 
the Inputs. Higher supply voltages and higher 
power dissipation~ accompany the HTL family. 
These ICs find applications in Industrial environ
ments and locations likely to have high electrical 
noise levels. Advantagc5 are high noise immunity, 
~table operation over very huge temperature 
ranges, interfaceK easily with discrete components, 
electromechanical components, and linear func
tiom (operational amplifiers and multipliers), and a 
constant ttlrcshold-versus-temperature chuacter::i5-
tic. Disadvantages arc higher cost than other 
families , and relatively high power disi;ipation. The 
H11.. family requires a supply voltage of IS. 

Tranllistor-Transbtor Logic -TTL 

TTL has characteristics that a.re 5imilar to D11.., 
and is noted for many complex functions and the 
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highest available speed of any saturated ll>gic. TTL 
may be thought of as a DTL modification that 
results in higher speed and driving capability. II is 
noted for better noise immunity than that offered 
by on, and is more effective for driving 
high-capacitance loads because of its low output 
impedance in both logic state1. TrL !Cs faU into 
two major categories - medium speed and high 
speed. Various manufacturing techniques are used 
to increase the speed, including gold doping and 
incorporation of high-speed Schollky diod~ on 
the chip. Another advantage of 1TL ii that it is 
compatible with various other families. Multiple 
sources and exlensive competition have resulted in 
low prices for TI L devices. Disadvantages a.re that 
more care is required in the layout and mechanical 
design of systems because of its high speed, and 
additional capacitors are required for bypassing 
because of switching transients. The TTL family 
requires a supply of S volts. 

Emiller-Coupled Logic - ECL 

ECL has the highest speed of any of the logic 
forms. It is sometimes called cum:nt-mode logic. 
Titis family is different from standard ~turating 
logic in that circuit operation is analogous lo that 
of some linear devices. In this case, the tsansiston 
do not saturate and the logic swings lll'e reduced in 
amplitude. Very high speeds can be attained 
because of the small voltage swings and the use of 
nonsaturating transistors. The input circuitry of 
ECL devices is of the nature of' a diffe~ntial 
amplifier, resulting in much higher input Impe
dances than saturated-logic devices. Erniuer-fol
lower outputs are of low impedance with high 
fanout capabilities, and are suited for driving 
50-ahm transmission lines directly. Disadvantages 
are higher power di~ipation, leu noise immunity 
than some saturated logic, lranslalors are required 
for interfacing with saturated logic, and slowed
down operation with heavy capacitive loading. The 
ECL family requires a supply of -5.2 volts. 

Metal-Oxide Semiconductor (MOS) 

Digita1 MOS devices are gaining significance In 
industriaJ applications, with p-channel or P-MOS 
ICs being the most popular. Large, complex 
repetitive £unctions, such as long shift registers and 
high-capacity memories, have proved very practi
cal . Gates and basic logic circuib have nul become 
as popular, because they exh1bit lower drive 
capability than other IC families. Input impedances 
to these devices are essentially capacitive (an open 
circuit for de). This feature allows very high fanout 
where speed is not a consideration. Bidirectional 
devices give more fleXlbility to the circuit designer. 
P-MOS technology results in the lowest cost per bit 
for memories and long shift registers, becau!IC 
many mo.re functions can be contained on a given 
chip size lhan in bipolar devices. Disadvantages are 
that devices must be handled more carefuUy than 
bipolar ICs because excessive static electricity can 
destroy the narrow gate oxide, even with internal 
breakdown-diode input protection. Drive capabili
ty is limited because or the high output 
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impedances chazacteristk of theae devices. Two 
power supplies 1111? usually required. The P-MOS 
family requireR supplies of -13 and •27 volts. 

Complementlll)' Metal-Oxide 
Semiconductor - CMOS 

CMOS technology employs both p;:hanncl and 
n<hannel devices on the same silicon substrate. 
Both types are enhancement-mode devices; that is, 
gate voltage must be increased in the direction that 
inverts the surface in order for the device to 
conduct. Only one of the two complementary 
devices of a circuit section is turned on at a time, 
resulting in extremely low power dissipation. 
Dissipation is primarily from the switching of 
devices through !he active region and the charging 
and discharging of capacitances. Advantages are 
low power dissipation, good noise immunity, very 
wide power supply voltage variatiom allowed, high 
fanout to other CMOS devices, and full tempera· 
ture-range capabilities. Disadvantage& are restricted 
interfacing capabilities because of high output 
impedance, and medium to high cost. The CMOS 
family requires a supply of 1.5 to 16 volts, 10 volts 
being nominal. 

IC Family Groups 

The popul.a.r digital-logic families have several 
groups where basic designs havt been modified 
for medium speed, high speed, or low power 
consumption. The TTL family ICs have single
letter dcsignalors added to the pa.rt number to 
identify the group: S - Schottky high speed, H 
- medium speed, L - low power. ECL logic, as 
yet, has no such simple identification system. 
Manufacturers group their ECL products by pro
paption delay, an expression of the maximum 
speed at which the logic device will operate. 
Motorola, for example, calls the ECL group 
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with 8-ns delay MF.CL. MECL II ha.s a speed of, 
4 ns; MF.CL 10,000, 2 ns; and MECL ID, 1.1 
ns. With a propagation delay of 1 ns, operation 
at 300 MHz is possible. 

Special Digital IC!; 

In addition lo the logic families, many 
special-p111pose digital ICs are available to ac· 
complish specific tasks. A divide-by-IO circuit, 
such as the Fairchild U6B9SH90S9X, operates 
up to 3 20 MHz and is u~ed as a presealer to 
ex tend the range of a frequency counter. This 
IC has been designed to operate with low-level 
input signals, typically 100 mV at ISO MHz. 

Large MOS arrays are being used for a num
ber of applications which require the storage of 
logic instructions. These ICs are called memo
ries. Instructions are stored in the memory by a 
process named programming. Some memories 
can be programmed only once; they are called 
ROMs (Read-Only Memory). ROMs must be 
read in sequence, but another group of devices 
called RAMs (Random-Access Memory) can be 
used a section at a time. Both ROMs and RAMs 
a.re also made in reprogrammable versions, where 
the information stored in the memory can be 
changed as desired. These models are named 
PRO Ms and PRAM1, respeclivcly. 

Large memory arrays are often used for the 
generation and conversion of Information codes. 
One IC can be programmed to convert the 5-
level RITY code to the 8-level ASCII code 
popular in computer devices. National Semicon
ductor manufactures a single IC which generates 
tbe entire S6-<:ha.racter 8-level code. Several JCs 
arc now available for character generation where 
letters and numerals arc produced for display on 
an oscillograph screen. 

OTHER DEVICES 

THE UNIJUNCTION TRANSISTOR 
Unijunction transistors (UJTI are being used by 

amateuri; for such applications as side-tone 
oscillators, sawtooth generators, pulse generators, 
and timers. 

Structurally, the UJT is built on an n-lype 
silicon bar which has ohmic contacts - base one 
(Bl) and base two (B2) - at opposite ends of the 
bar. A rectifying contact, the emitter, is st tached 
between BJ and B2 on the bar. During normal 
operation Bl is grounded and a positive bias is 
supplied to B2. When the emitter is forward biased, 
emitter current will flow and the device will 
conduct The symbol for a UJT is given in Fig. 
4-30 at C. A circuit showing a typical application 
in which a UJT is employed is shown in Fig. 4-30. 

SILICON CONTROLLED RECTIFIERS 
The silicon controlled rectifier. also known as a 

Thyristor, is a four-layer (p-n-i>-n or n-p-n-p) 
thre-lectrode semiconductor rectifier. Tht: three 

terminals are called anode, cathode and gate, Fig. 
4-288. 

The SCR differs from the silicon rectifier in 
that ii will not conduct until the voltage exceeds 
the forward breakover voltage. The value of this 
voltage can be controlled by the gate current. As 
the gate current is increased, the value of the 
forward breakover voltage is decreased. Once the 
rectifier conducts in the forward direction, the gate 
current no longer has any control, and the rectifier 
behaves as a low-forward-resistance diode. The gate 
regains controls when the current through the 
rectifier is cut off, as during the other half cycle. 

The SCR finds wide use in power..:ontrol 
applications and in lime-delay circuits. SCRs are 
available in various voltage and wattage ratings. 

TRIACS 
The triac, similar to the SCR, has three 

electrodes - the main terminal (No. I), another 
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Fig. 4-30 - Unljunction transistor and SCR 
symbols are given at B and C. A neon lamp Is used 
to trigger an SCR In the circuit et D. A UJT 
triggers the SC R in example E. 
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main terminal (No. 2), and a gate. The triac 
performs in the SllIIle manner as the SCR, but for 
either polarity of voltage applied to its main 
terminals. The SCR, as mentioned in the foregoing, 
conducts only during one half the sine-wave cycle. 
When an SCR is used in a motor-speed control, 
therefore, the motor cannot be brought up to full 
speed. The triac, however, does trigger on both 
halves of the cycle. Therefore, triacs arc prcfencd 
to SCRs in many control circuits. The triac can be 
regarded as a device in which two SCRs are 
employed in parallel and oriented in oppo~ite 
directions u shown in the drawing of Fi1. 4-30. An 
example of a motor-speed contzol which uses a 
triac u given in the construction chapter of this 
book. 

TER.M 2 

2 

TRIAC t. SCR 

(A) 
(B) 

Fig. 4-31 - The symbol for a trlac is given at A. 
The illustration at 8 shows how a triac compares to 
two SCRs connected for the same performance 
offered by a triec, thus permitting conduction 
during both halv11$ of the cycle. 

OPERATIONAL AMPLIFIERS 

Early analog computers used amplifier blocks 
which became known as operational ampllfleu, or 
simply op amps. Operational amplifiers can be 
constructed using tubes or transistors, and as 
hybrid or monolithic integrated circuits. The 
monolithic IC has become the most popular type 
of op amp. Today op-amp ICs cost approximately 
one dollar for the preferred types. They are used as 
building blocks in many circuit applications. 

The op amp is a de-coupled multistage linear 
amplifier which, in an ideal device, would have 
infinite input impedance and infinite pin. While 
the ideal op amp remains an unobtainable goal, 
voltage pins of 100,000 or more can be achieved. 
FET-lnput op amps have sufficiently high input 
impedance that the current required from the 
driving source is measured in pA (µµA). 

Gain and Feedback 

The internal circuit of a popular op-amp IC, the 
Fairchild JJA 741 (also produced by most other 

semiconductor manufacturers) is shown in Fig. 
4-32. Two inputs are provided, one the comple
ment or inverse of the other. An amplifier with 
two such inputs is known as a differential ampli
fier. If a small positive voltage is applied lo the 
nooinverling (-t-) terminal, II will produce a positive 
output. The 1ame positive voltage applied to the 
inverting (-) terminal wiU result in a nega live 
output. If the same voltage was applied to both 
terminals, the output would be zero_ Both inputs. 
can be used, called the differential connection, or 
one can be returned to ground for single-ended 
operation. In practical ICs, the output may not be 
exactly zero when both inputs are at zero poten
tial. Any output under these conditions Is called 
offset - some op amp, have provision for con
nections to an external control which compensates 
for any offset voltage by applying bias current to 
the input transistors. The offset connections for 
the µA 7 4 I are shown in Fig. 4-32. Op amps are 
available in all or the popular IC packages; consult 
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the manuracturer's literature for pin connections. 
Usually the pin connections are not the same for a 
particular device when it is made up in different 
package styles. 

For most applications the full gain of the op 
amp is not used. Feedback is employed, as shown 
in Figs. 4-34A and B .. The addition of a resistive 
divider network, Ro-RI, causes negative feedback 
by allowing part of the output voltage to be 
applied to the inverting input. The gain of the 
device will be equal to the sum of Ro and Ri, 
divided by the value of Ri. Feedback can be 
applied in a similar manner for a nonlnverting 
amplilier, Fig. 4-33B .. The voltage summer, Fig. 
4-33C, provides an output voltage which is the sum 
of al l input voltages multiplied by the gain of the 

INVERTING AMPLIFIER 

NONINVERTI NC. AMPU FIER 

El O--V-.l\l"",--"\l\1'1,---, 

E2o-,vv, ...... 

80--V\/lir'-' 

MO 

VOLTAGE FOl EA 
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Fig. 4-32 - Internal circuit 
of a µA741 operational 
amplifier. 

operational amplifier. This circuit is often em
ployed as an audio mixer. Fig. 4-330 shows the 
voltage-follower connections. The load at the 
output of this circuit can draw a large current 
while the input draws almost no currenL The 
output voltage follows the level of the input 
potential almost exactly. The output of the differ
entiator (Fig. 4-33E) is proportional to the rate of 
change of the input voltage, while the integrator 
(Fig. 4-33F) averages the level of a voltage that 
vilf'ies over a Rhort period of lime. A differential 
connection of a single op amp is shown at G. 

Stability 

Because op amps are high-gain devices with 
frequency response from de to several megahertz, 

DIFFEIWITIAT~ 
Ro 

~ r-,-1 -,--,fVV----, EO<Jr•II. Cl! (E,") 

E,,. 

l (E) Et..r 

INTEGRATOR 

DIFFERENTIAL AtolPll FIER 

9--'IMr-t---'\MrA.----, E..,,.., ~ {ENI) 

Fig. 4-33 - Basic op-amp circuits. 
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oscillation can occur. In any op-amp circuit layout, 
the inputs should be well isolated from the output. 
Input leads should be kept as short as possible. 
Supply-voltage terminals should be bypassed with 
0.1- or .01-µF capacitors. As the frequency ls 
increased, the stages within an op amp will 
introduce phase shirt. If the phase shift in the 
amplifier reaches 180 degrees before the gain has 
decreased to unity. the amplifier will be unstable. 
Some op amps, such as the µA 709 of Fig. 4-34A. 
require an external compensation network, RI-Cl, 
to reduce the gain of the device al hf. Others, the 
µA.741 of Fig. 4-34B for example, contain internal 
compensation and, thus, require no additional 
components to assure stability. 

Applications 

Most monolithic op-,amp ICs require supply 
voltages of plus S to IS and minus S to IS. 
Practice! examples of an audio amplifier and audio 
mixer are given in Fig. 4-33A and B,, respectively. 
In some amateur applications, the dual-polarity 
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Fig. 4-34 - Some typical applications of open1-
tional amplifiers. The pin numbers shown are ell 
for the metal can (TO-991 package. 

requirement can be eliminated by using a resistive 
divider to bias the nonlnverting input as indicated 
in Fig. 4-34C. If the ampHfier ls intended to be u,;ed 
as a limiting device (the input stage of an RTTV 
demodulator is an example} an offset control 
should be added to allow adjustment for equal 
clipping of the negative and positive peaks (Fig. 
4-34D). 

Another popular U5e for the op amp is as a 
compar.ator - see Fig. 4-34E. A comparator is used 
to indicate when a difference exists between a 
reference voltage and an input voltage. The output 
of the comparator wlll swing from Its maximum 
positive voltage to maximum negative when the 
input exceeds the reference (:r.ero voltage if the 
reference is zero). A number of op amps optimized 
for comparator service are available; they an: often 
used as Interface devices between linear and digital 
circuits. The operational amplifier Is often em
ployed inactive filten, which use RC components 
to provide low-pass, high-pass, and bandpass char
acteristics. A simple iUustration, an RC filter 
network tuned to 1200 Hz connected in parallel 
with the feedback resistor, is given In Fig. 4-34F. 
This design is for low Q giving a characteristic 
suitable for a cw receiver. The gain at resonance is 
approximately 40. Additional information about 
active filters and other op-amp circuits is available 
in the publications listed In the bibliography at the 
end of this chapter. 
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ABBREVIATED SEMICONDUCTOR SYMBOL LIST 

BIPOLAR TRANSISTOR SYMBOLS 

Ctbo - Input capacitance, open ciJ:cuit Jlee - Collector-supply voltage 
(common base) VcE - Collector-to-emitter voltage 

Cieo - Input capacitance, open circuit VeEO - Collector-to-emitter voltage (base 
(common emitter) open) 

Cobo - Output capacitance, open circuit VcE<••O - Collector-to-emitter saturation volt-
(common base) age 

Coeo - Output capacitance, open circuit VEB - Emitter-to-base voltage 

(common emitter) VEBO - Emitter-to-base voltage (collector 

le - Cutoff frequency open) 

h - Gain-bandwidth product (frequen- VEE - EmitteMupply voltage 
cy at which small-signal forward Yte - Forward transconductance 

current-transfer ratio, common Yie - Input Admittance 
emitter, is unity, or 1) Yoe - Output Admittance 

Kme - Small-signal transconductance FIELD-EFFECT TRANSFER SYMBOLS 
(common emitter) 

hFe - Static forward-current transfer A - Voltage amplification 

ratio (common base) Cc - Intrinsic channel capacitance 

hrb - Small-signal forward-current trans- Cds - Drain-to-source capacitance (in-

fer ratio, short circuit (common eludes approximately 1-pF drain-

base) 
C1d 

to-case and interlead capacitance) 

hFE - Static forward-current transfer - Gate-to-drain capacitance (includes 

ratio (common emitter) 
Cgs 

0.1-pF interlead capacitance) 

hte - Small-signal forward-current trans- - Gate-to-source interlead and case 

fer ratio, short circuit (common 
Ciss 

capacitance 
emitter) - Small-signal input capacitance, 

h1E - Static input resistance (common short circuit 
emitter) Crss - Small-signal reverse transfer capaci-

hie - Small-signal input impedance, short tance, short circuit 
circuit (common emitter) grs - Forward transconductance 

lb - Base current g-15 - Input conductance 

le - Collector current Kos - Output conductance 

lceo - Collector<utoff current, emitter lo - De drain current 

open los(OFF)- Drain-to-source OFF current 

ICEO - Collector<utoff current, base open iGsS - Gate leakage current 

IE - Emitter current re - Effective gate series resistance 

MAG - Maximum available amplifier gain 'DS(ON) - Drain-to-source ON resistance 
PcE - Total de or average power input to rgd - Gate-to-drain leakage resistance 

PoE 
coUector (common emitter) rp - Gate-to-source lealcage resistance 

- Large-signal output power (common YoB - Drain-to-substrate voltage 
emitter) Vos - Drain-to-source voltage 

RL - Load resistance JIGB - De gate-to-substrate voltage 
Rs - Source resistance VGB - Peak gate-to-substrate voltage 
Vee - Base-supply voltage YGs - De gate-to-source voltage 
Vee - Base-to-collector voltage VGs - Peale gate-to-source voltage 
VBE - Base-to-emitter voltage VGS(OFF>- Gate-to-source cutoff voltage 
Yes - Collector-to-base voltage Yts - Forward transadmittance r:grs 
Vceo - Collcctor-to•base voltage (emitter Y os - Output admittance 

open) YL - Load admittance 
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Chapter 5 

AC-Operated 
Power Supplies 

Power-line voltages have been "stan
dardized" throughout the U.S. at 115 
- 230 V in residential areas where a 
single voltage phase it supplied. These 
figures represent nominal voltages, 
however. "Normal" line voltage in a 
particular area may be between ap
proximately 110 and 125 volts, but 
generally will be above 1I5 volts. In 
many states, the sen,ice is govemed by 
the state's public utilities commission. 
The voltage average across the country 
is appro:cimately 117 volts. Sourre of 
information: Edison Electric Company 
(an association of power companies), 
New York, NY. 

The electrical power required to operate 
amateur radio equipment is usually taken from the 
ac lines when the equipment is operated where this 
power is available; in mobile operation the prime 
source of power is usually the storage battery. 

The high-voltage de for the plates of vacuum 
tubes used in receivers and transmitters is derived 
from the commercial ac lines by the use of a 
transformer-rectifier-filter system. The transformer 
changes the voltage of the ac to a suitable value, 
and the rectifier converts it to pulsating de. The 
filter reduces the pulsations to a suitably low level, 

and may have either a capacitor input or a choke 
input, depending on whether a shunt capacitor or a 
series inductor is the fint filter element. Essentially 
pure direct cunent is required to prevent hum in 
the output of receivers, speech amplifiers. modula
tor.; and transmitters. In the case of transmitters, a 
pure de plate supply is also dictated by government 
regulations. If a constant supply voltage ls required 
under conditions of changing load or ac line 
voltage, a regulator is used following the filter. 

When the prime power source is de (a battezy), 
the de is first changed to ac, and is then followed 
by the transformer-rectifier-filter system. Addi
tional information on this type of supply is 
contained in Chapter 10. 

The cathode-heating power can be ac or de in 
the case of indirectly heated cathode tubes, and ac 
or de for filament-type tubes if the tubes are 
operated at a high power level (high-powered audio 
and rf applications). Low-level operation of 
filament-type tubes generally requires de on the 
filamenu if undue hum is to be avoided. 

Occasionally tranaformerlesa power supplies ue 
used in some applications (notably in the ac-dc 
type of broadcast receiver). Such supplies operate 
directly from the power line, and it is necessary to 
connect the chassis or common-return point of the 
circuit directly to one side of the ac line. This type 
of power supply represents an extreme shock 
hazard when the equipment is interconnected with 
other apparatus in the amateur station, or when 
the chassis is exposed. For safety reasons, an 
isolation transformer shouJd be used with such 
cquipmmt when it is present in an amateur station. 

POWER-LINE CONSIDERATIONS 

POWER LINE CONNECTIONS 

In most residential systems, three wires are 
brought in from the ouUide to the distribution 
board, while in other systems there are only two 
wires. In the three-wire system, the third wire is 
the neutral which is grounded. The voltage 
between the other two wires normally is 230, while 
half of this voltage (HS) appears between each of 
these wires and neutral, as indicated in Fig. S-lA. 
In systems of this type, usually it will be found 
that the 11S-volt household load is divided as 
evenly as possible between the two sides of the 
circuit, half of the load being connected between 

one wire and the neutral, while the other half of 
the load is connected between the other wire and 
neutral. Heavy appliances, such as electric stoves 
and heaters, normally are designed for 230-volt 
operation and therefore are connected across the 
two ungrounded wires. While both ungrounded 
wires should be fused, a fuse should never be used 
in the wire to the neutral, nor should a switch be 
used in this side of the line. The reason for this is 
that opening the neutral wire does not disconnect 
the equipment. It simply leaves the equipment on 
one side of the 230-volt circuit in series with 
whatever load may be across the other side of the 
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Fig. 5-1 - Three-wire power-line circuits. A - Normal 3-wire-line termination. No fuse should be used in 
the grounded (neutral I line. B - Showing that a switch in the neutral does nor remove voltage from 
either side of the line. C - Connection1, for both 115- and 230-volt transformers. D - Operating a 
115-volt plate transformer from the 230-volt line to avoid light blinking. Tl is a 2-to•l step-down 
transformer. 

circuit, as shown in Fig. 5-1 B. Furthermore, with 
the neutral open, the voltage will then be divided 
between the two sides in inverse proportion to the 
load resistance, the vol tagc on one side dropping 
below normal, while it soars on the other £ide, 
unless the loads happen to be equal. 

The usunl line running to baseboard outlets is 
rated at I 5 amperes. Considering the power 
consumed by filaments, lamps, lransmitter, re
ceiver and other auxiliary equipment, it is not 
unusual to find this I 5-A rating exceeded by the 
requirements of a station of only moderate power. 
It must also be kept in mind that the same branch 
may be in use for other household purposes 
through another outlet. For this reason, and to 
minimize light blinking when keying or modulating 
the trammitter, a separate heavier line should be 
run from the distribu lion board to the station 
whenever possible. (A three-volt drop in line 
voltage will cause noticeable light blinking.) 

If the system is of lhe three-wire 230-\l type, 
the three wires should be brought into the station 
so that the load can be distributed to keep the line 
balanced. The voltage across a fixed load on one 
side of the circuit will increase a.s the load current 
on the other side is increased. The rate of increase 
will depend upon the resistance introduced by the 
neutral wire. If the rcsi~tance of the neutral Is low, 
the incrcB!le wiU be correspondingly small. When 
the cuoenls in the 1wo circuits an: balanced, no 
current flows in the neutral wire and the system is 
operating at maximum efficiency. 

Light blinking can be minimized by using 
transformers with 230-volt primaries in the power 
supplies for the keyed or intemtittent part of the 
load, connecting them across the two ungrounded 
wires with no connection to the neutral, as !lhown 
in Fig. 5-IC. The same can be accomplished by the 
insertion of a step-down transformer with its 
primary operating at 230 volts and secondary 
delivering 115 volts. Convention~! 11 S-volt trans· 
formers may be operated from the secondary of 
the slep-<iown transformer (see f-ig. S-1D). 

When a special heavy-duty line is to be 
installed, the local power company should be 
consulted a.s to local requircmen ts. In some 
localities it is necessary to have such a job done by 
a licensed electrician, and there may be special 

requirements to be met. Some amateurs terminate 
the special line to the station at a switch box, while 
othe~ may use electric-stove receptacles as the 
termination. The power is then distribu led around 
the station by means of conventional outlets at 
convenient points. All circuits should be properly 
fused. 

Three-Wire 11S-V Power Cords 

To meet the requirements of state ond national 
codes, electricaJ tools, appliances and many items 
of electronic equipment now being manufactured 
to operate from the 115-volt line must be equipped 
with a 3-eonductor power cord. Two of the 
conductms carry power to the device in the usual 
fashion, while the thud conductor is connected lo 
the case or frame . 

When plugged into a properly wired mating 
receptacle, the 3-<:ontact polarized plug connects 
this third conductor to an earth ground, thereby 
grounding the chassis or frame of the appliance and 
preventing the possibility of electrical shock 10 the 
user. All commercially manufactured items of 
electronic test equipment and mo~t a~-operatcd 
amateur equipments are being supplied with these 
3-wire cords. Adapters are available for use where 
older electrical installations do not have mating 
receptacles. For proper grounding, the lug of the 
green wire protruding from the adapter muu be 
allached underneath the screw securing the cover 
plate of the outlet box where connection is made, 
and the outlet box itself must be grounded. 

Fusing 

All transforme, primary circuits should be 
properly fused. To determine the approximate 
current rating of the fuse to be used, multiply each 
current being drawn from the supply in amperes by 
the voltage at which the current is being drawn. 
Include the current taken by bleeder resistances 
and voltage dividers. In the case of series resistors, 
use the source voltage, not the voltage at the 
equipment end of the resistor. Include filament 
power if the transformer is supplying, filamenls . 
Afler multiplying the various voltages and currents, 
add the individual products. Then divide by the 
line voltage and add 10 or 20 percent. Use a fuse 
with the nearest la.rger current rating. 



Line Voltage Adjustment 
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Fig. 5-2 - Two methods of transformer primary 
control. At A is a tapped toy transformer which 
may be connected so as to boost or buck the line 
voltage as required. At B is indicated a variable 
transformer or autotransformer [Variac) which 
feeds the transformer primaries. 

LINE-VOLTAGE ADJUSTMENT 

In certain communities trouble is sometimes 
experienced from fluctuations in line voltage . 
Usually these fluctuations are caused by a variation 
in the load on the line. Since most of the variation 
comes at certain fixed times of the day or night, 
such as the times when lights are turned on at 
evening, they may be taken care of by the use of a 
manually operated compensating device. A simple 
arrangement is shown in Fig. 5-2A. A toy 
uensformer is used to boost or buck the line 
voltage as required. The transformer should have a 
tapped secondary varying between 6 and 20 volts 
in steps of 2 or 3 volts and its secondary should be 
capable of canying the full load current. 

The secondary is connected in series with the 
line voltage and, if the phasing of the windings is 
correct, the voltage applied to the primaries of the 
transmitter transformers can be brought up to the 
rated 115 volts by setting the toy-transformer tap 
switch on the right tap. If the phasing of the two 
windings of the toy transformer happens to be 
reversed, the voltage will be reduced instead of 
increased. This connection may be used in cases 
where the line voltage may be above 115 volts. 
This m~thod is preferable to using a resistor in the 
primary of a power transformer since it does not 
affect the voltage rcgula tion as seriously. The 
circuit of S-2B illustrate~ the use of a variable 
autotransformer (Variac) for adjusting line voltage . 

Constant-Voltage Transformers 

Although comparatively expensive, special 
transformers called cons tan I-voltage transformers 
are available for use in cases where it is necessary 
to hold line voltage and/or filament voltage 
constant with flucruating supply-line voltage. 
These are static-magnetic voltage regulating trans
formers operating on principles of ferroresonance. 
They have no tubes or moving parts, and require 
no manuel adjustments. These transformers are 
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rated over a range of less than one VA at 5 volts 
output up to several thousand VA at 115 or 230 
volts. On the average they will hold their output 
voltages within one percent under an input voltage 
variation of ±15 percent. 

SAFETY PRECAUTIONS 
All power supplies in an installation should be 

fed through a single main power-line switch so that 
all power may be cut off quickly, either before 
working on the equipment, or in case of an 
accident. Spring-operated switches or relays are not 
sufficiently reliable for this important service. 
Foolproof devices for cutting off all power to the 
transmitter and other equipment are shown in Fig. 
5-3. The arrangements shown in Fig. 5-3A and B 
are similar circuits for two-wire ( 115-volt) and 
three-wire (230-volt) systems. S is an enclosed 
double-throw switch of the sort usually used as the 
entrance switch in house installations. J is a 
standard ac outlet and P a shorted plug to fit the 
outlet. The switch should be located prominently 
in plain sight, and memben. of the household 
should be instructed in its location and use. I is a 
red lamp located alongside the switch. Its purpose 
is not so much to serve as a warning that the power 
is on as it is to help in identifying and quickly 
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Fig_ 5-3 - Reliabl e arrangements for cutting off all 
power to the transmitter. S is an enclosed 
double-pole power switch, J a standard ac outlet, P 
a shorted plug to fit the outlet and I e red lamp. 

A is for e two-wire 115-volt line, B for a 
three-wire 230-volt system, and C a simplified 
arrangement for low-power stations. 
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locating the switch should it become necessary for 
someone else to cut the power off in an 
emergency. 

The outlet J should be placed in some comer 
out of sight where it will not be a temptation for 
children or others to play with. The shorting plug 
can be removed to open the power circuit if there 
a,e others around who might inadvertently throw 
the switch while the operator is working on the rig. 
If the operator takes the plug with him, it will 
prevent someone from turning on the power in his 
absence and either hurting themselves or the 
equipment or perhaps starting a fire. Of utmost 
importance is the fact that the outlet J must be 
placed in the ungrounded side of the line. 

POWER SUPPLIES 

Those who are operating low power and feel 
that the expense or complication of the switch 
isn't warranted can use the shorted-plug idea as the 
main power switch. In this case, the outlet should 
be located prominently and identified by a signal 
light, as shown in Fig. 5-3C. 

The test bench should be fed through the main 
power switch, or a similar arrangement at the 
bench, if the bench is located remotely from the 
transmitter. 

A bleeder resistor with a power rating which 
gives a considerable margin of safety should be 
used across the output of all transmitter power 
supplies, so that the filter capacitors will be 
discharged when the high-voltage is turned off. 

PLATE AND FILAMENT TRANSFORMERS 

Output Vollage 

The output voltage which the plate transformer 
must deliver depends upon the required de load 
voltage and the type of filter circuit. 

With a choke-input filter (see Fig. 5-4), the 
required rms secondary voltage (each side of 
center-tap for a center-tap rectifier) can be 
calculated by the equation: 

where £ 0 is the required de output voltage,/ is the 
load current (including bleeder current) in 
amperes, R 1 and R2 are the de resistances of the 
chokes, and R5 is the series resistance (transformer 
and rectifier). Et is the open-circuit rms voltage. 

With a capacitive-input filter system, the 
approximate transformer output voltage required 
to give a desired de output voltage with a given 
load can be calculated with the aid of Fig. 5-5. 

Example: 
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Required de output volts - 25 
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Fig. 5-4 - Diagram showing various voltage drops 
that must be taken into consideration in determin
ing the required transformer voltage to deliver the 
desired output voltage. 
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Lood resistance = 8j" = SO ohms 
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Fig. S-S ,how5 that the ratio of de volts to the required 
transformer mu vohage is I _QJ . 

The required b'ansformer lenninaJ vollage under load i, 
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Fig. 5.5 - De output 
voltages trom a full-wave 
rectifier circuit M a func
tion of the fil ter capaci
tance and load resistance . 
R incl udes transformer 
winding resistance and rec
tifier forward resistance. 
For the ratio RJ A, both 
resistances are in ohms; for 
the RC product, R is in 
ohms and C is ln µF . 
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Rewinding Transformers 

The required transformer is one having a 
51.4-V center-tapped second31)'. A 50- or 55-V 
secondary would be entirely satisfactory. Should 
the filter section contain one or more fitter chokes 
connected between the input capacitor and the 
load. the de-resistance values of the chokes are 
added to the value of Rs in the equation before 
multiplying by tbe load-current value. 

Volt-Ampere Rating 

The number of volt-amperes delivered by a 
transformer depends upon the type of filter 
(capacitor or choke input) used, and upon the type 
of rectifier used (full-wave center tap, or full-wave 
bridge). With a capacitive-input filter the heating 
effect in the secondary is higher because of the 
high ratio of peak-to-average cummt. The volt
amperes handled by the transformer may be several 
times the watts delivered to the load. With a 
choke-input filler , provided the input choke has at 
least the critical inductance, the secondary 
volt-amperes can be calculated quite closely by the 
equation: 

(Full-wave ct) Sec. VA = ~ 

El 
(Full-wave bridge) Sec. VA = IOOO 

where £ is the total nns voltage of the secondary 
(between the outside ends in the case of a 
center-tapped winding) and I is the de output 
current in milliamperes (load current plus bleeder 
current). The primacy volt-amperes will be 
somewhat higher because of transformer losses. 

BROADCAST & TELEVISION 
REPLACEMENT TRANSFORMERS 

Small power transformers of the type sold for 
replacement in broadcast and television receivers 
are usually designed for service in lenns of use for 
several hours continuously with capacitor-input 
filters. In the usual type of amateur transmitter 
service, where most of the power i1 drawn 
intermittently for periods of several minutes with 
equivalent intervals in between, the published 
r.itings can be exceeded withou l excessive trans-
former heating. 

With a capacitor-input filter, it ~hould be safe 
to draw 20 lo 30 percent more current than the 
rated value. With a choke-input filter, an Increase 
in current of about 50 percent is permissible. If a 
bridge rectifier is used, the output voltage will be 
approii:imately doubled. In this case, it should be 
possible in amateur transmitter service to draw the 
rated current, thus obtaining about twice the rated 
output power from the transformer. 

This does not apply, of cour.se, to amateur 
transmitter plate transformers, which u11ually are 
already rated for intermittent service. 

REWINDING POWER TRANSFORMERS 

Although the home winding of power trans
formers i& a task that few amateurs undertake, the 

umtixat:io1t. _.....,._ ___ Stack 
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Fig. 5-6 - Cross-sec1ional drawing of a typical 
power transformer. Mul!iplying the height (or 
thickness of the laminationsl times the width of 
the central core area in inches gives the value to be 
applied to Fig. 5-7. 

rewinding of n tramformer secondary to give some 
desired voltage for powering filaments or a 
solid-state device is not difficult. It involves a 
matter of only a small number of rums and the 
wire is large enough to be handled easily. Often a 
receiver power transformer with a burned-out 
high-voltage winding or the power transformer 
from a discarded 1V set can be converted into an 
entirely satisfactory transformer without great 
effort and with little expense. The average 1V 
power transformer for n 17-inch or larger set is 
capable of delivering from 350 to 450 watts, 
continuous duty. If an amateur transmitter is being 
powered, the service is not continuous, so the 
ratings can be increased by a factor of 40 or 50 
percent without danger of overloading the 
Iran sformer. 

The primary volt-ampere rating of the trans
founer to be rewound, if known, can be used to 
determine its power-handling capability. The 
secondary volt-ampere rating will be ten to twenty 
percent less than the primary rating. The power 
rating may also be determined approximately from 
the cross-sectional area of the core which is inside 
the windings. Fig. S-6 shows the method of 
determining the area, and Fig. S-7 may be used lo 
convert this informa lion into a power rating. 

Before disconnecting the winding leads from 
their terminals, each mould be marked for 
identification. In removing the core laminations, 
care should be taken to note the manner in which 
the core is assembled, so that the reassembling will 
be done in the same manner. Most transformers 
have secondaries wound over the primary, while in 
some the order is reversed. In case the secondaries 
are on the inside, the tums can be pulled out from 
the center after slitting and removing the fiber 
core. 

The turns removed from one of the original 
filament windings of known voltage should be 
carefully counted as the winding is removed. This 
will give the number of turns per volt and the same 
figure should be used in determining the number of 
turns for the new secondary. For instance, if the 
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Fig. 5-7 - Power-handling capability of a 
transformer versus cross-sectional area of core . 

old filament winding was rated at 5 volts and had 
15 turns, this is 15/5 = 3 turns per volt. If the new 
secondary is to deliver 18 volts, the required 
number of turns on the new winding will be 
18 X 3 = 54 turns. 

In winding a transformer, the size of wire is an 
important factor in the heat developed ir. 
operation. A cross-sectional area of l 000 circulai 
mils per ampere is conservative. A value commonly 
used in amateur-service tiansfonners is 700 cmil/A. 
The larger the crnil/ A figure, the cooler the 

POWER SUPPLIES 

transformer will run. The current rating in amperes 
of various wire sizes is shown in the copper-wire 
table in another chapter.If the ttansformer being 
rewound is a filament transformer, it may be 
necessary to choose the wire size carefully to fit 
the small available space. On the other hand, if the 
tiansformer is a power unit with the high-voltage 
winding removed, there should be plenty of room 
for a size of wire that will conservatively handle 
the required current. 

After the first layer of turns is put on during 
rewinding, secure the ends with cellulose tape. 
Each layer should be insulated from the next; 
ordinary household waxed paper can be used for 
the purpose, a single hiyer being adequate. Sheets 
cut to size beforehand may be secured over each 
layer with tape. Be sure to bring all leads out the 
same side of the core so the coven will go in place 
when the unit is completed. When the last layer of 
the winding is put on, use two sheets of waxed 
paper, and then cover those with vinyl electrical 
tape, keeping the tape as taut as possible. This will 
add mechanical strength to the assembly. 

The laminations and housing are assembled in 
just the opposite sequence to that followed in 
disassembly. Use a light coating of shellac between 
each lamination . During reassembly, the lamination 
stack may be compressed by clamping in a vise. If 
the last few lamination strips cannot be replaced, it 
is better to omit them than to force the unit 
to~ether. 

RECTIFIER CIRCUITS 

Half-Wave Rectifier 

Fig. 5-8 shows three rectifier circuits covering 
most of the common applications in amateur 
equipment. Fig. 5-8A is the circuit of a half-wave 
rectifier. The rectifier is a device that will conduct 
current in one direction but not in the other. 
During one half of the ac cycle the rectifier will 
conduct and current will flow through the rectifier 
to the load. During the other half of the cycle the 
rectifier does not conduct and no current flows to 
the load. The shape of the output wave is shown in 
(A) at the right. It shows that the current always 
flows in the sllJTie direction but that the flow of 
current is not continuous and is pulsating in 
amplitude. 

The average output voltage - the voltage read 
by the usual de voltmeter - with this circuit (no 
filter connected) is 0.45 times the rms value of the 
ac voltage delivered by the transformer secondary. 
Because the frequency of the pulses is relative)~· 
low (one pulsation per cycle), considerable filtering 
is required to provide adequately m, ooth de 
output, and for this reason this circuit is usual)~ 
limited to applications where the current involved 
is small, such as supplies for cathode-ray tubes and 
for protective bias in a transmitter. 

The peak reverse voltage (PRV), the voltage the 
rectifier must withstand when it isn't conducting, 
varies with the load. With a resistive load it is the 
peak ac voltage (1.4 £RMS) but with a capacitor 

load drawing little or no current it can rise to 2.8 

ERMS· 
Another disadvantage of the half-wave rectifier 

circuit is that the transformer must have a 
considerably h igher primary volt-ampere rating 
(approximately 40 percent greater), for the same 
de power output, than in other rectifier circuits . 

Full-Wave Center-Tap Rectifier 

A commonly used rectifier circuit is shown in 
Fig. 5-88. Ess.,ntially an arrangement in which the 
outputs of two half-wave recti11e1s are combined, it 
makes use of both halves of the ac cycle. A 
ttansformer with a center-tapped secondary is 
required with the drcuit. 

The average output voltage is 0.9 times therms 
voltage of half the transformer secondary; this is 
the mal!.imum voltage that can be obtained with a 
suitable choke-input filter. The peak output 
voltage is 1.4 times the rrns voltage of half the 
u:ansformer secondary ; this is the maximum 
voltage that can be obtained from a capacitor-input 
filter (at little or no load). 

The peak reveISe voltage across a 1ectifier unit 
is 2.8 times the nns voltage of half the transformer 
secondary. 

As can be seen from the sketches of the output 
wave form in (B) to the right, the frequency of the 
output pulses is twice that of the half-wave 
rectifier. Therefore much less filtering is required . 



Rectifier Circuits 

Since the rectifiers work alternately, each handles 
half of the load current, and the load-currenl rating 
of each rectifier need be only half the total load 
cum:nt drawn from the supply. 

Two sepuate transformers, with their primaries 
connected in parallel and secondaries connected in 
series (with the proper polarity) may be used in 
this circuit. However, if this substiru tion is made, 
the primary volt-ampere rating must be reduced to 
about 40 percent less than twice the rating of one 
transformer. 

Full-Wave Bridge Rectifier 

Another full-wave rectifier circuit is shown in 
Fig. S-8C. In this arrangement, two rectifiers 
operate in series on each half of the cycle, one 
rectifier being in the lead to the load, the other 
being in the return lead. The current flows through 
two rectifiers during one half of the cycle and 
through the other two rectifiers during the other 
half of the cycle. The output wave shape (C), to 
the right, is the same as that from the simple 
center-tap rectifier circuit. The maximum output 
voltage into a resistive load or a properly designed 
choke-input filter is 0.9 times the rms voltage 
delivered by the transformer secondary; with a 
capacitor-input filter and a very light load the 
output voltage is 1.4 time s the seconda,y rms 
voltage. The peak reverse voltage per rectifier is 1.4 
llmes the secondary rms voltage. Each rectifier in a 
bridge circuit should have a minimum load-current 
rating of one-half the total load current to be 
drawn from the supply. 

RECTIFIER RATINGS 
All rectifiers are subject to limitations as to 

breakdown voltage and current-handling capability. 
Some tube types are rated in terms of the 
maximum rms voltage that ~hould be applied to 
the rectifier plate. This is sometimes dependent on 
whether a choke- or capacitive-input ffiter is used. 
Others, particularly mercury-vapor and semicon
ductor types , are rated according to mllXimum 
peak reverse voltage. 

Rectifiers arc rated also as to maximum de load 
current, and some may carry peak-current ratings 
in addition. To assure normal life, all ratings should 
be carefully observed. 

HIGH-VACUUM RECTIFI ERS 
High-vacuum rectifiers depend enUrely upon 

the thermionic emission from a heated filament 
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Fig. 5-8 - Fundamental rectifier circuits. A -
Half-wave (Epav ~ 1.4 ERMS with resistive load, 
= 2.8 ERMS with capacitor-input filter). B -
Full-wave. ~ - - Ful l-wave bridge. Output voltage 
values do no\ include rectifier voltage drops . 

and are characterized by a relatively high internal 
resistance. For this reason, their application umally 
is limited to low power, although there are a few 
types deliigned for medium and high power in cases 
where the relatively high internal voltage drop may 
be tolerated. This high internal resistance makes 
them less susceptible to dam3F from temporary 
overload and they are free from the bothenome 
electrical noise sometimes associated with other 
types of rectifiers. 

Some rectifiers of the high-vacuum full-wave 
type in the so<alled receiver-tube class will handle 
up to 275 mA at 400- to S00-volts de output. 
Those in the higher power class can be used to 
handle up to 500 mA at 2000 volts de in full-wave 
circuits. Most low-power high-vacuum rectiflefll are 
produced in the full-wave type, while those for 
greater power are invariably of the half-wave type, 
two tubes being required for a full-wave rectifier 
circuit. A few of the lower voltage types have 
indire~tly heated cathodes, but life limited In 
heater-t<>-i:athode voltage rating. 

SEMICONDUCTOR RECTIFIERS 

Silicon rectifiers arc being used almost exclu
sively in power supplies for amateur equipment. 
Types are available to replace high-vacuum and 
men:ury-vapor rectifier.;. The semiconductors have 
the advantagc:i of compactness, low internal 
voltage drop, low operating temperature and high 
current-handling capability. A1so, no filament 
transformers are required. 

Silicon rectifiers are available in a wide range of 
voltage and current ratingit. In peak reverse voltage 
ratings of 600 or leu, silicon rectifiers CIIIIY 
current ratings as high as 400 amperes, and at 1000 
PR V the current ratings may be 1.5 a.rnperea or so. 
The extreme compactness of silicon types makes 
feasible the stacking of several units In series for 
higher voltages. Standard slacks an, available that 
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will handle up to 10,000 PRV at a de load cu[Jent 
of 500 mA, although the amateur can do much 
better, economically, by stacking the rectifiers 
himself. 

PROT ECTION OF SILICON 
POWER DIODES 

The important specifications of a silicon diode 
are: 

I) PRV (or PIV), the peak reverse (or peak 
inver.le) voltage, 

2) / 0 , the average de current rating. 
3) /REP, the peak repetitive forward current, 

and 
4) IsuRGE, the peak one-cycle ~urge current 

The fust two specifications appear in most 
catalogs. The last two often do not, but they are 
very important. 

Since the n:ctifier never allows current to flow 
more than half the time, when it does conduct it 
has to pass at least twice the average direct current. 
With a capacitor-input filter, the rectifier conducts 
much less than half the time, so that when it does 
conduct, it may pass as much as ten to twenty 
times the average de current, under certain 
conditions. Titls peak cuuent is / REP• the peak 
repetitive forward current. 

Also, when the supply is first turned on, the 
discharged input capacitor looks like a dead short, 
and the rectifier passe~ a very heavy cuuent. This is 
lsuRGE· The maximum Isu RGE rating is usually 
for a duration of one cycle (at 60 Hz), or about 
16 .7 milliseconds. 

If a manufacturer's data sheet is not available, 
an educated guess about a diode's i:apabitity can be 
made by using these rules of thumb for silicon 
diodes of the type commonly used in amateur 
power supplies: 

Ruic 1) The maximum / REP rating can be 
assumed to be approximately four times the 
maximum I O rnting. 

Rule 2) The maximum lsURGE rating can be 
assumed to be approximately twelve times the 
maximum I O rating. (This should provide a 
reasonable safety factor. Silicon rectifiers with 
750-mA de ratings, as an example, seldom have 
1-cycle surge ratings of less than 15 amperes; some 
are rated up to 35 amperes or more.) From this 
then, it can be seen that the rectifier should be 
selected on the basis of lsuRGE and not on l 0 

ratings. 

Thermal Protec tion 

The junction of a diode is quite small, hence it 
must operate at a high current density. The 
heat-handling capability is, therefore, quite small. 
Normally, this is not a p rime consideration in 
high-voltage, low-cunent supplies. When using 
high-current rectifiers at or near their maximum 
r.itings (usually 2-ampere or larger stud-mount 
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rectifiers), some form of heat sinking is necessary. 
Frequently, mounting the rectifier on the main 
chassis - directly, or by means of thin mica 
insulating washers - will suffice. If insulated from 
the chassis, a thin layer of silicone grease should be 
used between the diode and the insulator, and 
between the insulator and the chassis to assure 
good heat conduction. Large high-current rectifien 
often require special heat sinks to maintain a safe 
operating temperature. Forced-air cooling is 
sometimes used as a further aid. Safe case 
temperatures are usually given in the manufac
turer's data sheets and should be observed if the 
maximum capabilities of the diode are to be 
realized. 

Surge Protection 

Each time the power supply is activated, 
assuming the input filter capacitor has been 
discharged, the rectifiers must look into what 
represents a dead short. Some form of surge 
protection is usually necessary to protect the 
diodes until the input capacitor becomes n~arly 
charged. Although the de resistance of the 
transformer secondary can be relied upon in some 
instances to provide ample surge-current limiting, it 
is seldom enough on high-voltage power supplies to 
be suitable. Series resistors can be installed 
between the secondary and the rectifier strings as 
illustrated in Fig. 5-4, but are a deterrent to good 
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Fig. 5-9 - The primary circuit of T1 shows how a 
115-volt ac relay and a series dropping resistor, R6, 

.can provide surge protection while C charges. When 
si l icon rectifiers are connected in series for 
high-voltage operation. the inverse voltage does not 
divide equally . The reverse voltage drops can be 
equalized by using equalizing resistors, as shown in 
the secondary circuit. To protect against voltage 
"'spikes" that may damage an individual rectifier, 
each rectifier should be bypassed by a .01-µF 
capacitor. Connected as shown.· two 400-PRV 
silicon rectifiers can be used as an 800-PRV 
rectifier, although it is preferable to include a 
safety factor and call it a "750-PRV" rectifier. The 
rectifiers, CA 1 through C A4, should be the same 
type (same type number and ratings) . 
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Fig. 5-10 - Methods of suppressing line transients. 
See text. 

voltage regulation. By installing a surge-limiting 
11ev;ce in the primazy circuit of lhe plate 
tnnsformer, the need for series resiston in the 
secondary circuit can be avoided. A practical 
method for primary-<:i.rcuit surge conuol is 
shown in Fig. 5-9. The resistor, R 8 introduces a 
voltagl! drop in the primary feed to Tl until C is 
nearly clwged. Then, after C becomes partially 
charged, the voltage drop across R 8 lessens and 
allows Kl to pull in, thus applying full primary 
power to Tl as KIA shorn out R1.R9 is usually a 
25-watt resistor whose resistance is somewhere 
between 15 and SO ohms, depending upon the 
power supply characteristics. 

Transient Problems 

A common cause of trouble is uansient voltages 
on the ac power line. These arc short spikes, 
mostly, that can temporarily increase the voltage 
seen by the rectifier to values much higher than the 
normal b:ansfonner voltage. They come from 
distant lightning st.cokes, electric motors turning on 
and off, and so on. Transhmts cause unexpected, 
and often unexplained, loss of silicon rectifieJ'li. 

1t•s always wise to suppress line nansienti;, and 
it can be easily done. Fig. 5-IOA shows one way. 
Cl looks like 280,000 ohms at 60 Hz, but to a 
sharp transient (which has only high-frequency 
components), it ill an effective bypass. C2 provides 
additional protection on the secondary side of the 
nansformer. II should be .0lµF for transformer 
voltages of 100 or less, and .OOlµF for high-voltage 
tnn.fonners. 

Fig. 5-IOB shows another transient-suppression 
method using selenium suppressor diodes. The 
_diodes do not conduct unless the peak voltage 
becomes abnonnally high. Then they clip the 
IIansient peak~. General Electric sells protective 
diodes under the trade name, "Thyn:ctor." 
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Sarkes-Tanian uses the descriptive name, "Klip
volt." 

Transient voltages can go as high as twice the 
noDnal line voltage before the suppressor diodes 
clip the peaks. Capacitors cannot give perfect 
suppression either. Thus, ii is a good idea to use 
power-supply rectifiers ratoo at about lwlce the 
expected PRV. 

Diodes in Series 

Where the PRV rating of a single diode is not 
sufficient for the application, similar diodes may 
be used in series. (Two 500-PRV diodes in series 
will withstand IOOO PRV, and so on.) When this is 
done, a resistor and a capacitor should be placed 
across each diode in the string to equalize the PRV 
drops and to guard against transient voltage spikes, 
as shown in Fig. 5-9. Even though the diodes are of 
the same type and have the same PRV rating, they 
may have widely different back resistances when 
they arc cut off. The reverse voltagll divides 
according to Ohm's Law, and the diode with the 
higher back resistance wiU have the higher voltage 
developed across it. The diode may break down. 

If we put a swamping resistor across each diode, 
R as shown in Fig. 5-9, the resultant resistance 
across each diode will be almost the same, and the 
back voltage will divide almost equally. A good 
rule of thumb for resistor size is this: Multiply the 
PR V rating of the diode by 500 ohms. For 
example, a 500-PRV diode should be shunted by 
500 X 500, or 250,000 ohms. 

The shift from forwud conduction to high 
back resistance does not take place instantly in a 
silicon diode. Some diodes take longer than others 
to develop high back resistance. To protect the 
"fast" diodes in a series string until all the diodes 
are properly cut off, a .01-t,IF capacitor should be 
placed across each diode. Fig. 5-9 shows the 
complete series-diode circuit. The capacitors 
should be noninductive, ceramic disk, for e11ample, 
and should be well matched. Use 10-percent-tolcr
ance capacito~ if pos!.ible. 

Diodes in Parallel 

Diodes can be placed in parallel to incro11Se 
current-handling capability. Equalizing resistors 
should be 11dded as shown in Fig. S-11. Without the 
resistors, one diode may take most of the currcnL 
The resistors should be selected to have about a 
I-volt drop at the expected peak current. 

Fig. 5-11 - Diodes in parallel should have 
equalizing resistors. See text for appropriate value. 
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FILTERING 

The pulsating de waves from the rectifiers are 
not sufficiently constant in amplitude to prevent 
hum conesponding to the pulsations. Filters are 
required between the rectifier and the load to 
smooth out the pulsa lions into an essentially 
constant de voltage. Also, upon the design of the 
filter depends to a large extent the de voltage 
output, the voltage regulation of the power supply, 
and the maximum load current that can be drawn 
from the supply without exceeding the peak
current rating of the rectifier. Power supply filters 
are low-pass devices using series inductors and 
shunt capacitors. 

Load Resistance 

In discussing the performance of power-supply 
filters, it is sometimes convenient to express the 
load connected to the output terminals of the 
supply in terms of resistance. The load resistance is 
equal to the output voltage divided by the total 
current drawn, including the current drawn by the 
bleeder resistor. 

Voltage Regulation 

The output voltage of a power supply always 
decreases as more current is drawn, not only 
because of increased voltage drops on the 
transformer, filter choke5 and the rectifier (if 
high-vacuum rectifiers are used) but also because 
the output voltage at light loads tends to soar to 
the peak value of the transformer voltage as a 
result of charging the first capacitor. By proper 
filter dedgn the latter effect can be eliminated. The 
change in output voltage with load is called voltage 
regulation and is expressed as a percentage. 

Percent regulation= 100 (El - E2)_ 
E2 

£ump!, : No-laa,holl"IP' • El~ 1550•olh. 
Fll!Moad •oil.a# • E2 • 1210 ,oil>. 

P,,rcon- n:plion r IOQ (l~ illllJ 

•..lfftf---U pcrccnl 

A steady load, such as that represented by a 
receiver, speech amplifier or unkeyed stages of a 
transmitter, does not require good Oow) regulation 
as long as the proper voltage is obtained under load 
conditions. However, the filter capacitors must 
have a voltage rating safe for the highest value to 
which the voltage will soar when the external load 
ill removed. 

A power supply will show more (higher) 
regulation with long-term changes in load resis
tance than with short temporary changes. The 
regulation with long-term changes is often called 
the static regulation, to distinguish it from the 
dynamic regulation {short temporary load 
changes). A load that varies al a syllabic or keyed 
rated, as represented by some audio and rf 

amplifiers, usually requires good dynamic regula
tion (I 5 percent or less) if distortion products are 
to be held to a low level. The dynamic regulation 
of a power supply is improved by increasing the 
value of the output capacitor. 

When essentially constant voltage regardless of 
current variation is required (for stabilizing an 
oscillator, for example), special voltage-regulating 
circuits descnoed elsewhere in this chapter are 
used. 

Bleeder 

A bleeder resistor is a resistance connected 
across the output terminals of the power supply. 
Its functions are to discharge the filter capacitors 
as a safety measure when the power is turned off 
and to improve voltage regulation by providing a 
minimum load resistance. When voltage regulation 
is not of importance, the resistance may be as high 
as 100 ohms per volt. The resistance value to be 
used for voltage-regulating purposes is discussed in 
later sections. From the consideration of safety, 
the power rating of the resistor should be as 
conservative as posiable, since a burned-out bleeder 
resistor is more dangerous than none at all! 

Ripple Frequency and Voltage 

The pulsations in the output of the rectifier can 
be considered to be the resultant of an alternating 
current superimposed upon a steady direct current. 
From this viewpoint, the filter may be considered 
to consist of shunting capacitors which short
circuit the ac component while not interfering with 
the flow of the de component, and series chokes 
which pass de readily but which impede the now 
of the ac component. 

The alternating component is called the ripple. 
The effectiveness of the filter can be expressed in 
terms of percent ripple, which is the ratio of the 
rms value of the ripple to the de value in terms of 
percentage. Any multiplier or amplifier supply in a 
code transmitter should have less than 5 percent 
ripple. A linear amplifier can tolerate about 3 
percent ripple on the plate voltage. Bias supplies 
for linear amplifiers, and modulator and modu
lated-amplifier plate supplies, should have less than 
1 percent ripple. VFOs, speech amplifiers and 
receivers may require a ripple reduction to .01 
percent. 

Ripple frequency Is the frequency of the 
pulsations in the rectifier output wave - the 
number of pulsations per ~econd. The frequency of 
the ripple with half-wave rectifiers is lhe slUile as 
the frequency of the line supply - 60 Hz with 
60-Hz supply. Since the output pulses are doubled 
with a fuU-wave rectifier, the ripple frequency is 
doubled - to 120 Hz with a 60-Hz supply. 

The amount of filtering (values of inductance 
and capacitance) required to give adequate 
smoothing depends upon the ripple frequency, 
with more tillering being required as the ripple 
frequency Is lowered. 



Capacitive-Input Filters 

Type of Filter 

Power-supply flit= fall into two cw.slfications, 
capacitor input and choke input Capacitor-input 
filten are characterized bl/ relatively high output 
voltage in respect to the transfonner voltage. 
Advantage of this can be taken when silicon 
rectifien are used or with any rectifier when the 
load resistance ls high. Silicon rectifien have a 
higher allowable peak-to-de ratio than do ther
mionic rectifien. This permits the use of 
capacitor-input filters at ratios of input capacitor 
to load resistance that would seriously shorten the 
life of a thennlon.ic rectifier system. When the 
series resistance through a rectifier and filter 
S)IStem Is appreciable, as when high-vacuum 
rectifien are used, the voltage regulation of a 
capacitor-input power supply is poor. 

The output voltage of a properly designed 
choice-input power supply is leu than would be 
obtained with a capacitor-input fflter from the 
same transfonner, 

CAPACITIVE-INPUT FILTERS 
Capacitive-input filter systems are shown In Fig. 

5-12. Disregarding voltage drops in the chokes, all 
have the same characteristics except in respect to 
ripple. Better ripple reduction will be obtained 
when LC sections are added, as shown in Figs. 
5-128 and C. 

Output Voltage 

To determine the approidmate de voltage 
output when a capacitive-input filter is used, 
referenc.: should be made to the graph of Fig. 5-5. 

Eumplo; 
Transformer mu walUF - 350 
Load reonance 2000 ohm, 

f ..l. 

Fig. 6-12 - Capacitive-input filter circuits. A 
Simple capacitive. B - Single-section. C 
Double-section. 
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2000 l000 sooo 10.000 20, ooo sqooo 
UJAD RWSTANCE = n~ ~=:;:s (OUTPUT) 

Fig. 5-13 - Graph showing the relationship 
between the de load current and the rectifier peak 
current with capacitive input for various values 
of load and input resistance. 

Series 1eli11tan..:c 200 ohm1 
200 • 2000 • 0.1 
Input copaci tor C • 20µ1' 

R<;..., 200QJl. l0 , 40 
1000 1000 

From auvo 0.1 ■nd RC • ◄0. de •olllfll' • lSO lC 1.06 
• 370. 

Regulation 

If a bleeder resistance of 20,000 ohms is used in 
the example above, when the load is removed and 
R becomes 20,000, the de voltage will rise to 470 . 
For minimum regulation with a capacitor-Input 
filter, the bleeder resistance should be as high as 
possible, or the series resistance should be low and 
the filter capacitance high. without exceeding the 
transfonner or rectifier ratings. 

Maximum Redifier Cunent 

The maximum current that can be drawn from 
a supply with a capacitive-input filter without 
exceeding the peak-current rating of the rectifier 
may be estimated from the graph of Fig. 5-13. 
Using values from lhe preceding example, the ratio 
of peak rectifier current to de load current for 
2000 ohms, as shown in Fig. 5-13, is 3. Therefore, 
the maximum load current that can be drawn 
without exceeding the rectifier rating is 1/3 the 
peak rating of the rectifier. For a load current of 
185 mA, as above (370 V + 200011), the rectifier 
peak current rating should be at Jeut 
3 X 185 = 555 mA. 



116 

With bleeder current only, Fig. S-13 shows that 
the ratlo will increase to 6,5. But since the bleeder 
draws 23.5 mA de, the rectifier peak current will 
be only 153 mA. 

CHOKE-INPUT FILTERS 
With thermionic rectifiers better voltage regula

tions results when a choke-input filter, as shown in 
Fig. 5-4, is used. Choke input pennits better 
utilization of the thennionic rectifier, since a 
higher load current usually can be drawn without 
exceeding the peak current ratlng of the rectifier. 

Minimum Choke Inductance 

A choke-input filter will tend to act as a 
capacitive-input filter unless the input choke has at 
least a certain minimum value of inductance called 
the critical value. This critical value is given by 

L . (henrys) = E (voltsl 
cnt / (mA) 

where E is the output voltage of the supply, and/ 
Is the cunent being drawn through the filter. 

If the choke has at least the critical value, the 
output voltage will be limited to the average value 
of the rectified wave at the input to the choke (see 
Fig. 5-8) when the current drawn from the supply 
is small. This is in contrast to the capacitive-input 
filter in which the output voltage tends to soar 
toward the peak value of the rectified wave at light 
loads. 

Minimum-Load - Bh:"'1t:r Rt:sb111m.:e 

From the formula above for critical inductance, 
it is obvious that if no current is drawn from the 
supply, the critical inductance will be infinite. So 
that a practical value of inductance may be used, 
some current must be drawn from the supply at all 
times the supply is in use. From the fonnula we 
find that this minimum value of current is 

/ (mA) = E..{XQ!t!) 
Lcrtt 

In the majority of cases it will be most 
convenient to adjust the bleeder resistance so that 
the bleeder will draw the required minimum 
current. From the formula, It may be seen that the 
value of critical inductance becomes smaller as the 
load current increases. 

Swinging Chokes 

Less costly chokes are available that will 
maintain at least the critical value of inductance 
over the range of current likely to be drawn from 
practical supplies. These chokes are called swinging 
chokei;. As an example, a swinging choke may have 
an inductance rating of S/25 H and a current rating 
of 200 mA. If the supply deliven 1000 voll!I, the 
minimum load current should be 1000/25 = 40 
mA. When the full load current of 200 mA is 
drawn from the supply, the inductance will drop to 
S H. The critical inductance for 200 mA at IO00 
volts is 1000/200 = 5 H. Therefore the S/25 H 
choke maintains the critical inductance at the full 
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-cunent rating of 200 mA. At all load currents 
between 40 mA and 200 mA, the choke will adjust 
its inductance to the approximate critical value. 

Output Voltage 

Provided the input-choice inductance is at least 
the critical value, the output voltage may be 
calculated quite close by the following equation: 

E0 = 0.9Et - Ue + h) (Rl + R2) - E1 

where £ 0 is the output voltage; Et is the rms 
voltage applied to the rectifier (rms voltage between 
center-tap and one end of the secondary in the case 
of the center-tap rectifier); le and ft are the 
bleeder and load currents, respectively, in amperes; 
R 1 and R 2 th resistances of the first and 
second filter chokes; and Er is the voltage drop 
acros~ the rectifier. The various voltage drops are 
shown in Fig. 5-4. At no load/Lis zero; hence the 
no-load voltage may be calculated on the basis of 
bleeder current only. The voltage regulation may 
be determined from the no-load and full-load 
voltages using the formula previously given. 

OUTPUT CAPACITOR 
Whether the supply has a choke- or capacitor

input filter, if it is intended for use with a Class A 
af amplifier, the reactance of the output capacitor 
should be low for lhe lowest audio frequency; 16 
µF or more is usually adequate. When the supply is 
used with a Class B amplifier (for modulation or 
for ssh amplification) or a cw transmitter, 
increasing the output capacitance will result in 
improved dynamic regulation of the supply. 
However, a region of diminishing returns can be 
reached, and 20 to 30 µ.F will usually suffice for 
any supply subjected to large changes at a syllabic 
( or keying) rate. 

RESONANCE 
Resonance effects in the series circuit across the 

output of the rectifier, formed by the first choke 
and first filter capacitor, must be avoided, since the 
ripple voltage would build up to large values. Thb 
not only is the opposite action to that for which 
the filter is in tended, but may also cause excessive 
rectifier peak currents and abnormally high 
peak-revene voltages. For full-wave rectification 
the ripple frequency will be 120 Hz for a 60-Hz 
supply, and resonance will occur when the product 
of choke inductance In henrys times capacitor 
capacitance in micro farads is equal to 1. 77. A I 
least twice this product of inductance and 
capacitance should be used to ensure against 
resonance effects. With a swinging choke, the 
minimum rated inductance of the choke should be 
used. 

RATINGS OF FILTER COMPONENTS 
In a power supply using a choke-input filter and 

properly designed choke and bleeder resistor, the 
no-load voltage across the filter capacitors will be 
about nine-tenths of the ac rms voltage. Nevertl1e• 
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less, it is advisable to use capacitors rated for the 
peak transformer voltage. This large safely £actor is 
suggested because the voltage across the capacitors 
can reach this peak value if the bleeder should bum 
out and there is no load on the supply. 

In a capacitive-input filter, the capacitors 
should have a working-voltage rating at least as 
high, and preferably somewhat higher, than the 
peak voltage from the transformer. Thus, ln the 
case of a center-tap rectifier having a transformer 
delivering SSO volts each ~de of the center tap, the 
minimum safe capacitor voltage rating will be 
S50 X 1.41 or 77S volts. An BOO-volt capacitor 
should be used, or preferably a 10O0-volt unit. 

Filter Capacitors in Series 

Filter capaciton are made in several different 
types. Electrolytic capacitors, which are available 
for peak voltages up to about BOO, combine high 
capacitance with small size, since the dielectric is 
an extremely thin film of oxide on aluminum foil. 
Capacitors of this type may be connected in series 
for higher voltages, although the filtering capaci
t.ance will be reduced to the resultant of the two 
capacitances in series. If this arrangement is used, it 
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is important that each of the capacitors be &hunted 
with a resistor of about 100 ohms per volt of 
supply voltage applied to the individual capacitors, 
with an adequate power rating. These resistors may 
serve as all or part of the bleeder resistance. 
Capacitors with higher voltage ratings usually are 
made with a dielectric of thin paper impregnated 
with oil. The working voltage of a capacitor is the 
voltage that it will withstand continuously. 

Filter Chokes 

Filter chokes or inductances are wound on iron 
cores, with a small gap in the core to prevent 
magnetic saturation of the iron at high currents. 
When the iron becomes saturated its permeability 
decreases, and consequently the inductance al!IO 
decreases. Despite the air gap, the inductance of a 
choke usually varies to some extent with the direct 
current flowing in the winding; hence it is 
necessary to specify the inductance at the current 
wlrich the choke is intended to carry. Its 
inductance with little or no direct current flowing 
in the winding will usually be considerably higher 
than the value when full load current is flowing. 

NEGATIVE-LEAD FILTERING 

For many years it has been almost universal 
practice to place filter chokes in the positive leads 
of plate power supplies. This mean5 that the 
insuhtt.iun ln:twc:c:11 ll1c dmk.i, wintllng lilltl its core 
(which should be grounded to chassis as a safety 
measure) must be adequate to withstand the 
output voltage of the supply. This voltage 
requirement is removed if the chokes are placed in 
the negative lead as shown in Fig. 5-14. With this 
connection, the capacitance of the transformer 
secondary to ground appears in parallel with the 
filter chokes tending to bypass the chokes. 
However, this effect will be negligible in practical 
application except in cases where the output ripple 
must be reduced lo a very low figure. Such 
applications are usually limi led to low-voltage 
devices such as receivers, speech amplifiers and 
VFOs where insulation is no problem and the 
chokes may be placed in the positive side in the 
conventional manner. In higher voltage applica
tions, there is no reason why the filter chokeK 
should not be placed in the negative lead to reduce 

insulation requirements. Choke terminals, negative 
capacitor terminals and the transformer center-tap 
terminal should be well protected against acci
dental contact, since these will assume ruu supply 
voltage to chassis should a choke bum out or the 
chassis connection fail. 

THE "ECONOMY" POWER SUPPLY 

In many transmitters of the 100-watt clW!s, an 
excellent method for obtaining plate and screen 
voltages without wasting power in resistors is by 
the use of the "economy" power-supply circuit. 
Shown in Fig. 5-15, it is a combination of the 
full-wave and bridge-rectifier circuits. The voltage 
at El is the normal voltage obtained with the 
full-wave circuit, and the voltage at E2 is that 
obtained with the bridge circuit (see Fig. S-8 ). The 
rota/ de power obtained from the transformer is, of 
course, the same as when the transformer is used in 
its normal manner. In cw and ssh applications, 
additional power can u~ually be drawn without 
excessive heating, especially if the transformer has 
a rectifier ffiamcnl winding that isn't being used. 

~J10 ~IC ~~11q+• 6>___...,;::: 
Fig. 6-14 - In most applications. the filter chokes 
may be placed in the negative instead of the 
positive side of the circuit. This reduces the danger 
of a vo ltage breakdown between the choke winding 
and core. 

Fig. 5-15 - The "economy" power supply circuit 
is a combination of the full-wave and bridge-recti
fier circuits. 
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VOLTAGE-MULTIPLYING CIRCUITS 

Although vacuum-tube rectifiers can be used in 
voltage-multiplying circuits, semiconductor rectifi
ers are recommended. 

A simple half-wave rectifier circuit is shown in 
Fig. 5-16. Strictly speaking this is not a 
voltage-multiplying circuit. However, if the current 
demand is low (a milliampere or less). the de 
output voltage will be close to the peak voltage of 
the source, or I .4E nns· A typical application of 
the circuit would be to obtain a low bias voltage 
from a heater winding; the + side of the output can 
be grounded by reversing the polarity of the 
rectifier and capacitor. As with all half-wave 
rectifiers, the output voltage drops quickly with 
increased current demand. 

The resistor RI in Fig. 5-16 is included to limit 
the current through the rectifier, in accordance 
with the manufacturer's rating for the diode. If the 
resistance of the transformer winding is sufficient, 
Rl can be omitted. 

•·1 
,__.._ ______ -0, .◄ rm• 

Fig, 5-16 - If the current demand is low, a simple 
half-wave rectifier will deliver a voltage increase. 
Typical values, for ERMS = 117 and a load current 
of 1 mA: 
C1 - 50-µF. 250-V electrolytic. 
E0 utput - 160 volts. 
Rl - 22 ohms. 

VOLTAGE DOUBLERS 
Several types of voltage-doubling circuits axe in 

common use. Where it is not necessary that one 
side of the transformer secondary be at ground 
potential, the voltage-doubling circuit of Fig. 5-17 
is used. This circuit has several advantages over the 
voltage-doubling circuit to be descnlied later. For a 
given output voltage, compared to the full-wave 
rectifier circuit (Fig. 5-8B), this full-wave doubler 
circuit requires rectifiers having only half the PRV 
rating. Again for a given output voltage, compared 
to a full-wave bridge circuit (Fig. 5-BC) only half as 
many rectifiers (of the same PRV rating) are 
required. 

Resistors Rl in Fig. 5-17 are used to limit the 
surge currents through the rectifiers. Their values 
are based on the transformer voltage and the 
rectifier surge-<:urrent rating, since at the instant 
the power supply is turned on the filter capacitors 
look like a short-drcuited load. Provided the 
limiting resistors can withstand the surge current, 
their current-handling capacity is based on the 
maximum load current from the supply. 

Output voltages approaching twice the peak 
voltage of the transformer can be obtained with 
the voltage-doubling circuit of Fig. 5-17. Fig. 5-18 
shows how the voltage depends upon the ratio of 
the series resistance to the load resistance, and the 
product of the load resistance times the filter 
capacitance. 

When one ~ide of the transformer secondary 
must be at ground potential, as when the ac is 
derived from a heater winding, the voltage-multi
plying circuits of Fig. 5-19 can be used. In the 
voltage-doubling circuit at A, Cl charges through 
the left-hand rectifier during one half of the ac 
cyle; the other rectifier is nonconductive during 
this time. During the other half of the cycle the 
right-hand rectifier conducts and C2 becomes 
charged; they see as the source the transformer 
plus the voltage in Cl. By reversing the polarities 
of the capacitors and rectifiers, the + side of the 
output can be grounded. 

VOLTAGE TRIPLING AND 
QUADRUPLING 

A voltage-tripling circuit is shown in Fig. 5-19B. 
On one half of the ac cycle C 1 is charged to the 
source voltage through the left-hand rectifier. On 
the opposite half of the cycle the middle rectifier 
conducts and C2 is charged to twice the source 
voltage, because it sees the transformer plus the 
charge in Cl as its source. (The left-hand rectifier is 
cut off on this half cycle.) At the same time the 
right-hand rectifier conducts and, with the 
transformer and the charge in C2 as the source, CJ 
is charged to three times the transformer voltage. 
The + side of the output can be grounded if the 
polaritie8 of all of the capacitors and rectifiers are 
reversed. 

The voltage-quadrupling circuit of Fig. 5-19C 
.works.in substantially i>imilar fashion. 

In any of the circuits of Fig. 5- L 9, the output 
voltage will approach an exact multiple (2, 3 or 4, 
depending upon the circuit) of the peak ac voltage 
when the output current drain is low and the 
capacitance values are high. 

JYYYj/Yl_ Fig. 5-17 - Full-wave vol
tage-don bl i ng circuit. 
Values of limiting resistors, 
R 1, depend upon allowable 
surge currents of rectifiers. 

EpE,H • 2.8 Ei;HU 

EPR'I • 2.8 EfUIS 



Voltage Multiplying and Dropping 

2.8 

Z.6 

2.2 

lU 
llJ ~2.0 
I!)~ ~.., 
.._, O 1.8 
0:,. 
:,. (.J 

u ~ 1.6 
0 1/) 

~ 1,4 

1.2 

1.0 

I I 

.~~i~,r = E.\c C l 
/, 

J 

u V 
I/ 

/~ 
// 
"/ ,., 

~ 
,, 

~ 

I ~ 

119 

~:a .Jo, 
~ ~-
./ 

.01 , .,... 
,I~ ,. 

.03 

[.; 

.1 

2 3 S 10 30 50 100 300 500 1000 
RC 

1000 (R IN OHMS, C INJ,1-F) 

Fig. 5-18 - De output voltages from a full-wave voltage-doubling circuit as a function of the filter 
capacitances and load resistance. For the ratio R5/R and for the RC product, resistances are in ohms end 
capacitance is in microfarads. Equal resistance values for R5 and equal capacitance values for C are 
assumed. • 
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( Al Fig. 5-19 - Voltage-multiplying circuits with one 

(B) 

side of transformer secondary grounded. (A) 
Voltage doubler IBI Voltage tripler (Cl Voltage 
quadrupler. 

Capacitances are typically 20 to 50 µF 
depending upon output current demand. De ratings 
of capacito~ are related to Epeak (1.4 E,.,,) : 
C1 - Greater than Eneak 
C2 - Greater than 21:":peak 
CJ - Greater than 3Epeak 
C4 - Greater than 4Epeak 

VOLTAGE DROPPING 

Series Voltage-Dropping Resistor 

Certain plates and screens of the various tubes 
in a tran.~mitter or receiver often require a variety 
of operating voltages differing from the output 
voltage of an available power supply. In most cases, 
it is not economically feasible to provide a separate 
power supply for each of the required voltages. If 
the current drawn by an electrode (or combination 
of electrodes operating at the same voltage) is 
reasonably constant under normal operating 
conditions, the required voltage may be obtained 
from a supply of higher voltage by means of a 
voltage-dropping resistor in series, as shown in Fig. 
5-20A. The value of the series, resistor, R 1, may be 
obtained from Ohm's Law, 

R = 

where Ed is the voltage drop required from the 
supply voltage to the desiied voltage and / is the 
total rated current of the load. 

Exam~e: The plate of the tube in one stage and the 
screens of the tubes in two othe1 slages 1equire Bl1 open1ing 
voltage of 2S0. Tho nearest &vailable 1upply voltage is 400 
and the total of the rated pl&tc and ,c,.,cn cunent, is 75 
mA. The required res;istance is 

B. • 4.l!2.:.W ; _],~ • 2000 ohm, 
0?S .CITS 

The .,.,....,, rating of the resistor Is obtained fmm I' 
(waits) ~ /2R • (0.07 5)2 X (2000) ~ 11.2 W&lt<. A 21H!,alt 
res:istor is the nee.res1 safe ratin5 lo be used. 
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Voltage Dlviden 

The regulation of the voltage obtained in this 
manner obviously is poor, since any change in 
cunent through the resistor will cause a directly 
proportional change in the voltage drop across the 
resistor. The regulation can be improved somewhat 
by connecting a second resistor from the 
low-voltage end of the first to the negative 
p0wer-supply terminal, ai; shown in Fig. 5-20B. 
Such an arrangement constitutes a voltage divider. 
The second n:shtur, R2, act:,"",. cumt,ml luad for 
the tint, R l, so that any variation in current from 
the tap becomes a smaller percentage of the total 
current through RI. The heavier the current drawn 
by the resistors when they alone are connected 
across the supply, the better will be the voltage 
regulation at the tap. 

Such a voltage divider may have more than a 
singie tap for the purpose of obtaining mon: than 
one value of voltage. A typical arrangement is 

POWER SUPPLIES 

+u--------,,-.----o+E 

FROM 
POWER 
SUPPLY 

(B) 

Rt Ia 

Fig. 5-20 - A - Series voltage-dropping resistor. 
B - Simple voltage divider. 

R2 = £1 . Rl • E - El 
12· 11+ /2 

/2 must be assumed. 

C - Multiple divider circuit. 

R3 a E 2; R2 = E 1 - £~ Rl = E- El 
n n•n n+n•~ 

/3 must be assumed . 

shown in Fig. S-20C. The terminal voltage is E, and 
two taps arc provided to give lower voltage~, El 
and E2, at currents II and 12 respectively. The 
smaller the resistance between taps in proportion 
to the tot.al resistance, the lower is the voltage 
between the taps. The volta~ divider in the figure 
is made up of separate resistances, R 1, R 2 and R3. 
R3 carries only the bleeder current, 13; R 2 carries 
12 in addition to 13; RI carries II, 12 and 13. To 
calculate the resistances required, a bleeder 
current, 13, must be assumed; generally it is low 
compBYcd with the total lond current (IO percent 
or so). Then the required values can be calculated 
as shown in the caption of Fig. 5-20, 1 being in 
decimal parts of an ampere. 

The method may be extended to any desired 
number of taps, each resistance section being 
calculated by Ohm 's Law using the needed voltage 
drop acrosa It and the total current through It. The 
power dissipated by each section may be calculated 
by multiplying I and E or / 2 and R. 

VOLTAGE STABILIZATION 

Gai;eous Regulator Tubes 

There is frequent need for maintaining the 
voltage 11pplied to a low-voltage low-<:urrent circuit 
at a practically constant value, regardless of the 
voltage regulation of the p0wer supply or 
variations in load current. In such applications, 
gaseous regulator tubes (0B2/VR105, 0A2/VRISO, 
etc.) can be used to good advantage. The voltage 
drop across such tubes is constant over a 
moderately wide current range. Tubes are available 
for regulated voltages ne111 150, 105, 90 illld 75 
volts. 

The fundamental circuit for a gaseous regulator 
is shown in Fig. 5-21. The tube is connected in 
series with a limiting resistor, Rl, across a source 
of voltage that must be higher than the starting 
voltage. The starting voltage is about 30 to 40 
percent higher thwt the operating voltage. The load 
is connected in parallel with lhc tube. For stable 

operation, a minimum tube current of S to 10 mA 
is required. The maximum permissible current with 
most type~ is 40 mA; consequently, the load 
current cannot exceed 30 to 35 mA if the voltage 
is to be stabilized over a range from zero to 
maximum load. A single VR tube may also be used 
to regulate the voltage to a load current of almost 
any value as long as t~ variation in the current 
does not exceed 30 to 35 mA. If, for oxample, the 
average load current is 100 mA, a VR tube may be 
used to hold the voltage constant provided the 
current does not fall below 85 mA or rise above 
11S mA. 

The value of the limiting resistor must lie 
between that which just permits minimum tube 
current to flow and that which just pos~es the 
maximum pennissible tube current when there is 
no load current. The latter value is generally used. 
It is given by the equation: 
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where R is the limiting resistance in ohms, EI is the 
voltage of the source across which the tube and 
resistor are connected, Er is the rated voltage drop 
across the regulator tube, and / ls the maximum 
tube current in amperes (usually 40 mA, or .04 A). 

Two tubes may be used in series to give a higher 
regulated voltage than is obtainable with one, and 
also to give two values or regulated voltage. 
Regulation of the order or 1 percent can be 
obtained with these regulator tubes when they are 
operated within their proper current range. The 
capacitance in shunt with a YR tube should be 
limited to 0.1 µF or less. LaJger values may cause 
the tube drop to oscillate between the operating 
and starting voltages. 

ZENER DIODE REGULATION 

A Zener diode (named after Dr. Carl Zener) can 
be used to stabilize a voltage source in much the 
same way as when the gaseous regulator tube is 
used. The typical circuit is shown in Fig. S-22A. 
Note that lhe cathode side of the diode is 
connected to the positive side of the supply. The 
electrical characteristics of a Zener diode under 
conditions or forward and reverse voltage are given 
in Chapter 4. 

Zener diodes are available in a wide variety or 
voltages and power ratings. The voltages range 
from less than 2 to a few hundred, while the power 
ratings (power the diode can dissipate) run from 
less than 0.2S watt to SO watts. The ability of the 
Zener diode to stabilize a voltage is dependent 
upon the conducting impedance of the diode, 
which can be as low as one ohm or less in a 
low-voltage high-power diode to as high as a 
thousand ohms In a low-power hipl-voltage diode. 

Diode Power Dissipalion 

Unlike gaseous regulator tubes, Zener diodes of 
a particular voltage rating have varied maximum 
current capabilities, depending upon the power 
ratings of each of the diodes. The power dissipate~ 
in a diode is the product of the voltage across 1t 
and the current through It. Conversely, the 
maximum current a particular diode may safely 
conduct equals its powor rating divided by its 
voltage rating. Thus, a 10-V 50-W Zener diode, if 

Fig. !>21 - Voltage stabilization circuit using a VR 
tube. A negative-supply output mey ba regulated 
by revenlng the polarity of the power-supply 
connections and the VA-tube connections from 
those shown here. 
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Fig, 5-22 - Zener-diode voltage regulation. The 
voltage from a negative supply may be regulated by 
reversing the power-supply connections and the 
diode polarities. 

operated at its maximum dissipation rating, would 
conduct S amperes of current. A 10-V 1-W diode, 
on tbe other hand, could safely conduct no more 
than 0.1 A, or 100 mA. The conducting impedance 
of a diode is its voltage rating divided by the 
current flowing through it, and in the above 
examples would be 2 ohms for the S0-W diode, and 
100 ohms for the 1-W diode. Disregarding small 
voltage changes which may occur, the conducting 
impedance of a given diode is ■ function of lhe 
current Dewing through it, varying in lnvene 
proportion. 

The power-handling capability of most Zener 
diodes is rated at 25 degrees C, or approximately 
room temperature. If the diode ls operated in a 
higher ambient temperature, its power capability 
must be derated. A typical I-watt dlode can safely 
dissipate only 1/2 watt at 100 degrees C, 

Limiting Resistance 

The value of R 8 in Fig. S-22 is determined by 
the load requirements. 1£ R1 is too large the diode 
will be unable to regulate at large values of /L, the 
current through RL, If R 1 is too smell, the diode 
dissipation rating may be exceeded at low values of 
/L• The optimum value for R 9 can be calcula1ed 
by: 

R _ Enc (min) - Ez 
's - -u It (max) 

When Rs is known, the maximum dissipation 
of the diode, Po, may be determined by : 

pO = ~oc [Ts}- Ez - It (min>] Ez 

In the fun equation, conditions are set up for 
the Zener diode to draw 1/10 the maximum load 
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current. This assures diode regulation under 
maximum load. 

Example: A I 1 .. GII ,0111a, II IG mppl~ 1 clmlil ,rquir• 
11111 9 •alb. 1llc lmd currenl •ui .. b<IW""" 200 and 350 
mA. 

Ez • 9.1 V tneanell avail.able •aloe). 

12 - 9.1 2.9 
Rs• .-:rx o.:B · o:m • 7.S ohm, 

.. 0•11W-1-0 .l] 9.1• .18SX9.l • l.7W 

The nearest avmlablc dmipation rating above 
1.7 W is S; therefore, a 9.1-V S-W Zener diode 
should be used. Such a rating, it may be noted, will 
cause the diode lo be in the safe dissipation range 
even though the load is completely disconnected 
[ ft (min)= O ]. 

Obtaining Other Vol rages 

Fig. S-22B shows how two Zener diodes may be 
used in series to obtain regulated voltages not 
normally obtainable from a single Zener diode, and 
also to give two values of regulated voltage. The 
diode~ need not ha\le equal breakdown voltagt:s, 
because the arrangement is self equalizing. 
However, the current-handling capability of each 
diode should be taken into account. The limiting 
resistor may be calculated as above, laking the sum 
of the diode voltages as Ez, and the m of the 
load currents as ft. 

ELECTRONIC VOLTAGE REGULATION 
Several circuits have been developed for 

regulating the voltage output of a power supply 
electronically. While more complicated than the 
VR-tubc and Zener-diode circuits, they will handle 
higher voltage and current variations, and the 
output voltage may be varied continuously over a 
wide range. 

117V AC 

s, 

Fig. 5-23 - Schematic diagram of the power 
supply. Capacitances are in µF; capacitors marked 
with a polarity are electrolytic. Resistances are in 
ohms; RI and R2 are composition. 
C1 - 2000-µF 50 volts de electrolytic (Mallory 

CG23U50C1 J, 
C2 - .01-µF disk ceramic. 
CR1-CR4, incl. - 50 PAV 3-A silicon diode 

(Motorola 1N4719l. 

POWER SUPPLIES 

Voltage regulators ran into two basic types. In 
the type most commonly used by amatcuu, the de 
supply delivers a voltage hig)1er than that which is 
available at the output of the regulator, and the 
regulated voltage is obtained by dropping the 
voltage down to a lower value through a dropping 
"resistor." Regulation is accomplished by varying 
either the current through n fixed dropping resis
tance as changes in input voltage or load currents 
occur (as in the VR-tube and Zener-diode regulator 
circuits), or by varying the equivalent resistive 
value of the dropping element with such changes. 
This latter technique is used in electronic regula
tors where the volt.age-dropping clement is a 
vacuum tube or a transistor, rather than an actual 
resistor. By varying the de voltage at the grid or 
current al the base of these elements, Ihe con• 
ductivity of the device may be varied as necessary 
to hold the output voltage constant. In solid-state 
regulators the series-dropping clement is called a 
pass transistor. Power transistors arc available 
which will handle several amperes of current al 
several hundred volts, but solid-stale regulators of 
this type arc usually operated al potentials below 
100 volts. 

The second type of regulator is a switching 
type, where the voltage from the de source is 
rapidly swilched on and off (electronically). The 
average de voltage available from the regulator is 
proportional to the duty cycle of the switching 
wave form, or the ratio of the ON time to the total 
period of the switching cycle. Switching frequen
cies of several kilohertz are normally used lo avoid 
the need for extensive filtering to smooth the 
switching frequency from the de output. 

The above information pertains essentially to 
voltage regulators. A circuit can also be con
structed to provide current regulation. Such regula
tion is usually obtained in the form of current 
limitation - to a maximum value which is either 
preset or adjustable, depending on the circuit. 
Relatively simple circuits, such a.s described later, 

o, 

·"' 

0S1 - Neon lamp assembly with resistor (Leecraft 
32-2111 I. 

01 - 2N1970. 
S1 - Spst toggle switch. 
S2 - Phenolic rotary, 1 section, 2-pole 11 used), 

&-position, shorting (Mallory 3126J). 
T1 - Filament transformer, 25.2 V, 2 A (Knight 

54 D 4140 or similar). 
VRl - Voltage regulator diode. 
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can be used to provide current limiting only. 
Current limiting circuitry may also be used in 
conjunction with voltage regulators. 

Solid-State Regulators 

One of the simplest forms of solid-state regula
tion is shown at Fig. 5-23. A bridge rectifier 
supplies 25 volts de to a series regulator transistor. 
QI, whose base bias is established by means of a 
Zener diode, YR I, providing a vollage reference of 
a fixed level. Cl is the input capacitor for the 
filter. RI is chosen to establish a safe Zener-diode 
current, which ii dependent upon the wattage 
rating of the diode. A 1-watt Zener diode is 
adequate for the circuit of Fig. S-23. R2 is a 
bleeder resistor and C2 is an rf bypass. If several 
output voltages are desired, say from 6 to I 8 volts, 
Zener diodes from 6 to 18 volts can be wired lo S2 
as shown. When a 2Nl 970 is used at QI, the value 
of RI will be 680 ohms. This value offers a 
compromise for the 5 reference diodes used 
(6,9,12,15, and 18 volts). 

The output of the supply is equal to the Zener 
voltage minus the emitter-to-base bias voltage of 
QI. Both the Zener voltage and bias voltage will be 
approximately zero with only R2 as a load, but 
will rise to roughly 0.3 volt with a I-A load 
connecled to the output. An increase in load 
current lowers the unregulated de input voltage 
which appears across VRI and RI. Zener current is 
reduced, decreasing the voltage at which the diode 
regulates. How much the voltage drops depends 
upon the characteristics of the particular Zener 
employed. 

This power supply has very low output ripple. 
The main limitation of the circuit is the possibility 
of destroying QI, the series-regulator transistor, 
when a dead short or heavy overload is connected 
across the output of the supply. To protect QI 
during normal operation, it should be mounted on 
a fairly large heat sink which is thermally coupled 
to lhe main chassis of the supply. The transistor 
should be insulated from the sink by means of a 
mica spacer and a thin layer of silicone grease. The 
sink can then be bolted directly to the chusb. 

IC Regulators 

The solid-state regulator described above pro• 
vides only fixed voltages. Regulator circuits with 
the output voltage continuously variable over a 
wide range and with a very high degree of 
regulation can be built, but the number of circuit 
components is comparatively large when discrete 
components 11e used. Integrated-circuit devices can 
be used in a solid-state regulator circuit to replace 
many or all of the discrete components, depending 
on the output requirements. The voltage reference, 
control, shut-down (for current limiting) and pass• 
transistor driver elements are contained on a ~ngle 
silicon chip. The construction of a regulated power 
supply is simplified to a few interconnections if an 
IC regulalor is used. 

Fig. 5-24 is the diagram of a regulator using an 
IC and a single pass transistor. With a de po ten lial 

c•ctPT H 11111011:ATED, D[CIYIL VAL.UIS CF" 

CAPICITANCI. A,tt lfrl WICII0FAII.A.D9 t pf I ; 
DTH[ltS AJtE IN ,co,a11i101 •• , DR .4tjlf' 1: 
At.SlST&MCEI 4at 11111 0tOl9 ~ 
h 1000, M•IOOO 000. 
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Fig. 5-24 - Schematic diagram of 15-V 5-A 
regulator !WI KLK, QST for NOlll!mber, 19711. 
01 - Motorola power transistor; 30-cubic-inch 

heat sink required !Delco 7281366 radiator or 
equiv.I. 

R 1 - 0.1-ohm r&siuor, made from 8 feet of No. 22 
enam. copper wire. 

R2, R4 - For text reference. 
R3 - linear taper. 
U1 - Signetics IC. 

of 24 to 30 volts applied at £IN the circuit as 
shown will provide an adjustable output voltage 
between 5 and IS. The circuit will handle up to S 
amperes of current. provided, of course. that the 
de source will deliver this amount. If the load 
requires no more than I SO mA of current the pass 
transistor may be eliminated from the circuit 
altogether; in this case pins 2 and IO of the IC 
should be interconnected. 

The NE550 regulator will safely accept input 
voltages as high as 50, and output voltages may be 
adjusted by appropriate resistance values for R2, 
R3, and R4 from 2 to 40 volts. The value of RI 
determines the shut-down current (maximum cur-

Table 5-1 

Voltage Divider Current limit 

VoUT RA Ra IMAX R1 

3.6 6135 2967 .05 12 
5 4417 3664 0.1 6 
9 11,043 2442 0.5 1.2 
12 14,724 2314 1.0 0.6 
13.6 16,687 2272 1.5 0.4 
15 18,405 2243 2 0.3 
20 24,540 2177 2.5 0.24 
28 34,356 2122 3.0 0.20 

5 0.12 
10 .006 

Table 5-1 - Resistance values for various voltage 
and current outputs from the regulator of Fig. 
5-24. These values were determined by mathe
matical calculation and ere not necessarily available 
from stock supplies. The fi~res given do indicate 
the practical values VW1ich may be used along with 
an appropriate-value control for R2 in the circuit 
of Fig. 5-24. 
RA - R2 plus top portion of R3. 
RB - R4 plus bottom portion of R3. 



124 
rent which the circuit will deliver into a 5hort 
circuit) and is usually selected to protect either the 
pus transistor or the power supply transformer, 
whichever has the lower current rating. Table S-1 
gives resistance values for various levels of voltage 
and current from the regulator. 

The use of a high-gain pass device improves the 
output regulation, and a Darlington-connected pair 
is frequently employed. Of course ii is easy to 
purchase a ready-made Darlington transi1tor 1 but 
the enterprising amateur can make his own, as 
shown in Fig. 5-25A. However, some of the IC 
regulators which are available on the market have 
so much internal gain that it is difficult to avoid 
o'!l:illation with a high-gain pass transistor. 

High~unent-Outpul Regulators 

When a single pass transistor is not available to 
handle the current which may be required from a 
regulator, the current-handling capability may be 
increased by connecting two or more pass tran· 
1istors in parallel. The circuits at B and C of Fig. 
S-2S show the method of connection. The resis
tances in the emitter leads of each transistor are 
necessary to equalize the currents. 

C. E 
ISO 

(A) 
01 10 

., 
C E 

(B) 

C f 

Fig. 6-25 - At A, a Oartington-<:onnected pair for 
use as the pass element in a series-regulating circuit . 
At B and C, the method of connecting rwo or more 
transistors in parallel for high current output. 
Resistances are in ohms. The circuit at A may be 
used for load cunents from 100 mA to 6 A, at B 
for currents from 6 to 10 A, end at C for currents 
from 9 to 15 A. 
01 - Motorola MJE 340 or equivalent. 
02-07, Incl. - Power transistor such as 2N3055 or 

2N3772. 

POWER SUPPLIES 

Fixed-Voltage IC Regulators 

IC regulators with all cin:uitry contained on a 
single silicon chip are becoming available for 
different values of fixed-voltage outputs. The 
LM309 five-volt regulator, manufactured by 
Nationial Semiconductor and otheni, is one type of 
such ICs. These regulators are three-terminal de
vices, for making connections to the positive 
unregulated input, positive regulated output, and 
ground. They are designed for local regulation on 
digital-logic circuit-board cards to eliminate the 
distribution problems associated with single-point 
regulation. For this reason they are frequently 
called on-card regulators. 

The LM309 is available in two common Iran• 
sister packages. The LM309H in a T0-5 package 
can deliver output currents in excess of 200 mA if 
adequate heal sinking is provided, and the 
LM309K in the T0-3 power package can provide 
an output current greater than I A. The regulator 
is essentially blow-out proof, with current limiting 
included in the circuit. In addition, thermal shut· 
down is provided 10 keep the IC from overheating. 
If internal dissipation becomes loo great, the 
regulator will shut down to prevent excessive 
heating. 

It is not necessary to bypass the output of the 
LM309, although bypassing does improve immun• 
ity from transient responses. Input bypassing is 
needed, however, if the regulator is located very far 
from the filter capacitor of the power supply. 
Typical values of input bypass capacitance are 0.15 
and 0.22 µF . Although designed prtmarlly as a 
fixed-voltage regulator, lhc LM309 can be used lo 
obtain a regulated output at voltages higher than 
five. This is done by returning the "ground" 
connection of the IC to a tap point on a voltage 
divider which is connected between the regulated 
output and a true circuit ground. An adjustable 
output regulator for voltages above five can be had 
if the "ground" pin is connected to the junction of 
a 300-ohm fixed resistor and one end of a 
I 000-ohm linear control. The opposite end of the 
300-ohm resistor should be connected lo the 
output pin, and the wiper contact and third lug of 
the control to e true circuit ground. 

Switching Regulator 

Switching regulators are used when it is neces
sary or desired to minimize power losses which 
would otherwise occur in the series pass transistor 
(or transistors) with large variations in input or 
output voltages. The basic operation of the switch
ing regulator, known as the flyback type, may be 
unde111tood by referring to Fig. .S-26A. Assume 
that the switch is closed and the circuit has been in 
operation long enough to stabilize. The voll■ge 
across the load , RL, is zero, and the current 
through L is limited only by R1, the internal 
resistance of the inductor. Al the instant the 
switch is opened, the voltage across the load goes 
to a value higher than the source voltage, E, 
because of the series-aiding or "flyback" effect of 
the inductor. When the magnetic lines of llux 
about the inductor collapse completely, the voltage 
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across Rt will be equal to that of the source 
(minus the small voltage drop across R1). Each 
time the switch is closed and then opened, the 
process is repeater. By opening and closing the 
switch rapidly, voltage pulses may be applied 
across Rt which are higher than the de input 
voltage. A capacitor may be connected across Rt 
to produce a de output voltage. To keep the 
capacitor from discharging when the switch is 
closed, a diode can be connected in series with the 
load and its parallel-connected capacitor. 

In a practical switching-regulator circuit the 
switching is perforrQed by a transistor, as shown al 
B of Fig. 5-26. The transistor may be driven by any 
number of circuits. In the practical circuit shown 
later (Fig. 5-27) four sections make up the driving 
circuit, as shown in block diagram form in Fig. 
5-26B. The oscillator triggers the monostable mul
tivibrator and determines the frequency of opera
tion. The sensor measures the output voltage and 
controls the pulse width of the multivibrator 
accordingly. The monostable multivibrator com
bines the signals from the oscillator and sensor to 
produce the correct pulse width. The driver re
ceives the mul tivibrator output and drives the 
power transistor, Ql. 

The voltage step-up capability of the inductor 
has been mentioned briefly. However, in choosing 
the value of the inductor, energy is an important 
consideration. During the time the transistor is 
turned on, the inductor stores energy. This energy 
is added to the supply and delivered to the load 
when the transistor turns off. The total energy 
must be enough to supply the load and maintain 
output voltage. As the load is increased, the 
transistor must remain on longer in order to store 
more energy in the inductor. The required value of 
inductance depend~ on frequency of operation, 
duty cycle, and load. A linear change in current 
through the inductor is a desirable condition and 
indicates operation is over a small segment of the 
inductor's charging and discharging curve. A 
powdered-iron-core inductor is normally used to 

EXCEPT 4S INDICATEO, CIECIMAL. 'w'AUJIES OF 

CAP4CITANCE ARE I N MICROFARAIJ'3 I .a,f I ; 
OTHERS ARIE IN PICOFARADS I OF' CIA _ppl-J: 
RESISTANCES A.Rt: IN OM lwl SI; 

It.• 1000, M•JOOO 000, 

LI 

+o------,400,uH 
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Fig. 5-27 - A 100-W 28-V switching 
regulator (circuit design courtesy of 
Delco Electronics, Kokomo, Ind.). 
All res istors are 1 /2 W. 
CR1 - Motorola rectifier mounted 

on Delco heat sink 7281352. 
Ll - 124 turns No. 18 wire wound 

on Arnold 8079024-3 powdered
iron core. 

01 - Darlington power transistor 
(Delco DTS 1020 or equiv.). 
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,omr=t ~·, (A) ~--,~ SOURCE 

E 

L 

+ 
t 

DC 
INPUT RL 

' (B) 

Fig. 5-26 - At A. the fundamental circuit of a 
flyback switching regulator, and at B, the elements 
of a practical circuit. 

prevent a large inductance change with increased 
current. 

Efficiency of the circuit depends mainly upon 
the switching and saturation losses of the power 
transistor. The peak current through the transistor 
is considerably greater than the input current. The 
flyback diode must have a fast reverse recovery 
time and low forward drop. There will be u large 
current spike through the transistor if the diode is 
slow. 

The complete circuit of a switching regulator is 
given in Fig. 5-27. Tiris regulator will handle 100 
watts of power efficiently, at output voltages as 
much as 6 volts above the input voltage. The 
switching rate of the regulator Is 9 kHz, and it 
operates with an input of 22 to 28 volts. Regula-

1N3879 OUTPUT 
28V DC 

+ 



126 

Fig. 5-28 - Two-terminal current limiter. See text 
for d iscussion of component ve lues and types. 

lion and ripple are less than I percent at full 
output. The switching device, QI, is a commer
cially available Darlington trJnsistor. 

The efficiency of the cin:uit drops off at low 
power levels. This is because the losses of the 
circuit ue not proportional lo the output power. 
Maximum efticiency occurs at about 80 watts 
because the duty cycle of the transistor is an 
optimum for the chosen value of the inductor. 
Whenever the input voltage increases above 28 
volts, the output voltage tracks the input. The 
difference between the two voltages is the drop in 
tht: flyback d iode. 

Output voltage variations resulting. from 
changes in ambient temperature are caused by two 
major factors; positive temperature coefficient of 
the Zener diode, and the negative temperature 
coefficient of the emitter-base junctions o f the 
transiston. One way to compensate partially for 
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temperature is to connect diodes that have negative 
temperature coefficients in series with the Zener 
diode. 

Two-Terminal Cunent Limiter 

The simple circuit of Fig. 5-28 performs the 
current limirinll function of fuses or circuit break
ers. Th~ circuit uses only two transistors and 
two resistors. T he necessary ~u pply voltage for 
operation is obtained from the power source being 
protected. with the load functioning as the return 
to the power source. QI is a series element which 
allows current, up to :i desired maximum, to flow 
to the load. RI provides a suitable bias for QI to 
permit such current to flow. R2 is a sensing resistor 
interposed between the series transistor and the 
load, and provides bias for Q2. Normally this bias 
is low enough to prevent 02 from conducting. Q2 
coutrols the bias applied to QI. When excess 
current flows through R2 a~ a result of a circuit 
malfunction or a short across the load, the volfage 
drop across R2 rises, biasing 02 into conduction. 
When Q2 turns on, it reduces the bias on QI and 
limits the amount of current flow. The maximum 
amount of cunent flow can he varied by changing 
the value o f R2. If an adjustable limiting level is 
desired, R2 may be a variable resistor. The limiting 
level is an inverse function of the resistance value. 

0-25 VOLT ADJUSTABLE POWER SUPPLY 

For most amateur work the voltages needed 
from transistorized power supplies fall into two 
general ranges; 5 volts for digital circuits and I 2 
volts. On occasion there is the need for o tiler 
valuei and this power supply is capable of pro
viding voltages from 1.3 to 25.4. The heart of the 
supply i~ the National LM3 I 7K adjustable volt~ge 
regulator. In the foUowing configuration the 
supply i! capable of 3 amperes output current 
throughout its voltage range. 

Circuit Descrip tion 

The LMJJ 7K, available in three case styles, is a 
completely self-contained 11dju,t11blc regulator. The 
basic, adjuxtable, regulated supply requires no 
more than a de source, the regulator and two 
resistors (Fig. I). In the ba~ic configuration the 
regulator is capable of ~upplying up to 1.5 A 
output current. To provide higher-output currents. 
an external pa!IS transistor has been added (Fig. 2). 
CJ and C2 (Fig. 2) are the usual capacitors to 

Yitf VQl,lf 

Fig. 1 - Schematic d iagram of the basic regu lator. 

improve transient respon!IC and reduce the noise on 
the o u1put voltage. C l may he eliminaccd if the 
regulator is located physically close to the filter 
capacitor. The 5600-0hm resistor was added in 
parallel with the potentiometer to limit the output 
voltage to approximately 25. lbe ripple on the 
output voltage is deLTcascd by the addition of C3 
to the adjustment lead. If the regulator i.s going to 
be used over 25 volts, a diode (CR5) should be 
connected for protection if the input or output is 
shorted. 

Depending upon the builder's preferences, 
meters may be added to the power supply. A shunt 
resistor was added to the meter reading the output 
current. The method for determining the value of 
the shunt resistor is discussed in the Test Equip
ment and Measurements section of this book. 

Construction 

The transformer secondary voltage should be in 
the range of 20 to 24 V ac when drawing slightly 
more than the desired load cummL In addition to 
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+ ·~ ♦£ef. HO 

50V '1 50V 

Fig. 2 - Schematic diagram of the complete power 
supply. All resistors ara 1/2 wan composition. Cl 
1hrough CJ are solid tantalum capacitors. Tl and 
CR 1 through CR4 are discussed in the text. R 1 is a 
pan el -mounted I inear-taper paten tiometer. S 1 and 

the load current, the transfonner must supply a 
Kmall amount of power to the regulator. The 
rectifier can be four individual diodes or an 
enc.apsulated bridge module. If individual diodes 
are used their rating should be at least 50 PRV and 
1.5 amperes (3 A or more if pass transistors are 
used) . An encapsulaled bridge must have the same 
minimum ratings. A Radio Shack 276-1146 
encapsula1ed bridge will be more than adequate . 

The 2N3055 and the regulator will both require 
u heal sink which can be homemade. A suitable 
commercially made heat sink would be the Radio 
Shack 276-1360. Due to the different transformer 
and heat sink sizes the cabinet can be any type that 
the builder desires. 

The template (Fig. 3) is the etching pattern for 
a pc board that will hold all the components 
external to the regulator. This pc board could be 
etched and then mounted above the regulator. If it 
is not desired to use a pc board, all the camponenu 
cnn be mounted on terminal strips. 

One point that should be noted is the proper 
wire size for the interconnecting wiring. The load 
regulation is a function 0£ the w;istance of the 
wiring. A value as miall as 0.05 ohm can decrease 
the regulation by as much a~ a facto1 of eleven. 

Adj us tment and Operation 

The value of the 5600-ohm resistor may be 
changed to suit the builder. Lowering its value will 
decrease the maximum output voltage available. 
No other adjustment is ne~y ror aperntion of 
thlH power supply. 

ANOTHER POWER SUPPLY 

This regulated power supply is suitable for use 
as a "bane.ry eliminator" for transceivers of the 
I 0-watt output variety, or for general purpose 
workbench duty. This supply is designed to pro
vide up to 2 amperes continuously al 12 volts. 

l!lJ!!. 
50V 

S2 are spsl toggle switches. The matars ara Calectro 
D1-916 and D1-923. If the pass transistors an, not 
be used, the 22-ohm resistor between C1 and the 
regulator input 10 be omitted. 

although the output voltage may be adjusted with 
an externally mounted control within the range of 
9 to I 3 volts. 

Circuit De&cription 

The use of two transformers. rather than one, 
allows a certain degree of flexibility of operation, 
in that the iupply may be used on either 11 7 or 
235 volts ac with only minor differences in wiling. 
The de voltage at point A is approximately 30. QI 
is used as a series pass transistor. Its function is ta 
drop the voltage al point A of Fig. I to the desired 
12-volt-outpul value, and maintain that voltage 
over wide variations in the output load current. U2 
is an integrated-circuit voltage regulator which, 
with the aid of a few external components, is 

VIN 
LM317K f ...,,""t-11~ ;;=...g 

Voul 
LM317K 
2N3055 
Emitter 

2N305 
Base 

2N3055 
COiiector 

5 

Fig. 3 - Template for pc board. View from tha foil 
side. 

u-z 
3A 
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capable of handling up to 600 mA of output 
currenl Since an output current of 2 A is desired, 
however, U2 is used here to properly bias Ql, 
which has a much higher cum:nt rating. The inner 
circuitry of U2 can be divided Into fow basic 
element!: a fu:ed voltage reference, a variable 
voltage reference derived from the fixed reference, 

an error amplifier, and an output regulator. An 
internal Zener diode Is used as the fixed reference. 
This reference voltage is applied to one input of a 
differential amplifier (a differential amplifier re
sponds to the difference between two applied 
voltage levels), while the other input is connected 
to the junction of R3 and R4 (pin 8 of U2). R3 (in 
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Power Supply Construction 

Inside view of the regulated power supply, The use 
of the 4~nch square pc board (visible at upper 
right) simplifies the interconnection of most of the 
parts. The full-wave bridge rectifier assembly IU1l 
and the heat sink for 01 are bolted to the chassis 
floor. A single transformer has been used here in 
place of T1 and T2 as described in QST for 
January, 1975. 

series with R2) and R4 form an externally adjust
able voltage divider, from the differential amplifier 
output (pin 9 of U2) to ground. Thus, the output 
of the differential amplifier will ~wing to the level 
th.at results in the voltage at pin B of U2 being 
identical to the fixed reference voltage. A second 
differential amplifier serves as the error amplifier. 
One input (pin 6 of U2) is tied directly to pin 9, 
while the other input (pin 5 of U2) ill connected to 
the power supply output bus. The error-amplifier 
output controls the internal output-regulator bias 
of the IC, which in tum controls the bias applied 
to QI. When connected in this manner, the error 
amplifier responds to any difference between the 
power ~upply ouput level and the (previously 
adjusted) voltage reference level. The output regu
lator acts on Ql to correct the discrepancy. C3 and 
C4 are used in the interest of maintaining am plific.r 
stability. RS, R6, R7, and Q2 are included in the 
circuit to protect the power supply and regulator 
in the event of an inadvertent short circuit between 
the output terminals or if the current demanded by 
the load is too heavy for safe operation. The 
operation of the current-limiting feature is as 
follows: When the current flowing throueh the 
parallel combination of R5, R6, and R 7 (equiva
lent parallel resistance of about 0.18 ohm) is large 
enough to produce a 0.6-volt drop across the 
resistors, Q2 is biased into conduction. The action 
of Q2 on the IC internal output regulator results in 
the reduction of the current through QI. The 
short-circuit output cunent in this case will be 
limited to 3.3 amperes (0.6/ 0. I 8 = 3.3), which is 
within the safe regulator/ pas.9-ttamistor limits. The 
value of the cunen ._sensing resistance required for 
short-circuit currents of other than 3.3 amperes is 
calculated as follows by Ohm's Law: Rsc = 
0.6//sc where Rsc is the current-sensing resistance 
and lsc is the maximum allowable short-circuit 
1:urren L If a long run of cable is used between the 
power supply and the load, the voltage drop in the 
cable may be large enough to be of concern. If this 
ls the case, a separate remote voltage-sensing wue 
may be run from lhc load to pin 5 of U2, rather 
than connecting pin 5 to the output at the power 
supply. The regulator will compensate for the 
voltage drop in the cable. This wire may be of a 
small gauge, as little current will be drawn through 
it. 

Conslroclion Details 

Most of the components were mounted on an 
etched circuit board (see Fig. 2), although point-to
point wiring on a perf board would have sufficed. 
As the transistors inside the IC are capable of 
operation at vhf, it is good practice to use short 
leads for interconnecting the regulator components 
to prevent unwanted oscillations from occurring. 

The manufacturer recommends a low-inductance 
::onnection between the case of the HEP C4069R 
rnd ground. No evidence of instability was noted 
with this circuit. 

All parts are housed in an B x 6 x 3-1 /2-inch 
Minibox (Bud CU-2109-A). Two slllndoff insu
lators support the pc board, while the power 
transformers, Tl and T2, are bolted du-ectly to the 
Minibox. As QI dissipates several watts when 
maximum load current is being drawn, a heat sink 
is required. The Motorola HEPSOO, consisting of an 
MS-JO predriUed heat sink and an MK-IS power
transistor mounting kit, is ideal for this appli
cation. In accordance with the instructions !IUl)

plied with the HEPS0O, the MK-15 should be 
coated on both sides with a thin layer of silicone 
thermal compound (Radio Shack 276-1372), with 
the bottom of Q 1 and the center area of the heat 
sink treated similarly. After the QI emitter and 
base pins are inserted through the proper holes in 
the ;washer, the transistor is mounted in the socket. 
The mica washer insulates the cese of QI ( which is 
connected internally to the collector) electrically 
from the heat sink and chassis, while the silicone 
compound increases the thennal conductivity be
tween QI and the heat sink. Care should be taken 
to prevent contact between lhe case of QI and any 
grounded object, as the full supply voltage appears 
on the transistor case. The current-limiting feature 
will not protect the device from destruction in 
event of an accidental short f1om QJ to ground, 
since the current sensing resiston (RS, R6, and R 7) 
are connected between Ql and the power supply 
output terminals. The heat-sink assembly is bolted 
lo the rear panel of the Minibox with No. 6 
hardwai:e. The MS-10 ls 3 inches high and 4-1 /2 
inches wide, so ii must be located off center in 
order lo accomodate the fuse holder and the line 
cord on the rear panel A I-inch-diameter hole was 
punched in lhe rear panel prior to the heat sink 
installation to allow access to the transistor socket 
pins. Short lenglhs of hookup wire are used 
between the pc board and the transistor sockeL Ul 
is coated with silicone compound and then bolted 
to one of the inside walls of the Minibox, which 
serves as a heat sink for the diodes. Ventilation of 
the Minibox is desirable. Large holes punched or 
cut in the sides and bottom of the box and covered 
with perforated metal stock can be used, or 
ventilation holes can be drilled individually in the 
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metal enclosure. The 
regulator IC is mounted 
directly on the pc 
board, and it does not 
require a heat sink. 

After the pilot 
lamp, the power switch, 
and the binding posts 
are installed on the 
front panel, Tl and T2 
can be bolted in place 
near the front of the 
box. The transformer 
primaries can be tied in 
parallel for operation 
from 117 volts ac, or in 
series for 235-volt ac 
operation. The Tl and 
T2 secondaries must be 
connected in series and 
in proper phase for the 
power supply to op
erate correctly. If the 
unloaded ac output 
v o ltagc as measured 
with a VOM is in the 
neighborhood of 20 
volts, the windings are 
connected properly. If, 
however, the VOM 
reads approximately 6 
volts, the secondaries 
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are out of phase and . . 
the leads from one of Ftg, 2 - Foil panern and i:ens layout for the regulated power supply. 

the transformers must be reversed. If the primary phasing of the windings. The use of a 3-wire ac 
leads are brought out to four separate terminal cord installed in a properly grounded ou !let is 
posts, changing from 117-volt to 235-volt oper~- intelligent practice for this and any line-operated 
tion will be a simple matter of changing appro- power supply. If a transformer with a secondary 
priate jumpers. Alternatively, a 117/ 235 switch rating of approximately 18 volts at 3 amperes is 
may be installed eailly on the rear panel if frequent av_ailable, it may be used in place of Tl and T2. 
line voltage changes are anticipated. In either case Details for the modifica tion of a 24-volt secondary 
attention should be paid to the matter of proper transformer are given in QST for January, 1975. 

A UNIVERSAL POWER SUPPLY FOR THE AMATEUR STATION 

Presented here is a general-purpose unit with 
provisions for 117-220-volt operation, and it is 
adapted easily for use with most commercially 
available gear by constructing appropriate power 
cords. The supply delivers 800 V at 300 mA de, 
300 Val I 75 mA de, and O to -130 Vat 25 mA. In 

adclition the supply provides ac filament potentials 
of 6.3 V at 11 A or 12.6 V at 5.5 A. 

Often the station power supply is a heavy black 
box that is tucked away in a corner and just sits 
there. A large cable interconnects this device with 
the station transmitter or transceiver and the 
amateur never comes directly in contact with it; all 
of the supply functions are remotely controlled 

Fig. 1 - The Universal Power Supply is con
structed on a standard-size aluminum chassis. 
Back-to-back plugs with appropriate jumper wires 
make changing from 117-V to 220-V input opera
tion or from 6.3-V to 12.6-V filament operation a 
simple matter of reversing a plug. 
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Fig. 2 - Circuit diagram for the Univer5al Power 
designations not listed below are for text reference. 

Supply. Component 

CR1 - CR12, incl. - 1000-PRV, 2.5-A silicon 
diode (Mallory M2.5A or equiv.I. 

J1, J2 - 6- pin tube-type socket (Amphenol 
78RS5 or equiv.I. 

J3 - 12 lug terminal block (Cinch 12-140 or 
equiv.I, and 12 lug fanning strip (Cinch 
12-160L or equiv.I. 

.. 

00) ;I 

6.3 V FIL. 

L1 - 10 H, 200 mA 
( Hammond 193JI. 

L2 - 10 H, 300 mA 
(Hammond 193MI. 

Pl, P2 - 5-pin plugs to 
mate J1 and J2, 4 
req'd (Amphenol 
86-PMS or equiv.I. 

R1 - 5-wan linear
taper control. 

R2, A3 - For text ref
erence. 

R4 - Three 39,000-
ohm 2-watt resistors 
connected in paral
lel. 

RS, R6 - See text. 
Sl - Spst toggle rated 

at 6 A or greater. 
S2 - 2-pole &position 

rotary. nonshorting 
(Centrelab 1411 or 
equiv.) . 

Tl Dual primary, 
117 or 220 V ec; 
secondary 890 volts 
each side of canter 
tap et 300 mA 
(Hammond type 
1010591. 

T2 - Dual primary. 
117 or 220 V ac; 
secondary 350 volts 
each side of center 
tap at 1 75 mA, 6.3 
volts ac at 6 A, 6.3 
volu ac at 6 A 
(Hammond spacial 
273BXI . 

VRl, VR2 - Thyrector 
assembly (G E 
6RS20SP4B4l. 
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Fig. 3 - Bottom view of the Universal Power 
Supply. 

from the panel of the station transmitting gear. But 
what happens if an instance arises where a par· 
ticular voltage (or combination of voltages) is 
needed for an experimental project? Can that 
"black box" in the corner be pressed readily into 
service? And what about the amateur who buys 
two power supplies for his station because his 
mobile transceiver cannot be plugged directly into 
his home-station transmitter power supply? This 
supply is designed to fill o.11 these needs. 

Many of today's commercially available ac 
supplies are not equipped for 220-volt operation. If 
the station includes a two-kilowatt amplifier, a 
separate 220-volt line should be available in the 
shack. Blinking house lights are not always a result 
of running a high-powered amplifier. It could be 
caused by the intermittent 400- or S00-wall load 
presented by an exciter power supply to the 
117-volt source. Connecting the exciter supply to a 
220-volt outlet (providing a dual-primary trans
former is used) can be helpful in this regard. 

Circu.i I De tail$ 

The supply is shown in Figs. I through 3. 
Primary power may be applied to the supply in 
two ways. First, terminals 6 and 8 of J3 may be 
shorted together; this is normally the function of 
the station transmitting equipment on-off switch 
(see Fig. 2). On the other hand, SI may be 
actuated when the supply is used independently. 
Transient voltages on the ac line are eliminated by 
Thyrector assemblies VRI and VR2. 

Full-wave rectification is employed in lhe 
AeCondary circuit of each power transformer to 
develop the three de operating voltages. Choke
input tillering provides adequate regulation of both 
the 300- and 800-volt outputs. Both LI and L2 are 
shunted with suitable resistors to reduce the 
possibility of diode damage when primary power 
to the supply is removed. · 

The bias voltage is adjustable and may be set to 
any value between -40 and -80. Should a range 

POWER SUPPLIES 
between -80 and -130 volts be required, RI may 
be interchanged with R 3. Likewise, if a range from 
0 to -40 volts is needed, RI may be swapped with 
R2. 

Metering 

A six-position switch and a 0-l•mA meter 
allows monitoring of high and low voltages, the 
current for each of these, and the bias voltage. The 
sixth position permits the meter to be disabled. 
The meter 1ihunts for both current positions of S2 
are homemade and provide a rull-scale reading of 
500 mA on each range. The proper resistance for 
the shunts is determined by dividing the meter 
internal resistance (approximately I 00 ohms in this 
case) by 500, and is equal to 0.2 ohm. No. 30 
enameled copper wire has a resistance of 105 ohm~ 
per 1000 feet, or 0 .1 0S ohm per foot. Extending 
the division another step, one inch of wire has a 
resistance of .008 ohm. Approximately 23 inches 
of wire provided the conect value for the shunts. 
Each 23-inch length of wiie is wound on a 
100,000-ohm, two-watt composition resistor which 
serves as a form. 

Construction 

The supply is built on a 10 x 8 x )-inch 
aluminum chassis. The spot welds al the four 
corners are reinforced with No. 6 hardware since 
the transformers are quite heavy. The total weight 
of the completed supply is slightly more than 40 
pounds. Several one-inch-diameter holes are cut in 
the chassis bnllnm plate to allow adequate air 
circulation. 

All of the power-supply output voltages are 
present on a 12-connection terminal block. The 
end of tile cable used to interconnect the supply Io 
the station transceiver is equipped with a I 2-lug 
fanning strip, providing a convenient means to 
disconnect iL 

One special wiring precaution is neces.~ry; the 
bleeder resistors for both the high and·low-voltagc 
circuits should be mounted in the clear to allow 
plenty of air circulation around them. Perforated 
aluminum stock is placed over a I x 3-inch cut in 
the chassis which is directly above the mounting 
position for the 800-volt bleeder network. 

Operation 

Two jumper plug~ are mounted "back-to-back", 
making the change from 117-volt operation to 220 
volts a simple matter of reversing Pl. P2 performs 
an identical function lo select 6 or 12 volts for the 
filament line. 

The cost for this project should be under SI 00, 
even if all of the parts are purchased new. The 
price of the two power transformers and two filter 
chokes compri5es approximately 60 percent of the 
total cost.l 

1 A packa2e lncludlna the two power trana
formen and the two filter chokes is available h:om 
Hammond Manufacturln11 Company, Inc., 1061 
Clinton Street, Buffalo, NY l 4240, for approx· 
imately $60. In Canada, the address is Hammond 
Mfg. Co .• Ltd., 394 Edinburgh Rd .. North GJ.1elph 
Ontario. Cata101 available, • 
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A 3000-VOL T POWER SUPPLY 

This high-voltage power supply may be used 
with linear amplifiers that arc capable of operating 
at maximum legal input power levels. It was 
designed for use with a one-kilowatt 3-SOOZ 
amplifier, but with minor modificatioll!I to the 
control circuitry to suit individual circumstances it 
can be used with amplifiers having a pair of 3-SOOZ 
tubes, a single 3-10002, 4-IOOOA, or any tube or 
tubes calling for 2500 to 3000 volts at up to 700 
rnA. Examples of such amplifiers may be found in 
Chapter 6 . 

The Circuit 

A voltage-doubler circuil connected to the 
secondary of Tl provides approximately 3000 
volts de. See Fig. 3. The primary of Tl can be 
operated from either a 117-volt line or a 220-volt 
source; the latter voltage is preferred. VR I and 
VR2 are suppressors included lo prevtlnl transients 
from damaging the high-vol lage capacitor bank or 
the rectifier diodes. Since TI has two 117-volt 
primary windings, a suppressor is connected across 
each. The windings and suppressors are connected 
in parallel for 117-volt operation, and they are 
series connected for a 220-volt line. 

A relay (Kl) is necessary to switch the high
current inrush when the supply is activated. Ordin
ary toggle switches cannot be used lo activate the 
power supply directly. Surge protection is accom
plished by placing RI in series with one lead of the 
ac line. K2B shorts out this resistor a few seconds 
after the main power switch (SI, located on the 
amplifier front panel) is actuated. A separate line 
cord for the power ~upply allows this !lection to be 
operated on 220 volts while permitting other 
circuits in the amplifier lo operate on 117 volts. 
The 120 volts needed 10 energize the coil of K2 are 
taken from a half-wave rectified de supply located 
on the amplifier chassis. Note that the 8-minus 
terminal is held a few volts above ground by the 
IS-ohm, 2-watt resistor, for metering purposes in 
the companion amplifier. 

Construction 

The power supply is built on a standard 
10 x 12 x 3-inch aluminum chassis. Construction 
is straightforward, u can be seen from Figs. I and 
2. The front and rear panels are made from 9 x 
10-inch pieces of 1/16-inch thick aluminum, and 
the bottom plate and the U-shaped lop cover arc 
made out of perforated aluminum stock. 

The primary and control-circuit components, as 
well as the rectifier board und capacitor bank, are 

Fig. 2 - The primary and control-circuit com
ponents are grouped at the bottom, with the 
high-voltage capacitor bank and rectifier board 
occupying the upper ponion of this bottom chassis 
view of the power supply. R1 is visible in the lower 
right-hand corner. 

Fig. 1 - Top chassis view of the 3000-volt power 
su pply as constructed by WA1J2C . The ci rcuit 
board in the foreground holds the bleeder resistors, 
which are spaced apa rt and supported a shon 
distance above the board for proper cooling. The 
large transformer is for the high-voltage supply, 
and the small transformer provides filament power 
for the amplifier. 

mounted underneath the chassis. Reasonable care 
must be taken to prevent any part of the primary 
or control wiring from coming into contact with 
the high-voltage components. Each of the 100-µF 
capacitors in the capacitor bank is shunted by a 
25,000-ohm, 20-watt wirewound resistor. These 
resistors equalize the voltage drops across the 
!lerics,:onnected capacitors, and also serve as the 
bleeder resistance. Since these resistors get quite 
hot during normal operation, they are mounted 
away from the electrolytic capacitors on a separate 
circuit board above the chas.1is, to allow for 
adequate ventilation. The other large heal
generating components are the power and filament 
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ALT. CONNECTION FOR 220 V AC 

~ 
50W 1<28 ii"" ------

KIB .01 ** 
~ 

ISA* KIC 

~ 

* /JSE BA. FOR 220 VAC 

** 8E SI/RE PR/NARY WINDINGS 
ARE PROPERLY PHASED 

K2A 

CR1 - CR10, inc. - 1000-PRV, 2.5-A (Mallory 
M2.5A or equiv.). 

D51 - 117-volt ac neon pilot lamp assembly. 
J1, J2 - High-voltage chassis connector (Millen 

37001 l. K 1 - Po....er relay, dpdt, 117-volt coil 
(Potter and Brumfeld PR-1 lAY or equiv.I. 

K2 - Dpdt 10 A contacts, 120-V de coil ( Potter 
and Brumfeld KA 11 DG or equiv.I. 

P1 - Cable-mounted 11-pin power connector. 

transformer.! (Tl and T2), which are also mounted 
above chassis. 

A small etched circuit board supports CR 1 
through CRlO and their associated equalizing 
resistors and transient-suppressing disk capacitor&. 
In actual operation, the filament voltage measured 
at the amplifier tube socket exceeded the maxi-

POWER SUPPLIES 

.01 ,01 ,01 .QI .01 

3000V 8+ J2 

8- JI 

15 

FIL XFRMR 
5.,AC 

P:2. 

2W 

Fig. 3 - Schematic dia
gram of the 3000-volt 
power supply. 

P2 - Cable-mounted 2-pin power connector. 
R2 - 8 feet No. 14 enam. wire wound on 3-inch 

long, 3/4-inch die Plexiglas rod. 
T1 - Dual 117-volt primary, 1100-V secondary, 

600 VA (Berkshire 6181 or equiv.I. 
T2 - 117-volt primary; secondary 5.0 volts at 15 A 

(Stancor P6433 or equiv.). 
VR1, VR2 - Transient-voltage suppressor, 120-

volt (General Electric 6RS20SP4B4 or equiv.). 

mum voltage recommended by the tube manu
facturer slightly, so R2 was included to reduce the 
voltage to a suitable value. To avoid excessive 
voltage drop in the cable connecting T2 with the 
amplifier, it is recommended that the cable be 
made of No. 10 wire or larger (in many cases, R2 
will not be necessary). 

NICKEL-CADMIUM BATTERY CHARGER 

Any advantage that a NiCad (nickel-cadmium) 
battery may have over other types can be lost 
through impwper chBiging. This information con
cerning NiCadcharging techniques was contributed 
by WA0UZO. NiCads can even be ruined on the 
first recharging cycle. If connected tl'I a conslan1-
voltage source, initial current may be quite high. 
Normally, no damage would result unless the 
battery voltage is low {fully discharged). Using a 

constant current for battery charging is permissible 
at the start of the charging cycle, however, as the 
battery reaches full charge, the voltage may rise to 
an excessive value. 

The correct solution is a combination of the 
two me1hods. Any circuit used fori.:harging NiCads 
should limit both the current and voltage, such as 
the one described here. 



Nickel-Cadmium Battery Charger 

Fig. 1 - Schematic diagram of the 117-V ac 
charger. 

Cl - Electrolytic. 
CR1, CR2 - Silicon diodes, 100 PAV, 3 A. 
0S1 - See texL 
T1 - Primary 117 V ac, secondary 25.6 V at 500 

mA. Calectro 01-752 I or equiv. ). 
VR1 - See text. 

Some other precautions which should be ob· 
served while charging NiCads are: 

1) Battery temperature should be between 40° 
and 80°F. It should never exceed l 00°F. 

2) Two or more batteries with the same voltage 
rating may be charged in parallel, but be sure that 
the charger has sufficient currenl capability. 

3) Check the manufacturer'5 data sheet for the 
maximum allowable charging rate, A 1ypical figure 
would be ten percent of the ampere-hour rating (a 
lQ-Qmpere-hour battery would require a current of 
lA). 

4) Do not attempt to charge two batteries in 
series with a constant current unless the batteries 
are of the same type and capacity, and are in the 
same ~ta te of ch.uge (voltage on one may be 
excessive). 

S) To determine the approximate charging 
time, divide the ampere-hour rating by the charging 
current used, and multiply the resulting time by 
1.2.S. 

Suitable Charging Circuits 

Figs. I and 2 show two venions of the same 
buic charging circuit. The circuit shown in Fig. l is 
used with 117 V ac, and the one in Fig. 2 can be 
used with r he car battery. The latter citcuit could 

FROM ♦ 
VEHICLE 

BATTER!'_°]__ 

CR2 

0S1 

VRl 

I 
I 
I 

1 
Fig. 2 - Schematic diagram of NiCad battery 
charger suitable for mobile use. See text for 
axplanation of 0S1 and V R 1. C R2 protects the 
components In the event of accidental ravarsal of 
Input leads. See Fig. 1 for CR2. 
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be connected to the cigarette lighter, and is 
suitable for battery paclcs of up to 14 volts. 

The dial lamp (DS I) is used to limit the 
current. One with a rating of 100 to 150 mA 
should work fine with most batteries. The vollage 
rating should be approximately that of the 
charging source (for example, two 12-V bulbs in 
series may be neccsslll'}' if a 26-V supply is used). 

The voltage regulator shown in Fig. 3 is based 
on the fact that a forw11td-biased diode will not 
conduct until approxlmarely 0.75 V de is applied. 
By adding a suitable number of diodes in series as 
shown, a voltage regulator for the maximum 
battery voltage can be built easily. The circuit 
shown in Fig. 3 can be used in either Fig. I or 2, 
for VR I. II will draw little current until the 

vRINt11 
0:--1'11-'1-ii.---.,..--,~--o+ 

2,2!1V 

TOTAL VOLTAGE 
FOR \IR1 IS-0.7!1N 
IN• NUMBER OF 
SILICON DIODES) 

Fig. 3 - Schematic diagram of the voltage reg
ulator (V R 1, Figs. 1 and 2). 

battery voltage reaches a permissible value during 
crunge. Once the voltage reaches a preset level, the 
diodes start to conduct and limit any further 
increases. 

Initial Te~ting 

After the circuit I! wlrerl and checked, apply 
power (without a b11tlery connected for charging). 
The bulb should light to less than full brilliance. 
Measuie the voltage across the regulator. It should 
be 3 to 8 percent above the rated voltage of the 
batteries lo be charged. Adding or removing some 
diodes in VRI may be nece!!ary. Connect the 
discharged batteries and measure the crunging 
current (either a built-in meter could be u!led, or a 
temporllI}' one could be connected in series with 
the battery). The cunenl should be typically 100 
mA with partially discharged balleries. The current 
will decrease as the chlllging time increases, and a 
value of 5 mA indicateK a fully cha1ged condition. 
No damage will result if the batteries aJe left on 
charge continuously. 



HF Transmitting 

Regardless of the transmission mode - code, 
a•m, fm, single sideband, radioteletype, amateur 
TV - vacuum tubes and semiconductors are 
common elements in all transmitters. They are 
used as oscillators, amplifiers, frequency multi
pliers and frequency converters. These four 
building blocks, plus suitable power supplies, arc 
basically all that is required to make any of the 
popular transmission systems. 

The simplest code transmitter is a keyed 
oscillator working directly into the antenna: a 
more elaborate (and practical) code transmitter, 
the type popular with many beginncn., will include 
one or more frequency-multiplication stages and 
one or more power-amplifier stages. Any code 
transmitter will obviously requin! a means for 
keying it. The bare skeleton is shown in Figs. 6-2A 
and B. The rf generating and amplifying sections of 
a double-sideband phone transmitter (a-m or fm) 
are similar to those of a code transmitter. 

The overall design depends primarily upon the 
bonds in which operation Is desired and the power 
output. A simple oscillator with :satisfactory 
frequency stability may be used as 11 transmitter at 
the lower frequencies, but the power output 
obtainable is small. As a general rule, the output of 
the oscillator is fed into one or more amplifiers to 
bring the power fed to the antenna up to the 
desired level. 

An amplifier whose output frequency is the 
same as the input frequency Is called a straight 
amplifier . A buffer amplifier is the term sometimes 
applied to an amplifier stage lo indicate that its 

Chapter 6 

primary purpose is one of isolation, rather than 
power gain. 

Because it becomes increasingly difficult to 
maintain oscillator frequency stability as the 
frequency is increased, it is most usual practice in 
working at the higher frequencies to operate the 
oscillator at a low frequency and follow it with one 
or mora frequency multipliers as required to arrive 
at the desired output frequency. A frequency 
multiplier is an amplifier that delivers output at a 
multiple of the exciting frequency. A doubler is a 
multiplier that gives output at twice the exciting 
frequency; a tripler multiplies the exciting 
frequency by three, etc. Frort1 the viewpoint of 
any particular stage in a transmitter, the preceding 
stage is its driver. 

As a general rule, frequency multipliers should 
not be used to feed the antenna system directly , 
but should feed a straight amplifier which, in tum, 
feeds the antenna system. 

Good frequency stability is most easily 
obtained through the u11e of a crystal-controlled 
oscillator. although a different crystal i~ needed for 
each frequency desired (or multiples of d1at 
frequency). A self,:ontroUed oscillator or VFO 
(variable-frequency oscillator) may be tuned to any 
frequency with II dial In the manner of a receiver, 
but requires great care in design and construction if 
its stability is to compare with that of a crystal 
oscillator. 

Many transmitters use tubes, but for low-power 
hf and channelized vhf fm transmitters, transistors 
are dominant. New solid-state devices are being 
developed which allow de inputs of I 00 watts or 
more with a low-level of IM distortion product~. As 
the cost of these transistors is reduced It can be 
assumed that at some point in the future tubes will 
be used only for higb-powcr amplification. 

The best stage or stages to key in a code 
transmitter is a mailer which is discussed in a later 
chapter. The oscillator/multiplier/amplifier type of 
transmitter (Fig. 6-28) ha.~ long been popular. 
However, the excellent frequency stability and the 
advantages of grid-block keying (which are 
explained in the Code Transmission chapter) have 

Fig. 6-1 - An amateur's transmitter is his 
on-the-air voice. He is judged by the quality of that 
"voice," whatever the mode that he chooses to 
operate. 
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Crystal Oscillators 

Fig. 6-2 - Block diagrams of the three basic types 
of transmitters. 

XTAL 
osc. 
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made the heterodyne exciter of Fig,. 6-2C 
increasingly popular, in spite of the slightly more 
complex circuitry required. 

An fltl transmitter can only be modulated in or 
following the oscillator stage. An a-m phone 
trammitte1 can only be modulated in the output 
stage, unless the modulated stage is followed by a 
linear amplifier. Howeve1, following an amplitude
modulated stage by a linear amplifier is an 
inefficient process, convenient as an expedient, but 
not 1ecommended for best efficiency. 

Following the generation of a single-sideband 
phone signal, its frequency can be changed only by 
frequency conversion (not multiplication), in 
exactly the same manner that sigm1ls in a receive1 
are heterodyned to a different frequency. Com
plete details of ssb trimsmi tte1 design and 
conRtruction are given in Chapte1 13. 

CRYST AL OSCI LLATORS 

Th~ frequency of a crystal-controlled oscillator 
is held constant to a high degiee of accur.icy by the 
use of a quartz crystal. The frequency depends 
almost entirely on the dimensions of the crystal 
(essentially its thickness); other circuit values have 
comparatively negligible effect. However, the 
power obtainable is limited by the heat the crystal 
will stand without fracturing. The amount of 
heating is dependent upon the rf cyrstal current 

CJ 

l 
(A) (B) + 
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which, in tum, is a function of the amount of 
feedback required to provide proper excitation. 
Crystal heating ~hart of the danger point results in 
frequency drift to an extent depending upon the 
way the crystal is cut. Excitation should always be 
adjusted to the minimum necessary for prnper 
operation. 

The most stable type of crystal oscillator is that 
which provides only a small voltage output (lightly 
loaded), and which operates the crystal at a low 
drive level. Such oscillators are widely used in 
receivers and heterodyne transmitten. The oscilla
tor/multiplier/amplifier type of transmitter usually 
requires some power from the oscillator stage. For 
either type of crystal oscillator, the active element 
may be a tube or a transistor. 

Oscillator Circuits 

The simplest crystal-oscillator circuit is shown 
in Fig. 6-3A. Feedback in this circuit is provided 
by the gate-source and drain-source capacitance. 
The circuit shown at B is the equivalent of the 
tuned-grid. tuned-plate circuit discussed in the 
chapter on vacuum-tube principles, using the 
crystal to replace the tuned grid circuit. Although 
JFETs are shown in the sample circuits at A and B, 
MOSFETs or triodes may also be employed, using 
the connections shown in 6-3C through F. 

For applications where some power is required 
from the crystal oscillator, the circuits shown in 

~

128 bo 

G S 

(D) C 

Fig. 6-3 - Simple crystal oKillator circuits. (A) Pierce, (B) FET, (C-F) other devii:es that cen also be 
used in the circuits of A and B with appropriate changes in supply voltage. 

I 
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Fig. 6-4 - Crystal-o,cillator circuits that are designed to deliver power. L1/C1 resonate at the crystal 
frequency, or a multiple thereof if the second, third, or fourth harmonic is the desired output frequency. 

Fig. 6-4 may be employed. At A, a bipolar 
transistor is used, while the tube circuits (8, C) are 
somewhat more complicated. They combine the 
functions of oscillator and amplifier or frcquency 
multiplier in a single tube. In these circuits, the 
screen of a tetrode or pentode is used as the plate 
in a triode oscillator. Power output is taken from a 
separate tuned tank circuit in the actual plate 
circuit. Al though the oscillator itself is not entirely 
independent of adjustments made in the plate lank 
cin:uit when the latter is tuned near the 
fundamental frequency of the crystal, the effects 
can be satisfactorily minimized by proper choice of 
the oscillator lube. 

The oscillators of Fig. 6-4 B and 64C are a 
modification of the grid-plate circuit of Fig. 6-3B. 
In Fig. 6-4C the ground point has been moved 
from the cathode to the plate of the oscillator (in 
other words, to the screen of the tube). Excitation 
is adjusted by proper proportioning of 22- and 
100-pF feedback capacitors. 

When some types of tubes are used in the 
circuits of Fig. 6-4B, oscillati~n will stop when the 
output plate circuit is tuned to the crystal 
frequency, and it is necessary to operate with the 
plate tank circuit critically detuned for maximum 
output with stability. However, when the 6GK6, 
l2BY7A, 5763, or the lower-power 6AH6 is used 
with proper adjustment of excitation, it is possible 
to tune to the crystal frequency without stopping 
oscillation. These tubes also operate with less 
crystal current than most other types for a given 

+r2V 

power output, and less frequency change occurs 
when the plate circuit is tuned through the cyrstal 
frequency (less than 25 Hertz al 3.S MHz). 

Crystal current may be estimated by obsetving 
relative brilliance of a 60-mA dial lamp connected 
in series with the crystal. Current should be held to 
the minimum for satisfactory output by careful 
adjustment of excitation. With the operating 
vollage.s shown, satisfactory output should be 
obtained with crystal currents of 40 mA or less. 

In these tube circuits, output may be obtained 
at multiples of the crystal frequency by tuning the 
plate tank circuit lo the desired harmonic, the 
output dropping off, of course, at the higher 
harmonics. Especially for harmonic operation, a 
low-C plate tank circuit is desirable. 

Practical Considerations 

The operation of a crystal oscillator is often 
hampered because vhf para.~itic oscillations also 
occur in the circuit. An effective way of killing 
parasitics is the use of a low-value composition 
resistor or ferrite bead, as shown in Fig. 6-S. The 
parasitic stopper can be located on the gate (grid or 
ba~e) lead, and it should be placed a~ close as 
possible to the transistor. The circuit at A may be 
used for low-power applications. If a crystal above 
l MHz is to be used it may be advisable lo include 
a trimmer capacitor across the crystal to allow the 
crystal frequency to be set exactly. 

It is often desirable in fm and s.sb gear to use 
several crystals, switch-selected in a single oscilla-

+12v 
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Fig. 6-5 - Two practical crystal-oscillator desi!P'ls, IA) For low-power output applications such as a 
conversion oscillator or BFO, (Bl an example of diode switching of crvstals. The rf choke on the base lead 
of the transistor is a ferrite bead which prl!\lents vhf parasitic oscillation. 
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Fig. 6-6 - VFO circuits. The devices shown in Fig. 6-2C through F may also be employed as the active 
component. 

tor. If manual switching is used, the leads to the 
switch may introduce sufficient additional capaci
tance to upset the operation of the circuit. 
Therefore, the use of diode switching, such as 
shown in Fig. 6-SB, is now popular. Any 
high-speed switching diode may be employed. The 
use of diode switching for low-level tank circuits, 
especially in receivers, has gained wide acceptance. 
A special diode known as the PIN has been 
developed for this purpose. In any diode-switching 
circuit it is important to insure that the switching 
bias is many times larger than the peak rf voltage 
present. 

VARIABLE-FREQUENCY 
OSCILLATORS 

The frequency of a VFO depends entirely on 
the values of inductance and capacitance in the 
circuit. Therefore, it is necessary to take careful 
steps to minimize changes in these values not under 
the control of the operator. As examples, even the 
minute changes of dimensions with temperature, 
particularly those of the coil, may result in a slow 
but noticeable change in frequency called drift. 
The effective input capacitance of the oscillator 
tube, which must be connected across the circuit, 
changes with variations in electrode voltages. This, 
in tum, causes a change in the frequency of the 
oscillator. To make use of the power from the 
oscillator, a load, usually in the form of an 
amplifier, must be coupled to the oscillator, and 

variations in the load may reflect on the frequency. 
Very slight mechanical movement of the compon
ents may result in a shift in frequency, and 
VI'bration can cause modulation. 

In the past different techniques have been used 
to design the VFOs for transmitter.; and receivers. 
However, today the same circuits may be used for 
either application. In receivers the VFO is usually 
called an HFO. 

VFO Circuits 

Fig. 6-6 shows the most commonly used 
circuits. They are all designed to minimize the 
effects mentioned above. The oscillating circuits in 
Figs. 6-6A and B are the Hartley type; those in C 
and D are Colpitts circuits. (See chapter on 
vacuum-tube principles.) In the circuits of A, Band 
C, all of the above-mentioned effects, except 
changes in inductance, are minimized by the use of 
a high-Q tank circuit obtained through the use of 
large tank capacitances. Any uncontrolled changes 
in capacitance thus become a very small percentage 
of the total circuit capacitance. 

In the series-tuned Colpitts circuit of Fig. 6-6D 
(sometimes called the Clapp circuit), a high-Q 
circuit is obtained in a different manner. The tube 
is tapped across only a small portion of the 
oscillating tank circuit, resulting in very loose 
coupling between tube and circuit. The taps are 
provided by a series of three capacitors across the 
coil. In addition, the tube capacitances arc shunted 
by large capacitors, so the effects of the tube -
changes in electrode voltages and loading - are still 
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Fig. 6-7 - Isolating stages to be used between a 
VFO and the following amplifier or miller stage. 

further reduced. In contrast to the preceding 
circuits, the resulting tank circuit has a high L/C 
ratio and therefore the tank current is much lower 
th11n in the circuits using high.£' tanks. As a result, 
it will usually be found that , other thin~ being 
equal. drift will be less with the low.£' circuit. 

for best stability, the rat io of C2 to C4 should 
be as high as possible without stopping oscillation. 
The permissible ratio will be higher the higher the 
Q of the coil and the mutual conductance of the 
tube . If the circuit does not o!!Cillatc over the 
desired range, a coil of higher Q must be used or 
the capacitance ofC2 and CJ reduced. 

The pcntode tube of 6-6£ or any of the active 
devices shown in Fig. 6-3 m11y be used in either the 
Hnrtley or Colpitts circuits. Good re~ults can be 
obtained with both tu bes and transistors, so the 
choice of the active device is often a matter of 
personal preference. 

load Isolation 

In spite of the precaution.~ already discus.ied, 
the tunini of later stages in the transmitter may 
cause a noticeable change ln frequency , This effect 
can be reduced considerably by designing a 
pcntodc oscillator for half the dc~ircd frequency 
11nd doubling frequency in the output circuit. 

It is desirable, although not a strict necessity If 
detuning is recognized and taken into account, to 
approach llli closely as possible the condition where 
the adjustment of tuning controls in the 
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transmitter, beyond lhc VFO frequency control , 
will have negligible effect on the frequency. This 
can be done by adding isolating stage or stages 
whose tuning is ftxed between the oscillator and 
the first tunable amplifier stage in the transmitter. 

Fig. 6-7 A shows such an arrangement that gives 
good isolation. A pcntode tube is operatt:d with a 
low-impedance resistive load, and regulated screen 
voltage. At B a simple follower circuit is used. TI1e 
disadvantage of this cir~uit is that the level of the 
output will be quite low, usually less than one volt. 
Bipolar transistors are used in a direct-coupled 
follower arrangement in Fig. 6-7C, providing a 
higher level of output (above 3 V) than was 
possible with the design shown at B. The ability of 
a bufTer stagr to isolate the VFO from the load can 
be tested simply . Use a receiver to monitor the 
VFO, and listen as the buffer output is first left 
open and then shorted. A good buffer will hold the 
frequency change lo less than I 00 Hz. Often the 
frequency change may be in the order of several 
kHz when th.is test is made, an indication that the 
buffer is not doing its job. 

Chirp, Pulling and Drift 

Any oscillator will change frequency with an 
extreme change in plate screen voltages, and lhe 
use of stabilized sources for both is good practice. 
But steady source voltages cannot alter the fact or 
the extreme voltage changes that take place when 
an oscillator is keyed or heavily amplitude
modulated. Consequently some chirp or fm is the 
inescapable result of oscillator keying or heavy 
amplitude modulation, 

A keyed or amplitude-modulated amplifier 
presents a variable load to the driving stage. If the 
driving stage is an oscillator, the keyed or 
modulated stage (the variable load) may "pull" the 
oscillator frequency during keying or modula
tion. This may cause a "chirp" on cw or incidental 
fm on a-m phone. In either case the cure is to 
provide one or more "buffer" or isolating u11gcs 
between the oscillator stage and the varying load. 
If this is not done, the keying or modullltion may 
be little better than when the oscillator it~ lf is 
keyed or modulat.:d. 

Frequency drift is minimized by limiting the 
temperature excursions of the frequency-determin
ing components to a minimum, This calls for good 
vc:ntilation and a minimum of heat-generating 
components. 

Variable capacitors should have ceramic insula
tion, good bearing contacts and should preferably 
be of the double bearing type. Fixed capacitors 
should have zero-temperature coefficients. The 
tube socket should have ~ramie insulation. 

TemperaC'Ure Compensation 

If, despite the observance of good oscillator 
construction practice, the warm-up drift of an 
oscillator is too high, it is caused by high-tempera
ture operation of the oscillator. If the ventilation 
cannot be improved (to reduce the ultimate 
temperature), the frequency drift of the oscillator 
can be reduced by the addition of a "temperature
cocfficient capacitor." These are availabll? in 
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negative and positive coefficients, ln conlr.lst to 
the zero-coefficient "NPO" types. 

Oscilbtor Coils and Vibration 

The Q of inductors either in the VFO circuitry 
proper or in a succeeding stage should be as high as 
possible. The coil should be well spaced from 
shields and other conducting surfaces in order to 
reduce undcsira hie eddy-current effects. A heavy
gauge solid wire is recommended for inter· 
connecting leads and lengths should be kept short. 

While heating generally produces long-term 
drift, this i.! usually not as serious as sudden 
frequency changes caused by vibration. All 
componenu should be securely fastened to the 
Vl-'O chassis and circuit board with the entire 
assembly shock mounted on rubber grommet 
cushions. Care should also be talcen concerning the 
method of coupling the VFO capacitor to the VrO 
dial. Vibration of the panel on which the dial is 
mounted should not be transferred to the capacitor 
shaft. 

Filtering 

·nie output of oscillators, mixers and similar 
stages usually has harmonic and other spurious
frequency energy along with some desired signal. 
Depending upon the application, such compone~ts 
may result in undesirable effec1s and require 
filtering. The circuits shown in Fig. 6-8 can be 
employed where either a high-pass or low-pass 
filter characteristic is sufficient. (In some instunces, 
a band-pass filter may be required.) 

These filters arc based on a □1ebyshev design 
and component values are given in Table I. The 
l'ilte~ :ire "normalized" to a frequency of I MHz 
and an input and output impedance of S2 ohms. In 
order to translate the designs lo other frequencies, 
all thut is necessary is to divide the component 
values by the new frequency in MHz. (The I-MHz 
value represents a "cutoff" frequency. That i.!. the 
atlenuation increases rapidly above this frequency 
in the low·p~ case or below le in 1hc high-pa~ 
application. This effect should not be confused 
with the variations in attenuation in the passband.) 
for instance, if it was desired to eliminate har· 
monies from a VFO at frequencies above S MHz, 
the inductance and capacitance values would be 
divided by 5.0. 

Other impedance levels can also be used by 
multiplying the inductors by the ratio Zo/52 and 
the cHpacitors by S2/Z0 where Z 0 !s t~e ne1:"' 
impedance. This factor should be applied m add1· 

TABLE I 

Component values for filters shown in Fi_g. 6-8. 
lnduc11nces11e in microhenriesand capacitances 
art' in picofand!>. 

Fi/(. 6-&4 (LP) l1 C2 l3 C4 l.5 
Fig. 6-8B (HP) Ci L2 C3 /,4 Cc, 

O,l-0B LP 
3-dll LP 
0.1-<lB HP 
3-dB HP 

9.49 
28.8 
2669 
879 

4197 
2332 
6.04 
10.9 

16.4 
37.6 
1S50 
675 

4197 
2332 
6,04 
10.9 

9.49 
28.6 
2669 
879 
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Fig. 6-8 - Low-pass and high-pass Chebyshev 
filters normalized to a fTequency of 1 MHz and 
input/output impedance terminations of 52 ohms. 
Component values for 0.1• and 3-dB ripple-factor 
filters are given in Table 1. Pasmand fTequency 
response for the 0 .1-dB low1>ass model is shown In 
Fig. 6-SC. Curve is similar in shape for the 3-dB 
model except for scale factor. Response for lhe 
high-pass designs can be determined by substituting 
1 /f (MHz) for f in Fig. 6-SC. 

tion to the ones for frequency translation. 
Examination of the component values in Table l 
indicates changing the impedance level to a some
what higher one is advisable if practical. This 
would avoid having very small inductance values 
and high capacitance values which might be 
unhandy in constructing a filter. 

The choice of filter model depends mostly on 
the power level involved. In low-level stages. the 
effects of variation in insertion loss in the passband 
usually can be neglected in amateur applications. 
Consequently, the filler with a 3--dB ripple can be 
used. However, VSWR Is closely related lo inser
tion loss and the 0.1-dB filter should be selected In 
power-amplifier stages where VSWR could cause 
harmful effects. The 0.1-dB filter should have a 
maximum VSWR of approximately 1.4: 1. Unfor• 
tunately, the 0.1-dB design doesn't have the rapid 
roDoff that the 3-dB model possesses as can be seen 
by the tabulated data in Hg. 6-8C. While other 
filten are possible with different ripple factors, the 
ones ~hown in Fig. 6-8 should cover a wide variety 
of applications. 

A PRACTICAL VFO Cl RCUIT 
The cin:uit shown in Fig. 6-9 is for a solid-state 

VFO covering 3.5 lo 4 MHz. A number of 
measures have been taken to prevent harmonic and 
spurious outputs that so often plague transistor 
designs. Examination of Fig. 6-9 will show that a 
diode, CR2 is coruicctcd between the signal gale 
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of Ql and ground. This diode should be de~igned 
for high-speed switching - a 1N914 is suitable -
and should be connected with its anode toward 
gate I. It clamps on the positive-going half of the 
cycle to prevent QI from reaching high peak 
transcondudance, the time period when the 
output from the oscillator is rich in harmonic 
energy. This technique should be applied to any 
JFET or MOSFET oscillator, but does not work 
with bipolar-transistor oscillators. CR2 does not 
impair the performance of the VFO. Additional 
hannonics can be generated at Q2 and Q3, so 
attention must be given to that part of the circuit 
as well. Note that the collector of Q3 is tapped 
well down on L3. The tap provides an impedance 
match for the circuit, but still represents a high 
impedance at the harmonic frequencies, if not 
located too near the cold end of L3, thus 
contributing to a cleaner output signal. However, 
even though these precautions arc taken, it is not 
uncommon to find that the second and third 
harmonics from a transistor output stage are only 
down some l O to 15 decibels in level from the 
fundamental signal. By taking the VFO output at 
low impedance, L4, a low-pass, double-,ection 
filler can be used to diminish the hannonic to a 
level that is some 30 decibels or more below that 
of the de,ired output signal. FL! is designed for 
3.5 to 4-MHz use, and assures a clean output signal 
from the VFO. 

VFO Output Level and Impedance 

One of the things that perplexes many 
first-time users of transislorized VFOs is the matter 
of ~ufficient signal output to properly excite a 
uansmitter input stage, or to supply adequate 
injection voltage lo a receiver or transmitter mixer. 
The rms output of a solid-state VFO is limited by 
ils low-impedance output port. In the circuits of 
Fig. 6-9 the output would usually be taken across 
the emitter resistor of Q2, the buffer. Typically, 
the nns output volt.ige at that point in the cir
cuit will be on the order of 0.5 to 2 volts. 
Tube mixers can require up to several volts of 
oscillator signal in order to function properly. Most 

solid-state transmitters need from 3 to 10 volt s of 
drive on the base of the first power stage, and a 
rea.~onable amount of driving power is needed to 
sati,fy this requirement. Driving power is generally 
required by the grid of the first stage of a tube 
transmitter. The VFO should, therefore, be capable 
of supplying from 0.5 to I watt of power output. 
The Class-<: amplifier, Q3, provides the needed 
power output. Should the driven stage present a 
low-impedance to the VFO, output can be taken 
directly from the side of FL! opposite Q3. Jf, 
however, the driven stage of tl1c transmitter or 
receiver has a high input impedance, some method 
must be used to provide the required impedance 
transformation, low to high. A broad-band toroidal 
step-up transformer, Tl, is used for this purpose in 
Fig. 6-9. The secondary of the transformer is 
resonant somewhere in the operating range of the 
VFO, and takes advantage of the stray circuit 
capacitance, normally a.round 10 pF, to establi,h 
resonance. The impedance-transformation ratio is 
set by adjusting the number of turns on the 
primary winding. Alternatively, Tl can be replaced 
by a tuned circuit of conventional design. It can be 
equipped with a fixed-value capacitor and a 
slug-tuned induclor, or a fixed-value inductor can 
he used with a variable capacitor to permit peaking 
lhc outpul at the operaling frequency. The use of a 
tuned circuit will assure somewhat better effiden· 
cy than will the broadband transformer, Tl. Thus, 
it can be seen that the circuil must be tailored to 
the need. 

Checking VFO Stability 

A VFO should be checked thoroughly before it 
is placed in regular operation on the air. Since 
succeeding amplifier stages may affect the signal 
characteristics, final tests should be made with the 
complete transmitter in operation. Almost any 
VFO will show signal, of good quality and stability 
when it is running free and not connected lo a 
load. A well-isolated monitor is a neces.ity. 
Perhap, the mmt convenient, as well as one of the 
most satisfactory, well-shielded monitoring ar
rangements is a receiver combined with a harmonic 
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from a frequency standard. (See the Measurements 
chapter for suitable circuits.) The receiver BFO is 
turned off and the VFO signal is tuned to beat 
with the signal from the crystal oscillator instead. 
In this way any receiver instability caused by 
overloading the input circuits, which may result in 
"pulling" of the hf oscillator in the receiver, or by 
a change in line voltage to the receiver when the 
transmitter is keyed, will not affect the reliability 
of the check. Most crystals have a su fficicn tly low 
temperature coefficient to give a check on drift a~ 
well as on chirp and signal quality if they are not 
overloaded. 

Harmonics of the crystal may be used to beat 
with the transmitter signal when monitoring at the 
higher frequencies. Since any chirp at the lower 
frequencies will be magnified al the higher 
frequencies, accurate checking can best be done by 
monitoring at a harmonic. 

The di~tance between the crystal oscillator and 
receiver should be adjusted to give a good beat 
between the crystal oscillator and the transmitter 
signal . When using harmonics of the crystal 
oscillator, it may be necessary to attach a piece of 
wire to the oscillator as an antenna to give 
sufficient signal in the receiver. Checks may show 
that the stability is sufficiently good to permit 
oscillator keying at the lower frequencies, where 
break-in operation is of greater value, but that 
chirp becomes objectionable at the higher frequen
cies. If further improvement does not seem 
possible, it would be logical in this case to use 
oscillator keying at the lower frequencies and 
amplifier keying at the higher frequencies. 

Premixing 

It is difficult to build a variabk-frequem:y 
oscillator for opeiation above l O MHz with drift of 
only a few Hz. A scheme called premixing, shown 
in Fig. 6-1 OA, may be used to obtain VFO output 
in the I 0- to SO-MHz range. The output of a highly 
stable VFO is mixed with energy from a 
crystal-controUed oscillator. The frequencies of the 
two oscillaton are chosen so that spurious outputs 
generated during the mixing process do not fall 
within the desired output range. A bandpass filter 
at the mixer output attenuates any out-of-band 
spurious energy. The charts given in Chapter B can 
be used to choose oscillatm combinatiom which 
will have a minimum of spurious outputs. Also, 
Chapter B contains a discussion of mixer-circuit 
design. 

PLL 

Receivers and transmitters of advanced design 
are now using phase-locked loops (PLLs) to 
generate highly stable local oscillator energy up 
into the microwave region. The PLL has the 
advantage that no mixing stage is used in 
conjunction with the output oscillator, so the 
output energy is quite "clean." The Galaxy R-530, 
the Collins 651S-l, and the National HR0-600 
currently use PLL high-frequency oscillator sys
tems. 

The basic diagram of a PLL is shown in Fig. 
6-1 OB. Output from a voltage-controlled oscillator 
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Fig. 6-10 - Block diagrams of the (A) premixing 
and (B) phase-lock-loop schemes . 

(VCO) and a frequency standard are fed to a phase 
detector which produces an output voltage equal 
to the difference in frequency between the two 
signals. The e"o' voltage is amplified, filtered, and 
applied to the VCO. The error voltage changes the 
frequency of the VCO until it is locked to the 
standard. The bandwidth of the error-voltage filter 
determines the frequency range over which the 
system will remain in phase lock. 

Three types of phase-locked loops are now in 
use. The simplest type uses harmonics of a crystal 
standard to phase-lock an HFO, providing the 
injection for the first mixer in a double-conversion 
receiver. A typical circuit is given in Fig. 6-11. 
Complete construction details on this PLL were 
given in QST for January, 1972. A second type of 
phase-locked loop uses a stable mf VFO as the 
standard which stabilizes the frequency of an hf or 
vhf VCO. This approach is used in the receiver 
described by Fischer in QST, March, 1970. 

The other PLL system also uses a crystal
controlled standard, but with programmable 
frequency dividers included so that the VCO 
output i~ always locked to a crystal reference. The 
frequency is changed by modifying the instructions 
to the dividers; steps of l 00 Hz arc usually 
employed for hf receivers while JO-kHz increments 
are popular in vhf gear. The use of a PLL for fm 
demodulation is covered separately in Chapter 14. 

VFO DIALS 

One of the tasks facing an amateur builder is 
the difficulty of finding a suitable dial and drive 
assembly for a VFO. A dial should provide a 
sufficiently slow rate of tuning - l 0- to 25-kHz 
per knob revolution is considered optimum -
without backlash. Planetary drives are popular 
because of their low cost ; however, they often 
develop objectional backlash after a short period of 
use. Several types of two-speed drives are available. 
They are well suited to homemade amateur 



144 
OSCILLATOR 

+12V 

AMo/FILTER 

TO PIN 
7, UI 

l OPEt<O 

PHASE DETECTOR 

t l2V 

IM 

IM 1N4005 

Fig. 6-11 - A practical phase-locked oscillator 
intended for application as the crystal-controlled 
HFO in a transmitter or receiver. The crystal 
frequency should be chosen so that the harmonic 
content of the standard is sufficient at the desired 

equipment. Several of the construction projects 
described elsewhere in this book employ this type 
or dial. The Eddystone 898 precision dial has long 
been a favorite with amateurs, although the need 
to elevate the VFO far above the chassis introduces 
some mechanical-stability problems. If a permea
bility tuned oscillator (PTO) is used, one of the 
many types of turn counters made for vacuum 
variable capacitors or rotary inductors may be 
employed. 

Linear Readout 

If linear-frequency readout is desired on the 
dial, the variable capacitor must be only a small 
portion of the total capacitance in the oscillator 
tank. Capacitors tend to be very nonlinear near the 
ends of rotation. A gear drive providing a l.5 :1 
reduction should be employed so that only the 
center or the capacitor range is used. Then, as a 
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Fig. 6-12 - A 5-digit readout using light-emitting 
diodes, 
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output frequency. A 200-kHz crystal is good to 40 
MHz, 500-kHz crystal to 60 MHz, and 1-MHz 
crystal to 80 MHz. L 1 and L3 are chosen to 
resonate at the desired output frequency. 

final adjustment, the plates of the capacitor must 
be filed until linear readout is achieved. In a PTO, 
the pitch of the oscillator coil winding may be 
varied so that linear frequency change result s from 
the travel of the tuning &lug. Such a VFO was 
described in QST for July, I 964. A different 
approach was employed by Lee (QST, November, 
1970), using a variable-{;apacitance diode (Varicap) 
as the VFO tuning element. A meter which reads 
the voltage applied to the Varicap was calibra ted to 
indicate the VVO frequency. 

Electronic Dials 

An electronic dial consists of a simplified 
frequency counter which reads eithe1 the VFO or 
operating frequency of a transmitter or receiver. 
The advantage of an electronic dial is the excellent 
accuracy (to one Hertz, if desired) and the fact 
that VFO tuning does not have to be lineai. The 
readout section of the dial may use neon-glow 
tubes called Nixies (a trade name of the Burroughs 
Corp.), or a seven-segment display using incllJldcs
cent lamps, filament wires in a vamum tube, or 
LEDs (lighl~mitting diodes). A typical LED 
display is shown in Fig. 6-12. The use of MSI and 
LSI circuits, some containing as many as 200 
tJansistors on a single chip, 1cduces the size 
required for an electronic dial to a few square 
inches or circuit-board space . 

+12V 
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ELECTRONIC DIAL 

Fig. 6-13 - Block diagram of a frequency counter, 

A ty pica! counter circuit is given in Fig. 6-13. 
The accuracy of the counter is determined by a 
crystal standard which is often referred to as a 
clock. The output from a 100-kHz calibration 
oscillator, the type often used in receivers and 
transceivers, may be employed if accuracy of I 00 
Hz is sufficient. For readout down to 1 Hz, a 1- to 
I 0-MHz AT -cut crystal should be chosen, because 
this type of high-accuracy crystal exhibits the best 
temperature stability. The clock output energy is 
divided in decade-counter !Cs to provide the pulse 
which opens the input gate of the counter for a 
preset time. The number of rf cycles which pass 
through the gale while it is open are counted and 
stored. Storage is used so that the readout does not 
blink. At the end of each counting cycle the 
information that has been stored activates the 
display LEDs, which present the numbers counted 
until another count cycle is complete. A complete 
electronic dial arranged 10 be combined with an 
existing IJansmitter or receiver was described in 
QST for Oc1ober 1970. Also, Macleish et al 
reported an adapter which allows a commercially 
made frequency counter to be mated with ham 
gear so that the counter performs as an electronic 
dial (QST, May, 1971 ). 

FREQUENCY MULTIPLI ERS 
Single-Tube Multiplier 

Output at a multiple of the frequency at which 
it is being driven may be obtained from an 
amplifier stage if the output circuit is tuned to a 
harmonic of the exciting frequency instead of to 
the fundamental. Thus, when the frequency at the 
grid is 3.S MHz, output at 7 MHz, 10.5 MHz, 14 
MHz, etc., may be obtained by tuning the plate 
tank circuit to one of these frequencies. The circuit 
otherwise remains the same as that for a straight 
amplifier, although some of the values and 
operating conditions may require change for 
maximum multiplier efficiency. 

A practical llmit to efficiency and output 
within normal tube ratings i5 reached when the 
multiplier Is operated at maximum permissible 
plate voltage and maximum permissible grid 
cuncnt. The plate current should be reduced as 
necessary to limit I h c dissi pa lion to the rated value 
by increasing the bias and decreasing the loading. 

145 
Multiplications of four or five sometimes are 

used to reach the bands above 28 MHz from a 
lower-frequency crystal. but in the majority of 
lower-frequency transmitters, multiplication in a 
single stage is limited to a factor of two or three. 
Screen-grid tubes make the best multipliers because 
their high power-sensitivity makes them easier to 
drive properly than triodes. 

Since the input and output circuits are not 
tuned close to the same frequency, neutralization 
usually will not be requiied. Instances may be 
encountered with tubes of high transconduc111nce, 
however. when a doubler will oscillate in t.g.t.p. 
fashion. 

Frequency multipliers using tubes are operated 
Class C, with the bias and drive levels adjusted for 
plate-current conduction of less than 180 degrees. 

MULTIPLIER 100 

( Ol/l°,IJT 

♦300V 

TRI PLER 

DOUBLER 
a20 1200 

I PUT 

Fig. 6-14 - Frequency-multiplier circuits. 
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Fig. 6-15 - Driver stages using (A) a pentode tube and IBI a bipolar power transistor. 

For maximum efficiency, n doubler requires a 
plate-eonduction angle of about I IO degrees, while 
a tripler needs I 00 degrees, a quadrupler 80 
degrees, and a quintupler 65 degrees. For higher 
orders of multiplication increased bias and more 
drive are needed. 

A typical circuit using 11 6CL6 penlode tube is 
shown in Fig. 6-l4A. The input circuit is tuned lo 
the driving frequency while the output tank is set 
for the desired harmonic. If such a multiplier were 
to be operated directly into an antenna. additional 
selectivity would be necessary to prevent the 
radiation of harmonic energy ( other than the 
desired frequency). 

Push-Push Multipliers 

A two-tube circuit which works well at even 
hannonics, but not at the fundamental or odd 
harmonics, is known 115 the push-push circuit. The 
gridR an: connected in push-puU while tl1e plates 
aJe connected in paraUel. The efficiency of a 
doubler using this circuit approaches that of a 
straight amplifier. 

This arrangement ha~ an advantage in some 
applications. If the heater of one tube is turned 
off, its grid-plate capacitance, being the same 115 

that of the remaining tube, serves to neutralize the 
circuit. Thus provision is made for either straight 
amplification at the fundamental with a single 
tube, or doubling frequency with two tubes. 

Push-Pull Multiplier 

A single- or parallel-tube multiplier will deliver 
output nl either even or odd multiples of the 
c,cciting frequency. A push-pull stage does not 
work as a doubler o.r quadrupler but it will work as 
a tripler. 

Transistor Multipliers 

A transi.,tor develops harmonic energy with 
good efficiency, often causing harmonic-output 
problems in straight-through amplifiers. Two 
harmonic-generating modes arc present. parametric 
multiplication and multiplication cau.sed by the 
nonlinear characteristic presented by the bal!ll
colleclor junction. Transistor.; may be used in 
single;:ndcd, push-pull, or push-push circuits. A 
tyPical push-pull tripler is shown in Fig. 6-148. A 
small amount of forward bias has been added to 
the bases of the 2N2102s lo reduce the amount of 

drive required. If a high level of drive is available, 
the bias circuit may be omitted. 

A number of integrated circuits can be 
employed as frequency multipliers. The circuit at C 
uses a Motorola MC1496G (or the Signctics 
S5S96, or Fairchild µA 796) as a doubler. The 
input signal is balanced out in the IC, so only the 
desired second harmonic of the input frequency 
appears at the output. With suitable bypa.~s 
capaciloJR this doubler can be used from audio lo 
vhf. 

DRIVERS 

Pentode tubes arc usually chosen for the driver 
stages of tube transmitter.; because they provide 
high amplification, often without requiring neutral
ization. Many of lhe receiving-type pentodcs and 
smaller 1V sweep tubes may be employed. The 
6CL6. 6GK6, 12BY7A, 6BA6, 6AU6, and 6DC6 
are often chosen. In cw and fm service the dJiver 
stage is operated Class C, while for ssb operation 
the Oass-A mode is preferred to keep distortion to 
a minimum (third-order products at least SO dB 
down). In ssb exciten ale voltage is often applied 
to a driver stage, in which case a semiremote-<:utoff 
tube is desirable. Sharp-cutoff types 11rc not 
acceptable because of a rapid increase in distortion 
as ale voltage drives the grid increasingly negative. 

A typical tube driver stage is shown in fig. 6-15 
at A. The output load is a parallel-resonant circuit. 
Often a bandpass network js used so that the stage 
does not have to be tuned by II panel control. Also, 
coupling with a bandpass lransfonner provides a 
higher order of attenuation of harmonic and 
spurious signals. At Fig. 6-1 SB, a 2N3632 
medium-power transistor serves as a Class-<: driver. 
Note that this circuit is not suitable for ssb service. 

Broadband Driver 

Transistor circuits often require complex 
interstage coupling networks, because of the low 
input and output impedance characteristic~ of 
bipolar devices. Designing a solid-state mulliband 
hf transmiller often requires some very comple,c 
band-switch arrangements. To eliminate this 
problem, the current trend is to use a broadband 
multistage driver that covcl'l! 3.5 to 30 MHz, for 
example, without switching or tuning adjustments. 
A typical circuit, similar to that used in 
Signal/011e's CX-7 transceiver, is shown in Fig. 
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Fig. 6-1 6 - Interstage coupling networks for (A. B) 
tubes, IC-E) transistor stages, and I Fl a grounded
grid amplifier. 

6-17. Only a few millivolts of ssh 01 cw drive will 
provide sufficient output to drive a 4CX250B 
operating Class AB 1, Interstage coupling is 
accomplhhe,d with hrm1clhand to roidal transform
ers. Feedback is added from the collector to the 
emitter of each bipolar-transistor stage to improve 
linearity. Output impedance of the broadband 
driver is approximately 390 ohms. 

ln ter~lage Coopling 

To achieve the maximum transfer of power 
between the driver and the succeeding amplifier 
~tage, the output impedance of the driver must be 
matched to the input impedance of the following 
amplifier. Some form of rf coupling or impedance
matching network is needed. The capacitive system 
of Fig. 6-16A is the simplest of all coupling 
systems. In this circuit, the plate tank circuit of the 
driver, CI LI , serves also as the grid tank of the 
amplifier. Although it is used more frequently than 
any other system, it Is less flexible and has certain 
limitations that muKI b~ ta.ken into consideration. 

The two stages cannot be separated physically 
any appreciable distance without involving loss in 
transferred power, radiation from the coupling lead 
and the danger or feedback from this lead. Since 
both the output capacilance of lhe driver tube and 
the input capacitance of the amplifier are across 
the single circuit, it is sometimes difficult to obtain 
a tank circuit with a sufficiently low Q to provide 
an efficient circuit at the higher frequencies. The 
coupling can be varied by altering the capacitance 
of the coupling capacitor, C2. The driver load 
impedance is the sum of the amplifier grid 
resistance and the reactance of the coupling 
capacitor in series. the coupling capacitor serving 
simply as a !ieries reactor. The driver load resistance 

increases with a decrease in the capacitance of the 
coupling capacitor. 

When the nmpllfier grid impedance ls lower 
than the optimum luatl rnsisl.lmix fu1 the driver, a 
transforming action is possible by tapping the grid 
down on the tank coil, but this is not 
recommended because it invariably cause.~ an 
increase in vhr hannon.ics and sometime~ sets up a 
parasitic circuit. 

So far 11!1 coupling is concerned, the Q of the 
circuit is of little ~ignificancc . However, the other 
considerations discussed earlier in connection with 
tank-drcuit Q should be observed. 

Pi-Network Inters tage Coupling 

A pi-section rank circuit, as shown in Fig. 
6-16B. may be used as a coupling device between 
screen-grid amplifier stages. The circuit can al5o be 
considered a coupling arrangement with the grid of 
the amplifier tapped down on the circuit by means 
of a capucitivc divider. In contrast to the 
tapped-coil method mentioned previously, this 
system wlll be very effective in reducing vhf 
harmonics, because the output capacitor provides a 
direct capacitive shunt for harmonics across the 
amplifier grid circuit. 

To be most effective in reducing vhf harmonics, 
the output capacitor should be a mica capacitor 
connected directly across the tube-socket ter
minals. Tapping down on the circuit in this manner 
also helps to stabilize the amplifier. Since the 
coupling to the grid is compll.Illtively loose under 
any condition. it may be found that it is impossible 
to utilize the fuU power capability of the driver 
stage. If sufficient e,ccitation cannot be obtained, it 
may be necessary to raise the plate voltage of the 
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Fig. 6-17 - A &olid-state broadband driver for 3 to 
30 MHz. The design of tran&formers T l , T2 and T3 
is covered later In the chapter. 

driver, if this is permissible. Otherwise a larger 
driver tube may be required. As shown in Fig. 
6-16B, pllrllllel driver plate feed and amplifier grid 
feed are necessary. 

Coupling Transi!tor Stages 

In stages using bipolar power transistors, the 
input circuit must provide a match between the 
driver collector and the PA ba.~. The latter 
eutibit~ a very low impedance. The input 

HF TRANSMITTI NG 

impedance of an rf power transistor is between 
several tenths of an ohm and several ohms. 
Generally, the higher the power rating or the 
device, the lower the input impedance. The base 
connection also has a reactive component which is 
capacitive at low frequencies and inductive al 
higher frequencies. Al some frequency, usually 
between 50 and 150 MHz, the base lead will be 
self-resonant. The input impedance will vary with 
drive level, which makes a cut-and-try adjustment 
of the interstage network neces.~ary. 

An intemage network musl provide the proper 
impedance transformation while tuning out reac
tance in the transistors. The reactive components 
of the base and collectors of power transistors are 
of such magnitude thal Ibey must be included in 
any network calculations. Fig. 6- I 6 shows several 
networks capable of interstage matching in a 
multistage tJ11nsistor amplifier. At C, a T network 
is pictured. The value of the inductor is chosen so 
that its reactance is much greater than the 
capacitive reactance of the 8econd transistor•~ base 
circuit. The capacitive divider provides the 
impedance match between lhc collector and the 
base. 

The circuit of 6-16D is 11ho basically a T 
network in which both the inductor and second 
capacitor are chosen to have reactance of a greater 
magnitude than the base-emitter capacitance of the 
second tram.islor. The circuits of C and D retiuire 
that the collector of the driver transi.~tor be shunt 
fed through a high-impedance rf choke. Fig. 6-16E 
shows a coupling network that eliminates the need 
for a choke. Here the collector of the driver 
transistor is parallel-tuned and lhe base-i!mitter 
junction of the following stage is series-tuned. 

The remaining circuit, Fig. 6-16F, shows the 
pi-section network that is often used to match the 
5Ckihm output of an exciter to a grounded-grid 
power amplifier. A Q of I or 2 is chosen so lhal 
the circuit will be broad enough to operate across 
an amateur band without retuning. The network is 
designed for a 50-ohm input impedance and to 
match an output load of 30 to 150 ohms (the 
impedance range of the cathode of typical 
grounded-grid stages). Typical LC value~ arc given 
in the construction projects presented later in this 
chapter. 

RF POWE R AMPLI FIER CIRCUIT RY 

Tube Opera ting Conditions 

In addition to proper tank and output-coupling 
circuits, an rf amplifier must be provided with 
suitable operating voltage~ and an rf driving or 
excitation voltage. All rf amplifier tubes require a 
voltage to operate the falament or heater (ac is 
usually permissible), and a positive de voltage 
between the plate and filament or cathode (plate 
voltage). Most tubes also require a negative de 
voltage (biasing voltage) between control grid (grid 
No. I) and filament or cathode. Screen-grid tubes 
require in addition a positive voltage (screen 
voltage or grid No. 2 voltage) between screen and 
filament or cathode. 

Biasing and plate voltages may be fed lo the 
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tube either in series with or in parallel with the 
associated rf tank circuit as discussed in the 
chapter on electrical laws and circuits. 

It is important to remember that true plate, 
screen or biasing voltage is the voltage between the 
particular electrode and filament or cathode. Only 
when the cathode is directly grounded to the 
chassi~ may the electrode-to-chassis voltage be 
taken as the true voltage. The required rf driving 
voltage is applied between grid and cathode. 

Power Input and Plate Dissipation 

Plate power input is the de power input to the 
plate circuit (de plate voltage X de plate current). 
Screen power input likewise is the de screen 
voltage X the de ~reen current. 

Plate dissipation is the difference between the 
rf power delivered by the tube to its loaded plate 
tank circuit and the de plate power input. The 
screen, on the other hand, does not deliver any 
output power, and therefore its dissipation is the 
same as the screen power input. 

TRANSMITTING-TUBE RATINGS 

Tube manufacturers specify the maximum 
values that should be applied to the tubes they 
produce. They also publish sets of typical 
operating values that should result in good 
efficiency and normal tube life. 

Maximum values for all of the mo~t popular 
transmitting tubes will be found in the tables of 
transmitting tubes in the last chapter. Also 
included are as many sets of typical operating 
values as space permits. However, it is recommend
ed that the amateur secure a transmitting-tube 
manual from the manufacturer of the tube or tubes 
he plans to use. 

CCS and JCAS Ratingi; 

The same transmitting tube may have different 
ratings depending upon the manner in which the 
tubt: is to be operated, and the service in which it is 
to be used. These different ratings are based 
primarily upon the heat that the tube can safely 
dissipate. Some types of operation, such as with 
grid or screen modulation, are less efficient than 
others , meaning that the tube must dissipate more 
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heat. Other types of operation, ruch as cw or 
single-sideband phone are intermittent in nature, 
resulting in less average heating than in other 
modes where there is a continuous power input to 
the tu be during transmissions. There are also 
different ratings for tubes used in transmitten; that 
are in almost constant use (CX:S - Continuous 
Commercial Service), and for tubes that are to be 
used in transmitters that average only a few hours 
of daily operation (lCAS - Intermittent Commer
cial and Amateur Service). The latter are the 
ratings used by amateurs who wish to obtain 
maximum output with reasonable tube life. 

Maximum Ratingll, 

Maximum ratings , where they differ from the 
values given under typical operating values, are not 
normally of significance to the amateur except in 
special applications. No single maximum value 
should be used unless all other ratings can 
simultaneously be held within the maximum 
values. As an example, a tube may have a 
maximum plate-voltage rating of 2000, a maximum 
plate-current rating of 300 mA, and a maximum 
plate-power-input rating of 400 watts. Therefore, if 
the maximum plate voltage of 2000 is used, the 
plate current should be limited to 200 mA (instead 
of 300 mA) to stay within the maximum 
power-input rating of 400 watts. 

SOURCES OF TUBE ELECTRODE 
VOLTAGES 

Pilament or Heater Voltage 

The heater voltage for the indirectly heated 
cathode-type tubes found in low-power classifica
tions may vuy IO percent above or below rating 
without seriously reducing the life of the tube. But 
the voltage of the higher-power filament-type tubes 
should be hdd closely between the rated voltage as 
a minimum and 5 percent above rating as a 
maximum. Make sure that the plate power drawn 
from the power line does not cause a drop in 
filament voltage below the proper value when plate 
power is applied. 

Thoriated-type filaments Ios-e emission when 
the tube is overloaded appreciably. If the overload 

_j_ 
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Fig. 6-18 - (A-C) Various systems for obtaining protective and operating bias. (D) Screen clamper circuit 
for protecting power tetrodes. 
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has not been too prolonged, emission sometimes 
may be restored by operating the filament at rated 
voltage with all other voltages removed for a period 
of IO minutes, or at 20 percent above rated voltage 
for a few minutes. 

Plate Voltage 

De plate voltage for the operation of rf 
amplif1ers is most often obtained from a 
transformer-rectifier-filter system (see power
supply chapter) designed to deliver the required 
plate voltage at the required current. However, 
batteries or other de-generating devices are 
sometimes used in certain types of operation (see 
portable-mobile etiapter). 

Bias and Tube Protection 

Several methods of obtaining bias are shown in 
Fig. 6-18. At A, bias is obtained by the voltage 
drop across a resistor in the grid de re tum circuit 
when rectified grid current flows. The proper value 
of resistance may be detemiined by dividing the 
required biasing voltage by the de grid current at 
which the tube will be operated. Then, so long as 
the rf driving voltage is adjusted so that the de grid 
current is the recommended value, the bia~ing 
voltage will be the proper value. The tube i~ biased 
only when excitation is applied, since the voltage 
drop across the resistor depends upon grid-current 
flow. When excitation is removed, the bias falls to 
zero. At zero bias most tubes draw power far in 
excess of the plate-dissipation rating. So it is 
a1hi•abh: lo make p1ovi.<ion fO[ protecting the tube 
when excitation fails by accident, or by inlenl as it 
does when a preceding ~tage in a cw transmitter is 
keyed. 

If the maximum cw ratings shown in the tube 
tables are lo be usetl, the input should be cut to 
zero when the key is open. Aside from this, it is 
not necessary that plate current be cut off 
completely but only lo the point where the rated 
dissipation is not exceeded. In this case plale
modulated phone ratings should be used for cw 
operation, however. 

With triodes this protection can be supplied by 
obtaining all bia.s from a source or fi)(ed voltage. as 
shown in Fig. 6-18B. It is preferable. however, to 
use only sufficient fixed bias lo p(Olcet the tube 
and obtain the balance needed for operating bias 
from a grid leak. The grid-leak resistance is 
calculated as above, except that the fixed voltage is 
subtracted first. 

Fixed bias may be obtained from dry batteries 
or from a powi:r pack (see power-supply chapter). 
If dry batteries are used, they should be checked 
periodically, since even though they may show 
normal voltage, they eventually develop a high 
internal resistance. 

In fig. 16-8D, bias is obtained from the voltage 
drop across a Zener diode in the cathode (or 
filament center-tap) lead. Protective bias is 
obtained by the voltage drop across VR 1 as a re~ult 
of plate (and screen) current flow. Since plate 
current must flow to obtain a voltage drop across 
the resistor, ii is obvious that cutoff protective bias 
cannot be obtained. 

HF TRANSMITTING 
The voltage of the cathode biasing Zener 

diode VRI should bechosen for the value which 
will give the conect operating bias voltage with 
rated grid, plate and screen currents flowing with 
the amplifier loaded to rated input. When 
excitation i.~ removed, the input lo most types of 
tubes will fall to II value that will prevent damage 
to the tube, al least for the period of time required 
to remove plate voltage. A disadvantage of this 
biasing system is that the cathode rf connection to 
ground depends upon a bypass capacitor. 

Screen Voltage 

For cw and fm operation, and under certain 
conditions of phone operation (see amplitude
modulation chapter}, the screen may be operated 
from a power supply of the same type used for 
plate supply, except that voltage and current 
ratings should be appropriate for screen require
ments. The screen may also be operated through a 
series resistor or voltage-divider from a source of 
higher voltage, such as the plate-voltage supply, 
thus making a separate supply for the screen 
unnecessary. Certaln precau lions are necessazy, 
depending Ul)On the method used. 

It should be kepi in mind that screen current 
varies widely wilh both excitation and loading. If 
the screen is operated from a fixed-voltage source, 
the tube should never be opcraletl without plate 
voltage and load, otherwise the screen may be 
damaged within a short time. Supplying the screen 
through a series dropping resistor from a 
higher-voltage source, such as the plate supply. 
affords a measure of protection, since the resistor 
causes the screen volta!!e to drop as the current 
increase~, thereby limiting the power drawn by the 
screen. However, with a resistor, the screen voltage 
may vary considerably with e"citation, making it 
necessary lo check the voltage at the screen 
terminal under actual operating conditions to make 
sure that the screen voltage is noanal. Reducing 
~xcila~on will cause the screen current to drop, 
mcreasmg the voltage; increasing excitation will 
have the opposite effect. These changes are in 
addition to tho11e caused by changes in bias and 
plate loading, so if a screen-grid tube is aper.tied 
Crom a series resistor or a voltage divider, its 
voltage should be checked as one of the final 
adjustments after excitation and loading have been 
set. 

An approximate value for the screen-voltage 
dropping resistor may be obtained by dividing the 
voltage drop required from the supply voltage 
{difference between the supply voltage and rated 
screen voltage) by the rated screen current in 
decimal parts of an ampere. Some further 
adjustment may be necessary, as mentioned above. 
so an adjustable n:sistor with a total resl~tance 
above that calculated should be provided. 

Procecting Screen-Grid Tubes 

Considerably less grid bia:i is required to cut off 
an amplifier that has a fixed-voltage screen supply 
than one that derives the screen voltage through a 
high value of dropping resistor. When a "11tiff" 
screen voltage ~u pply is used, the nece!-Sary grid 
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cutoff voltage may be determined from an 
inspection of the tube curves or by experimcnL 

When the screen is supplied rrom a !!Cries 
dropping resistor, the tube can be protected by the 
use of a clamper tube, as shown in Fig. 6-18D. The 
grid-leak bias of the amplifier tube with excitation 
is supplied also to the g,-id of the clamper tube. 
This is usually sufficient to cut off the clamper 
tube. However, when excitation i~ removed, the 
clamper-tu be bias falls to zero and it draws enough 
current through the screen dropping resistor 
usu:illy to limit the input to the amplifier to a safe 
value. If complete !ICreen-voltage cutoff i~ desired, 
a Zener diode may be inserted in the screen lead. 
The regulator diode voltage rating should be high 
enough so that it will cease conducting when 
excitation is removed. 

Feeding Excitation to the Grid 

The required rf driving voltage is supplied by an 
oscillator generating a voltage at tJ1e de~ired 
frequency, either directly or through intermediate 
amplifiers, mixers, or frequency multipliers. 

As explained in the chapter on vacuum-tube 
fundamentals, the grid of an amplifier operating 
under Class C conditions must have an exciting 
voltage whose peak value exceeds the nel!ative 
biasing voltage over a portion of the excitation 
cycle. During this portion of the cycle, cuncnt will 
flow in the grid-cathode circuit as it d= in a diode 
circuit when the plate of the diode is positive in 
respect to the cathode. Thi~ requires tl1a1 the rf 
driver rupply power. The power required to 
develop the required peak driving voltage across 
the grid-cathode impedance of the amplifier is the 
rf driving power. 

The tube table~ give apprnximate figures for the 
grid driving power required for each tube under 
various operating conditions. These figures, how
ever, do not include circuit losses. In general, the 
driver stage for any Oass C amplifier should be 
capable of supplying al least three limes the driving 
power shown for typical operating conditions al 

frequencies up 10 30 MHz and from three to ten 
times at higher frequencies. 

Since the de grid current relative to the biasing 
voltage is related lo lhe peak driving voltage, the de 
grid current is commonly used as a convenient 
indicator of driving conditions. A driver adjusl
mcnl th11I results in rated de grid current when the 
de bias is at its rated value, indicaleB proper 
excitation lo the amplifier when it is fuDy loaded. 

In coupling the grid input circuit of an 
amplifier to the output circuit of a driving stage 
the objective is lo load the driver plate circuit so 
that the desired amplifier grid excitation ill 
obtained wilhoul exceeding the plate-input ratings 
of the driver tube. 

Driving Impedance 

The grid-current flow that results when the grid 
is driven positive in respect to the cathode over a 
portion of the excitation cycle represents an 
average resistance across which the exciting voltage 
must be developed by the driver. In other words, 
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this is the load resistance into which the driver 
plate circuit must be coupled. The approximate 
grid input resistance is given by: 

Input impedance (ohms) 

., dm.il11fJlQ~l~L x 620 ooo 
de griu current (mA)2 ' 

For nonnaJ operation, the driving power and grid 
current may be taken from the tube tables. Since 
the grid input resistance is a matter of a few 
thousand ohms, an impedance step-up is necessary 
if the grid is lo be fed from a low-impedance 
transmission line 

TRANSISTOR RATINGS 
Transistor ratings are similar in some respects lo 

the maximum limils given for tubes. However, 
solid-state devices are g,merally not so forgiving of 
overload; they can quickly be ruined if a voltage or 
current parameter of the device is exceeded. All 
semiconductor.. undergo irreversible changes if 
their temperature is allowed to go above a critical 
limit. 

Voltage Rating 

In gi:neral, the higher the coilector~mitter 
voltage rating of a transistor the less the chance of 
damage when used as an rf power amplifier. A 
mismatched load, or the loss of the load entirely, 
causes high voltages to appear between the 
collector and emitter of the transistor. If the 
maximum rating is exceeded, the transistor may 
break down and pass reverse current. Transistor 
manufacturers 11re now including a resistance in 
series with the emitter lead of each of the many 
junctions that make up the power transistor as 
break-down protection. This technique is called 
ballasting or balanced emitters. Another way lo 
protect a power transistor is to include a Zener 
diode from collector to emitter. The break-down 
voltage rating of the diode should be above the 
peak rf voltage lo be developed in the circuit. but 
below the maximum rating of the power device. 

Current and Heat 

The current thal a power device can stand is 
related to its ability to dissipate heat. A transistor 
is physically small, so high-power models mud u~e 
effective he.at radiator.;, called heat sinks, to insure 
that the operating temperature is kept to a 
moderate Ylliue even when large currents are 
flowing through the device. 

Cooling considerations for practical solid-stale 
amplifiers are outlined below. Manufacturer's 
specification sheets describe a safe operating area 
for an individual power transistor. Also, transistors 
are rated in tenns of power output, rather than 
input, so it should be remembered that a device 
specified to deliver 80 watts of output power will 
probably be running 160 watts or more input. 
Transistor amplifiers pai;s an appreciable amount of 
driver power to the output, as do grounded-grid 
tube stages, and this fact musl also be taken into 
account by the circuit designer. 



. 
<) 

~ IO • e ' s _, 

i 4 ., 
2 

Cle 

Ii? 
~·~ • 
"' 0-6 o..s 

u 
;; OJ 

~ OJ 

~ 
0.1 

152 

' ... 
.... 

~ 

p 

~ 

' r-- .. 
I" 

""-
~ 

........ 

I I 

'-1-

"", 
~~ 

HF TRANSMITTING 

Device C4Sc SW !OW 25111 50111 JOOW 

T0-5 17 .2 7.2 1.2 .71 .35 

T0-44 1.2 9.2 .44 n/a n/a 

(B) 

Fig. 6-19 - (Al Graph to determine the 
thermal resistance of a heat sink a a giv
en size. The heat sink volume may be 
computed by multiplying cross-sectional 
area by height. IBI Approximate thermal 
resistance needed lor proper cooling of 
two 1ype1 of transistor cases when aper• 
ated at the proper levels given. 

t S 4 5 & IO 10 30 50 IOO 200 JOO 500 1000 
LU ME IN CUBIC INCHES OF fl NNEO·TYPE HEAT SI NK 

(A) 

COOLING 

Tubes 

Vacuum tubes must be operated within the 
temperature range specified by lhe manufacturer if 
tong lube life ~ to be achieved. Tubes with glass 
envelopes rated at up to 25 watts of plate 
dis..\ipation may be run without forced-air cooling, 
if a moderate amount of cooling by convection can 
be arrnnged. If a cane-metal enclosure is used. and 
a ring of 1/4-inch diameter holes arc placed around 
the tube socket, nonnal air flow can be relied upon 
to remove excess heat at room temperatures. 

For tubes with greater plate dissipation, or 
those operated with plate currents in excess of the 
manufacturer's ratings (often the case with TV 
~weep tubes) forced air cooling with a fan or 
blower is needed. Fans, especially lhosc designed 
for cooling hi-fi cabinets, are preferred because 
they oper3te quietly. However. all fans lose their 
ability to move air when e>lcessive baclc pressure 
exisu. For applications where a stream of air must 
be directed through a tube rocket. a blower i~ 
usually required. Blowers va.ry in their ability lo 
work against hack pressure, so thi~ specification 
should be checked when selecting a particular 
model. Some air will always leak around the socket 
and through other holes in a chassis, so the blower 
chosen should have a capacity which is 30 to 50 
percent beyond that called for by the tube 
manufacturer. 

An efficient blower is required when using the 
external-anode tubes, such as the ◄XI 50A. Such 
tubes represent a trade-off which allows high
pawcr operation with a physically small device at 
the expense of increased complexity in the cooling 
system. Other types of external-anode tubes are 
now being produced for conductive cooling. An 
electrical insulator which is also an excellent 
thennal conductm, such as AISiMag, couples the 
tube to a heat sink. Requirements for the heal 
dissipater are calculated in the same way as for 
power transistors, as outlined below. Similar tubes 
a,e made with special anode structures for water or 

vapor cooling, allowing high-power operation 
without producing an objectionable noise level 
from the cooling system. 

Transistor Cooling 

Bipolar power transistors usually have the 
collector connected directly to the case of the 
device, as the collector must dissipate most of lhe 
heat generated when the transistor is in operation. 
However. even the larger case designs cannot 
conduct heal away fast enough to keep the 
operating temperature of the device functioning 
within the nfe area. the maximum temperature 
that a device can stand withou l damage. Safe o.rea 
is usually specified in a device data sheet, often in 
graphical fonn. Gennanium power transistors may 
be operated at up to 100 degrees C while the 
silicon types may be run at up to 200 degrees C. 
Lealcage currents in germanium devices can be very 
high at ekvated temperatures; thus, for power 
applications silicon transistors are preferred. 

A thermal sink, properly chosen, will remove 
heat at a rate which keeps the transistor junction 
temperature in the safe area. For low-power 
applications a simple clip-on heat sink will suffice, 
while for 100-watts of input power a massive 
cast-aluminum finned radiator will be necessary. In 
general, the case temperature of a power transistor 
must be kept below the point at which it will 
produce a bum when touched. 

Heat-Sink Design 

Simple heat sinks. made as descnl>ed in the 
ConstIUction Practices chapter, can be made more 
effective (by 25 percent or more) by applying a 
coat of flat-black paint. Finned radiator.; are most 
effective when placed where maximum air flow can 
be achieved - ouLtide a case with the lins placed 
vertically. The size of a finned heat sink required 
to give a desired thermal resistance, a measure of 
the ability to dissipate heat, is shown in Fig. 
6-l 9A. Fig. 6-198 is a simplified chart of the 
thermal resistance needed in a heat sink for 
transistors in TO-S and T0-44 cases. These figures 
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- 150v Fl L +400V t 2700\I 

(A) -65V (B) +180V OOTPUT 

Fig. 6-20 - Typical (A) push-pull and (B) parallel amplifier circuits. 

are based on several assumptions, so they can be 
considered a wont-case situation. Smaller heat 
sinks may be usable. 

The thermal design of solid-state circuits has 
been covered in QST for April, 1972. The 
surface contact between the transistor case and the 
heat sink is extremely important. To keep the sink 
from being "hot" with de, a mica insulator is 
usually employed between the transistor ca.~e and 
the heat dissipator. Newer types of transistors have 
a case mounting bolt insulated from the collector 
so that it may be connected directly to the heat 
sink. Whatever the arrangement, the use of a 
conductive compound such as silicone grease 
(Coming PC-4) is recommended between the 
transistor and the sink. For high-power designs, it 
may be desirable to add a small cooling fan, 
providing a stream of air across the heat sink, to 
keep the size of the heat dissipator within 
reasonable limits. Even a light air flow greatly 
increases the radiator's ability to dispose of excess 
heat. 

OUTPUT POWER FROM TRANSMITTERS 
CW or FM: In a cw or fm transmitter, any 

class of amplifier can be used as an output or 
intermediate amplifier. (For reasonable efficiency, 
a frequency multiplier must be operated Class C.) 
ClasS-C operation of the amplifier gives the highest 
efficiency (65 to 75 percent), but it is likely to be 
accompanied by appreciable harmonics and conse
quent 1VI possibilities. If the excitation is keyed 
in a cw transmitter, Oass-C operation of 
subsequent amplifiers will, under certain condi
tions, introduce key clicks not present on the 
keyed excitation (see chapter on Code Transmis
sion). The peak envelope power (PEP) input or 
output of any cw (or fm) transmitter is the 
"key-down" input or output. 

A-M: In an amplitude-modulated phone trans
mitter, plate modulation of a Class-C output 
amplifier results in the highest output for a given 
input to the output stage. The efficiency is the 
same as for cw or fm with the same amplifier, from 
65 to 75 percent. (In most cases the manufacturer 
rates the maxifTWm allowable input on plate-

modulated phone at about 2/3 that of cw or fm.) 
A plate-modulated stage running 100 watts input 
will deliver a carrier output of from 6 5 to 7 5 watts, 
depending upon the tube, frequency and circuit 
factor. The PEP output of any a-m signal is four 
times the carrier output power, or 260 to 300 
watts for the I 00-watt input example. 

Grid- (control or screen) modulated output 
amplifie~ in a-m operation run at a earner 
efficiency of 30 to 35 percent, and a grid-modu
lated stage with 100 watts input has a carrier 
output of 30 to 35 watts. (The PEP output, four 
times the carrier output, is 120 to 140 watts.) 

Running the legal input limit in the United 
States, a plate-modulated output stage can deliver a 
carrier output of 650 to 750 watts, while a screen
or control-grid-modulated output amplifier can 
deliver only a carrier of 300 to 350 watts. 

SSB: Only linear amplifiers can be used to 
amplify ssb signals without distortion, and this 
limits the choice of output amplifier operation to 
Gasses A, AB1 , AB2, and B. The efficiency of 
operation of these amplifiers runs from about 20 
to 65 percent. In all but Oass-A operation the 
indicated (by plate-current meter) input will vary 
with the signal, and it is not possible to talk about 
relative inputs and outputs as readily as it is with 
other modes. Therefore linear amplifiers are rated 
by PEP (input or output) at a given distortion 
level, which indicates not only how much ssb signal 
they will deliver but also how effective they will be 
in amplifying an a-m signal. 

LINEAR AMPLIFIERS FOR A-M: In consider
ing the practicality of adding a linear output 
amplifier to an existing a-m transmitter, it is 
necessary to know the carrier output of the a-m 
transmitter and the PEP output rating of the linear 
amplifier. Since the PEP output of an a-m signal is 
four times the carrier output, it is obvious that a 
linear with a PEP output rating of only four times 
the carrier output of the a-m transmitter is no 
amplifier at all. If the linear amplifier has a PEP 
output rating of 8 times the a-m transmitter earner 
output, the output power will be doubled and a 
3-dB improvement will be obtained. In most cases 
a 3-dB change is just discernible by the receiving 
operator. 



154 
By comparison, a linear amplifier with a PEP 

output rating of four times an existing ssb, cw or 
fm trammitter will quadruple the output, a 6-dB 
improvement, It should be noted that the linear 
amplifier must be rated for the mode (ssb, cw or 
fm) with which it is to be used. 

GROUNDED-GRID AMPLIFIERS: The pre
ceding discussion applies 10 vacuum-tube amplifiers 
connected in a grounded-cathode or grounded-grid 
circuit. However, there arc a rew point~ that apply 
only to grounded-grid amplifiers. 

A tube operated in a given class (AB1, B, C) 
will require more driving power as a grounded-grid 
amplifier than as a grounded-cathode amplifier. 
This is not because the grid losses run higher in the 
grounded-grid configuration but because some of 
the driving power is coupled directly through the 
tube and appears in the plate load circuit. Provided 
enough driving power is available, this increased 
requirement is of no concern in cw or linear 
operation. In a-m operation, however, the fed
through power prevents the grounded-grid ampli
fier from being fully modulated ( 100 percent). 

AMPLIFIER CIRCUITS 
Parallel and Push-Pull Amplifielli 

The circuits for parallel-tube amplifieJS arc the 
same as for a single tu be, similar terminals of the 
tubes being connected together. The grid impe
dance of two tubes in parallel is half that of a 
single tube. Th~ means that twice the grid tank 
capacitance shown in Fig. 6-20B should be used for 
the same Q. 

The plate load resistance is halved so that the 
plate-tank capacitance for a single tube (Fig. 6-24) 
also should be doubled . The total grid current will 
be doubled, so to maintain the same grid bias, the 
grid-leak resistance should be half that used far a 
single lube. The required driving power is doubled. 
The capacilllnce of a neutralizing capacitor should 
be doubled and the value of the screen dropping 
resistor should be cut in half. 

In treating parasitic oscillation, it is often 
necessary to use a choke in each plate lead, rather 
than one in the common lead to avoid building in a 
push-pull lype of vhf circuit, a faclor in obtaining 
efficient operation at higher frequencies. 

Two or mare transistors are often operated In 
parallel to achieve high output power, because 
several medium-power devices often cost less than 

(A) 
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a single high-power type. When parallel operation is 
used, precautions must be taken to insure that 
equal drive is applied to each transistor. Otherwise, 
one transistor may "hog" most of the drive and 
exceed its safe ra~. 

A basic push-pull circuil is shown in Fig. 6-20A. 
Amplifiers using this circuit are cumbersome to 
bandswitch and consequently are not very popular 
below 30 MHz. However, since the push-pull 
configuration places tu be input and ou !put 
capacitances in series, the circuit is often used al 
50 MHz and higher. 

In the circuit shown al A two 813s arc used. 
Cross neutralization is employed, with Cl connect
ed from the plate of one tube to the grid of the 
second, while C2 is attached in the reverse order. 

GROUNDED-GRID AMPLIFIERS 

Fig. 6-21 A shows the input circuit of a 
grounded-grid triode amplifier. In configuration it 
is similar lo the conventional grounded-cathode 
circuit exropt that the grid, instead of the cathode, 
is at ground potential. An amplifier of this type is 
characterized by a compltllltively low input 
impedance and a relatively high driver power 
requirement. The additional driver power is not 
consumed in the amplifier but is "fed through" to 
the plate circuit where it combines with the normal 
plate output power. The total rf power output is 
the sum of the driver and amplifier output powers 
less the power normally required to drive the tube 
in a grounded-cathode circuit. 

Positive feedback is from plate to cathode 
through the plate-cathode capacitance of the tube. 
Since the grounded-grid is interposed between the 
plate and cathode, this capacitance is small, and 
neutralization usually is not necessary. 

In the grounded-grid circuit the cathode must 
be isolated far rf from ground. This presents a 
practical difficulty especially in the case of a 
filament-type tube whose filament current is large. 
In plate-modulated phone operation the driver 
power fed through to the output is not modulated. 

The chief application for grounded-grid ampli
fiers in amateur work below 30 MHz ill in the case 
where the available driving power far exceeds the 
power that can be used in driving a conventional 
grounded-cathode amplifier. 

Screen-grid tu bes are also used sometimes in 
grounded-grid amplifiers. In some cases, the screen 

FIL. 

(C) 
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Fig. 6-21 - Input circuits for 
triode or triode - connected 
power tubes operated ground
ed grid . 



Grounded-Grid Amplifiers 

Fig. 6-22 - A 30-A filament choke for 11 

grounded-grid power amplifier consisting of 28 
turns of No. 10 enam. wire on a 1 /2-inch diameter 
ferrite rod 7 inches long. 

is simply connected in parallel with the grid, as in 
Fig. 6-21B and the tube operates as a high-µ triode. 
In other cases, the screen ls bypassed to ground 
and operated at the usual de potential, as shown at 
C. Since the screen is still in parallel with the grid 
for rf, operation is very much like that of a triode 
except that the positive voltage on the screen 
reduces driver-power requirements. 

In indirectly-heated calhodc tubes, the low 
heater-to<athode capacitance will often provide 
enough isolation to keep rf out of the heater 
uansformer and the ac tines. If not, the heater 
voltage must be applied through rf choke~. 

In a directly-heated cathode tube, the filament 
must be maintained above rf ground. This can be 
done by using a pair of filament chokes or by using 
the input tank circuit, as ~hown in Fig. 6-21C. In 
the fonner method, a double solenoid (often 
wound on a ferrite core) is generally used. although 
separate chokes Cllll be used. When the tank circuit 
is used, the tank inductor is wound from two 
(insulated) conductors in parallel or from an 
insulated conductor inside a tubing outer conduc
tor. A typical filament choke is shown in Fig. 6-22. 

The input impedance of a grounded-grid power 
stage is usually between 30 and 150 ohms. For 
circuits similar to those shown in Figs. 6-2 lA and 
B some form of input tuning network is needed. A 
high-C. low-Q parallel-resonant or pi-section 
network will suffice. The input network provides 
benefit other than impedance matching - a 
reduction in the IM distortion produced by the 
stage when amplifying an ssb signal. A typical 
input circuit is shown in Fig. 6-16F. When an 
amplifier is built for single-band operation, a tank 
ciicuit ,imilar to that shown in Fig. 6-21 C may be 
employed. Proper input matching is achieved by 
tapping the input down on the coil. 
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TRANSISTOR CIRCUITS 

A transistor amplifier requires some means for 
impedance matching at the input and output of lhe 
stage. For conventional narrow-band amplifier 
designs, impedance matching is achieved with 
tuned networks (pi, L or T sections or 
combinations thereoO. To simplify band-switching 
requirements, broadband amplifiers with four 
octaves or more of bandwidth are desirable. Wide 
bandwidths are achieved by using a special form of 
lransrnis~on-linc bansformer for interstage and 
output coupling th.u.t is described later in this 
chapter. 

Most solid-state Class-C amplifiers are operated 
with both the base and emitter leads connected to 
de ground. Thus. the transistor is practically off 
when no driving signal is present. The distortion of 
the drive signal by such an amplifier is appreciable. 
However, with cw, fm, or collector-modulated a-m, 
the harmonics produced are removed from lhe 
desired frequency by at least a factor of 2. Thus, 
harmonic- energy can be reduced or eliminated by 
using appropriate filters. 

Fig. 6-23A shows a basic Cl~-C umnsistor 
amplifier. The base input is held at de ground 
through a radio-frequency choke. A second choke, 
consisting of two ferrite beads (collt:ctor lead), 
eliminates a tendency to vhf parasitic oscillation. 
At B. parallel~onnccted transistors are operated 
□ass C. Adjustment of Ll and L2 provide equal 
levels of drive. The devices chosen for this circuit 
are designed for 30- to SO-MHz operation. Below 
14 MHz some fonn of degenerative feedback will 
be n~ed to prevent self oscillation, as the gain of 
the transistors is quite high at lower frequencies. 

For s.qb operation transistors must be forward 
biased at the base. The lowest distortion results 
with Cl.ass-A operation, but. efficiency is poor. The 
best tr.Ide off between low distortion and high 
efficiency is Oass-B operation, even though 
operation in this region introduces some severe 
requirements for the bias circuit. Whenever a 
transistor is forward biased, thermal runaway can 
be a problem. Also, ssh drive varies in amplitude 
causing large variation6 in the transistor base 
current. For best linearity, the de base-bias voltage 
should remain constant as the rf drive level is 
varied. This situation is in conflict with the 
conditions needed to prevent thermal ronaway. 
Exotic schemes have be.en designed to provide the 
proper base bias for Class-B sib amplification. 
However, a simple diode circuit such as shown in 
Figs. 6-23C and D can provide the required de 
slllbility with protection against thermal damage. 
The ballasted type of transistors arc preferred for 
these circuits. Typical choices for Class-B ssb 
service arc the 2N5941, 2N2942, 2N337S, 
2N5070, 2NS071, and the 2N5093. The design of 
suitable broadband transformers for the circuits of 
F'ig. 6-29 is covered bter in this chapter. 

The circuits at 6-23C and D are similar except 
for the choice of the active device. Both designs 
were developed by K7QWR. The base-bias circuit 
maintains a steady voltage while supplying current 
that varies by a factor of 100 to I with drive. The 
gain versus fre(juency of both circuits follows the 
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power-output curves of the transistors used, 
changing from 25 dB at 2 MHz to 13 dB at 30 
MHz. IMD is typically 30 dB or more down with 
either circuit. 

RF POWER-AMPLIFIER TANKS 
AND COUPLING 

TANK Q 

Rf power amplifiers used in amateur transmit
ters are operated under Class-C or -AB conditions 
(see chapter on tube fundamentals). The ma.In 
objective, of course, ls to deliver as much 
fundamental power as possible into a load, R 
without exceeding the tube ratings. The load 
resistance R may be in the form of a transmJssion 
line to an antenna, or the input circuit of another 
amplifier. A further objective is to minimize the 
hannonic energy (alway~ generated by an ampli
fier) fed into the load circuit. In attaining these 
objectives, the Q of the tank circuit is of 
importance. When a load is coupled inductively, 

r' . OUTPUT 
0 

Fig. 6-23 - Some typical trans
istor power-amplifier circuits. At 
C, R 1 is adjusted for a collector 
current of 40 mA with no drive, 
while R2 at D is set for 20 mA 
collector current with no input. 
Broad band transformers used 
consist of the following: 
T1, TJ, TS - 6 turns of 2 twisted 

pairs of No. 26 enam. wire on 
a Stackpole 57-9322 No. 11 
toroid core, connected for 
4: 1. (See table 6-A.1 

T2,T4 -4 turns of 4 twisted pairs of 
No. 26 enam. wire on a Stack
pole 57-9322 No. 11 toroid 
core, connected for 4 :1. 

TS - 10 turns of 3 twisted pairs 
of No. 28 enam. wire on two 
Stackpole 57-9074 No. 11 
toroid cores, connected for 
9:1 

the Q of the tank circuit will have an effect on the 
coefficient of coupling necessary for proper 
loading of the amplifier. In respect to all of these 
factors, a tank Q of 10 to 20 is usually considered 
optimum. A much lower Q will result in less 
efficient operation of the amplifier tube, greater 
harmonic output, and greater difficulty in coupling 
inductively to a load. A much higher Q will result 
in higher tank current with increased loss in the 
tank coil. Efficiency of a tank circuit is detennined 
by the ratio of loaded Q to unloaded Q by the 
relationship: 

Eff. = 100(1 -g~) 
where QL is the loaded Q and Qu is the unloaded 
Q. 

The Q is determined (see chapter on electrical 
laws and circuits) by the l/C ratio and the load 
resistance at which the rube ls operated. The tube 
load resistance is related, In approximation, to the 
ratio of the de plale voltage to de plate current al 



Inductive-Link Coupling 

which the tube is operated and can be computed 
from: 

Class-A Tube: 

R Plate Vtts 
L = I.3 X Plate urrent 

Class-B Tube: 

R Plate Vo~ 
' L = 1.57 X Plateurrent 

Cla.~s-C Tu be: 

Transistor: 

R - 'fiollec18r VoIW2 
L - 2 X owcr utput (Watts) 
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Fig. 6-24 - Chart showing plate tank capacitance 
required for a Q of 10. Divide the tube plate 
voltage by the plate current in milliamperes. Select 
the vertical line corresponding to the answer 
obtained. Follow this vertical line to the diagonal 
line for the band in question, and thence 
horizontally to the left to read the capacitance. 
For a given ratio of plate voltage/plate current, 
doubling the capacitance shown doubles the Q. 
When a spliHtator capacitor is used in a balanced 
circuit, the capacitance of each section may be one 
half the value given by the chart. 
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Fig. 6-25 - Inductive-link output coupling circuits. 
Cl - Plate tank capacitor - see text and Fig. 6-24 

for capacitance. 
L1 - To resonate at operating frequency with Cl. 

See LC chart and inductance formula in 
electrical-laws chapter, or use ARAL Lightning 
Calculator. 

L2 - Reactance equal to line impedance. See 
reactance chart and inductance formula in 
electrical-laws chapter, or use ARAL Lightning 
Calculator. 

A - Representing load. 

Parallel-Resonant Tank 

The amount of C that will give a Q of IO for 
various ratios is shown in Fig. 6-24. For a given 
plate-voltage/plate-current ratio, the Q will vary 
directly as the tank capacitance, twice the 
capacitance doubles the Q, etc. For the same Q, 
the capacitance of each section of a split-stator 
capacitor in a balanced circuit should be half the 
value shown. 

These values of capacitance include the output 
capacitance of the amplifier tube, the input 
capacitance of a following amplifier tube if it is 
coupled capacitively, and all other stray capaci• 
tances. At the higher plate-voltage/plate-current 
ratios, the chart may show values of capacitance, 
for the higher frequencies, smaller than those 
attainable in practice. In such a case, a tank Q 
higher than LO is unavoidable. 

INDUCTIVE-LINK COUPLING 

Coupling to Flat Coaxial Lines 

When the load R in Fig. 6-25 is located for 
convenience at some distance from the amplifier, 
or when maximum harmonic reduction is desired, 
it i~ advisable to feed the power to the load 
through a low-impedance coaxial cable. The 
shielded construction of the cable prevents 
radiation and makes it possible to install the line in 
any convenient manner without danger of 
unwanted coupling to other circuits. 

If the line is more than a small fraction of a 
wavelength long, the load resistance at its output 
end should be adjusted, by a matching circuit if 
necessary, to match the impedance of the cable. 
This reduces losses in the cable and makes the 
coupling adjustments at the transmitter independ
ent of the cable length. Matching circuits for use 
between the cable and another transmission line 
are discussed in the chapter on transmission lines, 
while the matching adjustments when the load is 
the grid circuit of a following amplifier are 
described elsewhere in this chapter. 
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Fig. 6-26 - With flat transm1ss1on lines. power 
transfer is obtained with looser coupling if the line 
input is tuned to resonance. C1 and L 1 should 
resonate at the operating frequency. See table for 
maMimum usable value of C1. If circuit doe, no1 
resonate with maximum C1 or less. inductance of 
L 1 must be increased or added in Reries at L2. 

Table 6-A 

Capacitance in pF Required for Couplin2 to 
Flat Coaxial Line.-. with Tuned Coupling Circuit I 

Frequency Characrerlnlc Impedance of Line 
Band 52 75 
MHz ohms ohms 

3.S 4S0 300 
7 230 150 

14 11S 75 
21 80 so 
28 60 40 

l Capacitance vlilue• an, maximum usable. 
Note: Inductance in circuit must be acljusted ta 
resonate at operating frequency. 

Assuming that the cable is properly tenninated, 
proper loading of the amplifier will be auured, 
using the circuit of Fig. 6-26A, if 

1) The plate tank circuit hai reasonably higher 
value of Q. A value of 10 is usually sufficient. 

2) The inductance of the pickup or link coil is 
close to the optimum value for the frequency and 
type of line used. The optimum coil hi one whose 
~elf-inductance ls such that ib 1e11ctancc al the 
operating fn:quency is equal to the characteristic 
impedance, Zo, of the line. 

3) It is possible lo make the coupling between 
the tank and pickup coils very tight. 

The suond in this list is often hard to meet. 
Few manufactuied link coils have adequate 

HF TRANSMITTING 
inductance even for coupling to a 50-ohm lino at 
low fn:quencies. 

If the line i1 operating witll a low SWR, the 
system shown in Fig. 6-26A will require tight 
coupling between the two coils. Since the 
secondary (pickup coil) circuit is not resonant, the 
leakage reactance of the pickup coil will cause 
some detuning of the amplifier tank circuit. This 
detuning effect increases with increasing coupling, 
but Is usually not serious. However, the amplifier 
tuning must be adjusted to resonance, as indicated 
by the plate-current dip, each time the coupling is 
changed. 

Tuned Coupling 

The design difficulties of using .. untuncd" 
pickup coils, mentioned above, can be avoided by 
using a coupling cin;uit tuned to the operating 
frequency. This contributes additional selectivity 
as weU, and hence aids in the suppression of 
spurious radiations. 

If the line is flat the input impedance will be 
essentially resistive and equal to the Z O of the line. 
With coaxial cable, a circuit of reasonable Q can be 
obtained with practicable values of inductance and 
capacitance connected in series with the line's 
input terminals. Suitable circuits arc given in Fig. 
6-26 at B and C. The Q of the coupling circuit 
often may be as low as 2, without running into 
difficulty in getting adequate coupling to a tank 
circuit of proper design. Larger values of Q can be 
used and will result in increased ease of coupling, 
but as the Q is increaiied the frequency range over 
which the circuit will operate without readjust
ment becomes smaller. It is usually good practice, 
therefore, to use a cou piing-circuit Q just low 
enough to permit operation, over as much of a 
band as is normally used for a particular type of 
communication, without requiring retuning. 

Capacitance values for a Q of 2 and line 
impedances of 52 and 75 ohms are given in th~ 
accompanying table. These are the maximum 
values that should be used. The induct:mce in the 
circuit should be 11djustcd to give re~nance al the 
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Fig. 6-27 - Pi and pi-L output-couS,ling nl!tWOrks. 



Pi and Pi- L Output Tanks 

operating frequency. If the link coil ased for a 
particular band does not have enough inductance 
to resonate, the additional inductance may be 
connected in series as shown in Fig. 6-26C. 

Characteristics 

In practice, the amount of inductance in ll1e 
cucuit should be chosen so that, with somewhat 
loose coupling between Ll and the amplifier tank 
coil, the amplifier plate cuncnt will increase when 
the variable capucitor, Cl, is tuned through the 
value of capacitance given by the table. The 
coupling between the two coils should then be 
increased until the amplifier loads nom1ally, 
without changing the setting of Cl. If the 
transmission line is flat over the entire frequency 
band under consideration, it should not be 
necessary to readjust Cl when changing frequency, 
if the values given in the table are used. However, it 
is unlikely that the line aclUally will be flat over 
such a range, so some readjustment of Cl may bt 
needed to compensate for changt:s in the input 
impedance of the line. If the input irnpedam:c 
variations arc not large, Cl may be u5ed as a 
loading control, no changes in the coupling 
between LI and the tank coil being necessary. 

The degree of coupling between LI and the 
amplifier tank coil will depend on the coupling-
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circuit Q. With a Q of 2, the coupling should be 
tight - comparable with thll coupling that is 
typical of "fixed-link" manufactured coils. With a 
swinging link It may be necessary to increase the Q 
of the coupling circuit in order to get sufficient 
power transfer. This can be done by increasing the 
L/C ratio. 

Pl AND PI-L OUTPUT TANKS 
A pi-scdion and pi·L lank cin:uit may also be 

u:sed in coupling to an antenna or transmission line, 
as shown in Fig. 6-27. The optimum value5 of 
capacitance and inductance are dependent upon 
values of amplifier power input and output load 
re sis ranee. 

Values for l and C may be taken directly from 
the charts of Fig. 6-28 if lhe output load resistance 
is the usual S2 ohms. It should be borne in mind 
that these values apply only where the output load 
is resistive, i.e., where the antenna and line have 
been matched. Fig. 6-28 and 6-28A were provided 
by W6FFC. 

Output-Capacitor Rati ngi; 

The voltage rating of the outpu I capacitor will 
depend upon the SWR. If the load is resistive, 
receiving-type air capaciton should be adequate for 
amplifier input powers up to 2 kW PEP when 

TIJBE LOAD IMPEDANCE (OPERATING QI 

MH: 15()/)f/]J 1000(12} 2500(12} J{/(J(J{l]1 1500(121 4000,12/ 5000(/J/ 6000{/4! JJOIJ0//6) 

Cl 3.5 420 315 252 210 180 !57 126 114 99 
7 190 143 114 95 82 71 S7 52 45 

14 93 70 56 47 40 35 2H l5 22 
21 62 47 37 31 27 23 19 17 15 
28 43 32 26 21 18 lh 13 12 10 

C2 3.5 2117 1776 1536 1352 1203 1079 K75 lllil 862 
7 942 783 670 583 5)2 451 348 341 341 

14 460 382 326 283 241 217 165 162 162 
21 J05 25] 216 187 164 144 1nQ I07 107 
28 210 174 14H 128 Ill 97 72 70 70 

Ll 3.5 5.73 7.46 9.17 10.86 12.53 14.19 17.48 19.18 21.98 
7 ].14 4.09 5.03 595 6.86 7.11 9.55 10.48 12.02 

14 1.60 2.08 2.56 3.03 3.49 3.95 4.85 5.33 6.11 
21 J.07 1.39 1.71 2.02 2.34 2.64 3.25 3.56 4.09 
18 0.77 1.01 1.24 1.% 1.69 1.91 2.34 2..31 2.95 

TUBE LOAD IMPEDANCE (OPERATING QI 

MHc IJ(J()( I ZJ ](J(J{J( I 1J !500(12} 1000(12) J:500,12} 4000/12) 5000(11} ~000/12 lf()()()/12) 

CJ 3.5 406 305 244 203 174 152 122 I02 76 
7 188 141 Ill 94 81 71 56 47 35 

14 '92 69 55 46 40 35 28 23 17 
21 62 46 37 ll 26 2l 18 u 12 
28 43 l.2 26 11 18 16 IJ II 8 

C4 3.5 998 859 764 693 63H 593 523 472 397 
7 4l0 370 329 298 274 255 215 203 171 

14 208 17"1 159 144 133 Ill 109 98 83 
21 139 119 I 116 96 H'I 82 7] 65 55 
28 95 81 72 6li 60 5(, so 45 38 

L2 l.S 1.06 9.05 I0.99 12.QO 14.79 16.67 20.37 24.03 31.25 
1 3.H9 4.97 6.03 7.07 8.10 9.12 11.13 ll.11 17.0l 

14 1.99 2.54 J.08 l.61 4.13 4.65 5.68 6.69 8.68 
21 l.ll 1.69 2.05 2..41 2.76 l.10 ].78 4.46 5.78 
28 0.96 1.22 1.48 1.74 1.99 2.14 2.73 3.22 4.17 

L3 l..S 4.45 4.45 4.45 4.45 4.45 4.45 4.45 4.45 4.45 
7 l.44 2.44 2.44 1.44 2.44 2.44 :?.44 2.44 2.44 

14 1.24 1.24 l.l4 1.24 1.14 1.24 1.24 1.24 1.24 
21 O.Bl O.lll O.Bl 0.83 0.8] 0.8J 0.83 O.Bl 0.8) 
211 MO 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 

Fig. 6-28 - Chart to determine the values of l. and C needed for a pi IA) and pi-L 1B) network to match a 
range of input impedances to a 50-ohm load. 
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RI F Cl LI Cl Rl Q RI F Cl LI Cl Rl Q 
Ohna MHz pF µII pF OhmsQual. Ohms MHz pF µJI pF Ohms Qual. 

50 l.5 2600 0.94 4153 10 2.9 125 3.5 839 3.19 1124 so 2.3 
50 7.0 1179 0.49 16711 10 2.6 125 7.0 381 1.67 488 50 2.1 
50 14.0 579 0.25 1101 10 1.5 125 14.0 187 0.84 137 so 2.1 
so 11.0 314 0.16 528 10 1.5 l::ZS 21.0 124 0.56 157 so 2.0 
so 19.7 266 0.11 351 10 1.5 125 29.7 86 0.40 107 so 2.0 

50 J.5 2098 1.27 2811 20 2.J ISO 3.5 699 3.62 957 50 2.3 
so 7.0 952 0.67 1220 20 2.1 ISO 7.0 317 1.119 405 50 2.1 
so 14.0 467 0.34 593 20 2.1 150 14.0 156 0.95 196 so 2.1 
50 21.0 310 0.23 393 20 2.0 ISO 21.0 103 0.64 129 so 2.0 
so 29.7 214 0.16 268 20 1.0 ISO 29.7 71 0.45 88 so 2.0 

so J.5 2098 1.43 2533 30 2.3 175 3.S 599 4.03 816 50 2.3 
so 7.0 952 0.76 JI ll 30 2.1 175 7.0 27:2 2.09 333 so 2.1 
so 14.0 467 0.38 553 30 1.1 175 14.0 133 I.OS 159 so 2.1 
so 21.0 3IO 0.26 J67 JO 1.0 175 21.0 89 0.70 105 50 2.0 
so 29.7 214 0.18 253 JO 2.0 175 29.7 61 0.50 70 so 2.0 

so 3.5 2091 1.55 2290 40 2.3 200 J.5 569 4.26 822 50 2.5 
so 7.0 952 0.113 1033 40 2.1 200 7.0 251 2.22 334 so 2.3 
50 14.0 467 0.41 506 40 2.1 200 14.0 127 1.12 160 so 2.2 
so 21.0 310 0.211 336 40 2.0 .200 21.0 84 0.74 IOS so 2.2 
so 29.7 214 0.20 232 40 2.0 200 29.7 SIi 0.53 70 so 2.2 

so 3.S 20911 1.66 2098 so 1.3 225 3.5 543 4.48 827 so 2.7 
so 7.0 9S2 0.18 952 so 2.1 225 7.0 246 2.34 335 so 2.4 
so 14.0 467 0.45 467 so 2.1 225 14.0 121 I.II 160 so 2.4 
50 21.0 310 0.30 310 50 2.0 225 21.0 80 0.79 106 so 2.4 
so 29.7 214 0.21 214 so 2.0 225 29.7 S5 0.56 70 so 2.3 

so 3.S 2098 1.66 2098 so 2.3 250 J.S 520 4.68 831 so 2.9 
so 7.0 952 0.88 952 so 1.1 250 7.0 236 2.45 336 so 2.6 
so 14.0 467 0.45 467 so 2.1 250 14.0 116 1.23 160 so ::Z.5 
so 21.0 310 0.30 310 so 2.0 250 21.0 77 0.112 106 50 ::z.s 
so 29.7 214 0.21 214 so 2.0 250 19.7 53 0.59 70 so 2.5 
75 J.S 1399 1.21 1630 so 2.3 275 J.5 499 4.86 834 50 3.0 
75 7.0 634 1.17 731 so 2.1 275 7.0 227 2.S6 336 so 2.7 
75 14.0 311 0.59 358 so 2.1 275 14.0 111 1.29 160 so 2.7 
75 2 1.0 207 0.40 238 50 2.0 275 21.0 74 0.86 106 so 2.7 
75 29.7 143 0.28 164 so 2.0 275 29.7 SI 0.61 70 so ::Z.6 

100 3.5 1049 ::Z.72 1337 50 2.3 300 .3.5 481 5.04 836 so l.2 
100 7.0 476 1.43 591 so 2.1 300 7.0 :us 2.66 337 so 2.9 
100 14.0 234 0.72 288 so 2.1 300 14.0 107 1.34 160 so ::Z.8 
100 21.0 155 0.48 191 so 2.0 300 21.0 71 0.89 106 so 1.1 
100 29.7 107 0.3S Ill 50 2.0 300 29.7 49 0.64 70 so 2.1 

F111. 6-28A - The following data 11 for a pa neiwork with a Q of 2 at die top of each band. The Q shown is 
that for the s.ame inductor at Iha bottom of the band. The capacnon are shown for the bottom of the 
band to Indicate the maxirra,m capacitance needed. If the transformation ratio eio:ceeds 70 percent of 
maximum, the Q h~ been automatically recalculated in order to retain 1he characteristics of a pi network 
end that new value shown. Do not lor11111 which end of the network represents 50 ohmsl 

feeding .S2- 75-ohm loads. In obtaining the larger 
capacitance~ required for the lower frequencies. It 
iM common practice lo switch one or more fixed 
capacitors in parallel with the vuiable air 
capacitor. While the voltage rating of II mica or 
ceramic capacitor may not be exceeded in a 
p11rticlu11r case. c11pacilors of these types are 
limited In current-carrying capacity. Postage-stamp 
st.Iver-mica capacitots should be adequate for 
amplifier inpulS over Lbc range from about 70 
walls al 28 MHz to 400 WIIIIS at 14 MHz and 
loWllr. The larger mica capacilon (CM-45 case) 
having voltag,e ratings of I 200 and 2500 volts are 
usua.lly satisfactory for inpul~ varying from about 
350 wulU at 28 MHz to I kW al 14 MHz and 
lower. Because of these current limitalions. 
particularly at the higher frequencies, It b advisable 
to use as large an air capacitor as pr11cticable, u~ing 

the micas only ut the lower frequencies. Broad
cast-receiver replacement-type capacitors can be 
obtained reasun11bly. Their voltage insulation 
should be adequate for inputs of !000 wans or 
more. 

TRANSISTOR OUTPUT CIRCUITS 
Since rf power trunsi5lors have a low output 

impedance (on the order of 5 ohms or less). the 
problem of coupling the transistor to the u1ua.l 
.S~hm load I, the reYerse of the problem with a 
vacuum-tube amplifier. The 50-ohm load must be 
tJansfonncd lo a low reKistance. 

Figs 6-29A and B show two types of 
parallel-tun~d circultH used to couple the 1011d to 
the collector circuit. The collector is tapped down 
on the inductor in both cues. Cl provide~ t.uning 
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Fig. 6·29 - Typical transistor output-matching 
network~ 

for the collector and C2 adjusts the coupling to the 
load to achieve the proper impedance transforma
tion. The use or the tapped connection to the 
inductor helps to maintain the loaded Q of the 
circuit while minimizing variations in tuning with 
changes in the junction capacitance of the 
transistor. 

Circuits of Figs. 6-29C through E are not 
dependent upon coupling coefficient of a tapped 
coil for load-impedance transformation, making 
them more suitable for use al hf than either A or 
B. The collector-emitter capacitance (C0 ) of the 
llansistor is a major factor in the calculations used 
to design these circuits. Un fortunately C0 is not 
constant, so cu t-and·try adjustments arc usually 
neci:ssary to optimize a particular circuit. 

Early tests of transistor rf power amplifier.; 
should be made with low voltage, a dummy load 
and no drive. Some form of output indicator 
should be included. When it has been established 
that no instability exists, the drive can be applied 
in incrementll and adjustment made for maximum 
output. The amplifier should never be operated at 
high voltage and no load. 

BROADBAND COUPLING 
The techniques of broadband-transformer con• 

struction use transmission-line elements. A trans
former consists of a short transmission line 
(one-eighth wavelength or less) made from a 
twisted-wire pair, coaxial or strip line, wound on a 
high-permeability toroid core to improve the 
low-frequency characteristics. At vhf the core may 
be omitted. Only discrete impedance transforma· 
lions are possible; typical ratios are 9/4 : 1, 4: 1, 9 : 1, 
16: l , and 25: l. The higher ratios are difficult to 
achieve in practice, so several 4 : I transformers are 
employed for a large transformation ratio as shown 
in Fig. 6-23 . Hybrid mmsformers, providing the 
180-degree phase shift for input and output 
matching to push-pull stages, may aJso be made 
using broadband techniques. 

Large toroid cores an: not required for 
moderate power levels. A one-half inch diameter 
core is sufficient for operation at 100 watts at the 
low impedance levels found In transistor cin:uilll. 
Becauxe the current is high it Is importan l to keep 
the n!Sistance of the conductors low. Multicon· 
ductor leads (3 or 4 strands of No. 26 cnam., 
twisted) or the flat en11m. strip used for 
tzansformer winding!!) are ,uitable. Some typical 
designs arc shown in Table 6-11 . 

STABILIZING AMPLIFIERS 

A straight amplifier operates with its input and 
output circuits tuned to the !lame frequency . 
Therefore, unless the coupling between these two 
circuits is brought to the necessary minimum, the 
amplifier will oscillate as a tuned-plate tuned-grid 
circwt • Care should be used in arranging 
components and wiring of the two circuits so that 
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there will be negligible opportunity for coupling 
external to the tube or transistor itself. Complete 
shielding belween input and output circuits usually 
is required. All rf leads should be kept B5 short as 
po~siblc and particu lar attention should be paid to 
the rf retum paths from input and output tank 
circuits to emitter or cathode . In general, the best 
arrangement using a tube u one in which the 
cathode connection to ground, and the plate tank 
circuit are on the same side of the chassis or other 
shielding. The "hot" lead from the input tank (or 
driver plate tank) should be brought to the ~ocket 
through a hole in the shielding. Then when the grid 
tank capacitor or bypass i~ grounded, a return path 
through the hole to cathode wlll be encouraged, 
since transmission-line ch.aJacteristics are simula
ted. 
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Fig. 6-30 - (A) A neutralizing 
scheme may use either C1 or 
C2 to cancel the effect of grid
to-plate capacitance In the tt..be 
IBI Vhf parasitic circuit shown 
with heavy lines. 
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(B) 
A check on external coupling between input 

and output circuib can be made with a sensitive 
indicating device, such as the wavemeter shown in 
the MeasuremenL~ chapter. The amplifying device 
is removed. With the driver stage running md 
tuned to resonance, the indicator should be 
coupled to the output tank coil and the output 
tank capacitor tuned for any indication or rf 
fcedthrough . faperiment with shielding and 
rearrangement of parts will show whether the 
isolation can be improved. For additional infonna
tlon on transistor circuits see Chapter 4. 
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Screen-Grid Tube Neutralizing Circuits 

The plate-grid capacitance of scrccn-gid tubes 
is reduced to a fraction of a picofarad by the 
interposed grounded screen. Nevertheless, the 
power sensitivity of these tubes Is so great that 
only a very small amount of feedback is necessary 
lo start osciUation. To assure a stable amplifier, it 
is usually necessary to load the grid cin:u..it, or lo 
use a neutralizing circuit. 

The capacitive neutralizing system for screen
grid tubes is shown in Fig. 6-30A. Cl is the 
neutralizing capacitor. The capacitance should be 
chosen so tl1ut at some adjustment of Cl, 

Cl.= 'lilbe.vid:Plate cgpadta9'e l~ 
C3 Tube input capacitance (or C1NJ 

The grid-cathode capacitance must include all 
~trays direc ti)' across the tube capacitance, 
including the capacitance of the tuning-capacitor 
stator to ground. This may amount to 5 to 20 pF. 
In the case of capacitance coupling, the output 
capacitance of the driver tube musl be added to 
the grid-cathode capacitance of the amplifier in 
arriving at the value of Cl. 

Neutralizing a Screen-Grid Amplilier Stage 

There arc two general procedures available for 
indicating neutralization in a screen-grid amplifier 
stage. If the screen-grid tube is operated with or 
without grid current, a semi.itive output indicator 

I 
3 THREE 

BIFlLAR 
WINDINGS 
ON ONE CORE 

1:1 BROAIJBIU«l TRANSFORMER 
(Al 

4'.I B-OBANO TRANSFORhlER 
HIGH IMPEDANCE BALANCED 

CB) 

4: I BROADBAND TRANSFORMER 

LOW IIIPEOANCE BALANCED 

(LESS THAN Z0 OHMS) 

UNBALANCED 
AUTO· TRAHSFOIIMER 

(E) 

1:1 PHASE REVERSING 
TRANSFMMER 

(G) 

CCI 

Table 6-11 - Basic broadband balun trandormers. 
Bifilar windings are six to ten turns, depending on 
the ferrite-core permeabi lity. A suitable ferrite 
material is Ql with a permeability of 125. Very 
small size cores ( 1 /4-to 3/4-inch 00) may be used 
for receiving and low-power applications. For 
full-power applications a 2-1/2-inch OD Ql core 
with 1/2-inch cross section wound with No. 14 
Formex copper wire, seven turns per winding, is 
recommended . 
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can be used. If the screen-grid tube is operated 
with grid current, the grid-current reading can be 
used as an indication of neutralization. When the 
output indicator is used, both screen and plate 
voltages must be removed from the tubes, but the 
de circuits from the plate and screen to cathode 
must be completed. If the grid-current reading is 
used, the plate voltage may remain on but the 
screen voltage must be zero, with the de circuit 
completed between screen and cathode. 

The immediate objective of the neutralizing 
process is reducing to a minimum the rf driver 
voltage fed from the input of the amplifier to its 
output circuit through the grid-plate capacitance of 
the tube. 'This is done by adjusting carefully, bit by 
bit, the neutralizing capacitor or link coils until an 
rf indicator in the output circuit reads minimum, 
or the reaction of the unloaded plate-circuit tuning 
on the grid-current value is minimized. 

The wavementer shown in the Measurements 
chapter makes a sensitive neuualizing indicator. 
The wavemctcr coil should be coupled to the 
output tank coil at the low-potential or "ground" 
point. Care should be taken to make sure that the 
coupling is loose enough at all times to prevent 
buring out the meter or the rectifier. The plate 
tank capacitor should be readjusted for maximum 
reading after each change in neutralizing. 

When the grid-current meter is used as a 
ncuualizing indicator, the screen should be 
grounded for rf and de, as mentioned above. There 
will be a change in grid cum:nt as the unloaded 
plate tank circuit is tuned tluough resonance. The 
neuualizing capacitor (or inductor) should be 
adjusted until this deflection is brought to a 
minimum. As a final adjustment, screen voltage 
should be returned and the neutralizing adjustment 
continued to the point where minimum plate 
current, maximum grid current and maximum 
screen current occur simultaneously. An increase in 
grid current when the plate tank circuit is tuned 
slightly on the high-frequency side of resonance 
indicates that the neutralizing capacitance is too 
small. If the increase is on the low-frequency side, 
the neutralizing capacitance is too large. When 
neutralization is complete, there should be a slight 
decrease in grid current on either side of resonance. 

Grid Loading 

The use of a neutralizing circuit may often be 
avoided by loading the grid circuit if the driving 
stage has some power capability to spare. Loading 
by tapping the grid down on the grid tank coil (or 
the plate tank coil of the driver in the case of 
capacitive coupling), or by a resistor from grid to 
cathode is effective in stabilizing an amplifier. 

VHF Parasitic Oscillation 

Parasitic oscillation in the vhf range will take 
place in almost every rf power amplifier. To test 
for vhf parasitic oscillation, the grid tank coil (or 
driver tank coil in the case of capacitive coupling) 
should be short-circuited with a clip lead. This is to 
prevent any possible t.g.t.p. oscillation at the 
operating frequency which might lead to confusion 
in identifying the parasitic. Any fixed bias should 
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be replaced with a grid leak of l 0,000 to 20,000 
ohms. All load on the output of the amplifier 
should be disconnected. Plate and screen voltages 
should be reduced to the point where the rated 
dissipation is not exceeded. If a Variac is not 
available, voltage may be reduced by a 117-volt 
lamp in series with the primary of the plate 
transformer. 

With power applied only to the amplifier under 
test, a search should be made by adjusting the 
input capacitor to several settings, including 
minimum and maximum, and turning the plate 
capacitor through its range for each of the 
grid-capacitor settings. Any grid current, or any dip 
or flicker in plate current at any point, indicates 
oscillation. Tilis can be confirmed by an indicating 
absorption wavemeter tuned to the frequency of 
the parasitic and held close to the plate lead of the 
tube. 

The heavy lines of Fig. 6-30B show the usual 
parasitic tank circuit, which resonates, in most 
cases, between I 00 and 200 MHz. For each type of 
tetrode, there is a region, u~ually below the 
parasitic frequency, in which the tube will be 
self-neutralized. By adding the right amount of 
inductance to the parasitic circuit, its resonant 
frequency can be brought down to the frequency 
at which the tube is self-neutralized. However, the 
resonant frequency should not be brought down so 
low that it falls close to TV Channel 6 (88 MHz). 
From the consideration of TVI, the circuit may be 
loaded down to a frequency not lower than 100 
MHz. If the self-neutralizing frequency is below 
100 MHz, the circuit should be loaded down to 
somewhere between 100 and 120 MHz with 
inductance. Then the para.~itic can be suppressed 
by loading with resistance. A coil of 4 or 5 turns, 
1/4 inch in diameter, is a good starting size. With 
the tank capacitor turned to maximum capaci
tance, the circuit should be checked with a GOO to 
make sure the resonance is above 100 MHz. Then, 
with the shortest possible leads, a noninductive 
100-ohm I-watt resistor shouJd be connected 
across the entire coil. The amplifier should be 
tuned up to its highest-frequency band and 
operated at low voltage. The tap should be moved 
a little at a time to find the minimum number of 
turns required to suppress the parasitic. Then 
voltage should be increased until the resistor begins 
to feel warm after several minutes of operation, 
and the power input noted. This input should be 
compared with the normal input and the power 
rating of the resistor increased by this proportion; 
i.e., if the power is half normal, the wattage rating 
should be doubled. This increase is best made by 
connecting 1-watt carbon resistors in parallel to 
give a resultant of about I 00 ohms. Or, one of the 
Globar surge-protection re~stors may be used. As 
power input is increased, the parasitic may start up 
again, so power should be applied only momen• 
tarily until it is made certain that the parasitic is 
still suppressed. If the parasitic starts up again 
when voltage is raised, the tap must be moved to 
include more turns. So long as the parasitic is 
suppressed, the resistors will heat up only from the 
operating-frequency current. In grounded-grid 
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circuits it is useful to locate the parasitic 
suppressor in the cathode lead, 11-1 the rf power 
level is less than at the plate terminal. 

Since the resistor can be placed across only that 
portion of the parasitic circuit represented by lp, 
the latter should form !Ill l:uge a portion of the 
circuit u possible. Therefore, the tank and bypass 
capacitors should have the lowest possible 
inductance and the leads shown in heavy lines 
should be as short as possible and of the heaviest 
pratical conductor. This will pennit Lp to be of 
maximum size without tuning the circuit below the 
lOO-MH2 limit. 

Another arrangement that has been use<! 
successfully in transistor and low-level tube stages 
is to place one or more ferrite beads over the input 
or output leads, as close as possible to the 
amplifying device. The beads have sufficient low-Q 
inductance at vhf to discourage any tendency 
toward parasitic oscillation. 

Low-Frequency Parasitic Osciilation 

The screening of most transmitting ~creen-grid 
tubes ls sufficient to prevent low-frequency 
p.rrasitic oscillation cause<! by rcsorumt circuits set 
up by rf chokes in grid and plate circuits. When rf 
chokes are used in both grid and plate circuits of a 
triode amplifier, the split-stator tank capacitors 
combine with the rf chokes to form a low-frequen
cy parasitic circuit, unless the amplifier circuit is 
anangcd to prevent it. Often, a resistor is 
substitu led for the grid rf choke, which will 
produce the desired result. This resistance should 
be at leW!t 100 ohmli. If any grid-leak resistance is 
used for biasing, it should be substituted for the 
1 OO-Ohm resistor. 

Transistor LF Parasitics 

Using transistors with shunt feed often means 
low-frequency parasitic trouble. A word about this 
problem is in order as it usually doesn't occur in 
vacuum-tube circuits and is often a rough problem 
for the newcomer to solid state. These parasitics 
manifest themselves as a wide spectrum of white 
noise (hash) around and below the operating 
frequency. They c1111 often be heard on a broadcast 
receiver several feel away from a transmitter under 
test. The desired signal may sound clean, so it is 
necessary to check fa:r below the operating 
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Fig. 6-31 - Metering circuits 
for (A) tubes and (B) trans
istors. To measure current, 

1- ~rPUT connect a meter at the point 
-o shown in 5e~1 with the lead. 

For voltage measurements, 
connect the meter from the 
point indicated to the 
common or ground con
r,ecrion. 

F - EHtrrER 
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frequency. Two tran1istor characteristics combine 
to cause lhi~ !rouble. Fir.It, transistors have higher 
gain at lower frequencies than they do al hf. 
Second, interolcment capacitances vary over a wide 
range of changes in voltage, the result being 
varactor action that causes spurious outputs. The 
best way to avoid the problem i~ to use a minimum 
of inductance in the collector circuit. Large chokes 
are unsatisfactory. Series feed is a good answer as 
no choke is needed. Bypass capacitors should be 
the minimum value required. Decoupling on power 
leads between stages should have at least two 
capacitors, one effective at the operating frequency 
and a second large capacitor that is good at low 
frequencies. 

METERING 

Fig. 6-31 shows how a voltmeter and 
milliammcter should be connected to read various 
voltages and currents. Voltmeters are seldom 
installed permanently, s.ince their principal use is in 
preliminary checking. Also, milliammeters are not 
normally installed permanently in all of the 
posilions shown. Those most often used arc lhc 
ones reading grid current and plate current, or grid 
cunent and cathode current, or collector current. 

Milliammctcrs come in various current ranges. 
Current values to be expected can be taken from 
the tube UP.hies and the meter ranges selected 
acl'ordingly. To take care of normal overloads and 
pointer swing, a meter having a current range of 
about twice the nonnel current lo be expected 
should be selected. 

Grid-cunent meter.; connected w; shown in 1-'ig. 
6-31 and meters conncc.:ted in the cathode circuit 
need no special precautions in mounting on the 
transmitter panel so far as safety is concerned. 
However, milliammeten having metal zero-adjust
ing screws on the face of the meter should be 
recesseil behind the panel so that accidentaJ 
contact with the adjusting screw is not possible, if 
the meter is connected in any of the other 
positions shown in Fig. 6-3 I. The meter can be 
mounted on a small subpanel attached to the front 
panel with long screws and spacers. The meter 
opening should be covered with glus or celluloid. 
Illuminated meters make reading easier. Reference 
should also be made to the 1VI chapter of this 
Handbook in regard lo wiring and shielding of 
mctcr.; to suppress lVI. 
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COMPONENT RATINGS 

Output Tank Capacitor Voltage 

In selecting a tank capacitor with a spacing 
between plates sufficient to prevent voltage 
breakdown, the peak rf voltage across a tank 
circuit under load, but without modulation, may 
be taken conservatively as equal to the de plate or 
collector voltage. If the de supply voltage also 
appears across the tank capacitor, this must be 
added to the peak rf voltage, making the total peak 
voltage twice the de su pJ)ly voltage. If the amplifier 
Ii to be plate-modulated, this last value must be 
doubled to make it four times the de plate voltage, 
because both de and rf voltages double with 
100-percent amplitude modulation. At the higher 
voltages, it is desirable to choose a tank circuit in 
which the de and modulation voltages do not 
appear acro!>!i the tank capacitor, to pennit the use 
of a smaller capacitor with less plate spacing. 

Capacitor manufacturers u~ually rate their pro
ducts in terms of the peak voltage between plates. 
Typical plate spacings are ~hown in the following 
table, 6-lll. 

Output tank capacitor,; should be mounted as 
close to the tube as temperature considerations will 
pennit, to make po!;.!!iblc the shortest capacitive 
path from plate to cathode. Especially al the 
higher frequencies where minimum circuit capaci
tance becomes important, the capacitor should bt 
mounted with ih dator plates well spaced from the 
chw;sis or other shielding. In circuits where the 
rotor must be insulated from ground, the capacitor 
~hould be mounted on ceramic insulaton of size 
commensurate with the plate voltage involved and 
- most important of all, from the viewpoint or 
safety to the operntor - a well-insulated coupling 
should be used between the capacitor shaft and the 
dial. The section of the shaft attached to the dial 
should be well grounded. Thi£ can be done 
conveniently through the use of panel shaft-bearing 
units. 

Table 6-111 
Typical Tank-<:apacitor Plate Spacin~ 

1 Spacl11g Peak Spacing Peak Spacing Peale 

1 
(In.) Voltage (In.) Voltage (In.) Voltage 

0.01S 
I 0 .02 

0.03 
0.0S 

1000 0.07 3000 0.175 7000 
1200 0.08 3500 0.25 9000 
1500 0.125 4500 0.35 11000 
2000 0.15 6000 0.5 13000 

TankCoils 

Tank coils mould be mounted at least their 
diameter away from shielding to prevent a marked 
loss in Q. Except perhaps at 28 MHz il is not 
important that the coil be mounted quite close to 
the tank capacitor. Leads up to 6 or 8 inches arc 
permissible. It is more important to keep the tank 
capacitor as well es other components out of the 
immediate field of the coil. Far this rea~on, it is 
preferable to mount the coil so that its axis is 
parallel to the capacitor shaft, either alongside the 
capacitor or above it_ 
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Wire Sizes for Transmitting Coils 
for Tube Tl'llllllmitten 

Powerlnput(WattJ/) Band(MHz) Wire Size 

1000 28-21 6 
14-7 8 

3.5-1.8 JO 

500 28-21 8 
14-7 12 

3.S-1.8 14 

ISO 28-21 12 
14-7 14 

3.5-1. 8 18 

75 28-21 14 
14-7 18 

3.S- 1.8 22 

25 or less• 28-21 18 
14-7 24 

3.S-1.8 28 

• Wire she llmlled plinclplllly by con91.deration of 
Q. 

There are many factors that must be taken into 
consideration in determining the size of wire that 
should be used in winding a tank coil. The 
considerations of form factor and wire size that 
will produce a coil of minimum loss are often of 
less importance in practice than the coil size that 
will fit into available space or that will handle the 
required power without excessive heating. This is 
particularly true in the case of screen-grid tubes 
where the relatively small drivinl! power required 
can be easily obtained even if the losses in the 
driver are quite rugh. It may be considered 
preferable to take the power loss if the physical 
size or the exciter can be kept down by making the 
coils small. 

Transistor output circuits operate at relatively 
low impedances because the current is quite high. 
Coils should be made of heavy wire or strap. with 
connections made for the lowest possible resis
tance. Al vhf stripline techniques are often 
employed, as the small inductance values required 
for a lumped inductance become difficuJt to 
fabricate. 

RF Chokes 

The characteristics of any rf choke will vaiy 
with frequency, from characteristics resembling 
those or a parallel-resonant circuit, of high 
impedance, to those of a series-resonant circuit, 
where the impedance is lowest. In between these 
extremes, the choke will show varying amounts of 
inductive or capacitive reactance. 

In series-feed circuits, these chllracteristics are 
of relatively small importance because the rf 
voltage across the choke is negligible. In a 
parallel-feed circuit, however, the choke Is shunted 
across the tank circuit, and is subject to the full 
tank rf voltage. If the choke does not present a 
sufficiently high impedance, enough power will be 
abosrbed by the choke to cause it to bum out. 

To avoid this, the choke must have a 
sufficiently high reactance to be effective al the 
lowest frequency, and yet have no series 
resonances near the higher-frequency bands. 
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THE K1ZJH SOLID-STATE TRANSCEIVER 

Construction details for an all-band solid-state 
trnnsceiver are presented here for the more adven
turous builders. Beginners are not encouraged lo 
attempt duplicating the circuits of this advanced 
project. Printed-circuit templates or layouts are aot 
available. The transceiver has many features 
making ii suited to fit a variety of amateur needs. 
Five-hundred kHz coverage of the 80-, 40-, 20- and 
15-meter bands is provided, as well as 500 kHz of 
the 10-meter band (28.5 to 29.0 MHz). Cw (peak 
S11b) power output is, 20 watu on 80, 40 and 20 
meters, dropping to a maximum of 9 watts on l 0 
meters. Cw operation was included, and the ssb 
VOX circuit is combined with the cw sidetonc 
generator to aUow semi-break-in operation. Wher
ever possible, FET 3nd IC circuitry was employed. 

In keeping with the state-of-the art, an elec
tronic dial, or frequency counter, accurately 
counl.J and displays the operating frequency of the 
transceiver. Because the counter derives its final 
count as a product of the oscillators and the BFO, 
it will be as accumte as its time base allows. A 
more detailed description of coun tcr operation will 
be given later. 

Because portobility was dc~ircd. the complete 
transceiver, including speaker and power supply , 
was assembled in an LMB CO-I enclosure. Al
though the author's unit (KlZJH) was built for 
operation al 117 volts, the 14.S-volt circuitry 
makes battery operation possible. 

Design Notes 

Without a doubt one of the larger problems 
plaguing the designer of a multiband transceiver is 
the genera lion of the local oscillator signal. One 
approach is to switch bands with the VFO, hoping 
it will remain stable over wide ranges of operating 
parameters. Other alternatives are a multi· 
conver,ion arrangement involving the use or a 
combination of i-f ranges. or using a premixing 
scheme which directly synthesizes the mixer in
jection by combining the VFO with other oscilla
tors. Single conversion and one VFO range (the 
premixing method) is used here. 

The use of the popular 5- to 5.5-MHz VFO and 
9-MHz i-f allows 80- and 20-meter coverage lo be 
produced without premixing. Forty-meter opera
tion is aceompli~hed by premixing the 5-MHz VFO 
output with the 21.5-MHz heterodyne oscillator to 
generate a mixer injection signal at 16.5 to 16.0 
MHz. When combined with 9 MHz, 40-meter 
operation is obtained, The remaining bands, IO and 
15 meters, arc produced with a 25-MHz HFO. On 
15 meters, the VFO is mi.~ed with the 25-MHz 
HFO to produce a 30.0 lo 30.5-MHz premixer 
output. When mixed with the 9-MHz i-f, the result 
i.~ the 21.0 to 21.5-MHz amateur band. For 10 
meters, the VFO is mixed with the 25-MHz HFO, 
and the 20.0 to 19.5-MHz product is selected from 
the premix.er output. Combined with the 9-MHz 
i-f, coverage of the 29 to 28.5-MHz portion of the 
10-meter band is provided. This premixing scheme 
produces a few minor operational quirks. Sideband 
inversion or VFO tuning inversion occurs on some 
bands because of down conversion in one of the 
mixer stages. For this reason, the sideband posi
tions on the mode switch are marked A and 8. The 
variabl!! up or down premixing conversion doc~ not 
make it practical to offset the VFO to compensate 
for changes in frequency when sidebands are 
changed. This would result in an error of a few kHz 
when using a mechanical dial arrangement, but the 
counter quickly displays the new fn:quency. The 
counter is programmed lo correct for VrO tuning 
inversion on those bands where it occun. 

The VFO and HFO 

An MPF-102 JFET Colpitts oscillator is the heart 
of the VFO. The gate of the MPF-102 is diode 
clamped lo minimize harmonic generation on 
positive voltage peak~. Two transistor buffer stages 
follow lo reduce the effect& of loading and to 
provide an amplified low-impednnce VFO ou1put. 
Receiver offset tuning which is provided by a diode 
across the main-tuning capacitor allows up to a 
3-kHz offset during receive. Voltage for the 
MPF-102 is regulated. The Zener will dissipate heal 
and should not be located in close proximity to 
frequency determining components. Main-tuning 
capacitor, Cl, is a rather costly item and was used 
becau~e one was made available for this project ; it 
is one or the better capacitors available for VFO 
service. The large value of fixed-input capacitance 
a.~sociated with the Colpitts oscillator swamped Cl 
and it was not po!ISible to obtain full S0Q-lcHz VFO 
range with the LC ratio. L2 serves to expand the 
frequency coverage available with the 35--pF capac
itor to a little over S00 kHz. The VFO tuning range 
should be adjusted lo give about 20 kHz of overlap 
on band edges. The slug of LI will largely 
determine total Vl-"O spread, and trimmer capaci
tor C0 {4S pF across Cl) is used to sci the VFO 
frequency. Both adju~tmenls will interact. 
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Block diagram for the K12JH transceiver. The counMr eiraiit is not included. 

The VFO circuit board and associated VFO 
components were mounted on a 1/8-inch thick 
aluminum plate for mechanical rigidity. The gear 
drive mechanism (not available commercially) has a 
gear ratio of 16:1 providing about 33 kHz per dial 
revolution. This is about the faste~t tuning rate 
desirable for comfortable tuning of ssb signals. 

The internal speaker is localed with.in the VFO 
enclosure (just below the VOX amplifier). This is a 
compromise necessitated becau!le of light cabinet 
space. Fortunately the VFO is not microphonic, 
and when possible, a larger and better sounding 
external speaker is used. The photograph• reveal 
the counter board which is located direcUy 
beneath the VFO. During operation, the compo
nen ts on this board get warm and rad.is le con
siderable heal. However, after about a 15-minute 
warm-up period, thermal equilibrium is reached. 
and VFO drift stabilizes to less than 100 Hz per 
hour. 

Polystyrene capacitors should be used where 
indicated. These have a better tolerance to temper
ature variations (either from external sources or 
internal rf heating) than their silver mica counter
parts. Mica capacitors can become leaky with age 
because of dielectric deterioration, a bane lo stable 
VFO operalion. Drifting can be reduced by select
ing the "N" coefficient of trimmer c •. An N-500 
capacitor was optimum compensation for this unit. 

Any harmonics generated in the VFO buffer stages 
ilJ'e reduced in a half-wave filter. The VFO oulput 
level is adjustable by a S00-ohm composition 
trimmer, and should be set for 100 millivolts peak 
to peak lo supply proper injiM:tion levels for the 
MCl496 mixers. On 20 and 80 meters, the VFO 
directly feeds the MC1496 balanced mixer. On 10, 
15 and 40 meters, the VFO output is premixed 
with one of the HFO oscil111ton in the MC1496 
premixer to produce the appropriate injection 
range for the mixer. 

The HFO oscillaton arc used only on 40, IS 
and 10 meters. Only one HFO oscillator is active al 
any one time; the operating voltage for the 
appropriate HFO i& supplied through band-switch 
section nine. On 40 meters, the 21.5-MHz oscilla
tor is active, while on 15 and 10 melen lhc 
25-MHz oscillator is used. Except for the operating 
frequency, both o!ICillator circuits are Identical. 
The HFO circuit board is mounted on the rear 
\'FO partition. The crysta1s used in the HFO are 
inexpensive, general purpose (lhird overtone) types 
supplied by International Crystals. 

The HFO Premixer and Preselec:h>r 

The doubly-balanced deRign gives ad~uate 
isolation of the input signals and only one tuned 
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10-Meter Post Amplifier 

Fig. 1 - Cir,:ui1 diagram fM the lran1Ceivwr VFO, 
HFO, and mixer. 
C1 - 35-pF variable (Millen 28035MKBB or 

equiv.I. 
L 1 - 24 !urns No. 26 enam. on 1 /2-inch ceramic 

form tuned with a red slug. 
L2 - 9 turns No. 20 enam. on T-50-2 core . 
L3, L5 - 18 turns No. 24 enam. on T-50-2 toroid 

core. 
L4, L6 - 2 turns No. 24 enam. over LJ and L5 

raspec1i1111ly. 
L7 - 19 1ums No. 24 enam. on T-50-2 toroid core. 
LB - 2 1ums No. 24 enam. over L 7. 
L9 - 9 rums No.24 enam. on T-50-2 toroid core . 
L 10 - 2 1ums No . 24 enam. over L9. 
L 11 - 14 turns o. 24 enam. on T-50-2 toroid 

COr1t. 
L12 - 2 tums No. 24 enam. over L 11 . 
VR1 - silicon, 1000 PRV, 1 A. 
YI - 21.5 MHz third-overtone general-purpose. 
Y2 - 26 .0 MHz 1hird-011er1one general-9urpose. 

slllgc is needed for each prcmiur output The 
necessary S0O-kHz pau hind b easily obtained. 
Vollagc for the premixcr ls supplied through 
band-n.ilch section nine only on 40, IS and 10 
mekn. The premixer is mounted in !he VFO 
enclosure on the partition shield parallel to the 
bandswitch. HFO injection measured on pin 8 of 
the MC 1496 premixcr should be to 700 millivolts 
J>-P· VFO injection supplied to pin one should be 
in the area of JS millivolts p-p; If not, the 130-pF 
coupling e&pacitor can be changed accordingly. 
Injection levels 10 both MC1496 mixer stages are 
critical. When using higher Injection levels spurious, 
raspy buzzsaw sounding signals wUI be heard 
randomly u the receiver is lllned 1cro11 the bands. 
Motorola mentions likelihood of self oscillation 
when the devices arc driven from a high-impedance 
soun:e. Low-impedance drive source, are used m 
the transceiver. Careful regulation of the ma.·dmum 
mixer injection levels seems to be the bes! me
guard for stable MCl496 mb,er operation. 

Band-niitch section five selects the correct 
premixcr LC output network. These arc mounted 
on the premixer pc board, and lead~ between lhe 
band~wllch and premix.er should be shon and 
dilcct. The low-impedance outputs arc brought lo 
band-1wilch 1ection six in a braided shield. Sec1ion 
six sclec ts the proper injection signal for the 
receiver•truwnitter mixer and the counter input 
shaping circuit. 

The presclector circuitry is localed near the 
fron1 of the transceiver, adjacent lo the VFO 
compartment. II is shielded on lhrtt sides by the 
front panel, a VFO compartment partition, and the 
rear partition separating the prcseleclor and 
receiver-transmitter mixer compartmcnu. The pre
selector circuil is fairly conventional usln11 two 
MPF-102 FET1 In cascade configuration. Gate biu 
is under alc/aac control. Resistive loading of the 80 
and 40 input links reduces excessive and unneeded 
gain on these two bands. Band-switch 1ections one, 
two, three and four arc dedicated lo prcselcclor 
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coD switching. Section lwo should be shielded 
from section three to IIOlak: the input and output 
stages of the pretelcctor. The shield is grounded 
directly lo the adjacent shield partition !epBn1ting 
the VFO and preselcctor compartments. Shielding 
fabricated from thin copper nuhing on the pre
selector pc board further isolates the input and 
output circuitry. The center shield or the pre
selector tuning capacitor is grounded with a short 
section of braid lo a pc board :shield directly 
beneath It. The higher frequency coils were placed 
closest to the band switch permitting short lead 
lengths. 

Both input and output impedances of !he 
presclccror arc approximately SO-70 ohms. Relays 
Kl and Kl twitch lhc prcselector between the 
receiver and transmlller portions of the lnruceiver. 
The author acquired a handful of these miniature 
relays, and !hey are u1ed in several arcu of the 
transceiver lo switch tf. The use of relay switching 
may seem archaic in a modern transceiver but these 
little relays are quiet, offer a good degree of 
switching isolation, readily switch low-Impedance 
rf with minimum 1011, und ue available surplus al 
reason.able prices. On receive, the presclcctor input 
comes from !he antenna relay through I rf ancnu• 
alor gain control. This method of gain control is 
not only effective, but does not affect the total 
dynamic age range of the receiver. On 80 and 40 
meters the pin and noiiie figure of the preselector 
is of little practical value and the rf"111in c011trol 
will likely be run with almost full atunuation on 
these bands to allow for good, strong-signal 
handling characteristics In the receiver. The pre
selector output in receive goes to the receiver
transmitter mixer ~tagc for conversion to the 
9-MHz receiver 1-f. In transmit, the presclcctor 
input is switched to the receiver-transmitter mb:er 
output. The presclector output, through an attcnu• 
ator rf-drive-lcvel control, goes to the transmitter 
power amplifier chain during transmit. 

10-Mcler Post Amplifier 
and RroeM:r-Transmitter Mixer 

II was found that both the preselcctor and 
transmiller power chain suffered from a lack of 
pep on ten meters. To improve receiver and 
transmitter pcrformllllce on 10 meters, a 28-MHz 
post amplifier wu incorporated. The post ampli• 
lier, a MFE-121 dual-gatC! MOSFl::.T, like lho 
prcsclcctor, is under ale/age control. Opcratm, 
voltage is su ppllcd to the post amplifier through 
band-1witch section nine on !en mctcn. Powering 
the amplifier enerpzes relay K2 placing lhe ampli
fier in line with th1> low-impedance output of the 
presclcctor. The three tuned stages of the post 
amplifier offer a large degree of selectivity and 
require careful stagger tuning lo obtain uniform 
gain across !he I 0-meler band. Stability of the 
amplifier was achieved by staj!ger tuning and by 
resistive loading of lhc: input stage. Placement and 
shielding or the ampUfic:r stage are critical. 

One mixer does the necessary conversion rune• 
lions for both the receiver and transmitter sections 
of the lranaceiver. Another Motorola MC 14 96 IC 11 
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1-F Crystal Filter 
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osed in the receiver-transmitter mixer, and the 
circuit is quite similar to the premixcr stage. Like 
the preselector, miniature hermetic relays are used 
to switch the mi,cer between receive and transmit 
functions. Injection levels lo the recclver
lransmilter mixer are critical. Ninety millivolts p-p 
should be measured at pin 4 of the MC1496 mixer. 

In receive, the mixer output is matched to the 
560-0hm crystal-filter impedance with a pl• 
network. During transmit, Individual fixed-tuned pl 
networks for each of the five bands are selected by 
band-switch sections seven and eight to couple and 
match the receiver-transmitter mixer ou !put to the 
preselector. The pi networks also offer selectivity 
and rejection to out-of-band signals. 

Because individual wiring techniques and parts 
tolerances vary, the values for coils L24A-E and 
capacitors Cl 2A-E are approximate. Ceramic or 
mica trimmers may be substituted for the fixed 
values specified for Cl 2A-E. Note that these 
capacitors and toroidal coils L24A-E were mount
ed on, and supported by, band-switch sections 
seven and eight. 

1-F Crystal Filter 

The Essel M9A filter is used with good results 
in the transceiver. Because the filter directly affects 
the receiver selectivity, transmitter bandwidth and 
carrier suppression, a good quality filter Is manda
tory. KVG, Swan and others olTer ssb filters that 
would be suitable for use in this transceiver. Diode 
switching selects the proper filler paths for trans
mitter or receiver operation Filter rorh Rxa and 
Rxb are associated with the receiver; likewise, 
ports Txa and Txb arc used with the transmitter 
circuitry. Modern eight-pole filters an: capable of 
more than 100 dB of stop-band attenuation and if 
they are to be used to full advantage, care is 
required to maintain good isolation between filter 
ports. 

The 1-F Stages. Product Detector and AGC/ALC 

The i-f stages, product detector and age/ale 
circuits are contained on one pc-board assembly. 
The i-f stages arc under ale/age control; age voltage, 
applied to pin seven of the CA3028A i-f amplifiers 
varies, from two volts for minimum gain to 12 
volts during periods of no age action. The two i-f 
stages can produL-e over 50 dB of gain and, without 
adequate shielding and power supply decoupling 
between stages, instability can develop. Toroidal 
cores in the tuned i-f stages reduce the chance for 
unwanted interstage coupling. The turns ratio of 
input transfonner L2S-L26 performs impedance 
matching between the filter and i-f ~!ages. Capaci
tive dividen perform impedance transformations 
between the i-r stages and to the product detector. 
The output of the last i-f stage is heavily loaded to 
prevent overdriving the product detector and to 
help stabilize the i-f stages. The MCl496 product 
detector has a dynamic range of 90 dB and a 12-dB 
conversion gain. Output filtering is simplified as 
the double balanced design reduces the level of the 
i-f signal or BFO energy appearing in the output. 
Two hundred milllvolu p-p of BFO energy an: 
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SSB Generator and Associated Circuits 

Fig. 3 - Circuit diagram for the transmitter power 
chain. See Table I for capacitor values. 
CR1 - 1N2154 
K4 - 12 V de, spdt. 
L21A - 18 tums, No. 16 enam. on a T-80-2 core. 

Inductance is a 1.91,1H. 
L218 - 15 turns, No. 16 enam. on a T-60-6 core. 

Inductance is 1 .08 µH. 
L21C - 10 turns, No. 16 enam. on a T-60-6core. 

Inductance is 0.67 µH. 
L21 D - 9 turns, No. 16 enam. on a T-80-6 core. 

Inductance is 0.41 µH. 
L21 E - 8 turns. No. 16 enam. on a T-80-6 core. 

Inductance Is 0.33 µH. 
L22A - 16 turns, No. 16 enam. wound on a 

T-80-2 core. Inductance is 1.46 µH. L22B - 13 

supplied Lo the product detector. Part of the i-f 
output is sampled and amplified by a CA3028 rf 
amplifier. The amplified i-f signal is detected in a 
diode voltage doubler, and the de signal is fed to a 
cascaded de amplifier using a 2N3903 and a 
2N3905 transistor. The 2N3905 controls the S 
meter and supplies the ale /age control volt.age. The 
agc /:i.Jc control bus is a common line, allowed by 
bilateral stages common lo both receiver and 
lrllnsmittcr functions. 

Two age ranges select fast or slow age charac
teristics. The one-mA S meter, a ~mall surplus 
movement. indicates relative received signal 
strengths and transmitter ale levels. In transmit. 
voltage is not supplied to the i-f stages, product 
delector or CA3028 age amplifier. The 2N3903 
and 2N3905 de amplifiers remain active, and ale 
voltage developed in the PA is fed back to the de 
ampliliers for ale control voltage generation. 

Audio Amplifier 
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tums, No. 16 enam. on a T-80-2 core. Inductance 
is 0.76 "H. 

L22C - 9 turns, No. 16 enam. on a T-80-6 core. 
Inductance is 0.41 µH. 

L22D - 8 rums, No. 16 enam. on a T-80-6 core. 
Inductance is 0.27 j.lH. 

L22E - 7 turns, No. 16 enam. on a T-80-6 core. 
Inductance is 0.19 j.lH. 

RFC1 - Si,c beads from Amidon. 
RFC2, RFC3 - One bead from Amidon. 
Tl - Primarv 6 turns ct; secondary 2 turns ct. See 

te>ct. 
T2 - Primary 4 turns ct: secondary 6 turns. See 

le>ct. 
T3 - 26 turns. No. 30 anam. on 0.3 in. Ql type 

core. 

sidelone oscillator Is active on keydown and is fed 
to the audio amplifier. The amplifier assembly is 
small and is located parallel lo the front panel 
behind the au die-gain control. 

The SSB Generator and Associated Circuits 

The two sideband crystals are those supplied by 
the filter manufacturer and should be set to the 
frequencies recommended. Rather than using a 
third crystal for cw generation, it is possible to pull 
the 9.0017-MHz crystal within the filter passband 
with a diode-switched trimmer. For cw generation 
the BFO osdllator transistor emitter is keyed. 
When receiving in the cw mode, relay contacts K 7B 
energize the 13 FO for product detector and counter 
operation. During sideband operation, contacts of 
mode switch SIB prevent keying the BFO. While in 
cw operation, voltage is supplied to tbc twin-lee 
side tone oscillator by the contacts of SI A of the 

A large variety of IC amplifiers is available that 
could be used in the audio stage of the transceiver. 
A Sprague 2277 was used as it was readily available 
at a nearby Radio Shack store. The RS-2277 is Top view of the transceiver. 
actually two two-watt nns amplifiers in one pack
age and was intended for small stereo systems. It 
requires a minimwn of external components and 
provides good gain. Only one section of the 2277 
w;is used. It delivers slightly less than two walls 
with the 14.5-voll supply. Large ground foil areas 
left on the pc board will provide a satMactory 
hcatsink for the IC. The amplifier rum continu
ously to allow sidetonc monitoring for cw oper
ation. The l 500-"F capacitor from pin 14 of the 
2277 is needed for decoupling and stable opera
tion. The audio output will drive most low
-impedance loam;. Cw selectivity is obtained 
through a simple bandpass audio filter built from 
44-mH telephone loading coils, and the 1000-Hz 
filter is adequate for casual cw operation. 

A sharper filter skirt may be obtained by 
removing the two 2700-ohm resistors across the 
44-mH coils (at the expense of a noticeable 
increase in ringing). During cw operation, the 
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mode switch. The emitter of the sidetone oscillator 
tran5istor i5 also keyed during cw operation. 
Isolation diode CR4 prevents relay contacts of 
K7B from activating the sidetonc generator in 
receive which could result in false tripping of the 
5emi-break-in circuit. Because thr BFO signal is a 
part of the display frequency, during key-up 
periods in transmit the display readouts are 
blanked. 

Mode switch contacts SIA supply voltage to 
the mic amplifiers in either sideband position. An 
RCA CA3018A transistor array in the VOX circuit 
reduces the number of active components to a few 
devices. In the sideband positions, mode switch 
contacts of SIC feeds audio lo the VOX circuit for 
normal VOX operation. In cw,contactsofSICfeed 
sidctonc audio to the VOX input allowing semi
break-in operation, if dcmcd.. The VOX gain. delay 
and anti trip controls arc front-panel mounted for 
accessibility. 

The VOX circuit energizes relay K7 . This relay 
docs voltage switching and primarily controls 
receive or transmit operation. When VOX opera
tion is not desired, the mic PTT contacts will 
manually key K7, or a front-panel mounted switch 
allows the transceiver to be locked in transmit. The 
VOX assembly is mounted to the speaker support 
bracket within the VFO compartment. Another 
Motorola MC1496 IC is used for the balanced 
modulator. Audio is fed to pin four of the IC, BFO 
injection to pin eight. Best carrier rejection at 9 
MHz results with 80 millivolts p-p of BFO injec
tion. The BFO level may be varied by changing the 
value of the 82-pF coupling capacitor. A multiturn 
trim pot is used for the carrier balance control to 
allow for accurate and stable nulling of carrier. 
Because no rf is present on the carrier balance 
control, it may be mounted away from the 
sideband generator. During cw operation the car
rier balance is deliberately upset by placing a 
potential on pin one of the MC1496, permitting 
the BFO energy to pass through the modulator 
stage. The balanced modulator is not powered 
during receive conditions which prevents spurious 
9-M Hz signals from reaching the filter and the 
receiver i-f stages. Be~ides the modulator, BFO 

TABLE I 

Capaci tor values in pF. 

C7A - S60 
C7B - 270 
C7C - ISO 
C7D - 100 
C7E - 68 
C8A - 100 
C8B - 51 
C8C - 24 
C8D - 15 
C8E - 10 
C'JA - 910 
C9B - 500 
C'9C - 250 
C9D - 160 
C9E - 120 

ClOA - 300 
CI0B - 160 
CJOC - 7S 
Cl0D - SI 
Cl OF. - 39 
Cl IA - 390 
CllB - 200 
Cl IC - 100 
CllD - 68 
CIIE - SI 
Cl2A - 62 
Cl2B - 43 
Cl2C - J0 
Cl2D - 22 
Cl 2E - None used 

HF TRANSMITTING 

Bottom view of the transceiver. 

injection is supplied lo the product detector and to 
the BFO counter-prescaler circuit. Excessive radia
tion of the BFO signal, through careless shielding 
or bypa.Jsing, could reach the i-f stages causing age 
action or i-f blocking to occur. 

Transmitter Power Chain 

The development of a high-gain broad-band 
power amplifier able to span 30 MHi can be 
difficult. Fortunately, two previously published 
articles laid the basic ground work for the trans
ceiver's power chain.' The circuitry was intended 
for 20-mcter service and to obtain adequate perfor
mance at l O meters required several circuit re
visions. This included replacing the 2N2102 stages 
with 2N3866 transistors. The CA3028 prcdrivcr, 
like the prcselcctor and I 0-meter postamplifier. is 
under ale control. Drive to the predriver stage is 
manually regulated by the drive-level control. A 
low-frequency rolloff RC network after the drive
level control helps to equalize for the decrease in 
transistor gain 111 the higher frequencies. The 
push-pull output of the predriver drives two clus 
AB 2N3866 emitter follower stage~. These, in tum, 
drive two push-pull AB 2N3866 transistors in 
common-emitter configuration. Heatsink fins arc 
needed on the 2N3866 transistors. 

The final amplifier is a 12-volt version of one 
described by Lowe.• Construction of T I and T2 is 
somewhat unconventional. The original amplifier 
described by Lowe was designed for 28-volt opera
tion allowing the use of inexpensive suiplus tran
sistors. Since 14 .S-volt circuitry is used for the rf 
stages, this involved changing the turns ratios of TI 
and T2 and necessitated using 12-volt transistors in 
place of lhe 2N3632s.. Degenerative feedback in 
the PA circuit improves linearily with a small 
sacrifice in output power. Exc~sive rf drive causes 
the CA3028 predriver to saturate before danger-

1 Hill1 "Slnjle Band SSB Transceiver," Ham 
Radio, NOV., 1973. 

2 Lowe. "A lo-Watt Output Solid-State Lineu 
Amplifier for 3.11 to 30 MHz," (}ST, Dec., 1971. 
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Fig . 4 - Circuit diagram for the i-f filter switching 
circuit and for the receiver-transmitter mixer sec
tion . See Table I far capacitor values . 
K5, K6 - 12 V de, spdt . 
L23 - 40 turns. Na. 28 enam . wound on a T -50-2 

core . 
L24A - 62 turns, No. 26 enam. wound on a 

T-50-2 core. 
L24B - 35 turns , No. 26 enam . wound on a T-50-2 

core . 
L24C - 22 turns . Na. 22 enam. wound on a T-50-2 

core . 
L24D - 12 turns, No. 22 enam. wound on a 

T-50-2 core . 
L24E - 4 turns , No . 22 enam. wound on a T-50-2 

core . 

ously high base currents are reached in the final 
amplifier. 

T3 samples PA rf output. The secondary ofT3 
is detected to produce a proportional ale de 
output. Ale action is regulated by a front-panel ale 
control. The 2N2222 ale amplifier increases the de 
signal lo a level usable for the cascaded de ale/ age 
amplifier. The I N34 diode prevents the 390-ohm 
2N2222 emitter resistor from loading the age 
voltage developed in the voltage-doubler detector . 
Because of the broad-band nature of the amplifier, 
undesirable energy could be readily coupled to the 
antenna. Pive elliptical low-pass filter&, one for each 
individual band, are used to filter the transmitter 
output- Band-switch sec tions IO and 11 select the 
appropriate filter for the band In use .•, 

The power cha.in was built on double-clad 
epoxy board . A 12-volt power amplifier develops 
large rf currents, and stable efficient operation 
demands low-impedance ground paths. The top foil 
was left on the board lo form a ground plane. 
Leads above ground going to lower foil runs are 
isolated by reaming away copper around the lead 
holes . Leads going to lower ground foil runs should 
also be soldered to the upper ground plane foil for 
good bonding and to reduce ground loops. The 
board was mounted in a section of 1/ 8-inch 
aluminum channel that serves as a shield and a 
heahink for the final transistors . The PA transis
tors were mounted directly on the aluminum 
channel. The use of metal spacers and screws to 
mount the boaxd lo the aluminum channel usured 
adequate rf grounding. 

SpcctJ:al analysis of the two-tone ssb output 
~ignal show~ third-order IM O producb to be 27 dB 
down at full power. With a slight reduction in 
drive, better than 30 dB arc obtainable. Broad
band white noise, harmonics and other undesirable 
spurious ~ignaJs are well within acceptable mini
mum levels. Becau se excessive drive levels cause 
saturation of the CA3028 predriver, it is good 
practice not lo use ex cessivc drive on cw to keep 
harmonic generation at a minimum . Total trans
mitter cuncnt drain is monitored with a three
ampere meter movement. Proper drive levels for 
s..sb operation must be initially determined using an 

3 Schubert, "Lowpass Filters for Solid St.ate 
Llnears," Ham X.adio, March, 1974. 
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L25 - 15 turns of No. 24 enam. 
L26, L27, L28 - 25 turns, No. 24 enam. wound 
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Transmitter Power Chain 

Fig. 6 - Circuit diagram for the sidetone generator, 
the ssb generator, the BFO, and VOX . All un
marked diodes are 200 PRV, 1 A . 
K7 - 4pdt, 12 V de, 185-ohm coil (Allied Control 

T-163-4C or equiv .) . 
L32 - 40 turns, No. 28 enam. on a T -50-2 core . 
L29 - 32 turns, No. 26 enam. on a T-50-2 core . 
L30, L31 - 2 turns, No. 26 enam . wound over 

L29. 
T4 - Audio type, 800-ohm to 10,000-ohm 

(DO-T23 UTC or equiv.). 
TS - Audio type, 10-ohm to 100-ohm (Argonne 

,.: 
z 
0 
u 
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oscilloscope. Once correct peak current is deter
mined, the ale control should be sci to show signs 
of ale action on voice peaks. The peak meter 
reading depends on !ht: characteristics of the meter 
used and upon the voice characteristics of the 
opt:rator. 

Band-S wi tch Notes 

The 11 section ceramk band switch used in the 
tran'ICeiver is assembled from several switches 
removed from scrapped electronic as5emblies. 
Various switch manufacturers sell the necessary 
wafer and drive assemblies to produce almost any 
custom switch rcquirt:d. If avajlablc, a fiber drive 
shaft will reduce unwanted coupling between 
switch sections. Shields are needed for isolation 
between switch wafer sections 2 and 3, 4 and 5, 6 
and 7, 8 and 9, and between 9 and 10. These 
shields are grounded to nearby shield partitions. 
The metal switch hardware al the end of the 
a~sembly should be grounded. In the author's unit, 
the vertical elliptical-filter pc board was supported 
in par I by the rear of the switch a~sembly, and 
ground foil remaining on the board provided a 
low-impedance ground path to the chasis . The 
transmitter power runs straigh I through from the 
mixer output representing a large value of in-line 
gain produced by the prcselector and power chain 
circuitry. It doesn't take much unwanted coupling 
to produce feedback paths_ Careful shielding, 
bonding, and elimination of ground loops are 
important for stable operation. 

Power Supply 
The power supply provides regulated 5-volts de 

and 14.5-vo!ts de for the tram<:eiver. The five-volt 
supply is for the TTL logic and LEO display~ in the 
frequency counter; the 14.5-voll supply powers the 
rf and audio sections. A National LM 309 or 
Fairchild 7 805 IC is the heart of the 5-volt supply. 
The IC has internal current limiting and automatic 
over temperature cutoff for self protection. The 
output is electronically filtered. A series resistor 
reduces heatsink requirements for the 5-volt regu
lator. 

The 14.5-volt supply centers around a J7airchild 
7815 regulator. This IC has the same features of 

HF TRANSMITTING 

Rear view of the transceiver. 

the 7805 except it furnishes 15 volts. llccausc the 
7815 alone will not meet the current demands of 
the transceiver, two MJE-3055 pass transistors are 
used to amplify the current capability of the 
14.5-vo!t s"1pply. Both pass transistors and IC 
regulators require a heatsink. The dropping resistor 
for the 5-volt regulator should be mounted so that 
it will dissipate heat without adversely affecting 
nearby circuits. An SCR crowbar circuit blows the 
power supply fuse if regulator or pass transistor 
failure allows more lhan 18 volts to appear on the 
14-volt line. Large transients will also activate the 
SCR. 

If battery operation is r.:ontemplated, the 5-volt 
regulator should be opcrakd directly from the 
14.4-volt source without the series dropping resis
tor. Operation directly from an 18- to 28-voll 
supply may be accomplished, provided the regu
la tofli and pass transistors are used for val !age 
reduction . 

The Frequency Display 

Two separate amplifiers and scaler stages are 
used to amplify and shape the rf vol!age levels to 
be TTL compatible. Since the 74192 up-down 
counters will only operate reliably to 2S MHz in 
this application, each counter input is prcscaled by 
a factor of ten. The highest scaled input to the 
counter will be about 3 MHz on 15 meters from 
the 30-MHz premixer output. The BFO amplifier 
uses a 7404 hex inverter biased for amplifier 
service, and amplifies and shapes the 9-MHz BFO 
signal to a 5-volt logic level. A 7490 decade 
counter divides the BFO signal down to 900 kHz . 
The~ amplifien and scalers should be well shielded 
and bypassed as their harmonics radiate well into 
the hf region. A MCI350 IC serves to amplify, as 
applicable, either the prem.ixer or VFO output. 
Another 7404 hex inverter is used to further 
amplify and shape the rf signal to a usable logic 
level. It was found that a 7490 would not operate 
reliably in the presence of an rf field with the 
maximum 30-MHz premi.xer output. The solution 
was to use a high speed 74Sl 14 as a divide-by-two 
prescaler followed by a 7490 divide-by-five stage . 

The basic counter circuit evolved from an 
article appearing in the 1974, May>June issue of 
the Air Force MARS Newsletter. As originally 



Frequency Display 

Fig. 7 - Circuit diagram for the cw filter, the 
counter scaleri and amplifier1. and the audio 
amplifier stage for the recaiver. 
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lflG 11 

NOT[ ' UI SHOULD HAYE 15.,F 
BYPASS CAPACITOlii 

FROM YCC PIN TC 
GROUND. 

HF TRANSMITTING 

Fig. 8 - Circuit diagram for the diode metri x to select the preselector output for the up-down converters. 
KB is a 12-V de dpdt unit. All diodes are power type, 200 PRV, 1 A. 

intended, the counter wa5 de5igned to count up the 
high-frequency oscillator of a Swan transceiver, 
and then change over and count down to S.5-MHz 
carrier generating oscillator; the difference or these 
two (the operating frequency of the transceiver) 
would then be tran5ferred, latched and displayed. 
Wilh the premixing arrangement used in this 
transceiver, it is necessary to count up or down 
either the premixer or BFO signal~. On 20 and 10 
meters, a double up count of the BFO and 
premixer signals is needed to reproduce the trans
ceiver operating frequency. 

Fig. 8 illustrates the use of U 1, a 7400 gate. 
This gale, in conjunction with a diode matrix from 
band-switch section nine, serves to select the 
appropriate prescaler output for the up- or down
counter inputs. Relay KS is energized on 20 or 10 
meters allowing two r.equenlial up counts of the 
scaler outputs to occur in lieu of lhe normal 
up-down count sequence. 

The three 74164 registers form the gating 
circuit for the counter. With initially all of the 
registers al iero, the llrst lcn clock pulses enable 
lhe up-(:ounter gate; the down counter is disabled. 
The eleventh clock pulse disables the up-counter 
input, and enables the down-counter input until 
the 20th clock pulse, when both inputs are 
disabled. On IO or 20 meters, the eleventh clock 
pulse enables the second up-<:ounler input and 
disables the rust up-<:ounter input (UISA-B). 

On the 22nd dock pulse. the 741S latches are 
set with the count present at the 74192 outputs. 
The 22nd pulse also clears both the 74192 coun
ters and 74164 gating registers. Because it is 
possible for the 74192 counter! to be reset before 
the 74 75s latch, causing a loss or the count, 
inverters UIJE and UlJF provide a small time 
delay before clearing the 74192 counters. 

The counter displays four digih. With the 

l OD-Hz clock rate !ICleclcd. the hundreds of kHz, 
tens of kHz, kHz, and hundreds of Hz arc 
displayed. A complete counter cycle takes 200 ms, 
which provides rapid updating of changes in 
operating frequency . A selectable 10-Hz clock rate 
allows displays to within 10 Hz to be displayed, 
with a loss of the 100-kHz position and a 2.2-
second counter update period. The MHz decimal 
point to the left of the MSD is illuminated to 
indicate when the higher clock rate is selected. 

The counter was assembled on a small square of 
Vectorbord. This allowed numerous circuit changes 
to be made in the construction of the counter. The 
counter circuitry , like the prescalcrs, generate~ 
large amounts of rf hash and should be well 
bypassed and shielded from the receiver circuitry . 
The use of sockets is recommended. Ideally the 
counter should be constructed on double-sided pc 
board with an upper ground plane. The readouts 
were mounted in a Monillnlo MHO4C circularly 
polarized bezel. In operation the last digit varies up 
to ± l count, possibly caused by the random loss of 
one or two counts depending upon the phase 
relationship between the gating clock pulses and 
the counter input signals. Placing the scalers afl~r 
the counter gating may have eliminated this condi
tion, but it is only a minor annoyance. 

A double-pole center-off switch is used to select 
the 10-Hz or 100-Hz clock rate. The center-off 
position removes the S-V de supply to the counter 
circuitry, allowing considerable power !laving~ 
when the counter is nol needed. The counter adds 
a touch of class to the transceiver as well as 
operating flexibility and convenience. On the 
minus side, it must be admitted that a substantial 
portion or the transceiver power requirements and 
cost arc rcprc~ented in the counter section. Some 
amateur.; may wi~h lo forego the counter in favor 
of substituting a mechanical dial arrangement. 



Transceiver Alignment 

Fig . 9 - Circuit diagram for the counter circuits. 

Transceiver Align men I 

It is assumed that the builder is experienced in 
aligning ssb equipment, and space permits only a 
cursory alignment procedure to be outlined. Access 
to a wideband calibrated oscilloscope is recom
mended. The VFO range can be set with either a 
frequency counter or general-coverage receiver. 
Disabling the BFO prescaler and selecting 80 or 20 
meters will allow the internal counter to display 
the VFO frequency. 

The BFO tank mould be adjusted so the 
oscillator will start reliably when power is applied. 
The trimmer for the BFO crystals should be set 
using a counter. If one is not available, disable the 
premixer prescaler and use the internal counter. On 
40 meters, U1c 21.5-MHz HFO should be adjusted 
so that it starts reliably. The 25-MHz oscillator 
should be adjusted in a similar manner on either 10 
or 15 meters. Set both of the Mtl496 mixer 
balancing pots to mid position . On the appropriate 
bands, adjust the premixer tanks for maximum 
output at mid band . Use an rf voltmeter or suitable 
scope on the low-impedance premixer output for 
these measurements. With the scope still on the 
premix er output, carefully adjust the balance pot 
until input injection feedthrough is minimal. 
Adjust the 9-MHz i-f receiver dages using a ~ignal 
generator. Adjust for maximum S-meter deflection. 
The 9-MHz receiver-transmitter mixer output can 
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be tuned in a similar fashion. The third harmonic 
of the VFO will beat with the 25-MHz oscillator to 
produce a strong 9-MHz signal on 10 and 15 
meters. Tune the receiver to 28.666 MHz . Care
fully null the signal using the receiver transmitter 
mixer balance pot . The preselector coils may be 
peaked on receive using a signal generator, or by 
on-the-air signals. Verify Chat the MC1496 mixer 
injection levels (including balanced modulator and 
BFO) are correct. In cw transmit, peak the 9-MHz 
balanced modulator output. If transmit drive levels 
are low, repeak the preselector coils for maximum 
II an smitter drive. In ss b transmit, adjust the 
carrier-balance pot for minimal carrier feed
through. Peak the 80 pf receiver-transmitter mixer 
pi-network loading trimmer for maximum 10· 
meter cw output. 

The mic gain control is fixed. First disable the 
tranmiitter power chain. Then, using a suitable 
scope, monitor the low-impedance receiver
transmitter mixer output. Using the station mic 
and speaking in a ~lightly louder than normal voice, 
adjus t the mic-gain control to a point just below 
where flat topping begins in the receiver
transmitter mixer. This insures adequate ssb drive 
levels on IO and IS meten. Changing microphones 
will require this procedure to be repeated. 

Preselector tuning during transmit should be 
smooth; if the preselector tuning peaks abnormally 
sharp on some bands, it is a probable indication of 
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Fig. 10 - Circuit diagram for the display unit. , 
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Fig. 11 - CirC1.Jit diagram for lhe transceiver power supply. U2 and UJ are manufactured by Fairchild. 
VR1 is a General Electric type C358. U1 is from Motorola. Tl is a Stancor RT-204. 

regeneration. Likewise, the drive-level conuol 
should exercise a smooth linear control over 
output power. In ssb tranmiit, with the rf-drive 
level al maximum, ii should be possible lo tune the 
preselector throughout its range with no indication 
of spurious oscillations. 

The receiver performs as well as most on the 

amateur market today. The 20-watt output power 
places the transmiller above the QRP class, al
though !!Orne discretion is needed when rubbing 
shoulders with high-power stations on a crowded 
band. Reports have praised the audio quality, and 
many stations refused to believe the transmitter 
was running only 20 walls. 
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SIMPLE TRANSMITTING FILTERS 

While the filters in this chart represent some
what obsolete designs, the circuits are likely to be 
encountered because of their popularity. The terms 
wave filters or image-parameter filter are often 
applied to thls type of network. A basic limitation 
on image-parameter filters is that a terminating 
impedance that varies in a complicated manner is 
required if the exact filter response is to be 
realized. Consequently, such designs are only 
approximate in nature and should not be used if 
close tolerence on attenuation is requiuld.. 

picofarads, ohms and meg-.ihertz, respectively. If 
the so 'Called m-derived filter section is to be used, 
the value of m in the chart can be found from 

m .,, ✓ l - ( f,i)' for the low-pass filter and 

( Joo · r J;") for the high-pass filter. 

The units for L, C, R, and / are rnicrohenries, 
where fc is the cutoff frequency and / 00 is a 
frequency of high attenuation. 
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A 160-METER AMPLIFIER 

Fig. 1 - Front view of the 160-meter amplifier. 
Note the use of perforated aluminum stock to 
permit ventilation of both the rf and power supply 
compartments. The large front-panel knob on the 
right controls C3. while the adjacent knob to the 
left controls C2. The power switch , S1. is con• 
trolled by the smaller knob located beneath C3. 
Both Sl and S2, the meter switch, are mounted 
below the chassis, and DS1 is mounted between 
the two switches. 

Anyone who has operated in the 160-meter 
band lately can attest to the fact that interest in 
the "top band" is on the upswing. With only a 
handful of manufacturers producing gear for 160, 
this band is somewhat of a "homebrewers' haven." 
Most operation takes place during the evening 
hours, because the high level of daytime iono· 
spheric ab!Orption makes communication (other 
than strictly local) all but impossible for low 
powered stations. Summertime static makes things 
even more difficult . At present, amateurs occupy 
lhis b-Jnd on a shared basis with various radio· 
navigation services, with maximum input power 
limitations imposed to prevent harmful inter· 
ference from occuring. These restrictions a,e 
greatest between sundown und sunrise, when the 
potential for interference is at maximum. However, 
during the daylight hours, amateurs in 29 sta tes are 
permitted to use up to I 000 watts power input, 
while in the other 21, the maximum is 500 watt~. 
in selected segments of the band .' The amplifier 
described below is for use with 160-meter excite:s 
in the 50- to 100-watt output class. for !!Sb and cw 
operation. 

Circuit Data 

A pair of 5728/T l 60L triodes are used in a 
cathode-driven, grounded-grid configuration (see 
Fig. 3). A small amount of operating bias is 
provided by the 3.9-volt, ID-watt Zener diode in 

1 A chart of U.S. and Canadian 160-meter 
sub-ellocatlona Is available trom ARRL Readquar
ten: aend a stamped, self-address,,d envelope ai:d 
requelt form S•l!iA. 

series with the cathode return lead, and the tubes 
are completely cul off during nontr3n~mitling 
periods by opening that lead with KI A to reduce 
unnecessary power consumption and heat gen· 
eration. The other contacts on KI perform all 
necessary antenna switching functions for 
transceive or separate transmitter/receiver opera· 
tion. Drive power from the exciter is fed to the 
directly heated cathodes through a parallel com• 
bination of three .0 l µF disk capacitors, and a 
resonant cathode tank circuit helps minimize the 
amount of drive required. The fifament choke, 
RFC2, isolates the driving signal from the filament 
transformer. A B&W FC-ISA choke was used here. 
A single power ~witch, SI, applies 11 7 V ac to the 
primaries of both the power and filament trans· 
formers simultaneously, as the 572B's require no 
significant warmup time. SI also activates the 
cooling fan, Bl. and the front-panel pilot light 
assembly , DSJ. The self-contained high-voltage 
power supply uses a straightforward voltage 
do u bier circuit . No-load voltage is a ppro xima tely 
3100 V de, dropping to 2600 V de under one 
kilowatt key-down conditions. R2 limits the initial 
surge current to the filter capacitor bank to 
prevent exceeding the current hllndling capability 
of the rectifier string when the supply is first 
turned on. 

A single 0-1 mA meter is used to monitor either 
plate voltage or cathode current. To measure plate 
voltage, a multiplier consisting of five series
connected I-megohm I-watt resistors with one end 
tied to the B plus line is switched in series with the 
meter to provide a full-scale reading of 5000 volts. 
A I 000-ohm one-watt resistor between the bottom 
of the meter multiplier and ground prevents the 
full B plus voltage from appearing across the meter 
switch, S2, when it is in the other position. To 
measure cathode current. the meter is placed in 

Fig. 2 - Top view of the amplifier. The rf 
components occupy the foreground. while the 
heat~enerating power-supply components are vis· 
ible behind the compartment shield at the rear. 



A 160-Meter Amplifier 

Fig. 3 - Circuit diagram for the 160-meter 
amplifier. Fixed-value capacitors are ceramic disk 
unless otherwise indicated. Polarized capacitors are 
electrolytic. All resistors are 1 /2-watt composition 
unless noted otherwise. 
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81 - 117-volt axial fan (Rotron Whisper Fan or 

equiv.). 
Cl - Parallel combination of one 5000. 2000, and 

1000-pF silver-mica capacitors. 
C2, CJ - 250-pF air variable, .075-inch spacing (E. 

F. Johnson 154-9 or equiv.I. 
C4, C5, C6 - Transmitting capacitor, 1000-pF 

.. doorknob" (Centralab 858S or equiv.). 
CR1-CR12, incl. - 1000 PAV, 2.5-A silicon 

(Motorola HEP 170 or equiv.). 
DS1 - 117-volt ac neon pilot lamp assembly. 
J1 - Phone jack. 
J2, J3 - Coax chassis-mounting connector, type 

S0-239. 
K1 - 3pdt, 10-A contacts, 110-V de coil (Potter 

and Brumfield KUP14D15 or equiv.). 
(Continued on next page) 

N 01· IC N: 
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L1 -1.01,1H 
L2, L3 - See text. 
Ml - 1-mA de (Simpson model 2121 or equiv.). 
RFCl - 1.0 mH, 500 mA (E. F. Johnson 102-752 

or equiv.). 
S1 - Spst rotary switch . 
S2 - Opdt rotary switch. 
Tl - 117-volt primary; secondary 625-0-625 volts 

ac (ct not used) at 450 mA (Hammond No. 
720). 

T2 - 117-volt primary; secondary 6.3 V ct at 10 A 
(Stancor P-6464 or equiv .). 

T3 - 117-volt primary; secondary 6.3 V ac. 
VRl - Zener, 3.9-V, 10-watt (Motorola HEP 

Z3500 o, equiv.). 

paraUel with shunt RI, which remains in series 
with the cathode return lead at all times. To obtain 
a full-scale reading of one ampere, a shunt re
sistance of .043 ohms was used with the Simpson 
model 2121 meter, as it has an internal resistance 
of 43 ohms (see Chapter 17). 

As this amplifier is designed for monoband 
operation, the mechanical and electrical com
plexities and compromises involved in the band· 
switching of an output network are not a factor 
here. Tuned-link coupling is used in the output 
circuit. The grid of each 572B is tied directly to 
chassis ground, using short leads, to avoid problems 
with instability. Parasitic suppressors ZI and Z2 
also contribute to stability. Neutralization is not 
necessary. 

B&W Miniductor stock is used at L2 and L3. L2 
is made from 43 turns of B&W 3034 (No. 14 wire, 
8 tpi, 3-inch dia.) and L3 is made from 39 turns of 
B&W 3030 (No. 14 wire, 8 tpi, 2-1/2-inch dia.}. 
The coils are supported on a IO-inch strip of 
bakelite which is mounted on three 1-1 /2-inch 
steatite insulating cones. L2 is epoxied into place 
on the side of the bakelite strip nearest the tubes. 
13 will be partially ins11rted into the cold end of 
L2, and is epoxied into place after initial ad
justments have been made. L3 must be able to slide 
freely inside L2 without making electrical contact. 
1l1e fast 10 turns of L3 may be covered with a 
layer of Scotch No. 27 glass insulating tape. Leads 
from L3 are madt: with teflon-insulated flexible 
stranded wire to allow the coil a degree of freedom 
of movement during initial adjustment. Rf output 
from L3 is connected to KI B through a short 
length of RG-58 / U coaxial cable. 

Meter shunt RI is made by winding 12-1 /2 
inches of No. 26 enam. wire around a I-megohm 

HF TRANSMITTING 

2-watt resistor. If the meter used has an internal 
resistance other than 43 ohms, the appropriate 
shunt resistance value may be wound by referring 
to the copper wire resistance table in Chapter I 8. 

Parasitic suppressors Zl and 22 are each made 
with 3-1 /2 turns of No. 14 enam. wire wound 
around the parallel combination of three 82-ohm, 
]-watt composition resistors, mounted right at 
each plate cap. 

Operation 

The power supply should be tested before rf 
drive is applied to the amplifier. For initial tests, it 
is desirable to control the power transformer 
primary voltage with a Powerstat, while leaving the 
filament transformer primary and fan connected 
directly to the 117 V ac line. Remember al all 
times that lethal voltages exist both above and 
below chassis. Do not make any internal ad· 
justments with the power on, or even with the 
power off until the bleeders have fully discharged 
the filter capacitors (at least 40 seconds with this 
particular amplifier}. It is good practice to clip a 
lead from the B-p!us terminal to ground after the 
capacitors have discharged, whenever working 
imide the amplifier (remember to remove it before 
applying power!). The tuned-input circuit (LI-{:]), 
should be checked with a grid~ip meter for 
resonance at the frequency segment of interest. KI 
must be closed during transmit; this may be 
effected by shorting the wire from JI to ground 
with a relay inside the I 60-meter exciter, or with 
an external switch. Starting with a plate voltage of 
ahout 1500 volts, drive is applied through J2 and 
C2 is adjusted for maximum rf output as indicated 
on an external rf wat tmeter or relative output 
indicator. C3 is then adjusted for maximum out
put. The plate voltage may now be advanced to its 
normal level. The link may be moved in or out 
(with power ofD and C2 and C3 again adjusted 
until the highest efficiency is obtained. At that 
point the link, L3, may be epoxied in place. In the 
amplifier described here, the optimum position for 
L3 was when eight of its turns were inside L2 . This 
may be used as a starting point for the adjustment. 
Normal tune-up procedure involves only the ad· 
justment of C2 and C3 for maximum output, 
within the maximum legal power limits, of course. 
During normal operation the 572B anodes may 
glow with a dull red color. The tubes draw about 
50 mA resting current , when KI is closed and no 
drive is applied. 

A CONDUCTION-COOLED TWO-KILOWATT AMPLIFIER 

One of the major concerns when de.a.ling with 
high power amplifiers is heat and how to reduce it. 
The usual method has been to use a large fan or 

blower, but this solution is generally noisy. By 
using the principles of heat transfer, a noiseless 
amplifier can be made with the usc of an adequate 
heat sink and conduction-cooled tubes. 

The amplifier shown in the photographs and 
.,chematically in Fig. l uses a pair of recently 
designed 8873 conduction-cooled triode tubes. The 
circuit configuration is grounded grid and uses no 
tuned-input tank components. When properly ad
justed, the amplifier is capable of IMD character
istics which are better than can be achieved by a 



A 2-kW Amplifier 

Top view of the BO-through 10-meter conduction
cooled amplifier. The chassis is 17 X 12 x 3 inches 
143.2 X 30.5 X 7.6 cml and is totally enclosed in a 
shield. A separate partition was fabricated 10 
prevent rf leakage through the me1er holes in the 
fron~ pa~el ._ An ol_d National Radio Company 
ver~1er dial 1~ used m conjunction with the plate 
tunmg_ c.epac11or 10 provide ease of adjustment 
(especially on 10 meters). The position of the dial 
for each band is marked on the dial skirt with a 
black pen and india ink. 

typical exciter, therefore the added complexity of 
band switching a tuned-inpul circuit was deemed 
unnecessary. 

Construction 

Building an amplifier such as this is often an 
exercise in adapting readily available components 
to a published circuit. For this reason, a blow
by-blow description of this phase of the project 
will not be given. An effort was made, however, to 
use parts which are available generally, and should 
the builder desire, this model could be copied 
verbatim. 

The most difficult constructional problem is 
~hat of_ aligning the tube sockets correctly. It is 
imperative that the sockets be aligned so that when 
the tubes are mounted in place, the flat surfaces of 
the anodes fit smoothly and snugly against the 
thermal-link heat-transfer material. Any mis
alignment here could destroy the tubes (or tube) 
the first time lull power is applied. The mounting 
holes for the tube sockets are enlarged to allow 
final positioning after the tubes are "!IOcked" in 
place with the clamping hardware. Pressure must 
be applied to the anodes so that they are always 
snug against the thermal link, The hardware used 
to pc~form this function must be nonconducting 
material capable of withstanding as much as 
2500C, The pres~e bracket used here was fabri
~ted from several Millen jack-bar strips (metaJ 
clips removed) mounted in back-to-hack fa!!hion. 
The entire assembly is held in place by means of a 
long piece of No. IO threaded brass rod which 
passes lhrough a small hole in the center of the 
heat sink. An attempt to give meaningful com
ments about how tight the tube~ ~hould be 
pres.sured to the copper and aluminum sink will 
not be given, Suffice ii to say that the tubes should 
~I flat and snugly against lhc thermal hardware. 
_fhc heal sink was purchased from Thcrmaloy and 
1s connected to a 1/ 4-inch thick piece of ordinary 
copper pla le. The total cost for the copper and the 
aluminum sink is somewhat more than the price of 
a good centrifugal blower (S 30) bul the savings 
offered by not having lo purchase sped.a.I tube 
sockets and gla.ss chimneys overcomes the cost 
differential 

Top view of the power supply built by WA 1 JZC 
showing the technique for mounting the filter
capacitor bank. The diodes are mounted on a 
printed-circuit board which is fastened 10 the rear 
of the cabinet with cone insulators and suitable 
hardware. 

The power supply is built on a separate chassis 
because the plate transformer is bulky and cum
bersome. A special transformer was designed for 
this amplifier by Hammond Transformer Co. Ltd., 
of Guelph, Ont. Canada, The transformer contains 
two ~dings, one Is for the plate supply to be 
used m a voltage-doubler circuit and the other is 
for the lube fil.imcnls. The power supply produces 
2200 volts under a load of SOOmA, and is rated for 
2~00 watts. The Hammond part number is given in 
Fig. 1. All of the interconnections for power
supply control and the operating voltages needed 
by the amplifier are carried by a seven-conductor 
cable. This excludes the B plus, however, which is 
connected between the units by means of a piece 
of test-probe wire (S•kV rating) with Millen hi.ldt· 
voltage connectors mounted at both ends. The 
seven-conductor cable is made from severaJ pieces 
of twa..conductor household wire (No. 10) avail
able at most hardware stores. Since the main power 
switch is mounted on the front panel of the 
amplifier, the power supply may be placed in some 
remote position, out of the way from the operator 
(not a bad idea!). A high-voltage meter was 
included with the power supply so that' it could be 
u~d wi~h other amplifiers. 11 serves no purpose 
'4'1th this system. The main amplifier deck has 
provisions for monitoring the plate voltage. 
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UctPT AS INDICATED, DECIMAL VAWES o, 
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Fig. 1 - Circuit diagram for the 8873 conduction-cooled amplifier. Component designations not listed 
below are for text reference. RFCl and RFC2 ere wound on the same ferrite rod in 1he same direction; 
three wires are wound together (Amidon MU-125 kit). Tube sockets for Vl and V2 are E.F. Johnson 
124-0311-100. The thermal links are available from Eimac with the tubes. The heat sink is part number 
2559-080-A000 from Astrodyne Inc., 353 Middlesex Ave., Wilmington, MA 01887, and costs 
approximately $20. 

Ct - Transmitting air variable, 347 pF (E.F. 
Johnson 154-0010-0011. 

C2 - Transmitting air variable, 1000 pF (E.F. 
Johnson 154-301. 

CR2-CR7. incl, - 1000 PRV, 2.5 A (Motorola 
HEP170). 

Jl - SO-239 chassis mounted coaxial connector. 
J3, J4, J5 - Phone jack, panel mount. 
JS - High-voltage connection (Millen 370011. 
Kl - Enclosed, three-pole relay, 110-volt de coil 

(Potter and Brumfield KUP14D15). 
L1 - 4-3/4 turns af 1/4-inch copper tubing, 

1-3/4-inch inside diameter, 2-1/4 inches long. 
L2 - 12-1/2 rurns, 1 /4-inch copper tl.lbing, 2-J/4· 

inch inside diameter, tap at one turn from 
connection point with Ll, 2-1/2 inches for 20 
meters, 7-3/4 turns for 40 meters. 

L3 - 11-1/2 turns, 2-inch diameter, 6 tpi (Barker 
and Williamson 3025). 

L4 - 10 tums. 2-inch diameter, 6 tpi, with taps at 
J turns for 10 meters, 3-1/2 turns for 15 
meters, 4-3/4 turns far 20 meters, 6-3/4 turns 
for 40 meters; all taps made from junction of 

L3 (Barker and Williamson 3026). 
Ml - 200 mA full scale, 0,5-ohm internal resis

tance (Simpson Electric Designer Series Model 
623). 

M2 - 1 mA full scale, 43 ohms internal resistance 
(Simpson Electric, same series as Ml I. 

Rl - Meler shunt, .06555 ohms constructed from 
3.375 feet of No. 22 enam wire wound over 
the body of any 2-wan resistor higher than 100 
ohms In value. 

R2 - Meter shunt, 0.2 ohms made from five 
1-ohm, 1-walt resistors connected in para I lel. 

RFC1, RFC5, RFC6 2.5 mH (Millen 
34300-2500I . 

RFC3 - Rf choke !Barker and William£on Model 
800 with 10 rums removed from 1he bottom 
end), 

RFC4 - 22 µH (Millen 34300). 
S1 - High-voltage band-selector slyle, double pole, 

six position (James Millen 51001 style). 
21, 22 - 2 turns 3/8-inch-wide copper strap 

wound over three 100-ohm, 2-watt resistors 
connected in parallel. 
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Fig. 2 - Circuit diagram for the power supply. 
The power transformer is available from Ham
mond; type no. 101165. CR1 through CR9 are 
2.5 A, 1000 PAV; see Fig. 1 for suitable part 
number. T2 is Stancor part nu mber P-8190 and is 
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POWER SWITCH 
ON AMP. 

* - CHANGE 1V 20 AMP.S FOR 117V AC 
·lHl·-TO 1-MEG. 1·Yr'ATT RESISTORS IN.SERIES 

FRONT PANEL 

rated for 6.3 volts at 1 .2 amperes. DS1 is a 
117-volt neon pilot lamp assembly. The tap at R1 
should be set for 5000 ohms to the B minus lead. 
Adjustments to this tap cannot be made while 
voltage is applied to the power supply. If the pilot 

lamp does not glow properly, remove the ac cord, 
allow suitable time for the high-voltage to bleed to 
zero, and apply a screwdriver between the B-plus 
line and ground before making any adjustments! 
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A conventional household light switch may be 

u,ed for S4. (f the switch is lo be mounled 
horizonlally, be sure lo use a contaclor device and 
not a mercury type (which operates in a vertical 
position only). A double-pole switch was used with 
both poles connected in parallel. The rating is 220 
V at 10 A per section. 

The RF Deck 

The two sections of the pi-L network are 
isolated from each other by placing one of them 
under the chassis. A1though not shown in the 
photograph, a shield was added to prevent rf 
energy from entering the control 5Cclion 
underneath the chassis. The shield divides the 
chas.si5 between the tube sockets and the inductors. 
The loading capacitor is mounted direclly beneath 
the plate-tuning capacitor. This scheme provides an 
excellent mechanical arrangement as well as a neat 
front-panel layout. 

The 8873s require a 60-second warmup time, 
and accordingly, a one-minute time-delay circuit is 
included in th~ design. The amplifier IN/OUT 
switch is independent of the main power switch 
and the time delay. Once the delay circuit "times 
out," the amplifier may be placed in or out of the 
line to the antenna, whenever desuea. A safety 
problem e,dsts here: there is no large blower 
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running, and there are no brightly illuminated 
tubes to warn the operator that the amplifier is 
turned on. Except for the pilot lamp on the front 
panel, one might be fooled into believing the 
amplifier is turned off! And if the pilot lamp 
should burn out, there is absolutely no way to tell 
if the power is turned on (with the resultant high 
voltage at the anodes or the 8873s). Beware! 

Opera tio n 

Tuning a pi-L-outpul circuit is somewhat dif
ferent than tuning a conventional pi-network be
cause the grid current should be monitored closely. 
Grid current depends on two items, drive power 
and amplifier loading. The procedure found to be 
most effective is to tune for maximum power 
output with the loading sufficiently heavy to keep 
the grid current below the maximum level while 
adjusting the drive power for the proper amount of 
plate current. The plate current for cw operation 
should be 450 mA and approximately 900 mA 
under single-tone tuning conditions for ssh. This 
presents a problem ~ince ii is not legal to operate 
under single-tone tuning conditions fo1 ssh. Sixty 
waits of drive power will provide full input levels. 
For use with high-power exciteri;, see QST for 
October, 1973. 

A TWO-KILOWATT AMPLIFIER USING THE EIMAC 8877 TRIODE 

One of the easier projects for the amateur to 
undertake is the construction of an amplifier fo r 
use on the hf bands. Generally speaking, the 
mechanical aspects of the construction are more 
difficult lo handle t1tan the elecuical ones. And, as 
with any construction project , acquiring the parts 
Clln be difficult. The two-kllowall amplifier shown 
here b designed for depcnda blc service al the 
mallimum legal power input allowed in the United 
States. The component ratings arc generous and 
the construction is heavy duty . Since power 
handling capability is typically determined by 
physical size, most of the components used here 
are large and accordingly. a split arrangement has 
been employed allowing the placement of the 
power supply on a separate chassis from the 
amplifier compartment. 

Another feature sets this amplifier a parl from 
mosr others described in the literature; the air is 
exhausted from the top of the tube socket instead 
of the conventional pressurized chassis air-flow 
system. 

The Circui t 

The triode, a JCXI 500/8877, Is C-Onnected in a 
grounded-grid configuration which provides about 

Front view of the 8877 amplifier_ The non• 
sequential numbering of the band switch is dis 
cussed in the text. A switch is provided to allow 
the selection of proper bias for the mode in use at 
the time. 

the most ~imple layout pos.~1ble. The output lank 
circuit is a pl-network with vacuum-variable cnpuc· 
itors med for both input and output tuning. A 
2.5-mH rf choke is connected between lhc output 



Mechanical Construction 

end of the tank and ground to prevent B plus rrom 
appearing at the antenna terminab should Ct 
develop a short. 

A passive, untuned, capacitor-coupled circuit is 
used to apply rf-drive energy to the 8877 cathode. 
Since a moderate amount of bias is permitted, Ll 
i~ incorporated to pr9vide isolation from rf to the 
bias-developing Zener diodes. The highest recom
mended bias voltage for use on ssb is 8.2, but for 
cw operation. where !MD is not important. 22 
volts is developed which nearly places the tube at 
cutoff (zero no-signal plate current). A I 0-kn 
resistor is included in series with the Zener-diode 
circuit lo as.\ure complete cutoff of the 8877 
during receiving periodI. It is switched out of the 
circuit during transmit periods by a set of contacts 
on Kl. 

Antenna transfer along with bi.as switching is 
accomplished with two relays. Sequencing can be 
an important factor since it is very undesirable to 
provide drive to the 8877, remove its bias, all 
before the output circuit relay has closed and 
stopped "bouncing." This is accomplished by the 
use of a vacuum relay shown as K2 in Fig. I. K2 i~ 
many times faster in operation than KI and 
accordingly, the antenna is placed on the amplifier 
output circuit well ahead of drive arriving at the 
cathode of the 8877. Voltage to operate both 
relays is developed by T2. Since the relays are 
connected in o ra~hion to allow straight-through 
operation of an exciter or transceiver lo the 
antenna in the de-energized position, interruption 
of lhe voltage from T2 during transmit period.~ 
with it is undesirable: to have the amplifier "on 
line,. and developing power, is all that need be 
done. S4 serves that function. 

Metering of three operating conditions of the 
amplifier is accomplished with three meters instead 
of one or two. The purpose is first, to eliminate a 
switch for selection, and second, to pro\lide con
tinuous indication of the important parameters of 
the 8877. Of course, operator error is reduced 
since it is impossible to assume a meter is 
measuring one thing while a switch is selected for 
another. Both plate and grid current meters are 
dircct-reading instrumen lS - no shunts ore needed. 
A string of resistors is used at R l to multiply the 
scale of the 500-.uA meter to indicate 7.cro through 
5000 volts. RI is constructed of IO resistors. 
one-watt in size and one-megohm in value. The 
purpo~e is to kllep lhc upplicd voltage across each 
resis1or below 600. A 1000-ohm resistor is in
cluded at the meter end of RI to keep the voltage 
low should the meter winding become an open 
circuit. 

Another feature of this particular amplifier is 
the use of a motorized Powerstat for control of the 
high-voltage circuit. The ability lo select the 
operating plate voltage from the front panel of the 
umpllficr is a feature desired by the builder of the 
project and need not be duplicated. If voltage 
control is not used, the power tramfonner used in 
the high-voltage power supply should be selected 
to provide about 3000 volts . Tiilii is a suitable 
compromise for eflicient cw and ssb operation at 
the maximum power input levels. In actual opera
tion, the amplifier shown in the photographs is 
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Bonom view of the amplifier chassis. L 1 is shown 
near the tube socket. It is wound on a T-50-2 
Amidon toroid core. The Zener diodes are 
mounted on a plate and secured to the side chassis 
wall. 

used with 3400 volt.s during ssb operation and 
2500 volts for cw conditions. 

Several SO-ohm, ID-watt resistors have been 
placed at various points in the B-minus circuit, 
both in the amplifier-chassis compartment and on 
the power supply chassis. This prcvenu the B
minus lead rrom creeping above "almost ground" 
potential should a defect develop in the grid
current metering circuit. Al~o. included in the 
B-plus lead is a 10-ohm resistor which will help 
prevent component damage should a direct short 
take place In the amplifier compartment. 

Mechanical Construction 

The split-chassis configuration offers several 
advantages. Flnt, it allows the amplifier compart
ment to be somewhat more compact because the 
power supply can be located ebcwhere. This 
consumes less space on the operating desk . It also 
divides the weight into parts; the heavier section 
may be placed on the floor. The power supply may 
be equipped with wheels to give it mobility. The 
only disadvantage with having a two chassis system 
comes when purta bility is desired. 

The power ~upply has been assembled on an 
aluminum plate which is 1/4-inch thick. Casters are 
provided because the plate transformer itself 
weighs about 80 paunch. The capacitor bank for 
filtering has also been mounted on the aJuminum 
plate. A circu.it board is used to interconnect the 
capacitors and is supported above the plate with 
ceramic pillar insulators. A screened covering is 
provid1:d to keep unwanted objects from con
tacting the high-voltage system. The power supply 
relay (T3 primary connection) and the Powerstat 
have been :membled separately and may be inter
connected to the power supply chassi~ plate via an 
inconnecting cable. Mounting both the plate trans
former and the Powcrstal on the ~me chassis 
would render it unmovable! 

The power supply bleeder-resistor network 
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must be placed in a position to allow air to flow 
pa51 it and rise through the top screen cover. R2 
and R3 each consist of six resistors (12 total) rated 
at 20-kn and 20 walls each. A similar bank of 12 
capaci tors connected in series constitutes the filter 
network. Each filter capacitor in the circuit has 
one of the bleeder resistors connected directly 
across it in order to assure equal voltage division. 
Each capacitor is rated at 200 uF and 450 volts. 

CR5 and CR6 consist of series diodes similar in 
hookup to the capacitor and resistor network 
described a hove. Each individual diode is rated at 
1000 volts; the four series connected equal 4000 
PRV. The current rating for each diode is two 
amperes. 

No provisiom have been made to operate this 
plate supply from a 117-volt ac source. Accord
ingly, if one wishes to have such capability, a 
suitable transformer must be substituted for T3 
shown in Fig. I. It should be pointed out, however, 
that the plate supply is the only portion to operate 
with a 234-volt line. The amplifier filament circuit 

and voltage-source circuits for the relays alnng with 
the blower a.U operate from 117 V ac. 

The amplifier portion of this system is con
structed on an aluminum chassis which is 14 X 17 
X 4 inches. The 14-inch dimension was cho~en as 
the front-panel side to conserve space on the 
operating table. A bottom cover for the chassis is 
cut from a large section of aluminum perforated 
stock while the area above the chassis top is 
completely sealed and made airtight . 'lbe amplifier 
top cover is solid stock but has a four-inch flange 
(stovepipe material) mounted directly abuvc the 
8877 tube. Hot air is exhamtcd via this port using 
an external "blower" which has been set up to 
draw air rather than force it. The procedure is 
simple; just connect the four-inch hose coming 
from the pipe flange to the blower intake port . 
Place the blower exhaust outlet in a position so 
that it will not be restricted. The cold air is drawn 
in under the amplifier chassis, pa~ses through the 
8877 and socket, then out the stovepipe to the 
blower. The air from the blower is heated and 

.,. 
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Fig. 1 - Circuit diagram for the 8877 two•kllowen 
amplifier. Component designations not listed be· 
low are for text reference onlv . 
C1 - 500-pF transmitting capacitor, 5000 volts 

(Centralab 858 seriesl. 
C2 - .001 -.uF transmitting capacitor, 5000 volts 

(Centralab 858 series). 
C3 - Vacuum variable. 500 pF maximum, 7500 

volts. 
C4 - Vacuum variable, 1000 pF maximum, 5000 

volts . 
C5, CS - Six 200-µF units (See text.L 
Kl - Dpdt, 5-A contacts. Coil voltage is 12 volts 

de. 
K2 - Vacuum relay, spst. (Torr Electronics or 

equiv.I 
K3-Power relay, 10-A contacts, 117-V ec coil. 

should nor be directed at anything which might 
run normally wann (power supply components). In 
fact, the warm air may either be dlrected out of 
the radio shack in the event the heal is undesirable 
or the heal may be applied to one's feet in the 
winter season if the system is being used in an 
unheated basement atmosphere . Of course, one of 
the key features of a solid shield enclosure for the 
rf compartment is the reduction of unwanted 
radiation of fundamental or spurious energy which 
could cause TVJ. 

Care must be given to the mechanical Installa
tion of the high-voltage connectors and the cable 
used to transport 3600 volts of de from the power 
rnpply lo the anode of the 8877. Millen high
voltage connectors were used throughout. One 
problem developed during the testing phase of this 
project. A steel screw and nut were used to mount 
one of the connectors and apparently the Bakelite 
material cracked during installation. A discharge 
path developed across the crack creating loud 
noises and popping fuses. Nylon or Teflon herd· 

(Bl 

P5 
RCUY 

CONTROL 
FORM 
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L1 - 25 turns wound on an Amidon T-50-2 toroid 
core. 

t:z - 125 µH, 2 A (Hammond Mfg.I. 
L3 - Strap-wound inductor, 12 µH toral tapped at 

2-1/2 turns for 10 meters, 3 turns for 16 
meters, 5 turns for 20 meters and 14 turns for 
40 meters. (E. F. Johnson 232-6261. 

L4 - 5 turns of 1/4-inch copper tubing wound !he 
same diameter as L3. 

S1. SJ, S4 - spst, 3 A (Radio Shack!. 
S2 - spelt, 3 A with spring return to center off 

position I Radio Shae kl. 
Tl - primary 117 V ec, secondary 6.0 V ac, 10 A. 

(Hammond Transformer). 
T2 - primary 117 V ec. secondary 12 V ac at 3 A. 
T3 - plate transformer, 234-volt ac primary, 

1770-volt (Hammond Transformer 105677) . 

ware is recommended for mounting the Millen 
connectors if voltages above 3000 are anticipated. 

Operation 

Since this project is one which should no! be 
undertaken by an inexperienced builder, some of 
the basic steps of pretest will not be discussed in 
detail here. Suffice it lo say that ordinary primary 
voltage checks and switching should be coullrmed 
as being in correct working order before placing 
primary power lo the high-voltage supply . The 
3000-volt cucuit must be treated with respecl - it 
CU1 seriously injure or even kill a person coming in 
contict with it! Operation of the motor-controlled 
Powerstat can be determined by operating the 
system on the 117-volt primary, leaving the plug lo 
the 234-volt line disconnected. 

A word of caution: The air flow system must 
always he used when any power Is applied ro the 
8877 - elN?TI filament. And rf drive power sbould 
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Top view of the 8877 amplifier . The three meters 
are separated from the rl compartment with an 
aluminum shield. 

never reach the 8877 unleu that tube ha! plale 
voltage applied. Of course, if one applies pla1e 
voltage and drive, he should be prepared lo 
dissipate the power output from the amplifier into 
a dummy load of suitable rating. 

One particular disadvantage of having the 
amplifier completely enclosed in a solid shield is 
lhc inability of the operator to vi~ually spot any 
arc or component failure. During the initial te~ting 
of this amplifier, occasionally an arc would occur . 
While the arc was audible, the opera tor had to 
in~pect the inner compartment very carefully to 
determine the cause of the malady. In fact, the arc 
had to be "encouraged" to a point where damage 
was easily identified! 

Actual operation of the amplifier is quite 
simple. A feature which simplifies tuneup is the use 
of curn~ounting dials for both the plate tuning and 
plate loading. Once the proper tuning ha~ been 
est11blishcd, one can log the numbers and return to 
them anytime. It is quite easy to touch up the dial 
scuings for proper operating conditions once the 
approximate settings have been determined. 

The coil-tap positions shown in the caption for 
Fig. I are given for proper operation at 3000 volts. 
Slightly better efficiency is possible by increasing 
the plate voltage to 3600 for two-kilowatt PEP ssb 
opera lion. The same is true of lowering the voltage 
to 2S00 during cw conditions. The actual plate 
current to which the amplifier is driven should be 
deccrmined in conjunction with the full-load plate 
voltage. 

For l:W tuneup and operation, lhe amplifier 
!hould be adjusted for maxi.mum output power 
(usually determined using an externally mounted rf 
Watlmeter) while maintaining proper grid current 
under conditions of one kilowatl input as deter
mined by the combination of plate current and 
voltage. The proper settings will have been found 
when the plate meters indicate one-kilowatt input, 
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the grid current shows 40 mA, and maximum 
output power occurs in conjunction with a "dip" 
in plate cunent and a "peak" in grid current all al 
the same time as the pl.ate tuning oontrol is 
adjusted. A condition of high grid current is 
usually a result of insufficient loading or too much 
drive power. If a low grid current condition exi~t~ 
and loading control decrease doesn't correct it, 
more drive power is indicated. 

Tuneup for single sideband at the two-kilowall 
level can be done only during dummy load 
conditions because it requires key-down conditions 
in excess of the legal-limit power restrictions. 
There is no way lo tune this amplifier into an 
antenna at reduced power input and then drive it 
up to the two-kilowatt rated input point. The 
procedure for adjustment is identical to the one 
described above for cw operation. The one excep
tion is plate-power input as indicated by the meters 
should be two kilowatts. Then, when the proper 
settings have been determined, the ssb drive signal 
is adjusted so that peak readings of plate current 
show about one half of that shown far key-down 
operation. 

The lack of a tuned-input circuit solves several 
problems normally encountered when con~tructing 
an amplilier. The main advantage is that there need 
not be two band-switch decks with long leads (or 
even worse, rwo band switches!) nor space given to 
the inductors and capaci1ors. The driving imped· 
ance of the 8877 il very ncarly 50 ohm~ and 
requires vel'}' little power to drive it to full power 
input. The tuned-circuit characteristiC1i would 
reduce the drive requirement even further and 
should be considered by anyone wishing to use a 
20-watt driver. For those amateurs using modern
day exciters in the 100-wall output class, ~omc 
reduction in exciter galn control may be necessary. 
Exciters with more than about 150 watts of output 
power available should not be used without due 
consideration being given to an attenuator. The 
measured power required for this particular ampli
fier and tube shown was 50 watts to achieve a 
kilowatt on cw and about 70 watts for two 
kilowatts (this was in conjunction with a plate 
voltage change between modes) for ssb service. 
Slightly more drive power was required on 10 
m,;ters. 

Problems 

Some of the difficulties which come with 
making an amplifier of this category operate 
correctly are worthy of mention. First. as discussed 
earlier, some components which seemed adequate 
for 2S00-volt sys1ems failed when 3600 volts of de 
was applied. The Millen connectors were one 
example. While the failure was not the fault of the 
component. care must be given to the maintenance 
of in~ulation integrity. Rf voltages developed in the 
tank circuit of this unit arc substantial. Several 
problems with the band-switch contacts were 
encountered. Even though the plate output induc
tor has unui;ed turns shorted out by !he band 
switch, the shorted section of the coil can (and 
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most lilc.ely will) have extremely high voltages 
present on it. In order to solve an arcing problem 
one of the band-switch tap positions had lo be 
swapped with another. The band-switch markings 
on the front panel arc not ~equential. A solution to 
the problem would no doubt come if one were to 
use a continuou~ly shorting switch. 

Another difficulty which plagued this con· 
structor was the propen!lity for the amplifier to 
~how large amounts of negative grid current on 80 
meters along with erratic plate current and poor 
efficiency. The calculated value for L2 i!I 9S uH. 
The original choke used nt this point measured 87 
µH even though an inductance of 95 was called for. 
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After many hours of tank-circuit troubleshooting, 
it was decided to change the plate choke. The new 
one had an induc1ance of l2S µHand the 80-meter 
problems disappeared. 

Collecting the Part~ 

Most of the component parts used in the 
project were purchased from surplus dealers or 
were donated by the manufacturer. Special thanks 
to James Millen Inc., Hammond Transformer 
Corporation, Simp!iOn Electric, and Eimac for 
keeping the total cost of the paru to well within 
the allowable limits of any ARRL Lab project. 

AN AMPLIFIER FOR QRP TRANSCEIVERS 

The ciicuit of Fig. I shows a IS-wall output 
plug-in amplifier suitable for use with the HW-7 
transceivez, or with any 2-watt cla.~s rig designed 
for hf-band work. The nucleus of the circuit is 
Motorola's new MRF-line transistor, the 449A. 
Unit cost is $13 for the part, and it will deliver up 
10 30 watts of output to 30 MHz as a Class C 
amplifier. Operating voltage is 13.0 de. Rf drive 
requirements for full output are under 1 watt. 
Another member of this transistor family is lhe 
MRf-4S0A, which will provide SO watts of output 
with 2 watts of drive. It costs $16.50 according lo 
a quote from an East Coast supplier. 

Table I lists L and C values for IS watts of 
output The network is based on a loaded Q of 4. 
The XL and Xe values given in Fig. I can be used 
to obtain inductance and capacitance values for 
frequencies other than 7, 14, and 21 MHz. 

A 50-ohm, 3--dB attenuator pad is used at the 
amplifier input to as.sure less than I wall of drive 
without the need to modify the output stage or 
driver of the HW-7. The base shunting resistors of 
QI consume additional drive power while aiding 
amplitii:,r slabilily. Another advantage of the alten
ualor is that it provides a resistive termination for 
the HW-7 across its operating range - 7 to 21 MHz. 
Without the attenuator the complex input imped
ance of QI would be reflected through Tl, and the 
reactance seen by the HW-7 could be troublesome. 
A complex XL and Xe condition exists at the 
input of a power transistor, and reaclance amounts 
vary with opera ting frequency. 

Circuit Notes 

A conventional broadband toroidal transformer 
is used at Tl. Equal performance was noted when 
comparing this transformer to tronrmilrion-line 
transformers. The )alter consisted of two 4: I 

transformers in cascade, effecting the desired 16: 1 
transformation ratio. A conventional transformer 
requires but one toroid core, and it is ea~y to build. 
Par that reason ii is specified here. 

RFCI ~rves as a low-Q collector choke, RFC2 
is u scd as a decoupling choke to prevent rf energy 
from entering the HW-7 via the 13-volt line. 

Performance 

Motorola rates the MRF449A at SO-percent 
efficiency. Our Jab findings bring that figure closer 
lo 60 percent at IS-watts output. The output 
waveform from the circuit of Fig. I is excep
tionally '"sanitary." No distortion could be seen on 
the sine wave, as viewed on a SO-MHz scope. while 
delivering IS watts into a SO-ohm dummy load. 

Shown here Is the assembled amplifier as originally 
described in OST for December, 1976. 
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TABLE I 

Band L1 l2 CJ C2 

7MHz 0.6 µH, 13 T 1.1 µH, 14 T 450-pF 820-pF 
No. 22 enam.,.S/16" No. 22 e!lllm. on mica silver mica 
ID, no core T-68-2 toroid core trimmer 

14 MHz 0.3 ;i..11, 8 T 0,55 .uH. 9 T 450-pF 220-pF 
No. 22 enam., 5/16" No. 22 enam .. on. mica silver mica 
ID, no core. T-68-6 toroid core trimmer 

21 MHz 0.19,uH,ST 0.39 ,uH, 6 T 450-pF None 
No. 20 enam., 5 / 16" No. 22 enam .. on mica 
ID, no core T-68-6 toroid core trimmer 

I.I coils are airwound. L2 coils arc on Amidon toroid cores. 

Harmonic energy was at least 40 dB below ce.rrier 
level. ' 

Short test periods were established with the 
nmplifier output port shorted and open (30 
seconds maximum), and no damage to QI resulted. 
It is stressed, howevl!f, thal the amplifier should 
always have a 50-ohm termination during oper· 
ation lo assure proper performance and transistor 
longevity. Gain will be 8.7 dB at JS-watts output 
(HW-7 2-watt reference). It can be seen that a 
significant improvement in signal readability \\-ill 
result from using the amplifier when band condi
tions are poor. 

&0-0HM 
ATT£N 

12. , .. 

Xu •2& OHMS 

XLt•~1 OHMS 

Final Comments 

Three phono plugs are soldered to the amplifier 
pc board. Mating phono jacks (JI, 12, and 13) are 
located on the rear panel of the HW-7. The coaxial 
cable between lhe HW• 7 PA and the antenna relay 
is opened lo permit insertion of the amplifier. The 
HW-7 PA output is routed lo Pl of Fig. 1, and the 
amplifier output is fed into the HW-7, then lo the 
antenna relay, through P3. To reinstate the HW-7, 
simply jumper J1 and J3 with a short length of 
SO-Ohm coaxiaJ cable. P2 and J2 permit the 
operator to obtain 13.0 operating volts £or the 
amplifier from inside the HW-7, if desired A 3-A 

AMP. 

-~ 

7- 21 MHt 

.._---OL•4---....i 

ti ♦ Xtl • 20 OHMS (NOM. I 

Xt..th ,At \ : 2~0 OHMS 

ElCE,T AS INDICATED, O[CIMAL 

VALUES OF cA,ACITANC[ ARE 
P2 

+ti 
~VOLTS IN MiCIIOrAMoS I ,.r I : OTHERS 

All[ IN ,1corAIIAOi I pr OR ...... n; 

IIEStSTAHCU All£ IN OHMS; 

• •1000,¥•1000000 

Fig. 1 - Schematic diagram of the 15-wan ampli
fier. Fixed-value capacitors are disk ceramic unless 
otherwise noted. Resistors are 1/2-wan composi• 
tion unless specified differently, The 47-1,1F capaci
tor can bl! electrolytic or tantalum. 
C1 - 450-f)f Mica compression trimmer (Arco-

EIMenco 466 or equivalent). 
C2 - Sl!e Tab le I. 
L 1, L2 - See Table I. 
P1 -PJ, incl. - Phono plugs soldered to edge of pc 

board. 

01 - Motorola MRF449A strip-line stud transis
tor. 

RFC1, RFC2 - 7 turns No. 20 enam. wire on 
0.5-inch OD toroid ferrite core with 125 
permeability (Amidon Assoc. FT-50-61 core or 
equiv.), 3i,t1. 

T1 - Primary , 32 turns No. 24 enam. on Amidon 
T-68 -2 core (71,1 HI. Secondary, 8 turns No. 24 
over pr imary wi nd ing. 
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Fig. 2 - Scale layout of the pc board. Heat-sink dimensions are given in English and metric. The heat sink 
is held to the double-clad pc board by means of the transistor stud and two 4-40 screws and nuts, A 
substantially larger heat sink should be used if the amplifier is revised for 30 wans of output. 
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regulated supply is recommended for the oPerall 
system when running IS waits of output. 

Details of the pc-board layout and heat sink are 
given in Fig. 2. The transistor body must make 
firm contact with the heat sink. Silicone heat-sink 
compound ~hould be used between QI and the 
heal sink. Tighten the transistor stud nut with care 
lest the stud be broken off. 

Tune up in the center of the cw band by 
adjusting Cl lo provide maximum rf output into a 
SO-ohm load. Amplifier bandwidth will be suffi
cient for all of each cw band. 

tr a band•swiiched version of the circuit is 
desired, build the amplifier in a separate box and 
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use a two-pole, three-position, ceramic-insulated 
wafer switch to select the T networks. The leads 
fiom the switch to the networks and Q l must be 
kept short lo preserve the network characteristics. 
Switched-lead inductances will become part of the 
network, so they must be kept to minimum 
lengths. 

Detailed network design information can be 
obtained from the QST beginner's series, "Leaming 
to Work with Semiconductors." April-October, 
inclusive, 197S. Those wishing to operate the 
amplifier at 30-walls output can redesign the T 
network to match a 2.8-ohm collector impedance, 
using the equations in the beginner's series. 



CHAPTER 7 

VHF and UHF Transmitting 

Before planning operation on the frequencies 
above 50 MHz, we should understand the FCC 
rules, as they apply to the bands we are interested 
in. The necessary information is included in the 
allocations table in the first chapter of this 
Handbook and in The Radio Amateur's License 
Manual, but some points will bear emphasis here. 

Standards governing signal quality in the 
50-MHz band are the same as for all lower amateur 
frequencies. Frequency stability, modulation, key
ing characteristics, and freedom from spurious 
products must be consistent with good engineering 
practice. Simultaneous amplitude and frequency 
modulation is prohibited. These standards are not 
imposed by law on amateur frequencies from 144 
MHz up. Tilis is not to say that we should not 
strive for excellence on the higher bands, as well as 
on 50 MHz, but it is important to remember that 
we may be cited by FCC for failing to meet the 
required standards in 50-MHz work. 

A sideband signal having excessive bandwidth, 
an a-m signal whose frequency jumps when modu
lation is applied, an fm signal that is also ampli
tude-modulated. a cw signal with excessive keying 
chirp or objectionable key clicks - any of these is 
undes:irable on any band, but they are all illegal on 
50 MHz. Any of them could earn the operator an 
FCC citation in 50-MHz work. And misinterpreta
tion of these points in an FCC examination could 
cost the would-be amateur his first ticket. 

The frequencies above 50 MHz were once a 
world apart from the rest of amateur radio, in 
equipment required, in modes of operation and in 
results obtained. Today theKe worlds blend increas
ingly. Thus, if the 1eader does not find what he 
needs in these pages to solve a transmitter problem, 
it will be covered in the hf transmitting chapter. 
This chapter deals mainly with aspects of trans
mitter design and operation that call for different 
techniques in equipment for 50 MHz and up. 

DESIGNING FOR SSB AND CW 

Almost universal use of ssb for voice work in 
the hf range has had a major impact on equipment 
design for the vhf and even uhf bands. Many 
amateurs have a considerable investment in hf 
sideband gear. This equipment provides accurate 
frequency calibration and good mechanical and 
electrical stability. It is effective in cw as well as 
ssh communication. These qualities being attractive 
to the vhf operator, it is natural for him to look for 
ways to use his hf gear on frequencies above 50 
MHz. 

Thus increasing use is being made of vhf 

accessory devices, both ready made and home
built. This started years ago with the vhf converter, 
for receiving. Rather similar conversion equipment 
for transmitting ha~ been widely used since ssb 
began taking over the hf bands. Today the hf trend 
is to one-package stations, called transceivers. The 
obvious move for many vhf men is a companion 
box to perform both transmitting and receiving 
conversion functions. Known as transverters, these 
are offered by several transceiver manufacturers. 
They are also relatively simple to build, and are 
thus likely projects for the home-builder of vhf 
gear. 

Transverter vs. Separate Units 

It does not nece~sarily follow that what is 
popular in hf work is ideal for vhf use. Our bands 
arc wide, and piling-up in a nauow segment of a 
band, which the transceiver encourages, is less than 
ideal use of a major asset of the vhf bands -
specttum space. Separate ssb exciters and receivers, 
with separate vhf conversion units for transmitting 
and receiving, tend to suit our purposes better than 
the transceiver-transverter combmation, at least in 
home-station service. 

Future of Other Modes 

It should not be assumed that ssb will monopo
lize voice work in the world above 50 MHz in the 
way that it has the amateur voice frequencies 
below 29 MHz. Sideband is unquestionably far 
superior to other voice modes for weak-sigruil DX 
work, but where there is plenty of room, as there is 
in all vhf and higher bands, both amplitude and 
frequency modulation have merit. A low-powered 
a-m transmitter is a fine construction project for a 
vhf beginner, and fm has been gaining in popularity 
rapidly in recent years. A reprint of a veiy popular 
4-part QST serie~ describing a complete two-band 
vhf station for the beginner is available from 
ARRL for 50 cents. 

The decline in use of amplitude modulation has 
been mainly in high-powered stations. The heavy
iron modulator seems destined to become a thing 
of the past, but this should not rule out use of a-m. 
Many ssb transceivers are capable of producing 
high-quality a-m, and one linear amplifier stage can 
build as little as 2 watts a-m output up to 200 
watts or so, with excellent voice quality, if the 
equipment is adjusted with care. 1t should be 
remembered that the transmitting converter (or 
heterodyne unit as it is often called) is not a 
sideband device only. It will serve equally well with 
a-m, fm or cw drive. 
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THE OSCILLATOR-MULTIPLIER 
APPROACH 

When: modes other than ssb are L1sed, most vhf 
transmitters have an oscillator, u~ually in the hf 
range, one or more frequency multiplier stages, and 
at least one amplifier stage. The basics of this type 
of transmitter are well covered in the preceding 
chapter, so only those a~-pccts of design that 11re of 
special concern in vhf applications will be discussed 
here. 

Oscillators 

Because any instability in the oscillator is 
multiplied along with the frequem.-y itself, special 
attention must be paid to both mechanical and 
electrical factors in the oscillator of a vhf transmit
ter. The power source must be pure de, of 
unvarying voltage. The oscillator should run at low 
input, to avoid drift due to heating. Except where 
fm is wanted, care should be taken to isolate the 
oscillator from the modulated stage or stages. 

Crystal i»cillators in vhf transmitters may use 
either fundamental or o~ertone crystals. The rund
amental type is nonnally supplied for freqL1encies 
up to 18 MHz. For higher frequencies the overtone 
type is preferred in most applications, though 
fundamental crystals for up to about 30 MHz can 
be obtained on order. The fundamental crystal 
oscillates on the frequency marked on its holder. 
The marked frequency of the ov~rtone type is 
approximately an odd multiple of its fundamental 
froquency , u1ually the third multiple for f~quen
cies between 12 and 54 MHz, the fifth for roughly 
54 to 75 MHz, and the seventh or ninth for 
frequencies up to about 150 MHz. Crystals are 
!!Cldom used for direct frequency control above 
about 75 MIiz in amateur work, though crystals 
for 144-MHz oscillation can be made. 

Most fundamental crystals can be made to 
oscillate on at least the third overtone, and often 
higher, with suitable circuits to provide feedback at 
the desired overtone frequency. Conversely, an 
overtone crystal is likely to oscillate on its funda
mental frequency, unless the tuned circuit is 
properly dc8igned. An overtone crystal circuit 
Ytould be adjusted so that there is no oscillation at 
or near one-third of the frequency marked on the 
holder, nor should there be energy detectable on 
the even multiples of the fundamental frequency. 

It should be noted that the overtone is not 
necessarily an euct multiple of the fundamental. 
An 8000-kHz fundamental frequency does not 
guar11.Dtee overtone oscillation on 24.000 MHz, 
though it may work out that way in some circuits, 
with some crystals. Overtone crystals can also be 
made to oscillate on other overtones than the 
intended one. A third-overtone 24-MHz crystal can 
be used for its fifth overtone, about 40 MHz, or its 
seventh, about 56 MHz, by use of a suitable tuned 
circuit and careful adjustment of the feedback. 

Variable-frequency osciUators are in great de
mand for vhf-transmitter frequency control, but 
except where heterodyning to a higher frequency is 
used, as opposed to frequency multiplication, the 
VFO is generally unsatisfactory. Small instabilities, 
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hardly noticeable In hf work, are multiplied to 
unacceptable proportions in the oscillator
multiplier type of transmitter. The fact that many 
such un.~table VFO rigs are on the air, particwarly 
on 6 meters, docs not make them desirable, or even 
legal. Only careful attention to all the fine points 
of VFO design anit use can result in satisfactory 
stability in vhf transmitters. 

Frequency Multipliers 

Frequency multiplication is treated in Chapter 
6. The principal factor to keep in mind in 
multipliers for the vhf bands is the probability that 
frequencies other than the desired hB.ITJ1onics will 
be present in the output. These can be sources of 
1VI in vhf transmitters . Examples are the 9th 
harmonic of 6 MHz and the 7th harmonic of 8 
MHz, both falling in 1V Channel 2. The 10th 
hannonic of 8-MHz oscillators falling in Channel 6 
is a similar problem. These unwanted multiples can 
be held down by the use of the highest practical 
degree of selectivity in inter.;tage coupling circuits 
in the vhf transmitter, and by proper shielding and 
interstage impedance matching. This last is particu• 
larly important in tnmsistor frequency multipliers 
and amplifiers . More on avoiding TVI will be found 
later in this chapter, and in the chapter on 
interference problems. 

The varactor multiplier (see Chapter 4 ) is much 
used for developing power in the 420-MHz band. 
Requiring no power supply, it uses only driving 
power from a previous stage, yet quite high order.; 
of efficiency are possible. Two examples are shown 
later In this chapter. A 220-MHz exciter tuned 
down to 216 MHz makes a good driver for a 
432-MHz varactor doubler. More commonly used is 
a tripler such as the one described in this chapter, 
using 144-MHz drive. The output of a varactor 
multiplier tend, to have appreciable amounts of 
power at other frequencies than the desired, so use 
of a strip-line or coaxial filter is recommended, 
whether the multiplier drives an amplifier or works 
into the antenna directly. 

AMPLIFIER DESIGN AND 
OPERATION 

Amplifiers in vhf transmitters all once ran Class 
C, or as near thereto as available drive levels would 
permit. This was ma.inly for high-efficiency cw, and 
quality high-level amplitude modulation. Class C is 
now used mostly for cw or fm. and In either of 
these modes the drive level is completely uncritical, 
except as it affects the operating efficiency. The 
influence of ssb techniques is seen clearly in 
current amplifier trends. Today Class AB1 is 
popular and most amplifiers are set up for linear 
amplification, for ssh and - to a lesser extent -
a-m. The latter is often used in connection with 
small amplitude-modulated vhf transmitlelll, having 
their own built-in audio equipment. Where a-m 
output is available from the ssb exciter, it is also 
useful with the Class AB 1 linear amplifier, for only 
a watt or two of driver output is required. 

There is no essential circuit difference between 
the AB1 linear amplifier and the Class-C amplifier; 
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only the operating conditions arc changed for 
different classes of service. Though the plate 
efficiency of the AB1 linear amplifier ls low in a-m 
service, this type of operation makes switching 
modes a very simple matter. Moving toward the 
high erficiency of Class C from AB 1 , for cw or fm 
service, is accomplished by merely raising the drive 
from the low AB 1 level. In AB 1 service the 
efficiency is typically 30 to 35 percent. No grid 
current is ever drawn. As the grid drive is increased, 
and grid current starts to flow, the efficiency rises 
rapidly. In a well-designed amplifier it may reach 
60 percent, with only a small amount of grid 
cu11cnt flowing. Unless the drive is run well into 
the Gass C region, the operating conditions in the 
amplifier can be left unchanged, other than the 
small incre~ing of the drive, to improve the 
efficiency available for cw or fm. No switching or 
major adjustments of any kind are required for 
near-optimum operation on ssb, a-m, fm or cw, if 
the amplifier is designed primarily for AB1 service. 
If high-level a-m were to be used, there would have 
to be major operating-conditions changes, and very 
much higher available driving power. 

Tank-Circuit D~lgn 

Except in compact low-powered transmitters, 
conventional coil-and-capacitor circuitry is &eldom 
used in transmitter amplifiers for 144 MH2 and 
higher frequencies. LI-shaped loops of sheet metal 
or copper tubing, or even copper-laminated circuit 
board, generally give higher Q and ci.rcwt efficien
cy at 144 and 220 MHz. At 420 MHz and higher, 
coaxial tank circuits are effective. Resonant cavi
tie~ arc used in some applications above I 000 MHz. 
Examples of all types of circuits are seen later in 
this chapter. Coll and capacitor circuits are com
mon in 50.MHz amplifiers, and in low-powered, 
mobile and portable equipment for 144 and even 
220 MHz. 

Stabilization 

Most vhf amplifiers, other than the grounded
grid variety, require neutralization if they are to be 
satisfactorily stable. This is particularly true of 
AB1 amplifiers, which are characterized by very 
high power sensitivity. Conventional neutralization 
is discussed In Chapter 6. An example is shown in 
Fig. HA. 

A tetrode tube has some frequency where it is 
inherently neutralized. TI!is is likely to be In the 
lower part of the vhf region, for tubes designed for 
hf service. Neutralization of the opposite sense 
may be required in such arnplifien, u in the 
example shown in Fig. 7-1B. 

Conventional screen bypassing methods may be 
ineffective in the vhf ran~. Series-tuning the 
screen to ground, as in 7-1 C, may be useful in this 
situation. A critical combination of fixed capaci
tance and lead length may accomplish the same 
re9ult. Neutralization of transistorized amplifier.; is 
not generally practical, at least where bipolar 
transistors are used. 

Parasitic oscillation can occur in vhf amplifiers, 
and, as with hf circuits, the oscillation is usually at 
a frequency considerably higher than the operating 
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Fig. 7-1 - Representative circuits for neutralizing 
11hf single•nded amplifiers. The same techniques 
are applicable to stages that operate in push-pull. 
At A, Cl is connected in the manner that is 
common to most vhf or uhf amplifiers. The circuits 
at B and C are required when the tube is operated 
3bove its natural self-neutralizing frequency. At B, 
Cl is connected between the grid and plate of the 
amplifier. Ordinarily, a short length of stiff wire 
can be soldered to the grid pin of the tuba socket, 
then routed through the chassis and pieced 
9djacent to the tube envelope, and parallel to the 
anode element, Neutralization is effected by 
varying the placement of the wire with respect to 
the anode of the tube, thus providing variable 
capacitsnce at Cl. The circuit at C is a variation of 
the one shown et B. It too is useful when a tube is 
operated above its self-neutralizing frequency. In 
this instance, C1 provides a low-Z screen-to-ground 
path at the operating frequency. RFC•in 11111 circuits 
shown are vhf types end should be selected for the 
operating frequency of the amplifier. 

frequency, and it cannot be neutralized out. 
Usually it is damped out by methods illustrated In 
Fig. 7-2. Circuits A and B are commonly used in 
6-mcter transmitter.1. Circuit A may absorb suffi
cient fundamental energy to burn up in all but 
low-power transmitten. A better approach is to use 
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(A) 

(B) 

(C) 

DRIVER 

(D) 
.001),tf.q 

AMP. 

RFC2 

Fig. 7-2 - Representali\19 circuits for vhf parasitic suppression are shown at A, 
B, and C. Al A, 21 (for 6-me1er ope--ation) would typically consist of 3 or 4 
turns of No. 14 wire wound on a 100-ohm 2-wan non-inducti11a resistor. Z1 
overheats in all but very low power circuits. The circuit et B, also for 6-meter 
use, is more practical whara heating is concerned. 22 Is tuned to resonance at 
the parasitic frequancy by C. Each winding of Z2 consists of two or more 
turns of No. 14 wire - determined experimentally - wound over !he body of 
a 1 CJO-ohm 2-walt (or larger) nonlnducti11e resistor. Al C, an illustration of uhf 
parasitic suppression as applied 10 a 2-meter amplifier. Noninducti11e 56-ohm 
2-watt resistors are bridged across a short length of the connecting lead 
between the tube anode and the main element of the tank inductor, thus 
forming ZJ and Z4. 

The circuit at D illu11ra1as how bypassing for both 1he operating frequency 
and lower frequencies is accomplished. Low-frequency oscillation is 
discouraged by the addition of the 0.1~F disk ceramic capacilon. RFC1 and 
RFC2 are part of the decoupling network used to isola18 Iha two stages. This 
technique is no! required in vacuum-tube circuits. 

B+ 

the selective circuit illustrated at B. The circuit is 
coupled to the plate tank circuit and tuned to the 
parasitic frequency. Since a minimum amount of 
the fundamental energy will be absorbed by the 
trap, heating shoold no longer be a problem. 

At 144 MHz and higher, it is difficult to 
construct a paras.itic choke that will not be 
resonant at or near the operating frequency. 
Should uhf parasitlcs occur, an effective cure can 
often be realized by shunting a 56-ohm 2-watt 
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resistor across a small section or the piate end or 
the tuned circuit as shown in Fig. 7-2. at C. The 
resistor should be attached Ill near the plate 
connector ll5 pnictical. Such a trap can often be 
constnictcd by bridging the resistor acl'OIS a 
portion of the flexible strap-connector that is used 
in some transmitters to join the anode fitting lo 
the plate-tank inductor. 

Instability In solid-state vhf and uhf amplifiers 
can often be traced to O!ICillations in the if and hf 
regions. Because lhe gain of the tnnsiston is very 
high at the lower (requencies, Instability Is almost 
certain to occur unless proper bypassin1 and 
decoupling of stages is carried out. Low-frequency 
oscillation can usually be cured by seleclin1 a 
byp~1p1cilor value that Is effective at the 
frequency of oscillation and connecting it In 
parallel with the vhf bypass capacitor In lhe same 
part or the circuit. It is not unusual, for example, 
to employ a 0.1-µF dislc. ceramic in parallel wllh a 
.001.µF disk capacitor In such circuits as the 
emitter, base, or coUector return. The actual values 
used will depend upon the frequencies Involved. 
Thb technique is shown in Fig. 7-2D. For more on 
transmitter stabilization, see Chapter 6. 

TIPS ON AB1 LINEAR 
AMPLIFIERS 

As its name implies, the function of a linear is 
to amplify an amplitude-modulated signal in 1 
manner so that the result is an e,r.acl repl'04uction 
of the driving signal. (Remember, wi is a Conn of 
amplitude modulation.) The nature or the a-m 
signal with carrier is such that linear ampllncation 
of It Is inherently an inefficient proces~. in terms or 
power input to power output, which Is the 
conventional way of looking al amplifier efficien
cy. But when all factors a.re considered, particul111· 
ly the very small exciter power required and 
ellmlnalion of the cumbeISome and expensive 
high-level plale-modulation equipment, "efficien
cy" ukC!I on a different meaning. Viewed in lhis 
way, the Cl&ss-AB1 a-m linear has only two 
disadvantages: it is incapable of providing as much 
power output (within the amateur power limit of 1 
kW) as the high-level-modulated ampllner, and it 
requires considerable skill and care In udjustment. 

The maximum plate efT"icilmcy possible with an 
AB 1 u-m linear is about 3S percent. The power 
output in watts that is possible with a given 
amplifier rube is roughly half Its rated plate 
dissipation. If the first factor ill exceeded the result 
is poor quality and splatter. 1£ the second u 
ignored, the tube life ls shortened markedly. 

There being no carrier to worry about ln ssh 
operation, the linear amplifier can run considerably 
higher efficiency in ■mplifying ssh signals, and the 
popularity or ssh has brought the advantages of the 
linea.r amplifier for all classes of service into focus. 
The difference between a-m with carrier and ssh 
without carrier, in the adjustment of a linear, Is 
mainly a matter of the drive level. Drive can never 
be run up to the point where the stage begins to 
draw grid cum:nt, but it can run close with ssb, 
whereas it must be held weU below the grid-current 
level when the carrier is present. 
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must remain steady during modulation. (The 
screen cum:nl may be neplive in some amplifiers, 
so ob11ervation of it is simpler if the s~n-cum:nt 
meter is the zero-center type.) The plate, screen 
and grid meters arc the best simple indicator of 
safe AB1 operation, but they do not show whether 
or not you 1111: setting all you can out of the 
amplifier. The signal cnn be monitored in the 
station receiver, if the ~ignal in the receiver can be 
held below lhe point at which the receiver is 
overloaded. Cuttins the voltase from a converter 
amplifier stase ill a good way lo do this. But the 
only way to le.now for sure i! to use an oscillo
scope. 

One that can be used conveniently i5 the Heath 
Monitor Scope, any version. Some modification or 
the connections lo lhb instrument may be needed, 
to prevent excessive rf pickup and resultant pattern 
distortion, when using it for vhf work. Nonnally a 
coupling loop within the scope, connected between 
two coaxial fitting! on the rear of the instrument, 
is used. The line from the lran&mitter to the 
antenna or dummy load runs through these two 
fittings. For vhf service, a coaxial T fitting is 
connected to one of these tenninals, and the line Is 
run through It. only. With run power it may even 
be necessary to remove the center pin from the T 
fitting, to reduce the input to the !ICOpe still 
further, particularly in 144-MHz serrice. 

Really effective adjustment of the linear ampli
fier, whether with ssb or a-m drive, involves many 
faclDn. The amplifier must be loaded as heavily as 
possible. Its plate and grid circuits must be tuned 
carefully for maximum amplifier output. (Detun
ing the grid circuit is not the way to cul down 
drive.) If lhe power level 11 changed, all operating 
conditions must be cheeked carefully agaln. Con
stant meterin1 of the grid, screen and plate 
currents Is very helpful. One meter, switched to the 
various ciralits, Is definitely nol recommended. A 
relative-power indicator in the antenna line is a 
necessity. 

All this male.es It appear that adjustment of a 
linear is a very complex and difficult process, but 
with experience it becomes almost second nature, 
even with all lhc points that must be kepi in mind. 
It boils down lo keeping lhe amplifier adjusted for 
maximum power outpul, and the drive level low 
enough so th■I there b no distortion, but high 
enough so that maximum efficiency Is obtained. 
Practice doing this with the amplifier running into 
a dummy load, and the process will soon become 
almost automatic. Your zunaleur neighbors (and 
perhaps TV viewers nearby. as well) will appreciate 
your cooperation! 

Aboul Driver Stages 

If the amplifier is capable or reproducing the 
driving signal exactly, It folloWll thal the driver 
quality must be above reproach. lllis is quite 
readily assured, in view of the low driving power 
required with the ABt linear. Only about two 
watts exciter power Is needed to drive a grounded· 
cathode AB 1 linear of good design, so it is possible 
to build exccllent quality and modulation charac-
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Fig. 7.:J - The 6-meter transveNer, with shield 
cover in place. Large knobs are for amplifier tuning 
and loading. Small knob, lower right is for a meter 
sensitivity control. The meter switch is just above 
it. 

terhtlcs into the a-m driver or ssh exciter. If thi~ i~ 
done, and the amplifier is operated properly, the 
result can be a signal that will bring appreciative 
and complimentary reports from stations worked, 
on both a-m and ssb. 

VHF TVI CAUSES AND CURES 

The principal causes of lVI from vhf IIansmit
ters are as follows: 

1) Adjacent-{;hannel interference in Channels 2 
and 3 from SO MHz. 

2) Fourth harmonic of 50 MHz in Channels 11, 
12 or 13, depending on the operating frequency. 

3) Radiation of unused harmonics of the oscil
lator or multiplier stages. Examples 11re 9th har• 
monic of 6 MHz, and 7th hannonic of 8 MHz in 
Channel 2; 10th harmonic of 8 MHz in Channel 6; 
7th hannonic of 25-MHz stages in Channel 7; 4th 
harmonic of 48-MHz stages in Channel 9 or I 0; and 
many other combinations. This may include i•f 
pickup, as in the cases of 24-MHz Interference in 
receivers having 21-MHz i•f systems, and 48-MHz 
trouble in 45-MHz i-fs. 

4) Fundamental blocking effects, including 
modulation bars, usually found only in the lower 
channel.ll, from SO-MHz equipment. 

5) Image interference in Channel 2 from 144 
MHz, in receivers having a 45-MHz i-f. 

6) Sound interference (picture clear in some 
cases) resulting from rf pickup by the audio 
circuits of the TV receiver. 

There arc other possibilities, but nearly all can 
be corrected completely, and the rest can be 
substantially reduced. 

VHF AND UHF TRANSMITTING 

Items l, 4 and S are receiver faults, and nothing 
can be done at the transmitter to reduce them, 
except to lower the power or increase separation 
between the transmitting and TV antenna systems. 
Item 6 is also a receiver fault, but it can be 
alleviated at the IIansmitfer by using fm or r:w 
instead of a-m phone. 

Treatment of the various harmonic troubles, 
Items 2 and 3, follows the standard methods 
detailed elsewhere in this Handbook. It is suggested 
that the prospective builder of new vhf equipment 
familiarize himself with lVI prevention tech
niques, and incorporate them in new construction 
projects. 

Use as high a starting frequency as possible, to 
reduce the number of harmonics that might cause 
trouble. Select crystal frequt:ncies that do not have 
harmonics in TV channels in use locally. Example: 
The 10th harmonic of 8-MHz crystals used for 
operation in the low part of the SO-MHz band falls 
in Channel 6, but 6-MHz crystals for the same band 
have no harmonic in that channel. 

If lVI is a serious problem, use the lowest 
liansmittcr power that will do the job at hand. 
Keep the power in the multiplier and driver stages 
at the lowest practical level, and use link coupling 
in preference to capacitive coupling. Plan for 
complete shielding and filtering of the rf sections 
of the transmitter, should diese steps become 
necessazy. 

Use coaxial line to feed the antenna system, 
and locate the radiating portion of the antenna as 
far as possible from TV receivers and their antenna 
systems. 

50-MHZ TRANSVERTER 

With the increase in use of ssb on the vhf bands, 
there is much interest in adapting hf ssh gear to use 
on higher frequencies. The transverter of Fig. 7-3 
will provide transceiver-style operation on 50 MHz, 
when used with a low-powered 28-MHz transceiver. 
The output of the transmitter portion is about 40 
watts, adequate for much interesting work. It can 
be used to drive an amplifier such as the grounded
grid 3-5002 unit described later in this chapter. 
The receiving convertcz combines simplicity, ade
quate gain and noise figure, and freedom from 
overloading problems. 

Circuit Details 

The receiving front end uses a grounded-gate 
JFET rf amplifier, QI in Fig. 7-5, followed by a 
dual-gate MOSFET mixer, Q2. Its 22-MHz injec
tion voltage is taken from the oscillator and buffer 
stages that also supply injection for transmitter 
mixing. The difference frequency is 28 MHz, so the 
transceiver dial reading bclrn a direct 28-50 rela
tionship to the SQ.MHz signal being received. For 
more detail on the converter constl"Uction and 
adjustment, see Fig. 9-9 and associated text. The 
transverter uses the groundlld-gate rf amplifier 
circuit, while the converter referred to above has a 
grounded source, but they are quite similar other
wise. 

The triode portion of a 6LN8, VIA, is a 
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22-MHz crystal oscillator. The pcntode, VlB, is a 
buffer, for isolation of the oscillator, and increased 
stability. Injection voltage for the receiving mixer 
is taken from the buffer output circuit, LS, 
through a two-tum link, L9, nnd small-diameter 
coax, to gate 2 of the mixer, through a 10-pF 
blocking capacitor. 

The grid circuit of the 6EJ7 transmitting mixer, 
V2, is tuned to 22 MHz and is inductively coupled 
to the buffer plate circuit. The 28-MHz input is 
applied to the grid circuit through a link around 
LI I, and small-diameter coax. The mixer output, 
Lt 2, is tuned to the sum frequency, 50 MHz, and 
coupled to a 6GK6 amplifier, VJ, by a bandpass 
circuit, Ll2 and Ll3. The 6GK6 is bandpass
coupled to the grid of a 6146 output stage, V4. 
This amplifier employs a pi-network output stage. 

The 6146 plate dissipation is held down during 
the receiving periods by fixed bias that is switched 
in b)' relay Kl. The mixer and driver tubes have 
their screen voltage removed during receiving, by 
the same relay, which also switches the antenna 
and 28-MHz input circuits for transmitting and 
receiving. The relay is energized by grounding pin 7 
of Pl through an external switch, or by the VOX 
relay In the transceiver. 

Construction 

A 7 X 9 X 2-inch aluminum chassis Is used for 
the transverter, with a front panel 6 inches high, 
made of sheet aluminum. The top and sides are 
~u~luscd by a one-piece cover of perforated Alumi
num. The output-stage tuning control, CS, is on 
the upper left of the panel, 2 inches above the 
chassis. The loading control, C6, Is immediately 
below, under the chassis. The meter, upper right, 
monitors either 6146 plate current or relative 
output, as selected by the switch, SI, Immediately 
below it. A sensitivity control for calibrating the 
output-metering circuit completes the front-panel 
controls. 

The output connector, 12, is centered on the 
rear apron of the chassis, which also has the input 
jack, JI, the 8-pin connector, Pl, and the bw• 
adjusting control mounted on it. 

The meter is a 1-mA movement, with multiplier 
resistors to give a full-scale reading on a current of 
200 m A. The front cover snaps off easily, lo allow 
calibration marks to be put on as desired. 

An enclosure of perforated aluminum, 3 1/4 
inches high, 4 inches wide and 4 3/4 Inches long 
shields the 6146 and its plate circuit. There is also 
an L-shaped shield around the 6146 socket, under 
the chassis. 

The receiving converter is built on a 
2 1/2 X 4 1/4-inch etched board, and mounted 
vertically in a three-sided shield of sheet aluminum. 
Before mounting the converter shield, be sure to 
check for clearance with the tenninals on the 
meter. Remember, the meter has full plate voltage 
on it when the switch is set to read plate current, 
even when the transverter is in the receiving mode. 

Testing of the transverter was done with the 
General-Purpose Supply for Transceivers, described 
in the power supply chapter. Separate provision 
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Fig. 7-4 - Top view of the transvener. The 
receiving converter is inside the shield at the left. 
The 22-MHz crystal '""illator and buffer arP In thA 
left rear portion of the chassis. In the right corner 
is the transmitting mixer. Above it is the first 
amplifier. The 6146 output amplifier is in the 
shielded compartment at the left front. 

must be made for 12 volts de for the receiving 
converter. 

Injection voltage. signal input and i-f output 
connections to the converter are made with small
diameter coax. These and the I2-volt wiring are 
brought up through small holes in the chassis, 
under the converter. As seen in Fig. 9-11, the input 
JFET, QJ, is on the left. The mixer is near the 
center. The 28-MHz output coils, LS and L6, are 
just to the right of Q2. 

Note that there are two sets of relay contacts, 
KlD and KIF, in series In the receiver line. This 
guarantees high Isolation of the receiver input. to 
protect the rf amplifier transistor. Another protec
tive device is the dlode, CRl, across the coil of the 
relay. If there are other relays external to this unit 
that use the same 12-volt supply, it is advisable to 
put diodes across their coils also. Spikes of several 
volts can be induced with making and breaking of 
the coil circuits. 

Adju5tment 

A dip meter I~ very useful in the preliminary 
tuning. Be sure that L 7 and LS are tuned to 22 
MHz and LI 2 and Ll3 are tuned to SO MHz. The 
driver and output circuits should also be tuned to 
50 MHz. Check to be sure that slug-tuned coils 
really tune through the desired frequency. Quite 
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often troubles are eventually traced to coils where 
the circuit is only approaching resonance as the 
core centen in the winding. Such a circuit will 
appear to worlc, but drive will be low, and spurious 
outputs will tend to be high. This is a common 
trouble in overtone oscillaton, with slug-tuned 
coils. 

Once the ciicuits have been set approximately, 
apply heater and plate voltage to the 01clll11tor, and 
tune L 7 for best oscillation, 111 checked with a 
wavemeter or a receiver tuned to 22 MHz. Connect 
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a 28-MHz receiver to the input, JI, and apply de to 
the converter. It should be possible lo hear a strong 
local station or test signal immediately. Peak all 
coils for best reception, then stagger-tune LS and 
L6 for good response across the fint 500 kHz of 
the band. 

Before applying plate voltage to the 6146, it is 
advisable to protect the tube during tuneup by 
inserting a 1500- or 2000-ohm 25-watt resistor In 
series with the plate supply. Connect a 50-ohm 
load to the output Jack, and energize Kl. Adjust 
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Fig. 7-5 - Schematic diagram and part information 
for the 50-MHz transverter. 
C1 - 10-pF subminiature variable (Hammarlund 

MAC-101. 
C2 - 5-pF subminiature variable !Hammerlund 

MAC-5). 
C3 - 2 1/2-inch length No. 14 wire, parallel to and 

1 /4 Inch away from tube envelope. C011er with 
insulating sleeve. 

C4 - 500-pF 3000-volt disk ceramic. 
C5 - 10-pF variable (Johnson 149-3, with one 

stator and one rotor plate removed I. 
C6 - 140-pF variable (Millen 22140). 
CR1 -1N128diode. 
CR2 - 1 N83A diode. 
J1 - Phono jack. 
J2 - Coa>eial jack, S0-239. 
K 1 - 6-pole double-throw relay, 12-volt de coi l. 
L 1 - 2 turns small insulated wire over ground end 

of L2. 
L2, L3, L4 - 10 turns No. 24 enamel closewound 

on J. W. Miller 4500-4 iron-'Slug form. 
LS, L6 - 12 turns No. 24 enamel on J. W. Miller 

4500-2 iron-'Slug form. 
L 7, LB, L 11 - Iron-slug coils adjusted for 4.1, 5.5 

and 5.5 ~- r11Spectively !Miller 44051. 
L9, L 10 - 2 turns small insulated wire over ground 

ends of LB and L11. 
L12, L13 - 1-~ lron-'Slug coil J. W. Miller 4403, 3 

turns removed. 
L 14 - 7 tums No. 20, 1 /2-inch dia, 1 /2 inch long 

(B & W 30031. 
L15 - Like L14, but 6 turns. 
L 16 - 6 turns No. 20, 5/S-inch dia, 3/4 inch long 

(B & W 30061. 
Pl - 8-pin power connector. 
RFCl - 68-µH rf choke (Mi llen 34300). 
RFC2 - 8.2-µH rf choke (Millen J-3001. 
RFC3 - 5 turns No. 22 on 47-ohm 1/2-watt 

resistor. 
RFC4 - 4 turns No. 15 on 47-ohm 1-watt r11Sistor. 
RFC5, RFC6, RFC7 - 8.2-µH rf choke (Millen 

343001. 
S1 - Dpdt toggle. 
Y1 - 22-MHz overtone crystal (International 

Crystal Co., Type EXI. 

the bias control for 2S to 30 mA plate current. 
Apply a small amount of 28-MHz drive. A fraction 
of a watt, enough to produce a dim glow in a No. 
47 pilot lamp load, will do. Some output should be 
indicated on the meter, with the sensitivity control 
fully clockwise. Adjust the amplifier tuning and 
loading for maximum output, and readjust all of 
the SO-MHz circuits likewise. 

After the circuits have been peaked up, adjust 
the bandpass circuits by applying rust a 28.1-MHz 
input and then a 28.4-MHz input. and peaking 
alternate coih until good operation is obtained 
over the range of S0.0 to 50.5 MHz. Mesi ssb 
operation currently is close to SO.I MHz, so 
uniform response across a S00-kHz range is not too 
important, if only this mode is used. If the 
Io-meter transceiver is capable of a-m operation, 
and you want to use this mode, coverap up lo 
50.S with uniform output may be more desirable. 
Adjust the position of the neutralizing wini, C3, 
for minimum n in Ll6, with drive on, but no 
screen or plate voltage on lhe 6146. 
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Fig. 7-6 - Bottom of the transverter, with the 
6146 socket inside the shield compartment at the 
right. Three sets of Inductively-coupled circuits are 
visible ln the upper-right comer. The first two, neer 
the top of the picture, are on 22 MHz. Next to the 
right end down, ani the mixer plate and 
first-amplifier grid circt1its. The self-supporting 
6GK6 plate and 6146 grid coils are just outside the 
amplifier shield compartment. The large variable 
capacitor is the loading control. 

Now apply run plate voltage. With no drive, set 
the bias adjustment for a 6146 plate current or 25 
to 30 mA. With the dummy load connected, 
experiment with the amount of drive needed to 
reach maximum plate current. PTeferably, use a 
'iCOpe lo check for flat-topping all the drive I• 
increased. An output of 40 watts, cw, should be 
obtainable. The quality of the ssb signal is deter
mined first by the equipment generating it, but it 
can be ruined by improper operation. Over driving 
the mixer or the 6146, and improper loading of the 
amplifier will cause distortion and splatter. Contin
uous monitoring with a scope Is the best preventive 
measure. 

Because of the frequencies mixed, and the 
bandpass coupling between stages, the output of 
the transverter is reBllOnably clean. Still, use of an 
antenna coupler or filter between the transverter 
and antenna is good insurance. The same treatment 
of the transverter output is desirable when driving 
a linear amplifier. 
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Fig. 7-7 - Panel view of the 2-meter transvener. 
This version i1 patterned after a transmitting 
conwner detign by K9UI F. The on-off 1wi1ches 
for ac and de ■actions of the power supply are 
mounted on the front panel of the unit as are the 
pllo1 lamps and plate meter for the PA stage. The 
IUnlng controls fo, the various stages are acce11lble 
from the top of the chanis. 

A 2-METER TRANSVERTER 

Thiii tnmnerter b designed to be used with any 
14- or 28-MHz ab exciter capable of delivering 
approximately 20 watts peak output. It is stable 
both in tenns of frequency and general operating 
conditions. It can provide up to 20 watts PEP 
output at 144 MHz - sufficient, say, for driving a 
pair of 4CX2S0 tubes in Class C for cw operation, 
or the same pair o( tubes can be operated AB1 to 
prOYide 1200 watts PEP input with this unit as a 
drlYer. The outpul sipal is clean and TVI should 
not be experienced except where receiver faults Im! 

involved. 
lt is not recommended that beginners attempt 

this project since vhf ssb circuits reqµire special 
care in their con~tructlon and oper11tlon, some
times a requirement that is a bit beyond the 
inexperienced builder. 

How II Operates 

Starting with VI A, the oscillator, Fig. 7-8, a 
43.333-MHz or overtone crystal is used at YI to 
p(Ovldc the local-oscillator signal for the exciter. 
Output from VI A is amplified by VI B to a 
suitable level for driving the tripler, V2. 130-MHz 
or I 16-MHz energy b fed to the grids or V3, a 
6360 mi,i;er, by means of a bandpass tuned ~it, 
LJ,Cl, and U,C2. The selectivity of this circuit is 
high, thus reducing unwanted spurious energy at 
the mixer grids. 

Output from the exciter is supplied through an 
attenuator po.d at I1 and is injected to the ml,i;er, 
V], at its cathode circuit, across a 270-ohm 
re&istor. The uttenuator pud can be ellmlno.ted If 11 

veiy low-power exciter is to be used. The values 
shown in Fig. 7-8 were choacn for operation with a 
Cenlllll Electronics 20A exciter operating at fuU 
input, or nearly 10. The amount of driving power 
needed at the cathode or V3 is appm1dmatcly 4 or 
5 watts PEP. 
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Bl - Small 15-Yolt battery. 
Ct - 20-pf miniature variable IE. F. Johnson 

160-110 suitable). 
C2, C3, C6 - 10-pF per section miniature butterfly 

(E. J. Johnson 167-21 suitable). 
C4 - 6-pF per section miniature butterfly IE. F. 

Johnson 160-206 suitable). 
C6 - 2~pF miniarure variable (same• Ct I. 
11, 12 - 117-Vac neon panel lamp auembty. 
Jl .J3, ind. - 5O-239-uyle coax connector. 
JJ - Closed-circuit phone jack. 
Lt - 16 turns No. 28 enam. wire, close-wound, on 

1/4-inch dia ■lug-tuned form (Millen 69068 
form suitable). 

L2 - 12 turns No. 28 enam. wire, close-wound, on 
same type form as L 1. 

L3 - 6 1urns No. 18 wire space-wound to 7/B-inch 
length, 1 /2-inch dia, center-tapped. 

L4 - J turns No. 18 wire, 1/2-inch dia, 3/8-inch 
long, canter-tapped. 

LS - 6 1ums No. 18 wire. 1/2➔nch dia, 5/8-inch 
long, center-tapped. 

L6 - 3 tum■ No. 18 wire, 1/2-lnch dia, 5/8-inch 
long, center-tapped. 

L7 - 4 turns No. 18 wire, 1/2-inch dla, 1/2-inch 
long, center-tapped. 

LB - 1-turn link of insulated hookup wire, 
1/2-inch dia, inserted in center of L7. 

L..9 - 2 turns of insulated hookup wire over L3. 
MI - 0 to 200-mA de meter. 
Pl - 11-pln chassis-mount male plug !Amphenol 

86PM111. 
Al - 60,000-ohm linear-taper, 6-watt control. 
RFCl-RFCJ, ind. - 2.7-µH rf choke !Millen 

34300-2.71. 
S1, S2 - Spst rocker-type switch (Carling 
TIGK60I. 
Yl - 43.333-MHz third-overtone crystal for 

14-MHz Input. If a 28-MHz transceiver will be 
used, a 38.667-MHz crynat is requirad. 

After the 130-MHz and 14-MHz signals arc 
mixed at V3, the I/Um frequency of 144-MHz is 
coupled to the grids of V 4, the PA stage, by means 
of another bandpass tuned circuit - further i,:duc
ing spurious output from the exciter. PA srage V4 
operates in the AB 1 mode. Its idling plate currenl 
is approximately 25 mA. The plate current rises to 
appro,wnately 100 mA al full input. 

If cw operation is desired, the grid-block keying 
circuit in the mixer stage {J3) can be included. If 
ssb operation is all that is contemplated, the minus 
100-volt bias line can be eliminated along with J3, 
RI, and the shaping network at J3. In that case the 
15,000-0hm grid resistor from the center tap of L4 
would be grounded to the chassis. 

The receiving section uses a low-noise uhf 
MOSFET as the rf amplifier and I second dual-gate 
MOSFET as the mixer. See Fig. 7-10. The gat~I 
and drain connections of the rf amplifier are 
tapped down on the tuned circuits so that uncondi
tional stability is achieved wlthou t neutralization. 
Oscillator energy is sampled with a two-tum link 
wound aver L3. A short length of RG-58A/U 
carries the injection energy to Q2. The converter is 
built in a 5 X 2 l/4 X 2 1/4-inch box constructed 
from four pieces of double-sided circuit board that 
have been soldeii:d on all abutting cdgn The unit 
is mounted on the transverter front panel. 



Fig. 7-8 - Schematic diagram of the transmitting converter portion of rha transvarter. Fixed-value 
capacitor& are disk ceramic unless noted differently. The polarized capacitor is electrolytic. Fixed-value 
rHistors are 1 /2•watt carbon unless otherwise noted. 

VI 

F;T. •f'((D T...auGN 
S.• - SILVIR .. IC.A 
8.M-BUTTOW M~A 

V2 V3 

KEV 

BIAS ADJ~1 SOil 
L.-__:c;..;:;...;.;;;.;a+<S\¥. 

~ 
IW. 

8TI ~ 1S11. 

~ 

1IUIIT II ••DICA1'1!D. DICUU1l UL~II DI 

u. PAC.1ta ■u au: •• M11tt10,•••a• C.w•_} 
ou111•• ••t .• PICOU I ADI ( ., Oll,U,f .... 
Ulll• ■t-tl AJI'[ IJlf ONllllj • • tOGO 

+3oov 

--i .... 
m 
:I 
~ 
CD 

i; ... 

...., 
0 

"° 



210 

Fig. 7-9 - Inside view of the converter. Shields are 
used between the rf amplifier input and output 
circuiu, and between the latter and the mixer 
Input circuit. The cable entering the bottom side of 
the enclosure carries the oscillator injection energy. 
Output to the associated receiver or transceiver is 
taken through the jack to the left. 

Construction Notes 

The photographs show the construction tech
niques that should be followed for duplicating lhis 
eqttipmcnt. The more seasoned builder should have 
no difficulty chanfjng the prescribed layout to fit 
bis particular needs, but the shielding and bypass
ing methods used here should be adhered to even if 
changes are made. 

An 8 X 12 X 3-inch aluminum cha.o;sis is used 
for this equipment. An internal chassis, S inches 

144MHz 

0 

Ql,Q2 

D.62 GI 

0 
.s 

144 MH1 

Fig. 7•10 - Diagram of the converter section. 
Resistors are 1 /4-watt composition and capacitors 
are disk ceramic, except as noted otherwise. 
C7-C9, incl. - Air variable, pc mount (Johnson 

189-505-51. 
C10 - Feedthrough type. 
L9 - 4 1/2 turns, No. 18 tinned wire, 1/4-inch ID. 

Tap at 1 1 /2 turns up from the ground end for 
the antenna connection. and at 3 turns for the 
a1 gate. 

L10 - 4 1 /2 turns, No. 18 tinned wire, 1 /4-inch 

VHF AND UHF TRANSMITTING 

wide, 3 inches deep, and 12 inches long, is made 
from flashing copper and installed along one edge 
of the main chassis. This method makes it possible 
to solder directly to the chassis for making p05ltive 
ground connections rather than rely on mechanical 
joints. Shield partition~ are made of copper and are 
soldered in place as indicated on the schematic 
diagram and in the photo. An aluminum bottom 
plate is used to enclose the underside of the chassis 
for confining the rf. 

Fcedlhrough capacitors are used to bring power 
leads into the copper compartment. Though this 
adds somewhat to the overall cost of the project, it 
provides excellent bypassing and decoupling, thus 
reducing unwanted interstage coupling. It also 
contributes to TVI reduction. Most surplus houses 
stock feedthrough capacitors, and offer them at 
reasonable cost. 

Tune-Up 

An anlenna-chan~over relay and a set of 
normally-open relay contacts, both operated by 
the exciter, must be provided. The remote control 
leads, from P2, should be connected to the relay 
contacts. With power applied to the converter, LI 2 
should be set for maximum noise input to the 
tmnsceiver. Then, using a signal gcnerator or 
off-the-air weak signal, peak L9, LIO and Lil for 
best signal-to-noise ratio. 

The tran~mitter section can be powered by the 
circuit of Fig. 7-12, or the builder can design a 
supply of his own choice. Regulated voltages are 

116 OR t30 MHi 
J6 

~1~ 

1000 

( 
I JS 

~ 28MHz. 
OIi ~ Mttx 

TO TWJ«~ 

CIO ::+;-
+12V 

u:cEPT 45 INOICAT£D. O[CtMAL VAWt l o, 
CAPAClfAHCg A,1111. IN MIClllOFAR ADI t }JI , ; 
0Tk£1''S AU lN ,1eo,A.11-DS l tr Cit _,...,-, ; 

REStSTAHCU Aft[ If 014"JI.S ; 
• I 000 , M• tOOO 000. 

S M • SILVEII MICA 
*: G.ATE PIIOfE=D 

ID. Tap at 3 turns up from the cold end for the 
Ql drain connection. 

L11 - 5 turns No. 18 tinned wire, 1/4-inch ID. 
L12 -1 .99-2.42-µH slug-tuned coil, pc mount, for 

28-MHz output IJ. W. Miller 46A226CPC); or, 
for 14-MHz output, 7.3-8.9-µH fJ. W. Miller 
46A826CPCI. 

J4-J6, Incl. - Phono type, 
01, 02 - RCA dual-gate MOSFET. 
21 - 12-V minia1u111 power supply, transistor 

radio type. 



A 2-Meter Transverter 

Fig. 7-11 - Looking 
into the bonom of 
the ch1B1i■ , the rf 
section i■ enclosed 
In ■ shield compart• 
ment made from 
flashing copper. Ad· 
ditional divider sec
tions Isolate the In
put and output 
tuned circuits of the 
last three st ages of 
the exciter. Feed
through cepacitoni 
are mounted on one 
-11 of the COPIJIII' 
compertment to 
provide decoupling 
of the power l11ads. 

recommended for best operation. 
With ■ dummy load connected to J2, ■pply 

oper■ttng voltage. Couple a Wllvemeter to LI and 
tune the oscillotor plate for maximum output. 
Then, detune the slug of LI 51ightly (toward 
minimum inductance) to assure reliable oscillator 
starting. Couple the wavemeter to L2 and tune for 
peak output. With the wavemetcr appl~d to IA, 
adjust Cl and C2 for mHimum indicated output. 

The next ttep is to connect the transceiver to 
JI and supply Jun enough drive to cause a rise in 
PA plate current or a few milliamperes. Tune C3 

CR3 

tflVAC 
r 
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and C4 for maximum indicated plate current at 
M 1, then adjust CS and C6 for maximum power 
output to the dummy lo■d. Cl, C2, C3 and C4 
should be readjusted at this point for maximum 
plate current of the PA stag!:. Use on1y enough 
drive to bring the PA plate cummt up to 100 mA 
at maximum de Input power. 

A closed-drcull keying jadt ii used at 13 so that 
the mi,cr stage Is nor bwed to cutoff during voice 
operation. lmerting the key permits full bias to be 
appUed, thus cutting off VJ. RI should be adjusted 
for complete cutoff o( Vl when the key is open. 

51 

------•--•-"---1 TO 
TU 

-10011 SIAS 

Fig. 7•12 - Schematic al thu power ■upply 111Ction. On-off switches for the ac: and de cira.ilts ar■ 
mountad In the rf deck along with the pilot lamps. Polarized capacitors ar■ electrolytlc. others are disk 
ceramic. CR1 and CR2 are 1000-volt, 1-ampera ■ II Icon diode■ . CR3 la a 200-PRV 600-mA silicon diode. 
T1 i1 ■ po11Wr transformer with a 640-volt ct 1econdary at 120 mA. Filam■nt windings ara 5 volts at 3 
A, and 8.3 volts at 3.5 A. T2 11 a 6.3-volt, 1-■mpare filament transformer connected back to back with 
the 6-volt winding of T1. S1 is an 11.pln ■ocket (female). A 10,000-ohm resistor and a .01-/JF disk 
capacitor ant connected in series between the cent~ tap of T1's secondary and ground for tr■nsiant 
suppression when S2 Is switched to on. The supprauor is mounted ■t S2. In the rf deck. 
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A 500-WATT FM AND CW 
TRANSMITTER FOR 220 MHZ 

This 220-MHz transmitter WllS designed and 
buil t by R. B. Stevens, WlQWJ, and was first 
described In May 1969 QST, It is capable of 300 
watts output, cw or fm, or the exdler portion can 
be used alone lo deliver approximately 8 watts 
output. 

The RF Cin:uits 

Looking at the schematic diagram, Fig. 7-15, it 
will be seen that the first three stages of the 
tnuumitter look very much like any vhf transmit
te r using vacuum tubes. A conventional 6CL6 
crystal oscillator, V 1, u- 6-, 8- or 12-Mlh 
crystals, multiplying in Its plate dn:uit to 24 MHz 
(12 MHz crystal• should be the fundamental type.) 
A 6BQ5, V2, triples to 73 MHz, and drives a 2E26 
amplifier, V3, straigh t-through on this frequency. 
A variable capacitor, C6, across the crystal, permits 
a small adjustment of the frequency. 

A varactor trlpler, driven by the 2E26, is used 
to get up to 220. Requiring no power supply of its 
own, it is capable of more than enough power 
output at 220 to drive our 500-watt amplifier. 

The output of a vuactor multiplier contains 
harmonics other than the desired one, 10 a strip
line filter is connected between the varactor output 
and the final amplifier grid cln:uit. The filter is a 
separate assembly mounted on the end of the 
chassis, visible in two of the photographs. Full 
details of the nlter may be found in any edition of 
the VHF Man1111I, and in this Handbook. 

The final amplifier is a 4CX250 series exlemal
anode tube, with a coaxial tank circuit. The B 
version is used here, but the R and F types have 
the same mechanical design. 

The coaxial plate circuit follows a standard 
design. Such a tank has extremely high Q, and the 

1 Brayley >,~Coulal·Tank AmpUfter for 320 and 
4.20 MHz," -T. May 1961. Allio, VHF Manual. 
Chap ter 10. 

VHF AND UHF TRANSMITTI NG 

Fig. 7-13 - Th• 220-MHz transmitter Is sat up for 
rack mounting on 8 3/4-lnch panel. Meters •t the 
left can ba switched to read driver plate, amplifier 
screen and amplifier plate currants, and amplifier 
plate voltage. 

heavy copper (or brass) con!lniction offers con
siderable beat linking. Probably Its only disadvan
tage is the neceu.ity for feedlng the high vollage in 
through some kind of rf bypassing device. This and 
the other mechanical features of a good coaxial 
tank are not readily made with the simpler tools. 
Details of the assembly are given in Fig. 7-19. 

The final grid circuit. visible in the end view 
along with the va.nctor multiplier and the strip-line 
filter, is a half-wave strlp-1.ine. The fan blows 
cooling au into the grid compartment, up through 
the 4CX2S0 socket, and out through the end of 
the tank assembly, by way of the hollow Inner 
conductor, LIO. The coaxial output fitting, J6, the 
coupling loop, Lll, and its series capacitor, C21. 
arc mounted on a small detachable plate bent lo flt 
the cuJVature of the coaxial assembly, and mount
ed neu the outer end, The vuactor tripler Is built 
into the top of the amplifier grid auembly, and is 
visible in the end view along with the final grid 
cittu.it and the strip-line filler. 

Generating the Frequency Modulation 

Where only a small swing at the control 
frequency is needed, as in a vhf or uhf transmitter 
having a high order of frequency mulllplicatlon, 
the modulation can be applied very easily. A 
voltage-variable capacitor, CRI, changes capacl• 
tance In relation lo the audio voltage applied across 
it, and this changing capacitance is u,ed 10 "pull" 
the frequency of the crystal oscillator !!lightly. A 
good 8-MHz crystal can be pulled about 600 Hz in 
this way. With 27-times frequency mulliplicalion 
this gives a maximum deviation in excess of 16 kHz 

Fig. 7-14 - Rear view of the 220-MHz transmitter. 
The exciter stages are on a circuit board In the 
foreground. Chassis at the right side houses the 
varactor tripler and the amplifi•r grid circuit, Air 
blows into this compartrrent and out through the 
center conductor of the coaxial plata<ircult 
assembly. 
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Fig. 7-15 - Schematic diagram and parts Information for the Wl QWJ 220-MHz: e>eciter and frequency 
modulator. Capacltor1 with polarity marklld era electrolytic. Components not specified below era 
marked for teict reference purposes. Cl throui;, C5 are dipped mica or silwr mica. 

C6 - J().pF miniature trimmer IJohn10n 160-1301. 
C7. C8 - 21).pF rnlnlatuni trlmmar !Johnson 
160-1101. 
C9 - 15-pF variable, double1pecad IHamrnarfund 

HF-16-XI. 
C10 - 140-pF variable !Hammarlund HF-1401. 
CR1 - Varicap diode. 

CR2, CRJ - Any 1II Icon diode IMotoroh1 2106 or 
similar!. 

J1 - CIOlld-clrcuit jack. 
J2 - BNC chassis fitting. 
L1 - 10 tunw No. 22 enamel, clDIIIWWl.md on 

1/4-inch slug-tuned form. 
L2 - 4 turns No. 22, 1 /2-inch dla, 7116 Inch long. 

L3 - 7 tum■ No. 22, 1/2-inc:h di ■, 3/8 inch long. 
Tap 4 turn■ from grid end. 

L4 - 5 turns No. 16, 1/2-inch die, 1 inch long. 
Y1 - 8150-kHz crystal, HC-6/U holdar preferred. 

6112 kHr or 12223-kHz fundamental cry■tal 
also ull8bla. Frequencies given ■ re for low-fre
quency end of the band. U■a C6 for slight 
frequency adjustment. 
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Fig. 7-16 - Circuit of the varactor multiplier, 73 to 220 MHz. 

C11, C13, C14, C16 - 15-pF miniature variable 
(Johnson 160-1071. Rotor of C11 must be 
insulat1td from chassis. 

Cl 2 20-pF miniature variable (Johnson 
160-110). 

C15 - 5-pF ceramic. 
LS - 8 turns No. 16, 1/2-lnch dia, 7/B Inch long. 

L6 - 4 turns No. 16, 1/2-inch die, 1/2 inch long. 
L7 - 3 turns No. 16, 3/8-lnch dia, 3/B Inch long. 
LB - 3 turns No. 16, 3/8-lnch dia, 3/B inch long, 

tapped at 1 turn from grounded end. 
CAB - Varactor diode IAmperex H4A/1 N48851. 
JJ, J4 - BNC fitting. 

AMP 

--- ------ -----1 
r-"::iF-....._.....,__-ri I 

Fig. 7-17 - Schematic diagram and parts In• 
formation for the 220-MHz final amplifier. 
Decimal values of capacitance are In micro
farads (µFl; others in pf. 
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Cl 7 - 20-pf miniature variable 
160-1101. Stator suppons end of L9. 

L--~--f·~ 
&.J 

!Johnson YAr. 

ZZQ MMI 
O.,TP\JT 

C18 - 15-pF silver mica. 
C19 - Capacitor built Into socket assembly 

(Johnson 124-109-1 socket, with 124-11~1 
bypass ring and 124-111-1 chimneyl. 

C20 - Disk-type t1.1ning capacitor; see Fig. 7-19. 
C21 15-pF miniature variable (Johnson 

160-1101. 
C22 - Built-in bypass capacitor; see Fig. 7-19. 
C23 - 500-pF, 5-kV or more. 
J6 - N-type fitting, 
L9 - Brass strip, 1/16 by 3/8 by 61/2 inches. 

Bolts to grid terminal on socket. Tap C18 7/8 
Inch from grid. 

at the operating frequency, close to the optimum 
for most of the fin receivers cum:ntly in use in 
fixed-frequency setvice on 6 and 2. Lesser devia
tion, for working into communications receivers, 
most of them having about a 3-kHz bandwidth 
today, is merely a matter of applying less audio. 

Adjustment and Operation 

Titis is not intended to be a beginner's project, 
so detailed discussion of the me.:hanical layout will 
be omitted. The mechanical arrangement of the 

L 10 - Coaxial line Inner conductor; see Fig. 7-19. 
L11 - Output coupling loop made from 3 1 /4 

inches No. 16, COi/Br with insulating sleeving 
and bend to 3/4 inch high and 1 3/4 inch long. 
See Fig. 7-1. 

RFC4. RFC5 - 0.84 µH rf choke (Ohmite Z-236). 
J5 - BNC fitting. 

components could be altered to suit one"s own 
requirements, since the complete transmitter is 
made up of many subai;semblies. Adjustment for 
best results may be somewhat strange to anyone 
who has not had experience with varactor mullipli
en. 

The lirsl step is to get a good 52-ohm load. For 
the present, it will have to handle a maxbnum of 
about 10 watts. A good SWR bridge ls also needed 
for the tesb. The Ml step is lo adjust the exciter. 
Procedure here Is like that for any similar lineup of 
tubes, but the 2E26 must be adjusted for optimum 
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tesults when working Into a S2-ohm load. Once an 
output of 10 to 12 watts is obtained in this way, 
leave the tuning of the 2E26 and preceding stages 
alone thereafter. 

Now connect the SWR bridge output to J3 of 
the varactor multiplier, and tune Cll and C12 for 
lowest SWR indication. Leave the 2E26 adjust
ments alone. 

Now connect a coaxial cable from J2 to J3, and 
connect the bridge or wattmeter in a line from J4 
to the dummy load. Adjust Cl3, Cl4 and Cl6 for 

1 ·---TII PA ·-1!!!!2 
IOW 

Fig. 7-18 - Cin:uit details of the built-in power 
supplies for amplifier bias Uowerl and speech 
amplifier-modulator (upper) for the 220-MHz 
transmitter. Capacitors with polarity marked are 
electrolytic. All diodes are 200-volt PRV, 1A. 
R1 and R2 are appro>cimate valun. Select for 12 
and minus 50 volts ouq:,ut, raspectively. Capa
citance i1 in microfarad!;. 

Fig. 7-19 - Detail• of the 
coaxial-fine plate circuit of 
the 220-MHz trensminer. 

maximum output at 220 MHz. Adjustments in the 
multiplier interlock, and several passes tluough all 
adjustments may be needed for best output. But 
remember that the 2E26 is set for a S2-ohm load. 
Leave It alone, and make the multiplier adjust
ments do the job. An Indication of some 8 watts or 
so of output should be obtained. Part of this will 
be harmonic eneigy, however, so the SWR bridge 
should now be connected between the strip-line 
fiJter and the amplifier grid chcult, and the filtcr 
adjusted for maximum forwud power and the 
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amplifier input circuit for minimum reflected. This 
should result in maximum grid current in the final 
amplifier. 

It is likely that getting enough grid cuncnt for 
the 4CX250B will not be difficult, as the lineup 
described gives more than ample drive. Up to 20 
mA grid current has been obtained, but not this 
much is neooed. In fact, with fm or cw operation, 
only a slight increase in efficiency is noted after 
the drive is raised beyond the point where grid 
current begins to flow. 

Fig. 7-21 - Looking 
into the amplifier 
grid compartment. 
The Yllractor tripler 
is in the upper left 
ponian. Below the 
compartment is tha 
220-MHz strip-line 
filter. 

VHF AND UHF TRANSMITTING 

Fig. 7-20 - Looking 
underneath the 
chassis of the 
220-MHz transmit
ter, we see the 
speech amplifier
clipper at the lower 
left, the exciter cir
cuits across the top, 
power supply com
ponents at the up
per left, and meter 
switching, lower• 
right. 

Adjustment of the coupling loop, Lll, and the 
loading capacitor, C21, will be fairly critical when 
striving for the absolute maximum output. Follow
ing the manufacturer's recommendations as to 
maximum plate voltage and current, 2000 volts at 
250 mA, resulted in about 320 watts output. 
Raising the plate current to 300 mA, by increasing 
the screen voltage, netted 400 watts output. Even 
at this input the tube seemed to be operating well 
and the tank circuit did not indicate excessive 
heating. 
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220 MHz REPEATER AMPLIFIER 

The crowded frequencies for 144-MHz repeater 
service have caused some moves to 220 MHz. This 
band b providing very acceptable coverage to 
mobile users with moderate power. The amplifier 
to be dc!lcribed was developed to assist in increas
ing this coverage. In the majority of cases, the 
power sou1Ce for the amplifier is not of major 
importance. Therefore, lhe Jfl2015, 28-volt tran
sistor was selected for a power output of approxi
mately 75 watts. In the following circuit configura
tion the gain is 8.8 dB or 75 watts output for IO 
walls input (Fig. 1 J. 

Circuit Description 

For repeater !ICrvice, Class.-C opcrnt.ion is used. 
The input network iB a single L section with n 
series capacitance to tune out the reactancc. 
S lripline inductors are used in the matching net
works. Output matching is also accomplished with 
L sections, two in this c.asc. Micro-strip lines are 
also used between the matching networks and the 
connectors. They were etched to provide a SO-ohm 
characteristic impedance. The collector decoupling 
network uses four values of capacitors to provide 
isolation for over a wide frequency range. 

Construction 

As can be seen in the photographs, the heat 
sinlc is made of four pit1ces of aluminum. The 
pieces were formed individually and then bolled 
t~ther. A liberal amount of silicone grea!IC. 
was applied between the pieces of aluminum 
before assembly. This heat sink has proved quite 
effective during extended amplifier operation. 

Fig. 1 - Schell1iltic diagram of the 220 
MHz repeater amplifier. Unless otherwise 
speci tied. capacitors are disk ceramic. 
C 1 , CJ - Trimmer (Arco 4021 . 
C2 - Trimmer (Arco 461). 
C4, CS - Trimmer (Arco 464). 
L1 - Micro,urip inductor, 50 mm long, 

0.205 inch wide. 
L2. L3 - Micro~trip inductor, 25 mm 

long, 0.155 inch wide. 
01 - Power transistor TRW J0 2015. 
RFC 1 - Choke. 0.15 iiH with Ferro)(

cube bead (56-590-65/3B1 on ground 
lead . 

RFC 2 - Choke, 2 turns of No. 22 wire 
on 330-ohm 1-watt resi&tor . 

Fig. 2 - Tnt setup for adjusting the amplifier. 

• 

The circuit board must have spacers inserted 
for support above the heat sink. Then, the transis
tor should be soldered to lhe circuit board after it 
is bolted to the heat sink. Spacers can then b~ 
inserted. insuring there isn't any upward pressure 
on the tr3nsistor cap. 

Adjustment and Operalion 

The amplifier should be connected as illustrated 
in Fig. 2. The general procedure is to first adjust 
the input for minimum reflected power and then 
the output for m1Lximum power outpuL To be 
more specific, apply a small amount of drive to the 
amplifier and adjust Cl and C2 for minimum 
reflected power. Output adjustments are more 
difficult to align. AU three adjustments Interact 
and it can take longer to fmd the correct settings. 

l!R 



218 

unless the capacitors were set to the approximate 
values prior to the application of power. After 
finding the maximum output settings, increase the 
drive and readjust the input and output matching. 
For unattended or extended operation a small fan 

VHF AND UHF TRANSMITTING 

Interior view of 220-MHz Repeater amplifier. 

can be placed near the heat sink. This will help 
keep the amplifier cool and extend its life. There 
were no provisions made for antenna switching. It 
was intended that the amplifier be inserted 
between the exciter and the duplexer. 

A VARACTOR TRIPLER FOR 420 MHZ 

LI is the input-coupling link and its reactance is 
tuned out by Cl. L2-C2 form a conventional 
series-resonant circuit tuned to the input fre
quency. The combination of these circuits, then, 
becomes the familiar tuned circuit with link
coupled input. The link is coupled to the cold end 
of L2 and tllc omount of coupling is 11djustable by 
changing the position of LI. It is easier to visualize 
the end of l2 as being "cold" by remembering that 
the varactor diode is low impedance device. 

L3-C3 is the series-tuned idler circuit that is 
necessary for efficient hannonic generation. and 
L4-C4 is a series-tuned circuit for the output 
frequency, l5 and C6 are resonant at the output 
frequency also, with a small capacitor, C5, to 
provide coupling to the diode output circuiuy. 

I PUT L2 

>~ ~ll2-2W"""""!r--r--r' 

Fig. 1 - Schematic for the varactor tripler. 
Cl, C2 - 2.2- to 34-pF miniature verlable IE.F . 

Johnson 190-0010-001 I, 
CJ, C4, C6 - 1.4- to 9.2-pF miniature variable 

(E.F . Johnson 189-563-0011. 
CS - Copper strip 1-in. long x 1/4.;n, wide. Bend 

one end up to form a tab 3/8-in . long. Spacing 
between tabs approx. 1 /B inch. 

CR1 - Var11ctor diode (Amperex H4A or equiv.) . 
J1. J2 - Co11xi11 connector. Type BNC suitable. 

L 1 - 3 turns No. 16 enam., 3/8-in. 10 x 3/8-in. 
long. 

L2 - 6-1/2 turns No. 16 tinned bus wire, 3/8-in. 
ID X 7/8-in. long. 

L3 - 3-1/2 tum, No. 16 tinned bus wire, 3/8-in. 
ID X 1/2-in. long. 

L4 - Copper strip, 3-1/4--in. long X 3/8-in. wide . 
Spece 1/2-in. above ground. 

LS - Copper strip, 3-3/8-in. long X 3/B-in. wide . 
Space 1 /2-in. above ground. Tap 1-J/B in. from 
ground end. 
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GROUNDED-GRID 50-MHZ AMPLIFIER 

Increasing use of SO-MHz IIansccivcn and 
tiansmitters having outputs of 25 watts or more 
has created a demand for amplifiers to be used 
with such equipment as the driver. The grounded
grid amplifier of Fig. 7-27 is designed for this use. 
With 30 watts or more of driving power it will 
deliver 600 watts cw output. As a Class-B linear, 
single-tone conditions, its r11ted PEP output is 7 SO 
watts. 

Circuit 

The Eimac 3-S00Z triode is designed for 
grounded-grid service. A! may be seen from Fig. 
7-30, driving power is applied to the filllment 
circuit, which must be kept above rf ground by 
means of high-current bifilar rf chokes, RFC 1 and 
RFC2. These are a central feature of the bottom 
view, Fig. 7-29. The input impedance is low, so the 
input eircuit,Ll,Cl, tunes broadlJ:and the SO-ohm 
line from the exciter is tapped well up on LI. The 
plate circuit is merely a coil of copper tubing, L2, 
inductively tuned by means of a "shorted tum" of 
copper strip, rotated inside il5 cold end. See Fig. 
7-28. Tuning is smooth and the rotating loop 
avoids many problems commonly encountered in 
tuning high-powered arnplifien by conventional 
methods. Plate voltage is shunt fed to the tube, to 
prevent the high de voltage from accidentally 
appearing on the output coupling loop or on the 
antenna line. 

Most of the lower part of the schematic 
diagram has to do with control and metering, and 
is largely self-explanatory. The exciter voice
control relay shorts out R l, allowing grid current 
to flow, and making the amplifier operative, if the 
filament and primary-control switches, SI and S2, 
have been closed. Feeding ac voltage to the 
plate-&upply relay through 14, JS and Pl makes 
application of plate voltage without the filament 
and blower being on impossible. 

Constnaction 

The amplifier chassis is aluminum, 10 X 12 X 3 
inches in size, with the tube socket centered 3 1/8 
Inches from the front edge. The sheet-aluminum 
panel is IO inchc~ high. The decorative edging is 
"cove molding," used by cabinet makers for 
counter to1>5. Sides and back arc also sheet 
aluminum. Where they need not be removable, 
puts are fastened together by pop-riveting. Tools 
and rivets for this worlc can be found in most 
hardware stores. Perforated aluminum (cane metal) 
is used for the top, and for covering the panel 
viewing hole. 

Stretch the wire for the bifilar rf chokes, before 
winding. Then, with the wires side by side, under 
tension, wind them on a form of wood or metal. 
Titis is left in until the choke ends are soldered in 
position. Then remove the fonn and coat the 
windings with coil cement, to help maintain tum 
alignment. 

Fig. 7-27 - Tahle,top 50-MHz amplifier of 
grounded-grid design, only 10 X 12 inches In size. 
Grid and plate current are monitored simultaneous
ly. Knobs at the right are for input tuning, bottom, 
amplifier loadiflQ, center, and plate tuning. top. 

Connections to the grid terrninnls (on opposite 
sides of the socket) are made with short I /4-inch 
copper straps soldered to the pins and bolted to 
the chassis with No. 6 screws, nuts and lock
washcrs. Be sure that a clean, tight rf ground 
results. 

In Fig. 7-28 it will be seen that the hot end of 
L2 is supported on the top of the two blocking 
capacitors, C3 and C4, which in tum, are mounted 
on the Teflon rod that serves as the form fo1 
RFC3. The ground end of L2 is supported on a 
vertical post made of 3/ 8-inch copper tubing, 1 3/ 8 
inches high. The end of the coil can be fitted with 
a heavy copper lug, or pounded flat. A hole is 
drilled in the fl.it portion and a 2-inch brass bait 
runs through it and the post and chassis. Be sure 
that there is a permanent 50lid rf ground at this 
point. 

The shunt-feed rf choke is effectively across the 
tuned circuit, so it must be a good one. Hand
winding as described below is strongly recom
mended, as no ready-made choke is likely to be as 
good. Teflon is slippery, so a light thread cut in the 
form will help keep the winding in plllce. If this 
cannot be done, prepare and wind two wires, as for 
the filament chokes. Feed the wire ends through 
one hole in the form, and wind a bifllar coil. Pull 
the other endJ through the finish hole, bending one 
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Fig. 7-28 - Interior view of the 50-MHz amplifier 
shows the shorted-turn wning system, plete coi l 
and output coupling, upper right. The tuning and 
loading controls are mounted on a bracket to the 
right of the 3-5002 tube end chimney. Meter 
shielding is partially visible in the left front corner. 

back tightly at lhe hole edge. Remove the other 
winding, which should leave a tight evenly-spaced 
coil that makes an exceUent vhf choke. 

The blocking capacitor.;, C3 and C4, are mount
ed between brass plates, one of which is fastened 
10 the top of the r f choke form with a sheet-metal 
screw. The other plate is connected to the hot end 
of L2 by means of a wrap-around clip of flashing 
copper. The lead to the tube plate cap is made with 
braid removed from a scrap of coax. A strip of 
flashing copper about 1/4 inch wide is also good 
for this. Use a good heat-dissipating connector 
such as the Eimac HR6. 

The shorted-tum tuning ring is centered be
twun the fint two turns of L2. The ring is 
attached to a ceramic pillar, and that to a 1/4-inch 
shaft, the end of which is upped ror 8-32 thread. 
lllis shaft runs through a bearing mounted in a 
bracket 4 inches high and 2 3/ 4 · Inches wide, 
fastened to the chassis and the side of the 
enclosure. The output loading capacitor, C6, is also 
mounted on this bracket. It is one inch above the 
chassis, 1111d the tuning-ring shaft is 3 l/4 inches 
above the chassis. The input tuning capacitor, Cl , 
is mounted under the chassis, with equal spacing 
between the three, for symmelricaJ appearance. 

The output coupling loop, L3, is just inside the 
cold end of L2. It can be adjusted for optimum 
coupling by "leaning" it slightly into or out of L2. 
Be sure that it clears the shorted tum lhrougbout 
movement of the latter. 

The coaxial output jack, J3, b, on the rear wall 
of the enclosure. A small bracket of aluminum 
grounds it to the chassis, independent of the 
bonding between the chassis and the enclosure. 
Plate voltage enters through a Millen 37001 high-

VHF AND UHF TRANSMITTING 

voltage connector, J2, on the reax wall, and is 
bypassed immediately inside the compartment 
with a lV "doorknob" high-voltage capacitor, CS. 

The blower assembly in the left reax comer of 
the chassis draws air in through a hole in the back 
of the compartment, and forces it down into the 
enclosed chassis. The only air path is then back up 
through the ~ocket and chimney (Eimac parts 
SK-4 10 and SK-406 recommended) and out 
through the top of the enclosure. The data sheet 
for the 3-S00Z specifies an air flow of at least 13 
cubic feet per minute, when the tube is operated at 
500 watts plate dJssip11 lion. The ac leads for the 
blower motor come into the enclosure on feed
through capacitors. 

The meters are enclosed in a shield fastened to 
the front and side panels. Meter terminals are 
bypassed for rf inside the shield, and leads come 
through the chwis on feedthrough capacitors. The 
rocker-type switches just below the meters have 
built-in illumination. The high-voltage switch is not 
meant to control tl1e plate supply directly, but 
rather through a relay, as in the 3000-volt supply 
shown in Chapter S. The plate me ter is in the 
negative lead, so be sure that your supply Is 
compatible with this arrangement. Do not use this 
system where a potential difference exists between 
the amplifier and power supply chassis. All power 
leads arc made with shielded wire (Belden 8862) 
and all exposed points are bypassed to ground. 

Adjusonent and Use 

Do not apply drive to the 3-S00Z without the 
plate voltage being on. Also, it is recommended 
that initial testing be done with low drive, and with 
a plate voltage of 1500 or Jes~. Wi th a 50-ohm load 

Fig. 7-29 - With the bottom cover removed, a look 
into the chassis from the rear shows the input 
circu it, L 1,C1 , right, the bifilar filament chokes, 
foreground , filament transformer and control 
switches. Opening in the rear wall is for air Intake. 
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Fig. 7-30 Schematic diagram and para 
information for tha 50-MHz grotmdedilrid ampli• 
fier. 

B1 - Blower, 15 ft3/min or more. 
C1 - 75-pF variable (Johnson 167-41. 
C2 - 1000-pF dipped mica. 
C3, C4 - 500-pF 5-kV transmitting ceramic 

(Centralab 8685-5001. 
C5 - 500-pF, 10-kV or more, TV "Doorknob." 
C6 - 50-pF variable (Johnson 167-31. 
J1 - BNC coaxial receptacle. 
J2 - High-voltage connector (Millan 37001 ). 
JJ - Type N coaxial receptacle. 
J4 - 8-pin male povver connector, chassis-mount• 

ing. 
J5 - AC receptacle, chassis-mounting. 
L 1 - 4 tu ms No. 12 enam, 1 inch long, 1 inch dia. 

Tap 2 1/2 turns from ground end. 
L2 - 3 112 turns 1/4-inch copper tubing, 

3 1 /2-inch dia, 5 1 /4 inches long. Diameter is 
finished dimension, not that of form us&d for 
winding. See text and photo for turn spacing. 

connected to 13, apply 1000 to 1500 volts through 
12, and tum on the driver. Adjust the tuning ring 
inside L2 for a dip in plate current. Tune Cl for 
maximum grid current. Tune C6 and adjust the 
position of L3 with respect to L2 for maximum 
output. If the amplifier seems to be running 
properly, connect an SWR bridge between the 
driver and JI, and check reflected power. It should 
be close to zero. If otherwise, adjust the tap 
position on LI . 

Tuning range of the plate circuit can be 
checked with a grid-dip meter, with the power off 
the arnpllfler. The range is affected by tum spacing 
overall, and at the cold end. The closer the first 
two turns are together the greater the effect or the 
tuning ring. No other tuning device is used, so 

Tuning ring is closed loop of 1 /2-inch copper 
strip, 2 5/8-inch dla. 

L3 - 1 turn, 3-inch dia, end leads, made from one 
piece of 1/8-inch copper tubing or No. 8 wire. 

M1 - · DC meter, 0-1 ampere (Simpson Wide-Vue, 
Model 13271. 

M2- 0-300 mA, like M1. 
P1 - AC plug, on cable to power supply. 
R1 - 47,000-ohm 2-watt resistor. 
RFC1, RFC2 - 21 turns each, No. 12 enam, 

1/2-inch dia, bifilar. 
RFCJ - 30 tums No. 20 enam, spaced wire die, on 

3/4-inch Teflon rod, 3 3/4 inches long. Drill 
end holes 1/2 and 2 3/4 inches from top. 

S1, S2 - Spst, rocker-type, neon-lighted (Carting 
L T1 L, with snap-in bracket). 

T1 - Filarrent transformer, 6 V, 15 A (Stancer 
P6433; check any electrical equivalent for fit 
under ~inch chassis). 

some experimentation with diameter and length of 
L2 may be needed if you WIIIlt other than the 49.8 
to 52.7 MHz obtained with the graduated tum 
spacing visible in the interior view. The highest 
frequency is reached with the ring in a vertical 
plane. Dimensions that affect tuning range are as 
follows: Grounded suppon for L2 - 1 1/8 inches 
from right side of chassis, and 3 l /4 inches from 
rear. RFC3 mounting position - 4 inches from rea, 
and 5 1/ 2 inches from left. Shorted tum approxi
mately centered between tums l and 2 of L2. The 
start or L3 bends from the stator ofC6 to near the 
start of L2. The end toward J2 passes between the 
first two turns of L2, clearing the tuning ring in 
any position of the latter. 

Once the amplifier seems to worlc normally at 
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moderate plate voltages, apply higher, up to the 
maximum of 3000. Plate current, with no drive, 
should be about 160 mA. It can be lowered by 
inserting 0.1 to 0.4 ohm in series with Rl and the 
filament center-tap. A Zener diode, 2 to 9 volts, 10 
watts, could do this job, as well. 

Keep the amplifier tuned for maximum output. 
Do not decouple to reduce output; cut down drive 
and/or plate voltage instead. Adjustment for linear 
operation requires a scope. Maximum output, 
minimum plate current and maximum grid current 
should all occur at the same setting of the plate 
tuning. If they do not, the output loading is 
over coupled, or there is regeneration in the ampli
fier. The platc<11IrCnt dip at resonance is notice
able and smooth, but not of great magnitude. 

VHF AND UHF TRANSMITTING 

Typical operating conditions given by the man
ufacturer, and in the tube-data section of the 
Handbook, are guides to good practice. The ampli
fier works well with as little as 1000 volts on the 
tube plate, so vuying the ac voltage to the 
plate-supply transformer is a convenient way to 
control power level. It is seldom necessary to run 
the maximum legal power in vhf communication, 
so some provision for this voltage contrnl is 
recommended. With just one high-voltage supply 
needed and no critical tuning adjustments, power 
variations from 100 to 600 watts output are 
quickly and easily made. This amplifier was built 
by Tom McMullen, WISL, and first described in 
QST for November, 1970. 

A 2-KW PEP AMPLIFIER 
FOR 144 MHz 

" 
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Large ex tern al-anode triodes, in a cathode
drivcn configuration, offer out~tand.ing reliability, 
stability and ease in obtaining high power at 144 
MHz. The selection is somewhat limited and they 
are not inexpensive. Data on the recently intro
duced 3CX1500A7/8877, a high-mu, external
anode power triode, appe.ued very promising. A 
reasonable heater requirement (SV at 10 A) and an 
inexpensive socket and chimney combination made 
the tu be even more attractive. 

The techniques employed in the design and 
construction of the cathode-driven 3CXIS00A7/ 
8877 amplifier described here have removed many 
of the mechanical impositions of other designs. 
Those interested in obtaining complete con
structional details should refer to the two part 
article appearing in December, 1973, and January, 
1974 QST. 

The plate tank operates with a loaded Q on the 
order of 40 at 2-kW PEP and 80 at l kW. Typical 
loaded Q values of 10 to 15 are used in hf 
amplifiers. In comparison, we arc dealing with a 
relatively high loaded Q, so losses in the strip-line 
tank<ircuit components must be kept very low. To 
this end, small diameter Teflon rod& are used as 
mechanical drive for the tuning capacitor and for 
physical support as well as mechanical drive for the 
output-coupling capacitor. The tuning vane or 
flapper capacitor is solidly grounded, through a 

wide flexible strap of negligible inductance, di
rectly to the chassi~ in close proximity lo the 
grid-return point. A flexible-strap arrangement. 
similar to that of the tuning capacitor, is used to 
connect the output coupling capacitor 10 the 
center pin of a type N coaxial connector mounted 
in the chassis base. Ceramic ( or Teflon) pillars, 
used to support lhe air strip line, are located under 
the middle set of plate-line de isolation bushings. 
This places these pillars well out of the intense rf 
field associated with the tube, or high-impedance 
end of the line. In operation, plate tuning and 
loading is quite smooth and stable, so a high-loaded 
Q is apparently not bothersome in this respect 

ln this amplifier, output coupling is accom
plished by the capacitive probe method. A~ 
pointed out by Knadle' '"Major advantages of 
capacitive probe coupling arc loading linearity and 
elimination of moving contact surfaces." 

Capacitive-probe coupling is a form of "reactive 
transformation matching" whereby the feed-line 
(load) impedance is transformed to the tube 
resonant-load impedance (R,J of 1800 ohms (at 
the 2-kW level) by means of a series reactance (a 
capacitor in this case). At the 1-kW level, R 0 is 
approximately twice that at the 2-kW PEP level. 
Therefore, the scric• coupling capacitor should be 
variable and of sufficient range to cover both 
power levels. Formulu to calculate the transforma
tion values have been presented in QST. • 

The electr~mechanical method of probe coup
ling used in thls amplifier is easy to assemble and 
provides good electrical performance. Also, ii has 
no movin~contact surfaces and enables placement 
of the output coupling, or loading, control on the 
front panel of the amplifier for ease in adjustment. 

The grid- and cathode-metering circuits em
ployed are convcnlional for cathode-driven wnpli
fiers. The multimeter, a basic 0-1 mA movement, is 
switched to appropriate monitoring points. 

An rf-output monitor is a virtual necessity in 

1 Knadle. "A Strip-Line Kilowatt Amplifier for 
432 MHz," QST, In two parts: Part I, April, 1972, 
p, 49; Part II, May, 1972, p, 59. 

• Belcher, "Rf Matching Technlque~. Desi«o and 
Example," QST, October, 1972, 
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The placement of input-circuit companentt and 
aipporting bnlclcet mav be seen In this bottom 
view. When the bottom cowr ii In place. the 
ICr■llf'led air Inlet allows the bl- ID pull air In, 
pn111urizlng the entire under-ch•1i1 .,.., The 
Minlbox on the rear apron is a housing for the 
inpu1 reflectometer circuit. 

vhf amplifiers to a.!Sure maximum power transfer 
to the load while tuning. Most capacitiv~robc 
output coupling schemes presented to date do not 
lend themselves to buill-in relative-outpul moni
toring circuits. In this amplifier, one of these 
buUt-in circuits is achieved quite handily. The 
circuit consists of a 10: I resistive voltage d1vider, 
diode rectifier, @ter and adjustable Indicating 
imtrumenL Two 7500-ohm, 2-watt carbon re
sbtors are located in the plate compartment 
connected between the type N rf-output connector 
and a BNC connector. A small wire was soldered to 
the center pin of the BNC connector, Inside a 
Mlnlbox, with the 1500-ohm, I-watt composition 
resistor and the rectifier diode joined at this poinl. 
Relative output voltage is feel, via feedthrough 
capacitors, to the level-sclfinl potentiometer and 
multimcler switch. 

A calibrated siring of 2-watl composition re
sistors, totaling 5 megohms, was inst11lled to 
facilitate .. on-the-spot" determination of power 
lnpu t, and to atlest to the presence or absence of 
high voltage in the plate tank circuit. A fuU-scale 
range of 5000 volts is obtained with lhc 0-1 mA 
meter. Ir desired, the builder may use ten 500-K-n, 
2-wall, I-percent resistors for the string and 
reasonable accuracy will be obtained. Of coune 
this monitor feature may be eliminated if other 
means are used lo measure and monitor pl.ate 
voltase. 

The amplifier is unce>nditionally stable, with no 
parasitics. To verify this, a zero biH check for 
stability was made. This involved shorting out the 
Zener diode in the cathode return lead, reducing 
bias to essentially zero volts. Plate voltage was 
applied, allowing the tube to dissipate: about 885 
wat!J. The input and oulput circuit~ were then 
tuned through their ranges with no loads attached. 
There was no !lgn of output on the relative output 
met.er nnd no change in the plate and grid currenu. 
A! with most cathode-driven ampllrien, there ii e 

The tube and plate line 11 in place, with tha lop 
and llde of lhe compartmenl remDYed for darhy. 
The plate-tuning vane ii at bottom center. A 
bracket 11 attached to the 1ide panel to 1upp0r1 the 
rear of the Teflon rod supporting th■ tuning vane. 
The coll at the opposite end of the plate llne 11 
RFC1, connected between the high-voltag&-bypass 
plate and the top section of the pl111.-line 111nd
wlch. lt■rm outside the tube enclosure include the 
filament transformer, blower motor, relays, and a 
power supply to operate a VOX-<:ontrolled relay 
system. 

slight inter11ction between grid and plate currents 
during normal tune-up under rf-applied conditions. 
This should not be misconstrued as amplifier 
inslllbility. 

Tolerances of the Zener diode used in the 
cathode return line will remit in values of bias 
voltage and idling plate currents other than those 
listed in Table I. The IN3311, a 20-percenl 
tolerance unit, is nkd at 12 volts nominal but 
actually operatn at 10 volts in this amplilkr 
(within the 20-percenl tolerance). 

All msting and actual operation of this ampli
fier was conducted with a Raytrack high-voltage 
power supply used in conjunction with the au, 
lhor's 6-meter amplifier. The power supply control 
and output cable harness was moved from one 
amplifier to the other, depending on the desired 
frequency of operation. 

Drive requirements were measured for plate 
power-input levels of 1000 and 1600 watts with a 
Bird Model 43 Thru Line Wattmeter and a plug or 
known accuracy. Oulpul po-r was measured 
runultaneously with drive n:quirements at thr 
1000 and 1600 wall plait power input levels. A 
second Bird model 43 with a 1000-watt plug wu 
used to measure amplifier output into a Bird 
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1000-watt Tennaline load. A 2500-watt plug 
would be necessmy to determine output power at 
the 2-kW input level, so I stopped at the 100O-watt 
output point and worked backwards to calculate 
appu1ml stage pin and efficiency, 

Efficiency measurements also were made 
employing the "tube air-stream heat-differential" 
method. s~erai runs were made 11 885 watts Italic 
de and normal d inpuL Appan:nl efficiencies or 62 
to 67 pen:ent were noted. These values were about 
S-percent higher than the actual power output 
values given In Table I. Both efficiency meuure
ment schemes lel'Ye to confirm thal the ampHfler ls 

Fig. 1 - Schematic diagram of the amplifllt'. 
Included Is information for the Input reflactomater 
ullld a zm aid to tuning the cathodll circuit for low 
SWA. C7, CB, and C9 are fabrlcatad III described In 
the text and Fla. 2. 
B1 - Blower. FMCo 59752-IN or Dayton 2C810. 

Wheel diameter I• 3-13/16 inchet. 
C2 - 5- to 30-pF air 11arlabl11. Hammarlund 

HF-30-X or aqul11. 
C3, C4, C5, C6 - 0.1 i,F, 800-V, ~A feedthroultt 

capacitor. Sprague 80P3 or equiv. 
J1, J2, J6 - Coaxial chassis-mount connecton, 

t-;pe BNC. 
J3 - Coaxial connector, type N. 
.J4 - Coaxial panel Jack, UG-228/U (Amphenol 

82-62 or equl11.I. 
J5 - HV connector I.Jame• Millen 37001 or 

IIQUIII,). 
L 1 - Double-1lded pc board, 1-1 /4 x 4-7/16 

Inches. 
L2 - 4-1/4 inche• of No. 1 B wire. L 1 and L2 are 

pa-t of the input reflectometer circuit described 
In the text undar the heading of "Support 
Electronics. n 
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opera ting at the upper limit or the the ore tlcai 
50-60-perccnt efficiency range for typical Class 
AB 2 amplifiers. 

To commence routine apentlon. the variable 
capacitor in the input circuit llhould be set at the 
point where lowest input VSWR was obtained 
during the "cold-tube" Initial tube-up. The ability 
or the plate tank 10 resonate at 144-145 MHz with 
the lop cover In place llhould be verified with a 
grid-dip meter , via a one-tum link attached to the 
rf output connector. Top and bottom covers uc 
then secured. Al with all CDthode driven amplifiers, 
acitotlon lhould ne'llo be applied when the tube 

L3 - 6 tums No. 18 11nem., 5/8-in. long on 3/8-ln. 
dl11 form (white slug), 

L4 - 3 turns No. 14 enam., 6/8-ln. long>< 9 /16-ln. 
ID. Lead htngth to L3 is 5/8-ln. Lead length to 
cathode bus i1 3/4-in. 

L5 - Alr.(lielactrlc strip line. See text and Fig. 2. 
P1 - Coaxial cable connector, typa BNC. 
P2 - Coaxial cable connactor, type N. 
Al - Meter ranga multiplier. Ten 500-K 0, 2-wan 

composition r91i11on in 1erlas. 
RFCl - 7 rum■ No. 16 tinned, 1 /2-ln. ID >< I-In. 

lonq. 
AFC2 - 18 turns No. 18 11nam., close wound on 

1-l'l"lllgOh!"l, ?-watt composition resistor. 
RFC3, RFC4 - Eech 2 ferrite beads on component 

llllld1. 
RFC5, RFC6 - 10 tum■ No. 12 11nam. blfllar 

wound, 5/8-ln. dla. 
S1 - Slngle"1)01e, three position rotarv switch, 

non-shorting con tacts. 
Tl - 6-V, 10-A 1econdarv. canter tap not usad. 

(Stancor P~l 35 or equl11.I. 
VA1 - 12-V, S0-11 Zenar diode. 

t~ 
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heater is activated and plate voltage iz removed. 
Next, turn on the tube heater and blower simul
taneously, allowing 90 seconds for wann-up. Plate 
potential between 2400-3000 volts lhen may be 
applied and its presence verified on the multimeter. 
The power supply should be able to deliver 800 
mA or so. With the VOX relay actuated, resting 
current should be indicated on the cathode meter. 
A small amount of drive is applied and the plate 
tank circuit luned for an indication of maximum 
relative power output. The cathode circuit can now 
be resonated, tuning for minimum reflected power 
on the reflectometer, and not for maximum drive 
power transfer. Tuning and loading of the plate
tank circuit follows the standard sequence for any 
cathode driven amplifier. Resonance is accom
panied by a moderate dip in plate/cathode current, 
a rise in grid current and a considerable increase in 
relative power output. Plate-current dip is not 
absolutely coincident with maximum power out
put but it is very close. Tuning and output-loading 

adjustments should be for maximum efficiency and 
output as indicated on the output meter. Fj.nal 
adjustment for lowest VSWR at amplifier input 
should be done when the deisred plate input-power 
level has been reached. 

PLATE-LINE 
E NCI.OSUIIE 

Table I 

Performance Data 

Power input, watts 
Plate voltage 
Plate current (single tone) 
Plate current (idling) 
Grid bias 
Grid current (single tone) 
Drive power, watts 
Efficiency (apparent) 
Power gain (apparent) 
Power output, watts 

r--------------~ 
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144 MHz 
L5 

1000 
2600 
385 mA 
50mA 
-IOV 
3S mA 
18 
59.5% 
15.2 dB 
595 

= IW 

1600 
2450 
660mA 
50mA 
-IOV 
54 mA 
41 
61.8% 
13.9 dB 
1000 
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I 
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CAI TOP SHEET 
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. A. t<OLES DRU.ED ,.,., TAPPO> I 
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- --- . 5'1{6' -,-------1 
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SHORTING BAR ¼•·THICK BRASS 
(6..JS .... J 
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Fig. 2 - Dimensions and layout in
formation for the plate line. The two 
brass plates and a Teflon sheet form a 
sandwich with the plate nearest the 
chassis being at de ground potential. The 
top plate carries high voltage and is 
connected to the tube anode. The 
shorti ng ber (Cl is permanently attached 
between the bottom plate and the chassis, 
replacing the sliding short that is visible in 
the photographs. 

A TR IPLER AMPLIFIER FOR 432 MHZ 

Equipment for 432 MHz varies in style, size. 
complexity, and ancestry. Some stations use con
verted uhf fm transmitters that once saw duty in 
tlixicabs or the like. Others hove been able to build 
up-converters using tubes such as the 6939_1 

Others have pressed their 144-MHz equipment into 
service by employing an active frequency trip
ler_2.3 

2Knadle, "High Ertlclency Parallel Kilowatt for 
432 MHz," QST, April, 1972. 

lMorettl, "A Heterodyne Exciter for 432 
MHz," QST, November 1973, (also see Feedback, 
QST, March, 197 4, page 83), 

3 Knadle, "Dual-Band Stripline AmpUfler
Tripler for 144 and 432 MHz, " Ham Radio, 
February, 1970. 



A Tripler Amplifier for 432 MHz 

The design cri1erl11 for a desin1ble amplifier 
were simple -• a tab le-top conduction-cooled 
(quiet) unit that would deliver 100-watts output al 
a drive level of less than 10 walls. The tllble-top 
conf1guration would be more altraclive to many 
station owners lhan would the old reliable rack
and-panel system of days gone by. The con
duc1ion-cooling requirement was lo get away from 
the blower/air-hosc/ inrulsted-box problems that 
follow the u511aJ external-anode de5ign. At lhe 
I 00-watt output level, some transmission-line loss 
could be tolerated and still allow the use of a 
modest antenna for satellite access. 

Amplifier Circuiby 

The amplifier draws heavily upon previous 
designs , that utilized the air-cooled, extemal·anodc 
tubes, as shown in Fig. I and in the photo
graphs. A half-wave grid line is fabricated from 
double-sided pc-board zmterilll. The input-<:oupling 
method dep:uu slightly from previous examples, 
but only in the mechanics or adjustment. The pl!lte 
line is mnilar lo published infonnalion, wilh 11igh1 
variations in the method of tuning. 

lnpul coupling to the amplifier is by mll.llns of a 
capacitive probe lo the grid line. A sm11II tab of 
copper is soldered to the grid line and forms one 
side of lhe capacitor. A disk on the center 
conductor of a coaxial section is the movable 
portion of the coupling. This coaxial sec tion is 
fabricated from pieces of bras.s tubing that will 
ilide t~ther. telescope fashion. A BNC chassis
mount fitting with lhc threads filed down is 
soldered into the inner, movable piece of tubing to 
aUow ease of connection from the exciter. A piece 
of copper wire and a couple of Teflon dl~ks extend 
lhc center conductor for attachment of the capac
itor plate inside the grid compartmenL Once 
adjusted, the sliding portion is held in place by 
means or a smaU compression clamp. 

'Temprobes• Test KIL, b:, Tempi1° , KAmilton 
Blvd ., Soulh Plainfield, NJ 07080. 
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The plate line is the familiar half-wavelength 

Vllriety, with capacitive luning provided by 
movable vane, or '"flappers." In earlier versions 
using this tunin1 scheme, the Oappeu were moved 
by means of siring that was allowed to wind or 
unwind around a fflaft, providing front-panel con· 
trol. After a few instances of loss of control, 
caused by lhe nylon fishing line melting or 
becoming untied, the writers decided that there 
had lo be a heller ,wy. Accordingly, the cam-on
a-rod method was tried and found satisfactory. 
Both plate-tuning and output-coupling Oappeu ue 
adjusted in this manner (Fig. 2). 

Cooling 

Several tests were performed to check the 
effectiveness of the thermal-link/heal-sink cooling 
system. With the aid of Temprobes,4 it was 
determined thal the tube would stay within max• 
!mum temperature ratings while dissipating 100 lo 
200 wa tts of de. A liberal coating or thermal
conducting grease was used lo aid heal transfer. 
More on this subject laler. 

A look at the bouom of the amplifier re119al1 the 
grid comp.irtment (lop center) and the ac and de 
connection cables from the po_, 1upply. A grid 
line is tuned by means of II butterfly type of 
capacitor mounted on phenolic 10 that the total 
capacitance 11 reduced. A smal l di1k on the end of 
1 coaxial section provides capacitive Input coupling 
to the grid circuit . The fle1tible coupling shown 
here has since btltln replaced by two universal-joint 
:ype of connec:ton to remove some annoying 
backlash in the tuning control. A high-wanage 
dropping resiuor, part of the scrnn supply cir• 
cuitry. is shown at the right. 
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AMPLIFIER 
4UMHl 

t ■0 

4 
JJ J4 

Fig. 1 - Schemauc diagram of 1h11 432-MHz 
amplifier. 
C1 - 1.8· 10 5.1-pF air variable, E . F. Johnson 

160-0205-001. Mount on phenolic bracket. 
C2 - 1 /2-inch die. disk on center conductor of 

coaxial e,ctenaion. See 111,ct and photograph. 
C3, C4 - Sprin9-br111s flapper type tuning capac

itors. See te,ct and Fig. 2 . 
C5 - 2-1 /2 X 4~nch pc board, 1ingle-.ldlld, with 

.01.;nch thick Teflon 1hee1 for in11Ulation to 
chassis. Copper-foll aide mounted toward the 
chassis wall. 

CR1 - 1 /4-inch di ■. LEO. 
J 1 - BNC chassis-mount connector with threads 

filed to flt inside bran sleeve. 
J2 - Type "N" coaxial connector. 

Early tests with only de applied, and later ones 
with the fuU de and rf voltages present, confirmed 
that at the 100-wan output level no forced-air 
cooling was required. At higher ou tput levels of 
175 to 200 waits, the temperatures on the anode 
and heal sink were still below the maximum 
allowed by the manufacturer, but high enough that 
ii was felt prudent to add a quiet Mwhispcr" fan for 
lllfety. Operational tests proved that the added 
background noise was not distracting to the open· 
tor. 

IIAS 
ADJ. 

100 

t 
Bt.u 

LI 

001 b, $£[ rDCT 

~ 
♦ 

800 TO \I00V 

..!!.. 
-H..V tOW 

.13, J4 - Tip jeck1 or binding posts. 
J5 - Phono type connector. External relay con

tacts should be wired to short JS for "carriar
on" condition . 

J6 - High-voltage connector, James Millen 37001 . 
L 1 - 1-3/4 X 4-inch double-sided pc board. spaced 

7/8-inct, from chaui~. 
L2 - J-1 /2 )( 6-1 /4.;nch double-.ided pc board or 

aluminum strip. Length from tip of line 10 tube 
center is 7-1 /8 inche$. See Fig. 2. 

Heel Sink - Aalradyne Na. 3216-0500-AOOOO, 5 
X 5 inch111. Can be painted flat black or 
anodized for better dissipation . 

R1 - 27 ohm, 1-W rasistor, 6 in parallel. 
R2 - 100-kSl 1-W resiuor, 3 in parallel. 

Con1truction 

There arc sevcnd configura lions possible for the 
packase, and the construclOr should feel fNc to 
mold them lo fll his idea of how things should be 
assembled. An LMB cabinet (CO-I) was llllllected 
for an enclosurl! because it malches many of the 
wgray boxes" found in a lot of !backs. Rather than 
mount the heal ~ink through an un~lghtly hole in 
the rear panel of the cabinet, it was decided lo 
mount the amplifier parallel lo the front panel. 



Tube Placement 

COPPER 
BLOCK 

HEAT 
SINK 
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-------------- 1½"------- - -

SK630 
SOCKET 

C2 

Fig. 2 - Cutaway drawing from the side of the grid and plate compartments. The plate line may be made 
of two pieces, as shown here, or of one single piece of al uminum strip. C4 is shown from the end-on view. 
The arm that mo11es C4 and the eccentric that moves C3 are fastened to their insulated shafts by epoxy 
cement. Small Teflon buttons prevent accidenta l shorts between the capacitors and the plate line. 

This places the heat sink inside, but tliere is 
adequate ventilation through the box to allow 
proper cooling. This mounting scheme also pennits 
a fan to be mounted imide, so that there are no 
awkward protuberances to worry about behind the 
cabinet. A standard size chassis is used to fill the 
gap between the panel and the amplifier proper , 
and incidentally to provide a mounting space for 
peripheral electronics. As long as the parts place
ment within the amplifier grid and plate compart
ments is not changed from the design given here, it 
will not matter what is done externally. 

The grid compartment is a 5 X 7 X 2-inch 
aluminum chassis with captive nuts in the bottom 
lip to permit securing the bottom plate. For the 
plate compartment a 5 X IO X 3-inch aluminum 
chassis was modified to provide better mounting 
surfaces for the heat sink and to allow the 
plate-tuning flapper to be mounted on the end wall 
of the compartment. One end of the chassis was 
removed and pieces of aluminum angle stock were 
fastened around the open end. These pieces were 
drilled to accept No . 8-3 2 screws that thread into 
tapped holes in the heat sink. Tapped holes in the 
top surface of the heat sink and captive nuts in the 
top lips of the chassis pennit a perforated top plate 
to be fastened securely for minimum rf leakage. 
Total dimensions are given in F ig. 2. 

Tube Placement 

An Eimac SK~30 socket and SK-I 920 thermal 
link are used in mounting the tube and conducting 

:he heat away from the anode. The thermal link is 
made of toxic beryllium oxide (BeO). The manu
facturer's caution against abrasion, fractures, or 
disposal should be heeded. Parts placement in the 
anode-block area is i;ritical if efficient heat transfer 
and minurnum strain on the tube arc to be 
obtained . The tube socket must have sufficient 
clearance in its mounting hole that some lateral 
movement toward or away from the heat sink is 
allowed. The socket is secured to the chassis with 

The varector tr ipler is assembled ln a box made 
from double-sided pc board. 
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the usual toe clamps supplied. Because of the rim 
formed on the socket by the integral screen-bypas.~ 
capadtor , a spacer is needed between the thermal 
link and the heat sink. A piece of copper, I /4-inch 
thick and about 2-3/4 X 4-1 /2-inches, serves as the 
spacer, as well as providing excellent heat transfer 
to the inner face of the heat sink. This copper 
spacer and the ReO thermal link are both held in 
place between the tube anode and the heat sink by 
the pressure applied by the ceramic pillars. The 
anode end of the plate Line is bent up to form a 
surface that will permit screws to thread into the 
insulators. In the early version of the amplifier thi~ 
shaped and bent piece of aluminum was only long 
enough to provide some mounting surface to which 
the plate line (double-sided pc board in this 
instance) was fastened by mean~ or five No. 6-32 
screws and nuts with lock washers . The photograph 
shows this particular scheme in the top view. A 
later version had the pc board replaced with an 
aluminum strip of the same size. A still later test 
was made with the anode-clamp/plate line all 
constructed from one piece of aluminum. No 
difference in plate-circuit performance could be 
noticed, which was the reason for the tests of 
different materials. 

A moderate coating of thermal-conducting 
grease should be applied be tween the copper plate , 
the heat sink, the thenna! link , and the anode 
block. Don't overdo it, however. In one test a glob 
of the material found its way down to the screen 
ring, and the combination of rf and de voltages 
between the screen and plate caused the material 
to break down. 

The Tripler 

The tripler is responsible for the "Tr" part of 
the name. The frequency tripler, using a varactor 
diode, is essentially a duplicate of the one de-

VHF AND UHF TRANSMITTING 

The amplifier chassis is mounted parallel to th e 
front panel. A varactor-diode tri p ler is mounted on 
the subchassis. at the right . This view of the 
ampl ifier shows the ceramic insula tors that p rovide 
pressure to hold the tube anode against the thermal 
link and the heat-si n k assembly. A half-wavelength 
plate line occupies most of t he length of the 
chassis, with a flapper type of tu n ing capacitor 
moun ted on the left wal l. The two VA tubes. 
center, are regulators for the screen voltage. In • 
sulated shafts extend into the plate compartment, 
under the p late line, where they rotate eccentric 
disks to p rovide tuning control. Two tip jacks at 
the eJ<treme right all ow a cooling fan to be 
connected, if needed for higher power operation . 

scribed in other ARRL publications.!'> A slight 
change was made to permit easier adjustment ; a 
1000-ohm resistor was added in series with the 
normal bias resistor across the diode . This permits 
the diode current to be monitored during !he 
lune-up procedure . A rough approximation or 
correct adjustment can be obtained by tuning the 
input circuitry for maximum voltage across tlle 
I 000-ohm resistor , and then adjusting the idler 
circuit and the output circuits for a dip in this 
reading. These adjustments should be made with 
the varactor output connected to a suitable 
50-ohm load; reactive loads will cause the readings 
to be erratic and confusing. Final adjustments 
should be made with the aid of SWR meters and a 
sensitive waverneter or other ~pectral-output 
indicating system . Once the tripler is adjusted for 
proper operation into a dummy load, don't touch 
it. Further adjustments should be done at the tube 
grid-input circuit . 

Because the tripler construction and the peri· 
pheral-electronics chassis layout were not carefully 
coordinated, there is a distressing lack of space to 
adjust the triplcr input circuits while in place (as 
can be seen in the photograph). However, if the 
builder will move the location of the voltage 
regulator tubes an inch or two to the left, there 
should be no problem . The tripler is fastened to 
the chassis by means of spade lugs ex tending from 
the vertical members of the tripler box. 

Power Supply 

Most of the earlier testing of this unit was 
pcrfonned while using the Heath HP-23A to supply 

6Radio Amareur ·s Handbook. ARRL, 52nd 
Edition. C'hapter 7. 
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144MHz 

INPUT 

J1~L1 
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Fig. 3 - Schematic diagram of the varactor tripler. 

all voltages. The amplifier can be operated at the 
80- to I 00-watt output level without unduly taxing 
the capability of thi~ supply. Accordingly, the 
wiring and plug connections were made up with 
this feature in mind. When a larger supply was 
constructed for tests at the 200-watt level, con
nections were made compatible with those on the 
Heath supply as far :iS practicable. When using the 
HP-23A, prnvision must be made to drop the 
filament potential to the nominal 6.0 V required 
by the 8560A heater. A voltage-dropping resistor 
for this purpose is located under the support 
chassis. Heater voltage should be measured at the 
tube socket, not at the power supply. The newer 
power supply, HP-23B, can be used if the series 
resistance added is sufficient to drop the potential 
from 12 to 6 V as needed by the tube. 

Adjustment and Operation 

Initial testing should be performed while opera
ting the amplifier at reduced plate and screen 
voltages, if possible. Output coupling should be al 
maximum, and the input-coupling probe should be 
near maximum. Again, do not adjust the tripler 
circuits to make up for misadjustment of the 
amplifier. Drive power should be adjusted by 
increasing or decreasing the 144-MHz excitation to 
the t:ripler. An output power indicator should be 
used as an aid in adjustment of the amplifier. 

TABLE I 
Operating Condition1 

144-Mllz 
drive power 
watts 

4 
g 

10 
15 
18 

Ep- lOOOV. 

432-MHz 432-MHz 
dri~e power output power 
IWttS KUttS 

2 30 
4 so 
5 80 
7 100 
9 140 

lp - 60 mA, zero signal. 
[p - 300 mA, single tone (cw), 140 W output. 

231 

432 MHz 

L4 

Provisions were made in the wiring to the multi
meter switch to display a sample of rf energy, such 
as might be obtained from a directional coupler.6 

fhe input-probe spacing and the grid-line tuning 
ihould be adjusted for maximum drive to the tube; 
this should be concurrent with minimum SWR as 
ieen by the tripler. Move the coupling probe in 
,mall increments - the proper position will tend to 
be somewhat difficult to find. Output coupling and 
plate tuning should be adjusted for maximum 
output. The reason for starting with maximum 
coupling is that with minimum coupling and 
reactive loads, the amplifier could be unstable. 
Loading should be decreased un ti! there is a 
smooth, but not sharp, dip in plate current. A 
reading in the vicinity of 250 to JOO mA at 
resonance is about right, at a plate potential of 800 
V. As with most tube~ in this family, maximum 
output is sddom achieved at minimum plate 
current. Use the output power as an indication of 
proper operation, but be sure that the scr(,en is not 
abused - small amounts of negaci~e screen current 
are no cause for alarm. In all cases, do not exceed 
the power dissipation rating of the tube clement 
concerned. 

It i.s not practical to operate this tube in this 
configuration at more than 1200-V plate potential. 
Tests were made at l 500 V, with disastrous results. 
At that de level, with the added rf voltage, the 
stress across the BeO thermal link caused it to 
become very "unhappy." Thii caused it to produce 
frying sounds, which made the authors unhappy. 
fhe condition also caused a reduction of plate
circuit efficiency and much unwanted heating of 
nearby metal parts. Investigation of the 
phenomenon showed that the high Q of the circuit 
caused the fault. Rather than do a complete 
redesign of the plate circuit, and because the initial 
goal was a 100-watt unil, the decision was made to 
leave well enough alone and recommend a 
I 200-volt limit. This unit was originally described 
by QSTforJanuary, 1976. 

6McMullen, "The Line Sampler," QST, April 
1972. Also in FM and Repeater-s for the Radio 
Amateur, Chapter 10, and The Radio Amareur·s 
VHF Manual, Chapter 14. 



232 VHF AND UHF TRANSMITTING 

A LOW-DRIVE 6-METER PA 

Recently, there have been some excellent arti
cles on 6-meter amplifiers in the 1- and 2-kW PEP 
levels. Usually grounded-grid design is used and th~ 
amplifiers require exciters in the 100-wall cl35s. 
The new popular solid-slate 6-mcter transceiven 
thal develop approxima lely I 0-wa Its PEP fall short 
of the necessary drive for grounded-grid design. 
This 11mplifier can easily be driven lo 500-watn 
PEP input by transmitteJ"s in this power class. 

The Circuit 

A single 4CX250B is used in a conventional 
groundcd-eathode arrangement (rig. I). The tuned 
grid circuit and the pi-network in the output is a 
standard design that works well on 6 meters. 
Driving power is fed into the tuned grid circuit 
through a 50-ohm T pad. Selection or the correct 
T-p:id value will compensate for driving power of a 
wa It or so up to 25 wa Its. RS provides very heaV)' 
swamping and assures that the amplifier is com
pletely stable. If R5 resistor is omitted for drive oi 
lcM than I wa It, the amplifier will have to be 
neutralized. Another advantage of the T pad and 
resistive input is a more constant load to the 
driving stage. 

In the plate circuit, heavy copper-strap conduc
tors arc used to provide low Inductance leads. The 
output capacitance of the 4CX2501l (4.4 pF) plu1 
strays and the plate tuning capacitance should be 
IO to 12 pF for a reasonable circuit Q. The 
ampliner plate circuit should resonate at 50 MH2 
with lhe tuning capacitor (CJ) as near minimum 
value as possible. 

Top view of lhe ampli fier (note paralleled ceramic 
capacitors for C4). 

Designed and built by Dick Ste11ens, Wl QWJ, this 
amplifier fills the need for a low-<lrive model usable 
with 10-watt exciters. 

When drive is provided by a transceiver, a dpd 1 
relay (Kl) place~ the amplifier in the line in the 
transmit condition ond conm:ch the antenn~ to the 
transceiver in the receive condition. Cutoff hia~ is 
applied to the nmplifh:r in the receive condition 
and is reduced lo the operating value while 
transmitting by grounding one end of the bias 
potentiometer. R4. A double set of VOX send/ 
receive contacts is required to perform these two 
functions (K2). 

Conslruclion 

An LMR C0-7 cabinet is used as the basic 
amplifier housing. I I is necessary to add 4 small 
brackets to stiffen the front and back panel~. Two 
pieces of 1/2 )( 1/2-inch Reynolds aluminum angle 
stock are added to lhc sides of the built-in chassis 
to provide additional strength and provide an air 

TABLE I 

Pad V1lue1 for Input Attenuator 

A11n (dB) 

0 
6 

10 
20 

RI 
none 

18 
27 
43 

R2 

18 
27 
43 

R.J (ohms} 

68 
39 
11 



Results 

seal between the bottom and top of the chassis. All 
the perforated holes above the lop of the chassis 
musr be covered with masking tape to make the 
top portion of the cabinet airtight. Directly 
beneath the 4CX250B tube socket, a large hole is 
punched in the bottom of the cabinet for an air 
entrance. The photograph of the amplifier shows 
that the 4CX250B does not have 11 chimney. It was 
later found that the chimney musr be used to 
provide adequate cooling. A 4-inch diameter hole is 
cut in the back panel of the cabinet and a 5-inch 
Roton Whisper fao is mounted over the hole to 
exhaust air from the cabinet. 

Air now is through the bottom of the cabinet. 
through the socket of the 4CX250B, through the 
chimney into the anode and out of the cabinet 
through the exhaust fan. Very liUle blower noise is 
generated using this method of cooling as com
pBJ'ed to the conventional squirrel-cage blower fan. 
The amplifier construction is quite simple as can be 
seen from the photographs and can be duplicated 
easily. 

· Result, 

A ~uitable power supply is shown in Fig. 2. 
With 2000 volts on the anode and a plate current 
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Bottom view of the amplifier. 

of 250 mA, the power output as measured by a 
Bird Thruline wattmctcr into a Bird dummy load 
was 325 watts. This agrees closely with the tube 
specification sheet,. 

T·R 

•• 
POWER 

-100V 
i!JAS 

w,c:E;,CT +350 rhl 
REGUUllel w li 11 

I FlG. 2) (flli.2J 

Fig. 1 - Schematic diagram of 1h11 amplifier. 
Unless orherwise specified, capacitors are disk 
ceramic and resiuors are carbon composition. 
C1 - 50 pF, receive spacing. 
C2 - 26 pF, 3 kV (surplus cap. in unit). 
C3 - 140 pF. rece ive spacing. 
C4 - Cer. cap. 2 paralleled 500 pF, 5 kV . 
K1 - Dpdt relay, 12-V coil (can have de/power 

(RG. 2J (f l .. ZI ( Fl<Ul (FIG 2) IRG, 21 

type contacts but rf design preferable). 
K2 - Dpd1 relay. Either T-R contacts in e11citer or 

auK. relay if only sps! option available. 
L1 - 6 turns No. 14 solid wire, 1 /2-inch dia, 1-1/4 

inch long. Tap 1-1/2 turns from gnd end. 
L2 - 5 turns No, 10 solid wire, 1-3/B die, 2 inch 

long (see 1e,11L 
RFCl -35 turns No. 22 snam. wire on 5/8-inch die 

cer . ins. 
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O (FIG. I) 

(,iG,I) 

IFCG.t> Ir,, , 1 

Fig. 2 - Power supply for the amplifier. 
8 1 - Blower motor (see text). 
CR1-CA4. incl. - Each leg consists of 2, series 

silicon diodes {1 A, 1000 PAV). 
CRS, CA6, CR7 - Silicon diode, 1 A, 1000 PAV. 
CAB - Silicon diode, 3 A. 100 PAV. 

VHF AND UHF TRANSMITTING 

lr!G 11 

K3 - Power relay, dpdt 10 A, contacts 117-V ac 
coll. 

Tl - Power transformer, 1400 V ac, 500 mA. 
T2 - Power transformer, 500 V at 100 mA sec. 

12-V, 1-A sec. and 6.3-V, 3-A sec. 
TJ - Filament transformer, 6.3 V, 1 A. 



CHAPTER B 

Receiving Systems 

The performance of a communications receiver 
can be measured by its ability lo pick up weak 
signals and separate them from the noise and 
intenerence while at the same time holding them 
steady at the same dial settings. The difference 
between a good receiver and a poor one can be the 
difference between copying a weak signal well, or 
perhaps not copying It at all. 

Whether the receiver is of home-made or 
commercial origin, its pciformance can range from 
excellent to extremely poor, and high cost or 
circuit complexity cannot assure proper results. 
Some of the simplest of receivers can provide 
excellent results if careful attention Is given to 
their design and proper Use. Conversely, the most 
expensive of receiven can provide poor results if 
not operated in a competent manner. Therefore, 
the operator's success at sorting the weak signals 
out of the noise and interference is dependent 
upon the correct use of a properly des.igned, 
correctly operated receiver. 

Communicatio11J1 receiver.; are rated by their 
sensitivity (ability to pick up weak signals), their 
selectivity (the ability lo distinguish between 
signals that are extremely close together in terms 
of frequency), and by their shbllity. The latter 
tra.it assures that once a stable signal is tuned in It 
will remain tuned without periodic retuninl'! of the 
receiver controls (especially the main tuning and 
BFO controls). 

A well-designed modem receiver must be able 
to receive all of the popular modes of emission if it 
is to be Uuly venatlle. It should be capable of 
hanclling cw, ssb, a-m, fm, and RTTY signals. 

The type of detection to be used will depend 
on the job the receiver is called upon to do. Simple 
receivers consisting of a single stage of detection 
(regenerative detector) followed by a one- or 
two-stage audio amplifier are often adequate for 
portable and emergency use over short distances. 
Th.ill type of ieceiver can be quite compact and 
light weight and can provide many hours of 
operation from a dry-battery pack if transistorized 
circuitry is used. Similarly, superregenerative 
detect on can be used in the same way, but are 

Fig. 8-1 - The success of amateur on-the-air 
operation is, in a large part, determined by e 
receill8r. A good receiver, mated with e good pair 
of ears, is an unbeatable combination. 

suitable for copying only a-m and wide-band fin 
!lignals. Superheterodyne receivers ase the m1nt 
populaJ and are capable of better perfonnance 
than the foregoing types. Heterodyne detectors are 
used for ssb and cw reception in the latter. If a 
regenerative detector is made to osctllate and 
provide a steady signaJ, it is known as an wtodyne 
detector. A beat-frequency oscillator. or BFO, is 
used to generate a steady signal in the superhetero
dyne receiver. This signal Is applied to the detector 
stage to permit the ieception of ssb and cw 
signals. 

Communications receivers should have a slow 
tuning rate and a ~mooth-<1perating tuning-dial 
mechanism if any reasonable degree of ~lcctivity is 
used. Wllhou t these features cw and ssb signals aro 
extremely hard to tune In. In fact. one might easily 
tune past a weak signal without knowing it was 
there if a fut tuning rate were used. 

RECEIVER CHARACTERISTICS 

Sensitivity 

In commercial circles "sensitivity" is defined as 
the signal at the input of the receiver required to 
give a signal-plu~nolse output some stated ratio 
(generally 10 dB) above the noise output of the 
receiver. This is a useful sensitivity measure for the 

amateur, ~ince it indicates how well a weak signal 
will be heard. However, it Is not an absolute 
method, because the bandwidth of the receiver 
plays a large part in the result. 

The random motion of the molecules in the 
antenna and receiver circuits generates small 
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Fig. 8-2 - Typical selectivity curve of a modern 
su perheterodyne receiver. Relatiw response ii 
plotted against deviations above end below the 
resonance frequency. The scale at the left is in 
terms of voltage ratios, the corresponding decibel 
steps are shown at the right. 

voltages called tbermal-a~tarion noise. Thennal
egitation noise is indcpendenl of frequency and is 
proportional to the (absolute) temperature, the 
resistive component of the impedance acros; 
which the thermal agitation is produced, and the 
bandwidth. Noise is generated in vacuum tubes and 
semiconductors by random Irregularities in the 
current flow within them ; It is convenient to 
express this shot-ilffect noise as an equivalent 
resistance in the grid circuit of a noise-free tube. 
This equivalent noise resistance is the resistance (aJ 
room temperature) that placed in the grid circuit 
of a noise-Cree tube will produce plate-circuit noise 
equal to that of the actual tube. The equivalent 
noise resistance of a vacuum tube increases with 
frequency. 

An ideal receiver would generate no noise in it1 
tubes or semiconductors and circuirs, and the 
minimum detectable signal would be limited only 
by the thermal noise in the antenna. In a practical 
receiver, the limit is determined by now weU the 
amplified antenna noise overrides the other noise 
of the Input stage. (It is assumed that the first stage 
of any good receiver will be the detennining factor; 
the noise contributions of subsequent stages r.hould 
be insignificant by comparison.) Al frequencies 
below 20 or 30 MHz the site noise (atmospherit 
and man-made noise) is generally the limiting 
factor. 

The degree to which a practical receiver 
approache~ the quiet ideal receiver of the same 
bandwidth is given by the noise figure of the 
recelver. Noise figure is defined as the ratio of the 
signal to noise power ratio of the ideal receiver to 
the signal-lo-noise power ratio of the actual 
receiver outpuL Since the noise figure is a ratio, it 
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is U!;JJaJly given In decibels; it runs around S to 10 
dB for a good commurncations receiver below 30 
MHz. Although noise figures of 2 to 4 dB can be 
obtained, they BIC of little or no UliC below 30 MHz 
except in extremely quiet locations or when a very 
small antenna is used. The noise figure of a receiver 
is not modified by changes in bandwidth. 

Selectivity 

Selectivity is the ability of a receiver to 
discriminate against signals of frequencies differing 
from that of the de~ired signal. The overall 
selectivity will depend upon the selectivity and the 
number of the individual tuned circuits. 

The selectivily of a receiver is shown 
graphically by drawing a curve that gives the ratio 
of signal strength required at various frequencies 
off resonance to the signal strength at resonance, 
to give constant output. A resonance curve of this 
type is shown ia Fig. 8-2. The bandwidth is rhe 
width of the resonance curve (in Hz or kHz) of a 
receiver at a specified ratio; in the typical curve of 
Fig. 8-2 the bandwidth~ for response ratios of 2 
and 1000 (described as "-6 dB" and "-60 dB") are 
2.4 and 12.2 kHz respectively. 

The bandwidth at 6 dB down must be sufficient 
to pass the signal and its sidebands if faithful 
reproduction of the signal is desired. However, in 
the crowded amatelll bands, it is generally 
advisable lo sacrifice fidelity for intelligibility. The 
ability to reject adjacent-channel signals depends 
upon the skirt selectivity of the receiver, which Is 
determined by the bandwidth at high attenuation. 
In a receiver with excellent skirt selectivity, the 
ratio of the 6-dB bandwidth to the 6 0-dB 
bandwidth will be about 0.2 for code and 0.3 for 
phone. The minimum usable bandwidth at 6 dB 
down is approximately 150 Hz for code reception 
and approximately 2000 Hz for phone. 

DETECTOR 

(A) 

(B) 

DIRECT CONVERSION 

(c) 

Fig. 8-3 - Block diai,-ams of three simple receivers. 



Detection and Detectors 

Stability 

The stability of a receiver is its 11biUty to ••stay 
put" on a signal under varying conditions of 
gain-control setting, temperature, supply-vo!tagti 
changes and mechanical shock. The term .. un
stable" is also applied to a receiver that brew into 
oscillation or a regenerative condition with some 
setting!! of its controls thal are not specifically 
intended to control such a condition. 

SIMPLE RECEIVERS 

The simplest receiver design consists of a 
detector followed by an audio amplifier, as shown 
in Fig. 8-3A. Obviously, the sensitivity of the 
detector detennines how well thi~ receiver will 
work. Various schemes have been developed to 
increase detector sensitivity, including the regener
ative and superregencrative detectors described 
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later in this chapter. Another way to increase 
receiver sensitivity is to add one or mon: 
a-amplifier stages before the detector. Thill 
approach is called the tuned-radio-frequency, or 
TRF receiver, Fig. 8-3B. 

Another design which has become popular for 
use in battery-powered equipment is the di.Ject
couversion receiver, Fig. 8-3C. Here, a detector is 
employed along with a variable-frequency oscilla
tor which is tuned just slightly off the frequency of 
the incoming signal to produce a beat note. A 
narrow-bandwidth audio filter located between the 
detector and the aduio amplifier provides selec tiv
ity. However, the lack of automatic gain control 
limits the range over which the receiver can handle 
strong signals unless a manual rf~ain control is 
employed. FETs and ICs can be used all detector.I 
to provide up to 90 dB of dynamic range -
typically 3 µV to 100 mV of input signal. 

DETECTION AND DETECTORS 

Detection (demodulation) is the process or 
extracting the signal information from a modulated 
carrier wave. When dealing with an a-m signal, 
detection involves only the rectification of the rf 
signal. During rm reception, the incoming signal 
must be converted to an a-m signal for detection. 
See Chapter 14. 

Detector sensitivity is the ratio of desired 
detector output to the input. Detector linearity is a 
measure of the ability of the detector to reproduce 
the exact form of the modulation on the Incoming 
signal. The resistance or impedance of the detector 
is the resistance or impedance it presents to the 
circuits it is connected to. The input resistance is 
important in receiver design, since if it I~ relatively 
low ii means that tltc detector will consume power, 
and this power must be furnished by the preceding 
stage. The signal-handling capability means the 
ability lo accept signals of a specified amplitude 
with out overloading or distortion. 

Diode Dcteclo1:<. 

The simplest detector for a-m is tile diode. A 
germanium or silicon crystal is an imperfect form 
of diode (a small current can usually pass in the 
revene direction), but the principle of detection in 
a semiconductor diode is similar lo that in a 
vacuum-tube diode. 

Circuits for both half-wave and full-wave diodes 
are given in Fig. S4. The simplified half-wave 

Fig. 8-4 - Simplified and practical diode detector 
circuits. A, the elementary half-wave diode 
detector; B, a practical circuit, with rf filtering and 
audio output coupling; C, full-wave diode detector, 
wilh output coupling indicated. The circuit, L2C1, 
is tuned to the signal frequency; typical values for 
C2 and R1 In A and C are 260 pF and 250,000 
ohms. respectively; in B. C2 end C3 are 100 pF 
each; A 1, 50,000 ohms; and A2, 250,000 ohrTlli. C4 
is 0.1 µ.F and R3 may be 0.5 10 1 megohm. 

circuit at Fig. 8-4A includes the rf tuned circu.it, 
L2CI, a coupling coil, LI, from which the rf 
energy is fed lo L2CI, and the diode, CRl, with its 
load resistance, R 1, and bypass capacitor, C2. 

L2 

IAI 

L2 

(Bl 

(Cl 
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(A) 

SIGNAL 
AH(R I 

MCTIJICATION O (Bl 

(Cl 

AH(O PASSING I 
;;::~:= o'-- '~ - '---- - -r- ....,.- -. 
CAPACITOR I 

(Dl 

Fig. 8-5 - Diagrams showing the detection process. 

The progress of the signal through the detector 
or m:tifier is shown in Fig. 8-S. A typical 
modulated signal as it exists in the tuned circuit is 
shown at A. When this signal i5 applied to the 
rectifier, current will !low only during the part of 
the rf cycle when the anode is positive with respect 
to cathode, so that the output of the rectifier 
consists of half-cycles of rf. These current pulses 
now in the load circuit comprised of R 1 and C2, 
the re~istance of Rl and the capacitance of C2 
being so proportioned that C2 charges to the peak 
value of the rectified voltage on each pulse and 
retains enough charge between pulses so that the 
voltage across RI is smoothed out, as shown in C. 
C2 thus acts as a filter for the radio-frequency 
component of the output of the rectifier, leaving a 
de component that varies in the same way as the 
modulation on the original signal. When this 
varying de voltage is applied to a following 
amplifier through a coupling capacitor (C4 in Fig. 
8-4 ), only the ~ariatio111 in voltage are transrerred, 
so that the final output signal is ac, as shown in D. 

In the circuit al 8-4B, R l and C2 have been 
divided for the purpose of providing a more 
effective filter for rf. It is important to prevent the 
appearance of any rf voltage in the output of the 
detector, because it may cause overloading of a 
succeeding amplifier stage. The audio-frequency 
variations can be transferred to another circuit 
through a coupling capacitor, C4. R2 is usually a 
"potentiometer" so that the audio volume can be 
adjusted to a desired level. 

Coupling from the potentiometer (volume 
control) through a capacitor also avoids any flow 
of de through the moving contact of control. The 
flow of de through a high-resistance volume 
control often tends to make the control noisy 
(scratchy) after a short while. 

The fuU-wave diode circuit at 8-4C differs in 
operation from the half-wave circuit only in that 
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both halves of the rf cycle are utilized. The 
full-wave circuit 1w the advantage that rf li1 tering 
is easier than in the half-wave circuit. As a result, 
less attenuation of the higher audio frequencies 
will be obtained for any given degree of rf filtering. 

The reactance ofC2 must be small compared to 
the resistance of R 1 at the radio frequency being 
rectified, bu I at audio frequencies must be 
relatively large compared to R 1. If the capacitance 
of C2 is too large, response at the higher audio 
frequencies will be lowered. 

Compared with most other detectors, the gain 
of the diode is low, normally running around 0.8 in 
audio work. Since the diode consumes power, the 
Q of the tuned circuit is reduced, bringing about a 
reduction in selectivity. The loading effect of the 
diode is close to one half the load resistance. The 
detector linearity is good, and the signal-handling 
capability is high. 

Plate Detectors 

The plate detector is arranged so that 
rectification of the rf signal takes place in the plate 
circuit of the tube or the collector of an FET. 
Sufficient negative bias is applied to the grid to 
bring the plate current nearly to the cutoff point, 
so that application of a signal to the grid circuit 
causes an increase in average plate current. The 
average plate current follows the changes in the 
signal in a fashion similar 10 the rectified current in 
a diode detector. 

ln general, transformer coupling from the plate 
circuit of a plate detector is not satisfactory, 
because the plate impedance of any tube is very 
high when the bias is near the plate-current cutoff 
point. The same is true of a JFET or MOSFET. 
Impedance coupling may be used in place of the 

Fig. 8-6 - Circuits for plate detection. A, triode; B. 
FET. The Input circuit, L2C1, Is tuned to the 
signal frequency. Typical values for Rl are 22,000 
to 150,000 ohms for the circuit at A, and 4 700 to 
22,000 ohms for B. 



Heterodyne and Product Detectors 
resistance coupling shown in Fig. 8-6, Usually 100 
hemys or more of inductance are required. 

The plate detector i.! more sensitive than the 
diode because there is some amplifying action in 
the tube or transistor. It will handle large signals, 
but is not so tolerant in this respect as the diode. 
Linearity, with the self-biased circuits shown, is 
good. Up to the overload point the detector takes 
no power from the tuned circuit, and so does not 
affect its Q and selectivity. 

Infinite-Impedance Detector 

The circuit of Fig. 8-7 combines the high 
signal-handling capabilities of the diode detector 
with low distortion and, like the plate detector, 
does not load the tuned circuit it coMects to. The 
circuit resembles that of the plate detector, except 
that the load resistance, Z7kil. is connected between 
source and ground and thus is common to both 
gate and drain circuits, giving negative feedback for 
the audio frequencies. The source resistor is 
bypassed for rf but not for audio, while the drain 
circuit is bypassed to ground for both audio and 
radio frequencies. An rf filter can be coMected 
between the cathode and the output coupling capa
citor to eliminate any rf that might otherwise ap
pear in the output. 

The drain cunent is very low at no signal, 
increasing with signal as in the case of the plate 
detector. The voltage drop across the source resis
tor consequently increases with signal. Because of 
this and the large initial drop across this resistor, 
the gate usually cannot be driven positive by the sig
nal. 

HETERODYNE AND PR ODUCT 
DETECTORS 

Any of the foregoing a-m dctecton becomes a 
heterodyne detector when a local-oscillator (BFO) 
is added to it. The BFO signal amplitude should be 
S to 20 times greater than that of the strongest 
incoming cw or ssb signal if distortion is to be 
minimized. These heterodyne detectors arc fre
quently used in receiver.; that are intended for a-m 
as well as cw and ssb reception. A single detector 
can thw be used for all three modes, and elaborate 
switching techniques are not required. To receive 
a•m it is merely neces.qry to disable the BFO 
circuit. 

The name product detec tor has been given to 
heterodyne detectors in which special attention has 

r·-
, ,------, R; t 3 . ~· 2lK SO AUDIO 

I OUTPUT 

fig. 8-7 - The infinite-impedance detector. The 
input circuit, L2C1, is tuned to the signal 
frequency, 
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been paid to minimizing distortion and intermodu
lation (IM) products. Product detecton have been 
thought of by some as a type of detector whose 
output signal vanishes when the BFO signal is 
removed. Although some product detectors func
tion that way, such operation is not a criterion. A 
product ls something that results from the 
combination of two or more things, hence any 
heterodyne detector can rightfully be regarded as a 
product detector. The two input signals (i-f and 
BFO) are fed into what is essentially a mixer stage. 
The difference in frequency (after filtering out and 
removing the i-f and BFO signals from the mixer 
output) is fed to the audio amplifier stages and 
increased to speaker or headphone level. Although 
product detectors are intended primarily for use 
with cw and ssb signals, a-m signals can be copied 
satisfactorily on receivers which have good 1-f 
selectivity. The a-m signal is tuned In as though It 
were an ssb signal. When properly tuned, the 
heterodyne from the a-m carrier is not audible. 

A triode product-detector circuit is given in Fig. 
8-8A. The i-f signal is fed to the grid of the tube, 
while the BFO energy is supplied to the cathode. 
The two signals mix to produce audio-frequency 
output from the plate circuit of the tube. The BFO 
voltage should be about 2 V mu; and the signal 
should not exceed 0.3 V rms for linear detection. 
The degree of plate filtering required will depend 
on the frequency of operation. The values shown 
in Fig. 8-8A are sufficient for 450-kHz operation. 
At low frequencies more elaborate filtering is 
needed. A similar circuit using a JFET is shown at 
B. 

In the circuit of Fig. 8-8C. two germanium 
diodes arc used, though a 6AL5 tube could be 
substituted. The high back resistance of tl1e diodes 
is used as a de return ; if a 6AL5 is used the diodes 
must be shunted by I-megohm resistors. The BFO 
signal should be at least 10 or 20 times the 
amplitude of the incoming signal. 

At Fig. 8-8D a two-<llode circuit. plus one 
transistor, provide1 both a•m and product detec
tion. This circuit is used in the Drc1ke SPR-4 
receiver. Balanced output is required from the 
BFO. The a-m detector is forward biased to 
prevent the self-squelching effect common to 
s.ing)e-<iiode detecton (caused by signals of low 
level not exceeding the forward voltage drop of the 
diode). The IC detector given in Fig. 8-8E has 
several advantages. First, the BFO injection only 
needs to be equal to the input signal, because of 
the additional amplification of the BFO energy 
which takes place within the IC. Also, output 
filtering is quite simple, as the double-balanced 
design reduces the level of i-f signal and BFO 
voltage appearing in the output circuit. Motorola's 
MC1496G has a dynamic range of 90 dB and a 
conversion gain of about 12 dB, making it a good 
choice for use in a direct-conversion receiver. 

A multipurpo~e IC i-f amplifier/detector/age 
system, the National Semiconductor LM373, is 
shown in Fig. 8-8F. A choice of a-m, ssb, cw, and 
fm detection is available, as well as a 60-dB-range 
age system and i-f amplification of 70 dB. 
Recovered audio is typically 120 m V. Ll a tune to 
the H frequency. 
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Regenerative Detectors 

REGENERATIVE DETECTORS 
By providing controllable rf feedback (regenera

tion) in a triode, pentode, or transistorized-detec
tor circuit, the incoming signal can be amplified 
many times, thereby greatly increasing the 
sensitivity of the detector. Regeneration al~o 
increa.~s the effective Q of the circuit and thus the 
selectivity. The grid-leak type of detector is most 
suitable for the purpose. 

The grid-leak detector is a combination diode 
rectifier and audio-frequency amplifier. In the 
circuit of Fig. 8-9A, the grid corresponds to the 
diode plate and the rectifying action is exactly the 
same as in a diode. The de voltage from 
rectified-current flow through the grid leak. R 1, 
biases the grid negatively, and the audio-frequency 
variations in voltage across RI are amplified 
through the tube as in a nonnal af amplifier. In the 
plate circuit, R2 is the plate-load resistance and CJ 
and RFC a filter to eliminate rf in the output 
circuit. 

A grid-leak detector ha.~ considerably greater 
sensitivity than a diode. The sensitivity is further 
increased by using a screen-grid tube instead of a 
triode. The operation is equivalent to that of the 
triode circuit. The screen byp~ capacitor should 
have low reactance for both radio and audio 
frequencies. 

The circuit in Fig. 8-98 is regenerative, the 
feedback being obtained by feeding some signal 
from the drain circuit back to the gate by inductive 
coupling. The amount of regeneration must be 
controllable, because maximum regenerative ampli
fication is secured at the critical point where the 
circuit is just about to oscillate. The ciritical point 
In tum depends upon circuit conditions, which 
may vary with the frequency to which the detector 
is tuned. An oscillating detector can be detuned 
slightly from an incoming cw signal to give 
autodyne reception. The circuit of Fig. 8-98 uses e 
control which varies the supply voltage to control 
regeneration. If L2 and L3 are wound end to end 
In the same direction, the drain connection is to 
IJ1e outside of the "tickler" coil, L3, when the gate 
connection is to the outside end of L2. 

Although the regenerative detector is more 
sensitive than any other type, its many disadvan
tages commend it for use only in the simplest 
receivers. The linearity is rather poor, and the 
signal-handling capability is limited. The signal
handling capability can be improved by reducing 
RI to 0.1 megohm, but the sensitivity will be 
decreased. The degree of antenna coupling is often 
critical. 

A bipolar transistor is used in a regenerative 
detector hookup at C. The emitter is returned to 
de ground through a I 000-ohm resistor and a 
50,000-ohm regeneration control. The 1000-ohm 
resistor keeps the emitter above ground at rf to 
permit feedback between the emitter and collector. 
A S-pF capacitor (more capacitance might be 
required) provides the feedback path. Cl and L2 
comprise the tuned circuit, and the detected signal 
is taken from the collector retum through Tl. A 
tillnsistor with medium or high beta works best in 

241 

circuits of this type and should have a frequency 
rating which Is well above the desired operating 
frequency. The same Is true of the frequency rating 
of any FET used in the circuit at B. 

Superregeneratlve detectors are somewhat more 
sensitive than straight regenerative detectors and 
can employ either tubes or transistors. An in-depth 
discussion of superregenerative detectors Is given in 
Chapter 9. 

+ 

( Al 

Fig. 8-9 - (Al Triode grid-leak detector combines 
diode detection with triode amplification. Al
though shown here with resistive plate load, R2, an 
audio choke coil or trancformer could be used. 

(Bl Feeding 1ome signal from the drain circuit 
back to the gate makes the circuit regenerative. 
When feedback 11 sufficient, the circuit will 
oscillate. The regeneration Is adjusted by a 
10.000-ohm control which varies the drain voltage. 

(Cl An npn bipolar transistor can be used as a 
regenerative detector too. Feedback occurs be
tween collector and emitter through the 5-pF 
capacitor. A 50,000-ohm control in the emitter 
return sets the regeneration. Pnp transistors can 
also be used in this circuit, but the battery polarity 
must be reversed. 
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Tuning 

For cw reception, the regeneration control is 
advanced until the detector breaks into a "hiss" 
which indicates that the detector Is oscillating. 
Further advancing of the regeneration control will 
result in a slight decrease in the hiss. 

Code signals can be tuned in and will give a 
tone with each signal depending on the se t ting of 
the tuning control. A low-pitched beat note cannot 
be obtained from a strong signal because the 
detector "pulls in" or "blocks." 

The poin t just after the detector starts 
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oscillating is the most sensitive condition for code 
reception. Further advancing lhe regeneration 
control makes the receiver less prone to bloclc.ing, 
bu t also less sensitive to weak signals. 

If the detector is In the oscillating condition 
and an a-m phone signal is tuned in, a steady 
audible beat-note will resulL While it is possible to 
listen to phone if the receiver can be tuned to 
exact zero beat, it is more satisfactory to reduce 
the regeneration to the point just before the 
receiver goes into oscillation. Titls is also the most 
sensitive operating point. 

TUNING METHODS 

Tuning 

The resonant frequency of a circuit can be 
shifted by changing either the inductance or the 
capacitance in the circuit. Panel control of 
inductance (penneability-tuned 05cillator, or PTO) 
is used to tune a few commercial receiver.1, but 
most receiveil! depend upon panel-mounted 
variable capacitors for tuning. 

Tuning Ra te 

For ease in tuning a signal, it is desirable that 
the receiver have a tuning rate in keeping with the 
type of signal being received and also with the 
selectivity of the receiver. A tuning rate of 500 
kHz per knob revolution is normally satisfactory 
for a broadcast receiver, but l 00 kHz per 
revolution is almost loo fast for easy ssh reception 
- around 25 to SO kHz being more desirable. 

Band Chanp.ng 

The same coil and tuning capacitor cannot be 
used for, say, 3.5 to 14 MHz because of the 
imprnclkable maximum-lo-minimum capcitance 
ratio required. It is necessary, therefore, to provide 
a means for changing the circuit constants fo r 
various rrequency bandl!. As a matter of conveni
ence the same tuning capacitor 115Ually is retained, 
but new coils are inserted in the circuit for each 
band. 

One method of changing inductances is to use a 
switch having an appropriate number of contacts, 
which connects the desired coil and diSCQnnects 
the others. The unused coils are sometimes 
short-<:ircuited by the switch, lo avoid undesirable 
self-tCMJnanc:es. 

Another method is to use coils wound on forms 
that can be plugged into suitable sockets. These 
plug-in coils are advantageous when space is at a 
premium, and they are also very useful when 
considerable experimental work is involved. 

(A) 
n-r---
~ 

(B) 

Bandapreadin11 

The tuning range of a given coil and variable 
capacitor will depend upon the Inductance of the 
coil and the change in tuning capacitance. To cover 
a wide frequency range and still retain a suitable 
tuning rate over a relatively narrow frequency 
range requires the use of bandspreading. Mechani
cal bandspreading utilizes some mechanical means 
to reduce the tuning rate; a typical example is lhe 
two~peed planetary drive to be found In some 
receivers. Electrical bandspreadin1 is obtained by 
using a suitable circuit configuration. Several of 
these methods are shown in Fig. 8-10. 

In A, a small bandspread capacitor, CI (15- to 
25-pF maximum), is used in parallel with capacitor 
C2, which is usually largi: enough (I 00 to 140 pF) 
to cover a 2-to-l frequency range. The setting of 
C2 will determine t he minimum capaci tance of the 
circuit, and the maximum capacitance for band
spread tuning will be the maximum capacitance of 
Cl plus the setting of C2. The inductance of the 
coil can be adjusted so thnt the maximum-mini
mum ratio will give adequate bandspread. II is 
almost impossible, because of the nonharmonic 
relation of the various band limits, to get full 
bandspread on all band5 with the same pair of 
capacitors. C2 is variously called the baodsel ting or 
main-tu ning capacitor. II must be reset each time 
the band is changed. 

If the capacitance change of a tuning capacitor 
is known, the total fixed shunt capacitance (Fig. 
8-lOA) for covering a band of frequencies can be 
found from Fig. 8-11. 

E'.umplr .. What fued drunl capa,::tlan,ce waU allm• • ca
i-,110, ,.;th ■ rang,: or S to 30 pf ra ,u,., 3.45 10 4.05 
MH!? 

(4.05 - ],4j) + 4.05 a Q,)48 

~•rom Fig. 11-11. the Cllp■<lwi<c ntia Is 0.36, .,,d Mnoe 
llw! mioimum c1pecillm<• Is (30 - 5) • 0.38 m 66 pf. Th• 
5-pl' minimum ar the tanln1 c1pai:ilm, Ille rube arpa:iran<e 
and lny strv~ c.apaCllaoce mull be includad In lh<e 6li pF. 

Fig. 8-1 0 - Essentials of the th ree basic bendspread tuning systems. 
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Fig. 8-11 - Minimum circuit capacl111nce required 
In the circuit of Fig. 8-10A as a function of the 
capacitance change and rhe frequency change. 
Note 1h111 maximum frequency and minimum 
capacl1ance are used. 

The method shown at Fig. 8-10B makes use or 
capacilon In series. The tuning capacitor, CI, may 
have a maximum capacitance of 100 pf or more. 
The minimum capacitance is detennined principal
ly by the se tting of C3, which usually has low 
capacitance, and the maximum capacitance by the 
setting of Cl, which is in the order of 25 to SO pF. 
Thi~ melhnd i~ capable of dosr, adjustment lo 
praclically any desired degree of bandspread. 
Either C2 or C3 must be adjusted for each band or 
~epara le preadjustcd capacitors must be swilched 
In. 

11ie circuit at Fig. 8-1 OC abo gives complete 
spread on each band. Cl, the bandspn:ad capacitor, 
may have B.DY convenient value; SO pF is 
!18.lisfactory. C2 may be used for continuous 
frequency coverage ("general coverage") and as a 
bandsetting capacitor. The effective maximum
minimum capacitance ratio depends on C2 and the 
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point at which Cl is lapped on the coil. The nearer 
the tap to the bottom of the coil. the greater the 
bandspread, and rice versa. For a given coB md 
mp, the bandspread will be greater if C2 Is set at 
higher capacitana:. C2 may be connected perma
nently across the individual inductor and preset. if 
desired. This requi.n!a a sepanlr capacitor for each 
band, but eliminate~ the necessity for resetting C2 
each time . 

Ganged Tuning 

The tuning capacitors of the several rf circuits 
may be coupled together mechanically and 
operated by a single control. However, this 
operating convenience involves more complicab!d 
constniction, both electrically and mechanically. It 
becomes necessary lO make the various circuits 
lnck - that is, lune to the aame frequency far ■ 
given setting of the tuning control. 

True tracking can be obtained only when the 
inductance, tunins capacitors, and circuit induc• 
lances and minimum and maximum capacitance& 
are identical in all .. pnged" stages. A small 
trimmer or padding capacitor may be connected 
across the coil, so that various minimum 
capacitances can be compensated. The use of the 
trimmer necessarily increases the minimum circuit 
capacitance but is a necessity for satisfactory 
tracking. Midget capadton having maximum 
capacitances of IS to 30 pF are commonly used. 

The same methods are applied to bmdspread 
cin:uil5 that must be tracked. The inductance can 
be trimmed by using a coll form with an adjustable 
brass (or copper) core. This core material will 
reduce the Inductance of the coil, raising the 
resonant frequency of the circuit. Powdered-iron 
or ferrite core material can also be used, but will 
lower the resonant frequency of the tuned circuit 
because ii increases the Inductance of the coll. 
Ferrite and powdeml-iron can:s will raise the Q of 
the coil provided the core material is suitable for 
the frequency being used. Core material is now 
available for frequencies well into !he vhf rqion. 

The Superheterodyne 

In a superheterodyne receiver, !he frequency of 
the incoming signnl is helerodyned lo a new radio 
frequency. the lnlermediue frequency (abbrevi
ated "i-f"), then amplified , and finally detected. 
The frequency is changed by modulating the 
output of a tunable oscillator (the high-rrequency , 
or local oscillator) by the incoming signal in a 
mixer or converter stage lo produce a side 
!nquency equal to the intermediate frequency. 
The other side frequency iJ rejected by selective 
circuits. The audio-frequency signal is obtained al 
the detector. Code signals are made audible by 
heterodyne reception al !he detector siege; this 
oscillator is called the "beat-frequency oscillator" 
or BFO. Block diagrams of typical single- and 
double-conversion receivers are shown In Fig. 8-12. 

As a numerical example, a.uume !hat a.n 
intenncdiale frequency of 45S kHz ls chosen and 

that the incoming signal is al 7000 kHz. Then the 
high-frequency o~cill11lor frequency may be set lo 
7455 kHz in order that one side frequency (7455 
minus 7000) will be al 455 kHz. The bigh·fn:quen· 
cy osciilalor could also be set lo 654S kHz and give 
the same diffen:ncc frequency. To produce an 
audible code signal ■I the detector of, say, 1000 
Hz, the heterodyning oscillator would be ■el to 
either 454 or 456 kHz. 

1lle frequency -conversion process permits d 
amplification al a relatively low frequency, the i-f. 
High selectivity and gain can be obtained al this 
frequency, and this selectivity and gain are 
conslanl. The separate oscillalon can be designed 
for good s1abillty and, since !hey are working al 
frequencies considerably removed from !he signal 
frequencies, they are no! normally "pulled" by the 
incoming signal. 
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fig. 8-12 - Block diagrams ol a CAI single- and IBI double-conversion superheterodyne receiver. 

Images 

F.ach bf oscilla1or fn:quency wiO cause i-f 
response al two signal frequencie1, one higher and 
one lower than the o!«:lllator fn:quency. If the 
oscillator ls set to 7455 kHz to tune to a 70001:Hz 
signal, for example, the receiver can respond also 
to a signal on 791 O kHz, which likewise gives .• 455-
kHz beat. The undesired signal is coiled the 1ma,e. 
II can cau~ unneccs.~ary interference if it Isn't 
eliminated. 

1be radio-frequency cin:uits of the receiver 
(those used befon: the signal is helerodyned lo the 
1-() normally are tuned to the desired signal, so that 
the selectivity of the circuits reduces or eliminates 
the response to the imaF signal. The rati~ of the 
receiver voltare output from the desired Signal to 
that from the image is called the !iipal·to-imaF 
ratio, or imaae ratio. 

The image ratio depends upon the selectivity of 
the rf tuned circuit! amcedi.ng the miller tube. 
Aho, the higher the intermediate freque!'cy, the 
higher the imuge ratio, since raising the 1-f_mcrcDSCs 
the frequency sepuation between the !!.lgnal and 
the Image and places the latter further away from 
the resonance peak of the signal-frequency input 
circuiu. 

The Double-Convenlon Superheteroclyne 

At high and very-high frequencies it is difficull 
to ,ccure an adequate image ratio when the 
intermediate frequency is of the order of 455 kHz. 
To reduce imuge respon11e the signal frequently ii 
converted first to a rather high (1500, 5000, or 
even 10,000 kHz) intermediate frequency, and 
then - sometimes after further amplification -
converted to 11 lower i•f where higher adjacent· 
channel selectivity can be obtained. Such a reoeiYer 
b called a doable-con'"'rsion 1R1pert..terodyne (Fig. 
8-l 2B). 

Other Spurious Response& 

In addition to images, other signals to which 
the receiver is not tuned may be heard. Harmonics 

of the high-frequency oscillator may beat with 
signals far removed from the desired frequency to 
produce output at the intermediate frequency ; 
such spurious responses can be n:duced by 
adequate selectivity bt!fo,e the mixer s~age. ~d by 
using sufficient ~hielding to prevent signal pickup 
by any means other than the antenna. When a 
strong signal is reczived, the harmonics generated 
by rectification in the detector may'. by _Slra! 
coupling, be introduced into the rf or mixer cucun 
and converted to the intermediate frequency, lo go 
through the receiver in the same way as an 
ordinary signal. These "birdies" appear as a 
heterodyne beat on the desired signal, and arc 
principally bothenome when the_ frequency of the 
incoming signal i& not greatly dif~en:nt fro~ lh_e 
intermediate frequency. The cure u proper cucull 
isolation and shielding. 

Harmonics of the beat 011eUlator ulso may be 
converted in similar fashion und amplincd through 
the receiver; these responses can be reduced by 
shielding the beat oscillator and by careful 
mechanical design. 

MIXER PRODUCTS 
Additional spurious products are generated 

during the mixing process, and these products are 
the most troublesome of all, as it is difficult indeed 
to eliminate them unless the frequencies chosen for 
the mixing Kheme are changed. The tables and 
chart given in Fig. 8-13 will ~d ~ the choice of 
spurious-free frequency combmattons, and they 
can be used to determine how receiver "birdies" 
ilJC being generated. Only mixer procluc~ that fall 
close to the deiircd frequency are com1dercd, as 
they are the ones that normally cau!ie trouble. The 
horizontal axis of the chart is marked oIT in steps 
from 3 to 20, snd the vertical axes Crom Oto 14. 
These numbers can be taken to mean either 
kilohertz or megahertz, depending on the frequcn• 
cy range wed. Both axes mus t use the same 
reference; one cannot be: in kHz and the other in 
MHz. 
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Spurious Response Chart 
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Fig. 8-13 - Chart to aid in the calculation of 
spurious frequencies generated during the mixing 
proce51,, 

To demonstrate the use of the chart, 
suppoae an amateur wanled I.a mix a 8- to 
6,1:)..MHz VFO output with a 10-MHz S!b 
!Ilana! to obtain output In the BO-meter 
ba.nd (the •ame problem u with a receiver 
I.hat tunes 3,6 to 4 MHz, usiJI& a 6- to 
6,1:)..MHz VFO to heterodyne to a 10-MHz 
1-0. Tbua, Fl is IO MHz and F2 is 6 to 6.6 
MHz . E:uaniuatiou of the c:hart sboW3 the 
lntenection of these frequencies to be near 
the Unes miu:kcd 2/3 and 3/5. In tbe ease of 
the t:ran1mftter, difference (subtractive) 
mlxlna 1a to be used . The order ot the 
products tha t will be close to the desired 
ml,r.er o u tp u t frequency la given on each Uoe 
In p an,n t6eses, A plus sign in front ot the 
p are n th eses Indicates the product order In a 
sum (additive) mix, and a min us sip the 
order o f a diffe rence mix . For thia ezample_, 
the chart indicates the 3rd-, 7th-, ana 
8th-order produets i.n a 2 /3 relationship are 

goin g to be neu the 80-me ter band, plus the 
6th-order product of the 3/ 6 relation.ship, 

The exact freque ncies of theoe products 
can be found wiUI the help of tbe two small 
tables in F~ 8-13. The product orden bum 
1 to 9 are 11v11n tor all tbn produet linl!s on 
the chart. The ft ~t d l&lt o f each group In a 
boz is the bumonlc o f the lower fn!queucy. 
F2, and the second dl&,i l Is the bannonic ot 
the IUEer frequenc y , F l. The dot indicates 
sum mixin1 and no dot lndleates products In 
a dlfferencm mh:. In the e:a:m:nple, die ebut 
&hows that the 2/8 relationship will y ield a 
3rd-order produet 2F2-Fl, a 7th-order 
product 4 F2·3Fl, and 11D 8th-order p roduct 
5F2-3F1. 

(Continu ed on nex t page) 
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(2 X 6)-10 • 2 
(2 x 6.6) - 10 ,. 3 (3rd order) 

(4 X 6) - (3 X 10) •~ 
(4 X 6.5}- (3 x 10) =-4 (7th order) 

(6 X 6) - (3 X 10) • 0 
(6 X 6.6) - (3 X 10) • 2.6 ( th order) 

The S/4 relation!lbip produces a 6th-order 
product 4F2-2Fl, 

(4 X 6) - (2 X IO) • 4 
(4 X 6.6) - (2 X 10) • 6 

Thus. the ranges of spurious sJanals near the 
deslnd output band ..,., 2 to 3 MHzit 6 to 4 
MHz O to 2.5 MHz and 4 to 6 M z. The 
ne1atlve sign indicaies that tbe 7th-order 
product moves in the opposite dinction to 
I.be normal output frequency. as the VFO ls 
tuned. In this example proper mixer 
opention and sufficient seJeclivUy follow
ina the mu:e:r should keep the unwanted 
products sufficiently down in level without 
the uae of filter,, or traps. Even-order 
products can be mduced by employln1 a 
balanced or doubly balanced mixer cittuit, 
sucb as shown in F1g, 8-16. 

The level of spurious products to be found in 
the output of a 12AU7 have been calculated by V, 
W. BoUe, us.ing the assumption that the oscillato, 
injection voltage will be 10 times (20 dB) greater 
than the input signal. This information is given jn 
Fig. 8--14 for 1st- to Sib-order products. It h 
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Fig. 8-14 - Chart showing the relative levels of 
spurious signals generated by a 12AU7A mixer. 

evident from the chart that multiples of the 
oscillator voltage produce the ~trongest of the 
undesired produc~. Thus, it follows that using a 
balanced-mixer design which reduces the level of 
oscillator signal in the output circuit will decrease 
the strengtjl of the unwanted products. 

MIXERS 

A circuit tuned to Ute output frequency i! 
placed in the plate circuit of the mixer, to offer :a 
high impedance load for the output cunent that is 
developed. The signal- and oscillator-frequency 
voltages appearing in the plate circuit are rejected 
by the selectivity of this circuit. The output tuned 
circuit should have low impedance for these 
frequencies, a condition easily met if neither is 
close to the output frequency. 

The conversion efficiency of the mixer is the 
ratio or output voltage from the plate circuit to rf 
signal voltage applied to the grid. High conversion 
efficiency is desirable. The device used as a mixer 
also should be low noise if a good signal-to-noise 
ratio is wanted, particularly if the mixer is the first 
active device in the receiver. 

A change in oscillator frequency caused by 
runing of the mixer grid circuit is called pulling. 
Pulling should be minimized, because tho stability 
of the whole receiver or trarumitter depend~ 
critically upon the stability of the hf oscillator. 
Pulling decreases with separation of the signal and 
hf-oscillator frequencies, being less with higher 
output frequencies. Another type of pulling is 
caused by lack of regulation in the power supply. 
Strong signals cause the voltage to change, which 
in turn shifts the oscillator frequency. 

Circuitll 

If the mixer and high-frequency oscillator llI'I' 

:1eparate tubes or transistors, the con\terter portion 
Is caJled a "mixer." If the two are combined in one 
tube envelope (as is often done for reasons of 
economy or efficiency), the stage is called a 

.. converter." In either case the function is the 
same. 

Typical mixer circuits are shown in Figs. 8-15 
and 8-16. The variations are chiefly in the way in 
which the oscillator voltage is introduced. In 
8-lSA, a pentode functions as a plate detector at 
the output frequency; the oscillator voltage is 
capacitance-coupled to the grid of the tube 
through C2. Inductive coupling may be used 
instead. The convenion gain and input selectivity 
generally are good, so long as the sum of the two 
voltages (signal and oscillator) impressed on the 
mixer grid does not exoood the grid bias. It is 
desirable to make the oscillator voltage as high as 
possible without exceeding this limitation. The 
oscillator power required is negligible. The circuit 
is a sensitive one and makes a good mixer, 
particularly with high-transconductance tubes like 
the 6CYS, 6EJ7 or 6U8A (pentode section). 
Triode tubes can be used as mixers in grid-injection 
circuits, but they are commonly used at SO MHz 
and higher, where mixer noise may become a 
significant factor. The triode mixer has the lowest 
inherent noise, the pentode is next. and the 
multigrid converter tubes are the noisiest. 

In the circuit of Fig. 8-lSA the oscillator 
voltage could be introduced al the cathode rather 
than at the control grid. If this were done, C3 
would have to be removed, and output from the 
oscillator would be coupled to the cathode of the 
mixer through a .001-µF capacitor. C2 would also 
be discarded. Generally, the same rules apply as 
when the tube uses grid injection. 

It is difficult to avoid "pulling" in a triode or 
pentode mixer, and a pcntagrid mixer tube 
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provides much better isolation. A typical dn:ujt is 
shown in Fig. 8-158, and tubes like the 6BA 7 or 
6BE6 are commonly used. The oscillator voltage is 
introduced through an "injection" grid. Measure• 
ment of the rectified current flowing in R2 is used 
as a check for proper oscillator-voltage amplitude. 
Tuning of the signal-grid circuit can have little 
effect on the oscillator frequency because the 
injection grid is isolated from the signal grid by a 
screen grid that is at rf ground potential. The 
pentagrid mixer is much noisier than a triode or 
pentode mixer, but its isolating characteristics 
make it a very useful device. 

Penagrid tubes lih the 6BE6 or 6BA7 are 
somtimes used ax "converters" performing the dual 
function of mixer and oscillator. The usual L"ircuit 
resembles Fig. 8-15D except that the No. 1 grid 
connects to the top of a grounded parallel-tuned 
circuit by means of a larger grid-blocking capacitor, 
and the cathode (without RI and C3) connects to 
a tap near the grounded end of the coil. Titis forms 
a Hartley oscillator circuit. Correct location of the 
cathode tap is indicated by the grid current; 
raising the tap increases the grid current because 
the strength of oscillation is increased. 

The effectivenel,1; of converter tubes of the type 
just described becomes less as the signal frequency 
is increased. Some oscillator voltage will be 
coupled to the signal grid through "space-<:hargc" 
coupling, an effect that increases with frequency. 
If there is relatively little frequency difference 
between oscillator and signal, as for example a 14-
or 28-MHz signal and an i-f of 455 kHz, this 
voltage can become comidernble because the 
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between convenion gain and good intermodula
tion-distortion characteristics. At this bias level a 
local-oscillator injection of approximately 1.5 volts 
is desirable for good conversion gain. The lower the 
oscillator-injection level, the lower the gain. High 
injection levels improve the mixers immunity to 
cross-modulation. 

A dual-gate MOSFET iB used as a mixer at E. 
Gate 2 is used for injecting the local-oscillator 
signal while gate 1 is supplied with signal voltnge. 

TO osc. MIXER I. F. TRA S. 1,~EJ7,---,r=---QE~ 
I • ! 

~ L .--- __ J 
IN~------
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+250V. 
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L..u•_r-,...,.,,~, I I 
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( B) +2sov. 

-------, 
selectivity of the signal circuit will be unable to .001 
reject it. If the signal grid is not returned directly INP~h~-.--~'---1 

I 
I 

to ground, but instead ls returned through a -....::::x..:..,._ 
resistor or part of an age system, eonsiderable bias 
can be developed which will cut dawn the gain. 
For this reason, and to reduce image re<ipoMe, the 
i-f foilowing the first converter of a receiver should 
be not less than S or 10 percent of the signal 
frequency. 

Diodes, FETs, !Cs, and bipol!ll' transistors can 
be used as mixers. Examples are given in Figs. 8-1 S 100 
and 8-16. A single-diode mixer is not shown here ~1----=+e" 
since its application is usually limited to circuits INPUT 
operating in the uhf region and higher. A 
discussion of diode mixers, plus a typical circuit , ili 
given in Chapter 9, 

Oscillator injection can be fed to the base or 
emitter elements of bipolar-transistor mixers, Fig. 
8-lSC. If emitter injection Is used, the usual 
emitter bypass capacitor must be removed. Because 
the dynamic characteristics of bipolar transistors 

IN 

(C) 

MIXER 
MPF122 

1 OUTPUT 

_.J 

~ 

prevent them from handling high signal levels, 
FETs are usually preferred In mixer circuits, 
although they do not provide the high conversion 
gain available with bipolnr mixers. FETs (Fig. 
8-15D and E) have greater immunity to cross• 
modulation and overload than bipolar transistors, 
and offer nearly square-law performance. The 
circuit at D uses a junction FET, N-channel type, 
with oscillator injection being supplied to the 
source. Th~ value of the 8ource resistor should be 
adjusted to provide a bias of approximately 0.8 
volts. Titis value offers a good compromise Fig. 8-15 - Typical single-ended mixer circuits. 
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Fig. 8-16 - Balanced and doubly balanced mixers. 

This type of mixe1 has excellent immunity to 
cross-modulation and overload. It offers better 
isolation between the o8cillator and input stages 
than is possible with a JFET mixer. The mixers at 
D and E have high-Z input terminals, while the 
circuit at C has a relatively low-Z input impedance. 
The latter requires tapping the base down on the 
input tuned circuit for a suitable impedance match. 

BALANCED MIXERS 
The level of input and spurious signals 

contained in the output of a mixer may be 
decreased by using a balanced or doubly balanced 
circuit. The balanced mixer reduces leakthrough 
and even-order hannonics of one input (usually the 
local oscillator) while the doubly balanced designs 
lower the level of spurious signals caused by both 
the signal and oscillator inputs. One type of 
balanced mixer uses a 7360 beam-deflection tube, 
connected as shown in Fig. 8- I 6 A. The signal is 
introduced at the No. I grid, to modulate the 
electron stream running from cathode to plates. 
The beam is deflected from one plate to the other 
and back again by the BFO voltage applied to one 
of the deflection plates. (If oscillator radiation is a 
problem, push-pull deflection by both deflection 
plates should be used.) At B, two CP625 FETs a.re 
used; these devices have a large dynamic range, 
about 130 dB, making them an excellent choice for 
either a transmitting or receiving mixer. De balance 
is set with a control in the source leads. The 
oscillator energy is introduced at the center tap of 
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the input transformer. 
In the circuit of Fig. 8-16C, hot-carrier diodes 

are employed as a broad-band balanced mixer. 
With careful winding of the toroid-core input and 
output transformers, the inherent balance of the 
mixer will provide 40- to 50-dB attenuation of the 
oscillator ~ignal. The transformers, Tl and T2, 
having trifilar windings - using No. 32 enamel 
wire, 12 turns on a 1/2-inch core will provide 
operation on any frequency between 500 kHz and 
100 MHz. Using Q3 cores the upper-frequency 
range can be extended to 300 MHz. CR I to CR4, 
inc, comprise a matched quad of Hewlett-Packard 
HPA 5082-2805 diodes. Conversion loss in the 
mixer -.viii be 6 to 8 dB. 

Special doubly balanced mixer !Cs 11Ie now 
available which can &implify circuit construction, 
as special balanced transformers are not required. 
Also, the ICs produce high conversion gain. A 
typical circuit using the Signetics S5596K is shown 
in Fig. 8-16D. The upper frequency limit of this 
device is approximately 130 MHz. 

THE HIGH-FREQUENCY OSCILLATOR 
Stability of the receiver is dependent chiefly 

upon the stability of the tunable hf oscillator, and 
particular care should be given this part of the 
receiver. The frequency of oscillation ~hould be 
insensitive to mechanical shock and changes in 
voltage and loading. Thermal effects (slow change 
in frequency becaosc of tube, transistor, or circuit 
heating) should be minimized. See Chapter 6 for 
sample circuits and consnuction details. 
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THE INTERMEDIATE-FREQUENCY AMPLIFIER 

One major advantage of the supcrhet is that 
high gain and selectivity can be obtained by using a 
good i-f amplifier. This can be a one-stage affair in 
simple receivers, or two or three stages in the more 
elaborate sets. 

Choice of Frequency 

The selection of an intermediate frequency is a 
compromise between conflicting factors. The lower 
the i-f, the higher the selectivity and gain, but a 
low i-f bring:; the image nearer the desired signal 
and hence decreases the image ratio. A low i-f also 
increases pulling of the oscillator frequency . On 
the other hand, a high i-f is beneficial to both 
image ratio and pulling, but the gain is lowered and 
selectivity is harder to obtain by simple means. 

An i-f of the order of 455 kHz gives good 
selectivity and is satisfactory from the standpoint 
of image ratio and oscillator pulling nt frequencies 
up to 7 MHz. The image ratio is poor at 14 MHz 
when the mixer is connected to the antenna, but 
adequate when there is a tuned rf amplifier 
between antenna and mixer. At 28 MHz and on the 
very high frequencies, the image ratio is very poor 
unless several rf stages aie used . Above 14 MHz, 
pulling is likely to be bad without very loose 
coupling between mixer and oscillator. Tuned
circuit shielding also helps. 

With an i-f of about 1600 kHz, satisfactory 
image ratio~ can be secured on 14, 21 and 28 MHz 
with one rf ~tage of good design. For frequencies 
of 28 MHz and higher, 11 common solution is to use 
double conversion, choosing one high i-f for image 
reduction (5 and IO MHz are frequently used) and 
a lower one for gain and selectivity. 

In choosing an i-f it is wise to avoid frequencies 
on which there is con~iderable activity by the 
various radio services, since such signals may be 
picked up directly by the i-r wiring. Shifting the i-f 
or better shielding are the solutions to this 
interference problem. 

Fidelity ; Sideband Cutting 

Amplitude modulation of a carrier generates 
sideband frequencies numerically equal to the 
carrier frequency plus and minus the modulation 
frequencies present. If tile receiver is to give a 
faithful reproduction of modulation that contains, 
for instance, audio frequencies up to 5000 Hz, ii 
must at least be capable of amplifying equally all 
frequencies contained in a band extending from 
5000 Hz above or be low the carrier frequency. In a 
superheterodyne, where all carrier frequencies are 
changed to the fixed intermediate frequency, the 
i-f amplification must be unifonn over a band 
5-kHz wide, when the carrier is set at one edge. If 
the carrier is set in the center, at IO-kHz band is 
required. The signal-frequency circuits usually do 
not have enough overall selectivity to affect 
materially the .. adjacent-channel" selectivity, so 
that only the i-f-amplifier selectivity need be 
considered. 

If the selectivity is too great to permit uniform 
amplification over the band of frequencies 
occupied by the modulated signal, some of the 
sidebands are "cut." While sideband cutting 
reduces fidelity, it is frequently preferable to 
sacrifice naturalness of reproduction in favor of 
communications effectiveness. 

The selectivity of an i-f-amplifier, and hence the 
tendency to cut sidebands incre~ses with the 
number of tuned circuits and also is greater the 
lower the intermediate frequency. From the 
standpoint of communication, sideband cutting is 
never serious with two-stage amplifieN at frequen
cies ~ low as 455 kHz. A two-stage i-f-amplifier at 
85 or 100 kHz will be &harp enough to cut some of 
the higher frequency sidebands, if good transfonn
ers are used. However, the cutting L\ not at all 
serious, and the gain in selectivity is worthwhile in 
crowded amateur bands as an aid to QRM 
reduction. 

Circuits 

1-f amplifiers usually consiJt of one or more 
stages. The more stages employed, the greater the 
selectivity and overall gain of the system. In 
double-conversion receiver~ there is usually one 
stage at the fir.st i-f, and sometimes as many as 
tluee or four stages at the second, or 1351, i-£. Most 
single-conversion receiven use no more than three 
stages of i-f amplification. 

A typical vacuum-tube i-f stage is shown in Fig. 
8-17 at A. The second or third stages would simply 
be duplicates of the stage shown. Remote cutoff 
pentodes are almost always used for i-f amplifiers. 
and such tubes are operated as Class-A amplifiers. 
For maximum selectivity, double-tuned transform
ers aie used for interstage coupling, though 
single-tuned inductors and capacitive coupling can 
be used, but at a marked reduction in selectivity. 

Age voltage can be used to reduce the gain of 
the stage, or stages, by applying it to the terminal 
marked AGC. The age voltage should be negative. 
Manual control of the gain can be effected by 
lifting the 100-ohm cathode resistor from ground 
and inserting a potentiometer between it and 
ground. A 10,000-ohm control can be u~ed for this 
purpose. A !,lllall amount of B-plus voltage can be fed 
through a dropping resistor (about 56,000 ohms 
from a 2S0-volt bus) to the junction of the gain 
control and the 100-ohm cathode resistor to 
provide an increase in tube bias in tum reducing 
the mutual ~onduction of the tube for gain 
reduction. 

An integrated-circuit i-f amplifier is shown at B. 
A positive-polarity age voltage is required for thls 
circuit to control the stage gain. If manual gain 
control provisions arc desired, a potentiometer can 
be used to vary the plu~ voltage to the age terminal 
of the JC. The control would be connected 
between the 9-volt bus and ground, its movable 
contact wired to the age terminal of the IC. 

A dual11ate MOSFET i-f amplifier is shown al 
B. Application of negative voltage to gale 2 of the 
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Fig. 8-17 - Examples of typical i-f amplifiers, (D) 
using lubes, transistors and in1egra1ed circuits. All 
circuits shown have provisions for age control, AGC o-"""-__,, 

device reduces the gain of the stage. To realize 
maximum gain when no age voltage is present, it is 
necessary to apply approximately 3 volts of 
positive de to gate 2. Neutralization is usually not 
required with a MOSFET in i-f amplifiers operating 
up to 20 MHz. Should instability occur, however, 
gale I and I.he drain may be tapped down on the i-f 
lransfonner windings. 

High-gain linear ICs have been developed 
specifically for use as receiver i-f amplifiers. A 
typical circuit which uses the Motorola MC1590G 
is shown at D; 70 dB of gain may be achieved using 
this device. Age characteristics of the IC are 
excellent. A 4-voll change at the age terminal 
produces 60-dB change in the gain of the stage. 
Age action startll at 5 volts, so a positive uge system 
with a fixed de level must be employed. 

Tubes for l-f Amplifiers 

Variable..µ (remote cutoff) pentodes are almost 
invariably used In i-f amplifier stages, since 
grid-bias gain control is practically always applied 
to the i-f amplifier. Tubes with high plate 
resistance will have least effect on the selectivity of 
the amplifier, and those with high mutual 
conductance will give greatest gain. The choice of 
i-f tubes normally has no effect on the 
signal-to-noise ratio, 5incc this is determined by the 
preceding mixer and rf amplifier. 

The 6BA.6, 6BJ6 and 6B26 are recommended 
for i-f work becou~e they have desirable remote 
cutoff characteristics. 

When two or more stages aie used the high gain 
may tend to couse troublesome instability end 
oscillation, so that good shielding, bypassing, and 



Automatic Gain Control 
careful circuit arrangement to prevent sl.ray 
coupling between input and output cin:llits ue 
necenary. 

When vacuum tubes are used, the plate and grid 
leads should be weU sepuated. When llansiston are 
used, the base and coUcctor circulu should be well 
isolated. With tubes it is advisable to mount the 
screen-bypass capacitor directly on the bottom of 
the socket, cros!IWise between the plate and grid 
pins, to provide additional shielding. As a further 
precaution against capacitive coapliqi, the grid and 
plate leads should be "dressed" close lo the chassis. 

l•f Tran■rormen 

The tuned circuits of i•f llI1lpllflcn are built up 
as uansfonner units consisting of a metal shleld 
container in which the coils and tuning capacitors 
are mounted. Both air-core and powered-ilon-core 
univenal-wound coils are used, lhe latter having 
somewhat higher Qs and hence greater selectivi ty 
and pin. In univenal windings the coil Is wound in 
layen with each tum travening the length of the 
coll, back and forth, rather than being wound 
perpendicular to lhe axis as in ordinary single-layer 
coils. In a straight multilayer winding, a fairly large 
capacitance can exist between layers. Universal 
winding, with Its "crisS<rossed" turns, tends to 
reduce distributed-capacitance effects. 

For tuning, air-dielectric tuning capaciton are 
preferable to mica comprenion types because their 
capacitance is practically unaffected by changes in 
temperature and humidity. Iron-core transformers 
may be tuned by varying the inductance 
(permeability tuning), in which case stability 
comparable to that of variable air-capacitor tuning 
can be obtained by use of high-stability fixed mica 
or ceramic t.1pacitors. Such stability is of great 
importance. since • circuit whose rrequency 
"drifts" with time eventually will be tuned to a 
different frequency than the other circuits , thereby 
reducing the ga.ln and selectivity of the amplifier. 

The normal intenl■p i-f lramformer is loosely 
coupled, lo give good selectivity coml.Uent with 
adequate gain. A so-called cl.iode lranaformer is 
similar, but the coupling ls lighter, to give 
sufficient transfer when working Into the finite 
load presented by a diode detector. Using a diode 
transformer In place of an inlentage transformer 
would result in loss of selectivity; using an 
interstage transformer lo couple to the diode 
would result in loss of gain. 

Besides the conventional i-f transformers Just 
mentioned, special unit~ to give desired selectivity 
characteristics have been used. For higher-than
ordinary adjacent-channel selectivity, triple-tuned 
lransformen, with a third tuned circuit inserted 
between the input and output windlnp, have been 
made. The energy ii transferred from the input lo 
the output windinp vi■ !hill tertiary winding, thus 
adding its selectivity to lhe over-all i;electivity of 
the transformer. 

Selectivity 

The overall selectivity of the 1-f amplifier will 
depend on the frequency and the number of stages. 
The following figures are indicative of the 
bandwidths to be expected with goockiuality 

251 
circuits in amplifiers 10 constructed III to keep 
regeaeration at a minimum: 

Tuned ctrn1,r Bandwidth, "Hz 
Ckts. Fr~. Q --6 dB - 20dB -60t!B 

4 SO kHz 60 0.5 0 .95 2.16 
4 455 ktu 75 3.6 6.9 16 
6 1600 Ir.Hz 90 1.2 15 34 

THE BEAT OSCILLATOR AND DETECTOR 
The detector in a superhcterodyne reaeivl!r 

functions thl: same way as do the simple detccton 
described eailier in this chapter ( Fig. 8-4 ), but 
usually operates 11 a higher input level because or 
the amplification ahead of it. The detecton of Fig. 
8-4 are satisfactory for the reception of a-m signob. 
When copying cw and ssb signals It becomes 
necessary to supply a beal-oscillolor (BFO) signal 
to the detector stage as described in the eadler 
section on product detectors. Suitable circuits for 
variable-frequency and crystal-controlled BFOs are 
given in Chapter 6. 

AUTOMATIC GAIN CONTROL 
Automatic regulation of the gain of the receiver 

in inverse proportion to the aignat strength Is an 
operating convenience In phone reception, since It 
tt!nds lo lceep the output le¥el of the mceiver 
constant regardless of input-signal strength. The 
average rectified de voltage, developed by the 
received signal acro1.S ■ resutance in a detector 
circuit, is used lo vary the bias on the rf ■nd i-f 
amplifier stages. Since this vol taF is proportional 
to the average amplitude of the signal, lhe pin b 
reduced as the signal stnmgth becomes grcalcr. The 
conllol will be more complete and the output 
more constant as the number of stages 10 which 
the age bias ii applied is increased. Control of at 
least two stages is advisable. 

Carrier-Derived Circuits 

A basic diode-<letector/agc-rectificr circuit 1s 
given at Fi8- 8-IRA. Here a single germanium diode 
scr;es both as a deleclor and an age rectifier, 
producing a negative-polarity age voltage. Audio ls 
taken from the return end of the i•f tramformer 
11econdary and is fillered by meons of a 
47,000-ohm resistor and two 470-pF capacitors. 

At B, CRI (also a germanium diode) functions 
as a detector while CR2 (germanium) operalCJ u 
an age m:tifier. CR2 furnishes a negative age 
voltage to the controlled stages of the receiver. 
Though solid-stage rectifiers are shown at A and B, 
vacuum-tube diodes can be used in these circuits. A 
6AL5 tube is commonly med in cilculu calling for 
two diodes (B), but a I-megohm resistor should be 
shunted across the right-hand diode tr a tube II 
used. 

The circuit at C shows • typical hookup for age 
reed to lhe controlled stages. SI can be used to 
disable the age when this is desired. For tube 111d 
FET circuits the value of RI and R2 can be 
100,000 ohms, and R3 can be 470,000 ohms. If 
bipolar transistors an: used for the rf and i-f staae! 
being controlled, RI and R2 will usually be 



252 RECEIVING SYSTEMS 

4S5-KHZ.. 
LAST 1.F. TRANS. 

+ 12 

R.F. TRANS. GRIO.c.ATE, 1.F.TRANS AGC AMP. AGC RECT. 
OR BASE r-------, GRID,GATE. 

(R.F.ANPJ OR BASE 
I (1.F.ANR) 

' AGC TO I 
CONTROLJ.ED 

STAGES L,+,- Cl 
- 101/ OH .22 

51 10M 

0~ FROM A.G.C. 
RECT. 

(c) lON (D) 

Fig. 8-18 - Methods for obtaining rectified voltage. At A the detector furnishes age voltage. B shows 
separate diodes being used for the detector and age circuiu. C illustrates how negative age voltage is led 
to the rf and i-f stages of e typica l receiver. D shows an audio-derived age scheme. S1 is used to disable 
the egc when desired. R1, R2 and R3 in combination with Ct, C2, end C3, are used for rf decoupling. 
Their values are dependent upon the device being used - tube or transistor. CR1 and CR2 at A and Bare 
germanium diodes. 

between 1000 and 10,000 ohm~. depending upon 
the bias network required for the transistors used. 
R3 will also be detennined by the bias value 
required in the circuit. 

Age Time Conslllnt 

The time constant of the resistor-capacitor 
combinations in the age circuit is an important part 
of the system. It must be long enough so thnt the 
modulation on the signal is i:ompletely filtered 
from the de output, leaving only an average de 
component which follows the relatively slow 
carrier variations with fading. Audio-frequency 
variations in the age voltage applied to the 
amplifier grids would reduce the percentage of 
modulation on the incoming signal. But the time 
constant must not be loo long or the age will be 
unable lo follow rapid fading. The capacitance and 
resistance values indicated in 8-1 BA will give a time 
constant that is satilfactory for average reception. 

+sv 

AGC SYSTEM 

AGC: CONTROL 
VOLTAGE 

Fig. 8-19 - An IC age system. 

Cw and Ssb 

Age can be used for c:w and ssb reception but 
the circuit is usually more complicated. The age 
voltage must be derived from a rectifier that is 
isolated from the beat-frequency oscillator (other
wise the rectified BFO voltage will reduce the 
receiver gain even with no signal coming through). 
This is done by using a separate age channel 
connected to an i-f amplifier stage ahead of the 
second detector (and BFO) or by rectifying the 
audio output of the detector. If the selectivity 
ahead of the age rectifier isn't good, strong 
adjacent-channel signals may develop age voltages 
that will reduce the receiver gs.in. When clcmr 
channels are available. however. cw and ssb age will 
bold the receiver output constant over a wide range 
of signal inputs. Age systems designed to WOlk on 
these signals should have fast-attack and slow
decay characteristics lo work satisfactorily, and 
often a selection of time constants is made 
available. 

Audio-Derived Age 

Age potential for use in a cw/ssb receiver may 
also be obtained by sampling the audio output of 
the detector and rectifying this signal. A typical 
circuit is shown in Fig. 8-18D. The JFET stage 
amplifies the audio signal; the output of the 
HEP80I is coupled to the secondary of an audio 
transformer, LI. The time cons tant of the age line 
is established by RICI. Manual gain control can be 
accomplished by adding a variable negative voltage 
to the common lead of the audio rectifier. 
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Noise Reduction 

An improved audio-derived age circuit is shown 
in Fig. 8-19, using the Plessey Microelectronics 
SL-621 integrated circuit. Tiris design provides the 
fast-attack, slow-decay time constant required for 
ssb reception. High-level pulse signals that might 
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"hang up" the age system nrc sampled by the IC 
input cin:uit, activating a trigger which provides a 
fast-discharge path for the time<oimant capadtor. 
Thus, noise bursts will not produce a change in the 
level of age output voltage. 

NOISE REDUCTION 

Types of Noise 

In addi lion to tu be and circui I noise, much of 
the noise interference experienced in reception of 
high-frequency signals is caused by domestic or 
industrial electrical equipment and by automobile 
~-ition systems. The interference is of two types 
m its effects. The fint is the "hiss" type, consisting 
of overlapping pulses similar in nature to the 
receiver noise. It is largely reduced by high 
selectivity in the receiver, especially for code 
reception. The second is the .. pistol-shot" or 
"machine-gun" type, consisting of separated 
impulses of high amplitude. The "hiss" type of 
interference usually is caused by commutator 
sparking in de and series-wound ac motors, while 
the "shot" type results from separated spark 
discharges (ac power leaks, switch and key clicks, 
ignition sparks, and the like). 

The only known approach to reducing tube and 
circuit noise is through the choice of low-noise 
front~nd active components and through more 
ovcral I selectivity. 

Impulse Noise 

Impulse noise, because of the short duration of 
the pulses compared with the time between them 
must have high amplitude to contain much averag~ 
energy. Hence, noise of this type strong enough to 
cause much interference generally has an instantan• 
eous amplitude much higher than that of the signal 
being received. The general principle of devices 
intended lo reduce such noise is to allow the 
desired signal to pass through the receiver 
unaffected, but to make the receiver inoperative 
for amplitudes greater than that of the signal. The 
greater the amplitude of the pulse compared with 
its time of duration, the more successful the noise 
reduction. 

Another approach is to "silence" (render 
inoperative) the receiver during the short duration 
time of any individual pulse. The listener will not 
hear the "hole" because of its shorl duration, and 
very effective noise reduction is obtained. Such 
devices arc called "blankers" rather than 
"limi ten ... 

In passing through selective receiver circuits, 
the time duration of the impulses is increased, 
because of the Q of the circuits. Thus the more 
selectivity ahead of the noise-reducing device, the 
more difficult it becomes to secure good pulse-type 
noise suppression. See fig. 8-22. 

Audio Limiting 

A considerable degree of noise reduction in 
code reception can be accomplish~d by amplitude
limiting anangements applied to the audio-output 

1.svp: ~ 
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Al 

Fig. 8-20 - Circuit of a simple audio limiter/clip
per. It can be plugged into the headphone jack of 
the receiver. R 1 sets the bias on the diodes, CR 1 
and CR2, for 1he desired limiting level. S1 opens 
the battery leads when the circuit is not being 
used. The diodes can be 1 N34As or similar. 

circuit of a receiver. Such limiters aJso maintain the 
!ignal output nearly constant during fading. These 
ou tpu 1-limi ler systems are simple, and they are 
readily adaptable to most receivers without any 
modification of the receiver itself. However, they 
cannot prevent noise peaks from overloading 
previous stages. 

NOIS E- LIMITER CIRCUITS 
Pul~e-type noise can be eliminated to an extent 

which makes the reception of even the weakest of 
signals possible. The noise pulses can be clipped, or 
limited in amplitude, at either an rf or af point in 
the receiver circuit. Both methods are used by 
receiver manufacturers; both are effective. 

A simple audio noise limiter is shown at Fig. 
!l-20. It can be plugged into the headphone jack of 
the receiver and a pair of headphones connected to 
the output of the limiter. CRI and CR2 are wired 
to clip both the positive and negative peaks of the 
3.Udio signal, thus removing the high spikes of pulse 
noise. The diodes are back-biased by 1.5-voll 
batteries to permit R 1 to serve as a clipping-level 
~antral. This circuit al~o limits the amount of 
audio reaching the headphones. When tuning across 
the band, strong signals will not be ear-shattering 
and will appear to be the same strength as the 
weaker ones. SI is open when the circuit is not in 
use to prevent battery drain. CRI and CR2 can be 
germanium or silicon diodes, but IN34As are 
generally used. This circuit is usable only with 
high-impedance headphones. 

The usual practice in communications receivers 
is to use low-level limiting, Fig. 8-21. The limiting 
can be carried out at rf or af points in the receiver, 
as shown. Limiting at rr does not cause poor audio 
quality as is sometimes experienced when using 
series or shunt af limiters. The latter limits the 
normal af signal peab 11s well as the noise pulses, 
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Fig. B-21 - Typical rf and af anl circuits. A shows the circuit of a self-adjusting af noise limiter. CR1 and 
CR2 are self-biased silicon diodes which limit both the positive and negative audio and noise-pulse peaks. 
S1 turns the limiter on or off; B shows en rf limiter of the same type as A, but this circuit clips the 
positive and negative rf peaks and is connected to the last i-f stage. This circuit does not degrade the 
audio quality of the signal as does the circuit of A. 

Fig. B-22 - The delay and lengthening of e noise 
pulse when passed through a 2-kHz wide amplifier 
with good skirt selectivity 14 kHz at -60 dBi. IBI a 
3.75-MHz carrier modulated 30 percent, interfered 
with by noise pulses. The noise pulses INl!re 
originally 1000 times the emplitude of the signal; 
they hBIIB been reduced land lengthened) by 
overload in the i-f. The 1-f bandwidth is 5 kHz. 
Sweep speed = 1 mllliaecond/cm. (Cl Same as B 
but with a noise blanker on. 

(B) 



Signal-Strength and Tuning Indicators 

giving an unpleasant audio quality to strong signals. 
In a series-limiting circuit, a normally conduct

ing element (or elements) Ill connected in the 
circuit in series and operated in such a manner that 
it becomes nonconductive abOYe a given signal 
level. In a shunt limiting circuit, a nonconducting 
element is connected in shunt across the circuit 
and operated so thal it becomes conductive above 
a given signal level, thus short-circuiting the signal 
and preventing its being IIansmitted to the 
remainder of the amplifier. The usual conducting 
element win be a forward-biased diode, and the 
usual nonconducting element will be a back-biased 
diode. In many applications the value of bias ls set 
manually by the operator; usually the clipping level 
will be set at about 1 to 10 volts. 

The af shunt limiter at A, and the rf shunt 
limiter at B operate in the same manner. A pair of 
self-biased diodes are connected across the af line 
at A, and across an rf inductor at B. When a steady 
cw signal Is present the diodes barely conduct, but 
when a noise pulse rides in on the incoming signal, 
it is heavily clipped because capacitors Cl and C2 
tend to hold the diode bias constant for the 
duration of the noise pulse. For this reason the 
diodes conduct heavily in the presence of noise and 
maintain a fairly constant signal output level. 
Considerable clipping of cw signal peaks occuis 
with this type of limiter, bu I no apparent 
deterioration of the signal quality results. LI at C 
is tuned to the i-f of the receiver. An i-f 
transfonner with a conventional secondary winding 
could be used in place of LI, the clipper circuit 
being connected to the ,cconda.r) winding; the 
plate of the 6BA6 would connect to the primary 
winding in the usu al fashion. 

1-F NOISE SILENCER 
The i-f noise silencer circuit shown in Fig. 8-23 

is designed to be used ahead of the high-selectivity 
section of the receiver. Noise pulses are amplified 
and rectified, and the resulting negative-going de 
pulses are used to cut off an amplifier stage during 
the pulse. A manual "lhresllold" control is set by 
the operator to a level that only permits 
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rectification of the noise pulses that rise above the 
peak amplitude of the desired signal. The clamp 
transistor, Q3, short circuits the positive-going 
pulse "overshoots." Running lhe 40673 controlled 
i-f amplif"i.er at zero gate 2 voltage allows the direct 
application of age voltage. See July 1971 QST for 
additional details. 

SIGNAL-STRENGTH AND 
TUNING INDICATORS 

It is convenient to have some means by which 
to obtain relative readings of signal strength on a 
communicatiom receiver. The actual meter read
ings in terms of S uruts, or decibels above S9, are 
of little consequence as far as a meaningful report 
to a distant station is concerned. Few signal
strength meters are accurate in terms of decibels, 
espedally across their entire indicating range. Some 
manufacturers once established a standard in which 
a certain number of microvolts were equal lo S9 on 
the meter face. Such calibration Is difficult to 
maintain when a number of different receiver 
circuits are to be used. At best, a meter can be 
calibrated for one receiver - the one in which it 
will be used. Therefore, most S meters are good 
only as relative indicating instruments for compar
ing the strength of signals al a given time, on a 
given amateur band. They are also useful for 
"on-the-nose-tuning" adjustments with selective 
receivers. If available, a signal generator with an 
accurate output attenuator can be used to calibrate 
an S meter in terms of microvolb, but a different 
calibration chart will probably be required for each 
band because of probable differences in receiver 
sensitivity from band to band. It is helpful to 
establish a 50-µ.V reading at midscale on the meter 
so that the very strong signals will crowd the high 
end of the meter scale. The weaker signals will then 
be spread over the lower half or the scale and will 
not be compressed at the low end. Midscale on the 
meter can be called S9. If S units are desired across 
the scale, below S9, a marker can be estabU1hed al 
every 6 dB point. 

NOISE 
AOC AMPLIFIER 

PULSE 
DETECTOR SWITCH 

TD DRAIN OF 
FIRSI 1-F 

FROM 47 
INPUT C>--i 

TO lsr t-F 
AMP. 

♦12Vft--L--------------~----------...J 

Fig. 8-23 - Diagram of the noise blankar. L 1 and 
C1 are chosen to resonate at the desired 1-f. 
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TO A.F 
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5-METER 
100 

J;.02 
Fig. 8-24 - Practical examples of S-meter circuits. 
At A, a meter measures the change in screen 

AGC 
LI NE 

(C) 

220 voltage of an i-f amplifier stage, caused by changes 
in the age voltage applied to the grid of the 
amplifier. At 8, the i-f signal is rectified by CR1 
and is fed to a 50-µA meter. A 10,000-ohm control 
sets the sensitivity and also functions as a 
"I inearizi ng" resistor to make the meter less 
subject to the square-law response of CR1, At C, 
an FET samples the voltage on the age line and 

S-METER CIRCUITS 

A very simple meter indicator is shown at Fig, 
8-24B. Rectified i-f is obtained by connecting CRl 
to the take-off point for the detector. The de is 
filtered by means of a 560-ohm resistor and a 
.05-µF capacitor. A 10,000-ohm control sets the 
meter at zero reading in the absence of a signal and 
also serves as a "linearizing" resistor to help 
compensate for the nonlinear output from CRI. 
The meter is a 50-µA unit, therefore consuming 
but a small amount of current from the output of 
the i-f. 

drives an IC amplifier which provides the required 
current swing to operate a 1-mA meter, 

Another simple approach is to meter the change 
in screen voltage of an i-f amplifier stage. The 
swing in screen potential is caused by changes in 
the age voltage applied to the stage. A reference 
voltage is obtained from the cathode of the 
audi~utput stage. A 1-mA meter is suitable for 
the circuit shown in Fig. 8-24A. At C, a more 
complex design is employed which can operate 
directly from the age line of a transistorized 
receiver. The sensitivity of the metering circuit is 
adjusted by changing the gain of the IC meter 
amplifier. An FET buffer is employed to insure 
that loading of the age line will be negligible. 

IMPROVING RECEIVER SELECTIVITY 

INTERMEDIATE-FREQUENCY 
AMPLIFIERS 

One of the big advantages of the superhetero
dyne receiver is the improved selectivity that is 
possible. This selectivity is obtained in the i-f 
amplifier, where the lower frequency allows more 
selectivity per stage than at the higher signal 
frequency. For normal a-m (double-sideband) 
reception, the limit to useful selectivity in the i-f 
amplifier is the point where too many of the 
high-frequency sidebands are lost. The limit to 
selectivity for a single-:;ideband signal, or a 
double-sideband a-m signal treated as an ssb signal, 
is about 2000 Hz, but reception is much more 
normal if the bandwidth is opened up to 2300 or 
2500 Hz. The correct bandwidth for fm or pm 
reception is determined by the deviation of the 
received signal; sideband cutting of these signals 

results in distortion. The limit to useful selectivity 
in code work is around 150 or 200 Hz for 
hand-key speeds, but this much selectivity requires 
excellent stability in both transmitter and receiver, 
and a slow receiver tuning rate for ease of 
operation. 

Single-Signal Effect 

In heterodyne cw (or ssb) reception with a 
supcrheterodyne receiver, the beat oscillator is set 
to give a suitable audio-frequency beat note when 
the incoming signal is converted to the interme
diate frequency. For example, the beat oscillator 
may be set to 454 kHz (the i-f being 455 kHz) to 
give a 1000-Hz beat note. Now, if an interfering 
signal appears at 453 kHz or if the receiver is tuned 
to heterodyne the incoming signal to 453 kHz, it 
will also be heterodyned by the beat oscillator to 
produce a 1000-Hz beat. Hence every signal can be 
tuned in at two places that will give a 1000-Hz beat 
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(or any other low audio frequency). The 
audio-frequency image effect can be reduced ir the 
t-f selectivity is such that the incoming signal, when 
heterodyned to 453 kHz, is attenuated to a very 
low level. 

When this is done, tuning through a given signal 
will show II strong response at the desired beat note 
on one side of zero beat only, instead of the two 
beat notes on either side or zero be al characteristic 
of less-selective reception, hence the name: 
single-signal reception. 

The necessary selectivity is not obtained with 
nonregener11tive amplifiers using ordinary tuned 
circuits unless a low i-f, or a large number of 
circuits, is used. 

Regeneration 

Regeneration can be used to give a single-signal 
effect, particularly when the i-f is 45S kHz or 
lower. The resonance cuIVe of an i-f stage at critical 
regeneration (just below the osciUating point) is 
extremely sharp, a bandwidth of I kHz at 10 times 
down and 5 kHz at 100 times down being 
obtainable in one stage. The audio-frequency image 
of a given sigruil thus can be reduced by a factor of 
nearly 100 for a 1000-Hz beat note (image 2000 
Hz from resonance). 

Regeneration is easily introduced into an i-f 
amplifier by providing a small amount of capacity 
coupling between grid and plate. Bringing a short 
length of wire, connected to the grid, into the 
vicinity of the plate lead usually will suffice. The 
feedback may be controlled by a cathode-re§istor 
gain control. When the i-f is regenerative, it is 
preferable to operate the tube at reduced gain 
(high bias) and depend on regeneration to bring up 
the signal strength. This prevents overloading and 
increases selectivity. 

The higher selectivity with regeneration reduces 
the over-all response to noise generated in the 
earlier stages of the rea:iver, just as docs high 
selectivity produced by other means, and therefore 
improves the signal-to-noise ratio. However, the 
regenerative gain varies with signal strength, being 
less on strong signals. 

Crystal Filters; Phasing 
A simple means for obtaining high selectivity is 

by the use of a piezoelecttic quartz crystal as a 
selective filter in the i-f amplifier. Compared to a 
good tuned circuit, the Q of such a ery~tal is 
extremely high. TI1e crystal is ground resonant at 
the i-f and used as a selective coupler between i-f 
stages. For single-signal reception, the audio-fre
quency image can be reduced by SO dB or more. 
Besides practically eliminating the af image, the 
high selectivity of the crystal filter provides good 
discrimination against adjacent signals and also 
reduces the broadband noise. 

BAND-PASS FILTERS 
A single high-Q circuit (e.g., a quartz crystal or 

regenerative stage) will give adequate single-signal 
cw reception under most circumstances. For phone 
reception, however, either single-sideband or o-m, a 
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band-pass characteristic is more desirable. A 
band-pass filter is one that passes without unusual 
attenuation a desired IJand of frequencies and 
rejects signals outside thh band. A good band-pass 
filter for singlMideband reception might have a 
bandwidth of 2500 Hz at -6 dB and 4 kHz at -60 
dB; a filter for a-m would require twice these 
bandwidths if both sidebands were to be 
accommodated. thus assuring suitable fidelity. 

The simplest band-pass crystal filter is one using 
two crystals, as in Fig. S.25A. The two crystals are 
separated slightly in frequency. If the frequencies 
are only a few hundred Hz apart the characteristic 
is a good one for cw reception. With crystals about 
2 kHz apart, a reasonable phone characteristic is 
obtained. Fig. 8-2 shows a selectivity characteristic 
of an amplifier with a bandpass (at -6 dB) of 2.4 
kHz, which is typical of what can be expected 
from a two-crystal bandpass filter. 

More elabonle crystal filters, using four and six 
crystals, will give reduced bandwidth at -60 dB 
without decreasing the bandwidth at -6 dB. The 
resulting increased "skirt selectivity" gives better 
rejection of adjacent-channel signals. "Crys.tal
lattice" filters of th.is type are available commer
cially for frequencies up to 40 MHz or so, and they 
have also been built by amateurs from inexpen~ive 
transmitting-type crystal5, (See Vester, ''Surplus
Crystal High-Frequency Filters," QST, January, 
1959; Healey, "High-Frequency Crystal Filters for 
SSB," QST, October, 1960.) 

Two half-lattice filters of the type shown at 
Fig. 8-2SA can be connected back to back as 
shown at B. The channel spacing of YI and Y2 will 
depend upon the receiving requirements as 
discussed in the foregoing text. Ordinarily, for ssb 
reception (and nonstringent cw reception) a 
frequency separation of approximately I.S kHz is 
suit.able. The overall i-f strip of the receiver is 
tuned to a frequency which is midway between YI 
and Y2. CJ is tuned to help give the desired shape 
to the passband. LI is a bi mar-wound toroidal 
inductor which tunes to the i-f frequency by means 
of Cl. The values of RI and R2 are identical and 
are determined by the filter response desired. 
Ordinarily the ohmic value is on the order of 600 
ohms, but values as high as 5000 ohms are 
sometimes used. The lower the value of resistance,' 
the broader and flatter will be the response of the 
filter. Though the clJ"cuit at B is shown in a 
transistorized circuit, It can be used with vacuum 
tubes or integrated circuits as well. The circuit 
shows an i-f frequency of 9 MHz, but the filter can 
be used at any desired frequency below 9 MHz by 
altering the crystal frequencies and the tuned 
circuits. Commercial versions of the 9-MHz lattice 
filter are available at moderate cost.1 War-iurplus 
FT-241 crystals in the 455-kHz range are 
inexpensive and lend themselves nicely to this type 
of circuit. 

Mechanical filters can be built at frequencies 
below I MHz. They are made up of three sections; 
an input transducer, a mechanically resonant filter 

lspecnwn lnt.ematlonlll, P. 0. Box 87, 
Topsfield, MA 019113. Also, McCoy Elecaonlc• 
Co., Mount Holly Spnnp, PA. 
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Fig. S.25 - A half-lattice bandpass filter at A; B shows two half-lattice filte~ in cascade; C shows a 
mechanical filter. 

section, and an output transducer. The lransducers 
use lhc principle of magnelo-striction to convert 
the electrical signal to mechanical energy, then 
back again. The mechanically resonant section 
consists of carefully machined metal di~ks support
ed and coupled by thin rods. Each ,disk has a 
resonant frequency dependent upon the material 
and its dimensions, and the effective Q of ~ single 
disk may be in excess of 2000. Consequently, a 
mechanical filter can be built for either narrow or 
broad passband with a nearly rectangular curve. 
Mechanical filter.. ue available commercially and 
are used in both receiven and single-sideband 
transmitter.;. They are moderately priced. 

The signal-handling capability of n mechanical 
filter is limited by the magnetic circuih to from 2 
to 15 volts rms, a limitation that is of no practical 
importance provided it is recognized and provided 
for. Crystal filters are limi ted in their signal-hand
ling ability only by the voltage breakdown lirnlts, 
which normally would no1 be reached before the 
preceding amplifier tube was overloaded. A more 

serious practical con5ideration in the use of any 
high-selectivity component is the prevention of 
coupling .. 111ound" the !liter, externally, which can 
only degrade the action of the filter. 

The circuit at Fig. 8-25C shows a typical 
hookup for a mechanical filter. FL 1 is a Collins 
455-FB-2 l, which has an ssti band-pass characteris
tic of 2.1 kH1.. It is shown in a typical solid-state 
receiver circuit, but can be used equally as well in a 
tube-type application. 

Placement of the BFO signal with respect to the 
passbands of the tJuce circuits at A, B, and C, is 
the same. Either a crystakontrolled or xelf-excitcd 
oscillator can be used to generate the BFO signal 
and the usual pl'llCtice iii to place the BFO signal at 
a frequency that falls at the two points which are 
approximately 20 dB down on the filter curve. 
dependent upon which sideband is desired. 
Typically, with the filter specified at C, the center 
frequency of Flt Is 455 kHz. To place the BFO at 
the 20-dB points (down from the center-frequency 
peak) a signal at 453 and 456 kHz is required. 
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Fig. B-26 - An i-f Q multiplier for use with a 
bipolar transistor !Al. At B, a tube·tvPB rf 
a mul1ipller which can be used at the first stage of 
the receiver. The antenna coil is used for feedback 
to V1, which then introduces "negative r111istance" 
to L2. 

Q Multiplier 

The "Q Multiplier" is a stable regenerative stage 
that is connected in paiallel with one of the i-f 
stages of a receiver. In one condition it nanows the 
bandwidth and in the other condition It produces n 
sharp "null" or rejection notch. A "tuning" 
adjustment controls the frequency of the peak or 
null, moving it across the normal passband of the 
n:ceiver i•f ampli11er. The slrape of the peak or null 
is always that of a single tuned circuit (Fig. 2-42) 
but the effective Q is adjustable over a wide range. 
A Q Multiplier is most effective at an i-f of SOO 
kHz or less: at higher frequencies the rejection 
notch becomes wide enough (measured in Hz) to 
reject a major portion of a phone signal. Within its 
useful range, however, the Q Multiplier will reject 
an interfering carrier without degrading the quality 
of the desired signal. 

In the "peak" condition the Q Multiplier can be 
made to oscillate by advancing the "peak" 
{regeneration) control faI enough and in this 
condition it can be made to serve as a 
beat-frequency mcillator. However, it cannot be 
made co i;erve as a selective element 1111d as a BFO 
ar rhe some rime. Some inexpensive receivers may 
combine either a Q Multiplier or some other form 
of regeneration with the BFO function, and the 
reader Is advised to check carefully any ineKpensive 
receiver he intends to buy that offers II regenerative 
type of selectivity, in order to make :sure that the 
selectivity is available when the BFO is turned on. 

A rcprcRcntative circuit for II trun~istorizcd 
Q-multiplier i5 given in Fig. 8-26A. The comtants 
given are typical for i-f operation at 455 kHz. LI 
can be a J. W. Miller 9002 or 9102 slug-tuned 
induccor. A 25,000-ohm control, RI, pennits 
adjustment or the regeneration. Cl i~ used to tune 
the Q-multiplier frequency back and forth across 
the 1-f passband for peaking or notching 11djust
mcnti. With circuits of thi.~ type there is usually a 
need to adjust both Rl and Cl alternately for a 
peaking or notching effect, because the controls 
lend to interlock ai. far as the frequency of 
oscillation is concerned. A Q-mulliplier ~hould be 
solidly built in a shielded enclosure to assure 
maximum stability. 

Q multlpllen can be used at the front end of a 
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receiver also, as shown at B in Fig. &-26. The 
enhancement of the Q at that point in a receiver 
greatly reduces image problems because the 
selectivity of the Input tuned circuit is increased 
markedly. The wtlenna coil, Ll, is used as 11 

feedback winding to make VI regenerative. This in 
effect adds "negative resistance" to L2, increasing 
its Q. A 20,000-ohm control sets the regeneration 
of V 1, and should be adjusted to a point just under 
regeneration for beit resuJu. Rf Q multiplication is 
not a cure for a poor-quality inductor at Ll, 
however. 

T-Notch FtJtcr 

At low intermediate frequencies {SO - 100 
kHz) the T-natch filter of Fig. 8-27 will provide a 
sharp tunable null. 

The inductor L resonates with C at the 
rejection frequency, and when R = QXL/4 the 
rejection is maximum. {XL is the coil-reactancc 
11nd Q i.s the coil Q .) In a typical 50-kHz circuit, C 
might be 3900 pF making l approximately 2.6 
mH. When R is greater than the maximum-attenu
ation value. the circuit still provides some 
rejection, and in use the inductor is detuned or 
shorted out when the rejection is not desired. 

At higher frequencies, the T-notch filter is not 
sharp enough with available components to reject 
only a narrow band of frequencies. 

1-F 
1. 5459 

T-NOTCH 

,--I\/IJ'lr-1---·U--1 

+12V 

Fig. 8-27 - Typical T-notch (bridged-Tl filter, to 
provide a sharp notch at a low i-f. Adju&tment of 
L changes the frequency of the notch; adjustment 
of R controls the notch depth. 
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SOME RECEIVER DESIGN NOTES 

The receiver to be discussed in these notes 
incorporates some advanced ideas and has been 
included for its value as a theory article rather than 
a construction projecL Consequently, templates 
will not be available. for further information, see 
article by WICER in June and July QSTfor 1976. 
Also, a set of converters has been de~ed by 
W7ZOI and the article appears in QST for June, 
1976. The basic receiver covers the 1.8-MHz band. 

Front-End t-'ea tures 

Although the circuit treated here is for a 
one-band receiver (l.8 10 2.0 MHz), the design 
procedures arc applicable to any amateur band in 
the hf spectrum. Down converters to cover 80 
through IO meters can be employed and they are 
founded on the same concepts to be discussed 
here. 

Fig. I show~ the rf amplifier mixer, and 
post-mixer amplifier. What may ~cem like excessive 
ela bora tlon In design is a ma lier of personal whim, 
but the features arc useful, nevertheless. For 
example, the two front-t'nd attenuators aren't 
essential to good performance, but are useful in 
making accurate mea~uremcnts (6, 12 or I 8 dB) of 

Top-<:hassis view of the receiver. The R-C active 
filter and audio preamplifier are built on the pc 
board at the upper left. To the right is the B FO 
module In a shield boK. The age circuit is seen at 
the lower left. and to its right is the i·f strip in a 
shield enclosure . The large shield boK at the upper 
canter contains the VFO. To its right is the tunable 
front-end filter. The 1hraa-sac1ion variable capaci
tor is inside 1ha rectangular shield boK. The 
audio<11mplifier modul11 is seen at the lower right. 
The small board (mounted verticallvl at the left 
center contains the product detector. Homemade 
and brackets add mechanical stabilitv between the 
panel and chassis, and serve as a suppon for the 
receiver top cover. 

signal levels during on-the-air experiments with 
other stations (antennas, amplifiers and such) . 
Also, FL2, a fixed-tuned 1.8- to 2-MHz bandpass 
filter, need not be included If the operator L~ 
willing to repeak the three-pole tracking filter 
(FLl) when tuning abou t In the band. The 
fixed-tuned filter is useful when the down conv, • 
ters are in use. 

The benefits obtained from a highly selective 
tunable filter like Fll are seen when strong signals 
arc elsewhere in ( or near) the 160-metcr band. 
Insertion loss was set at S dB in order to narrow 
the filter response. In this example the high-Q 
slug-tuned inductors are isolated in aluminum 
shields. and the three-section variable capadtor 
which tunes them is enclosed in a shield made from 
pc-board sect.ions. Bottom coupling is accom
plished with small toroidal .-oib. 

Rf amplifier QI was added to compen!lllle for 
the filter loss. It is mismatched intentionally by 
means of LIO and L 11 to restrict the gain to 6-dB 
maximum. Some additional mismatching is seen at 
1.12, and the mixer i~ overcouplcd to the Fl:.T
tuncd output tank to broaden I.he response (1.8 to 
2 MH1.). The design lrndcofb do not impair 
performance. The common-gate rf stage ha~ good 
dynamic range and IMD rharacltlristics. 

The doubly balanced diode-ring mixer (U I) was 
chosen for its excellent reputation in handling high 
signal levels, having superb port-to-porl signal 
isolation. and because of its good IMD perfor
mance. The module used in thi.~ design is a 
commercial one which contaim two broadband 
transformers and four hot-c~rrier diodes with 
matched characteristics. The amateur can build his 
own mixer assembly in the interest of reduced 
expense. At the frequencies involved in this 
example, it should not be difficult to obtain 
performance equal to that of a commercial ml:oter. 

A diplexcr L~ included at the mb,er output (LIJ 
and the related .002 capacitors). The addition was 
worthwhile, as it provided an improvement in the 
noise floor and IMD characteristics of the receiver. 
The diplexer works in combination with matchinp: 
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network L14, a low-pass L-typc circuit. (The 
diplexer is a high-pass network which permits the 
56-ohm terminating resistor to be seen by the 
mixer without degrading the 455-kHz i-f. The 
low-pass portion of the diplexer helps reject all 
frequencies above 455 kHz so that the post-mixer 
amplifier receives only the desired information.} 
The high-pass section of the diplexer starts rolling 
off at 1.2 MHz. A reactance of 66 ohms was 
chosen to pennit use of standard-value capacitors 
in the low-Q network. 

A pair of source-coupled JFETs is used in the 
post-mixer i-f preammplifier. The 10,000-ohm gale 
resistor of Q2 sets the transformation ratio of the 
I. network at 200: l (50 ohms to 10 K-n). An L 
network is used to couple the preamplifier to a 
diode-switched pair of Collins mechanical Iii ters 
which have a characteristic impedance of 2000 
ohms. The terminations arc built in to the filters. 

Gain distribution to the mixer is held to near 
unity in the interest of good lMD perfonnance. 
The preamplifier gain is approximately 25 dB. The 
choice was made to compensate for the relatively 
high insertion loss of the mechanical filters - 10 
dB. Without the high gain of Q2 and Q3, there 
would be a deterioration in noise figure. 

Local Oscillator 

A low noise t1oor and good stability are 
essential trait.~ of the local oscillator in a quality 
receiver. The requirements are met by the circuit 
of Fig. 2. Within the capabilities of the ARRL lab 
measuring procedures, it was determined that VFO 
noise was at least 90 dB below fundamental 
output Furthermore, stability at 25° C ambient 
temperature was such that no drift could be 
measured from a cold start to a period three hours 
later. Mechanical stability is excellent: Several 
sharp blows to the VFO shield box caused no 
discernible shift in a cw beat note while the 400-llz 
i-f filter was actuated. VFO amplifier Q14 is 
designed to provide the recommended +7-dBm 
mixer injection. Furthennore, the output pi tank 
of Q 14 is of 50-ohms characteristic impedance. 
Though not of special significance in this applica
tion, the measured harmonic output across 50 
ohms is - 36 dB at the second order and -4 7 dB at 
the third order. 

Filter Modu le 

In the interest of minimizing leakage between 
the filter input to output ports, diode switching 
(Fig. 3) was used. The advantage of this method is 
that only de switching is required, thereby avoiding 
the occasion for unwanted rf coupling across the 
contacts and wafers of a mechanical switch. IN914 
diodes are used to select FL3 (400-Hz bandwidth) 
or FL4 (2.5-kHz bandwidth). Reverse bias is 
appli~d to the nonconducting diodes. Thi~ lessens 
the possibility of leakage through the switching 
diode~. Because the Collins filters have a 
characteristic impedance of 2000 ohms, the output 
coupling capacitors from each arc 120 pF rather 
than low-reactancc .01-µF units, a~ used at the 
filter inpuL~- Without the smaUer value of capaci-
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Considerable space remains beneath the chassis for 
the addition of accessory circuits or a set of down 
converters. At the lower right are the adjustment 
scre\1\/S for the tunable filter, plus the bottom
coupling toroids. At the right center is the fixed
tuned front-end filter. To the left is the rt-amplifier 
module. A 100-kHl MFJ Enterprises calibrator is 
seen at the far upper right. Immediately to its left 
is the mixer/amplifier assembly . The large board at 
the upper center contains the i-f filters and 
post-filter amplifier. Most of the amplifier 
components have been tacked beneath the pc 
board because of design changes which occurred 
during development . 

tancc, the filters would see the low base impedance 
of Q4, the post-filter i-f amplifier. The result would 
be one of double termination in this case, leading 
to a loss in signal level. AdditionaUy, the 120-pF 
capacitors help to divorce the input capacitance of 
the amplifier stage. The added capacitance would 
have to be subtracted from the 350- and 5 I 0-pF 
resonating capacitors at the output ends of the 
filters. 

The apparent overaU receiver gain is greatest 
during cw reception, owing to the selectivity of cw 
filler FL3. To keep the S-mctcr readings constant 
for a given signal level in the ~sb and cw modes, R 7 
has been included in tltc filter/amplifier module. In 
the cw mode, R 7 i~ adjusted to bias Q4 for an 
S-meter r.:ading equal lo Iha t obtained in the ssb 
mode. Voltage for the biasing is obtained from the 
diode switching line during cw reception. 

Although a 2N2222A is not a low-noise device, 
the performance characteristics arc suitable for this 
circuit. A slight improvement in noise figure would 
probably result from the use of an l\IPF 102, 406 73 
or low-noise bipolar transistor in that part of the 
circuit. 

Performance Notes 

The tuning range of the receiver is 200 kHz. 
This means that for use with converters the builder 
will have to satisfy himself with the cw or ssb band 



"' COIN 

JI 

TO iOO-kHI 
C:AI.IIIIATOII 

ATTENUATORS 
-6d8 -12dB 

£XC%,-T AS INDICATED, DECIMAL 
VAUJU o, CA,ACITANCE All[ 
IN MICIIO,AIIADS I JI' l; OTHERS 
All£ IN ,ico,.t.llADS I,, 011 JIJIFI; 
IIUIITNICll All£ IN OHMS; 

k olOOO, 11•1000000 

1.8-2.0 MHr 

CII 

5111 

,J; · 

t8-2.0 MHz 

FL! -5dB ,o 
"!Ji[ 

~ 

FL2 ~dB 

s,c: 

1!!l ;J:,5.M. 

l'J 
0) 
l'J 

:0 
m n 
m 
< 
z 
C') 

Cl) 

-< 
Cl) 
-4 
m 
3:: 
Cl) 



Performance Notes 263 

~gments. The alternatives are lo increase the local 
sJScillator tuning range to 500 kHz, or use a 
:nultiplicity of converters to cover the cw and ssb 
portions of each band. 

Some severe lab tests were undertaken with the 
completed receiver, aimed at learning how 
·•cnmchproor• the front end really was. A 
quarter-wavelength end-fed wire (inverted L) was 
matched to the receiver SO-ohm input port. The far 
end of the antenna was dtuatecl three feet away 
from the WIAW end-fed Zepp antenna. A pk-pk 
voltage of 15 was measured across the 50-ohm 
receiver input jack by means of a Tektronix model 
453 scope while WIAW was operating. Now, that's 
a lot of rf energy! With that high level of If voltage 
present, a I 0-~V signal was fed into the receiver 
and spotted 2 kHz away from the WI AW operating 
(requency. No l!Yidence of cross modulation could 
be obser,11:d. and desensitization of the receiver 
could not be discerned by ear. The spread from 1.8 
to 2 MHz was .tuned, und no IM products were 
heard. 

Dynam le range tests were performed in accor
dance with the Hayward paper in QST for July, 
1975. Noise floor was - 135 dBm, IMD was 95 dB 
and I dB of blocking occurred at some (undeter
mined) point greater than 123 dB above the noise 
noor. The latter measurement is inconclusive 
because blocking did not become manifest within 
the output capability of the model 80 generators 
i;sed in the ARRL lab. The resultant receiver noise 
figure al 1.8 MHz is 13 dB, which is more than 
adequate for lhi, high atmospheric noise level on 
160 meters. 

A receiver i-f system should be capable of 
providing a specific guin, have an acceptable noise 
figure and respond satisfactorily to the applied age. 
Two of !he more serious shortcomings in some 
designs are poor age (clicky, pumping or 
inadequate range) and insufficient i-f gain. 

Because of past successes, it was elected to use 
a pair of RCA CA3028A !Cs in the i-f strip. 
Somewhat greater i-f dynamic range is possible 
with MC 1590G ICs, and they are the choice of 
many builders. However, the CA3028As, con
figured a~ di!Teren lial amplifiers, will provide 
approximately 70 dB of gain per pair when 
operated at 455 kHz. This gives an age charac
teristic from maximum gain to full cutoff which is 
entirely acceptable for most amateur work. 

Fig. 4 shows the i-f amplifiers, product detector 
and V aricap-tuned BFO, Transformer coupling is 
used between U2 and U3 and also between U3 and 
the product detector. The 6800-ohm resistors used 
a::ross the primaries of T2 and T3 were chosen to 
force an impedan~ transformation which the 
transformers can't by themselves provide: Avail
able Miller transformers with a 30,000-ohm 
primary to 500-ohm secondary characteristic are 
used. U2 and U3 have 10- and 220-ohm series 
resistors in the signal lines. These were added to 
discourage vhf parasitic oscilla lions. 

Age is applied to pin 7 of each IC. Maximum 
gain occun at +9 V, and minimum gain results 
when the age voltage drops to its low value - +2 V. 
The age is If-derived, with i-f sampling for the age 
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Fig. 2 - Circuit diagram of the local oscillator. 
Capacitors are disk ceramic unless specified di ffer
ently. Resistors are 112-W composition Entire 
assembly is enclosed in a shield bol< made from 
pc-board sections. 
C2 - Doub le -bearing variable capacitor, 50 p F . 
C3 - Miniature 30-pF air variable. 
CR1 - High-speed switching diode, silicon tvP~ 

1N914A. 

amplifier being done at pin 6 of U3 through a 
100-pF blocking capacitor. 

The 1000-ohm decoupling resistors in the 12-V 
feed to U2 and U3 drop the operating vo ltage to 
+9. This aids stability and reduces i-f system noise. 
The amplifier strip operates with unconditioml 
stability. 

Product Detector 

A quad of 1N914A diodes is used in the 
product detector. Hot-carrier diodes may be pre
ferred by some, and they may lead to slightl1 
better performance than the silicon units chosen. A 
trifilar broadband toroidal transformer, T4, 
couples the i-f amplifier to the detector at a 
50-ohm impedance level. BFO injection is supplied 
at 0 .7-V nns. · 

B1-'0 Circui t 
In the interest of lowering the cost of this 

project, a Varicap (CRIO of Fig. 4) is u:-ed t-:l 
control the BFO frequency. Had a convention;il 
system been utilized, three expensivt: crystals 
would have been needed to handle upper sidebanc, 
lower sideband and cw. The voltage-variable capac i
tor tuning method shown in Fig. 4 is satisfactory if 
the opera tor is willing to change the opera ting 
frequency of the BFO when changing receive 
modes. Adjustment is done by means of front
panel control R I. Maximum drift with this circuit 
was measured as 5 Hz from a cold start to a time 

RECEIVING SYSTEMS 

AMPLIFIER 
22l!, -24':I kHl 

180 .001 

10k 

EXCEPT AS INDICATED, DECIMAL VAUJ ES OF 
CAPACITANCE ARE IN MICROFARADS I ;,F I ; 
OTHERS ARE IN PICOFARADS I pf OR ;,;,Fl; 
RESISTANCES ARE IN OHMS; 
k• IOOO , 11•1000 ODO. 

L18 - 17- to 41-µH slug-tuned inductor, Ou of 
175 (J. W. Miller 43A335CBI in Mi ll er S-74 
shield can). 

L1 9 -10- to 18.7-µH slug-tuned pc-board induct or 
IJ. W. Miller 23A155 RPC). 

RFC13, RFC14 - Miniature 1-mH rf choke IJ. W. 
Mi l ler 70F103A1). 

VR2 - 8 .6-V, 1-W Zener diode. 

three hours later. A Motorola MV-104 tuning diode 
is used at CR I 0. 

To vary the BFO frt:quency from 453 to 457 
kHz, the diode is subjected to various amounts of 
back bias, applied by means of R l. Regulated 
vol Lage (VR I) is applied to the oscillator and 
tuning diode. 

Q6 functions as a Class A BFO amplifier/buffer. 
It contains a pi-network output ciicuit and has a 
SO-ohm output charncteri~tic. The main purpose of 
the amplifier stage is to increase the BFO injection 
power without loading down the o~cillator. 

AGCCircui t 

Fig. 5 show~ the age amplifier, rectifier, de 
source follower and op-amp difft:rence amplifier. 
An FET is used at Ql0 because it exhibits a 
high-input impedance , and will not , therefore, load 
down the primary of T3 in Fig. 4. 0 l is direct 
coupled to a pnp transistor, Ql 1. Assuming that Rs 
and R 2 are l!eated as a single resistance, Rs, the 
QlO/Q I 1 gain is determined as: Gain (dB) = 20 log 
Re "" Rs. Control R2 has been included as part of 
Rs to permit adjustment of the age loop gain. Each 
operator may have a preference in this regard. The 
writer has the age set so it is fully actuated al a 
signal-input level of IO µV. Age action commences 
at 0.2 µV {I dB of gain compression). 

Age disabling is effected by removing the 
operating voltage from 010 and Qll by means of 
S5. Manual i-f gain control is made possible by 



BFO Circuit 

Fin. 3 - Schematic diagram of the filter and i-f 
post-filter amplifier. Capacitors are disk ceramic . 
Resistors are 1/2-W composition. 
CR2-CR5, incl. - High-speed silicon switching 

diode, 1N914A. 
FL3 - Collins mechanical filter F456FD-04. 
FL4 - Col li ns mechanical filter F455FD-25. 
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RFC3-RFC10, incl. - 10-mH miniature rf choke 
(J. W. Mi ller 70F102A1 ). 

R7 - Pc-board control, 10,000 ohms, linear taper. 
S4 - Double-pole, double-throw toggle or wafer. 
Tl - Miniature 455-kHz i-I transformer (J. W. 

Miller 2067, 30,000 to 500 ohms). 
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Fig. 4 - Circuit of the i-f amplifier, BFO, and 
1><oduct detector. Capacitors are disk ceramic 
unless noted differently . Fixed-value resistors are 
1/2-W composition. Dashed lines show shield 
enclosures. The BFO and i-f circuits are installed in 
seQarete shield boxes. The R-C active filter and af 
preamplifier are on a common cirC\Jit board which 
is not shielded. 
CR6-CR9, incl. - High-speed silicon, 1N914A or 

equiv. 
CR10 - Motorola MV-104 Varicap tuning diode. 
L16 - Nominal 640-µH slug tuned Inductor IJ. W. 

Miller 9067). 
L17 - Nominal 60-µH slug-tuned inductor (J. W. 
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Miller 90541. 
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Rl - 100,000-ohm linear-taper composition con· 
tro l lpanel mount). 

RFC11 - 2 .5-mH miniature choke IJ. W. Miller 
70F263A 1 l. 

RFC12 - 10-mH miniature choke (J. W. Miller 
70F102A1J. 

T2, T3 - 455-kHz i-f transformer. Seti te,ct, (J. W. 
Miller 2067). 

T4 - Trifilar broadband transformer. 16 trlfilar 
turns of No. 26 enam. wire on Amidon T-50-61 
toroid core. 

U2, U3 - RCA IC. 
VR1 - 9.1 ·V, 1-W Zener diode. 



Audio System 

adjusting R3 of Fig. 5. Age delay is approximately 
one second. Longer or shorter delay periods can be 
established by altering the values of the QI 4 gate 
resistor and capacitor. Age amplifier gain is variable 
from six to 40 dB by adjusting R2. The arrange
ment at Q14 and U4 was adapted from a design by 
W7ZOI. Age action is smooth, and there is no 
evidence of clicks on the attack during strong
signal periods. At no time has age •·pumping" been 
observed. 

Audio System 

A major failing of many receivers is poor
quality audio. For the most part this malady is 
manifest as cross-over distortion in the af-ou tpu t 
amplifier. Moreover, some receivers have marginal 
audio-power capability for normal room volume 
when a loudspeaker is used. Some transformerless 
singfe..:hip audio IC~ (0.25- to 2-W class) exhibit a 
prohibitive distortion characteristic, and this is 
especially prominent at low ~ignal levels. The 
unpleasant effect is one of "fuzziness" when 
listening to low-level signals. Unfortunately, ex
ternal access to the biasing circuit of such !Cs is 
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not typical, owing to the unitized construction of 
the chips. 

Since "sanitary" audio is an important feature 
of a quality communications receiver, a circuit 
containing discrete devices was used. The 
complimentary-symmetry output transistors and 
the op;imp driver are configured in a manner 
similar to that used by Jung in his Op Amp 
Cookbook by Howard Sams. Maximum output 
capability is 3.5 W into an 8-ohm load. An 
LM-301A driver was chosen because of its low
noise profile. There has been no aural evidence of 
distortion at any signal level while using the circuit 
of Fig. 6. The game played in this situation is one 
of having considerably more audio power available 
than is ever needed - a rationale used in hi-Ii work. 

R-C Active CW Filter 

A worthwhile improvement in signal-to-noise 
ratio can be realized during weak-signal reception 
by employing an R-C active bandpass Filter. A 
two-pole version (FLS) is shown in Fig. 6. A peak 
frequency of 800 Hz results from the R and C 
values given. 

+UV 
AGC AMP. 

.I 

~ 

TO 
T3 G 

PRI 

AGLl 

s, ON 

AGC 
RECT: 

0 PROVIDE +9V AT 
PIN 6 Of 1-.1 (NO SIG.) 

SOURCE AGC AGC TO 
FOLL. OIFF.· U2,U3 

AMP 

IOk !Ok +9V T0+2V -

011 

R 
EXCEPT AS INDICAT ED, DECIMAL VAUJES OF 
CAPACITANCE ARE IN MICROFARAOS I ;,F I ; 
OTliERS ARE IN PICOFARADS I pF OR ;,;,Fl; 
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C 8 E 
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Fig. 5 - Schematic: diagram of the age system. 
Capacitors are disk ceramic: except when polarity is 
ind icated, which signifies electrolytic. Fixed-value 
resistors are 1 /2-W composition. This module is not 
enclosed in a shield compartment. 
CR12, CR13 - High-speed silicon. 1N914A or 

equiv. 
Ml - 0 to 1-mA meter. 
010, 011. 014 - Motorola transistor. 

R2, R4, R5 - Linear-taper composition pc-board 
mount contro l. 

R3 - 10,000-ohm linear-taper control, panel 
mounted. 

RFC15 - 2.5-mH miniature choke (J. W. Miller 
70F253A1 I. 

S5 - Single-f)ole, single-throw toggle. 
U4 - Dual-in-line 8-pin 741 op amp. 



268 

0 ... • 

a: 
w 
?:: 
a: 
0 

0 
0 

~ 

Q: 
::::E 

~<( 
<tw 

a: 
11. 

0 
0 

5! 

Fig. 6 - Diagram of the eudro amplifier and R·C 
active filter. Capacitors are disk ceramic unless 
otherwise noted. Polarized capacitors are elec
trolytic or tantalum. Fi><ed-value resistors are 
1 /2-W composition. T his circuit is not contained in 
a shield bo><. Heat sinks are used with QB and 09. 
C4-C7, incl. - See text. 
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CR11 - High-speed silicon, 1 N914A or e.quiv. 
J3 - Phone jack. 
R6 - 10 .ODO-ohm aud io-laper composition con-

trol, panel mounted. 
S6 - Double-throw, double-pole toggle. 
U4 - Nationa l Semiconductor LM -301A IC. 
U5 - Signetics N5558 dual op-amp IC. 



NBS Ears for Your Ham-Band Receivers 

The benefits or FU are similar to those 
described by Hayward in his "Competition-Grade 
CW Receiver" article. He used a second H filter (al 
the 1-f strip output) to reduce wide-band noise 
from the system. The R-C active filter seives in a 
similar manner, but performs the signal "laun
dering•· at audio rather than at rr. The technique 
has one limitation - monotony in listening lo a 
fixed-frequency beat note, which is dictated by the 
center frequency of the flilcr. The R-C filter 
should be designed lo have a peak frequency which 
matches the cw beat-note frequency prerened by 
the operator. That is, if the BFO is adjusted lo 
provide an 800-Hz cw note, the center frequency 
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of fLS should also be 800 Hz.. 
Experience with FLS in this receiver has proved 

in many Instances that weak DX signals on 160 
meters could be elevated above the noise lo a QS 
copy level, wh!le without the lllter solid copy was 
impossible. 11 should be stressed that high-Q 
capacilo~ be used from C4 to C7, inclusive, to 
assure a sharp peak response. Polystyrene capaci
tors satisfy the requirement. To ensure a weU
defined (minimum ripple) L-enter frequency, the 
capacitors should be matched closely in value (5 
percent or less). Resistors of S-perccnl tolerance 
should be employed in the circuit, where indicated 
in Fig. 6. 

NBS EARS FOR YOUR HAM-BAND RECEIVERS 

Radio amateurs are berom~ worshipers of the 
sun, constantly peering at projections of the 
surface for signs of black spots; "sun spots," they 
call them. 

Why has interest in sun spots suddenly turned 
many amateurs into solar astronomers? The answer 
is becoming more obvious each day. The state of 
the earth'~ ionosphere and geomagnetic field, and 
therefore radio propagation for a given time, is 
directly related to conditions on the sun. Sun-spot 
activity will soon be on the increase. and gto
magnctic activity is constantly changing. As a 
result, unexpected. often undetected. band open
ings are occurring. ll u I clouds and other wea !her 
phenomena can make it impossible for observers to 
sec the sun, much leu any spots that might 
otherwise be visible. That geomagnetic disturbance 
business - how can one tell when such an event 
will occur? Well. one way is to consult the "DXer's 
Crystal Ball. "1 

If you don't have a Ouija board at your 
disposal, the Nation:il Bureau of Standards (NBS) 
stations WWV and WWVII offer an alternative 
source of inform:i tion on solar and geomagnetic 
activity. Propagation bulletins are broadcast hourly 
by these stations, and articles in QST and this 
Handbook have shown !ll!Veral ways in which this 
information can be put lo work in helping ama
teurs make better use of their air time. 

Some amalt!urs may have a problem using this 
information source because a large portion of 
amateur gear manufactured in recent years is for 
ham-band~-only reception. Some receivers do offer 
an "extra" band, usually IS MHz, which is useful 
~metimcs, in some areas of the world, but not in 
others. An inexpensive solution lo the problem for 

1Tilton "The DXer's Cryd.111 Ball," Pans I tbrouah 
JU, QST, June, Au1ust and September, 1976. 

WWV con1111r1er as nested in the chassis. The shield 
shown in the photograph was found to be unneces
sary since stray coupling between the input and 
output of the rf amplifier proved not to be a 
problem. 

those who want to receive the NBS stations' 
transmissions, but don't want to spend lhe money 
for a general-coverage reeeivet, is a converter which 
uses one of the amateur frequencies for an i-f 
output. Selection of the proper component values 
allows the potential user to build a converter that 
will cover the WWV or WWVH frequency most 
usable at his location. 

The converter described here, when used with 
an amateur-band.o;-only receiver. provide~ for 
reception of 10-, 15- or 25-MHz NBS stations 
WWV or WWVH. The receiver, when tuned to 4, 14 
or 21 MHz, serves as the t-f amplifier, detector and 
audio stages. The low current drain of the conver-
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RECEIVING SYSTEMS 

Fig. 1 - Schematic diagram, of the WWV-to-ham bands converter. The oscillator output frequency of 
11 MHz was chosen to provide the reception of the three most common ly used WWV freq uencies I 10, 
15 an d 25 MHzl, wi t hout the need to change t he oscil lator freq uency. 

~r (15 mA typical) lends itselr to operation from a 
9--volt transistor-radio battery and lo use with QRP 
equipmen t. 

The Circui l 

The schematic diagram of the converter is given 
in Fig. I. With the exccpfion or ttre Miller coil 
forms, nearly all of the components used can be 
purchased from Radio Shack or Lafayette Radio 
Electronic stores. 1:-'or coverage of the 10-, 15-and 
25-MHz WWV frequencies, component values of 
the three tuned circuits in the rf-amplifier and 
mixer st.ages musl be selected from Table 1. This 
approach reduces the complexity of the converter 

by eliminating band-switching circuitry, but 
restrich the converter to use on only one NBS 
frequenl'y al a time. 

A common-gate ffET rf amplifier provides 8 
dB of guin in this converter and has good !MD and 
overload immunity. A 40673 MOSH.T is used as 
the mixer in the converter. The outpuf circu it of 
the mixer uses a low value or coupling capacitor as 
an allemative lo an rf voltage divider or other 
output-coupling technique. This was done as a 
parts-saving step and does no! seem to degrade the 
perfomuncc of the converlcr significantly. 

VR I provides adequate rcgulat.ion of the V+ to 
the convener pr board. The regulator diodt: is 

CJ -Cl C.3 

TABLE I 

I,/ L2-L3 L<f 

10 MHz 90 pf 22 pl' 2-1/2 turns 
No. 34 enamel 
over L2. 

15 Mlll 43 pF 300 pf 1-1 /2 lums 
No. 24 enamel 
over L2 

25 MIiz 22 pf 48 pf' 1-1 /2 turus 
No. 24 enamel 
over L2 

"LS - 2.42-2.96 µ H, Miller 46A276CPC 

Same as L5* Same as LS • 

Same as LS* S.5 µH (nom.) 
Miller 46/\566CPC 

1.8 ,iH(nom,) Same as LS• 
Miller 46A I R6CPC 
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Fig. 2 - Etching pattern and parts-placement guide for the converter circuit board. 1/2-watt resistors were 
used throughout, but 1 /4-wall resistors may also be used if preferred. 

plnced on the V+ line for the entire circuit of the 
converter; the converter, therefore, is operating at 
7.1 volts. Any voltage from 9 to 18 volts will 
power the converter. 

The converter is housed in an aluminum Mini
box: dimensions of lhe box are 4 X 2-1/8 X J-5/11 
inches. Radio Shock part number 270-239 is 
~uilable. As can be noted from the photograph. the 

converter pc board was I.aid out lo facilitate 
1/2-watt resistors, but 1/4-watl resi.:stors are accept 
able ~ince pow~r consumption for the converter is 
very low. Silver-mica or polystyrene capacitors 
should b~ used Car C7, C13, Cl4 andCIS because 
they aid stability in the oscillator circuit. Di= 
ceramic capacitors are suilllblc for u11e in the 
remainder of the converter circuit. 

A BAND-PASS TUNER FOR ADJUSTABLE SELECTIVITY 

Many modern receivers have fixed-frequency 
oscillator circuits for injection at the product 
detector during ssb and cw operation, The fre
quency of the fixed-frequency oscillator deter
mines the characterislic range of the received 
signal. For cw operation, It detennines the BFO 
offset frequency and accordingly the pitch of the 
signals heard. A receiver which has a variable BFO 
tsometimcs called a pitch control) allow~ the 
operator to select the pitch al which the cw signals 
are centered in the Iii ter re~ponse. During ssb 
reception, the control may be used to select a 
pleasing quality for lho incoming signal. A pitch 
control is undesirable, however, if the BFO in the 
receiver is to act as a carrier oscillator In the 
transmitter for ban!ICeive operation. In this case, 
the BFO must be on cx.aclly the same frequency 
for both receive and transmit periods; indeed many 
times the same oscillator is used. Transcelve opera
tion iJ not compatible with a pitch control, and 
unfortunately the operator is required to accept 
the resultant BFO offset. While it is possible to 
shifl n BFO/carrier oscillator to obtllin a d~sirable 
receiver response characteristic, lhe affect to the 
transmitted signal could be detrimental These 
disadvantages can be overcome by incorporating 
the circuit shown in Fig. 1 into the station receiver 
or transceiver. It may be used with any apparatus 

having an i-f of 3,395 MHz. Other i-f ranges could 
be used if appropriate changes are made to the 
Band-Pass Tuner VFO input and output circuits.. 
The experienced builder should nor encounter any 
difficulty. 

The purpose of the Band-P:w Tuner is to allow 
the operator to adjust the range of frequencies 
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which pass through the filter without changing the 
frequency of the receiver or the transmit offset 
frequency. The unit could be built for cw or ssb 
operation only. Several filters, however, may be 
included in the circuit and switched to coincide 
wilh lhe de.ired mode of transmission. When lhe 
Band-Pass Tuner is intcrconnecled to II transceiver, 
one needs to assure that the transmit signnl does 
not pass through the Band-Pass Tuner system. This 
could be accomplished with either a double-pole 
relay or a diode switching array as shown in the 
circuit diagram. Generally speaking, the latter 
provides more isolation than the mechanical relay 
and is recommended. 

Circuit Functions 

The main function of the Band-Pass Tuner is to 
convert the H signal to a different frequency 
where sharp-skirt filter~ may be used to increase 
the selectivity of a receiving system. After the 
signal is filtered, II is then converted back to the 
receiver ( or liansceiver) i-f. The technique used to 
obtain variable band-pass response is to employ a 
VFO for the conversion oscillator and use this 
energy not only to convert the signal from 3.395 
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MHz down to 455 kHz, but also to convert the 
signal back to the receiver i-f range. Since lhc down 
conversion is equal to the up conversion ( the same 
oscillator is used for both), chnnging the VFO 
frequency does not change the frequency of the 
received dgnal The output frequency i.!I always 
equal 10 the input frequency; the VrO only 
changes the position of the signal nround the 455 
kHz fi1 ler system. 

A Circuit diagram fo1 the Band-Pass Tuner is 
given in Fig. I. Dual-gate MOSFETR are used to 
accomplish both the down and the up conversion. 
Since the phone-band mechanical filter has con
sidera ble insertion loss (about 10 dB), an RCA 
40673 amplifier is included to bring the signal up 
to the proper level for re-entering the receiver i-f 
system The 406 73 could be controlled by vollage 
supplied from the receiver age bus; however, ii was 
not necessary. Normal age action of the receiver 
seemed unaffected by the inclusion of the Band
Pass Tuner. 

The VFO must be capabh: of reaching stability 
from a cold start in just a few minutes. A VFO 
which drifu more thilil a kilohertz during wamrnp 
will cause the operator to have to readjust the 
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Fig. 1 - Circuit diagram for the Band-PilSS Tuner. All resistors are 1/2-wan composition. FL 1 and FL.2 ere 
Collins lypes. AFC-s are from Millen. All capacitors are disc ceramic. The output ol the Pass-Band Tum,r 
should be connected in the receiver at a point before the receiver i-f filter svstem. The i-f control should 
be adjusted 10 g,ve suitable gain when the unit is placed in operation as outlinl!d in the text. 

tuning during this period. Since the tuning is 
accomplished with a varactor diode which hu a 
limited range, drift must be held to within a few 
hundred Hertz for wannup and within about 25 Hz 
for normal operation. The voll.age source for the 
VFO must be regulated. CR! in Fig. I serves that 
function. 

Most receivers with a 3.395 MHz second i-f 
have a first i-f in the range of 8 MHz. Since the 
third harmonic of the VFO falls in that range, a 
low-pass fdter was incorporated lo eliminate any 
receiver spurious response. The tenth hannonic of 
the VFO is the only one to fall in an hf amateur 
band. It was not detectable on the receiver shown 
in the photographs. 

A pair of emitter followers are incorporated in 
tho VFO injection lino; each one offers isolation 
between the VFO and the associated mixer. 
Additionally, isolation is provided between the 
input mixer, UI and the outpul mixer, U3. 
Insufficient isolation on this line could cause poor 
selectivity characteristics (parallel path to the 
filters) and instability. 

Co!l'truclion 

Several methods may be used to enclose the 
Band-Pass Tuner. If sufficient !;pace is available in 
the receiver or lransceiver, and if the control 
functions can be made part of the Cron I-panel 
layout (without drilling holes!), then mounting the 
circuit boards internally would be desirable. The 

other option is to fabricate a cabinet or obtain a 
sufficiently large Minibox to house the circuit 
boards and controls. 

All of the components for the VFO, converters, 
and amplifiers are included on one board. The 
mter switching network and the _filters arc 
mounted on the same circuit board. 

Shielded lead~ should be used between the 
input and output points on the circuit board and 
the station receiver. 

Receiver lnterconneelion and Alignment 

The input terminal of the Band-Pass Tuner 
should be connected to the output of the second 
mixer in the receiver. The output of the Band-Pas~ 
Tuner connects directly to the lnpu I of the receiver 
crystal filter. 

Alignment is simple. Before the Band-Pass 
Tuner is installed in the receiver, tune in the 
receiver crystal calibrator and log the S-metcr 
reading. I n~tall the Band-Pass Tuner. Set the V FO 
for 2.940 MHz. A frequency counter is handy for 
this step, however a general-coverage receiver is 
suitable. The band-pass tuning control RS, mould 
L"ause a frequency change of approximately three 
kilohertz either side of 2.940 MHz. 

With the receiver and the Band-Pass Tuner 
turned on, and the calibrator tuned in, the band
pass control (VFO) should be adjusted to show a 
peak reading on the S-Meter. Then the gain 
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Top view of the Band-Pass Tuner 
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control, RI, should be set so that the receiver 
S-meter reading under the above conditions is the 
same as the reading taken before the Band-Pass 
Tuner was installed. The gain control will no doubt 
have to be changed during normal operation if 
more than one filter is used. 

Operation 

The incorporation of the Band-Pass Tuner does 
not change the normal operation of the receiver. 
SJ may be used lo select an out condition 
(Band-Pass Tuner out of the circuit), !he ssh filter, 
or a sharper cw filler. The band-pass tuning control 
may be adjusted lo give !he desired filter response 
in relation to the signal being received. 

With most receivers, the change from one 
sideband lo the other at lhc receiver mode switch 
will not requiie a change in the position of the 
band-pass tuning control. It will, however, change 
the tuning direction of the response. For instance, 
if the tuning control is rotated in one diicction to 
favor a higher pitch with usb operation, when used 
on lower sideband, !he same direction of rotation 
will cause the favored pitch 10 become lower. 

A COMMUNICATIONS RECEIVER 

WITH DIGITA L FR EQU ENCY READOUT 

Front view of the communications receiver built 
by WA1JZC. The receiver controls are grouped at 
the right side of the front panel, with the digital 
readout occupying the I eft side. 

This solid-state receiver will enable the operator 
lo tune the amateur bands from 160 10 10 meten 
in 500 kHz segments. An integral part of the unit is 
a digital frequency counter that may be used to 
display the received frequency dil'ectly to the 
nearest 100 Hz. The basic receiver consists of a 
singl~rnnversion tunable i-f which cover~ a range 
that includes the 160-meter band. Converters for 
each additional dcsiied hind are placed ahead of 
the tunable i-f and may be built into the same 
enclosure. This approach combines the virtues of 
high performance, moderate complexity, and 
reasonable cost with plenty of flexibility. 

Circuit Overview 

The design objectives incorporated in this r~ 
ceiver include optional cove.rage of all of the 
amateur bands below 30 MHz, ability to withstand 
strong signals without cross modulation or over
loading, selectable phone or cw bandwidth i-f 
filters, extensive use of diode switching, and direct 
display of the frequency of incoming signals. The 
signal path through the receiver may be traced with 
the aid of the block diagram, Fig. I. 
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Band switch SI connects the rf input, i-f input, 
and positive supply voltage to the desired converter 
board. The circuits used in the 40-, 20-, 15-, and 
I 0-meter converters are of similar design. Each one 
consists of an fET rf amplifier, a cry~tal-controlled 
heterodyne oscillator {HFO), and a dual-gate 
MOSFET mixer stage. No cf amplifier is included 
in the SO-meter design; an input bandpass network 
takes its place. The HFO and mixer in the BO-meter 
circuit are similar to those of the other converters. 
In each case, the desired output from the mixer is 
the difference between the incoming signal fre
quency and the HFO frequency. This difference 
frequency will fall within the range covered by the 
tunable i-f, 1800 to 2300 kHz. For 160-meter 
operation, SJ connects the antenna lead straight 
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through to the input of the tunable i-f, bypassing 
the converters. No rf amplifier is needed (or used) 
on 160 meters. In the tunable i-f, a bandpass filter, 
FL I, is used ahead of a dual-gate MOF:SET mixer, 
Ql. Oscillator injection to QI, supplied by a 
three-stage variable frequency oscillator assembly 
(Q2, Q3, and Q5), may be tuned over a 500-kHz 
wide range. In this case, the desired mixer output is 
at 455 kHz. 1-f selectivity following the mixer is 
established by means of a narrow-bandwidth 
crystal filter, FL2, for cw operation, or by a 
mechanical filter with a somewhat broader re
sponse, FL3, for use with ssh. A diode-switching 
network permits either filter to be chosen. An i-f 
preamplifier (Q4) following the filters compensates 
for filter insertion loss. Two stages of i-f amplifica-



View of the receiver compartment prior to instal
lation of the converter boards. 

tion (Ul and U2) after the preampUfier provide 
ample gain and dynamic range. A passive product 
detector (CR2, CR3) at the i-f output receives 
injection from a crystal-controlled BFO, (Q6). The 
BFO incorporates diode switching of three crystals, 
one for cw, one for lower sideband reception, and 
one for upper ~ideband reception. The audio 
output from the product detector is split into two 
independent paths. One path leads to an a-f 
preamplifier (QlO) followed by an integrated audio 
power amplifier (U4) which drives a speaker or 
headphones, The other path runs to an audio
derived age circuit consisting of U3, CR4 and CRS, 
Q7, and Q8 plus associated components. The age is 
applied to Ul and U2, and additionally provides an 
S--meter indication on Ml. 

Tunable 1-F Section 

A tuning range of 1800 to 2300 kHz was 
chosen for this po1tion of the receiver (Fig. 2A). A 
front-end filter, peaked by means of a fion!-pancl 
mounted variable capacitor, is used to assure 
rejection of potentially troublesome out-of-band 
signals on 16(}.meters, particularly those of local b~ 
stations. Inexpensive loopslick inductors are used 
at L2 and L3. It was necessary to r~move 125 turns 
of wi1e from each so that they would be suitabl~ 
for tuning from 1800 to 2300 kHz with the 
split-stator variable capacitor used in the filter. The 
unloaded Q of each, after modification, is 125 at 
1.9 MHz. An active mixer was chosen for the first 
stage of the tunable i-f section to limit the number 
of receiver stages required for suitable overall gain. 
QI, the dual-gale MOSFET, operate~ with the 
signal gate tapped down on FLl to reduce the 
possibility of over-loading and cross modulation. 
The conversion gain is roughly 10 dB, and that 
more than compensates for the inse1tion loss of the 
tunable filter, FLI. It is wise to keep the signal 
voltage at gate I as low as practicable lo assuie 
good mixer performance. A small amount of 
forward bias is applied to both gates of the 40673 
mixer to increase the linearity and conversion gain 
of that stage. A 33-ohm resistor is used in the drain 
to prevent vhf parasitic oscillaliom. 
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Local Osci.Lbtor 

Perhaps the most important consideration when 
~hoosing a vfo circuit is its freedom from drift. The 
incorporation of narrow-bandwidth filters (FL2, 
FL3) in lhis receiver makes local oscillator stability 
a must, as any ·change in the LO frequency can be 
easily detected The local osdllator depicted in Fig. 
2B is unconditionally stable, frnm both a mechani
cal and an electrical standpoint Oscillator drift, 
measured from a cold start, was less than 75 Hz 
after 30 minutes of operation. VFOs patterned 
after this circuit have been used in several different 
applications, anu comparable stability has been 
achieved in every case. 

With the circuit cons tan ts shown in Fig. 2B, the 
vfo covers the desired frequency range of 2255 
kHz 10 2755 kHz, with an additional 15 kHz on 
either side of that range. VFO linearity across the 
entire tuning range is not as exacting a requirement 
when an "electronic dial" is used to display the 
receiver frequency as it is when some type of 
mechanical readout is used. Using a 10: l ratio ball 
bearing drive to tum the shaft of C2, a tuning rate 
of 80 kHz per main-tuning-knob revolution jg 
obtained at the low frequency end of the range, 
and 125 kHz per revolution at the high frequency 
end of tl1e range. If peuonai preference dictates a 
slower tuning rate, dual ratio 36: 1 and 6: 1 drives 
arc available. 

Referring to the circuit diagram, Q2 is used in a 
series-tuned Colpitts oscillator configuration. Poly
styrene capacitors were chosen for their tempera
lure stability at C9 and CI O because the~e com
ponents are part of the frequency-determining 
network. If the inductor specified for L6 is not 
available, its replacement must exhibit a similarly 
high Q (approximately 150 mea.~ured at 2.5 MHz) 
lo assure proper oscillation. With the exception of 
C2, C3, C4, and L6, all VFO components are 
mounted on a single printed-circuit board. C3 and 
C4 arc soldered directly between the C2 stato1 
terminal and the (grounded) capacitor body to 
minimize lead inductance effects. lnagmuch as the 
position of the powdered iron core of L6 is 
variable, the added inductance of the wire from C2 
tu L6, and from L6 to the pc board is taken into 
account during the initial VFO alignment. Never
theless, from the standpoint of mechanical and 
thermal stability, it is desirable to keep the 
connecting leads short and direct, using a stiff 
gauge of wire. 

Q3 is connected as a 'lource follower, and is 
intended to act as a buffer in order to isolate the 
oscillator circuit from later stages. The buffer 
drives a single-tran~istor amplifier stage, Q5. Out
put from the VFO is taken off of the Q5 collector 
tluough a pi-network tank circuit, composed of 
Cl I, LS, CI 2, and Cl3. Operating voltages for the 
three transistorized vfo stage.i are derived from a 
Zener regulated 8.2-volt bus which is, in turn, 
derived from the 12-volt receiver power supply. A 
variation of plus or minus 15% in the receiver 
supply voltage results in le~s than a 5 Hz change in 
the VFO frequency. Additional details concerning 
the design of the VFO appear in the November, 
1974 issue of QST, page 22. 
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Fig. 2 - Schematic diagram of the 160-meter 
front-end mixer and local oscillator. The mixer is 
at A, and the oscillator and butter are at B. 
Fixed-value capacitors are disk ceramic unless 
otherwise indicated. Resistors can be 1 /4- or 
1 /2-vvatt composition types unless specified differ
ently. 
Cl - Dual-section 50-pF variable. 
C2 - Single-section 100-pF variable (J.W. Miller 

2101 or equiv.I. 
L1 - 3 turns small-diameter insulated wire wound 

over ground end of L2. 
L2, L3 - Radio Shack No. 270-376 ferrite be 

antenna with 125 turns of wire removed (see 
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text). 

LS - Pc-mount slug-tuned coil, 10.0 - 18.7 11H 
(J.W. Miller 23A 155RPC). 

L6 - Slug-tuned coil - 3/8-inch diameter ceramic 
form, red core, 18.B - 41.0 _11H (Miller 
42A335CBI). 

RFC1 - 10-mH miniature encapsulated inductor 
(Millen Mfg. Co. J302-10,000). 

RFC2, RFC3 - 1-mH miniature encapsulated 
inductor (Millen J302-1000l. 

RFC4 - 2.5-mH miniature encapsulated inductor 
(Millen J302-2500l. 

S1 - Four-pole, six-position rotary switch. 
VR 1 - 8.2-V, 1-W Zener diode. 

EXCEPT AS tNOICAT"ED. DECIMAL YAUJES OF 

CAPACITANCE ARE IN WtCROf'ARAOS I JJF 1 ; 
OTHERS ARE IN PiCOFA.RADS C pF' Oft J1J,1Fl', 

5600 100 
-10fi73 

(BOTTOM VIEW) 

CZ 
100 

~~~l~:t::,o~~~':i. OHMS ; (A) 

1-F Strip 

The output of the mixer, QI, contains not only 
the desired difference between the VFO and the 
(post-conversion) incoming signal frequencies, but 
the sum of these frequencies and higher order 
products of these frequencies as well. 1-f selectivity 
is developed at the output of the mixer by means 
of sharp filters resonant at 455 kHz, which both 
reject the unwanted mixing product& and establish 
the skirt selectivity of the receiver. A choice of i-f 
bandwidth~. one suitable for cw reception and the 
other tailored for ssb, is made available by the use 
of two separate filters, FL2 and FL3: FL2 is a 
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crystal filter with a bandwidth of 3 00 Hz measured 
at -6 dB from the peak response. FL3 is a 2.1 kHz 
bandwidth mechanical filter. 

A diode switching arrangement, shown sche
matically in Fig. 4, is used to choose the appro
priate filter. When the mode switch (S3} is set to 
cw, a de path is created from the positive supply 
bus through R8, RFC5, CRll, RFC7, RFC8, 
RFCJ0, CR12, RFCll, and R9 to ground. Simul
taneously, CR9 and CRI0 become reverse biased, 
so that they look like very high impedances. When 
modes CR 11 and CR I 2 are forward biased, they 
appear as very low impedances, thereby opening an 
rf path from the chain of QI, through C14, CRl 1, 
CI5, FL2, Cl 6, CR12, and CI7, to the gate of the 
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Fig. 3 - Schematic diagram of the 1-f, age, and 
audio preamplifier circuits. Capacitors are disk 
ceramic except those with polarity marked, which 
are electrolytic. Fixed-value resi5tors can be 1/4- or 
1 /2-watt composition un less otherwise noted. 
Numbered components not Bl)pearing in the parts 
lin are so numbered for text discussion. 

CR2-CR6, incl. - High-speed silicon switching 
diode, 1 N3063, I N914, or equiv. 

J5 - Phono jack, single-hole mount. 
Ml - 0 to 1-mA mater !Simpson No. 2121 ). 

+ 

R2, RB - 10,000-ohm linear-taper control. 
R5 - 100-ohm pc-board-mount control (Mallory 

MTC-12L1 or equiv.). 
S2 - Two-pole, single-throw toggle. Submlniature 

type used In this example. 
T1-T3, Incl. - Single-tuned miniature 465-kHz i-f 

transformer, 30,000-ohm primary 10 500-ohm 
secondary (Radio Shack No. 273-1383). Use 
the black core et T1, yellow core er T2, and 
whil:II core et T3. 

Ul, U2 - RCA integrated circuit. 
U3 - Motorola Integrated circuit. 
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i-f preamp (Q4). When the mode switch is placed in 
the lower sideband or upper sideband position, 
CR 11 and CR 12 become reverse biased, while CR9 
and CR IO become forward biased, opening an rf 
path tluough FL3, and closing off the path 
through FL2. With this system, isolation between 
the filter inputs and outputs as well as between the 
filters is good, and since the mode switch carries de 
only, no special precautions need be taken with the 
switching lead dress. lf insufficient isolation exists 
between the filters, the characteristics of the 
narrower filter will be degraded by the wider filter. 
If this 'is the case, the use of two series-rnnnected 
diodes in place of the single diodes on either side 
of the wider filter (and the possible addition of a 
small capacitor from the junction of those diodes 
to ground) should improve the isolation. However, 
no such degradation was observed when the circuit, 
as depicted in Fig. 4, was used. The values for Cl8 
and the series combination of CI 9 and C20 are 
chosen to resonate with the inductance of the 
mccbanicul filter input and output transducers at 
455 kHz. 

An H.T preamplifier stage follows the i-f filter 
assembly to compensate for the insertion loss of 
the filters, and establishes the noise figure of the i-f 
strip. An MPF L 02 was used at Q4 because of its 
low noise characteristics. A single-tuned 455-kHz 
i-f transformer is used to couple the output from 
Q4 to the input of U 1. 

Two stages of i-f amplification are provided by 
Ul and U2 (Fig. 3). RCA CA3028A integrated 
circuits were chosen for use in the i-f chain because 
they are inexpensive and easy to work with. In this 
circuit they are connected as differential ampli
fiers. Audio-derived age is applied to tcnnina1 7 of 
each IC (+2.5 to +9 volts), the constant
current-source bases. The dynamic range of the i-f 
system is approximately 60 dB. 

Fig. 4 - Circuit diagram of the i-f filter diode 
switching network. Numbered components not 
appearing In the parts list are so numbered for text 
reference purposes. 
FL3 - 2.1-kHz bandwidth mechanical filter, 

455-kHz center frequency (Collins F455FA21, 
Collins Radio Company, 4311 Jamboree Blvd., 
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A passive product detector was chosen over an 

active one because of its simplicity and good 
signal-handling capability. A pair of high-speed 
switching diodes (1N3063) were chosen because of 
their low cost and easy availibility. 

BFO 
An MPF102 JFET (Q6) functions in a Pierce 

crystal controlled BFO (Fig. 5). Separate crystals 
arc used for cw, lower sideband, and upper 
sideband. Diode switching is used to select the 
proper crystal, with one section of the mode 
switch, S3C, performing the function. Again, lead 
dress to the mode switch is not critical. because 
only de is being carried by those leads. The BFO 
crystal frequency chosen for cw operation is 454.3 
kHz, 700 Hz below the center frequency of the i-f. 
This results in an audio beat note of 700 Hz when 
a cw signal is peaked in the passband. The lower 
sideband crystal frequency is 453.650 kHz, and the 
upper sideband crystal frequency is 456.350 kHz. 
Note the (suppressed) carrier frequency that the 
receiver is tuned to changes by 2. 7 kHz when the 
mode switch is changed to the opposite sideband. 
BFO injection to the product detector is 7 volt!! 
peak to peak. 

Audio-Derived AGC 

Audio output from the product detector is split 
into two channels, one line feeding the age strip 
and the other running to the audio amplifier 
circuit. An MFC4010A low--coJt IC provides 60 dB 
of gain and serves as the age amplifier (U3 of Fig. 
3). Output from U3 is rectified by means of a 
voltage doubler consisting of two IN914 di.odes. 
Because of the high-gain capability of U3 it tends 
to be unstable at frequencies above the auclio 
range. Addition of the .01-µF bypass capacitor 

Newport Beach. CA 92663). 
F L2 - 300-Hz bandwidth crystal filter, 455-kHz 

center frequency (Collins X455KF300, see QST 
Ham-Ads to obtain the names of suppliers). 

RFCS - RFCl 1 - incl. 10-mH miniature en
capsulated inductor (Millen J302-10,000). 

S3 - Four pole, three position rotary switch. 
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from terminal 2 to ground cured all signs of 
unstable operation in this circuit. Stubborn cases 
may require some additional bypa!!ing at terminal 
4 of U:l, If so, use only that amount necessary to 
assure stability. 

Rectified audio voltage from CR4 and CR5 is 
supplied to a two-transistor de amplifier, Q7 and 
Q8. A£C voltage is taken from the emitter of QB. 
Its amount varies with the incoming signal level, 
and changes as the current-caused voltage drop 
across the 1500-ohm emitter resistor, R6, shifts in 
value. S-meter Ml follows the same excunions in 
current at Q8. 

Manuo.l i-f gain control is possible by means of 
potentiometer R2. It supplies de volt3ge lo the 
base of Q7, thereby causing a voltage drop across 
R 7, which causes Q8 to conduct more heavily. As a 
result, the voltage drop across R6 increase., and 
reduces the age voltage to lower the gain of the i-f 
system. The same action take5 place during nonnal 
age action. Diode CR6 acts as a gate to prevent the 
de voltage provided by CR4 and CRS from being 
disturbed by the presence of R 2. Maximum i-f gain 
occurs when the arm of R2 is closest to ground. R3 
and C5 establish the age time constanL The value 
of R4 can be tailored to provide the attack-lime 
characteristics one prefers. Slower or faster age 
time constants can be obtained by changing the 
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Fig. 5 - Diagram of tha receiver beat frequency 
oscillator showing Iha use of diode switching of 
BFO crystals. 
CR13-CR15, incl. - High-speed silicon switching 

diode, 1 N3063 , 1 N914, or equiv. 
RFC 12-15, incl. - 10-mH miniature encapsulated 

inductor !Millen J.302- 10,000). 
Y1 - 456,350-kHz crvnal In HC-6/U holder 

Unternatlonal Crvstal Mfg. Co. type CS, 10 
North Lee, Oklahoma City, OK 73102). 

Y2 - 453.650-k Hz crystal in HC-6/U holder 
Onrernat ional type CS). 

Y3 - 454.300-kHz crvstal in HC-6/U holder 
Ontemetionel type CS). 

values of R3 and CS. The final values will be a 
matter of operator preference; no two people seem 
to agree on which time constant is besL 

Audio Syatem 

Low-cost components are used in the audio 
system of Fig. 3 and Fig. 6. The circuit perform~ 
well and delivers undistorted af output up to one 
watt in level. An MPSA 10 transistor is employed as 
an audio preamplifier. Muting is provided for by 
means of another MPSA 10, Q9. A positive-polarity 
voltage is fed to lhe base of Q9 from lhc 
transmitter chani,eovcr system to saturate the 
muting transistor. When in the saturated mode, Q9 
shorts oul !he base of QlO to silence the receiver. 
The audio output circuit, U4 of Fig. 6, was 
borrowed from MFJ F.nterprises and is that used in 
their l•wall module, No. 1000. Those wishing to 
do so may order the assembly direct from MFJ. 

Provisions are made for feeding a side-tone 
signal into terminal 3 of U4. This will permit 
monitoring one's sending even though lhe receiver 
is muled by means of Q9. U4 remains operative at 
all times. 

HF-Band Converters 

The same pattern is followed for the individual 
crystal<onlJoUed converters used from 40 through 
10 meters (Fig. n. The 80-meter design is slightly 
different and is seen in Fig. 8. Separate converters 
were incorporated to eliminate the need for 
complicated band switching, and also to permit 
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l • I 000, 11•1000 000_ 

Fig. 6 - Schematic diagram of 
the MFJ Enterprises 1-wan 
audio module used in the re
ceiver. 
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Fig, 7 - Schematic diagram of the 40-meter 
convert11r at A, with 10-meter oscillator modi
fication at B. Capacitors ar11 disc ceramic (fixed
value types I. Resistors can be 1 /4- or 1 /2-watt 
composition types. 

C7, C8 - Miniature ceramic or compression trim-
mer, 5- to 20-pF range. 

CF - 39 pF for 20-, 15-, and 10-meter converters. 
J1 - Coax connector of builder's choice. 
L7 - 2 turns of No. 28 enam. wire over grounded 

end of LB. 
L8 - 40 meters, 50 turns of No. 28 enam. on 

Amidon T-50-2 toroid core. Tap 8 turns above 
ground (13 uH, Qu = 180). 20 meters, 44 turns 
No. 28 enam. on Amidon T-50-6 toroid core. 
Tap 6 turns above ground (8 µH, Qu = 1801. 15 
meters, 25 turns No. 28 enam. on Amidon 
T-50-6 toroid core. Tap 4 turns above ground 
14 uH, Qu = 150). 10 meters, 20 turns No. 28 

7 MHt 

(Al 
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imam. on Amidon T-50-6 toroid core. Tap 3 
turns above ground (3.5 µH Qu ~ 150) 

L9 - 40 meters, same as LB, but tap at 25 turns. 
20 Meters, same as LB, but tap at 22 turns. 15 
meters, same as LB, but tap at 12 turns. 10 
meters, same as LB, but tap at 10 turns. 

RFC16 - 500-µH miniature encapsulated Inductor 
(Millen J302-500l. 

VS - International Crystal type CS crystal in type 
FM-1 holder; 40 meters, 5.2 MHz. fundamental 
mode; 20 meters, 12.2 MHz, fundamental 
mode; 15 meters, 19.2 MHz, fundamental 
mode ; 10 meters (28.0- to 28,5-MHz coverage) 
26.2 MH2, (28.5-to 29.0-MHz coverage} 26.7 
MHz, (29.0-to 29.5-MHz coverage) 27.2 MHz. 
(29.5-to 30-MHz coverage) 27.7 MHz, all third 
overtone. 

L15 - Pc mount slug-tuned coil, 1.5 µH nominal. 
Mi lier 46A 156CPC or equiv. 

RFC18 - 2.2 µH rf choke. 

n.<. 
0 

0 SIC 

tXCE.PT AS I OICATE0, DECIMAL 
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100 
Cl 

1000 
lH MDIOFAAADS l J,IF ~: OTHERS 

ME IN PICOFARADS I pF OR ~~Fl; 
RESISTAHCES ARE IN OHMS; 
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optimization of circuit values for each band of 
interest. The system used in this receiver calls for 
switching of only de and SO-ohm circuitry. Low
impedance switching eliminates problems caused 
by long switch leads. Switching at high-impedance 
points, which is the usual technique in multiband 
receivers, can impair the quality of the tuned 
circuits and makes isolation of critical circuits 
more difficult. 

A common-gate JFET rf amplifier provides 10 
dB of gain in these converters and has good IMD 
and overload immunity. A 40673 MOSFET is used 
as the mixer in each converter. Output is taken at 
the i-f from a broadly resonant circuit formed by a 
S00-1,1H rf choke and an rf voltage divider which 
uses a series capacitor combination (25 and 50 pF). 
The divider provides a low-impedance pickoff 
point for the i-f output line to the tunable i-f 
1eceiver section. 

The 40- through IS-meter converters employ 
simple Colpitts oscillators. A high-beta transistor is 
used for the oscillator. It has an fr of approxi
mately 200 MHz. The circuit for the IO-meter 
converter oscillator differs slightly from the othen 
in that the HFO uses third overtone rather than 

fundamental mode crystals, necessitating the in
sertion of a collector tank circuit tuned to the 
overtone frequency. 

A different design is used in the 80-meter 
converter, wherein a bandpass filter is used as the 
input fixed-tuned circuit. This technique was 
necessary to assure ample bandwidth from 3.5 to 
4.0 MHz without the need to have a panel
mounted peaking control. The bandwidth is usable 
for an 80- and 75-meter frequcm.-y spread of 1 
MHz. 

A Pierce oscillator is used in the 80-meter 
front-end module to assure plenty of feedback for 
the 1700-kHz crystal. 

Fre41uency Dixplay Design Approach 

The operation of the frequency di!IJllay may be 
followed with the aid of the simplified block 
diagram, Fig. 9. With the conversion scheme 
utilized in the receiver, the received zero-beat 
frequency is equlll to the sum of the VFO and 
HFO frequencies minus the BFO frequency, or in 
the special ca!!e of 160-meter operation, the dif
ference between the VFO and BFO frequencies. 
Accordingly, the display has tlu:ee identical input 
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FL4 MIXER EJ:CV'T AS IN CD, OE 

Fig. 8 - Schematic diagram of the SO-mater 
converter. Capacitors are disc ceramic. Resistors 
can be 1 /4- or 1 /2-wan composition types. 
L 11 - 4 turns No. 28 enam. wire over grounded 

end of L12. 
L12 - 36 turns No. 28 enam. wire on Amidon 

T-50-2 toroid core (5.5 µH, Qu = 1751. Tap at 
18 turns. 

networh - one for each oscillator - which 
amplify and square the incomin~ waveforms.. The 
outputs of these preconditioning networks arc 
sequentially gated into a chain of seven type 
SN74192 prescttable up/down decade counters, 
U12-Ul8. The oscillator frequency addition and 
!lllbtraction functions are performed by this 
counter chain. The events in a standard count 
sequence occur In this order: The counter chain is 
reset to zero and then placed in the count-up 
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L13 - 6B-1,1H miniature rf choke !Qv of 50 or 
greater I. Millan 34300-68 used In this example, 

L14 - Same a1 L 12. 
RFC17 - 500-1o1H miniature encapsulated inductor 

I Millen J302-5001. 
Y4 - International type CS crystal In F-700 

holder, 1. 7 MHz. 

mode. The VFO signal is gated in and counted for 
100 milliseconds. .The counter is then placed in the 
count-down mode and the Bt-U signal IS gated in 
and counted for 100 milliseconds (effectively 
subtracting the BFO frequency from lhe VFO 
fiequency digitally). During the nexl 100 milli
second period, the counter is again placed in the 
count-up mode and the HFO !lignal is galed in and 
counled. At this point, the output of the counter 
chain (Cs represents the receiver zero beat fre-

IIOU 10 100 -10 
IHI u, 

IOOOHz ... ,o 100Ha: -10 10H.• 

UI UID 

MRI GOUIIT•._ 
l&TI: 
U~4A 

S-::::~1 

Fig. 9 - Simplified block diagram of the receiver frequency display. 
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quency. This output is in Binary Coded Decimal 
(BCD) form The information from the last six 
SN74192s in the chain, U13-Ul 8, is stored in six 
type SN747S latches (in BCD form) and the entire 
counler chain is reset to zero during the ensuing 
100 mi.D.isecond period. The standud count ae
quence is then repeated. Each of the latches is 
followed by a type SN7447 IC which decodes the 
BCD input and provides an output suitable for 
driving a seven-segment readout. Thus, the display 
is updated every 400 milliseconds. The output of 
U 12 is not displayed, in order to avoid a distracting 
last-digit flicker. Accordingly, the 6-digit frequency 
display reads accurately to the nearest I 00-Hz. The 
timing of the oscillator gating, the latch pulse, and 
the counter reset pulse is determined by a cryslal
controlled oscillator/divider chain consisting of 
USO, USE, arid U6-Ul 1. 

Although this system is satisfactory for !Sb 
reception, it has the drawback that it is necessary 
for the operator lo zero beat an incoming cw signal 
to read its exact frequency. By taking advantage of 
the presettable input feature of the SN74192 !Cs, 
the display can be altered during cw reception to 
read the signal's zero beat frequency while the 
signal is peaked in the crystal filter passband. 
In.umuch as the BFO frequency is 700 Hz below 
the passband center frequency, in order to obtain 
the desiJcd readout it is necessary to start counting 
from " negative 700 Hz" rather than from zero by 
presetting the counter chain to 999930 every time 
a count sequence is begun. 

Frequency Diq,1:ay Operation 

Fig. IO is a complete schematic diagram of the 
frequency display. The design of each of the input 
preconditioning networks is identical to that used 
by Blakeslee (QSTforJune, 1972, pages 31-32). In 
the HFO shaping network, protection against 
possible damage lo QI6 caused by the application 
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Top view of frequency display circuit board. 
Visible In the foreground are the three shielded 
Input wave-shaping networks. 

of too great an input voltage is accorded by CR16 
and CR 17, which conduct if the ab~olute value of 
the input signal exceeds approximately 0.6 volt,;. 
016 and Ql9 form a two-stage amplifier that 
presents a high impedance to the input signal and a 
low impedance to the succeeding stage. Four 
sections of a type SN74HO4 high-speed TTL hex 
inverter are used to convert the incoming sinusoi
dal HFO signal to a square wave. U33F, operating 
as an amplifier, drives a Schmitt Trigger composed 
of U33E and U33D. U33C acts as an output 
buffer. A type SN7404 can be used in place of the 
SN74HO4 in the VFO and BFO ~haping networks 
inasmuch as they operate al relatively low frequen-

Lo, ,, c, c, u 0 /7 u Ct 
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Fig. 10 - Schematic diagram of the receiver frequency display. U5-UJ0 are Te11as Instruments SN7400 
series TTL Integrated circuits, or equiv. 

cies. Each input network is connected to its 
appropriate oscillator through a short lengtll of 
RG-174 miniature coaxial cable and a smaU value 
coupling capacitor. The smallest value of capaci
tance that will provide reliable counting should be 
employed. For example, 27 pF was used lo couple 
from the VFO. Each heterodyne oscillator crystal 
will require Its own coupling capacitor, and one of 
the receiver band-switch decks may be used to 
select the proper capacitor for each band, For use 
of the counter to display an external signal, such as 
a transmitter's frequency, the HFO inpul network 
is switched to receive signals from a fron I-panel 

mounted BNC jack, by means of S4C. The typicaJ 
input circuit sensitivity is SO lo 100 mV. 

The three preconditioning networks operate 
continuously and independently of each other. The 
shaped oscillator signals are gated sequentially to 
the input of the counter chain. each for a 100 
millisecond interval. Both the duration of the 
interval and lhe order in which the receiver 
oscillll tors are sampled are governed by a crystaJ
conttolled time base. Two sections of a type 
SN7404 he11 inverter (USO and USE), a I-MHz 
crystal (Y6), plus a handful of other parts con
stitute the master oscillator. C23 is a pc-mount air 
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variable capacitor that permits an incremental 
adjustment of the oscillator frequency. 

The master oscillator ia followed by a frequen
cy divider network, U6-U 11. U6-UI O are type 
SN7490 decade counters. Each SN7490 is com
posed of a divide-by-two section and a divide-by
five section.. In this application, the sections are 
cascaded resulting in divide-by-ten operation_ Four 
outpuli are available from each SN7490 connected 
in this configuration, corresponding to a BCD 
representation of the number of input pulses 
previously applied lo the IC, from zero to nine and 
then back to zero again. These ou lpu Is are labeled 
"'A" (pin 12), "B" (pin 9), "C" (pin 8), and "D" 
(pin 11) representing the 2• , 2' , 2•, and 23 bits 
respectively. For every ten pubes applied to lhe 
input (pin 14), one pulse appears at the "D" 
output, giving the effect of dividing the input 

285 

frequ_:ncy by ten (see Fig. 11). Five such divide
by-teri stages ue cascaded in the time base re
sulting in division by 100,000 - with an Input 
frequency of I MHz from the master oscillator, the 
frequency of !he square wave appearing al the "D" 
output of UIO is IO Hz. A slight shift of the 
master-oscillator f~uency away from I MHz, due 
to perhaps temperature or voltage nuctualions, will 
also show up at UIO, but divided by 100,000 - a 
good reason for starting with a high crystal 
frequency. It is obvious that with large-amplitude 
harmonic-rich square waves of several different 
frequencies present in the time base, the frequency 
display must be well shielded from the receiver in 
order to prevent the appeannce of strong birdies 
all acro115 the dial. 

The output pulses from UlO are asymmetric -
low for 80 milliseconds and high for 20 milli-
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seconds. U ll is a type SN74 73 dual flip-flop with 
both sections connected for divide-by-two opera
tion and cascaded. Each time a negative-going pulse 
edge from UIO appears at the clock input of the 
frrst section of U 11 (pin l), the QI output (along 
with ils complement, QI) changes state. Since UI I 
encounleu a negative-going pulse edge once every 
I 00 milliseconds, the QI output is alternately low 
for 100 miUiseconds and high for 100 milli~cconds. 
The QI output is used to establish the duration of 
the receiver-oscillator sampling interval. 

Four distinct I 00 millisecond intervals are 
neces.\8.f}' (VFO count, BFO count, HFO count, 
latch and reset). A means for distinguishing be
tween these fou0r intervals is provided by dividing 
the time base frequency (at Ql) by two in the 
second !ICC lion of U 11. Thus the Q2 output of U 11 
(along with ils complement 02) is altemarely low 
for 200 milliseconds and high for 200 milliseconds. 
The four distinct stales occur with Ql low and Q2 
low, QI high and Q2 low, Ql low and Q2 high, and 
QI high and Q2 high. An eguivalent description of 
these states is that Qi and Q2 are high, QI and Q2 
are high, QI and Q2 are high, and QI and Q2 are 
high respectively. The sequential gating to the 
counter ol" the preconditioned VFO, BFO, and 
HFO signals is performed by U34, a type SN74H 10 
triple three-input NANO gate. The output of a 
three-input positive logic NANO gate is high under 
all input conditions except when all three inputs 
are in a high state simultaneously, when the outpul 
is forced low. The preconditioned VFO signal is 
applied conllnuuusly tu um: of the inpu~of U34C. 
The other two inputs are tied to the QI and ~ 
out:Q!!ts reSJ)ectively of U 11. Whenever either Ql 
or 02 or both QI and Q2 are low, the output of 
UJ4C is held high. During the 100 millisecond long 
interval when ooth QI and Q2 arc simultaneously 
high. however, the output of U34C follows the 
excur.sions of !he VFO input, going low when the 

ICI 
UM) PIN 1----' 
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square wave VFO input is high and vice vc~. 
Similarly, there are inputs to U34B from QI, Q2, 
and the BFO; to U34A from Ql , Q2, and the HFO. 
In each case, when a signal is not being gated by a 
section of U34, the output of that section is held 
high. 

The !Cs used in the counter chain arc SN74 l 92 
prescttable up/down decade counters. Like the 
SN7490, each SN74 I 92 has four tenninals, "A" 
(pin 3), '"B" (pin 2), "C" (pin 6), and "D" (pin 7) 
for BCD output. Additionally, the IC has "A" 
inpul. "B" input. "("' input", and "D input" 
tenninals (pins 15, l, 10, and 9 respectively) which 
may be used to initialize or preset the BCD output 
of the counter to some p3rticular dcsiied nonzero 
state from which point the count begins. For 
example, to load the pre!ICt inputs with the count 
of nine (the BCD representation of nine is 1001) 
the A and D inputs would be tied lo +S volts and 
the B and C inputs would be grounded. The 
information at the preset inputs is transferred to 
the output tcnninals when a negative-going pulse is 
applied to the counter reset or load tenninal (pin 
11), and as long as this terminal is held low, the 
counter is inhibited from counting pulses applied 
to either of its clock inputs. Each SN74 I 92 has 
two dock inputs, one labeled count up (pin 5) and 
the other labeled count down (pin 4). When pin 4 
is held at +5 volts and pulses are applied to pin 5, 
each incoming pulse incrca~es the BCD output by I 
count. Likewise, when pin 5 is at a high logic level 
and pulses are applied to pin 4, each incoming 
puhc dccrca,cs the BCD outpul by I count. A 
single SN74192 can count from Oto 9. If a greater 
number of pulses is to be counted, ~everal of the 
IC~ m3y be cascaded. Borrow and carry ou lpu I 
terminals (pins 13 and 12 respectively) arc pro
vided for this purpose. To cucadc several counters, 
the borrow output of the fint IC is connected to 
the count down input of the next IC in line and 

UIO !~~ ,,l.__ ______ _,r7._ ______ __,r7.__ ______ ~r7..__ _ _____ ~ll 
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Fig. 11 - Chart showing waveforms associated with a standard counl sequence. 
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the carry output is connected to the count up 
input of the next IC. In this configuration. if the 
output of a counter is nine and one pulse is applied 
to the count up input, the output of lhe first 
counter will go lo zero and one pulse will be 
transferred to the count up input of the next 
counter in line. The case of the count down and 
borrow terminal~ is analogous. 

In this frequency display, ~vcn counters are 
cascaded with the result that a maximum of 
9,999,999 counts can be registered before lhc 
chain re.1els lo zero. If a IO-MHz signal was gated 
into the counter chain for 100 milliseconds, one 
million counts would be registered. The output of 
the last counter in the chain would be I, while the 
other counter outputs would be zero. Thus, with a 
I 00 millisecond sampling interval, the la.st counter 
indicates the tens of Megahertz, the counter 
immediately before indicates the units of Meg;i
hertz, lhe counter before lhal indicates the number 
of hundreds of kilohertz, and so on up lo the first 
counter which indicates the number of tem of 
Hertz. Because of the plus-or-minus one count 
accuracy in lhe sampling process, which takes place 
three times in the making of each combined count, 
there is a tendency for the first counter in the 
chain to reflect Ibis uncertainly by taking on 
several different nearby values even though the 
input frequency is kept constant. For this reason, 
only the output~ of UI 3-U I 8 arc di~played on the 
seven-segment readouts (the display reads lo lhc 
ncaresl 100 Hz rather than lo lhe nearest 10 Hz). 
The maximum rated clock inpul frequency of the 
SN74192 is at least 20 MHz. but it is listed in the 
data books as typically 30 MHz, ~o it may be 
necessary to hnnd pick the first IC in the cha.in for 
proper high frequency operation. 

The outputs of the VFO and HFO gates (U34C 
and U34A) arc combined by U3SB and USF, and 
applied to the count up input of U 12, while the 
output of the Bl'O gale (U34B) is applied directly · 
lo the count down input of UI 2, so that during the 
first 100 milliseconds of a count sequence the 
counter chain counts up the VFO frequency, 
during the second 100 ms period the BFO 
frequency iJ! counted down, and during the third 
I 00 ms period lhe HFO frequency is counted up. 
The result of this actmty is thal al the end of 300 
mI, the outputs of the counter chain represent the 
receiver zero beat frequency. During the fourth 
100 rru; period, the outputs of the SN74192s arc 
stored in six SN747S latches, and then after 80 ms 
of this period have passed, the counter !Cs arc reset 
lo zero ( or lo their presel values) by a 20 ms long 
reset pulse applied lo pin 11. The entire sequence 
then repeats. The reset pulse is derived from the 
time base. U3SC is one section of a SN74H 10 
triple three-input NAND gate. The inputs to U35C 
come from the "D" output of UIO, and the QI 
and Q2 outpuu of Ull. By referring lo Fig. 11,it 
can be seen that lhe only lime that these three 
inputs are simullllneously high is during this 20 ms 
interval, forcing the output of U]SC and the reset 
inputs of U12-Ul 8 low. 

When the receiver mode switch (S3) is in the cw 
position, the preset inputs of U 13-U 18 are set to 
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999930, while for ssb operation all of the preset 
inputs arc set to 0. S4 chooses either receiver 
frequency display or external frequency count 
operation. When set lo external, the counter preset 
inputs are set to 000000 regardless of the receiver 
mode switch position, the input to the HFO 
preconditioning network is removed from the HFO 
and connected lo the front panel RNC jack, and 
U34B and U34C are disabled so that only the 
external signal source is counted up. The rest of 
the counter functions an: unchanged for external 
operation. 

The action of the SN74 75 quad latches 
(Ul~U24) is straightforward. Each SN747S ha8 
four one-bil latcl1es, each wilh an input and output 
terminal plus two clock line~ (one for each pair of 
latches). When the clock line is at II high logic level, 
the logic level applied lo each input will appear at 
its own output, and the output will follow any 
changes in lhe input. When the clock line is al a 
low logic level, the level that was present at each 
output al the time of the high to low transition of 
the clock pulse remains at that level regardless of 
the state of the input. In this application, the BCD 
output from each of the counter !Cs, Ul3-U18, is 
applied to the inputs of a SN74 75 latch. During 
the 300 ms long counting period, lhe clock line is 
kepi at a low level About midway into the fourth 
I 00 ms pariod in the standard sequence, the clock 
line goes po:ii.tivc for 20 ms, transferring the BCD 
information present at the counter outputs to the 
latch outputs, and then lhe clock line goes negative 
again before the reset pulse occun. The latching 
pulse is derived from the lime ba5e. Referring to 
Fig. I 1, lhc puli;e labeled LATCii' is the output 
from U35A when the "C" output of UIO, the QI 
and Q2 outputs of Ull, and the complement of 
the "B" output of UI 0 arc at a high logic level 
simultaneously. Note that in order lo "synthesize" 
a four-input NAND gate from a three-input NAND 
gale, diodes CR22 and CR23 were added in front 
of one of the SN74HI0 inputs, The LATCH pulse 
is obtained by inverting the LATCH pulse. USA 
drives the clock lines of three of the SN747Ss, 
while USB drives lhe other three. 

F.ach of the SN74 7 Ss drives a type SN744 7 
BCD to seven segment decoder/driver. The 
function of these !Cs (U25-U30) b1 to convert the 
BCD code from the latches into n form suitable for 
driving seven segn1ent display devices. 

Construction Details 

The completed receiver was auembled inside a 
"wrap around" style cabinet (LMB CO-I) me.:isur
ing 6-1 /2 X 14-1 /2 X 13-inches (HWD). A home
made aluminum inner enclosure, attached to the 
front .panel, was partitioned with an aluminum 
shield inlo two equal-size compartments - one side 
lo house the receiver boards and the other to house 
lhe frequency display. The liberal use of perforated 
aluminum !!Creening in lhe top and outside walls or 
Ilic frequency counter compartment allows for 
adequate ventilation of that subsystem. No venti
lation of the receiver section was deemed nccc~sary 
a§ no heat-generating components arc involved 
there. 



288 
The physical location of the front-panel con

trols w.u dictated as much by functional require
ments as by operational considerations. The layout 
depicted in the photograph of the front panel is 
compact yet uncluttered As far as possible, each 
individual control is placed near the circuit being 
controlled. A "commercial look" is imparted to 
the unit by the use of Kur1.-Kasch series I 657 and 
700 knobs. A Digbezel model 930-70 (Nobex 
Components, 1027 California Drive, Burlingame, 
CA 94010) filter/bezel a~sembly measuring approx
imately 5-1/4 X 1-3/4-inches is used to frame the 
seven-segment readouts. A red filter was chosen for 
this application, but filters arc available for the 
bezel in amber, green, and neutral tints as well. 

Printed circuit boards are used extensively m 
the construction of this receiver. The pattern used 
for interconnecting the l\\o,!nty-five ICs on the 
main frequency-display board is sufficiently com
plex to warrant the u~e of pholo~ensitive re,ist or 
silkscreening techniques in lhe preparation of the 
board. While the less complex layout of the 
receiver boards does not require the use of such 
methods of pc fabrication, the high quality of the 
results that may be obtained more than ju~tify the 
slight additional costs involved G-10 glau-epoxy 
board, I/ 16-inch thick, with I-oz. (per square foot) 
copper b used in all cases. 

With the exception of U25 through UJ0 and 
the scvcl)-segment displays, all of the frequency 
counter components are mounted on a 6 x 6-inch 
double-sided pc board The pattern of inter
connecting copper paths is etched on the underside 
of the board, while the top side is left as a solid 
ground plane, broken only al the places where 
component leads project through the board. If 
sockeU arc used, short bus-wire Jumpers from the 
donut pads provided on the underside of the board 
to the lop foil may be used to ground the 
necessary (C pins. Alternatively, individual cofl)
poncnl leads may be grounded by directly solder
ing them to the foil. A No. 65 drill was U!!ed for 
the IC and transistor pins, while the remaining 
holes were driUcd with a No. 60 bit. The removal 
of copper foil from around the ungrounded leads is 
best accomplished by drilling those holes farst, and 
then scraping away the lop ground foil around 
each hole with a hand-held large-diameter drill bit 
( 1-4-inch is satisfactory for the purpose). This 
process may be speeded up by the use of a drill 
press, although extreme caution must be exercised 
in order to prevent the drill bit from going 
completely through the board The holes for 
grounded leads may then be drilled 

The liberal use of bypass capaci tors in combi
nation wilh a low-impedance ground return is vital 
in order lo prevent clock pulses, switching tran
sients, and other "garbage" from travelling along 
the de supply lines to the ~nsilive counter input 
wavc-5haping networks, resulting in improper 
opera lion. The configuration of the + 5-volt de 
5Upply bus resembles a five-toothed comb of 
jumper wire\ laid across the board'~ upper side. 
The far end of each of the "teeth" is bypassed with 
o .022 .uF disc ceramic capacitor. Shield comparl-
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ments made from inch-high strips of double-sided 
pc board isolate lhc tluce input-shaping networks 
from each other and from the rest of the counter, 
Signal leads from the three receiver osciUaton arc 
carried to the input networks via short lengths of 
miniature coaxial cable (RG-174 or equiv.), and 
the de supply line to each compartment passes 
through a .001-.uF fccdthrough capacitor. 

Space is at a premium inside the input com
partments, requiring the use of miniature vertical
mount electrolytics and 1/4-watt resistors. Low
profile sockets (Texas Instruments type C93) were 
used with aU of the ICs on the counter board. The 
clock oscillator crystal, Y6, was soldered directly 
into the circuit with its case grounded to the lop 
foil. A three-section, two-position rotary switch 
(S4), mounted with an "L" bracket to the chassis 
bottom lo the rear of the counter board, serves as 
the external count/receiver count switch. Input 
signals from external sources are routed from lhe 
front-panel-mounted BNC jack lo S4 via a length 
of RG-174. Standoff insulators, 1-1/2-inch high. 
arc used to support lhe counter board at its 
comers. 

The display board containing U25 through 
UJ0, as weU as the seven-segment readout devices. 
is mounted vertically behind the fron I panel in 
such a manner that only the readouts are visible 
through the bezel. This board is supported partly 
by the stiffnen of the le.ads that interface ii with 
the main board, and partly by means of two No. 6 
screws and metal spacers affixed lo lhe panel. No 
circuit board pollcm is supplied for the 1faplay 
board because of the wide variety of display 
devices and UCD decoder/driver !Cs available to 
the builder at modest cost. LED readouts, fluo
rescent readouts and gas-dfachargc devices, to name 
a few, are competitive in price to the incandescent 
sevel)-segmenl displays that were used here, and 
each type has its own pin-numbering scheme and 
driver requiremen ts, as well as physical mounting 
requirements. 

TI1e receiver is built from a number of sub-
assemblies, with the principal one incorporating 
the better parl of the tunable i-f. This 6 x 6-inch 
pc board contuins the front-end mixer ,tagc, the i-f 
filters and amplifiers, the product detector, and the 
BFO. Additionally, ii supports the local osci1111tor 
module. Separate and smaller hoards arc used for 
the age and audio circuits and each of lhe 
converters. ,\ complcte set of templates for the 
boards used in the receiver and in lhe frequency 
display is avuilablc from ARRL for $2 and a 
seJf-addre,sed. stamped business size envelope. 

Physically small components arc employed 
wherever possible. resulting in compact board 
layouts. Vertical format low voltage clccuolytin 
such as the Sprague 503D series are lo be pn:fcned 
over axial lead lypcs, which must be mounted 
upright to fit on the board. Sprague Hypercon 
low-vol I.age ceramic disc capacitors are ideally 
suited due lo their miniature size for use wherever 
a 0.1- or .01-µf' value is called for. Millen J302 
series encapsulated inductors are used liberally. 
They arc compact and arc designed for high· 
density pc mounting. Either quarter-wall or half-
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watt resistors can be used, although with the larger 
size it may be necessary to stand some of the 
resistors on end. Tl-T3 are inexpensive imported 
455-kHz i-f transformer~ that come four to a 
package. International Crystal type F-605 nylon 
:sockets were used for Y l-Y3, which are not 
available with wire leads. AU of the semiconductor 
devices used in the receiver are soldered directly 
into the c:in:uit board, although sockets are avail· 
able for Ul and U2 if desired. 

An outboard power supply capable of providing 
12 volts at 150 mA maximum for the receiver and 
S.0 volts at I.SA for the frequency display is 
rcqui.rcd. It is adviscablc to use separa tc receiver 
and display supplies rather than a common trans• 
former and rectifier foeding lwo voltage regulators 
in order lo minimize the chances of coupling 
counter "hash" into the receiver via the + 12-voll 
supply line. A front-panel-mounted miniature 
toggle swi lch is used lo apply I I 7-v ac lo the 
remote supply transforml!r primaries. Proper by
pas~ing of all supply leads entering the cabinet will 
aid in rejection of extraneous signals. A loud
speaker may be installed in lhc same cabinet as the 
power supply for opera ling convenience. 

The local oscillator enclosure is made from four 
pieces of double~ided circuit board material 
soldered together at lhe edges. The assembly 
meuures approximately 2-1/4 X 1-3/4 X 4-1 /8-
inches (HWD), and is bolted down to the main 
receiver hoard by four spade lug1. The main tuning 
capacitor, C2, is firs! attached lo one of lhc ~idc 
wall, of the comparlmenl with lhe two specially 
lhrcadc:d machine screws provided with the capaci
tor. A 3/8-inch diameter hole drilled in the front 
compartment wall provides adequate clearance for 
the capacitor shaft. L6 is mounted on the same 
wall as C2, centered in the enclosure and directly 
above the VFO printed-drcuil board which is 
affixed by soldering its ground foil along three 
edges to the enclosure walls. A I 0: 1 reduction 
epicyclic drive. Jackson Brothers number 5857 
(available from M. Swedgal. 258 Broadway, New 
York, NY 10007) is u~ed lo turn the main-tuning 
capacitor shaft This drive unit requires 1-1/8-inch 
clearance behind the front panel. A one-piece 
nickel-plated brass coupling is used between the 
drive and tlle capacil,.,r shaft. F ow 2-inch long No. 
6 machine screws arc used to ~upport the large 
receiver board, which must be installed al the 
heigh I that pennits prl!cisc alignmen I between 
these shafts. 

The main receiver board and the age/audio 
preamp boards arc fabricated from double-sided 
copper clad material. All of the other receiver 
boards use single-sided stock. The age/ audio pre
amp board and the MrJ audio board {available 
from MFJ Enterprises, P.O. Box 494, MisslSAippi 
Stace, MS 39762) arc mounted with No. 6 hard
ware and half-inch spacers on one of the aluminum 
enclosure walls. The input bandpass filter, FLl, is 
enclosed in an alumimum M inibox measuring I• I / 8 
x 2-1/8 x 3-1/4-im:hes HWD (Bud CU-2l 17A) 
which is mounted lo the opposite enclosure waU. 
All interconnections between boards are made with 
RG-174 miniature coaxial cable. Spade lugs 
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suppGrt the converter boazds from the rear wall of 
the receiver compartment. 

Alignment 

The only adjustment that should be necessary 
with the frequency display is the set ting of the 
time base crystal oscillator frequency lo I MHz. A 
clip lead from lhe antenna input jack of a 
genernl-coverage receiver loosely coupled lo the 
oscillator will pick up enough harmonic energy lo 
1Uow for preci~e zero beating of the oscillator 
frequency to WWV at 10 MHz. A nonmetaUic 
ilignment loo] should be used to turn the shaft of 
C23, which should provide a wide enough incre
mental frequency adjustment. 

The 160-meter tunable i-f should be adjusted 
before the converters are checked ouL After 
·,erifying with an osdllo!!Cope or a general-coverage 
::-ccciver that the VFO is indeed oscillating, the 
VFO tuning ronge may be set properly with lhe a.id 
llf t11e fiequency display (set to external count). 
With the plates of C2 fully meshed, the core of L6 
should be moved in or out until the frequency 
display re11ds approximately 2240 kHz. Then note 
:he displayed frequency with C2 rotated to mini
mum capacitance, which ~hould be close to 2770 
kHz. If the upper frequency obtained departs 
significantly from the above reading, the slug of L6 
should be moved to a point tl1at provides approxi
mately equal amounts of overlap on either side of 
the desu-ed 2255-2755 kH1. range. 

The BFO should be checked for proper 
opera lion. A I thi.!i poin I, the display may be 
connected in the receiver count mode. If all is weU 
it will indicate a received frequency between 1800 
and 2300 kHz. With a signal gi:nerator set to 1800 
kHz connected to the input of FLI and the plates 
of Cl fully meshed, a beat note should be heard in 
the speaker or headphones as the receiver is tuned 
10 lhc signal generator frequency. L2 and L3 may 
now be adjusted lo peak the signal on the S-meter 
or in the loudspeaker. If these coils are not 
carefully tuned lhe two filter sections will not 
track weU, resulting in an undesirable broad re
iponsc or perh3ps even a double peak. Now, tune 
Tl, T2, and T3 f01 maximum signal output. Spot 
checks across the 1800 to 2300 kHz range con be 
made to assure thnl the input bandpass filler is 
optimized and is tunable across the entire fre
quency spread. Check lo sec that the mode switch 
!!Clcets both the proper crystals in the llFO and the 
correct i-f flllcr. All that remains lo be adjusted 
now is the S-meter control, RS. With the age on, 
but with the i-f gain (R2) set Bl minimum 
!lt!ns:itivity, adjust RS lo give full-scale deflection of 
MI. This procedure will complete the tune-up or 
the main portion of the receiver. 

Checkout of the converters is similarly easy. 
The trimmers shou Id be adjusted for peak response 
at the center of each fn:quen~y band of interest. A 
signal generator is u!il!ful for this procedure, aJ. 
though on-lhc-air signals, preferably weak ones, 
will suffice. 

Alignment of the receiver is complete at this 
point. The frequency display should be operative 
and accurate on each band. 



Chapter 9 

VHF and UHF Receiving 
Techniques 

Adequate receiving capability is essential in vhf 
and uhf communication, whether the station is a 
transceiver or a combination of separate transmit
ting and receiving units, and regardless of the 
modulation system used. Transceivers and fm 
receivers are treated scpnately in this Handbook, 
but tJ1eir performance involves basic principles thal 
apply to all receivers for frequencies above 30 
MHz. Important attributes are good signal-to-noise 
ratio (low noise figure), adequate gain, stability, 
and freedom from overloading and other spurious 
responses. 

Except where a transceiver is used, the vhf 
station often has a communications receiver foi 
lower bands, with a crystal-controlled converter for 
the vhf band in question ahead of it. The receiver 
serves as a tunable i-f system, complete with 
detector, noise limiter, BFO and audio amplifier. 
Unless one enjoys work with communications 
receivers, there may be little point in building thi.s 
part of the station. Thus our concern here will hi! 
mainly with converter design and construction. 

Choice of a suitable communications receiver 
for use with converters should not be made lightly, 
however. Several degrees of selectivity arc desir
able: 500 Hz or less for cw, 2 to 3 kHz for ~sb, 4 to 
8 kHz for a-m phone and 12 to 36 kHz for fm 
phone are useful. The special requirements of fm 
phone are discussed in Chapter l 4. Good 
mechanical design and frequency stability :ue 
important. Image rejection should be high in the 
range tuned for the converter output. This may 
rule out 28 MHz with receivers of the single
conversion type having 455-kHz i-f systems. 

Broad-band receiving gear of the surplus 
variety is a poor investment at any price, unless 
one is interested only in local work. The 
superregenerative receiver, though simple to build 
and economical to use, is inherently lacking in 
selectivity. With this general information in mind, 
this section will cover vhf and uhf receiver "front 
ends" stage by stage. 

RF AMPLIFI ERS 

Signal-to-Noise Ratio: Noise of one kind or 
another limits the ability of any receiving system 
to provide readable signals, in the absence of other 
kinds of interference. The noise problem varie~ 
greatly with frequency of reception. In the hf 
range man-made, galactic and atmospheric noise 
picked up by the antenna and amplified by all 
stages of the receiver exceeds noise generated in 
the receiver itself. TI1us the noise figure of the 
receiver is not of major importance i.n wcak-j;ignal 
reception, up to at least JO MHz. 

At 50 MHz, external noise still overrides 
receiver noise in any well-designed system, even in 
a supposedly "quiet" location. The ratio of 
external to internal noise then drops rapidly with 
increasing signal frequency. Above 100 MHz or so 
external noise other than man-made is seldom a 
problem in weak-signal reception. Noise character
istics of transistors and tubes thus become very 
important in receivers for 144 MHz and higher 
bands, and circuit des.ign and adjustment arc more 
critical than on lower frequencies. 

The noise figure of receivers using rf amplifiers 
is determined mainly by the first stage, so solving 
the internal-noise problem is fairly simple. 
Subsequent stages can be designed for selectivity, 
freedom from overloading, and rejection of 
spurious signals, when a good rf amplifier is used. 

Gain: Ir might seem that the more gain an rf 
amplifier has, the better the reception, but this is 

not nccessariJy true. The primary function of an rf 
amplifier in a vhf receiver is to establish the noise 
figure of the system; that is, to override noise 
generated in later stages. One good rf stage is 
usually enough, and two is the usual maximum 
requirement. 

Once the system noise figure is established, any 
further gain required may be more readily obtained 
in the intermediate frequency stages, or even in tlie 
audio amplifier. Using the minimum rf gain needed 
to set the overall noise figure of the receiver is 
helpful in avoiding overloading and spurious 
responses in later circuits. for more on rf gain 
requirements, sec the following section on mixers. 

Stability: Neutralization or unilaterialization 
(see chapter on semiconductors) may be required 
in rf amplifiers, except where the grounded-gate 
circuit or its tube equivalent is used. Amplifier 
neutralization is accomplished by feeding the 
energy from the output circuit back into the input. 
iJt such amount and phase as lo cancel out the 
effects of device capacitance and other unwanted 
input-output coupling that might cause oscillation 
or other regenerative effects. Inductive neutraliza
tion is shown in Fig. 9-IB and C. Capacitive 
arrangements arc also usable. Examples of both 
will be seen later in this chapter. 

An rf amplifier may not actually oscillate if 
operated without neutralization, but noi,e figure 
and bandwidth of the amplifier may be better with 
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Rf Amplifiers 
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Fig. 9-1 - Typical grounded-source rf amplifiers. 
The dual-gate MOSFET,A, is useful below 500 
MHz. The junction FET,B, and neutralized 
MOSFET,C, work well on all vhf bands. EKcept 
where given, component values depend on 
frequency. 

it. Any neutralization adjustment reacts on the 
tuned circuits of the stage, so the process is a 
repetitive cut-and-try one. The objective mould \JC 
greatest margin of signal over noise, rather than 
maximum gain without oscillation. A noise 
generator is a great aid in neutralization, but a 
weak sign al can be used if the job is done with 
care. 

Overloading and Spurious Signals: Except when 
some bipolar transistors are used, the rf amplifier ii 
not nonnally a major contributor to overloading 
problems in vhf receivers, though excessive rf gain 
can cause the mixer to overload more readily. 
Overloading is usually a matter of mixer design, 
with either transistors or tubes. Images 1111d other 
spurious responses to out-of-band signals can be 
kept down by the use of double-tuned circuits 
between the rf and mixer stages, and in the rf 
amplifier input circuit. In extreme Calle~. such as 
operation near lo fm or TV stations, coaxinl or 
other high-Q input circuits are helpful in rejecting 
unwanted frequencies. 
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Using RF Preamptillea 

It is important to de!lign the front-end stages or 
a vhf receiver for optimum performance, but we 
often want to improve rcccptK>n with equipment 
already built Thousands of fm receivers fonnerly 
in commercial service, now revamped for amateur 
work in the 50-, 144- and 420-MHz bands, were 
built before modern low-noise tubes and transiston 
were available. Though otherwise useful, these 
receivers have excessively-high noise figure. Many 
other cmnmercial and home-built vhf converters 
and receivers IIJ'C also not u seruiitive as they might 
be. 

Though it would be better to replace the If 
stages of such equipment with more modem 
devices, the simpler approach is usually to add an 
outboard rf amplifier using a low-noise tube or 
tiansistor. In the rm example, the quieting level of 
!!Orne receivers can be improved by as much as 10 
dB by addition of a simple tlllnsistor amplifier. 
Similar improvement in noise figure of some 
receivers for other modes is also possible: 
particularly band-switching communications receiv
er& that have vhr coverage. 

Common circuits for rf preamplifier service are 
shown in Figs. 9-1, 2 and 3. Examples of amplifier 
construction are given later in this chapter. Circuits 
shown in the vhf converters described can also be 
adapted to preamplifier service. 

Circuit discu~sion is cumbersome if we use 
strictly~orrect terms for all tube and transistor 
amplifiers, so tube tenninology wiU be used here 
for simplification, The render is asked to remember 

Amplifier Circuitry 

OUTPUT 

~ 
+12v 

Fig. 9-2 - Grounded-gate FET preamplifier tends 
to have lower gain and broader frequency response 
than other amplifiers described. 

I 
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Fig. 9-3 - (Al Cascode amplifier circuit combines grounded-source and grounded-gate stages, for high gain 
and low noise figure. Though JFETs are shown, the cascade principle is us.able with MOSFETs as well. 18 
and Cl Examples of uhf preamplifier construction using bipolar transistors. 

that "gate" may also imply "ba:,,e" for bipolar 
transistors, or "grid" for tubes. "Soun:e" ~hould be 
read as "emitter" for the bipolar. and a~ "cathode" 
for the FET. 

Amplifiers may be the grounded-source type, 
Fig. 9-1; grounded-gate, 9-2; or a combination of 
both. 9-3. The duaJ-gale MOSFET circuit, 9-IA, 
works 111eU up to 300 MHz, but JFET and bipolar 
devices are !1Uperior for 420 MHz and higher. The 
gain and noise figure of a dual·g11te MOSFET are 
adequate at 300 MHz, and it is simple and readily 
adapted 10 automatic gain control. 

Triode tubes and FET transistors usually re
quire neulraJization for optimum noise figure with 
the grounded-cathode circuit. Inductive neutraliza
tion is shown in Fig. 9-1 B, and the capadtive 
method shown at C works equally well . Examples 
wUI be seen later in this chapter. The SIi-MHz trap 
circuit in fig. 9-lA is discussed in the following 
section on mixer... 

An alternative lo neutralization lies in use of 
the groundedi!llle circuit, Fig. 9-2. hs slaite gain is 
lower and its bandwidth generally greater than 
with the grounded-cathode circuit. The input 
impedance is low, and the input circuit is tapped to 
provide a proper impedance match. A broad-band 
amplifier may be made with a low-impedance line 
connected directly to the input element, if !".elec
tivity i~ not required at tflis point for other 
reasons. Tube~ designed for grounded-grid service 
include the 417A/S842, 416B, 7768 and the 
vurious "lighthouse" types , though almost any 

triode or triode-connected tetrode can be u~ed. 
JFETs work well in grounded-gate circuits. In 1he 
grounded-grid amplifier, the tube heater become~ 
effectively a part of the tuned circuit, so some 
form of high-cu rren I rf choke is required. Ferrite
bead chokes work well. 

The cascodc circuit, Fig. 9-3, combined 
grounded-source and giounded-gate stages. securing 
some of the mdvantagc, of both. Fig. 9-38 show~ a 
grounded-base bipolar transistor amplifer. The 
value of RI should be chosen experimentally to 
achieve be~t !lllnsitivity. 

Front-End Protection 

The first amplifier of a receiver is susceptible to 
damage or complete burnout through application 
of excessive voltage to its input element by way of 
the antenna. This can be the result of lightning 
discharges (not necessarily in the immediate 
vicinity), rf leakage from the station transmitter 
through a faulty send-receive relay or switch, or rf 
power from a nearby transmitter and anlenn:s 
system. Bipolar transistors often used in low-noise 
uhf amplifiers are particularly sensitive to this 
trouble. The degradation may be gradual, going 
wmoticed until the receiving sensitivity hai 
become very poor. 

No equipment is likely to survive a direct hit 
from lightning, but casual damage can be prevented 
by connecting diodes back-to-back across the input 
circuit. Either germanium or silicon vhf diodes can 
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be used. Both have thresholds of conduction well 
above any normal signal level, about 0.2 volt for 
germanium and 0.6 volt for silicon. The diodes 
used should have fast switching times. Computer 

diodes such as the IN914 and hot-carrier types are 
suitable. A check on weak-signal reception should 
be made before and after connection of the diodes. 

RF SELECTIVl1Y 

The weakest point in any vhr or uhf receiver is 
the front-end circuit. Solid-slate devices with high 
sensitivity, wide dynamic range and freedom from 
overload are now available. Thus, the quality of a 
front-i:nd cireuil is usually determined by how the 
active devices are used and the degree of rf 
selectivity included. High selectivity at vhf and uhf 
is not easy lo achieve. Many lumped-constant 
tuned circuits are needed for even a moder~te 
degree of selectivity al the signal frequency. 
Several tuned circuits before the first active stage 
(rf amplifier or mixer) will have sufficient loss 10 

limit the sensitivity of the receiver. If lumped
constant circuits are employed, rf amplifiers can be 
interspaced between the LC elements to make up 
losses. High gain is not needed or desirable, so 
FETs operated grounded-gate are preferred. 

For improved rf selectivi ty a helical resonator, a 
device which consists of a shield ond a coil may be 
employed. One end of the coil is attached 10 the 
shield, as shown in Fig. 9-4, and the other end is 
open-circuited, except for a tuning capacitor. 
Helical resonators are electrically equivalent to a 

Fig. 9-4 - Outline sketch of resonator. 
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Fig. 9-5 - Design chart for quarter-wave helical resonators. 
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Fig. 9-6 - Schematic diagram of the Johnson 504 front-end circuit. 

quarter-wave transmission-line resonator but are 
physically much smallter. Resonators can be built 
exhibiting Q of 1000 or more al vhf and uhf. 
Because the Q is so high. front-end circuits can be 
designed using helical resonators which provide a 
high degree of selectivity without high losses, al 
least a low and moderate power levels. 

The inductance element in a helical resonator 
should be made as large as possible and capacitance 
kept to a minimum for best performance. Probe. 
lap or aperture coupling may be employed. The 
basic form of a heli~al re!onator is shown in Fig. 
C}-4_ A low-loss air-insulated trimmer or dist. 
plunger may be used to tune the resonator. The 
capacitor must be much higher Q than the resona
tor to be useable. The usual precau lions for 
fabricating high-Q coils must be observed when 
building a helical resonator. A protective silver 
plating is recommended for the coil and shield for 
unit~ to be used above 100 MHz. The shield should 
be :ieamless and all joints should be effectively 
soldered to keep resistance lo a minimum. The coil 
and shield should be made using heavy stock to 
assure mechanical stability. 

Fig. 9-S can be used lo obtain approximate 
design information accurate to plus or minus ten 
percent. Complete design eqW1tion~ for helical 
resonator, are beyond the scope of this text, but 
they may be found in Macapline and Schildknecht, 
"Coa.1tial Resonators with Helical Inner Conduc
tor," Proceeding of the /RE,December, 1959. 

Fig. 9-7 - Close-up view of the helical resonators 
with the covers removed. The rf amplifier stage is 
constructed on the outside wall of the upper-right
hand resonator . Details are given in the teKt. 

An application of helical resonators in a 
146-MHz fronHnd circuit is shown in Figs. 9-6 
and 9-7. This circuit is used in the Johnson S04 
transceiver. The helical resonators consist of S-3/4 
turns of No. 12 wire contained in a rectangular 1 
x I >< 2-inch cavity. Both the coil and enclosure 
are silver plated. The coil is 5/8 inch inside 
diameter and 5/8 inch long, tuned with a 7-pf, 
miniature air-variable capacitor. The SO-ohm input 
tap is at I /4 tum rrom the ground end or the coil, 
an indication of the high impedance achieved. 
Coupling between individual resonators is through 
a 1 /2 >< l /4 -inch aperture. or "window." La you I 
det.a.ils can be ~ccn in Fig. 9-7. 

MIXERS 

Conversion of the received energy to a lower 
frequency, so that it can be amplified more 
efficiently than would be possible at the signal 
frequency, is a basic principle of the supcrhetero
dyne receiver. The stage in which this is done may 
be called a "converter," or .. frequency converter," 
but we will use the more common term, mixer, to 
avoid confusion with con~erte,, as applied to a 
complete vhf receiving accessory . Millers perform 
~imilar functions in both transmitting and receiving 
circuits, and mixer theory and pr3ctice are treated 
In considerable detail elsewhere in this Handbook. 

A receiver for 50 MHz or higher usually ha.~ at' 
least two such stages; one in the vhf or uhf 
converter. and usually two or more in the 

communications receiver that follows it. We are 
concerned here with the first mixer. 

Diode Mi:iter: There are m:llly types or 
mixers, the simple~! being merely a diode with the 
signal and energy on the heterodyning frequency 
fed into it, somewhat in the manner of the 
1296-MHz example, Fig. 9-8A. The mixer output 
includes both the sum and difference frequencie~. 
Either can be used, but in this application it is the 
difference, 5.incc we are interested in going lower in 
frequency, 

With a good uhf diode in a suitable circuit, a 
diode mixer can have a fairly low noise figure, and 
this is almost independent ot' treauencv. well into 
the microwave region. The effectiveness of most 
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active mixers falls off rapidly above 400 MHz, so 
the diode mixer is almost standard practice in 
amateur microwave communicatioh. All diode 
mixers have some conversion loss. This must be 
added to the noise figure of the i-f amplifier 
following, to determine the overall system noise 
figure. Low-noise design in the first i-f stage is thus 
mandatory, for good weak-signal reception with a 
diode mixer having no rf amplifier preceding it. 
Purity of the heterodyning energy and the level of 
injection to the mixer are other factors in the 
performance of diode mixers. 

Balanced mixers using hot-carrier diodes are 
capable of noise figures I to 2 dB lower than the 
best point-contact diodes. Hot-carrier diodes are 
normally quite uniform, so tedious selection of 
matched pairs (necessary with other types of 
diodes) is eliminated. They arc also rugged, and 
superior in the matter of overloading. 

The i-f impedance of a balanced hot-carrier 
diode mixer (Fig. 9-8B) is on the order of 90 ohms, 
when the oscillator injection is about one 
milliwatt. Thus the mixer and a transistorized i-f 
amplifier can be separated physically, and con
nected by means of 93-ohm coax, without an 
output transformer. 
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Conversion loss, around 7 dB, must be added to 

the noise figure of the i-f system to detennine the 
overall system noise figure. Unless a low-noise 
preamplifier is used ahead of it, a communications 
receiver may have a noise figure of about IO dB, 
resulting in an overall noise figure of 17 dB or 
worse for a vhf system with any diode mixer. A 
good i-f preamplifier could bring the receiver noise 
figure down to 2 dB or even less, but the system 
noise figure would still be about 9 dB; too high for 
good reception. 

An amplifier at the signal frequency i~ thus seen 
to be required, regardJess of mixer design, for 
optimum reeeption above SO MHz. The rf gain, to 
override noise in the rest of the receiver, should be 
greater than the sum of noise figures of the mixer 
and the i-f system. Since the noise figure of the 
better rf amplifiers will be around 3 dB, the gain 
should be at least 20 dB for the first example in 
the previous paragraph, and 12 dB for the second. 

Tube and Traniiitor Mixers: Any mixer is prone lo 
overloading and spurious responses, so a prime 
design objective should be to minimize these 
problems. FET mixers have become standard prac
tice at vhf. JFETs are slightly better than 
MOSFETs, although the junction types require 

1-F 

L 
+l2V 

(E) 

[IC[PT AS INCICAT[l]I DECIMAL VAUJES or 
C::APACITANC'E ARE IN MICROFARIDS I .).lJ I ; 
OTHERS AR[ IN P1ca,,HADS I pf' Ill ,,.,.,~ 

RE!llSTAhlC::[S ARE IN OHMS ; 
II• I 000, M· 1000 000. 

Fig. 9-8 - Vhf and uhf mixer circuits. A diode mixer for 1296 MHz, with a coaxial circuit for the signal 
frequency, is shown in A. CA1 is a uhf diode, such as the 1 N21 series. A balanced mixer, as in B, gives 
improved rejection of the signal and injection frequencies. If hot-carTier diodes are used for CA2, saning 
for matched characteristics is eliminated. Gate and source injection of a JFET mixer are shown at C and 
D, respectively. 
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C 

Fig. 9-9 - A simple overtone crystal oscillator for vhf converters, CAI has Zener voltage re!JJlation. An 
FET overtone oscillator and diode multiplier, (B) supply injection for a 144-MHz convet1er with a 
14-MHz i-f. Series trap absorbs unwanted second harmonic at 86 MHz. A triode oscillator would use 
essentially the same circuit. A tunable oscilhnor, as shown at C, would be suitable for a simple 50-MHz 
receiver with a broad i-f system. 

more power from the injection source. When the 
local-oscillator frequency is far removed from the 
input frequency, the scheme of Fig. 9-BC can be 
used. The diagram at 9-8D is needed if the 
oscillator frequency is within 20 percent of the 
signal frequency. 

The injection level from the oscillator affecu 
mixer performance. Until ii affects the mixer 
adversely in other v.11ys, raising the injection level 
raises the mixer conversion gain. A simple check ii 
made by observing the effect on signal-to-noise 
ratio a.~ the injection is varied. At preferred 
injection levels, the gain will vary but the signal
to-noisc ratio will not change. The injection should 
then be set for conversion gain a few decibels 
above that at which lower Injection causes a drop 
in signal-to-noise ratio. 

Double-tuned circuits in the mixer and the rf 
amplifier, as shown in 5everal of the schematic 
diagrams in this chapter, help to keep down mixer 
response to signals outside the intended tuning 
range. 

The insulated-gate FET is superior to othe1 
traruiston for mixer service in the matter of 
overloading. An example is given in Fig. 9-8E. Ar. 
objection lo the MOSFET, the ease with which it 
can be damaged in handling, has been taken care of 
by building-in protective diodes in devices such as 
the MPFl22, 40673 , and 3Nl87. Units ~o desii:ned 
req u!rc no special care in handling, and they work 
a~ well as their more fragile prodeccessors. 
Insulated-gate MOSFETs have resistance to over-

loading which, while superior to most tubes, is not 
as good as the best JFETs. 

Pentode or tetrode tubes make simple and 
effective mixer.;, up to 150 MHz or so. Triodes 
wmk well at any frequency, and are preferred in 
the high vhf range. Diode mixers arc common in 
the 420-MHz band and higher. 

INJECTION STAGES 

Oscillator and multiplier stagEs that supply 
heterodyning energy to the mixer should be as 
stable and free of unwanted frequencies as 
posSJble. Stability is no great problem in 
crystal-controlled converters, if the oscillator is run 
at low input and its supply voltage is regulated. 
Simple Zener regulation, as in Fig. 9-9A, is 
adequate fo r a transistorized overto'le oscillator. A 
hight:r order of regu lation is needed for tunable 
oscillators. See Chapter S for suitable regulated 
power supplies. 

Unwanted frequencies generated in the injec
tion stages can beat with signals that are outside 
the intended tuning range. In a typical example, 
Fig. 9-9B, an FET overtone oscillator on 43.333 
MHz feeds a diode tripler to 130 MHz. This 
frequency beats with signals between 144 and 148 
MHz, to give desired responses at 14 to 18 MHz. 
The multiplier stage also has some output at twice 
the crystal frequency, 86.666 MHz. If allowed to 
reach the mixer, this can beat with fm broadcilllt 
signals in the I 0(}.M Hz region that leak through the 
rf circuits of the converter. There are many such 
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annoying possibilities, as any vhf enthusiast living 
near high-powered fm and TV stations ha~ found 
out. 

Spurious Crequencies can be kept down by 
using the highest practical oscillator frequency, no 
multiplier in a 50-MHz converter, and as few as 
possible for higher bandlt. Some unwanted 
harmonics are unavoidable, ~o circuit precautions 
are often needed lo prevent both these harmonics 
and the unwanted signals from reaching the mixer. 
Selective coaldal or helical-resonn tor drcui Is arl! 
practical aids in uhf receivers. Trap circuits of 
various kinds may be needed lo "suck out" energy 
on troublesome frequencies. 

The series trap in Fig. 9-5B reduces the level of 
the 86-MHz second harmonic of the crystal 
frequency. A 58-MHz parallel-tuned trap, Fig. 

9-1 A, prevents the entry of Channel 2 TV signals 
that could otherwise beat with the ~econd har
monic of a 36-MHz osciUator in a 50-MHz con
verter that works inlo a 14-Mllz i-f (36 x 2 -
14=5!1). 

Unwanted frequencies also increase the noise 
output of the mh:er. Titis degrades performance in 
a receiver having no rf amplifier, and makes the job 
of an amplifier, if used, more difficu11. 

Frequency multiplielli in vhf receivers generally 
follow transmitting practice, except for their low 
power level. The simple diode multiplier of Fig. 
9-98 will often suffice. Its pa.rallcl-tuned 130-MHz 
circuit emphasizes the desired third hannonic, 
while the series drcuit suppreit~es the unwanted 
second harmonic. The trap is tuned by listening to 
a spurious fm broadcast signal and tuning the series 
capacitor for minimum interference. The tripler 
circuit should be peaked for maximum response to 
a 2-meter signal. Do not detune this circuit to 
lower injection level. This should be controlled by 
the vollll!C on the oscillator, the coupling between 
the oscillator and multiplier, or by the coupling to 
the mixer from the 130-MHz circuit. 

Tunable Oscillators 

Any tunable vhf receiver must employ a variable 
oscillator. At this point the intermediate frequency 
i5 fixed, and the oscillator tunes a range higher or 
lower than the signal frequency by the amount of 
the i-f. In the interesl of stability, it is u~ually 
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lower. In Fig. 9-9C a simple JFET oscillator tunes 
36 to 40 MHz, for reception of tbe 50--MHz band 
with a fixed 14-MHz i-f. Its stability should be 
adequate for a-m or fm reception with a relatively 
broad i-f, but it is unlikely to meet the require
ments for ~sh or cw reception, even for 50 MHz, 
and certainly not for higher band~. 

Practically all vhf receplion with high selec
tivity uses double-conversion schemes, with the 
tunable oscillator serving the second conversion. 
Such hf oscillators are treated in Chapter 6. They 
should run at lhe lowest practical input level, to 
minimize drift caused by heating. The supply 
should be well-regulated pure de. Mech.anic.illy
rugged componenls and construction are manda• 
tory . The circuits should be shielded from the rest 
of the receiver, and coupling to the mixer should 
be as light as practical. Drift cycling due to 
heating can be minimized if lhe oscillator is kept 
running continuously . 

THE SUPERREGENERATIVE RECEIVER 

Though the newcomer may not be too familiar 
with the superregenerative detector, the simple 
"rushbox" was widely used in early vhf work. 
Nothing of comparable simplicity has been found 
to equal its weak-signal reception, inherent 
noise-limiting and age action, and [reedom from 
overloading and spurious responses. But like all 
simple devices the supcm:gcnerator has limitations. 
It has little selectivity. It makes a high and 
unpleasant hissing nobc, and it radiates a broad 
interfering signal around ih receiving frequency. 

Adding an rf amplifier will improve selectivity 
and reduce detector radiation. High-Q tuned 
circuits aid selectivity and improve stability. Use of 
superrogcncration at 14 to 18, 26 to 30 MHz, or 
50me similar hf range, in the tunable clement of a 
!iimplc superhcterodyne receiver, works fairly well 
as a simple tuner for vhf converters. None of lhese 
steps corrects lhe basic weaknesses entirely, so the 
superregeneralor is used today mainly where sim
plicity, low cost and battery economy arc majur 
considerations. Cw and narrow-band fm signals 
cannot be received using a superregeneralive recei
ver. 

18 ) 

J 
L.- AUD IO r---ou,..,, 

Fig. 9-10 - Circuits of typical superregenerative detectors using a field◄ffect transistor, A, and a tetrode 
tube, B. Regeneration is controlled by varying the drai n voltage on the detector in the transistor circuit, 
and the screen voltage in the tetrode or pentode. Values of L 1 and C1 should be adjusted for the 
frequency involved, as shoul d the size of the rf choke, RFC1 . 
C2, C3 - .001-µF disk ceramic. Try different L2 - Small aud io or filter choke; not critical. 

values up to .005 for desired audio quality. RFC1 - Single-layer rf choke, to suit frequency. 
R1 - 2 to 10 megohms . RFC2 - 85-mH rf choke. 
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TypicaJ superregenerative detector circuits are 
shown in Fig. 9-10. High-transconductance FET• 
and high-beta vhf transistors are favored. The 
power source should be well-filtered and of low 

impedance. Fresh or well-charged batteries are 
ideal. Regeneration is controlled by varying the 
gain of the stage. 

SERIES-RESONANT BYPASSING 

Inexpensive disk-ceramic and "dog-bone" types 
of capacitors are relatively ineffective for bypassing 
above approximately 100 MHz. This is because of 
their considerable lead inductance, even when they 
are connected as close to the elements to be 
bypassed as possible. Actually this lead inductance 
can be used to advantage by selecting lead lengths 
that make the capacitor series-resonant at the 
frequency to be bypas.<ied. 

lltis approach is recommended by WA2KYF, 
who supplied the information in Table 9-1, showing 
capacitor and lead-length combinations for effec
tive bypassing of rf energy at frequencies 
commonly encountered in vhf work. The values are 
not particularly critical. as a series-resonant circuit 
is broad by nature. The impedance of a 
series-resonant bypass is very close to zero ohms at 
the frequency of resonance, and it will be lower 
than most conventional capacitors for a consider• 
able range of frequency either side of resonance. 

A high-capacitance short-lead combiruttion is 
preferable to a lower value with longer leads, 
because the former will be less likely to allow 
unwanted coupling to other circuits. For example, 

TABLE 9-1 

Values or capacitance in pF requind for reso
nance of frequencies commonly encountered in 
amateur-band vhf work, for leadx of 1/4, 1/2 and 
I inch in length. 

Frequency J/4-/nch 1/2-lnch 1-/nch 
MHz Leads Leads Leads 

48-50 800 400 200 
72 390 180 91 
96 220 100 56 

144 100 47 25 
220 39 20 10 

a 100-pF capacitor with 1/4-inch leads is a better 
bet than a 25-pF with I-inch leads, for bypassing at 
144 MHz. The series-resonant bypas.s is worth a try 
in any circuit where instability is troublesome, and 
conventional bypassing has been mown to be 
ineffective. 

MOSFET PREAMPLIFIERS FOR 10, 6, AND 2 METERS 

Where an hf or vhf receiver lacks gain, or has a 
poor noise figure, an external preamplifier can 
improve its ability to detect weak signals. This 
preamplifier uses an RCA 40673 dual-gate 
MOSFET. Designs for using this device as a mixer 
or as a preamplifier abound and many of them are 
excellent. 

When it comes to simplicity, small size, good 
performance, low cost, and flexibility, a design by 
Gerald C. Jenkins, W4CAH, certainly qualifies. 

Where the preamplifier really shines is in 
pepping up the performance of some of the older 

ten-meter receivers that many have pressed into 
service, A six-meter version is also very IL~eful for 
any of the modes of communication available on 
that band. 

The voltage dropping resistor, R4, and the 
Zener diode, VR I, may be of the value necessary 
to obtain 9 lo 12 V de for operation of the unit. 
By increasing the resistance and dissipation rating 
of R4 and VR l, the preamplifier may be operated 
from the 150- to 200-V supply found in many 
tube-type receivers. 

The layout of the board is so simple that it is 
hardly worth the effort of making a negative for 
the photo-etch process. A Kepro resist-marking pen 
was used with success on several boards. Another 
approach - and one that is highly recommended -

Two versions of the preamplifier. The one in the 
box is for 2-meter use, Toroids are used in the 
six-meter version (rightl and in the ten-meter 
preamplifier lnot shown). Input is at the right on 
both units. The extra rf choke and feedthrough 
capacitor on the right end of the Minibox are for 
decoupling a crystal-current metering circuit that is 
part of a 2304-MHz mixer. 
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Fig. 1 - Schematic diagram for 
the preamplifier. Part designations 
not listed below are for pc board 
placement purposes. Alternative 
input circuit for use with micro
wave diode mixer is shown at B. 
C1, C4 - See Table I. 
C2, C3, C5, CS, C7, C9 - Disk 

ceramic. 
C8 - ,001 feedthrough capacitor. 
J1, J2 - Coaxial connectors. 

VRI 
SE E TEX T 

(Al 

299 

Phono-type, BNC or SO-239 
acceptable. 

L1, L2 - See Table I. 
R4 - 3 turns No. 28 enam. on 

ferrite bead. A 220-ohm, 
1 /2-watt resistor may be sub
stituted. 

BOTTOM 
VIEWOF01 GOG, SEE J: 12V +-

TEXT 0C 

0 s ---;;,--¥--- --i ~~7 1 
LI C1 : 

RFC2 - 33 µH , iron-core in
ductor. Millen J300-33 or J. 
W. Miller 70F335A 1. 

1 c,g .OOl E.X~E.PT AS INDICA.T EO, DECI MAL 

VALUES OF CAPACITANCE AR.E 
FC2 1H MK:ROFARADS ( jaFI; OTH~S 

A.RE IN PtCOfARADS C pf OR J';r-t; 
TO RES!STAHCES ARE IN OHMS; 

METER ~ 
crRC.OIT r-h ,-ioo0 ,M• I0OO000 

is to cover the copper with masking tape, transfer 
the pattern with carbon paper, then cut away the 
tape to expose the part to be etched. On small, 
simple boards the masking-tape method is hard to 
beat. 

The pc board may be mounted in almost any 
small enclosure. Construction is not tricky or 
difficult. It should take only a few minutes to 
.:omplete the unit after the board is prepared. The 
board i.s fastened in the enclosure by means of one 
metal standoff post and a No. 4 screw and nut. 
Input and output connectors are not critical; 
phono-lype jacks may be used in the interest of 
low co!rt. 

-v 

MOUNTING 
HOLE 

Adjustment is so easy that it almost needs no 
description. After connecting the amplifier to a 
receiver, simply tune the input (Cl) and the output 
(C4) for maximum indication on a weak signal. 
One possible area of concern might be that the 
toroids used in the ten- and six-meter versions are 
not always uniform in permeability, as purchased 
from various suppliers. However, it is an easy 
matter to add capacitance or remove a turn as 
required to make the circuits resonate at the 
correct frequency. 

Fig. 2 - Full-scale layout and parts placement 
guide for the pc board. Foil side shown. 

28MHz 
L 1 17 turns No. 28 enam. on 

Amidon T-50-6 core. Tap 
· at 6 turns from ground 
end 

L2 Same as L 1, without tap. 

Cl, 15 to 60-pF ceramic 
C4, trimmer. Erie 538-002F. 

Table I 

50MHz 
12 turns No. 26 enam. on 
Amidon T-37-10 core. Tap 
at 5 turns from ground 
end. 
Same as L 1, without tap. 

1.8- to 16.7-pF air variable. 
E. F. Johnson 189-506-005. 

144MHz 
5 turns No. 20 tinned 
1/2-inch ID X 1/2-inch 
long. Tap a~ turns 
from ground end. 
4 turns No. 20 tinned 
like L 1, without tap. 
1.5- to 11.6-pF 
air variable. 
E. F. Johnson 
189-504-005. 



Fig. 1 - Completed six- and two-meter converters 
(left and center! with power supply. 

CONVERT ERS FOR 50 AND 144 MHz 

The converters described here arc designed by 
the Rochester VHF Group and details are pre
sented by W2DUC and K2YCO. 

Because of the nature of the project , a universal 
circuit-board design is used. One circuit board 
serves for either band, with only slight 
modification. Other specific design goals were : 

I) Low noise figure, less than 3 dB. 
2) Stato--of-the-art freedom from cross modu

lation. 

I PUT 

RI 
270 
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3) Sufficient gain to override the front-end 
noi.&e of most receivers. 

4) Double-tuned bandpass incerstage and out
put circuits to achieve a flat response over a 
two-MHz portion of either band. 

S) Filtering of the local oscillator chain in the 
two-meter model to reduce spurious responses. 

6) Small size and low power consumption. 
7) Freedom from accidental mistuning during 

the life of the converter. 

MIXER 

A 
110 

28MHz 

I I 

-----------~-------~ osc:. 
Q3 

MPF102 

G 

EXCEPT AS INOICATEO, DECIMAL 
YAUID OF CAPAC IT4NCE ARE 
IN MICIIOFARADS (JIFI ; DTI4ERS 
""E IN PICOFARADS 1,r OR J1.l>rl ; 
RE STANCES All£ IN DHilS; 
, -tOOO , M•tOOOOOO 

AD 
3 

L....----'VV\-----------<---0+12 V 

Fig. 2 - Schematic diagram of the six-meter 
converter. All resistors are 1 /4-watt composition. 
C2, CS, ClO and C15 are .0011-<F disk ceramic, C4 
is .01-µF disk ceramic. All other capacitors are 
dipped mice. 
L1-L6, incl, - All No. 28 enam. wire wound on 

Amidon T-30-6 cores ilS follows: L1, 14 turns 

tapped at 4 turns end 6 turns; L2, 13 turns; LJ, 
12 turns; L4, 18 turns; L5, 18 turns tapped at 4 
turns from cold end; LS, 26 turns tapped at 6 
turns from hot end. 

Yl - 22-MHz crystals. International Crystal Mfg, 
Co. type EX. 
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Fig. 3 - Schematic diagram of the two-meter 
convener. All resistors ara 1/4-watt composition. 
CB. Cl 0, C15 and C18 are .001-"'F disk ceramic. 
Al l other capacitors are dipped mica units. 
Ll, L2, L3, L7, LS - All No. 20 enam. wire 

formed by using the threads of a 1/4-20 bolt 85 

a guide. L 1, 5 turns tapped at 1-3/4 turns and 
3/4 turn from cold end; L2, 5 turns; L3, 4 
t urns; L7, and LB, 5 turn, tapped at 2 turns 
from hot end. 

Other points rnnsidered were such things 118 

freedom from the necessity of neutralization and 
the use of moderately priced transistors.. 

Several breadboard models were construe ted 
and tested as the design evolved. Fig. 1 shows two 
completed conveners and a power supply. 

Circuit Design 

A schematic disgr3m for the s.ix-meter con
vener is shown in Fig. 2, and for the two-meter 
model in Fig. 3. The configuration of the rf and 
mixer portions of the ciccuit are virtually identical 
for six and rwo meters, with the vaJues of the 
frequency-determining components being scaled 
:ippropriately, The major difference between the 
two converters is a change in the local oscillator 
chain. A minor change in the method of interstage 
co upling was necessary to prevent stray
c-o1pacitance eITects from making the alignment 
critical on the six-meter converter. 

All inductors in the six-meter model and the 
two-meter output circuit are wound on Amidon 
T-3D-6 toroid cores. The tuned circuits are aligned 
by spreading or compressing the turns around the 

L4 - 18 turns No. 28 enam. wou nd on Amid o n 
T-30-6 core. 

L5 - 18 turns like L4, tapped at 4 turns from cold 
end. 

L6 - 0.68 µH min iatu re Inductor. Del evan 1025 
series or J . W. Miller 9230-16. 

Y1 - 38.666-MHz crystal. International Crystal 
Mfg, Co. 1vpe EX. 

toroid core. After alignment the coils are glued in 
place with SiJastic compound (sold as bathtub 
caullc). 

The rf amplifier, QI, is used in a grounded-gate 
configuration. The input cin:uit is tapped to 
provide a proper match between the antenna and 
source of the PET while maintaining a reasonable 
Q. The six-meter interstage coupling network 
consists of CJ, CS, L2, and L3. Band-pass coupling 
i.s controlled by the capacitive T network of C3 
and CS in ratio with C6. A 406 73 dual-gale 
MOSFET is used in the mixer circuit (Q2). Gate l 
receive~ the signal, while gale 2 has the local 
-oscillator injection volt.lge applied to it through 
C7. A slight amount of po~itive bias is applied lo 
gate 2 through R2. A top-<:oupled configuration, 
using toroid inductors, serves as the 28-MHz 
output circuit of both converters. 

The oscillator circuit in the lix-meler model is 
straightforward, relying on the drain-to-gate capa
citance of the FET for feedback . A lap al four 
turns from the hot end of the toroid winding 
provides the injection to the miur through capa
citor C7. In the two-meter converter, Fig. 3, the rf 
stage is ldentict1l to the six-meter venion except for 

,,2 
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Fig. 4 - Parts-placement guide for the six-meter converter, A, and the two-meter converter, B. View is 
from the foil side of the board. Dashed lirTeS show the location of shields that are soldered to 
short pieces of wire which project through holes in the pc board. The shields may be fabricated from 
sheet brass or copper, or scraps of copper-clad board material. 

the tuning net works. LI, L2, and L3 are air 
wound, self-supporting, and are formed initially by 
winding wire around the threads of a 1/4-20 bolt. 
The turns of LI are spread to permit adding taps 
prior to mounting on the board. The degree of 
interstage coupling in the two-meter model is 
controlled by the positions of L2 and L3. Since 
they are mounted at right angle~, the coupling is 
very light. By changing the angle between these 
two coils, the passband may be optimized. 

In the two-meter oscillator stage, Q3 is changed 
to an oscillator/tripler by replacing the source bias 
resistor with L6. Replace bypas.~ capacitor. Cl3, 

-COIIVCIITER 
1-, OUT 

RS TO 1-F 
MCCIVCII 

Fig. 5 - An i-f attenuator may be necessary if the 
receiver following the converter is exceptionally 
hot. Values for 6 dB: A 1, R2 - 18 ohms; AJ - 6B 
ohms. For 10 dB : Al, R2 - 27 ohms; R3 - 39 
ohms. 

with a 30-pF value to resonate L6 near the crystal 
frequency. Source-lo-gate capacitance provides the 
feedback in this case. The drain tank is modified lo 
provide output at the third harmonic, thus 
eliminating the need for a separate tripler stage. Q4 
is used as an isolation amplifier running al very low 
current level (as controlled by R9) lo provide 
attenuation of the adjacent harmonics. This stage is 
not needed for amplification of the oscillator signal 
but without the additional filtering, severe 
"birdies" may result from nearby frn or TV 
stations. In both the six- and two-meter ve"ions, a 
number of printed-circuit pads will be left over 
when construction is completed. These ue the 
result of providing both bandK on a common pc 
layout. For example, 1he isolation amplifier 
following the oscillator is not used on six meters. 
Therefore, this stage is bypassed by a jumper wire 
from L6 to C7. Five additional holes are located in 
the ground area along the centerline of the board 
and between rf and mixer stages. Component lead 
clippingi are soldered into these holes to provide a 
mounting for the shield partitions, which are 
soldered to the wire~ where they extend through 
the board. Fig. 4 shows the parts layout for the six
and two-meter converters. Notice that one lead of 
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Fig. 6 - Scale-size layout for the pc board. The 
same pattern is used for either band. Foil side 
shown here. 

Table I - Performance Specifications 

Paramtter 
Noise filll.JrB, dB 
Conversion gain, dB 
Spurious responses, dB 

Freq. response, 
..:!: 1 dB 
Current at 12 V de 

6 Meters 
1.8 - 2.3 
22 - 28 
-so· 

• Has a response 
at 6 MHz 
49.8 - 51.5 MHz 

12-18mA 

2 Meters 
2.0- 2.4 
17 -24 
-so· 

• Responses at 
107 & 181 MHz 
143.9 - 146.4 MHz 

14- 20 mA 

Fig. 7 - Schematic diagram and parts-placement 
guide for the power supply to the conveners. The 
transformer is mounted external to the board. Pc 
board · size Is identical to the one used for the 
converters. 
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Cl must reach past the giound hole and connect to 
the foil. R3 i~ nor used on the !.ix-meter converter. 

Alignment and Tesl 

Perhaps the most difficult task in the project 
wu the test and tune-up of the fini~hed converter. 
A single test setup using a sweep generator, diode 
probe, and oscilloscope was a necessity to assure 
the nat response over the tuning range. Com
mercial attenuators were used to calibrdte each 
converter by the substitution method. 

Tuning of the air-wound rf circuit for two 
meters was accomplished by spreading or com· 
pressing the rums of the coils. After alignment, the 
winding~ were secured by a bead of Silastic 
compound along the oil to hold the turns in place. 
The noise figure of each converter was checked 
using the Monode noise-generator technique. 1 A 
final sensitivity check using a receiver (NCJ00) and 
a model 80 calibrated signal generator completed 
lhe checkout. 

1 Guentzter, "The Monode Noise Generator," 
QST, April 1967. 

The transistors used in the rf stage were aJso 
subject to some variation in noise figure. When this 
occurred, an rf FET was carcfuny traded with an 
oscillator FET, since performance of the FET as an 
oscillator was always satisfactory. 

The performance specification range for the 
converters is seen in Table I. 

Small ceramic trimmers can be used in place of 
the lilted-value mica capacitors in the tuned 
circuits of these converters. The midrange of the 
trimmer should be approximately the value of the 
mica capacitors replaced. This procedure may 
simplify the tuning process of the converters where 
a sweep generator setup is not available. A little 
careful tweaking should give a reasonably na, 
response. 

If trimmers arc used , the rf input circuit should 
be tuned to the center of the desired response, 
50.S MHz as an example. This circuit tunes broadly 
and is not too critical. The rf interstage circuits 
should be stagger tuned, one al 50.0 MHz and the 
other at S 1.0 MHz, as an example, the output i-f 
circuits can be tuned in a manner similar to the 
interstage circuits. 

DOUBLE BALANCED MIXER 

Advances in technology have, in reccnl years, 
provided the amateur builder with many new 
choices of ha1dware to use in the building of 
receivers, converters, or preamplilicrs. The broad
band double-balanced mixer package is a fine 
example of thi~ type of progress, and as amateurs 
gain an understanding of the capabilities of this 
devke, they arc incorporating this type of mixer in 
many pieces of equipment, especially receiving 
milters. The combined mixer/amplifier described 
here was presented originally in QST for March, 
1975, by KIAGB, 

Mixer CompuiJOns 

Is a DBM really better th.an other types? What 
does it offer, and what are its disadv11nlllges? To 
answer these questions. a look at more con
ven lional ··active" (voltages applied) mixing tech· 
niques and some of their problems is in order. The 
reader is referred to a recent article in QST' 
dealing with mixers. Brieny reiterated, common 
single-device active mixers with gain at vhf ond uhf 
arc beset with problems of noise, desensitization 
and small local-oscillator (LO) isolation from the 
r-f and H "ports." As mixers, most devices have 
noise figures in eltcess of those published for them 
as rf amplifiers and will not provide sufficient 
sensitivity for weak-signal work. To minimize 
noise, mixer-device current is generally maintained 
al a low level. This can reduce dynamic range, 
incrcuing overload potential. a~ defined in the 
terminology appendix. Gain contributions of rf 
11mplifiers (used to establish a low sy~lem noise 
figure) further complicate the overload problem. 
LO-noise leakage to the rf and H ports adversely 
affects system performance. Mixer dynamic range 
can be limited by conversion of this noise lo i-f, 

placing a lower limit on mixer system sensitivity. 
Generally 20 dB of mixer midband, inter-port, 
isolation is required. and most passive DBM can 
offer greater than 40 dB . 

A commercially manufadured double-balam:cd 
diode mixer offers performance predictability. 
circuit ~implicity and ncltibitity. Closely matched 
Schottky-barrier hot-carrier diodes, commonly 
used in most inexpensive mixers of this type, 
provide outstanding strong-signal mixer per· 
formance (up lo about O dBm al the rf input port) 
and add little (0.S dB or so) lo the mixer noise 
figure . E!.scnlially, diode conversion loss from rf lo 
i-f, listed in Table I , represents most of the mixer 

F, A+FRr .__r-------1 
.-,uR 1----------, l"u1''RFI 

---1 I 
r1..0tFRr I 50 I 

I I l Z'i,oH11r I ..._ __ _, I 
L--------"' 

Fig. 1 - The 1-f port of a double-b~lam:ed mixer is 
matched al /lO - frf and reactive at /l.O + frf. In 
this configuration conversion loss, rf compression 
and desensitization levels can vary :t3 dB while 
harmonic modulation and third-order IMO pro· 
ducts can vary 120 dB. 
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Fig. 2 - A schematic diagram for the doubht·balanced mixer and 1-f post amplifier. The 1-f can be either 
14 or 28 MHz. Pans values are given in Table 11. 

contribution to system noise ligure.1' Midband 
isolation between the LO port and the rf and i-r 
ports or a DBM is typically > 35 dB - far greater 
than that achievable with conventional single
device active-mixing schemes. This isolation is 
parlkul....rly ~1.h,111l~gt:uus iu dealing with low-level 
local-oscillator harmonic and noise content. or 
course, selection of LO devices with low audio 
noise figures. and proper rf filtering in the LO 
output, will reduce problems from this source. 

Often lislcd disadvantages of a diode DBM arc 
(al conversion loss, (bl LO power requin:ments, 
and (c) i-f-inlcrface problems. The first two points 
arc closely interrelated. Conversion Joss necessi
tates some low-noise r-f amplifil:ation lo establish a 
useful weak-signal system noise figure. Active 
mixers also have this requirement, as will be 
demonstrated later. Additional LO power is fairly 
easy lo generate, filler, and measure. Ir we accept 
the fact that more LO power is necessary for the 
DBM than is used in conventional single-device 
active mixing circuits, we leave only two real 
obstacles to be overcome in the DBM, those or 
conversion loss and i-f output interfacing. 

To minimize conversion loss in a DBM, the 
diodes are driven by the LO beyond their square
law region, producing an output spectrum which in 
general include~ the terms: 

•Fundamental frequencies fl_O and / rf 
•All of their harmonics 
•The desired i-f output, /LO± /rf 
•All higher order products of nf LO ± m/rf 

where n and mare integers. * 
The DBM, by virtue of its symmetry and 

TSee appendix on noise flcure. 

*see appendb: for mixer terminolop. 

internal transformer balance, suppresses a large 
number of the harmonic modulation products. In 
the system described here, /LO is on the low side 
of frf; therefore, numericaUy, the desired H output 
is /rf - /LO. Nonetheles11, the term ft-0 :I: /rf 
appears at the i-f-output port equal in amplilude to 
the desired i-f signal, and this unused energy must 
be effectively terminated to obtain no more than 
the ~pecified mixer-conversion loss. This ls not the 
image frequency, /LO - f1-f, which will be dis
cussed later. 

In any mixer design, all rf port signal com
ponents must be bypassed effectively for best 
conversion efficiency (minimum loss). Energy not 
.. converted" by mixing action will reduce conver
sion gain in active systems, and increase conversion 
loss in passive systems such as the diode DBM. Rf 
bypassing also prevents spurious resonances and 
other undesired phenomena from affecting mixer 
performance. In this system, rf bypassing at the 
i-f-output port will be provided bv the inp11t 
capacitance of the i-f interface. The DBM is not a 
panacea for mixing ills, and its effectiveness can be 
reduced drastically if all ports are not properly 
terminated. 

DBM Port Terminations 

Most DBM-performance inconsistencies occur 
because system source and load impedances 
presented to the mixer arc not matched at all 
frequencies encountered in normal operation. The 
terminations (allenuator pads) used in conjunction 
with test equipment by manufacturen to measure 
published performance characteristics arc indeed 
"broadband" matched. Reactive mixer tenni
nations can cause system problems, and multiple 
reactive terminations can usually compound these 
problems to the point where performance is very 
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difficult to predicL Let's see how we can deal with 
reactive terminations. 

The 1-F Port 

The i-f port is very sensitive to mismatch 
conditions. Reflections from the miKer/H ampli
fier interface (the pi network in Fig. 2) can cause 
the conversion loss to vary as much as 6 dB. Also 
greatly affected are third-order inter
modulation-product ratio and the suppression of 
spurious signals, both of which may vary ±IO dB or 
more. ll is ironic that the i-f port is the most 
sensitive lo a reactive tennination, as this is a 
receiving system point where -sharp-skirted Iii ters 
are often de sired. 

Briefly, here is what happens with a reactive 
i-f-port termination. Fig. 1 shows a DBM with 
"hlgh side" LO injection and an i-f tennina tion 
matched at jlO - /rf but reactive to /10 + /rf. 
The latter term re-enters the mixer, again combines 
with the LO and produces terms that exit al the rf 
port, namely 2/LO + /rf, a de term, and /LO+ /rf 
- /LO (the original rf-port input frequency). This 
condition affects conversion loss, as mentioned 
earlier, in addition lo rf-porl VSWR, depending on 
the phase of the reflected signal. The term 2/1-0 + 
/rf also affects the hannonic modulalion-producl5 
spectrum rerulting in spurious responses. 

One solution to the 1-f-interface problem is the 
use or a broadband SO-ohm resistive termination, 
like a pad, to minimize reflections. In deference to 
increased post-conversion system noise figure, it 
seemed impractical to place such a tennina tion at 
the mixer 1-f output porl While a complimentary 
filter or diplexer (high-pass/low-pass filten appro
priately terminated) can be used lo terminate both 

ii PrHentation and calculation l01mat or tbaae 
terms ls based on "low aide" LO Injection. See the 
appendil: for upla.nation. 

ftf + JtO and frf - JLO §, a simpler method can be 
used if /rf + /LO is less than I GHz and (/rf + /LO) 
/ (frf - /LO) ;;i. IO. Place a short-circuit termi
nation to /rf + /LO, like a simple lumped capaci
tance, directly at the mixer i-f terminal. This 
approach is easiest for the amateur to implement 
and duplicate, so a fonn of it wa~ ITieJrl - with 
success. In our ciJcuit, Cl serves a dual purpose. Its 
reaclance at frf + /LO is small enough to provide a 
low-impedance "short-circuit" condition to this 
tenn for proper mixer operation. Additionally, it is 
part of the input reactance of the mixer i-f
amplifier interface. Fortunately the network 
impedance-transformation ratio is large enough, 
and in the proper direction, to permit a fairly large 
amount of capacitance (low reactance) at the 
mixer i-f-outpul port. The capacitor, in its dual 
role, must be of good quality at vhf/uhf (speci
fically /rf + /LO), with short leads, to be effective. 
The mi Ker condition (ftf + /LO) / (ftf - jLO) ;;. I 0 
is met al 432 and 220 MHz with a 404/192-MHz 
LO (28-MHz i-O and on 14 MHz with a 130-MHz 
LO (14-MHz i-0. At 50 MHz, with a 36 MHz LO, 
we are slightly shy of the requirement, but no 
problems were encountered in an operating unit. 
The pi-type interface circuit assures a decreasing 
impedance as i-f operation departs from midband, 
thereby lessening IMD problems. 

The LO Port 

The primary effect of a reactive LO source is an 
increase in harmonic modulation and third-order 
IMD product5. If the drive level is adequate. no 
effect Is noted on conversion loss, rf compression 
and desensitization levels. A reactive LO source can 
be mitigated by simply padding the LO port with a 
3- or 6-dB pad and increasing the LO drive a like 
amount If excess LO power is not available, 
matching the LO source lo the mixer will improve 
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perfonnance. This method is acceptable for single
frequency LO applications, when appropriate test 
equipment is available to evaluate matching results. 
For simplicity, a 3-db pad was incorporated at the 
LO-input port as an interface in both versions of 
the mixer. Thus the LO port is presented with a 
reasonably broadband termination, and is relatively 
insensitive to applied frequency, as long as it is 
below about 500 MHz. This implies that fre
quencies other than amateur assignments may be 
covered - and such is indeed the case when 
appropriate LO frequencies and rf amplifiers are 
used. Remotely located LOs, when adjusted for a 
5~ohm load, can be connected to the mixer 
without severe SWR and reflective-loss problems in 
the triui smission line. 

Broadband mixer.. exhibit different character
istics at different frequencies, due to circuit reso
nances and changes in diode impedances resulting 
from LO power-level changes. Input impedances of 
the various ports are load dependent, even though 
they arc isolated from each other physically, and 
by al least 35 dB electrically. At higher fre
quencies, this effect is more noticeable, since 
iwlation tends to drop as frequency increases. For 
this reason, it is important to maintain the LO 
power at its appropriate level, once other ports arc 
matched. 

The RF Port 

A reactive rf source is not too detrimental to 
system perfonnance. This is good, since the output 
impedance of most amateur preamplifiers is seldom 
50 ohms resistive. A 3-dB pad is used at the rf port 
in the 50- and 144-MHz mixer to 14 MHz, and a 
2-dB pad is used in the 220/432-MHz mixer to 28 
MHz, although they add directly to mixer noise 
figure. Rf inputs between about 80 and 200 MHz 
are practical in the 14-MHz H-output model, while 
the 28--MHz-output unit is most useful from 175 to 
500 MHz. Mixer contribution to system noise 
figure will be almost completely overcome by a 
low-noise rl' amplifier with sufficient gain and 
adequate image rejection. 

Image Response 

Any broadband mixing scheme will have a 
potential image-response problem. In most amateur 
vhf/uhf receiver systems (as in these units) mngle
conversion techniques are employed, with the LO 
placed below the desired rf channel for non
inverting down-conversion to 1-f. Conversion is 
related to both i-f and LO frequencies and, because 
of the broadband nature of the DBM, input signals 

This top view of the OBM/i-f amplifier shows the 
plastic mhcer package plus rf/LO Inputs and i-f 
output Jacki clearly marked for cabling, The unit Is 
mounted on the open face of a standard 6 X 4 X 
2-lnch aluminum chassis. This shielding Is necessary 
to prevent the 3N140 from picking up external 
signals In the 14-MHl region. 

307 
at the rf image frequency (numerically /LO - fi·f 
in our cue) will legitimately appear inverted at the 
i-f-output port, unless proper filtering is u11ed to 
reduce them at the mixer rf-input port. For 
example, a 144-MHz converter with a 28-MHz H 
output (116--MHz LO) will have rf image-response 
potential in the 84 lo 88-MHz range. TV channel 6 
wideband-fm audio will indeed appear at the 
i-f-output port near 28 MHz unless appropriate 
rf-input filtering is used to eliminate it. While 
octave-bandwidth vhf/uhf "imageless mixer" tech
niques can improve system noise performance by 
about 3 dB (image noise reduction), and image 
signaJ rejection by 20 dB - and much greater with 
the use of a simple gating scheme - such a system 
is a bit esoteric for our application. Double or 
multiple-conversion techniques can be used to 
advantage, but they further complicate an other
wise simple system. Image noise and signal re
jection will depend on the effectiveness of the 
filtering provided in IJ1c rf-amplifier chain. 

Mixer Selection 

The mixer used in this system is a Relearn M6F, 
with specifications given in Table I. Suitable 
substitute units arc also presented. The M6F is 
designed for printed-circuit applications (as are the 
recommended substitutes), and the lead pins are 
rather short. While mixers are available with 
connectors attached, they are more expensive. The 
simple package is suggested as, aside from less 
expense, improved interface between mixer and i-f 
amplifier is pos.~ible because of the short leads. The 
combining of mixer and i-f amplifier in one 
converter package was done for that reason. Along 
these lines, the modular-construction approach 
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pennits good signal isola lion and enables lhe 
mixer-amplifier/i-f system lo be used at a variety of 
rf and LO-Input frequencies, as mentioned earlier. 

Most commonly available, inexpensive DBM are 
not constructed to take advantage of LO powers 
much above +10 dBm (10 mW). To do so requires 
additional circuitry which could degrade other 
mixer characteristics, specifically conversion loss 
and inter-part isolation. The advantage of higher 
LO power b primarily one of improved strong
signal-handllng perfonnancc. At least one manu
facturer advertises moderately priced "high-level" 
receiving DBM which can use up to +23 dBm (200 
mW) LO power, and still retain excellent con
version loss and isolation characteristics, shown in 
Table I. The usefulness of mixers with LO power 
requirements above the commonly available +7 
dBm (5 mW) level in amateur receiving applications 
may be a bit moot, as succeeding stages in most 
amateur receivers will likely overload before the 
DBM. Excessive overdesign b not neces.~ry. 

In general, mixer selection is based on lhe 
lowest practical LO level requirement that will 
meel the application, as ii is more economical and 
results in the least LO leakage within the system. 
As a fust-ordcr approximation, LO power should 
be 10 dB greater than the highest anticipated 
input-signal level at the rf port Mixers with LO 
requirements of +7 dBm are quite adequate for 
amateur .receiving applications. 

The bonom view of the DBM/i-f amplifier ,hovvs 
component and shielding layout. L 1, the mixer
ampllfier interface inductance and associated com
ponents are Indicated. C1, with its wide silver-strap 
leads, i1 connected directly between the mixer 1-f 
output pin and the copper-clad ground plane with 
essentially zero lead length. Connection between 
the mixer output pin and other components ( L1. 
C2 and the rf choke for d-c return) is made by 
using excess lead from C1. The 43-ohm, 1 /4-W 
resistor in the 3N140 gate 1 lead is connected 
between the high-impedance end of L 1 and a spare 
terminal on the coil form. The device gate No. 1 
lead and resistor are joined at this point. It is 
important that input/output isolation of the 
3N140 be maintained as it is operating et high gain. 
Mixer packages other than the M6 F may have 
different pin connections and require slightly 
different input-circuit layout and shielding. 
Double~lded copper-dad board was used through
out. 

Application Design Guidelines 

While the material just presented only scratche~ 
the surface in terms of DBM theory and utilization 
in amateur vhf/uhf receiving systems, some prac
tical solutions lo the non-ideal mixer-port
tennination problem have been offered. To achieve 
best performance from most commercially manu
factured broadband DBM in amateur receiver 
service, the following guidelines are suggested: 

• Choose i-f. and LO frequencies that will 
provide maximum freedom from interference prol>
lems. Don't "guesstimate," go through the num
bers! 

• Provide a proper H-output termination (most 
critical). 

• Increase the LO-input power lo rf•inpul 
power ratio to a value that will provide the 
required suppre~on of any in-OOJ1d interfering 
products. The specified LO power (+7 dBm) will 
generally accomplish this. 

• Provide as good an LO match as possihlc. 
•Include adequate pre-mixer rf-image filtering 

at the rf port. 
When the mixer ports are lenninated properly 

performance usually in excess of published speci
fications will be achieved - and this is more than 
adequate for most amateur vhf/uhf receiver mixing 
applications. 

This is a side view showing construction details for 
the doubht-tuned i-f output circuit. The 3N140 
drain lead passes through the shield wall via a small 
Teflon press-fit bushing and Is connected directly 
to L2. A de-input isolation compartment along 
with device gate 2 biasing components (bias con
figuration modified slightly after photograph was 
taken), can be seen to the left of the i-f-output 
components, L2 and LJ are spaced 1-1 /8-inch 
(2.9 cm) center-to-center in the 14-MHz model 
shown, and 1 inch (2.6 cml apart in the 28-MHz 
unit. 
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Fig. 6 - A test setup used to measure I MD. The first attenuator adjusts the input level to the unit under 
test. The second one provides a means of staying within the linear range or the spectrum analyzer. 

The Combined DBM/I-F Amplifier 

A low-noise i-f amplifier (2 dB or less) follow
ing the DBM helps ensure an acceptable system 
noise figure when the mixer is preceeded by a 
low-noise rf amplifier. A pi-network matching 
system used between the mixer i-f-output port and 
gate 1 of the 3Nl40 transforms the nominal 
50-ohm mixer-output impedance to a 1500-ohm 
gate-input impedance (a I 28 MHz) specifically for 
best noise performance. The network forms a 
narrow-band mixer/i-f-output circuit which serves 
two other important functions : It helps achieve the 
necessary isolation between rf-and i-f signal com
ponents, and serves as a 3-polc filter, resulting in a 
monotonic decrease in match imperances as the 
operating i-f departs from mid-band. This action 
aids in suppression of harmonic-distortion 
products. 

The combined DBM/H amplifier is shown 
schematically in Fig. 2 and pictorially in the 
photographs. In the 14-MHz model, the 3Nl40 
drain is tapped down on its associated inductance 
to provide a lower impedance for bette1 strong
signal-handling ability. The 3Nl40 produces about 
19 dB gain across a 700-kHz passband, flat within 
1 dB between 13.8 and 14.5 MHz. A 2-MHz 
passband is used for the 28-MHz model, and the 
device drain is connected directly to the high
impedance end of its associated inductance. Both 
amplifiers were tuned independently of their re
spective mixers, and checked for noise figure as 
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well as gain. With each i-f amplttier pretuned and 
connected to its mixer, signals were applied to the 
LO and rf-input ports. The pi-network inductance 
in the H interface was adjusted carefully to see if 
performance had been altered No change was 
noted 1-f gain is controlled by the externally 
accessable potentiometer. Passband tuning adjust
ments in the drain circuit are best made with a 
sweep generator, but single-signal tuning tech
niques will be adequate. While there should be no 
difficulty with the non-gate-protected 3N 140, a 
40673 may be substituted directly if desired. 

DBM/1-F Amplifier IMD Evaluation 

Oassical laboratory IMO measurements made 
on the DBM/i-f amplifier, using the test setup 
shown in Fig. 6, from both tones of a two-
equal-tone rf-inpu t test signal consisting of - 10 
dBm each tone. The tones were closely spaced in 
the 144-MHz range, and converted to 14 MHz LO. 
Close spacing was necessary to ensure third-order 
products would appear essentially unattenuated 
within the relatively narrow i-f-output passband. ln 
operation, as simula led by these test conditions. 
equivalent output signal levels at J3 would be 
strong enough to severely overload most amateur 
receivers. Perhaps the early Collins 75A series, 
R390A and those systems described by Sabin• and 
Hayward' would still be functioning well. 

A high-performance, small-signal, vhf/uhf re
ceiving amplifier optimized for IMD reduction and 
useful noise figure is only as good as any suc
ceeding receiving-system scage, in ti;rms of over
load. The DBM/i•f-amplificr combination presented 
signilkan Uy reduces common f11st-mixer overload 
problems, leaving the station receiver as the poten
tially weak link in the system. When properly 
understood and employed, the broadband DBM 
followed by a selective low-noise i-f amplifier can 

Fig. 7 - A third-order intercept point is deter
mined by e>ttrapolating the desired product curve 
beyond the mixer compression point and inter
secting with the third-order JM-product curve. In 
this case LO power is + 7 dBm. conversion loss i~ 5 
dB. 
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be a useful tool for the amateur vhf/uhf receiver 
experimenter. 

Appendix 
Mixer Terminology 

frf - rf input frequency 
fl.O - local-oscillator input frequency 
/H - l-f output frequency 
By convention, mixing signals and rheit products 
arc refc1Ted lo the LO frequency for calculations. 
In the mixer system presented, /rf is always above 
/LO, 50 we will refer our signals to Jrf, with the 
exception of Fig. 1 which uses the fl.O reference. 

Overload 

A generic term covering mosl undesired opera
ting phenomena associa led wilh device non
linearity. 

Harmonic Modulation Products 

Output responses caused by harmonics of /LO 
and /rf and their mixing produc ts . 

RF Compression level 

The absolute single-signal rf input-power level 
that cause~ convenion loss to increue by I dB. 

RF Deiensitization Level 

The rf input power of an interfering signal that 
causes the small-signal conversion loss to increase 

by I dB, i.e. reducing a weak received signal by 
dB. 

intermodulation Products 

Distortion produc t.\ caused by multiple rf 
signals and their harmonics mixing with each other 
and the LO, producing new output frequencies. 

Mixer Intermodulation Intercept Point 

Because mixers are nonlinear devices, all !ignals 
applied will generate others. When two signals ( or 
tones), Pl and F2, are applied simultaneously to 
the rf-input porl, additional signals are generated 
and appear in the output a5 /LO :t (nF I ♦ mF 2) . 
These signals are most troublesome when n :t m is a 
low odd number, as the resulting product will lie 
close to the desired output. For n-1 (or 2) and 
m- 2 (or 1), the result is three (3), and is called the 
two-tone/third-order intermodulation producu 
When Fl and F2 are separated by l MHz, tl1e 
third-order products will lie I MHz above and 
below the desired outputs. Intermodulation is 
generally specified under anticipated operating 
conditions since performance varies over the broad 
mixer-frequency ranges. 1 ntennodulation products 
may be specified al levels required (i.e. 50 dB 
below the desired outputs for two 0-dBm input 
signals) or by the intercept point. 

The intercept point is a fictitious point deter
mined by the fact that an increase of level of two 
input tones by 10 dB will cause the desired output 
to increase by 10 dB, but the third-order output 
will increase by 30 dB. If the mixer exhibited no 
compression, there would be a point at which the 
level of the desired output would be equal lo that 
of lhe third-order product. This is called the 
third-order intercept point and is the point where 
the desired-output slopes and third-order slopes 
intersect (Fig. 7) . 

Noise Figure 

Noise figure is a relative measurement based on 
excess noise power available from a termination 
(input resistor) at a particular temperature ( 290 
degrees K). When mcnuring the NF of a double 
balanced mixer wilh an automatic system, such as 
the HP 342A, 11 correction may be necessary to 
make lhe meter reading consistanl with the accept
ed definition of receiver noise figure. 

In a broadband DBM, the actual noise band
width consists of two 1-f passbands, one on each 
side of the local-oscillator frequency (/LO -t / 1-f 
and /LO - ft-0. This double sideband (dsb) i-f 
response includes the rf channel and its image. In 
general, only the rf channel is desired for further 
amplification. The image contributes nothing bul 
receiver and background noise. 

When making an automatic noise-figure 
measurement using a wideband noise source, the 
excess noise is applied through both sidebands in a 
broadband DBM. Thus the instrument meter indi
cates NF as based on both sidebands. This means 
that the noise in the rf and image sidebands Is 
combined in the mixer i-f-output port to give a 
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double contribution (3 dB greater than under ll!lb 
conditions). For equal rf-sideband responses, which 
Is a reasonable assumption, and in the absence of 
preselectors, filten, or other image rejection ele
ments, the automatic NF meter readings are 3 dB 
lower than the actual NF for DBM measurements. 

The noise figure for receivers (and most DBM) 
is generally specified with only one sideband for 
the useful signal. As mentioned In the text, most 
DBM diodes add no more than 0.S dB (in the form 
of NF) to conversion loss, which is generally 
measured under single-signal rf-input (ssb) con
ditions. Assuming DBM conversion efficiency (or 
loss) to be within specifications, there is an 
excellent probability that the ssb NF Is also 
satisfactory. Noise figure calculations in the text 
were made using a graphical solution of the well 
known noise-figure formula: 

ff = Ii + f.2..-=_!_ 
Kt 

converted to dB. 

Improved Wide Band 1-F Responses 

The following information was developed in 
achieving broad-band performance in the mixer-to-
amplifier circuitry. In cases where only a small 
portion of a band is of interest the original circwt 
values are adequate. For those who need to receive 
over a considerable portion of a band, say one to 
two MHz, a change of some component will 
provide improved performance over a broad range 
while maintaining an acceptable noise figure. 

The term "nominal SO-ohm impedance .. 
applied to diode DBM ports is truly a misnomer, as 
their reflective impedance is rarely SO ohms+ jO and 
a VSWR of I is almost never achieved. Mixer 
performance specified by the manufacturer is 
measured in a 50-ohm broadband system, and it is 

14 MHz 

Cl - 300 pF (JFD 3011. 
C2 - 61 pF S.M. 
C3 - 68 pF S.M. 
L 1 - 151 No. 24 enameled on 3/8-inch dia 

red-slug form. 1.5-2.5 1JH range, 1.95 µH for 
network. 
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up to the designer to provide an equivalent 
termination lo enswe that the unit will meet 
specifications. Appropriate matching techniques at 
the rf and W ports will reduce conversion loss and 
low-power requirements. Complex filter synthesis 
can improve the 1-f output match. However, if one 
does not have the necessary equipment to evaluate 
his efforts, they may be wasted Simple, effective, 
easily reproduced circuitry was desired as long as 
the trade-offs were acceptable, and measurements 
indicate this to be lhe case. 

The most critical circuit in the combined unit is 
the interface between mixer and i-f amplifier. It 
must be low-pll.S.\ in nature to satisfy vhf signal 
component bypusing requirements at the mixer i-f 
port. For best mixer IMO characterutics and low 
conversion loss, it must present to the i-f port a 
nominal SO-ohm impedance at the desired ~ 
quency, and this impedance value must not be 
allowed to increase as i-f operation departs from 
midband. The impedance at the i-f amplifier end of 
lhe interface network must be in the optimum 
region for minimum cros11-modulation and low 
noise. A dual-gale device offers two important 
advantages over most bi-polars. Very little, if any, 
power gain is sacrificed in achieving best noi11e 
figure, and both parameters (gain and NF) are 
relatively independent of source resistance in lhe 
optimum region. As a result, the designer has a 
great deal of flexibility in choosing a source 
impedance. In general, a 3: 1 change in source 
resistance results in only a I-dB change in NF. With 
minimum cross.modulation as a prime system 
consideration, this 3: 1 change (reduction) in 
source resistance implies a 3: I improvement in 
cros&-modulation and total harmonic distortion. 

Tests on the 3N201 dual-gate MOSFET have 
shown device noise performance to be excellent for 
source impedances in the 1-kn lo 2-k.O region. For 
optimum noise and good cross-modulation 

100 pF IJFD 1011. 
Not used 
7.5 pF S.M. 

28 MHz 

19t No. 26 enameled on 1 /4-inch dia red-slug 
form. 

Fig. 1 - Suggested changes in the mixer-to 3N 140 pi-network interface circuit, producing lower QL and 
better performance. See the original article for additional circuit details. 
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performance, the nominal 50-ohm mixer H output 
impedance is stepped up to about 1500 ohms for 
i-f amplifier gate 1, using the familiar low-pass pi 
network. This is a mismatched condition for gate 
1, as the device input impedance for best gain in 
the hf region is on the order of 10 kn network 
loaded-Q values in the article are a bit higher than 
necessary, and a design for lower QL is preferred. 
Suggested modified component values are listed in 
Fig. 8. High-frequency attenuation is reduced 
somewhat, but satisfactory noise and bandwidth 
performance is more easily obtained Coil-form size 
is the same, so no layout changes are required for 
the modification. Components in the interface 
must be of high Q and few in number to limit their 
noise contribution through losses. The 28-MHz 
values provide satisfactory interface network 
perfonnance over a 2-MHz bandwidth. A higher 
QL in the 28-MHz interface can be useful if one 
narrows the output network and covers only a few 
hundred kilohertz bandwidth, as is commonly 
done in 432-MHz weak-signal work. 

Device biasing and gain control methods were 
chosen for simplicity and adequate performance. 
Some sort of gain adjustment is desirable for 
drain-circuit overload crotection. lt is also a handy 

way to "set" the receiver S meter. A good method 
for gain adjustment is reduction of the gate-2 bias 
voltage from its initial optimum-gain bias point 
(greater than +4 V de), producing a remote-cutoff 
characteristic (a gradual reduction in drain current 
with decreasing g-.ite bias). The initial 
gain-reduction rate is higher with a slight forward 
bias on gate 1, than for Vg1s = O. Input and output 
circuit detuning resulting from gain reduction 
(Miller effect) is inconsequential as the gate-I and 
drain susceptances change very little over a wide 
range of Vg2-" and lo at both choices of i-f. Best 
intermodulation figure for the 3N201 was obtained 
with a small forward bias on gate 1, and the bias
circuit modification shown may be tried, if desired. 
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AN OSCAR UP- CONVERTER 

Many amateur operators who wish to receive 
the 10.meter signals from the Oscar satellites do so 
with an average receiver that is already "at hand" 
in the shack, sometimes adding a preamplifier for 
improved performance. Others use a converter to 
translate the signals to a lower frequency where the 
station receiver is more stable or more sensitive. 

However, there is another approach that should 
be explored - that of converting the I 0-metcr 
signals up to a higher band. Just a very short time 
ago this system would have been impractical, if not 
ridiculous, because of the complexity and size of 
the equipment involved Recent developments in 
two-meter transceivers make the up-conversion 
scheme practical and attractive. A nearly "ideal" 
Oscar package can be obtained by the addition of a 
small converter which allows a normal transccive 
style of operation with the vhf equipment. 

There are several makes of 144-MHz ssb trans-
ceivers available, but only a few arc beginning to 
appear on the market in the Western Hemisphere. 
The KLM Echo II was used here to evaluate the 
technique and test the performance of the con
verter that was assembled This particular trans
ceiver had been modified to permit cw operation as 
well as the usual ssb - a desirable feature to look 
for in any equipment being contemplated. 

In some instances it may seem a bit redundant 
to convert a 28-MHz signal to 144 MHz, only to 
have it converted back down to 28 MHz in the 
receiver first mixer. However, there are reasons 
why this scheme is not all that bad, and a chief one 
is that the frequencies do not translate directly in 
all cases. A secondary, but important, cons1oera-

tion is that it may not be desirable or possible to 
modify the equipment to accept a 28-MHz input 
And of course not all transceivers have 28 MHz as a 
first i-f. 

The Converter 

If the pc board and parts--placement layout 
appears familiar, it is because an existing design 
was modified to serve our purpose. Rather than go 
through the entire process of developing a new 
board the "Rochester" converter was rehabilitated 
for this projecl Sec pages 300-304 for more details 
of these converters. Most suppliers of amateur 
radio pc boards have this pattern on hand, and 
many have etched and drilled boards in stock. 
There have been a few changes to some parts of the 
circuit, necessitating the placing of one capacitor 
on the foil side of the board. In operation the 
converter reverses the process of the original in 
that it first amplifies the JO-meter signals in QI 
(Fig. I) , then mixes them with 116.45-MHz energy 
in 02, to provide an output between 145,85 and 
145 . 95 MHz . The original oscillator and 
harmonic-generator circuit proved adequate with a 
slight modification; a third-overtone crystal with a 
frequency of 58.225 W-ds used instead of the 
38.6-MHz unit specified earlier. A buffer stage 
(04) is necessary to allow some rejection of 
unwanted harmonics while maintaining a suitable 
injection voltage for the mixer. 

Construction 
The assembly of the converter is greatly simpli-
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Fig. 1 - The schematic diagram of the "Roches
ter" converter as modified for up-conversion . 

Cl 1 - Two 1 /2-inch pieces No. 18 insulated 
hookup wire, twisted together 1/2 turn. 

L1, l2, L3 - 18 turns No. 28 enam. wound on 
Amidon T-30-6 core. L 1 tapped al 6 turns and 
11 turns from ground end. 

L4, L5 - 5 turns No. 20 enam., formed bv using 
threads of 1 /4-20 bolt as a guide. LS is tapped 2 
tl~rns from the ground end. 

fied by the use of a ready-made board, since for 
the most part the work consists of placing the 
component lead~ through the holes and soldering 
them in place. 

Because of slight differences in materiab used 
in toroids, it will be necessary to adjust the input 
and interstage tuned circuits to resonance after the 
converter is completed. This was done by the 
substitution method, placing different values of 
capacitance across the windings while monitoring 
the signal on a receiver. There are minlature 
trimmers available that would fit into the space, 
but the cost of these devices is a bit high. 
Alternatively, larger trimmers could be mounted 
below the pc board, if the builder allows enough 
space between the board and the enclosure to 
which it is fastened. Proper operation of the 
oscillator and buffer stages can be ascertained by 
using a gcid-dip meter to indicate output on the 
correct harmonic of Y l. 

There is sufficient space in some transceivers to 
allow the converter to be mounted internally, 3li 

was the case ln the Echo II unit shown in the 

L6 - 10 turns No. 24 enam. close wound on the 
bodv of a 1 000-ohm 1 /2-watt resistor, 

L7, LS - 5 turns No. 20 enam .• formed the same 
as l4. Both are tapped 2 turns from the hot 
end. 

Yl - 58.225-MHz crystal. International Crystal 
third-overtone type in FM-1 (wire leads) or 
FM-2 (pins) holder. Calibration tolerance of 
.0025% at a load capacitance of 20 pF used 
here. Generali)urpose (.01%) tolerance may be 
adequate in most instances. 

photographs. A small bracket was fastened to the 
rear apron of the equipment to provide a mount 
for the 28-MHz input connector. Where a trans
ceiver is too compact to allow this style of 
assembly, the converter could be fastened in a 
small Minibox for shielding. A source of + 12 V. 
and a small-diameter coax for· input and output 
connectiom makes the Wiring job simple. In some 
equipment it may be necessary to disconnect the 
receiver input wiring from the T/R relay but this 
was not done in the Echo II. The output from the 
converter was wired in parallel with the receiver 
input lead. Any ~mall amount of noise picked up 
by the receiver was masked by the output from the 
converter. However, in areas of high local activity 
or high ambient noise levels, it will be necessary to 
disable the nonnal receiver input 

Performance 

Sensitivity of the converter was sufficient that 
the residual output of a Model 80 signal generator 
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could be heard clearly. A l-pV signal was loud 
enough that it evoked the immediate reaction of 
turning down the audio gain control on the 
transceiver. Ignition noise picked up by the variety 
of antennas tried was ~trong enough to be bother
some at times, further attesting lo the sensitivity of 
the converter - it also pointed out the usefulness 
of the noise blanker in the Echo U. Considering the 
pc:rfonnance of the converter/transceiver combi
nation, lhe addition of a pr=plifier or an i-f post 
amplifier was not considered neces.ury. Additional 
gain could even be detrimental by causing over
loading or intermodulation problems - there was 
no evidence of these problems during several te~ts. 

Since the first i-f in the transceiver is at 28 
MHz, the question of possible "leak-through" of 
local gjgnals was raised. No indication of this type 
of interference was found during receiving tests, 
but admittedly It could happen. The output circuit 
of the mixer (L4, LS, Cll) has a band-pass 
characteristic centered on 146 MHz and should 

In this particular model transceiwr, room was 
available to mount the converter in an inverted 
position just below the speaker. A small bracket is 
fastened under one of the bolts that also holds a 
transformer to the bottom sidewall. Cables are 
routed along with el<isting wiring harnesses and 
tied in place . The 28-MHz input connector is 
fastened to the rear apron of the equipment. 

provide a high deg,cc of allenuation to hf-band 
signals. 

In areas where strong local operation does cause 
such leakage of signals thrnugh the converter ii will 
be nece~sary to install a high-pass filter between 
the converter output and the receiver input. 
Designs for such fi.llen can be found in the ARRL 
Handbook. Because the filter will be used at 
essentially zero power level, it can be made 
physically quite compact Of course good shielding 
and high-quality coaxial cable is a must in any 
effort to keep unwanted signals out - the best 
filters in the world will do no good if there is a 
path around them. 

[EDITOR'S NOTE: The parts placement for this 
up-convener Is vi.rtu.ally Identical 1o that used in 
the "Rochester" converters, found elsewhere In 
this chapter. The reader can follow that layout. 
keepin11 in mind the differences 1n tuned-circuit 
frequencies tbroupout. I 

Top view of the modified Rochest■ r Converter. A 
mounting bracket has been fastened to the lower 
righl corner. The 28-MHz input is to the upper 
right, with the rf amplifier along the top of the 
board. Oscillator and buffer stages era located 
along the bottom portion. The 1-f output coils, L4 
and L5, ere et the upper left with Cl 1 (twisted 
wires! just below L4, adjacent 10 the resistor. The 
shields between stages have been omitted for a 
better view. 
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INTERDIGITAL CONVERTER 
FOR 1296 OR 2304 MHz 

In a world where rf spectrum pollution is 
becoming more serious, even into the microwave 
region, it is almost as important to keep unwanted 
signals out of a receiver as it is to prevent radiation 
of spurious energy. An interdigital filter was 
described some years ago, featuring low insertion 
loss, simplicity of construction, and reasonable 
rejection to out·of·band signals.' It could be used 
in either transmitters or receivers. 

This twice-useful principle has now been put to 
work again - as a mixer. Again, the ease of 
construction and adaptation leads many to wonder 
that it had not been thought of before. It was fmt 
described by W2CQH in QST for January, 1974. 

A Filter and Mixer 
A layout of the microwave portions of both 

converters is shown in Fig. 1. The structure 
consist!! of five interdigita ted round rod!!, made of 
3/8-inch OD brass or copper tubing. They are 
soldered to two sidewalls and centrally located 
between two ground-planes made of 1/ 16-inch 
sheet brass or copper-clad epoxy fiber glass. One 
ground plane is made larger than the microwave 
assembly and thus provides a convenient mounting 
plate for the remainder of the converter com
ponents. 

The sidewalls are bent from .03 2·inch thick 
sheet brass or they can be made from 1/4 x 
3/4-inch brass rod. One edge of each sidewall is 
soldered to the larger ground plane. The other edge 
is fastened to the smaller ground plane by 4·40 
machine or self-tapping screws, each located over 
the centerline of a rod. The sidewall edges should 
be sanded flat, before the ground plane is attached, 
to assure continuous electrical contacL Note that 
no end walls are required since there ate no electric 
flelds In these regions. 

Electrically, rods A, B, and C comprise a 
one-stage, high-loaded-Q (QL = 100), interdigital 
filter' which is tuned to the incoming signal 

'Fisher, "lnterdigital Bandpass Filters for Ama· 
teur VHF/UHF Applications," QST March, 1968. 

The converter for 1296 MHz. This unit was built 
by R.E. Fisher, W2COH. While the mi Ker assembly 
ltop center! in this model has solid brass walls, it 
can be made from lighter material as eKplained in 
the text and shown in Fig. 1. The i-f amplifier is 
near the center, just above the mixer
current·monitoring jack, Jl. A BNC connector at 
the lower left is for 28-MHz output. The local 
oscillator and multiplier circuits are to the lower 
right. Nole that L6 is very close 10 the chassis, just 
above the crystal. The variable capacitor near the 
crystal Is an optional trimmer to adjust the 
oscillator to the correct frequency. 

frequency near 1296 or 2304 MHz_ The un· 
grounded end of rod A is connected to a BNC 
coaxial connector and serves as the coupling 
section to the filter inpuL Rod B is the high·Q 

J4 INPUT 

Fig. 1 - Dimensions and layout for lhe filter and 
mixer portions of the inllrdigital converters. The 
signal input is to the left rod, labelled "A." 
Local-oscillator injection is through the diode to 
rod "E." CR 1 is the mixer diode, connected to the 
center rod in the assembly. 
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ASSEMBLY 
(SEE FIG.I) 

E 

' ,] D 

C 

e 

A 

1'296-MHz 
INPUT J4 

'(1 

CJ52.833 ,l MHz 

EXCEPT AS INDICATED, OECIMAL VALUES OF 
CAPACITANCE ARE IN MICROFARAOS I ,iF l ; 
OTHtRS ARE IN PICOFARADS I oF OR Jl>'FI : 

RESISTANCES AAE IN OHMS; 
k• 1000 , M•IOOO 0 0 0. 

Fig. 2 - Schematic diagram of the 1296-MHz 
converter with oscillator and mult iplie r sections 
included, Dimensions for the filter and mixer 
assembly are given in Fig. 1. 
Cl. C2 - 30-pF homemade capacitor. See text and 

Fig. 1. 
C3, C4 - 0.8- to 1 Q.pF glass trimmer, Johanson 

2945 or equiv. 
C5 - .001-µF button mica. 
C6 - 2- to 20-pF air variable, E. F. Johnson 

189-507-004 or equiv. 
CR1 - Hewlett Packard 5082-2577 or 5082-2835. 

resonator and is tuned hy a I 0-32 machine screw. 
Rod C provides the filter output-coupling section 
to lhe mixer diode, CR l. 

The mi.Jeer diode is s Hewlett-Packard 
5082-2S77 Schottkey-barrier type which is avail
able from distributors for about $4. The cheaper 
5082-2835, selling for 90 cents, can be used 
instead, but this substitution will increase the 
2304-MHz mixer noise figure by approximately 3 
dB. 

One pigtail lead of the mixer diode is lack
soldered to a copper disk on the ungrounded end 
of rod C. Care should be taken to keep the pigtail 
l~ad as shrut as possible. If rod C is machined from 
solid brass stock, then it is feasible to clamp one of 
the mixer-diode leads to the rod end wilh a small 

CR2 - Hewlett Packard 5082-2811 or 5082-2835. 
J1 - Closed-circuit jack. 
J2 - Coaxial connector, chassis mount, Type BNC 

acceptable. 
L 1, L2 - 18 turns No. 24 enam. on 1 /4-inch OD 

slug-tuned form ( 1.5 µH nominal I. 
L3 - 10 turns like L 1 (0.5 µHI . 
L4, L5 - 6 turns li ke L 1 (0.2 µHI . 
L6 - Copper st rip, 1 /2- inch wide X 2-1 /2-inches 

(1.27 X 6 .35 cml long. See text and photo• 
graphs. 

RFC1 - 33 µH, J. W. Miller 74F33SA I or equiv. 

setscrew. This alternative method racililates diode 
substitution and was used in the mixer models 
shown in the photographs. 

Fig. I also shows that the other end of CRl is 
connected to a homemade 30-pF bypass capacitor, 
Cl, which consists of a 1/ 2-inch-squarc copper or 
brass plate clamped to the sidewall with a 4-40 
machine scn:w. The dielectric material is a small 
screw pa~scs through an oversize hole and is 
insulated from !he other side of the wall by a small 
plastic shoulder washer. 

In the first converter models constructed by the 
author and shown in the photographs, Cl was a 
30-pF button mica unit ~oldered to the flange of a 
3/8-inch diameter threaded panel bearing (H.H. 
Smith No. 119). The bearing was then screwed into 
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a threaded hole in the sidewall Thi! provision 
made it convenient lo measure the insertion loss 
and bandwidth of lhe lnlerdigital filters since lhc 
capacitor assembly could be removed and replaced 
with a BNC conne_!:tor. 

Rod.~ C, D, and E comprise another high 
loaded-Q (QL = I 00) intcrdigital filler tuned to the 
local oscillator (LO) frequency. Titls filter passes 
only the fourth harmonic (1268 or 2160 MHz) 
from the multiplier diode, CR2 The two filters 
have a common output-coupling section (rod C) 
and their loaded Qs arc high enough to prevent 
much unwanted coupling of signal power from the 
antenna to the multiplier diode and LO power 
bacJc out to the antenna. 

The multiplier diode is connected to the driver 
circuitry lhrnugh C2. a 30-pF bypass capacitor 
identical to Cl. CR2 is a Hewlett-Packard 
5082-2811 although the 5082-2835 works nearly 
as well. Fifty milliwatts drive at one quarter of lhe 
LO frequency is sufficient to produce 2 mA of 
mixer diode current, which represent~ about I 
milliwatt of the local•o~cillator injection. A 
Schottkey-barricr wa.1 chosen over the more 

Table I 

Converter Specifications 

Noise figure 
Conversion gain 
3-dB bandwidth 
Image rejection 
1-f output 

1296 MHz 2304 M /Jz 
5.5 dB 
20 dB 
2 MHz 
18 dB 
28 MHz 

6.5 dB 
14 dB 
7 MHz 
30dB 
144 MHz 

familiar varactor diode for the multiplier because it 
is cheaper, more stable, and requires no idler 
circuit 

Fig. 2 shows the schematic diagram of the 1296 
to 28 MHz converter. All components are mounted 
on a 7 x 9-inch (17.8 x 22. 9 i:m) sheet of brass or 
copper-clad epoxy-fiber glass board. As mentioned 
cailicr, this mounting plate also serves !I§ one 
ground plane for the microwave mixer. When 
compleled, the mounting plate is fastened to an 
inverted aluminum chns~is which provides a 
shielded housing. 

Oscillator and Multipliers 

The nonmicrowave portion of the converter is 
rather convcn tional. QI, a dual-gale MOSFET, wa~ 
chosen as the 28-MHz i-f amplifier since it can 
provide 25 dB of gain with a 1.5-dB noise figure. 
The mixer diode is coupled to the first gate of QI 
by a pi-network matching section. It is most 
important that the proper impedance m11tch be 
achieved between the mixer and i-f amplifier if a 
low noise figure is to be obtained. In this ca~. the 
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approximately 30-ohm output impedance of the 
mixer must be stepped up to about 1500 if QI is 
to yield it! rated noise figure of 1.5 dB. [t is for 
this reason that a remote i-f amplifier was not 
employed as is the case with many contemporary 
uhf converters. 

Q2 functions in a oscillator-tripler circuit which 
delivers about 10 milliwatts of lS8.S-MHz drive to 
the base of Q3. The emitter coil, L3, serves mainly 
as a choke to prevent the crystal from oscillating at 
its fundamental frequency. Coils L4 and LS, which 
are identical, should be spaced closely such that 
their windings almost touch. 

Q3 double~ the frequency to 3 I 7 MHz, pro
viding about 50 milliwatts drive to the multiplier 
diode. It i~ important that the emitter lead ofQ3 
be keut extremely short; 1/4-inch (6.36 mm) is 
probably too long. L6, the strip-line inductor in 
the collector circuit of Q3, consists of a 1/ 2 x 
2-1/2-inch ( 1.27 X 6.35 cm) piece of flashing 
copper spaced 1/8-ineh (3.18 mm) above the 
ground plane. The cold end of L6 iR bypassed to 
ground by CS , a .0Ol-1,1F button mica capacitor. 

The multiplier circuits are tuned to resonance 
in the usual manner by holding a w.ivcmeter near 
each inductor being tuned. Resonance in lhe Q3 
collector circuit is found by touching a VTVM 
probe (a resistor must be in the probe) to C2 and 
adjusting the Johanson capacitors until about - 1.5 
volts of bias is obtained The 317- to 1268-MHz 
nJUltiplier cavity is then re~onated by adjusting the 
I 0-32 machine screw until maximum mixer current 
is measured at JI. When resonance is found, RI 
should be adjusted so that about 2 mA of mixer 
current is obtained. As an alternative to mounting 
a potentiometer in the converter, once a value of 
resistance has been found that provides correct 
perfonnance it can be measured and the nearest 
standard fixed-value resistor substituted. Some 
means of adjusting the collector voltage on the 
multiplier stage must be provided initially to allow 
for the nonuniformity of transistors. 

A 2304-MHz Version 

Fig. 3 and 4 show the schematic diagrams of 
the 2304-MHz convcrle1 and multiplier. The mixer 
and i-f preamplifier was built on a separate chassi~ 
since, al the lime of their construction, a multiplier 
chain from another prujecl w,u ;ovailable. An i-f of 
144 MHz was chosen allhough 50 MHz would 
work a.~ well. An i-f output of 28 MHz, or lower, 
should nol be used since this would result in 
undesirable interaction between the mixer and 
multiplier interdigital filters. 

The 2304-MHz mi"er and i-f amplifier section, 
shown in fig. 3, is very similar to its 1296-MHz 
counterpart. QI. the dual-gate MOSFET, operates 
at 144 MHz and thus has a noise figure about I dB 
higher than that obtainable al 28 MIiz. 

The multiplier chain, Fig. 4, has a separate 
oscillator for improved drive to the 2N3866 output 
stage. Othcrwi~ the circuitry is similar to the 
1296-MHz vcniun. 
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Fig. 3 - Schematic diagram of the 2304-MHz 
wrsion of the convener, with the 1-f amplifier. The 
oscilletDf and rnJltiplier circuits are connructed 
seperatel y. 
C1. C2 - 30-pF homemade capacitor. See text. 
CJ. C4, CS - 0.8- to 10-pF glass trimmer, 

Johanson 2945 or equiv. 
CR1 - Hewlett Packard 5082-2577 or 5082-2835. 
CA2 - Hewlett Packard 5082-2811 or 5082-2835. 
J 1 - Closed-circuit jack. 

...SSEM8LY;-SEE FIG.I 

E 

0 

C 

B 

A 

J2, JJ, J4 - Coaxial connector, chassis mount. 
Type BNC. 

l 1 - 5 turns No. 20 enam., 1 /4-inch ID X 1 /2-i nch 
long. 16.35 x 12.7 mm). 

L2 - 6 turns No. 24 enam .• on 1 /4-inch OD slug 
tuned form (0.25 1,1HI. 

L3 - Copper strip 1 /2-lnch wide x 2-11 /16 inches 
(1.27 X 6.86 cm) long. See text and 
photographs. 

AFC1 - Oh mite 2·144 or equiv. 
AFC2 - Ohmite Z-460 or equiv . 

2 
14410U ~ !#MHz 
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JI 

Fig. 4 - Schematic diagram of the oscillator and 
multiplier for the 2304-MH2 converter. As ex
plained in the text and shown in the photographs. 
a fixed-value resistor may be substi tu led for R 1 
after the value that provides proper performance 
hes been found. 

J1 - Coaxial connector. chassis mount, type BNC 
or equiv. 

l 1 - 10 turns No. 24 enam. on 1/4-inch OD 
slug-tuned form. 

L2, LJ - 3 turns like l 1. 
L4 - Copper strip 1/2-lnch wide X 1-1/2 inches 

(1.27 X 3.81 cm) long. Space 1 /8 inch (3.18 
mm) from chassis. 

Cl, C2. C3 - 0.8- to 10-pF glass trimmer, 
Johanson 2945 or equiv. 

C4 - .001-µF button mica. RFC1 - 10 turns No. 24 enam. 1/8-inch ID, 
closewound. 



CHAPTER 10 

Moblle and 
Portable/ Emergency 
Equipment and Practices 

MOBILE ANO PORTABLE EQUIPMENT 

Amateur mobile and portable operation pro• 
vides many opportunities for one to exercise his 
skill under less than ideal conditions. Additionally. 
the user of such equipment is available for 
public-service work when emergencies arise in his 
community - an Important facet of amateur-radio 
operation. Operating skill must be better than that 
used at most fixed locations because the 
mobile/portable operator must utilize inferior 
antennas, and must work with low-power transmit
ters in many instances. 

Most modem-day hf-band mobile work is done 
while using the ssh mode. Conver.iely, the fm 
mode is favored by mobile and portable vhf 
operators, though ssb is fully practical for vhf 
service. Some amateurs operate cw mobile, much to 
the consternation of local highway patrolmen, but 
cw operation from a parked car should not be 
overlooked during emergency operation.~. 

High-power mobile operation has become 
pr11:tical on ssb because of the low duty cycle of 
voice operation, and because low-drain solid-state 
mobile power supplies lessen battery drain over 
that of dynamotors or vibrator packs. Most mobile 
a•m and fm operation is limited to 60 watts for 
rea.wns of battery drain. 

Portable operation is popular on ssb, cw and 
fm while using battery-powered equipment. 
Ordinarily, the power of the transmitter is limited 
to less than five-watts de input for practical reason.~. 
Solid-stile equipment is the choice of most 
modern amateurs because of its compactness, 
reliability, and low power consumption. High· 
power portable operation is practical and desirable 
when a gasoline-powered ac generator is employed. 

The secret of successful operation from 
portable sites is much the same as that from a fixed 
station - a good antenna., properly installed. Power 
leveb as low as 0.5 watt are sufficient for covering 
thousands of miles during hf-band ssb and cw 
operation. In the vhf and uhf region of operation it 
is common to work distances in excess of 100 
miles - line of sight - with less than one watt of 
transmitter output po-r. Of course it is important 
to select a high, clear location for such operation 
on vhf, and it is beneficial to use an antenllll with 
as much gain as is practical. Low-noise receiving 
equipment is the ever-constant companion of any 
low-power portable transmitter that provides 
successful long-distance communications. Careful 
matching of the portable or mobile antenna to 
obtain the lowest possible SWR is another secret of 
the successful operator. 

All portable and mobile equipment should be 
assembled with more than ordinary care, assuring 
that maximum reliability under rough-and-tumble 
conditions will prevail. All solder joints should be 
made well, stranded hookup wire should be used 
for cabling (and in any part of the equipment 
s11bjected to stress). The cabinets for such gear 
should be rugged, and should be capable of 
protecting the components from dust, dirt, and 
moisture. 

ELECTRICAL-NOISE ELIMINATION 
One of the most significant deterrentq to 

effective signal reception during mobile or portable 
operation is electrical Impulse noise from the 
automotive ignition system. The problem also 
arises during the use of gasoline-powered portable 
ac generators. This fonn of interference can 
completely mask a weak signal, thus rendering the 
station ineffective. Most electrical noise can be 
eliminated by taking logical steps toward suppress• 

Fig. 1(~ 1 - Effective portable operation can be 
realized when using lofty locations for vhf or uhf. 
Here, WtCKK is shown operating a battery• 
powered, 150-mW output, 2-meter transceiver. 
With only a quarter wavelength antenna it is 
possible to communicate with stations 25 miles or 
more away. Low-power transistor equipment like 
this unit will operate many hours from a dry-cell 
battery pack. 
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Fig. 10-2 - High-power portable/emergency 
operation can be made possible on all amateur 
bands by using vacuum-tube transmitters, and 
powering them from a gasoline-operated ac 
generator of one or more kW rating. (Shown here 
is VE7ARV/7 during a Field Dav operation.) 

ing it. The first step is to clean up the noise source 
itself, then uWize the receiver's built-in noise-
reducing circuit a~ a last measure to -knock down 
any noise pulses from passing cars, or from other 
man-made sources. 

Spark-Plug Noise 

Spark-plug noise is perhaps the worst offender 
when it comes lo ignition noise. There are three 
methods of eliminating this type of interference -
resistive spark-plug suppressors, resistor spark 
plugs, or resistance-wire cabling. By installing 
Autolite resistor plugs a great deal of the noise can 
be stopped. Tests have proved, however, that 
suppressor cable between the plugs and the 
distributor, and between the distributor and 
ignition coil, is the most effective means of curing 
the problem. Distributed-resistance cable has an 
appro11imate resistance of 5000 ohms per foot, and 
consists of a carbon-impregnated sheath followed 
by a layer of insulation, then an outer covering of 
protective plastic sheathing. Some cars come 
equipped with suppressor cable. Those which do 
not can be so equipped in just a matter of minutes. 
Automotive supply stores sell the cable, and it is 
not expensive. It is recommended that this wiring 
be used on all mobile units. The same type of cable 
can be installed on gasoline-powered generators for 
field use. A further step in eliminating plug noise is 
the addition of shielding over each spark-plug wire, 
and over the coil lead. It should be remembered 
that each ignition cable is an antenna by itself, th!IS 
radiating those impulses passing through it. By 
fitting each spark-plug and coil lead with the shield 
braid from a piece of RG-59/U coax line, 
grounding the braid at each end to the engine 
block. the noise reduction will be even greater. An 
additional step is to encase the distributor in 
flashing copper, grounding the copper to the 

MOBILE PORTABLE/EMERGENCY 

engine block. This copper is quite soft and can be 
form-fit to the contour of the distributor. 
(Commercially-manufactured shielded ignition 
cable kits are also ·available.) The shield braid of 
the spark-plug wires should be soldered to the 
distributor shield if one is used. Also, the ignition 
coil should be enclosed in a metal shield since the 
top end of many of these coils is made of plastic. A 
small tin can can often be used as a top cover for 
the coil or distributor. It should be soldered to the 
existing metal housing of the coil. Additional 
reduction in spark-plug noise can be effected by 
making certain that the engine hood makes positive 
contact with the frame of the car when it is closed, 
thus offering an additional shield over the ignition 
system The engine block should also be bonded to 
the frame at several points. lbis can be done with 
the shield braid from coax cable. Feedtluough 
(hi-pass) capacitors should be mounted on the rnil 
shield a.~ shown in Fig. l 0-6 to filter the two small 
leads leaving the assembly. 

Other Electrical Noise 

The automotive generator system can create an 
annoying type of interference which manifests 
itself as a "whine" when heard in the receiver. This 
noise results from the brushes sparking a.~ the 
commutator pasSe$ over them. A dirty commutator 
is frequently the cause of excessive sparking, and 
can be cleaned up by polishing its surface with a 
fine grade of emery cloth. The commutator 
grooves should be cleaned out with a small, 
pointed instrument. A coaxial feedthrough capaci
tor of 0.1- to 0.5-µF capacitance should be 
mounted on the generator frame and used lo filter 
the generator annoture lead. In stubborn cases of 
generator noise a parallel L/C tuned trap can be 
used in place of the capacitor, or in addition to it, 
tuned to the receiver's operating frequency. Thls is 
probably the most effective measure used for 
curing generator noise. 

Fig. 10-3 - A typical homemade shielding kit for 
an automotive ignition system. Tin cans have been 
put to use as shields for the spark coil and 
distributor. Additional shields have been mounted 
on the plug ends of the wires for shilding the spark 
plugs. The shield braid of the cabling protrudes at 
each end of the wires and is grounded to the engine 
block, 
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Fig. 10-4 - A close-up view of the distributor 
shield can. The shield braid over each spark1>lug 
wire is soldered to the top of the can, and the can 
is grounded to the engine block. 

Voltage regulators are another cause of mobile 
interference. They contain relay contacts that jilter 
open and closed when the battery is fuUy charged. 
The noise shows up in the receiver as a ragged, 
"hashy" sound. Coaxial fecdthrougb capacitors can 
be mounted at the ballery and armature terminals 
of the regulator hnx to filter those leads. The field 
terminal should have a small capacitor and resistor, 
series-connected, from it to chassis ground. The 
resistor prevents the regulator from commanding 
the generator to charge constantly in the event the 
bypass capacitor short-ciri.-uits. Such a condition 
would de5troy the generator by causing over
heating. 

Alternators should be suppressed in a similar 
manner as de generators. Their sUp rings should be 
kept ch:an to minimize noise. Make !llln, the 
brusbes are making good contact inside the unit. A 
coaxial feedthrough capacitor and/or tuned uap 
should be connected to the output terminal of the 
alternator. Make certain that the capacitor is rated 
to handle the output current in the line. The same 
rule applies to de generators. Do not co11nect a 
capacitor to the alternator or generator field 
tenninsds. Capacitor values as high as O.S µ.I' are 
suitable for alternator filtering. 

Some alternator regulator boxes contain solid
state circuits, while others use single or double 
contact relays. The single-contact units require a 
coaxial capacitor at the ignition terminal. The 
double-contact variety should have a second such 
capacitor at the battery terminal. If noise still 
persists, try shielding the field wire between the 
regulator and the generator or alternator. Ground 
the shield al both ends. 

Inst rumen t Noise 

Some automotive instrument~ are capable of 
creating noise. Among these gauges and senders are 
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the heat- and fuel-level indicators. Ordinarily, the 
addition of a O.S-µF coaxial capacitor at the sender 
element will cure the problem. 

Other noi5e-gathering accessories arc tum 
signals, window-opener motors, heating-fan motors 
and electric windshield-wiper motors. The installa
tion of a 0.25-µF capacitor will usuaily eliminate 
their interference noise. 

Frame and Body Bonding 

Sections of the automobile frame and body 
that come in contact with one another can create 
additional noise. Suspected areas should be bonded 
together with flexible leads such as those made 
from the shield braid of RG-8/U coaxial cable. 
Trouble areas to be bonded are: 

1 - Engine to frame . 
2 - Air cleaner to engine block. 
3 - Exhaust lines to car fame and engine block. 
4 - Battery ground tenninal to frame. 
S - Steering column to frame. 
6 - Hood to car body. 
7 - Front and rear bumpers to frame. 
8 - Tail pipe to frame. 
9 - Trunk lid to frame. 

Wheel and Tire Static 

Wheel noise produces a ragged sounding pulse 
in the mobile receiver. This condition can be cured 
by installing static-collector springs between the 
spindle bolt of the wheel and the grease-retainer 
cap. Insert springs of this kind are available at 
<1utomot1ve supply stores. 

Tire static has a ragged sound too, and can be 
detected when driving on hard-surface highways. If 
the noise docs not appear when driving on dirt 
roads it will be a sure indication that tire static 
exists. This problem can be resolved by putting 

Fig. 10-5 - Gasoline-powered ac generators used 
for portable/emergency operation should be 
treated for ignition noise in the same manner as 
automobile engines are. Th-0 frame of the gas 
generator should be connected to an earth ground, 
and the entire unit should be situated as far from 
the operating position as possible. This will not 
only reduce ignition noise, but will minimize 
ambient noise from the powllf unit. (Shown here 
is K1GTK during Field Day operations.I 
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Fig. 10-6 - The automobile ignition coil should be 
shielded as shown here. A small tin can has been 
soldered to the metal coil case, and coaxial 
feed through capacitors have been soldered to the 
top of the can. The "hot" lead of the coil enters 
the shield can through a modified audio connector. 

antistatic powder inside each tire. This substance 
is available at auto stores, and comes supplied with 
an injector tool and instructions. 

Corona-Discharge Noise 

Some mobile antennas are prone to corona 
build-up and discharge. Whip antennas which come 
to a sharp point will sometimes create this kind of 
noise. This is why most mobile whips have steel or 
plastic balls at their tips. But, regardless of th.: 
structure of the mobile antenna, corona build-up 
will frequently occur during or just before a severe 
electrical storm. 111c symptoms are a high-pitched 
"screaming" noise in the mobile receiver, which 
comes in cycles of one or two minutes duration, 
then changes pitch and dies down as it discharges 
through the front end of the receiver. 1be 
condition will repeat itself as soon as the antenna 
system charges up again. There is no cure for this 
condition, but it is described here to show that it is 
not of origin within the electrical system of the 
automobile. 

Electronic Noise Limiter.. 

Many commercially built mobile transceivers 
have some type of built-in noise clipping or 
cancelling circuit. Those which do not can be 
modified to include such a circuit. The operator 
has a choice of using af or rf limiting. Circuits of 
this type are described in the theory section of the 
hf receiving chapter. 

Simple superregencrative receivers, by nature of 
their operation, provide noise-limiting features, and 
no additional circuit is needed. Fm receivers, if 
operating properly, do not respond to noise pubes 
of normal amplitude; hence no additional circuitry 
is required. 

THE MOBILE ANTENNA 
The antenna is perhaps the most important 

item in the successful operation of the mobile 
installation. Mobile antennas, whether designed for 
single or multiband use, should be i;ecurdy 
mounted to the automobile, as far from the engine 
compartment as pos!il"bl.e (for reducing noise 
pickup). and should be carefully matched to the 
coaxial feed line which connects them to the 
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transmitter and receiver. All antenna connections 
should be tight and weatherproof. Mobile loading 
coils should be protected from dirt, rain, and snow 
if they are to maintain their Q and resonant 
frequency. The greater the Q of the loading coil, 
the better the efficiency, but the narrower will be 
the bandwidth of the antenna system. 

Though bumper-mounted mobile antennas are 
favored by some, it is better to place the antenna 
mount on the rear deck of the vehicle, near the 
rear window. This locates the antenna high and in 
the clear, assuring less detuning of the system when 
the antenna moves to and from the car body. 
Never use a base-loaded antenna on a bumper 
mount if an efficient system is desired. Many 
operators avoid cutting holes in the car body for 
fear of devaluation when selling the automobile. 
Such holes are easily filled, and few car dealers, if 
any, lower the trade-in price because of the holes. 

The choice of base or center loading a mobile 
antenna ha.~ been a matter of controversy for many 
years. In theory, the center-loaded whip presents a 
slightly higher base impedance than does the 
base-loaded antenna. However, with proper imped
ance-matching techniques employed there is no 
discernible difference in performance between the 
two methods. A base-loading coil requires fewer 
turns of wire than one for center loading, and this 
is an eleclrica1 advantage because of reduced coil 

Fig. 10-7 - Here a mobile station is used as a 
po"eble/emergencv station. As such, it can be 
connected 10 a full-size stationary antenna for 
maximum effectiveness. The engine should be 
noise-suppressed, and should be kept running 
during operation of the station to assure full 
batterv power. IWA3EOK operating.I 
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Fig. 10-8 - Details for me king e homH>uilt mobile 
loading coil. A breakdown view of the assembly is 
given at A. Brass end plug5 are snug-fit into the 
ends of the phenolic tubing, and each ia held in 
piece by four 6-32 brass screws. Center holes in the 
plugs are drilled and tapped for 3/8-24 threlld. The 
tubing can be any diameter from one to four 
inches. The larger diameters are recommendlld. 
Illustration B shows the completed coil. Resonance 
can be obtained by installing the coil, applying 
transmitter power, then pruning the turns until the 
lowest SWR is obtained. Pruning the coil for 
maximum field-1;trength-meter indication will also 
serve as a resonance indication. The chart in Fig. 
10-10 will serve as a guide in determining the 
number of turns required for a ~ven frequency of 
operation. 

losse5. A base-loaded antenna is more stable from 
the standpoint of wind loading and sway. If a 
homemade antenna system is contemplated, either 
system will provide good results, but the 
base-loaded antenna may be preferred for its 
mechanical advantages. 

Loading Coils 

There are many commercially built antenna 
systems available for mobile operation, and some 
manufacturer.; seU the coil~ as separate units. 
Air-wound coils of large wire diameter are 
excellent for use as loading inductors. Large 
Miniductor coils can be installed on a solid 
phenolic rod and used as loading coils. Mini
ductors, because of their turns spacing. an: easy to 
adjust whep resonating the mobile antenna, and 
provide excellent circuit Q. Phenolic-impregnated 
paper or fabric tu bing of large diameter is suitable 
for making homemade loading coils. It should be 
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coated with liquid fiber glass, inside and out, to 
make it weather proof. Brass insert plugs can be 
installed in each end, their centers drilled and 
tapped for a 3/'d X 24 thread to accommodate the 
mobile antenna sections. After the coil winding is 
pruned to resonance it should be coated with a 
high-quality, low-loss compound to hold the turns 
securely in place, and to protect the coil from the 
weather. Liquid polystyrene is excellent for this. It 
can be made by dissolving chips of solid 
polystyrene in carbon-tetrachloride. Cautior,: Do 
not breathe the chemical fumes, and do not allow 
the liquid to come in contact with the skin. Carbon 
tetrachloride fs hazardous to health. Dissolve 
sufficient polystyrene material in the liquid to 
make the remaining product the consistency of 
()-dope or pancake syrup. Details for making a 
home-built loading coil are given in Fig. l 0-8. 

Impedance Matching 

Fig. I 0-9 illustrates the shunt-feed method of 
obtaining a match between the antenna and the 
coaxial feed line. For operation on 75 meters with 
a center-loaded whip, L2 will have approximately 
18 turns of No. 14 wire, spaced one wire thickness 
between turns, and wound on a I-inch diameter 
form. Initially , the tap will be approximately 5 
turns above the ground end of L2. Coil L2 can be 
inside the car body, at the bne of the antenna, 
or it can be located at the base of the whip, outside 
the car body. The latter method is preferred. Since 
L2 helps detennine the resonance of the overall 
antenna, Ll should be tuned to resonance in the 
desired part of the band with L2 In the circuit. The 

SHUNT FEED 

Fig. 10-9 - A mobile antenna using shunt-feed 
matching. Overall antenna resonance Is determined 
by the co~ination of L 1 and L2. Antenna 
resonance is set by pruning the turns of L 1, or 
adjusting the top section of the whip, while 
observing the field1trength meter or SWR indica
tor. Then, adjust the tap on L2 for lowest SWR. 
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fklfz 

/800 
3800 
7200 

14.200 
21,250 
29,000 

/800 
3800 
7200 

14,200 
21,250 

Approximate Values for 8-foot Mobile Whip 

Base Loading 

Loading 
LµH 

345 
77 
20 

4.S 
l.25 

700 
ISO 
40 

8.6 
2.S 

Rc{QS0) Rc(Q300) Ra 
Ohms Ohms O1,ms 

77 13 0.1 
37 6.1 0.3S 
18 3 1.3S 
7.7 1.3 5.7 
3.4 o.s 14.8 

Center Loading 

158 23 0.2 
72 12 0.8 
36 6 3 
JS 2.S ll 
6.6 l.l 27 

Feed R• 
Ohms 

23 
16 
IS 
12 
16 
36 

34 
22 
19 
19 
29 

Matching 
LµH• 

3 
1.2 
0.6 
0.28 
0.28 
0.23 

3.7 
1.4 
0.7 
0.35 
0.29 

Rr. = Loadlne-coil resistance; RR= Radiation resistance. 
• Assumin11 loadin g coil Q • 300. and lncludin11 estimated ground

loss resistance. 
Sugpsted coll dim ensions tor the required loading inductance are 

shown m a following table. 

Fig. 10-10 - Chart showing Inductance values used as a starting point for 
winding homemade loading coils. Values are based on an approximate 
base~oaded whi p capacitance of 25 pF, and a capacitance of 12 pF for 
center-loaded whips. Large-diameter wire and coils, plus low-loss coil 
forms, are recommended for best Q. 

TABLE 10-1 

Suggested Loading-Coil Dimensions 

adjustable top section of the whip can be 
telescoped until a maximum reading is noted on 
the field-strength meter. The tap is then adjusted 
on L2 for the lowest reflected-power reading on 
the SWR bridge. Repeat these two adjustments 
until no further increase in field strength can be 
obtained; this point should coincide with the 
lowest SWR. The number of turns needed for L2 
will have to be detcnnined experimentally for 40-
a.nd 20-meter operation. There will be proportion
ately fewer turns required. 

Req'd Wire 
LµH Turn.r Size 

700 190 22 

34S 135 18 

150 100 16 

77 75 14 
77 29 12 

40 28 16 
40 34 12 

20 17 16 
20 22 12 

8.6 16 14 
8.6 IS 12 

4.5 10 14 
4,5 12 12 

2.5 8 12 
2.5 8 6 

1.25 6 12 
1.25 6 6 

Dia Lenrth 
In. In. 

3 JO 

3 10 

2 1/2 JO 

2 1/2 10 
s 4 1/4 

2 1/2 2 
2 1/2 4 1/4 

2 1/2 1 1/4 
2 1/2 2 3/4 

2 2 
2 1/2 3 

2 I 1/4 
2 1/2 4 

2 2 
2 3/8 4 1/2 

l 3/4 2 
2 3/8 4 1/2 

MATCHING WITH AN L NETWORK 

Any mobile antenna that has e feed-point 
impedance less than the characteristic impedance 
of the transmission line can be matched to the line 
by means of a simple L network, as shown in Fig. 
10-11. The network is composed of CM and l-M· 
The requin:d value~ of CM and LM may be 
detennined from the following: 

C ."l RA(Ro-RAJXlOB 
M - 2rrfkHzRARo pFand 

LM • "1 Ra,[Ro-RAJ X 1~ µH 
21TfkHz 

where RA is the antenna feed-point impedance and 
Ro is the characteristic impedance of the 
transmi~sion line. 



Matching with an L Network 

As an example, if the antenna impedance is 20 
ohms and the line is 50-ohm coaxial cable, then at 
4000kHz, 

C " 'Y 20 {SO - 20} X 109 
M (6.28) (4000) (20) (50) 

= 1 600 X l04 
(6.28) (4) (2) (5) 

= 24 ,l X 10 4 = 974 pF 
251.2 

, -'.Y 20(50 -20)XlQ3 
....,M - (6.28) (4000) 

= 'l'...fill.Q_= 24 ·5 =097µH 
25.12 25.12 ' 

The chart of Fig. 10-12 shows the capacitive 
reactancc of CM, and the inductive reactance of 
LM necessary to match various antenna impe
dances to 50-ohrn coaxial cable. 

l.n practice, L M need not be a separate 
inductor.'Its effect can be duplicated by adding an 
equivalent amount of inductance to the loading 
coil, regardless of whether the loading coil is at the 
base or at the center of the antenna. 

Adjustment 

In adjusting this system, at least part of CM 
should be variable, the balance being made up of 
combinations of fixed mica capacitors in parallel as 
needed. 

A small one-tum loop should be connected 
between CM and the chassis of the car, and the 
loading coil should then be adjusted for resonance 
at the desired frequency as indicated by a GDO 
coupled to the loop at the base. Then the 
transmission line should be connected, and a check 
made with an SWR bridge connected at the 
transmitter end of the line. 

With the line disconnected from the antenna 
again, CM should be readjusted and the antenna 
returned to resonance by readjustment of the 
loading coil. The line should be connected again, 

' 
3 • 

2 

Fig. 10-1 2 - Curves showing 30 

inductive and capacitive react· 111 

ances required to match a 50-ohm l z • 
coax line to e variety of antenna o 
resistances. .!, z 
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Fig. 10-11 - A whip antenna may also be matched 
to coax line by means of an L network. The , 
inductive reactance of the L network can be 
combined in the loading coil, as indicated at the 
right. 

and another check made with the SWR bridge. If 
the SWR is less than it was on the first trial, CM 
should be readjusted in the same direction until the 
point of minimum SWR is found. Then the 
coupling between the line and the transmitter can 
be adjusted for proper loading. It will be noticed 
from Fig. 10-12 that the inductive reactance varies 
only slightly over the range of antenna resistances 
likely to be encountered in mobile work. 
Therefore, most of the necessary adjustment is in 
the capacitor. 

The one-turn loop at the base should be 
removed at the conclusion of the adjustment and 
slight compensation made at the loading coil to 
maintain resonance. 
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Car Body 

l"c/lo co..pllng loop 
IJ-1•~" center cond f ~::·- -··" 

A 

teal p 

e 

Fig. 10-13 - The resonant frequency of the 
antenna can be checked (A) with a grid-<lip meter 
or (Bl by finding the frequency at which minimum 
feed-line SWR occurs. The latter method is more 
accurate at high frequencies because it eliminates 
the effect of the coupl ing loop required in A. 

CONTINUOUSLY-LOADED 
HELICAL WHIPS 

A continuously-loaded whip antenna of the 
type shown in Fig. 10-14 is thought to be more 
efficient than a center- or base-loaded system 
(QST, May 1958, W9KNK). The feed-point 
impedan.:.! of the helically-wound whip is some
what greater than the previously described mobile 
antennas, and is on the order of 20 ohms, thus 
providing an SWR of only 2.5 when SO-ohm 
coaxial feed line is used. The voltage and current 
distribution is more uniform than that of 
lumped-constant antennas. Tue low SWR and this 
feature make the antenna more efficient than the 
center- or base-loaded types. Antennas of this 
variety can be wound on a fiber glass fishing rod, 
then weatherproofed by coating them with liquid 
fiber glass. or by encapsulating them with 
shrinkable vinyl-plastic tubing. 

Tapered Pitch 

On frequencies below 28 MHz. the radiation 
resistance falls off so rapidly that for the de~ired 4-
and 6-foot whip lengths the resistance values are 
not suitable for direct operation with SO-ohm lines. 
It is desirable to raise the feed-point R to a value, 
approaching 50 ohms so that a matched line 
condition will exist. Based on extensive experimen
tation. a tapered-pitch continuous-loading antenna 
is recommended. Since it is not feasible to wind 
the helix with continuously varying pitch, a 

,--- 0.315 DIA. Fl !lERGLASS WHIP ROD 
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"step-tapered" design is best. A typical step-taper
ing technique for a variable-pitch helical whip 
antenna is to divide the total length of the radiator. 
say 4 feet, into 6 equal parts of 8 inches each. The 
helix is then wound with a 2-inch pitch for the rmt 
8 inches. pitches of I, 1/2, 1/4 and 1/8 inch. 
respectively, for the next four 8-inch sections, and 
finished with close winding of the final section. 
The resonant frequency will depend upon the rod 
diameter, wire size and number of turns. However. 
the variable-pitch 6-step taper approaches the ideal 
continuously-variable condition closely enough to 
give a good SO-ohm match with a 4-foot antenna at 
frequencies between 20 and 30 MHz. 

Adjustment 

With this design ii is difficult to adjust the 
resonant frequency by i:hanging the turns near 
the ba~e; however, the frequency may be adjusted 
very readily by cutting off sections of the 
tightly-wound portion near the top of the whip. 
The technique to follow is to design for a 
frequency slightly lower than desired and then to 
bring the unit in on frequency by cutting small 
sections off the top until it resonates at the desired 
frequency. Resonance can be checked either by the 
use of a grid-dip meter or b)' the use of a 
transmitter and SWR bridge. Reflected power as 
low as 2 to S percent can easily be obtained with 
the units properly resonated even though it may 
mean cutting an inch or two off the top 
closely wound section to bring the unit in on 
frequency. These values can be obtained in the 10-
and 15-meter band with overall lengths of 4 feet 
and in the 20- and 40-mcter bands with a length of 
6 feet. In the 75-mt:tcr band it has been pmsible to 
obtain an SWR of 1.5 using a 6-foot tapered-pitch 
helical winding, although the bandwidth is 
restricted to about 60 kHz. This affords operation 
comparable to the center coil loaded 12-foot 
whips. In general. the longer the radiator (in 
wavelengths), the greater the bandwidth. By 
arbitranly restricting the physical length to 6 feet , 
or less, we obtain the following results: 

REsonanl Bondwldlh for 
Band lenglh Freq. SWR SWR a 2. 0 

10 meters 4 feet 29.00 MHz 1.3 800 kHz 
15 meters 4 feet 21.30 MHz 1.4 500 kHz 
20 meters 6 feet 14.25 MHz 1.3 250 kl-lz 
40 meters 6 feet 7.25 MHz 1.S 100 kHz 
75 meters 6 feet 03.90 MHz I.S 60 kHz 

In the 15-, 20- and 40-meter band~ the 
bandwidths of the Utper-pitch designs are good 
enough to cover the entire phone portions of the 
bands. The bandwidths have been arbitrarily 

~% 7777%'77727% Wll!l % 

I :u I ,• a• 10½1" 11:1a· 

P;C~~~:li~ 

0.21.5 DIA. 

11v.t• 
SOLID 

Fig. 10-14 - Dimensions 
for o 15-met er stepped
pitch whip , wound with 
No. 20 enameled wire. r~ ¼~CH r•• PITCH , !/41" PITCH 



Remote Antenna Resonating 

Fig. 10-16 - Kl MET prunes a capacity hat for 
antenna resonance at the low end of the 160-mater 
band. The Webster Big·K antenna is fint tuned for 
the high 5egment of the band, The cepacity het is 
clipped on when operation on the "low end·' is 
desired, Fine adjustments can be made by 
increasing or decreasing the spacing between the 
two No. 10 wires. 

selected as that frequency spread at which the 
SWR becomes 2 on a 50-ohm line, aJthough with 
most equipment SWR Yalues up to 2.5 can be 
tolerated and loading accomplished with ca~e. 

Top-Loading Capacitance 

Because the coil resistance varies with the 
inductance of the loading coil, the resiRtance can 
be reduced, beneficially, by reducing the number 
of turns on the coil. This can be done by adding 
capacitance to that portion of the mobile an tcnna 
that is above the loading coil. To achieve 
resonance, the inductance of the coll is reduced 
proportionally. Capacity "hats," as they an: often 
called, can consisl of a single stiff wire, two wires 
or more, or a disk made up from several wires, like 
the spokes of a wheel. A solid metal disk can also 
be used. The larger the capacity hat, in terms of 
mass, the greater the capacitance. The greater the 
capacitance, the smaller the amount of inductance 
needed in the loading coil for a given resonant 
frequency. 

There are two schools of tftought concerning 
the attributes of center-loading and base-loading. It 
hes not been established that one system is 
superior to the other, especially in the lower part 
of the hf spectrum. For this reason both the base
and center-loading schemes are popular. Capacity
hat loading is applicable to either system. Since 
more inductance is required for center-loaded 
whips to make them resonant at a given frequency, 
capacity hats should be particularly useful in 
improving their efficiency. 

REMOTE ANTENNA RESONATING 

Fig. I 0-l 7 shows circuits of two remote-control 
resonating systems for mobile antennas. As shown, 
they make use of surplus de motors driving a 
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Fig. 10-16 - A capac
ilance "hat" can be 
used to improw the 
performance of base- or 
center-loaded whips. A 
solid metal disk can be 
used in place of the 
skeleton disk shown 
here. 

loading coil removed from a surplus ARC-5 
transmitter. A standard coil and motor may be 
used in either installation a I increased expense. 

The control circuit shown in Fig. I0-17A is a 
three-wire system (the car frame is the fourth 
conductor) with a double-pole double-throw 
switch and a momentary (normally om single-pole 
single-throw switch. S2 is the motor reversing 
switch. The motor runs so long as SI is closed. 

The circuit shown in Fig. 10-178 uses a latching 
relay. in conjunction with micro switches, to 
reverse automatically the motor when the roDer 
re.aches the end of the coil. SJ and S5 operate the 
relay, Kl, which reverses the motor. S4 is the 

. ¢ ~--~J 7 
r:,:.Y.:~~ .... --,..,ra.s 

CA) 

Fig. 10-17 - Circuit of the remote mobile-whip 
tuning systems. 
K1 - Dpdt latching retay. 
S1. S3, S4, 56 - Momentary-contact spst, 

normally open. 
S2 - Dpdt toggle. 
S6, S7 - Spst momentary-contact microswitch, 

normally open. 
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motor on-off switch. When the tuning coil roller 
reaches one end or the other of the coil, ii close8 
S6 or S7 , as the case may be, operating the relay 
and reversing the motor. 

The procedure in setting up the system is to 
p1Une the center-loading coil lo rcsona le the 
antenna on the highest frequency used without the 
base-loading coil. Then, the base-loading coil is 
used to resonate at the lower frequencies. When 
the circuit shown in Fig. 10-17 A is used for 
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control, Sl is used to start and stop the motor, and 
S2, set at the .. up" or "down" position, will 
determine whether the resonant frequency is raised 
or lowered. In the circuit shown in Fig. 10-17B, S4 
i~ used lo control the motor. S3 or SS is 
momentarily closed (to activate the latching relay) 
for raising or lowering the resonant frequency. The 
broadcast antenna is used with a wavemetcr to 
indicate resonance. {Originally described in QST, 
December 195 3,) 

VHF MOBILE ANTENNAS 

The three most popular vhf mobile antennas are 
the so<alled halo. the turnstile, and the 1/ 4-wave
lcngth verlical. The same rules apply to the 
installation and use of these antennas as for 
antennas operated in the hf bands - mounted as 
high and in the clear as possible, and with good 
electrical connections throughout the system. 

The polarization chosen - vertical or horizontal 
will depend upon the applkation and the area of 

the USA where operation will lake place. It is best 
to use whatever polarity is in vogue for your 
region, thus making the mobile ~ignal compatible 
with those of other mobiles or fixed stations. 
Vertic;illy polarized mobile antennas arc more 
5Ubject lo pattern disturbance than horizontal 
types. That is to say, considerably more flutter will 
be inherent on the signal than with horizontal 
antennas. This is because such objects as trees and 
power poles. because of their verticnl rirnfilP.. tentl 
to present a greater path obstacle to the vertical 
antenna. It is becoming common practice, 
however, to use omnidirectional, vertically 
polarized vhf mobile antennas in connection with 
fm/repeater mobile service. even in areas where 
horizontal antennas arc favored. 

Both the turnstile and halo antennas an-. 
horizontally polarized. The halo j5 physically small, 
but i~ less effective than a turnstile. II is a 
half-wavelength dipole bent into a circle, and 
becau!le the ends arc in close proximity lo one 
another, some signal cancellation occur.1. This 
render.; the antenna less efficient than a straight 
cen1er-fed dipole. Halo~ do nol offer a perfectly 
circular radiation pattern, though this has been a 
popular belief. Tests indkate that there Is definite 
directivity, though broad, when a halo Is rotated 
360 degrees over a uniform plane surface. 

5/8-WAVELENGTH 220-MHz MOBILE 
ANTENNA 

This antenna was developed lo fill the gap 
between a homemade 1/4-wavelength mobile an
tenna and a commercially made S/8-wavelength 
model. There have been other antennas made using 
modified citizens bane! models. Thi~ still presents 
the problem of cost in acquiring the original 
antenna. The major cost in thi~ Hclup Is the whip 
portion. This can be any tempered rod thn t will 
not lake a ~el easily. 

Fig. 10-1 9 - Schematic representation of the Big 
Wheel at B. Three one-wavelength elements are 
connected in parallel. The resulting low feed 
impedance is raised 10 52 ohms with an inductive 
stub. lllustl'Btion A shows the bend details of one 
element for 144-MHz use. 

Construction 

The base insulator portion is constructed of 
1/ 2-inch Plcxigfos rod. A rew minutes work on a 
lathe was sufficient to shape and drill the rod. The 
bottom 1/2-inch of the rod is turned down lo a 
diameter of 3/11-inch. This portion will now fit into 
a PL-259 uhf connector. A hole, 1/8-inch diameter, 
is drilled through the center of the rod. This hole 
will contain the wires that make the connections 
between the center conductor of the connector 
and the coil Lilp. The connection between the whip 
and the top of the coil is also run through thi~ 
opening. A ~tud was force-fitted into the lop of the 
Plexiglas rod. This allows the whip lo be detached 
from the insulator portion. 

llte coil should be initially wound on a form 
slightly smaller Lhan the base insulator. When the 
coil is transferred to the Plexiglas rod it will keep 
its shape and will not readily move. After the tap 
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As can be seen in the photograph, lhe bottom end 
of the coll can be soldi!red directly to the 
c:on nee 1or. 

point has been determined, a longitudinal hole is 
drilled into the center of the rod. A No. 22 wire 
c:an then be inserted through the center of the 
insulator into the connector. This method is also 
used to attach the whip to the top of the coil. 
After lhe whip has been fully assembled a coating 
of epoxy cement was applied. This sealed the 
entire a~mbly and provided some additional 
strength. During a full winter's use, there wa~ not 
any sign of cracking or mechanical failure. 

Adjustment 

Prior to final assembly of lhe whip antenna. the 
conec1 Lap point should be determined. The 
conec:I point will produce the least reflected 
power. The whip length should be cut initially for 
the desired operating frequency. 

TWO-METER 5/8-WAVELENGTH 
VERTICAL 

Probably the most popular antenna U8ed by the 
fm group is the S/8-waveleogth vertical. As staled 
previously, this antenna has some gain when 
compared to a dipole. The anleMa can be used in 
either a fixed location with radials or in a mobile 

Fig. 1 - The new coil is tapped two turns from the 
base end. It may be necessary to file the coil ends 
10 that the assembly will flt in the phenolic 
a>1111ring . 

"'"" 1-112 TURNS ..,2 Et.AMEL COVERE:0 
WIA£ . 'MP AT 1-3M TUH-.s FROM 
IOTT0'1. 

Fig. 10-20 - Diagram of 5/8-wawlength 220 MHz 
mobile antenoa. 

installation. An inexpensive antenna of this type 
can be made from a modified CB whip. The 
antenna shown in Figs. I and 2 is a S/8-wavelength, 
2-meter whip. 

There are a number of different types of CB 
mobile antennu llVailable, This particular antenna 
to be modified consists of a clamp-on trunk 
mount, a base loading coil, and a 39-inch spring
moun1ed, slaiole!l&-steel whip. 

The modification consists of removing the 
loading<oil inductance, winding a new coil., IIJld 
mounting a 3-30 pF trimmer in the bottom 
housing. The capacitor Is used for obtaining a 
precise match in conjunction wilh the base coil 
tap. 

The finl step is to remove lhe weatherproof 
phenolic covering from the coil. Remove the base 
housing and clamp the whip !Ide of the antenna in 
a vise. Insert a knife blade between the edge of the 
whip base and the phenolic covering. Gently lap 
the knife edge with a hammer to force the housing 
away from the whip section. 

Next, remove the coil turns and wind a new c:oiJ 
using No. 12 wire, The new coil should have nine 
turns, equally spaced. The tap point is two turns 
up from the base (ground) end on the antenna as 

l 
,· 

Fig. 2 - Circuit diagram of the whip antenna. C1 Is 
a 3- to 30-pF trimmer. 
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TYPICAL DIMENSIONS 

6 . 

"lF I • 
/'If" 

Fig. 10-22 - Details for building a halo antenna for 
6· or 2-mete, use are shown 111 A. Other mechanical 
methods are possible, and the construction 
technique used will be up to the builder. The open 
end of the coax cable should be sealed against the 
weather. At B, a schematic representation of the 
halo. Dimension a is set for 1 /2 wavelength at the 
operating frequency . The chart gives approximate 
dimensions in inches, and will serve as II guide in 
building a halo. 

modified. The trimmer capacitor is mounted on a 
terminal strip which is installed in the base 
housing. A hole must be drilled in the housing lo 
allow access to the capacitor adjustment screw. 

Initially, the tap on the coil was tried at three 
turns from the bottom. The antenna was mounted 
on the car. an SWR indicator was inserted in the 
feed line, and CI and the whip height were 
adjusted for a match. A match was obtained, but 
when the phenolic sleeve was placed over the coil, 
it was impossible to obtain an adjustment that 
proved a match. Apparently the dielectric material 
used in the coil cover has an effect on the coil. 
After some experimenting it was found that with 
the tap two turns up from the bottom, and with 
the cover over the coil, ii was possible to get a 
good match with 50-ohm line. 

This antenna can be u!ll:d in a fixed location by 
adding radials. The radials, three or four, should be 
slightly longer than 1/4-wave and should be 
attached to the base mounting section. 

THE QUARTER-WAVELENGTH VERTICAL 

Ideally, the vhf vertical antenna should be 
installed over a perfectly flat plane renector to 
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assure unifonn omnidirectional radiation. Thb 
suggests that the center of the automobile roof is 
the best place to mount it. Alternatively, the nat 
portion of lhe auto's rea1 trunk deck can be used, 
but will result in a directional pattern because of 
caI-body obstruction. Fig. I 0-23 illustrates at A 
and B how a Millen high-voltage connector cW1 be 
used as a roof mount for a 144-MHz whip. The 
hole in the roof can be made over the dome light. 
thus providing accessability through the uphols
tery. RG-59/U and matching section L, fig. 
I0-23C, can be routed between the car roof and 
the ceiling upholdery and brought into the trunk 
compartment, or down to the dashboard of the 
car. Some operators install an S0-239-type coax 
connector on the roof for mounting the whip. The 
method is similar to that of drawmg A. 

VHF HALO ANTENNAS 

The antenna of Fig. 10-22 can be built from 
aluminum tubing of medium tensile strength. The 
one-half-wavelength dipole is bent into a circle and 
fed with a gammu match. Capacitor c is shown a~ 11 

fixed value, but II variable capacitor mounted in a 
weatherproof box will afford more precise 

Ant. 

so-Ohml.ilt.t 

L 

Fig. 10-23 - At A and B, an illustration of how 11 
quarter-wavelength vertical antenna can be mount• 
ed on II car roof. The whip section should be 
soldered into the cap portion of the Millen 
connector, then screwed to the base socket. This 
handy arrangement permits removing the antenna 
when desired. Epo>1y cement should be used at the 
two mounting screws to prevent moisture from 
entering the car, Diagrams C and D are discussed in 
the text. 
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Fig. 10-24 - Schematic diagram of the 6-. or 
2-meter antenna-matching circuit for use at the 
base of the quarter-wavelength vertical antenna. It 
can be housed in a Minibox and mounted 
permanently at the antenna base, inside or outside 
the car. If used outside, it should be sealed against , 
di rt and moisture. 

adjustment of !he S\\'.R. Or, a variable capacitor 
can be used initially for obtaining a l: l match, 
then its value can be measured at that setting to 
determine the required value for fixed capacitm c. 
Fixed-value capacitor c should be a dipped silver 
mica. A 75-pF variable should be used for 6-meter 
antennas, and a 35-pF variable will suffice for 144 
MHz. 

The tubing of a can be flattened to provide a 
suitable mounting surface for attachment to the 
insulating block of Fig. 10-22A. Gamma rod b can 
be secured to the same block by flattening its end 
and bolting it in place with 4-40 brass hardware. 
Thi: spacing at d can be varied during finHl 
adjustment to secure the lowest SWR. Better 
physical stability will result if u high-dielectric 
insulator is conne<.:ted across area d. Steatite 
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material is recommended if an insulator/stabilizer 
is used. 

If 75-ohm transmission line is used for the 
vertical, a quarter-wavelength matching trans
former, L, can be used to match the feed 
impedance of the whip - approximately 30 ohms 
- to that of the feed line. A section of 50-{)hm 
wax inserted as shown provides a close match to 
the antenna. Coax fittings can be used at junction a 
to assure a flat line, and to provide mechanical 
fkxibility. BNC connectors arc ideal for use with 
smaU coax lines. Illustration D shows how a series 
capacitor can be used to tune the rcactanu: out of 
the antenna when using 50-{)hin feed line. For 
144-MHz use it should be 35 pF. A 75-pF variable 
will suffice for 6-meter antennas. An SWR bridge 
should be connected in the line while c is tuned for 
minimum reflected-power indication. 

A more precise method of matching the line to 
the antenna is shown in Fig. 10-24. This antenna 
coupler can match 50- 01 75-ohm lines to any 
antenna impedance from 20 ohins to several 
hundred ohms. It shou Id be installed al the base of 
the vertical, and with an SWR bridge in the line Cl 
and C2 should be adjusted for the lowest SWR 
possible. The lap near the ground end of L2 should 
then be adjusted for the lowest SWR, readjusting 
Cl and C2 for minimum reflected powc.r each time 
the tap is moved. A very compact tuner can be 
built by scaling down the coil dimensions 
appropriately . Trimmer capacito~ can be used for 
Cl and C2 if power levels of less than 50 watts arc 
used. 

MOBILE POWER SUPPLIES 

Most modem-day mobile installations utilize 
commercially-built equipment. This usually talces 
the form of a transceiver for ssh on the hf band~, 
and ssb or a-m for vhf operation. For fm operation 
in the vhf bands, most transceivers aie surplus units 
which were originally used by commercial 
land-mobile services. Some home-built equipment 
is still being used, and it is highly recommended 
that one consider building his own mobile 
installation for the technical experience and 
satisfaction such a project can afford. 

Many mobile tr,.msceivers contain their own 
power supplies for 6- and 12-volt de operation. 
Some internal power supplies will also work off tlte 
117-V mains. Vibrator power supplies are quite 
popular for low and medium power levels, but 
solid-state supplies are more reliable and efficient. 
Dynamotors arc still used by some operators, but 
are bulky, noisy, and inefficient. The latter 
imposes an extremely heavy drain on the car 
battery, and does not contribute to long-tenn 
mobile or emergency operation without h11ving the 
engine running at fairly high rpm to maintain the 
charge level of the battery. 

Dynamotors 

A dynamotor differs from a motor generator in 
that it is a single unit having a double armature 

winding. One winding serves for the driving motor, 
while the output voltage is taken from the other. 
Dynamotors usually are operated from 6-, 12-, 28-
or 32-volt storage batteries and deliver from 300 to 
1000 volts or more at various current ratings. 

Commutator noise is a common cause of poor 
reception when dynamotors are used. It can 
usually be cured by installing .002-µF mica bypass 
capacitors from the dynamotm brushes (high
voltage encl of armature) to the frame of the unit, 
preferably inside the cover. The high-voltage 
output lead from the dynamotor should bi: filtered 
by placing a .01-µF capacitor in shunt with the line 
(a 1000-V disk), followed by a 2.5-mH rf choke (in 
series with the line) of adequate current rating for 
the transmitter or receiver being powered by the 
dynamotor. This network should be followed by a 
smoothing filter consisting of two 8--µF electrolytic 
capacitor.; and a 15- or 30-H choke having a low de 
resistance. The commutator and its grooves, at 
both ends of the armature, should be kept clean to 
further minimize noise. Heavy, direct leads should 
be used for connecting the dynamotor to the 
storage batt~ry. 

Vibrator Power Supplies 

The vibrator type of power supply comists of a 
special step-up transformer combined with a 
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Fig. 10-25 - Basic types of vibrator power 
supplies. A - Nonsynchronous . B - Synchronous . 

vibrating interrupter (vibra tor). When the unit is 
connected to a storage battery, plate power is 
obtained by pal!sing current from the battery 
through the primary of the transformer. The 
c.ircuit is made and reversed rapidly hy the vibnitor 
contacts, interrupting the current at regular 
intervals to give a changing magnetic field which 
induces a voltage in the secondary. The resulting 
square-wave de pulse~ in the primary of the 
transformer cause an alternating voltage to be 
developed in the secondary. This high-voltage ac in 
tum is rectified, either by silicon diode rectifiers or 
by an additional synchronized pair of vibrator 
contacts. The rectified output is pulsating de, 
which may be filtered by ordinary means. The 
smoothing filter can be a single-section affair, but 
the output capacitance s.hould be fairly large - 16 
to 32 µ.F. 

Fig. I 0-25 shows the two types of circuits. At 
A is shown the nonsynchronous type of vibrator. 
When the battery is disconnected the reed is 
midway between the two contacts, touching 
neither. On closing the battezy cin:uit the magnet 
coil pulls the reed into contact with one contact 
point, causing current lo flow through the lower 
half of the transfonner primary winding. Simulta
neously, the magnet coil is ~hort-drcuited, 
de~nergizing it, and the reed swings back. Inertia 
carries the reed into contact with the upper point, 
causing current to flow through the upper half of 
the transfonner primary. The magnet coil again is 
energized, and the cycle repeats itself. 

The synchronous circuit of Fig. I0-25 B is 
provided with an extra pair of contacts which 
rectifies the secondary output of the transfonner, 
thus eliminating the need for a separate rectifier 
tube_ The secondary center tap furnishes the 
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positive output termin:i.l when the relative 
polarities of primary and secondary windings are 
correct. The proper connections may be deter
mined by experiment. 

The buffer capacitor , C2, across the second.uy 
of T, absorbs spikes that occur on breaking the 
current, when the magnetic field collapses almost 
instantly and hence causes high voltages to be 
induced in the secondazy. Without C2 excessive 
sparking occurs at the vibrator contacts, shortening 
the vibrator life. Resistor R l is part of the buffer 
and serves as a fuse if C2 should short out, thus 
protecting the vibrator and transformer from 
damage . Values between 1000 and 5600 ohms , 1 
watt, are commonly used_ Conect values for C2 lie 
between .005 and .03 µF, and for 220-350-V 
supplies the capacitor should be rated at 2000 V or 
better, de. The exact capacitance is critical, and 
should b e determined experimentally while observ
ing the output wavefonn on an oscilloscope for the 
least noise output. Alternatively, though not as 
effective a method, the capacitor can be selected 
for lea.~t ~parking at the vibrator contacts. 

Vibrator-transfonncr units are available in a 
variety of power and voltage ratingi;. Representa
tive units vary from one delivering 125 to 200 volts 
at 100 mA to others that have a 400-volt output 
rating at 150 mA. Most units come supplied with 
"hash" filters, but not all of them have built-in 
ripple filters. The requirements for ripple filters are 
similar to those for ac supplies. The usual 
efficiency of vibrator packs is in the vicinity of 70 
percent, so a 300-volt 200-mA unit will draw 
approximately 15 amperes from a 6-volt storage 
battery. Special vibrator transformers are also 
available from transfonncr manufacturers so that 
the amateur may build his own supply if he so 
desires. These have de output ratings varying from 
150 volts at 40 mA to 330 volts at 135 mA. 

"Hash" Elimination 

Sparking at the vibrator con tacts causes rf 
interference ("hash," which can be distinguished 
from hum by its harsh, sharper pitch) when used 
with a receiver. To minimize this, rf filters are 
incorporated, consisting of RFC! and Cl in the 
battery ciicuit, and RFC2 with CJ in the de output 
cncuit. 

Equally as important al! the hash filter is 
thorough shielding of the power supply and its 
connecting leads, since even a small piece of wire 
or metal will radiate enough rf to cause 
interference in a sensitive amateur receiver. 

TRANSISTORIZED POWER SUPPLIES 

Most present-day mobile equipment is powered 
by solid-state de-to-de converters. They are 
somewhat simildJ to vibrator supplies in that they 
use power transistors to switch the primary voltage 
of the transformer . This technique eliminates 
sparking in the switching circuit, and offer.1 greater 
reliability and efficiency . The switching transistor., 
can be made to oscillate, by means of a feedback 
winding on the transformer, and by application of 
forward bias on the bases of the switching 
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lrmsistors. The switching rate can be set for any 
frequency between SO Hz and several thousand Hz 
and depends to a great extent upon the 
inductance of the uansfonner windings. The 
switching waveform is a square 111ave. Therefore, 
the supply is capable of causing a buzzing sound in 
transmitter or receiver output in much the same 
fashion as with a vibrator supply. Rf filtering 
should be employed a~ a com:ctive measure. At 
higher switching rates lhe buzz becomes a whine 
which sounds like that from a dynamotor. 
High-frequency !!Witching rates are preferred for 
de-to-de converters because smaUcr transformer 
cores can be used, and because less output filtering 
is required. The efficiency of a well-designed 
solid-state power suuply is on the order of 80 
percent, an improvement over the usual 60 to 70 
percent of vibrator supplie~, 01 the miserable 30 to 
40 pe1cent of dynamotors. 

A typical uansisiorlzed supply i~ shown in Fig. 
I0-26. The supply voltage is fed into the emitter 
circuit of QI-Q2. A resistive divider is used to 
obtain forward bias for the transistors through 
base-feedback-winding L. The primary switching 
take8 place between the emitter and collector of 
each transistor. QI and Q2 are connected in 
push-pull and conduct on alternate half cycles. As 
each transistor is driven into conduction it 
saturates, thus fanning a closed contact in that leg 
of the circuit. The induced voltage is stepped up by 
T, and high-voltage appean across winding 3. Zener 
diodes CR I and CR2 protect Ql and Q2 from 
voltage spikes. They should be rated al a voltage 
slightly lower than the Vee of the transistors. 
Diodes CR3 through CR6 form a bridge rectifier to 
provide de output from winding 3. Some supplies 
operate at a switching rate of 2000 to 3000 Hz. It 
is possible to operate such units without using 
output rectifiers, but good fillering is needed lo 
remove the ripple from the de output. 

Tnnsislor Selection 

The switching lransislors ~hould be able lo 
handle the primary current of the transformer. 
Since the feedback wiU diminish as the secondaiy 
load is increased, rhe beta of the transistors, plus 

333 

I.IVOC 

Fig. 10-26 - Typical de-to-de converter. Ratings 
for CR3-CR6, and the 100-µF filter capacitor can 
be selected from data in the power-supply chapter. 

the design of the feedback circuit, must be 
sufficient to sustaln oscillation under full-load 
conditions. During no-load conditions, the feed
back voltage will reach its highest peak at the bases 
of Ql and Q2. Therefore, the transistors must be 
rated for whatever base-emitter reverse voltage that 
occurs during the cutoff perioc.l. Since the 
transistors must be able to handle whatever peak 
voltage occurs during the switching procesx, ii is 
wise to stay on the safe side. Chooie transi.~tors 
that have a Vceo rating of three or four times the 
supply voltage, keeping in mind that full) .:hargcd 
automobile batteries can deliver as much as 14 
volts. Heat sinks should be used on QI and Q2 to 
prevent damage from exressive heating. The larger 
the heat sink, the bette,. Under full-load 
conditions the tJansistors should only be slightly 
warm to the touch. If they are running hot, this 
will indicate inadequate heat sinking, too groat a 
secondary load, or too much feedback. Use only 
enough feedback to sustain oscillation under full 
loading, and to assure rapid staning under the same 
conditions. 

MOBI LE POWER SUPPLY FOR TRANSCEIV ERS 

Transceivers, s11ch H the llcath SB-102, and the 
Drake TR-4 require a separate power supply when 
oper.ited from l 2-volts de. AdditionaUy, linear 
amplifiers can be run from a separate de supply to 
allow increased power operation from relatively 
low-power llansceiven. The unit described here, 
when operated from 12-volls de, win deliver 
approximalely 900-volls de at 300 mA, 250-volts 
de at 200 mA, negative ISO-volts de at 40 mA, and 
an adjustable bias voltBge from 10 to I SO volts of 
de. 

The Circuit 

A common-emitter configuration is used with 
diodes to provide a return path for the feedback 

winding, a~ shown in Fig. 10-28. A!!Suming that 02 
conducts first, the base is driven negative by the 
feedback winding (connections 6 and 7 on Tl). 
CR 15 then conducts, thereby protecting the base 
of Ql. CR14 is back-biased to an open circuit 
when Q2 is conducting. When Tl saturates 
producing a square wave, the voltage at pins 6 and 
7 of Tl rever.;es turning on Ql. When Q2 conducts, 
current nows through the primary of T2 in one 
direction and as QI conducts, current nows 
through the primary of T2 In the other direction. 
This reversal of cunent in the primary of T2 
provides an alternating squaie-wave vollllge which 
is stepped up by the secondary winding. Full-wave 
rectification with cum:nt limiting ls used with each 
secondary winding-
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Fig. 10-27 - The heat sinks are mounted on an 
aluminum panel. When installing a power supply of 
this type, be sure to keep the heat sink fins in a 
vertical position to provide best air circulation. All 
of the filter capacitors are mounted in a row across 
the front of the chassis. RFC1 is located next to 
the transformer. Two sockets are mounted on the 
chassis side wall to accept an interconnecting cable 
from the transceiver. To the left of these sockets is 
the bias voltage adjustment control, R3. This 
model of the power supply was built by WBHS and 
assistance was given by WBDDO, W91WJ {of Delco 
Radio Corp.), and Jim Osborne (of Osborne 
Transformer CoJ. 

1000 " 
25 

CR1J 

,;v SOA ~KIA 
FROM - 0..--, 

BATTERY ~ 
TO ON-OFF 

SWITCH · 

Fig. 10-28 - Circuit diagram of the mobile power 
supply. Polarized capacitors ere electrolytic, others 
are paper or mica. Resistances ere in ohms. 
Component designations not listed below are for 
text reference. 

CR1-CR13, incl. - 1000.PRV, 1.5-A silicon diode 
(Mallory MR 2.5 A or equiv.). 

CR14, CR15 - SO-PAV, 3-A silicon diode (G.E. 
A15F). 

CR16, CR17 - 18-volt, 1-watt, Zener diode 
(Motorola 1 N47461. 
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The supply oscillates at about 1()00 Hz and 
audible noise is low. The main power to the supply 
is applied through KIB. KIA can be connected in 
parallel with the filament supply in the transceiver. 

Hash filtering is provided by RFCI and its 
associated bypass capacitors in the primary lead. 
Transient suppression is assured by CR 13, CR 16 
and CRI 7. Bkeder resistors arc used on each 
supply leg to provide a constant minimum load for 
the circuit. The supply can be operated without 
being (;Onnccted to its load without fear of 
damaging the diodt:s or transistors, although this is 
not considered good practice. Input and output 
connedors for interconnection to the battery and 
!he transceiver can be selected to meet the needs of 
the particular installation. 

Construction 

This circuit requires that the transistors be 
insulated from the heat sink. Suitable insulators are 
included with the devices.Silicone grease should be 
used to help conduct the heat away from the 
transistors. 

No attempt has been made to make the supply 
small. It is built on a 12 X 6 X 3-inch cha!!sis which 
allows plenty of room for the heavy conductors. 
The capacitors are mounted in a row along one side 

C.R1-CR4 

15K 
10W 

+900V 

25K 
20W 

25K 
20W 

25K 
20W 

+250V 

-,sov 

K 1 - Spst contactor relay. 60-A, 12-volt de coil 
(Potter and Brumfield MB3D). 

01, 02 - Delco 2N1523 transistor (substitutions 
not recommended). Delco insulator kits (No. 
7274633) are required. The heat sinks are 
Delco part No. 7281366. 

R3 - 100,000-ohm, 3-watt, linear-taper control. 
RFC1 - 20 turns, No. 10 enam. wire on a 1/4-inch 

dowel. 
Tl - Feedback transformer, 1000-Hz (Osborne 

6784). 
T2 - Hipersil transformer, 1000-Hz (Osborne 

21555). 
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of the chassis. The heat sinks, shown In the 
photograph, are mounted on a 1/8-inch-thick 
aluminum back plate. 

The leads from the battery to the n:lay, and 
from the relay to the transistors and Tl, should be 
No. 6 or No. 8 conductors. All ground leads should 
be connected to one point on the chassis. The 
wiring layout is uncritical and no other special 
precautions arc necessary. 
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Operation 

The power supply should be mounted as close 
to the battery tenninals as possible to minimize 
voltage drop. If the supply is llunk mounted, 
1/4-inch condocton should be used to connect It 
to the battery. A 30(holt tap is available on the 
secondary of T2. If the transciever requires more 
than 250 volts for proper operation, this tap can be 
used. 

AMATEUR RADIO AFLOAT 

Many amateu~ like to combine two hobbies 
. . radio and boating. While operating an amateur 

station from a boat is similar to other forms of 
portable operation, there arc a few important 
differences. For one thing, equipment mu~t be 
protected from occasional contact with itall water. 
Even in large boats with suitable cabins, it always 
seems an "accident" of some ~ort manages to 
occur. Someone handles a piece of equipment with 
wet hands or a hand-held transceiver is operated in 
an area of the boat subject lo spray and spume. 
The combination of salt, aiI and time then do a job 
that cxpcricna:d boatei-s might equate to the 
action of the most corrosi\le acid. 

Since portable equipment is the most likely to 
encounter such hazards, protecting this kind of 
gear with a plastic bag is one measure that can be 
taken as shown in the photograph. Insert the 
transceiver into a suitable bag and ~ecurely tic the 
top opening around the whip antenna. Usually, the 
controls can still be manipulated with only minor 
inconvenience. While the method isn't waterproof, 
it docs provide adequate protection for most 
purposes. 

Low-voltage connectors, especially those 
subject to the weather, may benefit from a liberal 
coaling of marine lube both in~idc and on the 
threads. (The same method is also useful for the 
sockets in trailer lights.) When possible, coaxial 

Small inverters such as this one produce a square
wave output and electronic equipment may have to 
be modified accordingly. 

Low<ost Insurance is provided by weatherproofing 
ponable gear In plastic ba115. Be sure to remove bag 
when taken ashore and discard bag. at fi~ sign of 
wear. 

cable should be looped so that a small section is 
abo11e the connection to the antenna. This will 
prevent water from running down inside the cable 
jacket after a period of time. 

Dc-to-uc inverter~ can be buil t and are available 
commercially, including n model that come~ in kit 
form. However, the output of such inverters is 
usually a square w-.ive. As a consequence, ~ome 
noise or buzz may occur in electronic equipment 
and additional filtering may be required. Also, even 
though the rms vollagc from a square-wave inverter 
is rated at the same value as an ordinary residential 
service, the peak values arc diffei-enL The peak 
voltage from a square wave is equal to the rms 
value while the peak voltage of a sine wave is 1. 707 
times the rms value. Since the output of most 
power supplies lies between the rms and peak 
value, a lower de output voltage may occur when 
an inverter is used. 

Mobile-like antennas such as whips are fre· 
quently employed at hf and the question arises of a 
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Unless you intend to go "First Class," as in this 
U.S. Navy patrol craft, be p repared for some tough 
technical problems (WB2VYU//MMR2 operates his 
5B-102 into a 28-foot whip and his "shack" would 
be the envy of many boaters). 

ground return for the rf currents. In the case of a 
metal boat , or an antenna with a high feed-point 
impedance (such as a half-wavelength vertical 
whip), the problem is simple and either a connec· 
lion to the metal boat or a short conductor 
immersed in the water should suffice. A piece of 
metal sheet fastened lo the bollom might be a 
~uitablc substitute for low-impedance types such as 
quarter-wavelength whips. If the sheet is large 
enough, paint and other coatings shouldn't cause ill 
effects since the capacitance between the plate and 
the water may be sufficient lo provide adequate 
coupling. 

Bands to Use 

In inost cases, excursions arc limited to a few 
miles offshore and vhf operation should prove 
sufficient in regards to activity and range . Since 
many boaters lend to favor a certain area , a check 
on the local repeater situation might be in order If 
continued operation in one region is the rule . On 
the other hand. bands such as IO meters are ideal if 
activity is sufficient. Getting antennas of electrical 
length such that efficiency is not n problem is 
relatively easy and "local" propagation on this 
hand i~ excellent especially over salt water. Ranges 
are extended by a considerable margin over prupa· 
gation distances on land. The lack of atmospheric 
noise and QRM means low power viould prove 
effective. 

Offshore cruising is ordinarily limited to l:irger 
cr.ifl . and the hf range from 40 meters might be 
~-onsidcred for this type of work. If 117 V ac , 60 
Hz. is available . fixed-station operation can be 
employed. Diesel engines have no ignition system 
in the normal sense and electrical noise should not 
be II problem. However , if 11n auxiliary gasoline 
generator i~ to supply the power, adequate noise
suppre~,ion measures should be In ken. 

If the power source consists of some other type 
than 117 V ac. 60 Hz, one might as well be 
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resigned to the fact conversion problems may be 
practically imurmountable. Rotary converters are 
large, heavy, expensive and inefficient. Solid-slate 
models arc good for only low-power application~ 
and ones ~uitable for high-power work are apt to 
be hard lo obtain. In addition, if operation from 
lead-acid storage batteries is contemplated, another 
difficulty exists. While such cells are useful in 
delivering large amounts of current for short 
periods of time. the voltage drop becomes severe 
with moderate loads over longer periods. This is 
because bubbles tend to form on the plates and 
temporarily increase the internal resistance of the 
cell . As a consequence. inverters and other solid 
state equipment do not function as efficiently 
since such gear is usually designed for a nomim1I 
voltage of 13 .8. Unfortunately , there are no easy 
solutions to this particular problem and plans in 
such matters as purchuing equipment should be 
made accordingly . 

Other u~es of Radio 

Even if amnteur operation from a small boat is 
not contemplated, there are other applications of 
radio that might be of interest. In many areas , 
continuous broadcast of weather is sent out over 
special fm stations on approximately 162.4 MHz. 
Receivers that cover this range could be built but 
they arc also readily available commercially a t low 
cost. The Coast Guard maintains a system of 
radio-direction-rinding sta lions in the If range. 
Location and frequency of these stat.ions are 
contained in chart~ nnd in lists published by the 
government. While such equipment is usually 
unnecessary for inshore excursions, having RDf 
equipment is handy for offshore trips. However, 
noise difficulties with gasoline engines arc apt to be 
a problem unle~s adequate suppression is 
employed. Since RDF gear is usually battery 
powered, the engine cnn be shut off while readings 
are taken. 

• .... I.O,.. ' __ .,..., 
14 litMt• l .... 
11•t• ...... ,.. 

Fig. 10-32 - A band-switched field-strength meter 
for tuning up the hf-band mobile antenna. It 
should be assembled in a metal box. In use, it 
should be placed several feet from the antenna 
under test. Cl is tuned fore peak meter reading et 
the operating frequency. It can be detuned for 
varying the sensitivity . 
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A BAND-SWITCHING FIELD-STRENGTH 
METER 

The cin:uit of Fig. 10-32 can be used for tuning 
the mobile antenna system to resonance. It covers 
a range from 1.8 to 30 MHz. A single toroidal 
inductor is used in the tuned citcult. The coil is 
tapped to provide band ~witching by meam of SI. 
Cl is tuned for a peak meter reading at the 
transmitter's output frequency. The unit should be 
hou~ed in a metal utility box. A banana jack can be 
used for attaching the short whip antenna. 

An Amidon Associates E-core, No. T-68-2, is 
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wound with SO turns of No. 26 enamel wire. It is 
tapped IO tum~ from ground for IS- and 10-meter 
use, l 8 tu ms from ground for 20 meters, and 36 
turns above ground for 40 meters. The entire SO 
turns are used for 80 and 160 meters. S2 adds a 
330-pl: capacitor for I 60-meter operation. SI can 
be a single wafer, single-pole, 5-position rotary 
switch of phenolic or ceramic insulation. S2 can be 
a spst slide switch. Cl is a Hammarlund HF-100 
capacitor, or equivalent. (Amidon cores can be 
obtained from Amidon Associates, 12033 Otsego 
St., N. Hollywood, CA 91607.) 

A DIRECT-CONVERSION KILOGRAM 

FOR 20 AND 40 METERS 

When portability, low current drain, and sim
plicity are required in a receiver, it is hard to beat 
the technique of direct oonversion. The unit 
described here covers the cw portion of both 20 
and 40 meten. As total power consumption is on 
the order of 0.6 watt, battery open1tlon is practi
cal. Packaged in an aluminum box only 6 x 7 x 3 
inches (IIWD), the receiver weigh~ in at about one 
kilogram (2.2 pounds) and tiU easily inside a 
suitcase. The receiver is de~gned lo be compatible 
with the low-power solid-state transmitter de5-
cribed in Chapter 6. 

Circuit ()yerview 

This approach to direct conversion uses an FET 
as a fixed-tuned rf amplifier, switchable between 
20 and 40 meters. An IC transistor array serves as 
the heart of a band-switched local oscillator. A 
differential amplifier IC functiom as a product 
detector. The audio channel uses an FET lo 
establish a low noise figure, followed by a high-gain 

wide-band IC amplifier. Audio selectivity is a• 
chieved through the use of a two-stage active filter. 
A signal strength indication is obtained through the 
use of an audio-derived S-meter circuit. 

Circuit Description 

QI operates as a grounded-gate rf amplifier. Cl, 
a front-panel mounted broadcast type variable 
capacitor, peaks the input of the stage for 40- or 
20-meter reception. The output of the stage is 
tuned to 20 meters by 1.3-Cl. One pole of Sl 
switches additional capacitance in parallel with CJ 
for 40-meter operation. L4 couples rf energy to the 
input of the product detector, UI. Local-oscillator 
injection is applied to pin 2 of Ul , the base of the 
internal constant-current source transistor. The 
local oscillator is built around a CA3046 IC 
transistor a1Tay, and is identical to the VFO used in 
the companion tranmtiller described in Chapter 6. 

The CAJ046 contains three independent NPN 
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Fig. 1 - Schemotlc dia• 
lflm of the direct-conver

sion receiver. Numbered 
rts In this diagram which 

re not listed below ara 10 
numbered for circu1t•boaf'd 
idenuficatlon end te,ct dis
cussion. Fixed-value resis• 
tors may be 1/2- or 1/4-
wett composition. Polar
ized capacitors are electro• 
lytlc. Fhced-value capacl• 
tors are diak ceramic, un
lest otherwlM Indicated. 

Cl - 365-pF miniature variable , 

+ -c11 
T1oc 

..+.,ov 

CJ, C4 - 6<>i>F trimmer (Erle 538-011 F-15-60 o 
equiv.) . 

C16, C17. C18, C19, C42, C43 - 1000-pF polysw• 
rene. 

C21 - 471>F NPO. 
C24 - three-teclion, 201)F-per-section variable, 

two MCt:ions used (J.W. Miller 1460 or similar) . 
CRl - Silicon diode. 
Jl - Phone Jack, 
J2 - Miniature phone Jock. 
J3, J4, J6 - Phono Jack. 
JS - S0-239 connector. 
L 1 - 2 turns small dlam1ter hookup wire over L2. 
L2 - 18 turns No. 22 enam. wound on Amidon 

T50-6 core (tap 4 tum1 above ground) . 
L3 - 25 tums No. 24 enam. wound on TS0-6 core. 
L4 - 6 turns small diameter hookup wire, center 

tapped, over LJ. 
LS - 3.0-7 .0 µH shielded variable inductor (J.W, 
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MIii« 9051 or equiv.) . 
LS - 1.6-3.0 µH shltlded varleble indu 

tor. (J.W. Miller 9050 or equiv.). 
Ml - 100 mlc.-oamPttrtt full seal 
01 , 02- MPF·102. 
03 - 2N2222 or equ iv, 
S1 - 4pdt slide switch (R11dlo Snack 

275-405). 
S2 - spdt toggle switch. 
TI - Miniature interstage transform-, 

20QO.ohm ct to 10,000 ohms (Radio 
Shack 273-1378). 

Ul - CA3028A. 
U2 - CA3046 or CAJ 
U3 - HEP C6010 or M 
U4 - Dual 741 op , 

276-038 or equiv.I. 
US - LM301 A op amp. 
U6 - CA3600E. 

5. 
C4010A. 
p (Rodio Shack 

VR1 - 8.2-volt, 1 ·watt Zener diode, 

)> 

C 
::;· 
m 
~ n 
0 
::I 
< m ... 
Ill 

6' 
::, 

;Ii; 

0 
CCI ... 
I» 
3 

w 
w 
"° 



340 

Fig. 2 - Inside view of the receiver. Most of the 
components are mounted on a 4- X 6-inch printed· 
circuit board. The rf amplifier and product de· 
tector components are grouped together et the 
upper left corner of the board, while the audio 
channel occupies the loft foreground. The VFO 
main-tuning capacitor, C24, is centered In the 
cabinet, and is positioned directly over the VFO. 
The S-meter amplifier circuitry is visible et the 
right. 

CA3046 have a rated FT of SSO MHz. R30, R37, 
and R45 are used to prevent vhf parasitic oscilla
tions from occurring. SIB may be used 10 ~lect 
either 40- or 20-meter output from the local 
oscillator, and SIC applies 12 volts de to the 
frequency doubler portion of the oscillator for 
20-meter operation. With the component value~ 
shown, the receiver covers 7.0 to 7.15 MHz and 
14.0 to 14.3 MHz. A miniature interstage trans
former, Tl, is used to couple the output of the 
product detector to the audio channel. Q2 func
tions a~ a moderate-gain, low-noise audio preampli
fier, which is followed by the integrated high-gain 
amplifier U3. Q3 has been included to allow for 
muling of the receiver during transmitting periods 
by the application of 12 volt~ de to R 19 (in series 
with the base of Q3) by means of a contact on the 
transmitter's T-R relay. This biases Q3 into con
duction and effectively breaks the circuit path 
between Q2 a.nd U3. A miniature pot is u5Cd at 
R45 , which serves as the af gain control The 
setting of R4S determine, the input level to 
U4A-U4B. A ~mall part of the output of U3 (taken 
off before lhe af gain conllol) is used to drive the 
S-meter circuitry. Audio selectivity for the receiver 
is provided by two cascaded active filter sections 
consisting of a dual 741 op amp, U4A-U4B, plus 
associated passive components. With the values 

MOBILE PORTABLE/ EMERGENCY 

shown in the schematic each individual filter 
51:ction will have a peak re ~ponse at 840 Hz and a 
bandwidth of 375 Hz (measured at 6 dB below 
peak respon!!C), When two sections are cascaded, a 
narrower filter with a bandwidth of 200 Hz results. 
It is advantageous to match the peak frequency 
response of each filter section closely by hand 
picking component values' to achieve optimum 
filler performance. Provi!lion is made for using 
either a broad or a narrow response by using S2 to 
switch the headphones to either the output of U4A 
or U4B, respectively. The active filter drives a pair 
of high-impedance headphones directly. Provision 
for monitoring the transmitter sidetone is included 
by introducing the tone into the audio channel 
beyond the muting tran~stor, Q3. The audio
derived S-meter circuit uses a single-stage audio 
filter. followed by a meter amplifier. The filter is 
similar to one section of the audio channel filter 
and is ne~ssuy to assure that the meter indication 
is a function of the signal being monitored and not 
the re~ulc of extraneous signals at the output of 
U3. Thus, lhe S-meler reading does nol vary with 
the setting of the af gain control, and does not 
operate while the s:idetone is being monitored. The 
oulpul of the S-meter filter drives a three-section 
integrated-circuit amplifier, U6. The rectified am
plifier output drives a 100 micorampcrc full-scale 
meter for the signal ~trength indication. Pc 
mounted pols are used at R52 and R60 for S-meter 
adjustment (sensitivity and zero). 

Construction 

Construction of the receiver is greatly simpli
fied by the use of an etched printed-circuit board 
for mounting most of the parts. A template is 
available from ARRL for SO cents and an s.a.s,e. 
The entire receiver lits on a 4- x 6-inch board. If 
no S-meter is desired, it is a simple matter to adjust 
the layout to fit on a 4- x 4-1 /2-iach board leaving 
out US, U6, and their associated components.~ 

1 Components plus a clttuit boazd for I.ho, 11udio 
filler may be obtained from MFJ Enterprises. P.O. 
Box 494. l\lllaslsgjppl State, MS 39762 

Fig. 3 - Front view of the direct-conversion 
receiver. The cabinet is homemade from two 
U-shaped pieces of .040-inch thick sheet alumi• 
num. The front panel Is painted banleship gray, 
and white "press-on" labels mark the function of 
the controls. 



A Direct-Conversion Kilogram 

photo-etch process was used to produce the orig
inal board although it may be duplicated by other 
methods as long as sufficient care is taken in the 
vicinity of the IC pins and other high-density areas 
of the pattern to avoid the appearance of un
wanted foil bridges. The prototype receiver was 
built on double-sided G-10 glass epoxy board, 
1/ 16-inch thick. The circuit pattern is etched on 
the bottom of the board while the top is lert as a 
continuous ground plane broken only where com
ponent leads project through the board. The 
ground plane is an aid lo stability and interstage 
isolation. An easy technique for removing the 
ground plane around the component leads (after 
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th.e bottom of the board has been drilled) is to use 
a large diameter drill (l/4-inch is satisfactory) and 
make a shaUow hole in the top side of the board at 
every lead location. This may be done by hand, or 
~ry carerully with a drill press.. The prototype 
receiver board was silver plated before component 
assembly, a step which while not required, makes 
soldering easier, and improves the appearance of 
the final product. Part of the key to building a 
compact receiver is the use of parts which are 
physically small. The use of small SO-volt disk 
ceramic capacitors can go a long way toward 
increasing packing density. Using miniature low
rnltage electrolytic capacitors, toroidal inductors, 

Fig. 4 - Parts placement and board layout tor the receiver . R34, C8 and C26 are mounted on the foil side. 
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and I /4-watt instead of 1 /2-wall resistors where 
applicable will make construction much easier for 
the builder of portable equipment. 

The placement of the front- and rear-panel
mounted parts is determined as much by symmetry 
a~ by lhe criterion of short leads. In the author\ 
receiver, the S-meter, controls for af and rf gain, 
the band switch, input trimmer capacitor, selecth·
ity switch, and the main tuning knob arc located 
on the front panel. The rear panel includes banana 
jacks for the J 2-volt de input, phono jacks for 
~detone and muting inputs from the transmitter, 
and a phone jack for headrhones. 1'01 operalin~ 
convenience, an SO-239 coax receptacle and 3 

female phone jack wired in parallel were used as 
an1cnna connectors. The VFO tuning capacitor, 
C:?4, is mounted on an aluminum bracket from the 
front panel lo achieve mechanical stability. Th~ 
capacitor drive is a modified imported vernier dial. 
The original escutcheon. calibrated 0-100, was 
replaced with a homemade plaslk dial. Fifty- ~nd 
25-kHz markers on the dial are made with thin 
bla..:k tape of the type usually used for printed
circuit artwork. The homemade U-shaped cabinet 
i~ spray painted with battleship gray enamel and 
white pressure-sensitive Jabeb were added 10 iden
tify the controls. The lop cover is painted flat 
black. Professional-looking front-panel knobs com
plete the mechanical assembly. 

MOBILE PORTABLE/EMERGENCY 

Initial Adjustment 

The local oscillator uiould be checked first for 
proper operation on 40 meters. With C24 almost 
fully meshed, LS may be adjusted with a non
metallic tool to set the output frequency to 7 .000 
MHz. A drop of melted wax will be sufficient to 
hold the slug in place. The frequency doubler 
portion of the loe11.I oscillator should be checked 
with an oscillo~copc. l.6 may be adjuskd to 
provide the cleanest 14-MHz waveform. A ~ignal 
generator and an oscilloscope may be used to 
verify that rhe audio channel is functioning. 
Assuming lhal parts tolerances were adhered lo 
closely, the audio filter width and center frequenL-y 
in both the broad and narrow positions should be 
comparable 10 the resullS mentioned above. Wilh 
the aid of a signal generator or a weak on-the-air 
signal, the front-end response should be peaked 
first on 20 meters by ?djusting Cl and C3, and 
then on 40 meters by adjusting Cl and C4. In 
a1:tual operation, CI is a front-panel control, an<l is 
tuned to the frequency band of in terest. After C3 
and C4 are set, ii should not be necessary lo repeak 
them. If the product detector is working correctly 
it should be possible to hook a pair of headphones 
to JI or J2 and make these adjustments by ear. 
The S-meter zero and sensitivity controls can be 
adjusted according lo operator preference. 

THE MINI-MISER'S DREAM RECEIVER 

A receiver that featured good performance with 
a modest outlay of building time and components 
appeared in lhe Forty-Fifth Edition of The Radio 
Amateur's Handbook. The original dcsign was tha t 
of Byron Goodman, WIDX, and incorporated 
vacuum tubes in the construction. 

This updated version by Doug DeMaw, WICER. 
utilizes the same principle of going directly into a 
mixer in the fronl end which is followed by a 
dmple crystal filler. Solid-stale construction is 
used throughout the design and audio output is 
sufficient lo drive a small speaker. This receive, 
,houl<l fill the need for a simple, compact unit 
where low curient drain is also a requirement. 

Ci rcuit Description 

There are some departure~ from the WIDX 
design, mainly lo minimize cost and package Kize. 

The major compromise wa~ the elimination of age 
and mullibantl coverage. There is ample room 
inside the cabinet of this receiver to accommodate 
one or two small converters for reception of bands 
other than 40 meters. This main frame is designed 
for 7- to 7 .175-MHz coverage. 

Fig. I shows an IC being used as lhe recdver 
front end - a CA3028A which is configured ai a 
balanced mixer. The input tuned circuit, Tl. is 
designed to match a SO-ohm antenna to the 
2000--0hm base-to-base impedance of rhe mixer IC'. 
The transformer is broadbanded in nature (300 
kHz al the 3-<IB points), and has a loaded Q of 23. 
This eliminates the need for a front-pane! peaking 
control - a cost-culling aid lo simplicity. 

The output tuned circuit, L1, is a bifilar-wound 
toroid which is tunell approximately to rcsonan1:c 
by means of a mica trimmer, C2. The actual ,ietting 
of C2 will depend upon the degree of i-f selectivity 
desired, and typically the point of resonance will 
not be exactly ac 3300.5. the i-f center frequenL-y. 

Goodman used a hair-lattice filter (two crystals) 
in his design, but this requires two crystals which 
are related properly in addition lo a B1-'O crystal. 
For this reuon, an older circuit was employed - a 
single crydal filler with a phasing capacitor, CJ. 
The latter approach provides reasonably good 
single-signal reL-cption (at least 30 dB rejection of 
the unwanted re~ponse), and assures much better 
performance than is pogsible with simpler direct
conversion receivers. 

A single i-f amplifier, U2. is used to provide up 
to 40 dB of gain. RI servei as a manual j.f gain 



Construction Notes 

control. and will completely cut off the signal 
output when set for minimum i-f gain. No audio 
gain control is used. T2 is designed to transform 
the 8000-ohm collector-to-collector impedance of 
U2 down to 500 ohms. and has a bandwidth of 
100 kHz. The loaded Q is 33. 

A two-diode product detector converts the i-f 
energy to audio. Bf-0 injt:ction voltage is obtained 
QY means of a crystal-controlkd oscillator, Q2. 
RFC2 and the J-µF bypass capacitor filter the rf, 
keeping it out of the audio line to U3. 

Audio-Output IC U3 contains a preamplifier 
and power-output system. It will deliver approx
imately 300 mW of af energy into an 8-ohm load. 
RFCS is used to prevent rf oscillations from 
occurring and being radiated to the front end and 
i-f system of the receiver. The 0.1-µF bypass at 
RFCS also helps prevent oscillations. 

A lhree-tt:rminal voltage regulator, VRl, sup
plies the required operating voltage to U3. It al so 
provides regulated voltage for the VFO and buffer 
stages of the local oscillator (Q2 and Q3). The 
latter consists of a stable series-tuned Clapp VFO 
and an emitter-follower buffer stage. A single
section pi network is placed between the emitter of 
Q3 and the injection terminal of U 1. It has a 
loaded Q of I, and serves as a filter for the VFO 
output energy. It is designed for a bilateral 
impedance of approximately 500 ohms. The re
commended injection-voltage level for a CA3028A 
mixer is I .5 rms. Good performance will result 
with as little as O .5 volt rms. A 1-volt level is 
available with tht: circuit shown in Fig. I. 

A red LED is used at DS I as an on-off 
indicator. Since it ~rves mainly as "window 
dressing," it need not be included in the circuit. 

Construction Notes 

Front panel, rear panel, side brackets, and 
chassis are made from double-sided circuit-board 
material. The chassis is an etched circuit board , the 
pattern for which is given in Fig. 2. There is no 
reason why the top and bottom covers for the 
receiver can not be made of the same material by 
~oldering six pieces of pc board together to form 
two U-shaped covers. 

The local oscillator is housed in a compartment 
made from pc-board sections. It measures (HWD) 
J-3/8 x 1-5/8 X 2-3/4 inches. A 1/4-inch high pc
board fence of the same width and depth is soldered 
to the bottom side of the pc board (opposite the top 
partition) lo attenuate rf energy from entering or 
leaving the local oscillator section of the receiver. 
Employment of the top and bottom shields stiffens 
the main pc board, and that helps prevent mechan
ical instability of the oscillator, which can result 
from stress on the main assembly. 

Silver plating has been applied to the main pc 
board, and lo the front and rear panels. This was 
done to enhance the appearance and discourage 
tarnishing of the copper. It i~ not a necessary step 
in building the receiver. The front panel has been 
. ,prayed with green paint, then baked for 30 
minute~ by means of a heat lamp. A coarse grnde 
of sandpaper was used to abrade the front panel 
before application of the paint. The technique will 
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Interior view of the receiver. The front end is ;:,t 
the lower right. The leads of U1 are bent to align 
with an 8-pin dual-in-line IC socket. The rim of the 
speaker is ,tack-soldered to the pc-board side wal I at 
two points. The 20-meter converter mounts on the 
rear wall inside the receiver (upper left earned. 

prevent the paint from coming off easily when the 
panel is bumped or scratched. Green Dymo tape 
labels are used to identify the panel controls. 

There is ample room inside the cabinet, along 
the rear inner panel surface, to install a small 
crystal-controlled converter for some other hf 
band. A switch, SI, is locat~d on the front panel to 
accommodate a planned 20-meter converter. A 
suitable circuit is given in Fig. 3. 

All of the toroidal inductors are coated several 
times with Q dope after they are installed in the 
circuit. The VFO coil is treated in a like manner. 
The polystyrene VFO capacitors should be ce
mented to the pc board after a circuit is tested. 
This will help prevent mechanical instability. 
Hobby cement or epoxy glue is OK for the job. 
Use only a drnp or two of cement at each capacitor 
- just enough to affix it to the pc board. 

Alignmenl and Operation 

The VFO should be aligned first. This can be 
done by attaching a frequency counter to pin 2 of 
UJ. Coverage should be from 3699.5 to 3874.5 
kHz for reception from 7 .0 to 7.175 MHz. Actual 
coverage may be more or less than the spread 
indicated. depending on the absolute values of the 
VFO capacitors and stray circuit inductance and 
capacitance, Greater coverag~ can be had by using 
a larger capacitance value at CS, the main tuning 
control. Those individuals interested only in 
phone-band coverage can align the VFO accord
tngly and change Y2 to 3400.8 kHz . 

Final tweaking is effected by attaching an 
antenna and peaking C 1, C2 and C4 for maximum 
signal response at 7085 kHz. To obtain the 
selectivity characteristics desired (within the ca-
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Fig. 1 - Schematic diagram of the 40-meter 
receiver. Fixed-value capacitors are chip or disk 
ceramic unless noted otherwise. Capacitors with 
polarity marked are electroly tic. S.M. indicates 
silver mica, and P is for polystyrene. Fixed-value 
resistors are 1 /4- or 1 /2-W composition. 
Cl, C2, C4 - 170- ta 600-pF mica trimmer (Arco 

4213). 
C3 - 10-pF subminiature trimmer. Ceramic or 

pc-mount air variable suitable. 
C5 - Miniature air variable, 30 pF maximum 

(Millen 25030E or similar). 
CR1-CR3, incl. - High-speed silicon switching 

diode. 
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J1, J3 - Single-hole-mount phano jack. 
J2 - Closed-circuit phone jack. 
Ll - Toroidal bifilar-wound inductor. L = 5.8 µH. 

8 turns No. 28 enam., bifilar wound on Amidon 
FT-37-61 ferrite core. Note polarity marks. 

L2 - Slug-tuned inductor (see text). 11 µH 
nominal. J. W. Miller 42A105CBI or equiv. Ou 
~ 125. 

L3 - Toroidal inductor, 17 µH, 19 turns No. 26 
enam. wire on Amidon FT-50-61 ferrite core. 

R 1 - 10,000-ohm miniature composition control, 
Ii near taper. 

RFC1, RFC2 - Miniature 1-mH rf choke (Millen 
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Pc Board 
J302-1000 or equiv.I . 

RFC3. RFC4 - Miniature 330.1,lH rf choke 
(Millen J302-330 or equiv.I. 

RFC5 - Miniature rf choke, 33 l,lH (Millen 
J302-33 or equiv.) . 

S1 - Miniature dpdt toggle. 
Tl - Toroidal transformer. Primary has 2 turns 

No. 24 enam. wire. Secondarv has 14 turns No. 
24 enam. wire on Amidon T-50-2 core. 

T2- Toroidal transformer. Primary hes 9 turns No. 
26 enam. wire on Amidon FT-37-61 core. 

ANT +12v 
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Secondary has 3 turns No. 26 enam. wire. 
Primary winding has center tap. 

U1 - RCA IC. Bend pins 10 fit 8-pin dual-in-line IC 
socket . 

U2. U3 - Motorola IC. 
VR1 - Three-terminal 8-volt regulator IC (Na

tional Semiconductor). 
Yl, Y2 - Surplus crystal In HC-6/U case or 

International Crystal Co. type GP with 32-pF 
load capacitance. 

T2 CT 

Fig . 2 - Foil-side scale pattern of the pc 
board . Circuit board is double-sided glass
epoxy material. Ground-plane copper 
should be removed directly opposite 02 
and related componenu (oscillator! for en 
area of 1-1/2 X 1-1/2 inches. Remove copper 

s in similar manner on ground-plane side of 
board opp0$ile L1, C3 and Y1 11 X 1-1/4 

1 inch areal. Removal of foil will prevent un
wanted capacitive effects in those critical 
parts of the circuit . Ground-plane side of 
board should be electrically common to the 
ground foils on opposite side of board et 
several points. 
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Fig. 3 - Schematic diagram of the 20-meter 
converter. Fixed-value capaciton; are disk ceramic 
unless noted otherwise. Resistors ere 1 /4- or 1 /2-W 
composition. Rough pc template and layout avail
able for 251i and an s.a.s.e. 
C6, C7 - 40~F subminiature ceramic trimmer. 
J4 - Single-hole-mount phono jack on rear panel 

of main receiver. 
L4 - Toroidal inductor. 12 turns No. 26 enam. 

wire on Amidon FT-37-61 core. L c 8 _µH . 
L5 -Toroidal inductor. 24 turns No . 26 anam. 

pability of the circuit), adjust C2 and C3 exper
imcntnll)'. C2 will provide the major effect. C3 
should be set for minimum re~ponse on the 
unwanted side of zero beat. A fairly strong signal 
will he needed to hear the unwanted response. 

For reception of lower sideband , it will be 
necessary to use a different llFO frequency -
3400.5 kHz. The crystal indicated In Fig. I was 
used bccau5C it was the only one available at the 
time of construction. Those wi~hing to shift the 
81-'0 frequency a few hundred Hz can place a 
trimmer in ~rtes with Y2 rather than use the 
100-pf- capacitor shown. 

Because there is no age in this receiver, the i-f gain 
should be set low, for comfortable li.,tcning. Too 
much gain will cause the audio circuit to be over
driven, and di~tortion will resul1. To prevent car
split LinJl signal levels, one can in~tall a pair or 1 N34 A 
diodes Chuck to back) across the output jack, J2. 

Bits and Pieces 

The photograph shows some fancy looking com
ponents on the circuit board. Tantalum capacitors 
arc seen where electrolytics arc indicated on the 
diagram. Either type will work nicely. Tantalums 
were round at a flea market for 10 cents each, so 
they were used. Similarly , the 0.1-µFcapacitors used 
are the high-class kind (Aerovox CK0SBX), which 
~ell for roughly 70 cents each . Mylar or disk ceramic 
0.l -~F units will be fine as substitute~. 

The polystyrene capacitors were obtained rrom 
Radio Shack in an assortment pack. New units are 
made by Centralab, and they sell for leu than 20 
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wire on Amidon T-50-6 core. L = 2.4 µH. 
04 - RCA transistor. 
05 - Motorola transistor, MPF102, 2N4416, or 

HEP 802. 
T3 - Toroidal transformer, 1 0: 1 turns ratio. L s 

1 .85 µH . Pri . has 2 turns No. 26 enam. wire. 
Sec. contains 21 turns No. 26 enam. wire on 
Amidon T-50-6 core. 

Y3 - 21.176-MHz fundamental crystal in HC-18/U 
case (International Crystlll Co. type GP with 
32-pF load capacitance). 

cents each in single lots . Since they are more ~,able 
than silver micas . they are recommended for the 
VFO circuit . 

All of the toroid cores were purchased by mail 
fiom Amidon As~ociates. A J . W. Mil!cr42-series coil 
is used in the VFO, but any slug-tuned ceramic form 
can be used if it has good high-frequency core mate
rial. The unloaded Q of the inductor should be at 
least 150 at 3.5 MHz. L2 in this design has 3/8-inch 
diameter body. The winding area is S/8 inch long. 

The metal cases of both crystals should be 
connected to ground by means of short length s or 
wire. This will prevent unwanted radiation from 
the BFO crystal . and will help keep tlll' filter 
ciystal from picking LIi' stray energy. A metal cover 
should be placed on the VFO compartment for 
reasons of isolation. 

James Millen encapsulated rf chokes are used in 
the receiver. Any subminiature choke of the approx
imate inductance indicated will be suitable and it 
need not be encapsulated. The VFO tuning capaciror 
is also a Millen part. Ample room exists between the 
VFO box and the front panel to allow making the 
box longer. That wiU permit use of a larger variable 
capacitor. A douhle-bcaring capacitor is recom
mended forbcsl mechanical stability of the Vl-'O. 

The i-f system :ind BFO can be tailored to 
frequencies other than those indicated. The VFO, 
mixer, and i-f amplifier tuned circuits will have lo 
be altered accordingly, if crystals of other fre
quencies in the 2- to 3-~Hz range are chosen. 

Performance of this receiver is quite good. A 
0.1-µV signal from ij generator is plainly audible . 
No hum or dhtortion is heard in the output of the 
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receiver al normal listening levds. VFO drift is 45 
Hz from a cold start to stabilization, and strong 
signals do not pull the oscillator. 

Extremely strong local signah (1000 µV or 
greater) will ~use de.sensitization of the receiver 
when they appear off frequency from where the 
operator is listening. Under ordinary conditions 
this will nol be a problem. At some sacrifice in 
noise figure and sensitivity, those living in areas 
where other amateurs are nearby can modify TI to 
aid the situation.Cl should remain across all of the 
TI secondary, and a 2200-ohm resi stor ~hould be 
connected across CI. Pins I and .5 of U l !J!ould he 
connected to two turns each side of the center tap 
of the secondary. This will require cutting the pc 
board elements to divorce pins I and 5 from Cl. 
This design trade-off is quite acceptahle at 40 
meters, as the atmospheric noise level will mask the 
reduction in receiver noise performance . With the 
circuit .:hange there was no de~ensing evident 

347 
below approximately 8000 µV. 

Age could be used in this receiver by applying the 
audio-<lerived "hang" type used by Goodman in his 
Handbook design. If the featwe was adopted, agc 
voltage would be applied to pin 5 of U2 and the 
manual gain control would be eliminated. In mch a 
case, it would be nece.~sary to add an af gain control 
between the product detector and U3. It should be 
remembered that minimum gain results when 13 
volts arc applied to pin .5 of U2. The lower the 
voltage at that point, the greater the ~ain. 

This Mini Miser's Dream may be just what 
you've been wanting for that next camping trip. 
Since it measures only 2·5 /8 X 4-3/ 4 X 5 inches, it 
should fil easily into a rucks.ick. along with a 
battery pack (maximum current is 120 mA). Or, 
maybe you're trying to get that code spet:d peaked 
for a higher license cla,s. If'°• thi, little fella might 
be the right size for the night stand by the bed -
assumin11 the XYL doesn't object' 

A SOLID STATE RECEIVER FOR PORTABLE USE 

Tltis design is based on the series Learning to 
Work With Semiconductors in April through Sep
tember QST, 1974. The model shov,n here uses 
printed-circuit construction and slight alteration of 
components in the rf and mixer stages. Converters 
for the higher I.Jan ds are also fca tu red. 

Circuitry 

Toroids are used at the inputs of both the rf 
and mixer stages of the main receiver. Alignment 
and tracking problems are eliminated by winding 
an equal number of turns on L2 and L3 and using a 
dual capacitor (variable) with the same maximum 
capacitance in each section. The Miller unit speci
fied here ha_~ sections of 170 pf and 365 pF. Plates 
must be removed from the 365 pF section to bring 
it down to 1 70 pF. Actually any dual capacitor 
above 100 pF will ~ufficc as long as each section 
has approximately the same value_ Be sure leads to 
CI A and CI B are kept short and at right angles to 
each other to prevent unwanted coupling. If 
in§tability becomes a problem, the gain of QI 
should be reduced by lowering the bias voltage on 
gate 2, 

In the original design, a single-gate FET was 
used for the mixer. Unfortunately, pulling of the 
VFO on strong signals was experienced. A dual
gate MOSFET is used here; isolation between gates 
I and 2 is 40 dB. 

The output of the mixer is fed to a Miller 
crystal filter/ i-f transformer. At the cost of reduced 
selectivity, the yellow core i-f transformer u~ed for 
the Hl-"O circuit could be directly substituted. 

The Vl-'O should tune from 3950 kHz to 4455 
kHz which corresponds to a rnceive frequency of 
3500 kHz to 4000 kHz with an i-fof455 kHz. To 
assure undistorted output from the VFO, the de 
collector voltage should be one half of the supply 
voltage (6 volts). Some adjustment of the 8200-
ohm resistor at the base of Q4 may be required.. 

The BFO circuit was selected because it lend.~ 
itself to an inexpensive i-f tr.insformcr fm the 
tuning coil. Be sure to wire the coil as shown here 

[exactly I.he opposite as done in the QST version), 
otherwise the windings will be out of phase and the 
unit will not oscillate. The coupling capacitor in 
the output of the BFO should not be larger than 
68 pF. In some cases thi~ value may have lo be 
reduced to provide stable operation. 

The audio amplifier is capable of a voltage gain 
of I 00 which should easily drive a high-impeclance 
headset. The 100-µF capacitor and I 00-ohm re
;istor in the B+ line form a decoupling network to 
prevent audio Feedback to the detector (motar
hoating and howl). 

Converter Section 

The converter circuit for covering the higher 
amateur band.<! is simple yet effective. The oscil
lator coil ( L5) should be adjusted to the frequency 
,pccificd in the Table (listening for the note on a 
general-coverage re~eiver). The input and output 
coils arc adjusted for maximum gain on a signal 
heard at the middle of the band. On 40 meters 
receiver tuning is backwards. On the dial, 7 MHz. 
·Nill read 4 MHz and 7.5 MHz will read 3.5 MHz_ 
The other hands will tune normaUy (the lower end 
is at 3.5 MHz). 
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Fig. 1 - Circuit diagram of 80-15 meter receiver. 
RAsistnrs lire 1 /4- or 1 /2-watt composition, Unless 
otherwise specified capacitors are disc ceramic. 
Capacitors marked with polarity are electrolytic. 
Cl, C2, CJ - See converter coil/capacitor table. 
C4 - Dual 170-pF air variable. (J. W. Miller 

555-27, see textl. 
CS - 140 pF variable (Radio Shack 273-1344, 365 

pF with 6 plates removed from the rotor). 
L 1, L2, L4 - See converter coil/capecitor table. 
L3 - 19,5 µH (J. W. Miller 46A225CPC). 
LS - 4 turns No. 30 wire over LG. 
L6, L7 - 70 turns of No. 30 enam wire over 

Amidon T-80-2 core tapped 47 turns from the 
cold end. 

LB - 2.42 ,uH - 2.96 µH {J. W, Miller 
46A276CPC). 

L9 - 6 µH; 4B turns No. 30 enam. wire clos&
wound on 1/4-inch dia. form, Wooden or 
polvstyrene rod suitable for form. 

01, 03, 04 - 40673 RCA dual-gate MOSFET. 

02-- MPF102 or HEP802. 
as, as, 09 - 2N-112-1 or H EP53. 
07, 08, 010 - 2N3641, HEP736, 2N2222, 

2N4124, or HEP53. 
011 - 2N4126 or HEP57. 
RFC1 - 1000 µH (Millen J302-1000). 
Tl - 455 kHz i-f transformer/filter IJ.W. Miller 

8814). 
T2 - Miniature 455 kHz i-f transformer (Radio 

Shack 273-1383; use white core). 
T3 - Miniature 455 kHz i-f transformer (Radio 

Shack 273-1383; use vellow core). 
T4 - Miniature audio transformer 10,000-ohm 

primary to 2000-ohm secondarv (Radio Shack 
273-1378, or Calectro D1-711 ). 

TS - 18 Vee, 2-ampere transformer I Poly Paks). 
U1 - 50 PAV rectifier bridge. 
U2 - Voltage regulator (National Semiconductor 

LM3407-12 or Motorola MC7812CP). 
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Construction 

Five circuit boanh are used allowing the builde1 
to test each one separately if desired. This method 
also permits the builde1 to easily modify or redo a 
portion of the circuit. The VFO board is enclosed 
on all four sides by soldering pc material to its 
edges. The en tire assembly is then fastened to the 

MOBILE PORTABLE/EMERGENCY 

Top view of the basic receiver. The power supply is 
shown at the lower right. One of the converter 
boards is mounted at the top left. 

main chassis with spade bolt!>. The tuning dial 
consists of an inexpensive vernier drive with the 
9-100 faceplate removed. It is replaced by a plastic 
dial which has 25-kHz increments. 

Alignment and Use 

Fully mesh the VFO capacitor plates and tune 
L4 until a note is heard at 3950 kHz on another 
receiver. This sets the VFO 455 kHz above the 
receiver tuned frequency. Then connect an antenna 
and tune the i-f and BFO coils for maximum noise 
in the headphones. Do likewise with the audio bias 
adjustment. Tune in a signal and peak the pre
selector control on the front panel. The BFO coil 
in conjunction with the main tuning dfal should be 
set for best reception of ssb or cw signals. The rf 
attcnuatm control should be used to reduce the 
receiver gain to prevent distortion and overloading 
by very strong signals. 

Converter Coil and Capacitor Table 

Band Li L2 Cl l4 C2 Cl Oscillator 
Frequency 

40 Meters 7 turns over 12 13.2 µH-16.S µH 
Miller 46A155 CPC 

25 pF 2.42µH-2.96 11H 
Miller 46A276CPC 

220 pF 150 pF 11 MHz 

20 Meters 3 turns over L2 6.1 µH-7.5 µH 
Miller 46A686CPC 

I 5 pF 2.42 µH-2.96 µH 220 pF 150 pF 10.S MHz 
Miller 46A 276CPC 

15 Meters 3 turns over L2 3.5 µH-4.27 µH 
Miller 46A396CPC 

10 pF 1.42 µH-1.58 11H 100 pF 100 pF 7.5 MHz 
Miller 46A l 56CPC 

A TRANSMATCH FOR QRP RIGS 
This equipment permits matching low-power 

(five watts) transmitters to a wide 1ange of 
impedances encountered when using random
length, single-wile antennas of the type common to 
portable and emergency operation. The unit will 
also match the transmitter to any coax line 
regardless of the mismatch reflected from the 
antenna to the feed end of the line. 

Exterior view of the OAP Transmatch. The cabinet 
is homemade from solid sheet and perforated 
aluminum stock, The two controls at the far left 
are 365-pF variables, as is the one at the lower left 
of the Simpson meter. At the upper left of the 
merer is the 11ariable-i nductance control. Directly 
under the mell!r is the meter-sensitivity potentiom
eter. The bridge function switch is visible ar the 
upper right of the panel. Kur2-Kasch aluminum 
knobs are used on the control•. 

Construction 

The use of separate capacitors at CI and C2, 
Fig. 1, requires slightly more manipulation during 
tune-up than would be the case with ganged 
capacitors, but once ball-park settings arc found 



A QRP Rig Transmatch 

Interior view of the Transmatch. The three variable 
capacitors are grouped at the right. Note that two 
of them are mounted on insulating board. Just to 
the right of the meter one can see the inductance 
switch on which three toroids and one air-wound 
coil are mounted. The resistance br idge and func
tion switch are located at the far left of the chassis. 

for each operating band it is a simple matter to log 
them for future use. C2 and C3 must be mounted 
so that their rotor and stator sections are above 
chassis ground. This is accomplished easily by 
assembling them on a small piece of phenolic 
insulating board and using insulating shaft couplers 
(Allied Electronics No. 920-0120). 

Three small toroidal inductors and one air
wound coil comprise the variable-inductor leg of 
the circuit, LI-L4, inclusive, and S2. With the 
consl.lnts specified for the circuit of Fig. I the 
tune1 will give good performance from 80 through 
10 meters. S 2 is a low-cost imported component. 

M 1 can be any 1-mA instrument. A Simpson 
No. 2121 i~ shown in the photos, but may be a 
trifle too dear in terms of cost for those wishing to 
do the job at minimum investment. Many imported 
meters (Radio Shack No. 22-018 for one) can be 
purchased at a fraction of the cost common to 
high-quality American made instruments. 

SL, in the unit pictured, is a double-pole, 
four-position, two-section ceramic wafer switch of 
the subminiature species. A piece of double-clad p<.: 
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Fig. 1 - Schematic diagram of the Transmatch . 
Fixed-value capacitors are desk ceramic. Fixed
value resistors are composition types. 
C1-C3, incl. - Miniature 365-pF variable (Archer/ 

RadioShack No. 272-1341 or equiv.). 
CR1 - High-speed silicon diode, 1N914 or equiv. 
Jl, J2 - Phono connector, single-hole chassis 

mount. 
J3, J4 - S0-239 style coax connector. 
L 1 - 15 turns No. 24 enam. wire, close-wound on 

1/4-inch ID fo rm. Remove form after winding. 
L2 - 28 t1.1rns No. 24 enam. wire on Amidon 

T-50-6 toroid core. Tap 7 turns from each end. 
L3 - 27 t1.1rns No. 24 enam. wire on Amidon 

T-50-2 toroid core. Tap at 5, 10 and 15 turns 
from L2 end. 
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board is visible between the wafer sections. It was 
added to function as an rf shield between the two 
section~ of SI, thereby helping to isolate the input 
and output ports of the resistance bridge. Any 
shorting-type double-pole, three-position switch 
should be suitable, ceramic or phenolic insulation. 
SJ and S2 are the shorting variety, thus preventing 
momentary no-load conditions from being seen by 
the transmitter. The package dimensions are 7-1 / 2 
x 2-3/4 x 2-3/4 inches (18 x 6-1/2 x 6-1/2 cm).A 
cover was made from a section of surplus per
forated-aluminum stock. Solid aluminum stock 
would be just as good. In fact, the entire enclosure 
could be constructed from galvanized furnace 
ducting, often available in scrap sizes from furnace 
repaiI shops. Rf shielding is not imperative when 
building housings for Transmatches. 

S 2 POSITIONS 
INDUCTANCE (,.H) 

1 ·O.S S-4.0 10-11 .0 
2-1,0 8-4 ,S 11-12 .ll 
S-2.S 7-ll.S 12-17.0 
4 - 3 .S 8 - 9.0 

L4 - 26 turns No. 24 enam. wire on Amidon 
. T-68-2 toroid core. Tap at 6. 12 and 18 turns 
from L3 end. 

Ml - 0- to 1-mA de meter, 1·1 /2 inches square. 
See text. 

R1-R3, incl. - 51 -ohm, 2-wBtt, 5-percent tol
erance. 

R4 - Miniature 10,000-ohm control, audio or 
linear taper suitable. 

S1 - Two-pole, three-position, shoning-type 
rotary wafer switch. See text. 

S2 - Single-pole, 12-position, rotary wafer switch, 
shorting type ( Radio Shack No. 277-1385 or 
Calectro No. E-2-162). 



CHAPTER 11 

Code Transmission 
Keying a transmitter properly involves much 

more th11n merely turning it on and off with a fast 
manually operated switch (the key). If the output 
ls permitted to go from zero to full instantaneously 
(zero "rise" time), side frequencies, or key clicks, 
will be generated for many kilohertz either side of 
the transmitter frequency, at the instant the key is 
closed. Similarly, if the output drops from full lo 
zero instantaneously (zero "decay" time), side 
frequencies will be generated at the instant of 
opening the key. The amplitude of the side-fre
quem:y energy decreases with the frequency sepa
ration from the t:ransmi tier frequency. To avoid 
key .:licks and thus to comply with the FCC 
regulations covering spurious radiations, the trans
mitter output must be "shaped" to provide finite 
rise and decay times for the envelope. l11e longer 
the rise and decay times, the less will be the 
side-frequency energy and extent. 

Since the FCC regulations require that 
" . . . the frequency of the emitted wave shall be 
as constant as the state of the art permits," there 
should be no appreciable change in the transmitter 
frequency while energy is being radiated. A slow 
change in frequency is called a frequency drift; it is 
usually the result of thermal effects on the 
oscillator. A fast frequency change, ob,ervable 
during each dir or dah of the transmission, is called 
D chirp. Chirp is usually caused by a nonconslant 
load on the oscillator or by de voltage chanl!l!s on 

A 

B 

C 

Fig. 11-1 - Typical oscilloscope displays of a code 
transmi ner_ The rectangular-shaped dots or dashes 
tAI have serious key clicks extending many kHz 
either side of the transmitter frequency. Using 
proper shaping circuits increases the rise and decay 
times 10 give signals with the envelope form of B. 
This signal would have practically no key clicks. 
Carrying the shaping process too far, as in C, 
results in a signal that is too "soft" and is not quite 
as easy to copy as 8. 

Oscil loscope displays of this type are obtained 
by coupling the transmitter rf to the vertical plates 
end using a slow sweep speed synchronized to the 
dot speed of an automatic key. 

the oscillator during the keying cycle. Chirp may 
or may not be accompanied by drift_ 

If the transmitter output is not reduced to zero 
when the key is up, a backwave (sometimes called 
a "spacing wave") will be radiated_ A backwavc is 
objectionable to the receiving operator if it is 
readily apparent; it makes the signal slightly harder 
to copy. However, a slight backwavc, 40 dB or 
more below the key-down signal, will be discern
ible only when the signal-to-noise ratio is quite 
high. Some operJto111 listening in the shack to their 
own signals llJld hearing a backwave think that the 
backwave can be heard on the air. It isn't necessar
ily so, and the best way to check is with 11n 

amateur a mile or so oway. If he doesn't find the 
backwave objectionable on the S9+ signal, you can 
be sure that i1 won't be when the signal is weaker. 

When any circuit carrying de or ac is closed or 
opened, the ~mall or large spark (depending upon 
the vollagc and current) generates rf during the 
instant of make or break. This rf click cover.. a 
frequency range of many megahertz_ When a 
IIansmitter is keyed, the spark at the key (and 
relay, if one is used) causes a click in the receiver. 
This click has no effect on the rransmirted signal. 
Since it occur.1 at the same time that a click (if 
any) appears on the tran~mitter output, it must be 
eliminated if one is to listen critically to his own 
sigrnil within the shack. A smllll rf filter is requirl.!d 
at the contacu of the key ( and relay); typical 
circuits and values arc shown in Fig_ 11-2. To 
check the elTcctivene!ls of the rf filter, listen on a 
band lower in frequency than the one the transmit
ter is tuned to, with a short receiving antenna and 
the receiver gain backed off. 

Whal Transmitter Stage To Key 

A satisfactory code signal, free from chirp and 
key clicks, i:an be amplified by a li11ear amplifier 
without affecting the keying characteristics in any 
way. If, howevl.!r, the satisfactory signal is ampli
fied by one or more nonlinear stages (e.g., a Class C 
multiplier or amplifier), the signal envelope will be 
modified. The rise and decay times will be decreas
ed, possibly introducing significant key elides that 
were not present on the signal before amplifica
tion_ It is possible lo compensate for the effect by 
using longi:r·lhan-normal rise and decay times in 
I.be excitation and letting the amplifier(s) modify 
the signal to an acceptable one. 

Many two-, three- and even four-stage VFO
controllcd transmi tiers are incapable of chirp-free 
output-amplifier keying because keying the output 
stage has an cffei.:t on the oscillator frequency and 
"pulls" it, Keying the amplifier presents a variable 
load to its driver stage, which in tum is felt as a 
variable load on the previous stage, and so on back 
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Transmitter Keying 

B 

Fig. 11-2 - Typical filter circuits to apply at the 
key land relay, if used! to minimize rf clicks. The 
simplest circuit (Al is a small capacitor mounted at 
the key. If this proves insufficient, an rf choke can 
be added to the ungrounded lead (Bl. The value of 
C1 is .001 to .01 µF; RFC1 can be 0.5 to 2.5 mH, 
with a current;:arrying ability sufficient for the 
current In the keyed circuit. In difficult cases 
another small capacitor may be required on the 
other side of the rf choke. In al I cases the rf fi I tar 
should be mounted right at the key or relay 
terminals; sometimes the filter can be concealed 
under the key. When cathode or center-tap keying 
is used, the resistance of the rf choke or chokes 
will add cathode bias to the keyed stage, and in 
this case a high-current low-resistance choke mey 
be required, or compensating reduction of the 
grld ~eak bias {if it Is used) may be needed. 
Shielded wire or coaxial cable makes a good keying 
lead. 

A visible spark on "make" can often be reduced 
by the addition of a small ( 10 to 100 ohms! 
resistor in series with Cl (inserted at point ",c"). 
Too high a value of resistance reduces the arc-1up
pressing effect on "break." 

to the oscillator. Chance~ of pulling are especially 
high when the oscillator Is on the same frequency 
a~ the keyed output stage, but frequency multipli
cation is no guarantee against pulling. Another 
~ource of reaction is the variation in oscillator 
supply voltage under keying conditions, bul this 
can usually be handled by stabilizing the oscillator 
rupply with a VR tube. If the objective is n 
completely chirp-free transmitter, the first step is 
to make sure that keying the amplifier stage (or 
.,!ages) has no effect on the frequency. Thi~ can be 
checked by listening on the oscillator frequency 
while the amplifier ~!age is keyed. Listen for chirp 
on either side of zero beat, to eliminate the 
po.,;~ibility of a chirpy receiver (caused by line
voltage changes or BFO pulling). 

An amplifier can be keyed by any method that 
reduces the output to zero. Neutralized st.ages can 
be keyed in the cnthode circuit, although where 
powe~ over SO or 7S watts arc involved it is often 
desirable to use a keying relay 01 vacuum tube 
keyer, 10 minimize the chances for electrical shock. 
Tube keying drops the supply voltages and adds 
cathode bias, points to be considered where maxi
mum output is required. Blocked-grid keying is 
applicable to many neutralized stages, but ii 
presents problems in high-powered amplifiers and 
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requires a source of negative voltage. Output stages 
that aren't neutralized, such as many of the 
tetrodes and pcntodes in widespread use, will 
usually leak a little and show ~ome backwave 
regardless of how !hey are keyed. In a case like this 
it may be necessary to key two stages 10 eliminate 
backwave. They can be keyed in the cathodes, with 
blocked-grid keying, or in the screens. When screen 
keying is used, it is not always sufficient to reduce 
the screen voltage to zero; it may have to be taken 
to some negative value to bring the key-up plate 
current to zero, unless fixed negative conlrol~d 
bias is used. It should be apparent thnt where two 
!!ages a.re keyed, keying the earlier stage must have 
no effect on the oscillator frequency if completely 
chirp-free output is the goal 

B 

Fig. 11-3 - The basic cathode IA) and center-tap 
(31 keying circuits. In either case C1 Is the rf 
return to ground, shunted by a larger capacitor, 
C2, for shaping. Voltage ratings at lean equal to 
the cutoff voltage of the tube are required. T1 is 
the normal filament transformer. C1 and C3 can be 
about .01 µF. 

The shaping of the signal is controlled by the 
values of R2 and C2. Increased capacitance at C2 
will make the signal softer on break: increased 
resistance at R2 will make the signal softer on 
make . 

Values at C2 will range from 0.5 to 10 µF, 
dlpending upon the tube type and operating 
conditions. The value of R2 will also vary with 
tube type and conditions, and may range from a 
few to one hundred ohms. When tetrodes or 
pentodes are keyed in this manner, a smaller value 
can sometimes be used at C2 if the screen-voltage 
supply is fixed and not obtained from the plate 
supply through a dropping resistor. II the resistor 
d~creases the output (by adding too much cathode 
bias) the value of R1 should be reduced. 

Oscillators keyed in the cathode can't be 
softened on break indefinitely by increasing the 
value of C2 because the grid-<:ira.iit time constant 
enters into the action, 

■ 
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Fig. 11-4 - The basic circuit for blocked-grid 
keying is shown et A. R1 is the normal grid ll!ak, 
and thl! blocking 11oltage must be at least several 
times the normal grid bias. The click on make can 
be reduced by making C1 larger, end the click on 
break can be reduced by making R2 larger. Usually 
the 11alue of R2 will be 5 to 20 times the resistance 
of R1. The power supply current requlreme,t 
depends upon the value of R2, since closing the 
key circuit places R2 across the blocking voltage 
supply, 

An allied circuit is the vacuum-tube keyer of B. 
The tube V1 Is connected in the cathode circuit ;:if 
the stage 10 be keyed. The 11alues of Cl, R1 and R2 
determine the keying envelope in the same way 
that they do for blocked-grid keying. Values to 
start with might be 0.47 megohm for R 1, 4.7 
megohms for R2 and .004 7 µ.F for C1. 

The blocking voltage supply must deliver se11-
eral hundred volts, but the current drain is very 
low. A 6Y6 or other low plare;esistance tube is 
suitable for V1. To increase the curren1-c11rryi,g 
ability of a tube keyer. several tubas can be 
connected in parallel. 

A vacuum-tube keyer adds cathode bias and 
drops the supply voltages to the keyed stage and 
will reduce the output of the stage . In oscillator 
keyi ng it may be impossible to use a VT keyer 
without changing the oscillator de grid return from 
ground to cathode. 

Shaping of the keying is obtained in several 
ways. Vacuum-tube kcyen, blocked-grid lllld cath
ode-keyed systems get suitable shaping with proper 
choice of resistor and capacitor values, while 
screen-grid keying can be shaped by using induc
tors or resistors and capacitors. Sample circuits are 
shown in Figs. 11-3, 11-4, and 11 ·5, together with 
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Fig. 11-5 - When the driver-stage plate voltage is 
roughly the same as the screen voltage of a tetrode 
final amplifier, combined screen and driver keying 
is an excellent syuem. The envelope shaping is 
determined by the values of L 1, C4, and R3, 
althou9h the rf bypass capacitors C1, C2 and C3 
also have a slight effect. R 1 serves as en excitation 
control for the final amplifier, by controlling the 
screen voltage of the drilll!r stage. If a triode driver 
is used, its plate voltage c.an be varied for excitation 
control. 

The inductor L 1 will not be too critical, and 
the secondary of a spare filament transformer can 
be used if a low-inductance choke is not available. 
The values of C4 and R3 will depend upon the 
inductance ond the voltage end current levels, but 
good starting values are 0.1 µ.F end 50 ohms. 

To minimize the possibility of electrical shock, 
it is recommended that a keying relay be used in 
this circuit, since both sides of the circuit are 
"hot." As. in any transmitter, the signal will be 
chirp-free only if keying the driver stage has no 
effect on the oscillator frequency. (The Sigma 
41 FZ-35-ACS-SI L 6-volt ac relay Is well-suited for 
keying applications.) .., 

instnJclions for their adjustment. There i5 no 
"best" adju~tmcnt, ~ince this is a matter of 
personal prererence and what you want your signal 
to sound like. Most operator.; seem lo like the 
mal<e to be heavier than the break. All of the 
cin:uils mown here are capable of a wide range of 
adjustment. 

If the negative rupply in a grid-block keyed 
st.age fails, the tube will draw excessive key-up 
current. To protect against tube damage in this 
eventuality, an overload relay can be used or, more 
simply, a fWlt-acting fuse cim be included in the 
cathode circuit. 

OSCILLATOR KEYING 

One may wonder why oscillator keying hasn't 
been mentioned earlier, since it is widely used. A 
sad fact of life Is that excellenl oscillator keying is 
infinitely more difficult to obtain than is excellent 
amplifier keying. If the objective is no detectable 
chirp, it i~ probably impossible to obtain with 
oscillator keying, particularly on the higher fre
quencies. The reasons a.re simple. Any keyed-oscil
lator transmitter requires shaping at the oscillatcr, 
which involves changing the operating condition..s 
of the oscillator over a significant period of time. 

The ou tpu I or the oscillator doesn't rise to full 
value immediately so tbc drive on the following 
stage is changing, which in turn may reflect a 
variable load on the oscillator. No oscillator has 
been devised that has no change in frequency over 
its entire operating volt.age range and with a 
changing load. furthermore, the shaping of the 
keyed-osciUator envelope usually has to be exagger
ated, because the following stages will tend to 
sharpen up the keying and introduce clicks unless 
they are operated as linear amplifiers. 



Oscillator Keying 

osc. AMP. 

Fig. I Hi - Simple differential-keying circuit for a 
crystal-controlled oscillator and power-amplifier 
transmitter. 

Most simple crystal-controlled transmitters, 
commercial or home-built, return the oscillator 
grid-leak resistor, R 1, to chassis, and "cathode 
keying" is used on the oscillator and amplifier 
stages. By returning the oscillator grid leak to the 
cathode, as shown here, negative poweMupply-lead 
keying is used on the oscillator. A good crystal 
oscillator will operate with only 5 to 10 volts 
applied to It. 

Using the above circuit, the signal i1 controlled 
by the shaping circuit, C4-R3. lncre111ing the valua 
of R3 will make the signal "softer" on make; 
increasing the capacitance of C4 will make the 
signal softer on make and break. The oscillator will 
continue to operate after the amplifier has cut off, 
until the charQI! in C4 falls below the minimum 
operating voltage for the oscillator. 

The .01-,uF capacitor and 47<1hm resistor re
duce the spark at the key contacts and minimize 
"key cl ick1" heard in the receiwr and other nearby 
receivers. They do not control the key clicks 
associated with the signal mi las away; the.a clicks 
are reduced by increasing the values of R3 and C4. 

Since the oscillator mey hold In between dots 
and dashes. a back wave may be present if the 
amplifier stage is not neutralized. 

C1, C2 - Normal oscillator capacitors. 
CJ - Amplifier rf cathode bypass capacitor. 
C4 - Shaping capacitor, typically 1 to 10 µF, 250 

volts, electrolytic 
R1 - Oscillator grid leak; return to cathode instead 

of chassis ground. 
R2 - Normel amplifier grid leak; no change. 
RJ - Typically 47 to 100 ohms. 
RFC1, RFC2 - As in transmitter, no change. 

Break-in Keying 

The usual argument for oscillator keying is that 
it permits break-in operation (see subsequent sec
tioru , also Chapter 23 ). rf break-in operation is not 
contemplated and as near perfect keying as pos
sible is the objective, then keying an amplifier or 
two by the methods outlined earlier is the solution. 
For operating convenience, an automatic lrllJWilit
ter "tumer-onner" (see Campbell, QST Aug., 
1956), which will tum on the power supplies and 
switch :intenna relays and receiver muting devices, 
can be used. The station switches over to the 
complete "transmit" condition where the first dot 
is sent, and ii holds in for a length of time 
dependent upon the setting of the delay. It is 
equivalent to voice-operated phone of the type 
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commonly used by ssb stations. It does not permit 
hearing the other station whenever the key Is up, a!! 

does fuD break-in. 
Full break-in with excellent keying is not easy 

to come by, but ii is easier than many amateurs 
think. Many use oscillator keying and put up with 
a second-best signal. 

Dlffenmlial Keying 

The principle behind "differential" keying is to 
tum the oscillator on fast before a keyed amplifier 
sUge can pa5s any signal and tum off the oscillator 
fast after the keyed amplifier stage has cut off. A 
number of circuits have been devised for accomp
lishing the action. The ~implest, which should be 
applied only to a transmitter using a voltage-stable 
(crystal-controlled) oscillator is shown in Fig. I Hi. 
Many "simple" and kitted Novice transmitters can 
be modified to use this system, which approaches 
the performance of the "tumer-onner" mentioned 
above insofar as the transmitter performance is 
concerned. With separate transmitting and re
ceiving antennas, the performance is comparable. 

A simple differential-keying circuit that can be 
applied to any grid-block keyed amplifier or 
tube-keyed stage by the addition of a triode and a 
VR tube is shown in Fig. ll-7. Using this keying 
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--
rig. 11-7 - When satisfactory blocked-grid or lube 
lceying of an amplifier stage has been obtained, this 
VA-tube break-in circuit can be applied to the 
rransmitter to furni9h differential keying. The 
constants shown here are suitable for blocked-grid 
keying of a 6146 amplifier; with a tube keyer the 
6J5 and VA tube circuitry would be the same. 

With the key up, sufficient current flows 
through R3 to give a voltage that will cut off the 
oscillator tube. When the key is closed, the cathode 
voltage of the 6J5 becomes close to ground 
potential, extinguishing the VA lube and permit• 
ting the oscillator ro operate. Too much shunt 
~pacity on the leads to the VR tube and too large 
a value of grid capacitance in the oscillator may 
slow down this action, and best performance will 
be obtained when the oscillator (turned on and off 
this wayl sounds "clicky." The output envelope 
shaping is obtained In the amplifier. and it can be 
made softer by Increasing the value of C1, If the 
keyed amplifier is a tetrode or pentode, the screen 
voltage should be obtained from II fixed voltage 
murce or stiff voltage divider, not from the plate 
supply through a dropping resistor. 
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KEYED .STAGE 

Fig. 11-8 - VA-tube differential keying in an 
amplifier screen circuit. 

With key up and current flowing through V1 
and CR1, the oscillator is cut off by the droo 
through R3. The keyed stage draws no current 
because its screen grid is negative. C 1 is charged 
negatively to the value of the - source. When the 
relay is energized, C 1 charges through R 1 10 a + 
value. Before reaching zero (on its way +) there is 
insufficient voltage to maintain ionization in V1, 
and the current is broken in R3, turning on the 
oscillator stage. As the screen voltage goes positive, 
the V R tube cannot reignite because the diode, 
CR1, will not conduct in that direction. The 
oscillator and keyed stage remain on as long as the 
relay is closed. When the relay opens, the volta~ 
across C1 must be sufficiently negative for V 1 ID 
ionize before any bleeder current will pass throui,, 
R3. By this time the screen of the keyed stage is so 
far negative that the tube has stopped conducting. 
(See Fig.1 1-5 for suitable relay.) 

~ystem for break-in, the keying will be chirp-free if 
it is chirp-free with the VR tube removed from its 
socket to permi I the osdllator to run all of the 
time. If the transmitter can't pass this test. it 
indicates that more isolation is required between 
keyed stage and osdllalor. 

Another VR-tube differential-keying circuit, 
useful when the screen-grid circuit of an amplifier 
is keyed, is shown In Fig. 11-8. The normal screen 
keying circui t is made up of the shaping capacitor 
Cl, the keying relay {to remove dangerous voltages 
from the key), and the resistors Rl and R2. The+ 
supply should be SO to I 00 volts higher lhan tl:c 
11ormal screen voltage. and the - voltage should i>e 
sufficient lo ignite the VR tube, VI, lhrough the 
drop in R2 and R3. Current through R2 will be 
determined by the voltagt: required to cut off tltc 
oscillator; if 10 volts will do it the current will be 1 
mA. For a desirable keying characteristic, R2 will 
usually have a higher value than R 1. Increasing the 
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value of Cl wiO soften both "make" and "break." 
The tube used at VI will depend upon the 

available negative supply voltage. If it is between 
120 and 1 SO, a 0A3/VR 75 ls recommended. Above • 
this a OC3/VRI05 can be used. The diode, CRl , 
can be any unit operated within its ratings. A type 
I N400S, for example, may be used with screen 
voltages under 600 and with far greater bleeder 
currents than are normally encountered - up to 1 
ampere. 

Oicks in Later Stages 

It was mentioned earlier that key clicks can be 
generated in amplifier stages following the keyed 
stage or stages. This can be a puzzling problem to 
an operator who has spent considerable time 
adjusting the keying in his exciter unit for clickless 
keying, only lo find that the clicks are bad when 
the amplifier unit is added. There are two possible 
causes for the clicks: low-frequency pillasitic oscil
lations and amplifier "clipping." 

Under some conditions an amplifier will be 
momentarily triggered into !ow-frequency parasitic 
oscillations, and dicks will be generated when the 
amplifier jg driven by a keyed exciter. If these 
clicks arc the result of low-frequency parasitic 
oscillations, they will be found in "groups" of 
clicks occurring at 50- to I SO-kHz intervals either 
side of the transmitter lrequcncy. Of cour~e 
low-frequency parasitic oscillations can be generat
ed in a keyed stage, and the operator should listen 
carefully to make sure that tl1e output of the 
exciter is clean before he blames a later amplifier. 
Low-frequency parasitic ocicillations are usually 
caused by poor choice in rf choke values, and the 
use of more inductance in the plate choke than in 
the grid choke for Ute same stage is recommended. 

When the clicks introduced by lhe addition of 
an amplifier stage arc found only near the transmit-
1er frequency, amplifier "clipping" is indicated. It 
is quite common when fixed bias is used on tlic 
ampliffor and the bias is well past the "cut-orr• 
value. The effect can usually be minimized by 
using a combination of fixed and grid-leak bias for 
the amplifier stage. The fixed bias should be 
sufficient to hold the key-up plate current only to 
a low level and not to zero. 

A linear amplifier (□ass AB 1, AB2 or B) will 
amplify the excitation without adding any clicks, 
and if click~ show up a low-frequency parasitic 
oscillation is probably the reason. 

KEYING SPEEDS 

In radio telegraphy the basic code element is 
the dot, or unit pulse. The time duration of a dot 
and a space· is that of two unit pulseR. A dash is 
three unit pulses long. The space between letters is 
three unit pulse~; the space between words or 
groups is seven unit pulses. A speed of one baud is 
one pulse per second. 

Assuming that a speed key is adjusted to giTe 
the proper dot. space and dash values men lioned 
above, the code speed can be found from 

Speed (wpm) =.dQW.r.tmJ. = 24 x dots/sec. 
25 

E.11.: A properly a,tiusted electronic key gives a 
string ol dots that count to 10 dots per second. 
Speed ~ 2.4 X IO = 24 wpm. 

Many modem electronic keyers use a clock or 
pulse-generator circuit which feeds a flip-flop dot 
generator. For these keyers the code speed may be 
detennined directly from the clock frequency 

Speed (wpm} = 1.2 x clock frequency (Hz). 



T-R Switches 

For a quick and simple means of determining the 
code speed, send a continuous string of dashes and 
count the number of dashes which occur in a 
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5-second period. This number, to a close approxi
mation, is the code speed in words per minute. 

BREAK-IN OPERATION 

Smooth cw break-in operation involves protect· 
ing the receiver from permanent damage by the 
transmitter power and assuring that the receiver 
will "recover" fast enough to be sensitive between 
dots and dashes, or at least between letters and 
words. 

Separate Antennas 

Few of the available antenna transfer relays are 
fast enough to follow keying, so the simplest 
break-in system is the use of a separate receiving 
antenna. If the transmitter power is low (25 or 50 
watts) and the isolation between transmitting and 
receiving antennas is good, this method can be 
satisfactory. Best isolation is obtained by mounting 
the antennas as far apart as possible and at right 
angles to each other. Feed-line pickup should be 
minimized, through the use of coaxial cable or 
300-ohm Twin-Lead. If the receiver recovers fast 
enough but the transmitter clicks are bothersome 
(they may be caused by the receiver overload and 
so exist only in the receiver) their effect on the 
operator can be minimized through the use of 
input and output limiters (see Chapter 8). 

ELECTRONIC TRANSMIT-RECEIVE 
SWITCHES 

When powers above 25 or 50 watts are used, 
where two antennas are not available, or when it is 
desired to use the same antenna for transmitting 
and receiving (a "must" when directional antennas 
are used), special treatment is required for quiet 
break-in operation on the transmitter frequency. A 
means must be provided for limiting the power 
that reaches the receiver input. Titis can be either a 
direct short-circuit, or may be a limiting device like 
an electronic switch used in the antenna feed line. 
TI1e word "switch" is a misnomer in this case; the 
transmitter is connected directly to the antenna at 
all times. The receiver is connected to the antenna 
through the T-R switch, which functions to protect 
the receiver's input from transmitted power. In 
such a setup, all I.he operator need do is key the 
transmitter, and all the switching functions are 
taken ca.re of by the T-R switch. 

With the use of a T-R switch some steps should 
be taken to prevent receiver blocking. Tum off the 
age or ave, decrease the rf gain setting, and advance 
the audio gain control. Use the rf gain control for 
obtaining the desired listening level. A little 
experimen ting with the controls will provide the 
zeceiver settings best suited to individual operating 
preferences. A range of settings can usually be 
found, just on the threshold of receiver blocking, 
where comfortable levels of received signals a1e 
heard, and where, without adjusting the controls, 
the receiver can be used as a monitor during 
transmission. Usually no modification to the 

Fig. 11-9 - Proper method of interconnecting T-R 
switch with various other station accessory 
equipment. 

TRANS
MITTER 

RECEIVER 
* If used 

SWR 1t 
INDICATOR 

receiver is required, but if annoying clicks and 
thumps or excess volume occur at all settings of 
the receiver controls during transmission, their 
effect can be reduced with output audio limiting 
(see Chapter &). 

TVl and T-R Switches 

T-R switches generate harmonics of the 
transmitted signal because of rectification of the 
energy reaching the input of the switch. These 
harmonics can cause TVI if steps are not taken to 
prevent it. Any T-R switch should be very well 
shielded, and should be connected with as short as 
possible a cable length to the transmitter. In 
addition, a low-pass filter may be required in the 
transmission line between the T-R switch and the 
antenna. Fig. 11-9 shows the proper method of 
interconnecting the various station accessory 
equipment. 

Reduction of Receiver Gain During Transmission 

For 11bsolutely smooth break-in operation with 
no clicks or thumps, means must be provided-for 
momentarily reducing the gain through the 
receiver. The system shown in Fig. 11-IO permits 
quiet break-in operation of high-powered stations. 
II may require a simple operation on the receiver, 
although many commercial receivers already 
provide the connection and require no internal 
modification. The circuit is for use with a T-R 
switch and a single antenna. R 1 is the regular 
receiver rf and i-f gain control. The gyound lead is 
run to chassis gyound through R2. A wire from the 
junction runs to the keying relay, KI. When the 
key is up, the ground side of RI is connected to 
ground through the relay ann, and the receiver is in 
its normal operating condition. When the key is 
closed the relay closes, which breaks the ground 
connection from R 1 and applies additional bias to 
the tubes in the receiver. Titis bias is controlled by 
R2. When the relay closes, it also closes the circuit 
to the transmitter keying circuit. A simple rf filter 
at the key suppresses the local clicks caused by the 
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Fig. 11-10 - cil"CUit for smooth break-in operation, 
u1ing an electronic T-R switch. The leads shown as 
heavy Ii nes shou Id be kept as short as possible, to 
minimize direct transmitter pickup. 
Kl - Spdt keying relay (Sigma 41FZ-10000-ACS

SIL or equiv.I. Although battery and de re lay 
are shown , any suitable ac or de relay and 

relay current. Titls circuit i~ superior to any 
working on the age line of the receiver because the 
cathode circuit(s) have shorter time constants than 

CODE TRANSMISSION 

~ l<£Y 

~II I ~ ••. -;--J 
KIA Olpf' 

power source can be used, 
RI - Receiver manual gain control. 
A2 - 5000. or 10,000-ohm wire-wound potentio

meter. 
RFC1, RFC2 - 1- to 2 1/2-mH rf choke, current 

rating adequate for application. 

the age circuits and will recover faster. A similar 
circuit may be used in the emitters or source leads 
of transistorized receivers. 

TESTING AND MONITORING OF KEYING 

In general, there are two common methods for 
monitoring one's "fist" and ~ignal. The first type 
Involves the use of an audio oscillator that is keyed 
simultaneously with the transmitter. 

The second method is one that permits receiv
ing the signal through one's receiver, and this 
generally requires that the receiver be tuned to the 
tran~mittcr (not always convenient unless working 
on lhe same frequency) and that some method be 
provided for preventing overloading of the receiver, 
se that a good replica of the Uan~mi tted signal will 
be received. Except where quite low power is used, 
this usually involves a relay for simultaneously 
shorting the receiver input terminals and reducing 
the receiver gain. 

An alternative is to use an rf-powered audio 
oscillator. This follows the keying very closely (but 
tells nothing about the quality - chirps or elicits -
of the signal). 

The easiest way to find out whnt your keyed 
signal sounds like on the air is to trade stations 
with a near-by ham friend some evening for a short 
QSO. If he is a half mile or so away, that's fine, but 
any dutance where the signals are ~till S9 will be 
satisfactory. 

After you have found out how to work his rig, 
make contact and then have him send slow dashes, 
with da5h spacing ( the lelter '"T" at about S wpm). 
With minimum selectivity, cut the rf gain back just 
enough to avoid receiver overloading (the condi
tion where you get crisp signals instead of mushy 
ones) and tune slowly from out of beat-note range 
on one side of the signal through to zero and out 
the other side. Knowing the tempo of 1he da~hes, 
you i:11t1 readily identify any clicks in the vicinity 
as yours or someone cbe's. A good signal will have 

a thump on "make" that is perceptible only where 
you can also hear the beat note, and the click on 
"break" should be practically negligible at any 
point. If your signal is like that, it will sound good, 
provided there are no chirps. Then have your 
friend run off a string of fast dots with the bug - if 
they are ea.qy to copy, your signal has no "tails" 
worth worrying about and is a good one for any 
speoo up to the limit of manual keying. Make one 
check with the selectivity in, lo see !hat the dicks 
off the signal frequency are ncgligilile even at high 
signal level. 

lf you don't have any friends with whom lo 
trllde stations, you Cllll still check your keying, 
although you have to be a little more careful. The 
transmitter output should be fed into a ~ielded 
dummy load. Ordinary incandescent lamps o.re 
unsatisfactory a.~ lamp resistance varies too much 
with current. The th~m1al lag may cause the results 
to be misleading. 

The first step i!I to gel rid of rhe rf click at the 
key. This requires an rf filter (mentioned earlier). 
With no clicks from a spark al the key , disconnecl 
the antenna from your receiver and short the 
antenna tenninals with a short piece of wire. Tune 
in your own signal and reduce the rf gain to the 
point where your receiver doesn't overload. Detune 
any. an teMa trimmer the receiver may have. If you 
can't avoid overload with the rf gain-conuol range, 
pull out the rf amplifier tube and try again. If you 
still can't avoid overload, listen to the second 
harmonic a<1 a last resort. An overloaded receiver 
can generate clicks. 

Describing the volume level at which you 
should set your receiver for these "shack" tests is n 
little difficult. The rf filler should be effective with 



A Deluxe Keyer Memory 

These photos show cw signals H observed on an 
oteillDICOpe. At A is a dot generated at a 46-baud 
rite with no intentional shaping, whila 1t B the 
shaping circuits have been adjusted for appro,c
im1tely 5-ms rise and decay times. Vertical lines 
are from a 1-kHz signal applied to the Z or 
Intensity e,cis for timing. Shown II C is e shaped 
signal with the intensity modulation of the pattern 
removed. For each of these photos, sampled rf 
from the transmitter was fed directly to the 
defl&elion plates of the oscilloscope. 

At D may be seen a received signal having 
essentially no shaping. The spike at the leading 
edge is typical of poor power-su'pply regulation, as 
is al10 the immediately following dip and rise in 
amplitude. The clicks were quite pronounced. This 
pattern is typical of many observed signals, al
though not by any means a worst caw. The signal 
was taken from the receiver's i-f amplifier (before 
detectionl using a hand-operated sweep circuit to 
reduce the sw1111p time to the order of one second. 
(Photos from QST for October end November 
1966.I 

the receiver running wide open and with an 
antenna connected. When you turn on the trans
mitter and take the steps mentioned to reduce the 
signal in the receiver, ron the audio up and the rf 
down to the point where you can just hear a little 
"rushing" sound with the BFO ofT and lhe receiver 
tuned to the signal. This is with the selectivity in. 
Al this level, a properly adjusted keying circuit will 
show no clicks ofT the rushing-sound range. With 
the BFO on and the same gain setting, there mould 
be no clicks outside the beat-note range. When 
observing click9, make the slow-<lash and dot tesu 
outlined previously. 

Now you know how your signal sounds on the 
air, with one possible exception. If keying your 
transmitter makes the lights blink, you may not be 
able lo tell too accurately about the chirp on your 
signal. Ho~ver, if you are satisfied with the 
absence of chirp when tuning either ride of zero 
beat, it Is safe to assume that your receiver isn't 
chirping with the light Dicker and that the obser
ved signal is a true representation. No chiip either 
side of zero beat is fine. Don't try to make lhese 
tests without first getting rid of the rf click at the 
key, because clicks can mask a chirp. 

The least satisfactory way lo check your keying 
is to ask another ham on the air how your keyi~ 
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sounds. It is the least satisfactory because most 
hams are reluctant to be highly critical of another 
amateur's signal. In a great many cases they don't 
actually know what to look for or how to describe 
anv aberrations they may observe. 

A MEMORY FOR THE DELUXE KEVE R 

The system described below permits storage of 
up to 200 letters of text organized in one, two, 
three, or four messages. A digital display provides 
an indication of the message being sent or loaded 
(No. 1, 2, 3, or 4) and the message bit being 
addressed (0 to 512). Any number of pauses may 

Fig. 1 - A look at the inside of the Accu-Memory . 
The power supply components may be seen at the 
left, and the three "stacked" circuit boards to their 
right. The fourth circuit board, containing the 
readout, 11 mounted behind the sloping portion of 
the front panel. The board at the bottom of the 
"stack" Is that of the original Accu-Kayer. 

be programmed into a message to allow manual 
insertion of changeable text (such as RST or 

(A) 

(8) 

(D) 
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Fig. 2 - Diagram of memory circuitry of the Accu-Memory. See Table II for list of pans. Numbers and 
letters in triangles identify inter-1:0nnections to other pans of the Accu-Memory, as listed in Table I. 
Lanen in circles indicate terminals for jumpen to be wired for either one or two RAM I Cs. This wiring 
information is also listed in Tabla I. 

conies! serial number). After manual insertion a 
touch or lhe RUN button allows the remainder of 
lhe programmed message lo continue. The message 
being ~nt may be aborted by pressing the STOP 
button (lhc "I didn't mean to press the button!" 
button). Unlike some programmable keyers. the 
use of a free-running (asynchronous) clock in the 
load mode has been avoided, grcally simplifying 

the loading process. All features of the original 
Accu-Keyer have been retained. T he dot and dash 
memories of the Accu-Keyer and its automatic 
character-1pace feature arc used 10 good advantage 
in the Accu-Memory. 

In addition to the Accu-Keyer board, lhree 
printed circuit boards make up the Accu-Memory : 
a memory board, a display board, and a display-
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driver board. The power supply provides 5 volts at 
0.8 ampere to power all the circuitry. 

The Accu-Memory has been "battle tested" in 
contests and has been found to be very effective in 
reducing operator fatigue. It is of use whenever 
there is a requirement for repeatedly sending the 
same cw sequences such as in contests, DX pileups, 
and net-control operations.. Experience has shown 

8 6 
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5 DATA OUT (MAN. l<EY OF ACCU-KEYER) 

4 DATA IN (PIN 60 U78 OF ACCU - KEYER) 

UI 
2602 

5 7 " 

U2 
2602 

(OPTIONAL) 

+sv 

'° 
13 

9 14 

10 

0 

EXCEPT AS INDICATED, DECIMAL 
VALUES Of CA.PAC IT4NCE ARE 
IN MICIIOfARAOS I Jlf ) ; OTHERS 
ARE IN P ICOFARA DS ( pr OR JIJIF) ; 

RESISTANCES ARE IN OHMS; 
, •1000 , M• IOOO OOO 

thal the digital displays arc far more useful than 
originally anticipated. 

Construction 

As shown in Fig. I, the Accu-Memory is 
constructed in an aluminum box made by cutting 
and bending sheet aluminum. The front-panel 
dimension~ are deliberately made small because 

,. 
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Fig. 3 - Diagram of driver and display. See Table 
11 for li st of parts. Numbers inside triangles 
identify interconnections to other parts of the 
Accu-Memory, as listed in Table I. 

depth in most ham sluicks is more abundant than 
frontal-area space. This method also gives a neat, 
streamlined appearance. The overall outside dimen
sions are 4-¼ x 3-'1, x HJ-½ with the length 
dimension measured across the bottom plate, less 
knobs and heat sink. The heat sink for the LM309 
is attached to the rear panel, 1 along with the key 
jack, the output jack, and a fuse holder (Safety 
First!). Power supply components are located on 
the bottom plate near the rear. Two terminal strips 
are used to mount the power supply ruodes and 
filter capacitor. All the other electronic parts are 
mounted on four printed-circuit cards. 

The push buttons arc sold by Solid State 
Systems (see footnote'). One word of caution : do 
not increase the value of the filter capacitor in the 
power supply . 11 has been chosen for minimum 
di5sipation by the LM309 regulator. 

Fig. 2 is a schema tic diagram of the circuitry on 
the driver and display board. Wires that inter
connect the boards are shown as numbers or lower 
case letters in triangles on the figures. Selectable 
jumpers allow the use of one or two RAM IC's. 

1 The heat sink for the LM-309 is available from 
3olid State Systems, Inc., Box 773, Columbia, MO 
65201. 

Fig. 4 - Power supply for Accu-Memorv and 

CODE TRANSMISSION 

The jumper points are shown as 
capital letters in circle5. Table I is a 
list of interconnecting wires. Table II 
gives a parts list for each boarcl. Fig. 
4 is a diagram of the power supply. 

To send, place the LOAD/SEND 
sv switch in the SEND position and 

press the proper message button. The 
STOP button will halt sending, but 
the message can be continued from 
the halted point if the RUN button is 
depressed. 

If it is desired to u~e the insert 
feature, load the fust part of the 
message as described above. Then 
after the memory stops advancing, 
press the RUN button once, wait 
until the count stops, and then load 
the second half of the message. In the 
SEND mode the memory will send 
the fust part, stop and allow in
sertion of manual input such as signal 
reports, and then, when the RUN 
button is depressed, continue with 
the second half. This procedure may 
be repeated as many times as necessary. 

The readout indicates the message number and 
the location within the message starting at 000 and 
continuing through either 256 or 512, depending 
on whether one or two memories arc installed. A 
decimal point lights when the keyer is sending 
either manually or automaticaJly. 

Helpful Advice 

After a Jot of correspondence with amateurs 
who built the Accu-Keyer, it is apparent that some 
do not know Iha t there is a difference between a 
7400, a 74H00, a 74L00, and a 74C00. These are 
all members of a family of quad two-input gates 
that are different internally and are not inter
changeable (in almost all cases) with each other. 
Some IC distributors tend to be hapha-a:ard about 
which type they send. 

As with the Accu-Keyer, ready-made boards are 
available for the memory through Garrell• A 
business-size self-addressed stamped envelope is 
mandatory to reduce ~ddressing time to a mini
mum. If any problems develop or changes occur in 
the circuit, a data sheet showing corrections will be 
included with the boards. 

• As a service to those who wish to avail 
themselves, ready-made circuit boards may be 
obtained through Jame• Garrett, WB4VVF, 126 W. 
Buchanon Ave., Orlando, FL 32809. All boards are 
glass epoxy and drilled. At the lime of this 
printing, the Accu-Keyer board is $3.50. The 
memory, readout. and readout-driver boards are 
$12 as a set. The memory board, if ordered alone, 
is S6. 
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WIRE NUMBER FUNCTION 

K11yn-,o-~mory lntoconnection1. 

I aock - connecl lo R6 
2 AnodeCRl 
3 Calhode CR! (Remove CRl in keyer 

and connect as shown.) 
4 Dala in (Connecl to U7B in keyer and 

tone oscillator on driver boud.) 

TABLE I - INTERCONNECTIONS 

WIRE NUMBER 

18 
19 
a, b, c, d, e, f, g 

Memory to dri1Jer 

FUNCTION 

Reset common 
Stop 
Quadrant readout 

Readout count 
Readout reset 

S Data ou1 (Connect to manual key input, U7 

20 
21 
22 
23 
24 
25 
26 

Readout quadrant reset (use with one 2601) 
Readout quadrant reset (use with two 2602sJ 
NOR I pin S in keyer.) 

Memory-to-control ,witches 
6 Send l 
7 Send 2 
8 Load I Dpdt switch 
9 Load 2 
10 Common 1 
11 Common2 

MemDry to readout 

I 2 Insert 
13 Insert return 
14 Reset I 
15 Reset 2 
1.6 Reset 3 Push buttonB 
17 Reset4 

Dr/lJ,.,. to rt!lldout 
27-33 (a-g, LSB) 
34-40 (a-g, CSB) 
41-47 (a-g, MSB) 
48-49 
50 
Memory interconnections 
For one memory IC connect: 

NOR 2 
NOR out 

Least-si~ificant d.ildt 
Center-s1gnifican t digit 
Most-significant digit 
Pitch control (short If no control desired) 
Speaker 

A to H, B to G, C to I, D to F, J to ground, 
K to+ S V, L to N, end M to O. 

For two memory ICs connect: A to J, B to I, C to K, D to H, E to F, 
G to+ 5 V, L to O. and M to P. 

Connect DP (decimal point) on readout board to wire 13, 

TABLE 11- Accu-Memory Parts List 

Memory Board 

7474 ICs 
7493 ICs 
7408IC 
74123 ICs 
7400 IC 
7490IC 
7402 IC 
7420 IC 
7447 IC 
2102 or 2602 I Cs 
2N2222A transistor 

UR, Ull 
U9,UIO 
U6 
US, Ul4 
U3 
U7 
U4 
Ul3 
Ul 2 ( optional) 
UI, U2 (U2 optional) 

IN4148 silicon diodes or equivalent 

8 I 5~n 1/~W resistors 
4 JO-kn ¼-W resistors 
2 330-n resistors 
1 4 700-0 resistor 
4 
4 
I 

3 
3 
l 
1 

.001-,..F dilk ceramic capacitors 

.1-µF disk ceramic capacitors 
50-,iF I S-V electrolytic capacitor 

Drii,er Board 

74901Cs 
7447 ICs 
7402IC 
NESSS IC 

22 
I 
1 
l 
I 
l 
l 
2 
2 

4 
6 
8 

3 30-O resistor! 
5600-n resistors 
220(Hl resistor 
4700-n resistor (33kO with no pitch control) 
27-0 resistor 
.OOl-,1,1F disk ceramJc capacitor 
.0:l2-,1,1F disk ceramic cal)llcilor 
. l ,iF disk ceramic ca_paclton 
50-,..F I S-V electrolytic capaciton 

Rt!adout Board 

SL A-l readoulJ 
Push buttoru (see text) 
330-n resistors 

)> 

C 
~ 
C 
)( 
CD 

"' CD 
< 
CD ... 
s: 
CD 
3 
0 ... 
< 

w 
t 
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DELUXE ALL-SOLID-STATE KEVER 
The Accu-Keyer is a modem keying device with 

deluxe features available on only the most expen
sive of commercially available instruments, but it 
may be built for less than $25. 

The basic circuit uses seven TIL integrated 
circuits which may be purchased at "bargain" 
suppliers for less than $ 3. Optional features which 
may be incorporated at the builder's discretion are 
a stiffly regulated power supply, a keying monitor, 
and provisioru for solid-state keying of cathode
keyed transmitters. 

Fig. 2 - Schematic diagram of the Accu-Keyer. 
Resistances are in ohms; k = 1000. All capacitances 
are in microfarads. All resistors may be 1 /4 watt 
except R13, which should have a 2-W rating. 
Capacitors with polarity indicated are electrolytic; 
all others are disk ceramic. Parts not listed below 
are for text reference and circuit-board identifica
tion. 
CR1 - Small-signal silicon diode. 
CR2 - Rectifier diode, 1/2 A or greater. 
01, Q3 - Silicon npn, 250-mW, high-speed switch

ing or rt-amplifier transistor. 
Q2 - Silicon pnp, 250-mW, high-speed switching 

or rf...implifier transistor. 
04 - Silicon pnp, 250-mW, high-voltage af

amplifier transistor. 

The Accu-Keyer was designed with these Ce.a-
b.ires in mind: 

1) Self-completing dots and dashes 
2) Dot and dash memories 
3) Iambic operation 
4) Dot and dash insertion 
S) Automatic character space (with switching· 

provided to defeat this feature) 
6) 5-50 wpm speed range 
7) Low cost 

ON 

9 TOIOVDC 
OR 6,3VM:. 

R7 - Reverse-log-taper control; Mallory U-28 
suitable. 

St - Spst toggle, 
Ut, U2, U6 - Quad 2-input NAND gate, type 

7400." 
U3, U4, U5 - Dual type D flip-flop, type 7:174. • 
U7 - Triple 3-input NAND gate, type 7410. • 
VRt - 5. 1-V, 0.5-W Zener diode. 

3 All ICs are dual-in-line package, 14 pin. Note: 
All ICs are available from various manufactuerer,r 
or e.s surplus. Motorola part numbers are prefixed 
by MC and suffixed by P. Texas Instruments parts 
have an SN prefix and N suffix. Sigoetics ICs have 
an N prefix and an A suf:fh:. For example, 
Motorola's MC7400P is equivalent to Texas Instru
ments' SN7400N or.Slgnet.lcs' N7400A, 



Deluxe Solid-State Keyer 

A peek inside the Accu-Keyer shows compact 
construction in this deluxe version built by 
Wl RML. The ac-operated power supply compon
enn are located at the left, and the basic keyer 
board at the right. The keying monitor is con
structed on a separate vertically mounted circuit 
board positioned near the center of the enclosure. 
The pitch control is mounted inside the keyer on 
this circuit board, as it is not adjusted frequently. 
The speaker is mounted over a "grille" formed by 
drilling many holes at the bottom of the enclosure, 
and is nearly hidden by the filter capacitor in this 
view. On the rear panel, in TO-3 style cases, are the 
5-volt regulator IC and the cathode keying transis
tor, 

The Circuit 

The schematic diagram of the Accu-Keyer is 
shown in Fig. 2. The voltage applied to CR2 for 
powering the keyer may be either 8 to 10 volts de 
or 6.3 volts ac, such as from the filament supply of 
a transmitter or receiver. If de is applied, C6 is not 
required. If ac is applied to CR2, VRI functions 
more to protect the ICs from overvoltage by 
limiting the amplitude of the ripple than it does for 
voltage regulation. If a well--filtered and regulated 
supply is desired, the circuit of Fig. 3A may be 
used in place of CR2, R 13, and VR I and associat
ed capacitors. Constructed with the components 
shown, that supply will handle the keyer require
ments with power to spare. 

Should a keying monitor be desired, the dia
gram of Fig. 3B may be used to construct a circuit 
which will afford plenty of volume and a stable, 

TO U7 
O-...N\/'---

PIN6 

♦SV 

(A) 

Fig. 3 - At A, optional ac-operated power supply 
circuit for the Accu-Keyer; At B, an optional 
monitor, and at Ca circuit for cathode keying. 
LSl - Miniature speaker, 4-. 8- or 16-ohm imped

ance. 

06 - High-voltage high-<:urrent silicon npn power 
transistor (Delco DTS-801, -802, or -804 or 
equiv.I. 
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pleasing tone. The circuit is a modified version of 
the code-practice oscillator appearing in Chapter I. 
Equipped with such a monitor, the Accu-Keyer 
becomes ideal for conducting code practice ses
sions for small and medium-sized groups. 

Fig. 3C shows a circuit which may be used for 
cathode-keyed or solid-state "QRP" tJansmitters. 
The Delco keying transistor will safely handle two 
amperes of current and a collector-to-emitter po
tential of 800 V, and yet its cost is less than that of 
a new mercury-wetted relay. The use of a transistor 
offers advantages over both vacuum-tube keying 
and relay keying of cathode-keyed rigs; the voltage 
drop across the transistor when saturated intro
duces negligible grid-cathode bias to the keyed 
stage, and the keying is softened somewhat over 
relay keying because the transistor cannot go from 
cutoff to saturation (or vice versa) instantaneou&ly. 
For QRP transmitters, Q6 may be a 300- or 
500-mW silicon npn transistor, such as a 2N2222 
or 2N4123. 

q 
LM309K 

BOTTOM VIEW 

T1 - Surplus filament transformer, 12.6-V 1-A 
secondary rating. 

US - Full-wave rectifier bridge, 1·A 50-V (Moto
rola 920-2, HEP 175, or equiv.I. Four rectifier 
diodes in a bridge arrangement may be used 
instead. 

U9 - Voltage-regulator IC, 5-volt [National Semi
conductor LM309K or equiv.). 

UlO - Signetics NE555 timer IC. 
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Ea 
C 

All TRANSISTOR 
CONNECTIONS 

W•WIRE JU~PER 

Fig. 4 - Etching pattern and parts-layout diagram for the Accu-Keyer. Pattern is actual size, shown from 
foil side of board. 

Construction and Operation 

A ready-made circuit board is available for the 
basic circuit of the Accu-Keyer.I Fig. 4 is an 
actual-size board layout and parts-placement guide. 
ff the builder elects to use none of the optional 
circuit features of 1" ig. 3, the complete kcyer may 
be built into a 3 X 2 X 5-inch Minibox. The board 
pattern in Fig. 4 contains all parts of Fig. 2 except 
the controls, the filter capacitor, and the rectifier 
in the power supply. 

It is essential that all leads to the keyer be 
shielded from rf. RG-174/U coax may be used. A 
.01-µf bypass capacitor is provided on lhe power 

1 A glass-epoxy board, pre-drilled, is available 
for $3.50 from James M. Garrett, WB4VVF. 126 
W. Buchanon, Orlando, FL 32809. 

input to remove rf. As shown on the diagram, the 
inputs from the paddle are filtered by 150-ohm 
resistors bypassed by .001-µF capacitors. In stub
born cases it may be necessary to bypass the 
paddle contacts at the paddle itself. 

Substitution of transistors for QI and Q2 may 
require changing the value of R5 to make the first 
clock pulse the same length as the rest. Both 
should be transistors with a beta of at least 60. Q3 
is noncritical, and any good silicon transistor 
should work. Q4 should be capable of withstanding 
the transrnistter key-up voltage. Any pnp silicon 
device having a reasonable beta and meeting this 
requirement should work. The value of Cl may be 
juggled to change the range of the speed control. 
The value specified gives a range of approximately 
5 to 50 wpm. 

A SINGLE IC KEVER 

The 8043 Integrated Electronic Keyer IC is a 
space-age component, designed specifically for the 
cw operator. A product of the latest design and 
processing technology available in the integrated 
circuit industry. the 8043 represents the same 
advancements which make possible the one chip 
electronic calculator and the digital electronic wrist 
watch. The 8043 is available from Curtis Electro 
Devices, Mountain View, California. 

A good keyer exhibits no idiosyncrasies. The 
804 3 incorporates filters which eliminate the ef
fects of key bounce on both make and break. 
Another inlangible quality is rf immunity. To 
protect false triggering by rf on the paddle leads, 
the 8043 dot and dash inputs arc equipped with 
active pull-up resistors (a system which relleds a 
few hundred ohms during quiescenl-e and zero 
ohms during key down) which exhibit only a few 
hundred ohms impedance to the power supply 



Single-IC Keyer 

when the key is open. In order to assure that the 
8043 dissipates as little power as po:1.1ible, CMOS 
(complementary metal-0xide semiconductor) cir
cuit techniques azc used. As a result, the quiescent 
current required is only SO microamperes at 0.5 
volts. This makes an on-off switch unnecessary 
even when using a battery supply. The key-down 
current is about 30 mA with about 99.9% of this 
current being required for sidetone output and 
drive for the output transistor. 

Once a dot, dash or space is commenced, there 
is no way to prevent it from transmitting at the 
exact standard length. It may be neither cut ~hort 
nor extended by improper key action. When the 
dot paddle is depressed, a continuous string of dots 
is produced; when the dash paddle is depressed. 
continuous dashes are produced. When both pad
dles are clo11ed, an alternate (iambic) series of dots 
and dashes is made. The serie~ can be started with 
either a dot or a dash, depending on which key side 
is closed first. Iambic operation allows squeeze 
keying if a twin-lever paddle is used. 

The self-completing function of electronic 
keyers can ca.use dots lo get lost because the 
operator, attempting to initiate a dot before the 
last character has l>een completed, tend~ to lead 
the keyer. Since dashes are natUiaUy held longer, 
they seldom get lost. To prevent lost dots, the 
8043 employs a memory to remember when a dot 
is called for and to insert it al the proper lime. The 
dot memory ali:.o helps in squeeze keying, where 11 

tap on the dol paddle will insert a dot into II series 
of dashes. Although a dot-space ratio of I-to-! is 
correct timing, some operators like heavier keying. 
The 8043 has provision for a weight control if 
desired. 
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Inside \liew of the one IC keyer. 

The 8043 has a built-in sidetone generator with 
pitch adjustable to your preference. This sidetone 
also functions when a straight key is used or the 
tune switch is closed. The keying output voltage 
from the 8043 is low for a key-up condition; key 
down is represented by ttigh output of sufficient 
level to drive an npn keying transistor. The speed 
range is normally about 8 ta SO words per minute, 
but by selecting timing componencs, you can get 
almost any speed range you like. 

The 8043 is contained in a 1-3/4 X 2-1 /4 X 
4-3/4-inch metal box. There iK no on-off switch 
because of the low quiescent current drain. Jacks 
for the paddle and output keying are located on 
the rear of the enclosure and are not visible in the 
photograph. 

OJ 
"""050 

Fig . 1 - Circuit diagram for the keyer. All diodes ere 1 N4006 or BQuiv, All potentiometers are linear 
taper end resistors ere 1 /2 or 1 /4 watt . 



Chapter 12 

Amplitude Modulation and 
Double-Sideband Phone 

(A) 

(8) 

(Cl 

Fig. 12-1 - Spectrum-analyzer display of the rt 
output of en a-m transmitter. Frequency is 
presented on the horizontal axis (7-kHz total 
display width) venus relative amplitude of the 
signal component on the vertical axis . Shown at A 
is the unmodulated carrier, which oocupie1 but a 
single frequency, At B the carrier is 20-percent 
modulated with a 1000-Hz tone. Each sideband 
may be seen to be at a level approximately 20 dB 
below the carrier. The signal bandwidth in this case 
Is twice the modulating frequency, or 2 kHz. 
Shown at C is the widened channel bandwidth 
resulting from splauer caused by overmoduhltion. 
New frequencies. audio harmonics of the 1000-Hz 
modulating tone, extend for several kilohertz 
either side of the carrier. 

As described in the chapter on circuit 
fundamentals, the process of modulation sets up 
groups of frequencies called sidebands, which 
appear symmetrically above and below the 
frequency of the unmodulated signal or carrier. If 
the instantaneous values of the amplitudes of all 
these separate frequencies arc added together, lhe 
result is called the modulation envelope. In 
amplitude modulation (a-m) the modulation 
envelope follows the amplitude variations of the 
signal that is used to modulate the wave. 

For example, modulation by a 1000-Hz tone 
will r~sult in a modulation envelope that varies in 
amplitude at a I 000-Hz rate. TI1e actual rf signal 
that produces such an envelope consists of three 
frequenci~ the canier, a side frequency I 000 Hz 
higher, and a side frequency I 000 Hz lower lhan 
the carrier. See Fig. 12-1. These three frequencies 
easily can be separated by a receiver having high 
selectivity. In order to reproduce the original 
modulation the receiver must have enough 
bandwidth lo accept the carrier and the sidebands 
simultaneously. lnis is because an a-m detector 
responds to the modulation envelope rather than 
to the individual signal components, and the 
envelope wiU be dhtoned in the receiver unless all 
the frequency components in the signal go througft 
without change in their amplitudes. 

In the simple case of tone modulation the two 
side frequendes and the carrier are constant in 
amplitude - it is only the envelope amplitude that 
varies at the modulation rate. With more complex 
modulation such as voice or music the amplitude~ 
and frequencies of the side frequencies vary from 
instant to instant. The amplitude of the modula
tion envelope varies from instant to instant in the 
same way as the complex audio-frequency signal 
causing the modlllation. Even in lhis case the 
carrier alflplitude is constant if the transmitter is 
properly modulated. 

A-M Sidebands and Channel Width 

Speech can be electrically reproduced, with 
high intelligibility, in a band of frequencies lying 
between approx.imately I 00 and 3000 Hz. When 
these frequencies are combined with a radio-fre
quency carrier, the sidebands occupy the frequen
cy spectrum from about 3000 Hz below the earner 
frequency to 3000 Hz above - a total band or 
channel of about 6 kHz. 

Actual speech frequencies extend up to 10,000 
Hz or more, so it is possible to occupy a 20-kHz 
channel if no provision is made for reducing its 
width. For communication purposes such a 
channel width represents a waste of valuable 
spectrum 5pa.ce, since a 6-kHz channel is fully 
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The Modulation Envelope 

adequate for intelligibility, Occupying more than 
the minimum channel creates unnecessary interfer
ence. 

THE MODULATION ENVELOPE 

ln Fig. 12·2 the drawing at A shows the 
unmodulated rf signal, assumed to be a sine wave 
of the desired radio frequency. The graph can be 
laken to represent either voltage or current. 

In B, the signal is assumed to be modulated by 
the audio frequency shown in the small drawing 
above. This frequency Is much lower than the 
carrier frequency, a necessary condition for good 
modulation. When the modulating voltage Is 
"positive," (above its axis) the envelope amplitude 
is increased above its unmodulated amplitude: 
when the modulating voltage is "'negative," the 
envelope amplitude is det:reaud. Thus the envelope 
grows larger and smaller with the polarity and 
amplitude of the modulating voltage. 

The drawing at C shows what happens with 
stronger modulation. The envelope amplitude is 
doubled at the instant the modulating voltage 
reaches its positive peak. On the negative peak of 
the modulating voltage the envelope amplitude just 
reaches zero. 

Percentage of Modulation 

When a modulated signal is detected in a 
receiver, the detector output follows the modula
tion envelope. The stronger the modulation, 
therefore, the greater is the useful receiver output. 
Obviously, it is desirable to make the modulation 
as strong or "heavy" as possible. A wave 
modulated as in Fig. l 2-2C would produce more 
useful audio output than the one shown at B. 

The "depth" of the modulation is expressed as 
a percentage of the unmodulated carrier amplitude. 
In either B or C, Fig. 12-2, X represen 15 the 
unmodulated carrier amplitude, Y is the maximum 
envelope amplitude on the modulation uppeak, 
and Z is the minimum envelope amplitude on the 
modulation downpeak. 

In a properly operating modulation system the 
modulation envelope is an accurate reproduction 
of the modulating wave, as can be seen in Fig. 12-2 
at B and C by comparing one side of the outline 
with the shape of the modulating wave. (The lower 
outline duplicates the upper, but simply appears 
upside down in the drawing.) 

The percentage of modulation is 

91, Mod. = Y - X X 100 (upward modulation), or 

% Mod.= X - Z X 100 (downward modulation) 

If the two percentages differ, the larger of the two 
is customarily specified. If the wave shape of the 
modulation is such that its peak positive and 
negative amplitudes are equal, then the modulation 
percentage will be the same both up and down, and 
is 

% Mod. = ~~i X 100. 
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(A) 

Fig. 12-2 - Graphical representation of IA) rf 
output unmodulated, (Bl modulated 50 percent, 
(Cl modulated 100 percent. The modulation 
envelope is shown by the thin outline on the 
modulated wave. 

Power in Modulated Wave 

The amplitude values shown in Fig. 12-2 
correspond lo current and voltage, so the drawings 
may be taken to represent instantaneous values of 
either. The power in the wave varies as the square 
of either the current or voltage, so at the peak of 
the modulation upswing the instantaneous power 
in the envelope of Fig. l 2-2C is four times the 
unmodulated carrier power (because the current 
and voltage both are doubled). At the peak of the 
downswing the power is zero, since the amplitude 
is zero. These statements are true of 100-percent 
modulation no matter what the wave form of the 
modulation. The instantaneous envelope power in 
the modulated signal is proportional to the square 
of its envelope amplitude at every instant. This fact 
is highly important in the operation of every 
method of amplitude modulation. 

It is convenient, and customary, to describe the 
operation of modulation systems in terms of 
sine-wave modulation. Although this wave shape is 
seldom actually used in practice (voice wave shapes 
depart very considerably from the sine fonn) it 
lends itself to simple calculations and its use as a 
standard permits comparison between systems on a 
common basis. With sine-wave modulation the 
average power in the modulated signal over any 
number of full cycles of the modulation frequency 
is found to be 1-1/2 times the power in the 
unmodulated ~arricr. In other words, the power 
output increases 50 percent with 100-percent 
modulation by a sine wave. 

This relationship is veiy useful in the design of 
modulation systems and modulators, becau11e any 
such system that is capable of increasing the 
average power output by 50 percent with sine-wave 

I 
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Fig. 12-3 - Modulation by an unsymmetrical wave 
form. This drawing shows 100.percent downward 
modulation along with JOO-percent upward modu
lation. There is no distortion, since the modulation 
envelope is an accurate reproduction of the wave 
form of the modulating voltage. 

modulation automatically fulfills the requirement 
that the instantaneous power at the modulation 
uppeak be four times the carrier power. Conse
quently, systems in which the additional power is 
supplied from outdde the modulated rf stage (e.g., 
plate modulation) usulllly a.re designed on a 
sine-wave basis as a matter of convenience. 
Modulation systems in which the additional power 
is secured from the modulated rf amplifier (e.g., 
grid modulation) usually are more conveniently 
designed on the basis of peak envelope power 
rather than average power. 

The extra power that is contained in a 
modulated signal goes entirely into the sidebands, 
half in the upper sideband and half into the lower. 
As a numerical example, full modulation of a 
100-watt carrier by a sine wave will add SO watts 
of sideband power, 25 in the lower and 25 in the 
upper sideband. With lower modulation percen
tages, the sideband power is proportional to the 
square of the modulation percentage, i.e., 
50-percent modulation will add 12.5 watts of 
sideband power, 6.25 watts in each sideband. 
Supplying this additional power for the sidebands 
is the object of all of the various systems devised 
for amplitude modulation. 

No such simple relationship exists with 
complex wave forms. Complex wave forms such as 
speech do not, as a rule, contain as much average 
power as a sine wave. Ordinary speech wave forms 
have about half as much average power as a sine 
wave, for the same peak amplitude in both wave 
forms. Thus for the same modulation percentage, 
the sideband power with ordinary speech will 
average only about half the power with sine-wave 
modulation, since it is the peak envelope 
amplitude, not the average power, that determines 
the percentage of modulation. 

Unsymmetrical Modulation 

In an ordinary electric circuit it is possible to 
increase the amplitude of current now indefinitely, 
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up to the limit of the power-handling capability of 
the components, but it cannot very well be 
decreased to less than zero. The same thing is true 
of the amplitude of an rf signal; it can be 
modulated upward to any desired extent, but it 
cannot be modulated downward more than 100 
percent. 

When the modulating wave form is unsymmetri
cal it is possible for the upward and downward 
modulation percentages to be different. A simple 
case is shown in Fig. 12-3. The positive peak of the 
modulating signal is about 3 times the amplitude of 
the negative peak . If, as shown in the drawing, the 
modulating amplitude is adjusted so that the peak 
downward modulation is just 100 percent (Z = 0) 
the peak upward modulation is 300 percent (Y = 
4X). The carrier amplitude is represented by X, as 
in Fig. 12-2. The modulation envelope reproduces 
the wave form of the modulating signal accurately, 
hence there is no distortion. In such a modulated 
signal the increase in power output with 
modulation is considerably greater than it is when 
the modulation is symmetrical. In Fig. 12-3 the 
peak envelope amplitude, Y, is four times the 
carrier amplitude, X , so the peak-envelope power 
(PEP) is 16 times the carrier power. When the 
upward modulation is more than 100 percent the 
power capacity of the modulating system obvious
ly must be increased sufficiently lo take care of the 
much larger peak amplitudes. Such a system of 
modulation, often called "supermodulation," was 
popular among amateurs in the early 1950s. (See 
bibliography at the end of this chapter.) 

Ovennodulation 

If the amplitude of the modulation on the 
downward swing becomes too great, there will be a 
period of time during which the rf output is 
entirely cut off. This is shown in Fig. 12-4. The 
shape of the downward half of the modulating 
wave is no longer accurately reproduced by the 
modulation envelope, 1.:onsequently the modula
tion is distorted. Operation of this type is called 
ovennodulation. 

The distortion of the modulation envelope 
causes new frequencies {harmonics of the modula· 
ting frequency) to be generated. These combine 

Fig. 12-4 - An overmodulated signal. The 
modulation envelope is not an accurate reproduc
tion of the wave form of the modulating voltage. 
This, or any type of distortion occurring during the 
modulation process, generates spurious sidebands 
or "splatter." 
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with the earner to form new side frequencies that 
widen the channel occupied by the modulated 
signal, as shown in Fig. 12-lC. These spurious 
frequencies are commonly called "splatter." 

It is importllJ'lt to realize that the channel 
occupied by an amplitude-modulated signal is 
dependent an the shape of the modulation 
en~elape. If this wave shape is complex and can be 
resolved into a wide band of audio frequencies, 
then the channel occupied will be correspondingly 
large. An ovennodulatcd signal splatters and 
occupies a much wider channel than is necessary 
because the "clipping" of the modulating wave 
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that occun at the zero axis changes the envelope 
wave shape to one that contains high-order 
harmonics of the original modulating frequency. 
These harmonic, appear as side frequencies 
separated by, in some cases, many kilohertz from 
the carrier frequency. 

Because of this clipping action al the zero axis, 
it is Important that care be taken to prevent 
applying too large a modulating signal in the 
downward direction. Overmodulation downward 
results in more splatter than is caused by most 
other types of distortion in a phone transmitter. 

AMPLITUDE MODULATION METHODS 

MODULATION SYSTEMS 
As explained in the preceding section. arnpli• 

tude modulation of a carrier is accompanied by an 
increase in power output, the additional power 
being the "useful" or "talk power" in the 
sidebands. 11ris additional power may be supplied 
from an external source in the form of 
audio-frequency power. It is then added to the 
unmodulated power input to the amplifier to be 
modulated. after which the combined power is 
converted to rf. This is the method used in plate or 
collector modulation. It has the advantage that the 
rf power is generated at the high-efficiency charac
teristic of CJass C amplifiers - of the order of 65 
to 75 percent - but has the accompanying 
disadvantage that generating the audio-frequency 
power is rather expensive. 

An alternative that does not require relatively 
large amounts of audio-frequency power makes use 
of the fact that the power output of an amplifier 
can be controlled by varying the potential of a 
tube or transistor element - such as a control or 
screen grid or a transistor base - that does not, in 
itself, consume appreciable power. In this case the 
additional power during modulation is secured by 
sacrificing carrier power; in other words, a tube is 
capable of delivering only so much total power 
within its ratings, and if more must be delivered at 
full modulation, then less is available for the 
unmodulated carJier. Systems of this type must of 
necessity work at rather low ef(iciency at the 
unmodulated carrier level. As a practical working 
rule, the efficiency of the modulated rf amplifier is 
of the order of 30 to 35 percent, and the 
unmodulated carrier power output obtainable with 
such a system is only about one-fourth to one-third 
that obtainable from the same amplifier with plate 
modulation. 

PLATE OR COLLECTOR MODULATION 

Fig. 12-5 shows a system of plate modulation, 
in this case with a triode ,rf tube. A balanced 
(push-pull Class A, Class AB or Clasf B) modulator 
is transformer coupled to the plate circuit of the 
modulated rf amplifier. The audio-frequency 
power generated by the modulator is combined 
with the de power in the modulated-amplifier plate 

circuit by tran sfer through the coupling trans
fonner, T. For JOO-percent modulation the audio
frequency power output of the modulator and the 
turns ratio of the coupling transformer must be 
511ch that the voltage at the plate of the of the 
modulated amplifier varies between zero and twice 
and de operating plate voltage, thus causing cor
responding variations in the amplitude of the rf 
output. The tubes of Fig. 12-5 may be replaced 
with transistors, either bipolar or FET, for col
lector or drain modulation. 

"' occrrA 
,l. 

Fig. 12-5 - Plate modulation of a Cli15S C rf 
amplifier. The rf plate bypess capacitor, C, in the 
amplifier stage should have raasonably high react• 
ance at audio frequencies. A value of the order of 
.001 µF to .005 µF 11 satisfactory in practically all 
cases for vacuum-tube circuits. A considerably 
higher value will be re(Jlired if tha vacuum tubes 
are replaced by tr1nsi1to11 - in the order of a few 
microfarads. 
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Audio Power 

As stated earlier, the average power output of 
the modulated stage must increase during modula
tion. The modulator must be capable of supplying 
to the modulated rf stage sine-wave audio power 
equal to SO percent of the de input power. For 
example, if the de input power to the rf stage is 
IOO watts, the sine-wave audio power output of 
the modulator must be 50 watts. 

Although the total power input (de plus audio
frequency ac) increase~ with modulation, the de 
plate or collector current of a modulated amplifier 
should not change when the stage is modulated. 
This is because each increase in voltage and current 
is balanced by an equivalent decrease in voltage 
and cunent on the next half cycle of the modula
ting wave. De instruments cannot follow the af 
variations, and since the average de plate or 
collector current and voltage of a properly opera
ted amplifier do not change, neither do the meter 
readings. A change in current with modulation 
indicates nonlinearity. On the other hand, a ther
mocouple rf ammeter connected in the antenna, or 
transmission line, will show an increase in rf 
current with modulation, because instruments of 
this type respond to power rather than to cunent 
or voltage. 

Modulating Impedance; Linearity 

The modu lating impedance, or load resistance 
presented to the modulator by the modulated rf 
amplifier, is equal to 

Zm = ~b X l000 ohms 
p 

where Eb=- De plate or collector voltage 
In = De plate or collector current (mA) 

Eb and /Pare measured without modulation. 

The power output of the rf amplifier must vary 
as the square of the instantaneous plate or col
lector voltage (the rf output voltage must be 
proportional to the plate or collector voltage) for 
the modulalion lo be linear. This will be lhe case 
when the amplifier operates under Class C con
ditions. The linearity depends upon having suf
ficient grid or base excitalion and proper bias, and 
upon lhe adjustment or circuit constants to the 
proper values. 

Screen-Grid RF Amplifier:s 

Screen-grid tubes of the pentode or beam-tet
rode type can be used in Class C plate-modulated 
amplifiers by applying the modulation to both the 
plate and screen grid. The usual method of feeding 
the screen grid with the necessary de and 
modulation voltages is shown in Fig. 12-6. The 
dropping resistor, R, should be of the proper value 
to apply normal de voltage to the screen under 
steady earner conditions. Its value can be 
calculated by taking the difference between plate 
and screen voltages and dividing it by the rated 
screen curren I. 

The modulating impedance is found by dividing 
the de plate voltage by the sum of the plate and 
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Fig. 12-6 - Plate and screen modulation of a Class 
C rt amplifier using a screen-grid tube. The plate rf 
bypass capacitor, Cl, should have reasonably high 
reactance at all audio frequencies; a 11atue of .001 
to .005 µF is generally satisfactory. The scraen 
bypass, C2, should not exceed .002 µFin the usual 
case. 

screen currents. The plate voltage multiplied by the 
sum of the two currents gives the power input to 
be used as the basis for determining the audio 
power required from the modulator. 

Modulation of the screen along with the plate is 
necessary because the screen voltage has a much 
greater effect on the plate current than tho plate 
voltage does. The modulation characteristic is 
nonlinear If the plate alone is modulated. 

Choke-Coupled or Heising Modulation 

One of the oldest types of plate modulating 
systems is the choke-coupled Cla.~s A or Heising 
modulator shown in Fig. 12-7. Because of the 
relatively low power output and plate efficiency of 
a Class A amplifier, the method is rarely used now 
except for a few special applications. 

The audio power output of the modulator is 
combined with the de power in the plate circuit 
through the modulation choke, LI, which has a 
high impedance at audio frequencies. This 
technique of modulating the rf signal is similar to 
the case or the transformer-coupled modulator but 
there is considerably less freedom in adjustment 
since no transformer Is available for matching 
impedances. The de input power to the rf stage 
must not exceed twice the rated af power output 
of the modulator, and for 100-percent modulation 
the plate voltage on the modulator must be higher 
than the plate voltage on the rf amplifier. This is 
because the af voltage developed by the modulator 
cannot swing to zero without a great deal of 
distortion. R 1 provides the necessary de voltage 
drop between the modulator and the rf amplifier. 
The voltage drop across this resistor must equal the 
minimum instantaneous plate voltage on the 
modulator tube under nonnal operating condi
tions. Cl, an audio-frequency bYPass across RI, 
should have a capacitance such that its reactance at 
100 Hz is not more than about one-tenth the 
resistance of RI.Without Rl•Cl the percentage of 
modulation is limited to 70 to 80 percent in the 
average case. 
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Fig. 12-7 - Choke-coupled CIIISS A modulator. The 
modulation choke, LI, should have a value of 5 H 
or more, A value of ,001 to .005 µF is satisfactory 
for C2. See text far discussion of Cl and R1. 

GRID MODULATION 
The principal disadvantage of plate modulation 

i.s that a considerable amount of audio power is 
necessary. This requirement can be avoided by 
applying the modulation to a grid element in the 
modulated amplifier. However, serious disadvan
tages of grid modulation are the reduction in the 
carrier power output obtainable from a given rf 
wnplifier tube and the more rigorous operating 
requirements and more complicated adjustment. 

The tenn "grid modulation" as used here 
applies to all types - control grid, screen, or 
suppressor - since the ope1ating principles are 
euctly the same no matter which grid is actually 
modulated. (Screen-jrld modulation is the most 
commonly used technique of the three types listed 
here.) With grid modulation the plate voltage is 
constant, and the increase in powe1 output with 
modulation is obtained by making both the plate 
current and plate efficiency vary with the 
modulating signal. The efficiency obfllinable at the 
envelope peak depends on how carefully the 
modulated amplifier is adjusted, and sometimes 
can be as high a.s 80 percent. It is generally less 
when the amplifier is adjuste:4 for good linearity, 
and under average conditions a round figure of 2/3, 
or 66 percent, is representative. The efficiency 
without modulation is only half the peak 
efficiency, or about 33 percent. This low average 
efficiency reduces the pennissible carrier output to 
about one-fourth the power obtJlinable from the 
same tube in cw operation, and to about one-third 
the canier output obtainable from the tube with 
plate modulation. 
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The modulator Is required to (umish only the 
audio power dissipated in the modulated grid 
under the operating conditions chosen. A speech 
amplifier capable of delivering 3 to IO watts iB 
usually sufficient. 

Grid modulation does not give quite as lineu a 
modulation characteristic as plate modulation, 
even under optimum operating conditioll5. When 
misadjusted the nonlinearity may be severe, 
resulting in ronsiderable distortion and splatter. 

Screen Grid Modulation 

Screen modulation is probably the simplest and 
most popular form of grid modulation, and th.e 
least critical of adjustment. The most satisfactruy 
way to apply the modulating voltage to the screen 
is through a transformer . 

With practical tubes it is necessuy to chive the 
screen somewhat negative with respect to the 
cathode to get complete cutoff of rf output. For 
this reason the peak modulating voltage required 
for 100-percent modulation is usually 10 percent 
or so gre.ilCJ' than the de screen voltage. T he latter, 
in turn, is approximately half the rated screen 
voltage recommended by the manufacturer under 
maximum ratings for radiotelegraph operation. The 
audio power required for 10(¼,ercent modulation 
is approximately one-fourth the de power input to 
the screen in cw operation, but varies somewhat 
with the operating conditions. 

Con trolled Carner 

As explained earlier, a limit is placed on the 
output obtJlinable from a grid-modulation system 
by the low rf-amplifier plate efficiency (approxi
mately 33 percent) under unmodulated earner 

___ ..,fl)=-
•• 
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Fig. 12-8 - Circuit for carrier control with screen 
modulation, A smell triode such es the 6C4 can be 
used as the control amplifier and a 6Y6G is 
suitable as a carrier-control tuba. T1 is an 
interstage audio transformer having a 1-to-1 or 
larger turns ratio. R4 is a 0.5-magohm volume 
control and also seNes as the grid resistor for the 
modulator. A germanium diode may be used as the 
rectifier. R3 may be the normal screen dropping 
resistor. C1·R1 and C2-R3 should have a time 
constant of abou1 0. 1 second. 
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conditions. The plate effidency increases with 
modulation, since the output increases while the de 
input remains constant, and reaches a m.i.ximum in 
the neighborhood of SO percent with I 00-percent 
sine-wave modulation. If the power input to the 
amplifier can be reduced during periods when there 
is little or no modulation, thus reducing the plate 
loss, advantage can be taken of the higher 
efficiency at full modulation to obtain higher 
effective output. Titis can be done by varying the 
de power input to the modulated stage in 
accordance with average variations in voice 
intensity, In such a way as to maintain just 
sufficient carrier power lo keep the modulation 
high, but not exceeding 100 percent, under all 
conditions. Thus the carrier amplitude is controlled 
by the average voice intensity. Properly utilized, 
controlled carrier permits increasing the canicr 
output at maximum level lo a value about equal to 
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the rated plate dissipation of the tube, twice the 
output obtainable with constant carrier. 

It is desirable to control the power input just 
enough so that the plate [os.~. without modulation, 
is safely below the tube rating. Ex=isive control is 
disadvantageous because the distant receiver's ave 
system mu st continually follow the variation~ in 
average signal level. The circuit of Fig. 12-8 permits 
adjustment of both the maximum and minimum 
power input, and separates the functions of modu
lation and carrier control. A portion of the audio 
voltage al the modulator grid is applied to a Class 
A "conl.rol amplitier," which drives a rectifier 
circuit to produce a de voltage negative with 
respect to ground. CI filters out the audio varia
tions, leaving a de voltage proportional lo the 
average voice level. This voltage is applied to the 
grid of a "clamp" tube 10 control the de screen 
voltage and thus the rf carrier level. 

DOUBLE-SIDEBAND GENERATORS 

The a-m carrier can be suppressed or nearly 
eliminated by using a balanced modulator. The 
basic principle in any balanced modulator is to 
introduce the carrier in such a way that ii does not 
appear in the output but so that the sidebands will. 
This requirement is satisfied by introducing the 
audio in push-pull and the rf drive in parallel, and 
connecting the output in pum-pull. Balanced 
modulators can also be connected with the rf drive 
and audio inputs in push-pull and the output in 
parnllel with equal effectiveness. 

Vacuum-tube balanced modulaton can be 
opera l~d at high power levels and the double-side
band output can be used directly into the antenna. 

Past issues of QST have given construction details 
on such transmitters (see, for example, Rush. 
"I BO-Watt D.S.B. Transmitter," QST July , 1966). 
A d.,b signal can be copied by the same methods 
that are used for single-sideband signals, provided 
the receive r has sufficient selectivity to reject one 
of the sidebands. In any balanced-modulator 
circuit, no rf output will exist with no audio signal. 
When audio is applied, the balance of the 
modulator is upset so that sum and difference 
frequencies (sidebands) :ippear at the output. 
Further information on balanced modulators is 
presented in Chapter 13. 

CHECKING A-M PHONE OPERATION 

USING THE OSCILLOSCOPE 

Proper adjustment of II phone transmitter is 
aided immeasurably by the oscilloscope. The 11eope 
will give more information, more accurately, than 
almost any collection of other instruments that 
might be named. Furthermore, an oscilloscope that 
is entirely satisfactory for the purpose is not 
necessa.rily an expensive instrument; the cathode
ray tube and its power supply arc about all that are 
needed. Amplifiers and linear sweep circuits are by 
no means necessary. 

In the simples I scope circuit, radio-frequency 
voltage from the modulated amplifier is applied to 
the vertical deflection plates of the tube, usually 
through blocking capacitors, and audio-frequency 
voltage from the modulator ill applied to the 
horizontal deflection plates. As the instantaneous 
amplitude of the audio signal varies, the rf output 
of the transmitter likewise varies, and this produces 
a wedge-shaped pattern or t rapezoid on the screen. 
If the oscilloscope has a buil I-in horizontal sweep, 
the rf voltage can be applied lo the vertical plates 
as before, and the sweep will produce a pattem 

that follows the modulation envelope of the 
transmitter output, provided the sweep frequency 
is lower than the modulation frequency. This 
produces a wave-envelope modulation pattern. 

The Wave-Envelope Pa ttern 

The connections for tre wave-envelope pattern 
are shown in Fig. l2-9A. The vertical deflection 
plates are coupled to the amplifier tank coil (or an 
antenna coil) through a low-impedance (coax, 
twisted pair, etc.) line and pickup coil. As shown in 
the alternative drawing, a resonant circuit tuned to 
the operating frequency may be connected to the 
vertical plates, using link coupling between it and 
the transmitter. This will eliminate rf h11n11onics, 
and the tuning control provides a means for 
adjustment of the pattern height. 

If it is inconvenient to couple to the final tank 
coil, as may be the case if lhe transmitter is tightly 
shielded, the pickup loop may be coupled to the 
tuned tank of a matching circuit or antenna 
coupler. Any method (even a short antenna 
coupled lo the tuned circuit shown in the 
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"alternate input connections" of Fig. 12-9A) that 
will pick up enough rf to give a suitable pattern 
height may be used. 

The position of the pickup coil should be varied 
until an unmodulated carrier pattern, Fig. 12-lOA, 
of suitable height is obtained. The horizontal 
sweep voltl!B'l should be adjusted to make the 
width of the pattern somewhat more than half the 
diameter of the screen. When voice modulation is 
applied, a rapidly changing pattern of varying 
height will be obtained. When the maximum height 
of this pattern is just twice that of the carrier 
alone. the wave is bein2 modulated 100 percent. 
This is illustrated by Fig. 12-lOC. 

If the height is greater than twice the unmodu
lated carrier amplitude, as illustrated in Fig. 
12-10D. the wave is overmodulated in the upward 
direction. Overmodulation in the downward direc
tion is indicated by a gap in the pattern at the 
reference axis, where a single bright line appears on 
the screen. Overmodulation in either direction may 
take place even when the modulation in the other 
direction is less than 100 percent. 

The Trapezoidal Pattem 

Connections for the trapezoid or wedge pattern 
as used for checking a-maze shown in Fig. 12-9B. 
The vertical platei of the CR tube arc coupled to 
the tnmsmitter tanJc through a pickup loop, 
preferably using a tuned circuit, as shown in the 
upper drawing, adjustable to the operating 
frequency. Audio voltage from the modulator is 
applied to the horizontal plates through a voltage 
divider, Rl-R2. This voltage should be adjustable 
so a suitable pattern width can be obtained; a 
0.2S-megohm volume control can be used at R2 
for this purpose. 

The n:sistance required at Rl will depend on 
tile de voltage on the modulated element. The total 
resistance of RI and R2 in series should be about 
0.2S megohm for each 100 volts. For example, if a 
plate-modulated amplifier operates at 1500 volts, 
the total resistance should be 3.75 megohms, 0.25 
megohm at R2 and the remainder, 3.5 megohms, in 
R 1. RI should be composed of individual resistors 
not larger than 0.5 megohm each, in which case 
I-watt resistors will be satisfactory. 

For adequate coupling at 100 Hz. the 
capacitance In microfarads of the blocking 
capacitor, C, should be at least .05/R, where R is 
the total resistance (Rl + R2) in megohms. In the 
example above, where R is 3.75 megohms, the 
capacitance should be .05/3.75 "' .013 µF or 
more. The voltage rating of the capacitor should be 
at least twice the de voltage applied to the 
modulated element. 

Trapeziodal patterm for various conditions of 
modulation are shown in Fig. 12-10,each alongside 
the ~orresponding wave~nvelope pattern, With no 
signal, only the cathode-ray spot appears on the 
screen. When the unmodulated carrier is applied, a 
vertical line appears; the length of the line should 
be adjusted, by means of the pickup-coil coupling, 
to a convenient value. When the carrier is modula· 
ted, the wedge-shaped pattern appears; the higher 
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Fig. 12-9 Methods of connecting the 
oscilloscope for modulation checking, A -
connections for wave-envelope pattern wi th any 
modulation method; B - connections for trape
zoidal pattern with plate or screen modulation. 

the modulation percentage, the wider and more 
pointed the wedge becomes. Al JOO-percent modu
lation ii just makes a point at one end of the 
horizontal axis, and the height at the other end is 
equal to twice carrier height. Overmodulation in 
the upward direction is indicated by increased 
height, at one end, and downward by an extension 
along the horizon tal ax is at the poin ted end. 

CHECKING A-M TRANSMITTER 
PERFORMANCE 

The trapezoidal pattern is generally more useful 
than the wave-envelope pattern for checking the 
operation of the phone transmitter. However, both 
types of patterns have their special virtues, and the 
best test setup is one that makes both available. 
The trapezoidal pattern is better adapted to 
showing the perfonnance of a modulated amplifier 
from the standpoint of inherent linearity, without 
regard to the wave form of the audio modulating 
signal, than is the wave-envelope pattern. Distor
tion in the audio signal also can be detected in the 
trapezoidal pattern, although experience in am1lyz
ing scope patterns is required to recognize it. 

If the wave-envelope pattern is used with a 
sine-wave audio modulating signal, distortion in the 
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(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

Fig. 12-10- Oscilloscope patterns showing various 
forms of modulation of an rf amplifier, At left. 
wave-envelope patterns; at right. corresponding 
trapezoidal patterns. The wave-envelope patterns 
were obtained with a linear oscilloscope sweep 
having a frequency one-third that of the sine-wave 
audio modulating frequency, so that three cycles 
of the modulation envelope may be seen. Shown at 
A Is an unmodulated carrier. at B approximately 
SO-percent modulation, and at C, 100-percent 
modulation. The photos at D show modulation in 
excess of 100 percent. E and F show the resulu of 
improper operation or circuit design. See text. 
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modulation envelope is easily recogni;zable; how
ever, It is difficult to determine whether the 
distortion Is caused by lack of linearity of the rf 
stage or by af distortion in the modulator. If the 
trapezoidal pattern shows good linearity in such a 
case, the trouble obviously is in the audio system. 
It is possible, of course, for both defects to be 
present simultaneously. If they are, the rf amplifier 
should be made linear first; then any distortion in 
the modulation envelope will be the result of 
improper operation in the speech amplifier or 
modulator, or in coupling the modulator to the 
modulated rfstage. 

Rf Linearity 
The trapezoidal pattern is a graph of the 

modulation characteristic of the modulated ampli
fier. The sloping sides of the wedge show the rf 
amplitude for every value of instantaneous 
modulating voltage. If these sides are perfectly 
~IIaight lines, the modulation characteristic is 
linear. If the sides show curvature, the characteris
tic is nonlinear to an extent shown by the degree 
to which the sides depart from perfect straightness. 
Tilis is true regardless of the modulating wave 
fonn. If these edges tend to bend over toward the 
horizontal at the maximum height of the wedge, 
the amplifier is "flallening" on the modulation 
uppeaks. Titis is usually caused by attempting to 
get too large a carrier output, and can be corrected 
by tighter coupling to the antenna or by a decrease 
in the de screen voltage. The slight "tailing ofr' at 
the modulation downpeak (point of the wedge) 
can be minimized by careful adjustment of excita
tion and plate loading. 

Severa.I types of improper operation are 5hown 
in Fig. 12-10. The patterns at E show the effect of 
a too long time constant in the screen circuit, in an 
amplifier getting its screen voltage through a 
dropping resistor, both plate and screen being 
modulated. The "double-edged" paltcrn is the 
result of audio phase shift in the screen circuit 
combined with varying screen-to-a:thode re!istance 
during modulation. Thi5 effect can be reduced by 
reducing the screen bypass capacitance, and also by 
connecting resistance (to be determined experi
mentally, but of the same order as the ~creen 
dropping resistance) between screen and cathode. 

The pictures at the bottom, F, show the effect 
of insufficient audio power. Although the trape
zoidal pattern shows good linearity in the rf 
amplifier, the wave~nvelope pattern shows flatten
ed peaks (both positive and negative) in the 
modulation envelope even though the audio signal 
applied to the amplifier was a sine wave. More 
speech-amplifier gain merely increases the Oatten
ing without increasing the modulation percentage 
in such a case. The remedy is to use a larger 
modulator or less input to the modulated rf stage. 
In some cases the trouble may be caused by an 
incorrect modulation-transfonner turns ratio, caus
ing the modulator to be overloaded before its 
maximum power output capabilities are reached. 
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GENERAL-PURPOSE AMPLITUDE MODULATORS 

The two modulator circuits shown in Figs. 
12-11 and 12-12 can be employed to deliver from 
3 to 70 watts of audio power. The basic designs are 
taken from RCA's Audio Design Phase 2. The 
complementaI}'--symmetry circuit, Fig. 12-11, is 
characterized by a Class A driver and a 
complementary pair (npn/pnp) of output transis
tor.I. The primary advantages of this circuit are 
simplicity and economy. Common conduction is 
minimized because the transistor which is "off'' 
during half of the audio cycle Is reverse biased. The 

output transistors are operated at zero bias, 
providing excellent de stability. Elaborate regulat
ed power supplies are not required. The comple
mentary-symmetry amplifier is limited to about 20 
watts output because of the high level of heat that 
the driver stage must dissipate. Component values 
and transistor types are given in Table 12-1 for 3-, 
S-, 12-, and 20-watt designs. 

For higher power levels, the quasi-comple
mentary circuit (Fig. 12-12) is usually chosen. Here 
a Class A prcdriver feeds a Class B npn/pnp driver 

TABLE 12-1 

PARTS VALUES FOR ~LEMIIITARY - IY-ETRV CIRCUIT ,.._ CJ 0, 

'"""") Ill /IJ IJ.j 11.7 RI RO /110 11./3 R/4 /IU 1117 Cl jJ/' JI/' #' (>' Q.I (}O n 
J 91k 6b 2.lk ] ... 62U in U k 120 J~O 1l 2211 n1J6V 10 JOO 40ftll 4061U 4Q1ur., UV. IA IStuunTII..CI 

j Slk 681 l.lk l.9!< 620 27k 3.61 IJ D 110 27 2Jt n2s1~v 5 150 .0616 406B 40616 11V, t A ISta&:ot Tl'-41 
IIWJ CI II I 

ll !Ok tll 7.51: J.711 190 11• I.Ilk 91 91 S6 - IIII V 10 lltl i60lft9 olQ6Jl 400,0 lS"V. IA l!QMOt n-'1 
(lWI lff'J 

20 1211 911 Ill 2.211 WI m I.JI 100 um JM - ltfiV JO ltd 40&11 406JJ 40l:zt.i UV.JA fC. P. Elar::_ lo.Ml 
f7WI (lWI 

TABLE 12-11 

PARTS VALUES FOR QUASI..COMPLEMENTARV-SV!loWETRY CIRCUIT 

""-( W.111) RJ R7 R8 

2S 12k 680 ISOO 

40 15k 560 2200 

70 !Sk 470 2700 

OCD'T U &TD , QlOt;.&J.. 

W.UIES Of' C&Nfll&JICI H( 
911 III ICAOf"ARiCl!I I ,t I , (ITJII IE ltS 

Ni l IN lllia,IJ'M•Cl•ts•a• l'J~l; 
A[SIST»tCliS .aq 1111 0111Mt, 

, 0 1000 . M• 1 coo aoa 

R22 
RIO Rll R2J 

2200 270 0.4](5W) 

2700 390 0.39(JW) 

3300 470 0.ll(JW) 

2 71C 

Q6 
Q< (J:J Q1 Tl 

2NlJ68 2Nl6JH 40632 37V 1.5A CC. P. Ille<. 105961 

40635 

40594 

40634 406]] 46V 

40J9J 40636 60V 

R12 

2A 

2.SA 

(C. P. Eloc. 10596) 

(C. P. Eloc. 10598) 

TOM.OP. 
STAGE 

IIC 

Fig. 12-11 - General-purpose amplitude modulator 
for 3 to 20 watts of audio power. Capacitol'll with 
polarity Indicated are electrolytic. See Table 12-1 
for perts not listed below. 
S1 - Spst toggle. 
T2 - See text. 
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Fig. 12-12 - General-purpose amplitude ~odula!or 
for 26 to 70 wans of audio power. Capacitors wtth 
polarity Indicated are el&etrolytic. See Teble 12-11 
for parts not listed below. 

pHir, which, in turn , activates the npn output 
transistors. The danger of damage to the output 
stage from a short circuit is high, so protection is 
Included. Table I 2-11 includes parts information £or 
three power levels: 25, 40, and 70 watts. 

All amplifiers are designed for an 8-ohm 
output. so T2 can be a standard audio output 
transformer in "reverse." The secondary impe
dance will depend on the impedance of the stage to 
be modulated. 

A-MAND DSB 

L1 - J. W. Miller 4622 or equiv. 
S1 - Spst toggle. 
T2 - See text. 
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Chapter 13 

Single-Sideband Transmission 

GENERATING THE SSB 
SIGNAL 

A fully modulated a-m signal has two thirds of 
its power in the carrier and only one third in the 
sidebands. The sidebands carry the intelligence to 
be transmitted; the carrier "goes along for the 
ride" and serves only to demodulate the signal at 
the receiver. By eliminating the carrier and 
transmitting only the sidebands, or just one 
~idcband, the available transmitter power is used to 
grl!atcr advantage. To recover the intelligence being 
tran~mitted, the carrier must be reinserted at the 
receiver, but this is no great problem with a proper 
detector circuit. 

Assuming that the same final-amplifier tube or 
tubes are used either for normal a-m or for 
single sideband, carrier suppressed. it can he shown 
that the use of ssb can give an effective gain of up 
to 9 dB over a-m - equivalent to increasing the 
transmitter power 8 times. Eliminating the carrier 
also eliminates the heterodyne interference that so 
often spoils communication in congested phone 
bands. 

Filter Method 

Two basic systems for generating ssb signals arc 
shown in Fig. I 3-2. One involves the use of a 
bandposs filter having sufficient selectivity to pass 
one side band and reject the other. Mechanical 
filters are available for frequencies below I MHz. 
From 0.2 to 10 MHz, good sideband rejection can 
be obtained with filters using four or more quartz 
crystals. Oscillator output al the filter frequency is 
combined with the audio signal in a balanced 
modulator, and only the upper and lower 
sidebands appear in the outpul One of the 
sidebands is passed by the filter and the other 
rejected, so that an ssb signal is fed to the mixer. 
The signal is mixed with the output of a 
high-frequency rf oscillator to produce the desired 
output frequency. For additional amplification a 
linear rf amplifier must he used. When the ssb 
signal is generated around 500 kHz It may be 
necessary to convert twice to reach the operating 
frequency, since this simplifies the problem of 
rejecting the "image" frequencies resulting from 
the heterodyne process. The problem of image 
frequencies in the frequency conversion& of ssb 
signals differs from the problem in receivers 
because the beating-oscillator frequency becomes 
important. Either balanced mixers or sufficient 
selectivity must be used to attenuate these 

Fig. 13-1 - Single sideband is the most popular of 
all the modes for amateur hf communication. 

frequencies in the output and hence minimize the 
possibility of unwanted radiations. (Examples of 
filter-type exciters can be found in various issues of 
QST and in Sing(e Sideband for the Radio 
Amateur.) 

Phasing Method 

The second system is based on the phase 
relationships between the carrier and sidebands in a 
modulated signal. As shown in the diagram. the 
audio signal is split into two components that arc 
identical except for a phase difference of 90 
degrees. The output of the rf oscillator (which may 
be at the operating frequency, if desired) is 
likewise split into two separate components having 
a 90-degrec phase difference. One rf and one audio 
component are combined in each of two separate 
balanced modulators. The carrier is suppressed in 
the modulators, and the relative phases of the 
sidebands are such that one sideband is balanced 
out and the other is augmented in the combined 
output. If the output from the balanced 
modulalors is high enough, such an ssh exciter can 
work directly into the antenna, or the power level 
can be increased in a following amplifier. 

Generally, the filler•type exciter is easier to 
adjust than is the phasin~ exciter. Most home built 
ssb equipment uses commercially made filters these 
days. The alignment is done at the factory, thu~ 
relieving the amateur of the sometimes tedious task 
of adjusting the fiJ tcr for suitable band pas.~ 
characteristics. Filler-type exciters are more 
popular than phasing units and offer better carrier 
supprc!sion and alignment stability. It is still 
practical for the builder to fabricate his own 
crystal-lattice n.lter by u lilizing low-<:ost surplus 
crystals. This possibility should not be overlooked 
if the builder is interested in keeping the overall 
cost of the home-built exciter at a minimum. 

BALANCED MODULATORS 

The carrier can be suppressed or nearly 
eliminated by using a bal11.nced modulator or an 
extremely sharp tilter. In ssb transmitters it is 
common practice to use both devices. The basic 
principle of any balanced modulator is to 

I 
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introduce the carrier in such a way that it does not 
appear in the output, but so that the sidebands 
will. The type of balanced-modulator circuit 
chosen by the builder will depend upon the 
consuuctional considerations, cost, and whether 
diodes or transistors are to be employed. 

In any balanced-modulator circuit there will be 
no output with no audio signal. When audio is 
applied, the balance is upset, and one branch will 
conduct more than the other. Since any modula
tion process is the same as "mi,dng" in receivers, 
sum and difference frequencies (sidebands) will be 
generated. The modulator is not balanced for the 
sidebands, and they will appear in the output. 

In the rectifier-type balanced modulators 
shown in Fig. 13-3, at A and 8, the diode rectifiers 
are connected in such a manner that, if they have 
equal forward resistances, no rf can pass from the 
carrier source to the output circuit via either of the 
two possible paths. The net effect is that no rf 
energy appears in the output. When audio is 
applied, it unbalances the circuit by biillling the 
diode (or diodes) in one path, depending upon the 
instantaneous polarity of the audio, and hence 
some rf will appear in the output. The rf in the 
output will appear as a double-~ideband suppres
sed-carrier signal. 

In any diode modulator, the rf voltage should 
be at least 6 to 8 times the peak audio voltage for 
minimum distortion. The usual operation involves 
a fraction of a volt of audio and several volts of rf. 
Desirable diode characteristics for balanced modu
lator and mixer service include : low noise, low 
forward resistance, high reverse resistance, good 
temperature stability, and fast switching time (for 
high-frequency operation). Fig. 13-4 lists the 
different classes of diodes , giving the ratio of 
forward-to-reverse resistance of each. This ratio is 
an important criterion in the selection of diodes. 
Also. the individual diodes used should have 
closely matched forward and reverse resistances; an 

SI NGLE-SIDEBAND TRANSMISSION 

ANT. 

(B) 

Fig. 13-2 - Two be· 
sic systems for gen
erating single-side
band suppressed car-
rier signals. 

ohmmeter can be used lo select matched pairs or 
quads. 

One of the simplest diode balanced modulators 
in use is that of Fig. I 3-3A. Its use is usually 
limited to low<osl portable equipment in which a 
high degree of carrier suppression is not vital . A 
ring balanced modulator, shown in Fig. 13-38, 
offers good carrier suppression at low cost. Diodes 
CRI through CR4 should be well matched and can 
be 1 N270s or simil11r. Cl is adjusted for best rf 
phase balance as evidenced by maximum carrier 
null. R 1 is also adju stcd for the best carrier null 
obtainable. ll may be necessary to adjust each 
control several times to secure optimum suppres
sion. 

Varactor diodes are part of the unusual circuit 
shown in Fig. 13-3C. This arrangement allows 
single-ended input of near-equal levels of audio and 
carrier oscillator. Excellent carrier suppression, SO 
dB or more, and a simple method of unbalancing 
the modulator for cw operation are features of this 
design. CRI and CR2 should be rated at 20 pf for 
a bias of -4 V. R 1 can be adjusted to cancel any 
mismatch in the diode characteristics, so it isn't 
necessary that the varactors be well matched. Tl is 
wound on a small-diameter toroid core. The tap on 
the primary winding of this transfonner is et the 
center of the winding. 

A bipolar-transistor balanced modulator is 
shown in 13-3D. ThiA circuit is !timilar to one used 
by Galaxy Electronics and uses closely matched 
transistors at QI and Q2. A phase splitter (inverter) 
Q3, is used to feed audio to the balanced 
modulator in push-puU. The carrier is supplied to 
the circuit in parallel and the output is taken in 
push-pull. CR 1 is a Zener diode and is used to 
stabilize the de voltage. Controls R 1 and R 2 are 
adjusttd for best carrier suppression. 

The circuit at E offers superior carrier 
suppression and uses a 7360 beam-deflection tube 
as a balanced modulator. This tube is capable of 
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Ratio 
Diode Type (M • 1,000,000) 

Point-contact germanium (l N98) 
Small-junction germanium (l N270) 
Low-conductance silicon ( I N4S7) 
High-conductance silicon ( I N64S) 
Hot-<"nrrier (HPA-2800) 

500 
0.IM 
48M 
480M 
2000M 

Fig, 13-4 - Table showing the forward-lo-reverse 
resistance ratio for the different classes of 
solid-state diodes. 

providing as much as 60 dB of canier suppression. 
When used with mechanical or crystal-lattice filters 
the total carrier suppression can be as great as 80 
dB. Most well-designed balanced modulators can 
provide between 30 and SO dB of earner 
suppre~~ion; hence the 7360 circuit is highly 
desirable for optimum results. The primary of 
transformer Tl should be bifilar wound for best 
resulls. 

IC Balanced Modulator.; 

Integrated circuits ()Cs) are presently available 
for use in balanced-modulator and mixer circuits. 
A diode array such as lhe RCA CA3039 is ideally 
suited for use in circuits ~uch as that of Fig. 13-SA. 
Since all diodes are formed on a common silicon 
chip, their characteristiC5 are ex tremcly well 
matched. This fact makes the IC ideal in a circuit 
where good balance is required. The hot-carrier 
diode also has closely matched characteristics and 
excellent temperature stability. Using broad-band 
toroidal-wound transformers, it is possible to 
construct a circuit similar to lhal of Fig. 13-6 
which will have 40 dB of cairier suppression 
without the need for balance controls. Tl and T2 
consist of trifilar windin~. 12 turns of No. 32 
enam. wire wound on a 1/2-inch toroid core. 
Another device with good inherent balance is the 
special IC made for modulator/mixer service, such 
u the Motorola MC1496G or Signetics S5596. A 
sample circuit using the MCl496 can be seen in 
Fig. 13-5 B. RI is adjusted for best earner balance. 
The amoun I of eneigy delivered from the cBirier 
generator effects the level of carrier suppression; 

3 

a 

Fig. 13-5 - Additional bafanced
moduletor circuits in which inte
grated circuits are used. 

SINGLE-SIDEBAND TRANSMISSION 

100 mV of injection is about optimum, producing 
up to SS dB of carrier suppression. Additional 
information on balanced modulators and other 
ssh-generator circuits is given in the texts 
referenced al the end of this chapter. 

FILTERS 

A home-built crystal lattice filter suitable for 
use in an ssb generator is shown in Fig. 13•7. This 
unit is composed of three half-lattice sections, with 
2 crystals in each section, made with surplus hf 
crystals. The 330-ohm resistor between sections 
two and three reduces interaction and smooths the 
passband response. The leakage reactance between 
the two halves of L2 and L3 is tuned out by the 
capacitors connected in series with the center lap~ 
of these coils. LI and L4, the input and output 
coils, resonate with the calculaled value of 
terminating capacitance at 5 060 kHz and reflect 
the needed inductance across the crystals. The 
2000-ohm resistors complete the termination. 

All the crystals were purchased as 5500-kllz 
FT-243s and etched to lhe desired frequencies with 
hydrofluoric acid. I I is best to wash each crystal 
with soap and water and measure its frequency 
before etching. The crystals in each set of three 
should be as close 10 each other in frequency a.~ 
possible. and the separation between the two 
groups should be about 1500 Hz. 

Tuning the filter is quite simple sin.cc all four 
adjustemenls can be peaked for maximum output 
at a fixed alignment frequency. This frequency 
should be on the high side of the pass band end can 
be the carrier frequency used for lower-sideband 
transmission (SSOS.5 kHz in the case of the filter 
described). Using the carrier frequency it is only 
necessary to unbalance the balanced modulator to 
obtain a cw alignment signal. Of course, a signal 
generator and rf-probe-equippcd VlVM can also be 
used. Cl, C2, Ll and 1.4 are adjusted for maximum 
output. 

A slightly better shape factor can be had by 
deruning the carrier oscillator to a lower alignment 
frequency corresponding lo about the 4-i!B-down 
point on the high-frequency side of the pass band . 
Fig. 13-8 shows the measured performance of the 
filter when aligned at 5505.2 kHz. The 6-dB 
bandwidth is 2750 Hz . 

azo 1200 



Filter Applications 

BALANCED MODULATOR 
(<4 e.1) tiPA-5082·5826 

ii"qli~rr-~ 
IIIPUT 

Fig. 13-6 - Balanced modulator design using 
hot-cerrier diodes. 

The (suppressed) carrier frequency must be 
adjusted so that it falls properly on the slope of the 
filter characteristic. If it is too close to the filter 
mid frequency the sideband rejection will be poor; 
if it is too far away there will be a lack or "lows" 
in the signal. 

Ordinarily, the earner is placed on one side of 
the curve, depending upon which sideband is 
desired, which is approximately 20 dB down froin 
the peak. It is sometimes helpful to make 
provisions for "rubbering" the cryst.al of the carrier 
oscillator so that the most natural voice quality can 
be realized when making initial adjustments. 

Using Commercial Crystal Filters 

Some builders may not have adequate testing 
facilities for building and aligning their own filters. 
In such instances it is possible to pun:hase 
ready-made units which are prealigned and come 
equipped with crystals for upper- and lower-side
band use. Spectrum Intemationatl has two types 
for use at 9 MHz. Another manufacturer, McCoy 
Electronics Co., 2 sells 9-MHz model~ for amateur 
use, and other filters are available surplus.3 

Mechanical Filters 

Mechanical filters contain elements that vibrate 
and establish resonance mechanically. In crystal 

I McCoy Electronics Company, Mt. Holly 
Spriop, PA. 

2 Spectrum lntemational, Topatleld, MA. 
3 E. S. Electronic Lab&. 31 Auputu1, Excelsior 

Spdnp, MO. 
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Fig. 13-8 - Measured selectivity characteristic of 
the filter when aligned at 5505.2 kHz. The 6-dB 
bandwidth is 2750 Hz and the 30-dB/6-<IB shape 
factor is 1.44. 

filters the coupling between filter sections ls 
achieved by electrical means, In mechanical filters, 
mechanical couplers are used to transfer the 
vibrations from one resonant section to the next. 
At the input and output ends of the filter me 
transducers which provide for electrical coupling to 
and from the filter. Most mechanical filters are 
designed for use from 200 to 600 kHz, the range 
near 455 kHz being the most popular for amateur 
use. Mechanical filters suitable for amateur radio 
circuit~ are manufactured by the Collins Radio Co. 
and can be purchased from some dealers in 
amateur radio equipment. 

FILTER APPLICATIONS 

Methods for using typical sideband filters are 
shown schematically in Fig. 13-9, In the circuit of 

Fig. 13-7 - Circuit diagram of a filter. Resistances are in ohms, and resistors are 1/2-watt composition; 
capacitors ere disk ceramic except as noted. 

C1. C2 - Mica trimmer. 
L1, L4 - 50 turns No. 38 enamel, close-wound on 

17/64-lnch dia ceramic slug-tuned form (CTC 
LS-6, National XR-81 or simil11rJ. 

L2, L3 - 60 turns No. 38 enamel, close wound on 
17/64-.nch ceramic form (CTC LS~. National 

XR-81 or similar with powered-iron core 
removed), center tapped. 

Y1, Y2, Y3 - All same frequency (near 6600 
kHz). 

Y4. Y5, Y6 - All same frequency and 1500 to 
1700 Hz different from Y1, Y2, Y3. 
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BAL. MOD. 

TO I..C. 
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(C) 
Fig. I 3-9A a 455-kHz mechanical filter is coupled 
to the balanced modulator by means of two de 
isolating capacitor.;. Cl is used to tune the input of 
FL! to reson1111ce (If a Collins type 455-FB-21 is 
used). Frequently, a fixed-value 120-pF capacitor 
will su ffke at each end of the filter. C2 tunes the 
output of the filter. A stage of 1-f amplification 
usually follows the tilter, es shown, to compensate 
for the insertion loss of the filter and to provide a 
stage to which age can be applied for ale 
(automatic level control) purposes. In the circuit 
shown the operator can ground RI if ale is not 
used. R2 can be lifted from ground and a 
50O0-ohm control can be placed between it and 
ground to provide a means of manual gain control 
for providing the desired sign.al level to the mixer. 

The circuit of Fig. 13-98 uses a 9-MHz crystal 
liller, followed by an IC i-f amplifier. Either the 
McCoy or Spectrum International filters are 
suitable. Most '--Ommcrcial ssb filter.; are supplied 
with a data sheet which shows recommended input 
and output circuits for matching the impedance of 
the filter. AU arc adaptable to use with tubes or 
transistors. 

TO 
El\ 

Fig. 13-9 - Typ,cat 
circu,u show ng how 

fihm are a>nn ct· 
ed In the ClfCUtl, 

Another circuit which uses an hf crystal filter, 
preceded by a dual-gate MOSFET operating as an 
rf speech clipper, is shown in Fig. 13-9C. The 
advantages of rf clipping arc cxphuncd later in this 
chapter. A second MOSFET amplifies the signal 
from the filler and provide, a variable fovel of 
output which is controlled by the ale Une. 

CARRIER OSCILLATOR 
The ssb-generalion process starts with a 

cryslal~ontroUed oscillator, as shown in Fig. 13-2. 
In a filter-type generator, the oscillator frequency 
is set on the low-frequency side of the filter 
bandpass to produce upper sideband and on the 
uppe1 side when lower-sideband operation is 
desired- Suitable oscillator ci1cuits arc shown in 
Chapte16. 

MIXER 
A single-sideband signal, unlike fm or cw, 

cannot be frequency multiplied. One or more 
mixer st.ages are employed in an ssh exciter to 



The Speech Amplifier 

(A) CARBON 

MPS-A10 

CARBON 

HEP601 
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(C) CRYSTAL,CERAMIC,OR HI-Z DYNAMIC 

(D) LO-Z DYNAMIC 

Fig. 13-10 - Speech circuits for use with 
standard-type microphones. Typical parts values 
are given. 

heterodyne the output of a fixed-frequency ssb 
generator to the desired operating frequency. See 
Chapter 8 for details of mixer design and sample 
mixer circuits. 

Fig. 13-1 1 - A resistance
coupled speech amplifier. 
Component values are re
presentative of a typical 
circuit. lf>IH ,I 
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THE SPEECH AMPLIFIER 

The purpose of a speech amplifier is to raise the 
level of audio output from a microphone to that 
required by the modulator of a transmitter. In ssb 
and fm transmitters the modulation process takes 
place at low levels, so only a few volts of audio arc 
necessary. One or two simple voltage-amplifier 
stages will suffice. A-m tran~mitters often employ 
high-level plate modulation requiring considerable 
audio pnwer, as described in Chapter 12. The 
microphone-input and audio voltage-amplifier 
circuits are similar in all three types of phone 
transmitters, however. 

When designing speech equipment it is neces
sary to know (I) the amount of audio power the 
modulation system must furnish and (2) the 
output voltage developed by the microphone when 
it is spoken into from normal distance (a few 
inches) with ordinary loudness. It then becomes 
possible to choose the number and type of 
amplifier stages needed to generate the required 
audio power without overloading or undue 
distortion anywhere in the system. 

MICROPHONES 

The level of a microphone is its electrical 
output for a given sound intensity. The level varies 
somewhat with the type. It depends to a large 
extent on the distance from the sound source and 
the intensity of the speaker's voice. Most 
comme1dal lransmillers are designed for the 
median level. If a high-level mike is used, care 
should be taken not to overload the input amplifier 
stage. Conversely, a microphone of too low a level 
must be boosted by a preamplifier. 

The frequency response (fidelity) of a micro
phone is its ability to convert sound uniformly into 
alternating current. For high articulation it is 
desirable to reproduce a frequency range of 
200-3500 Hz. When all frequencies are reproduced 
equally, the microphone is considered "flat." Flat 
response is highly desirable all peaks (sharp rises in 
the reproduction curve) limit the swing or 
modulation to the maximum drive voltage, wherel!ll 
the usable energy is contained in the flat part of 
the curve. 

Microphones are generaUy omnidirectional, and 
respond to sound from all directions, or unidirec
tional, picking up sound from one direction. If a 
microphone is to be used close to the operator's 
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Fig. 13-12 - Typical phase-inverter 
circuits for transistor amplifier ap· 
plicatlons. 

mouth, an omnidirectional microphone is ideal. If, 
however, ~peech is generated a foot or more from 
the microphone, a unidirectional microphone will 
reduce reverberation by a factor of I. 7: I. Some 
types of unidirectional microphones have prorim
ily effect in that low frequencies are accentuated 
when the microphone is too cloliC to the mouth. 

Carbon Microphones 

1l1e carbon microphone consists of a metal 
diaphragm placed against a cup of loosely packed 
carbon granules. As the diaphragm is actuated by 
the sound pressure, it alternately compresses and 
decompresses the granules. When current is flowing 
through the button, a variable de will correspond 
to the movement of the diaphragm. 11tis 
flucluating de can be used to provide grid-cathode 
voltage com:sponillng to the sound pressure. 

The output of a cvbon microphone is 
exttcmcly high, but nonlinear distortion and 
Jnstablll ty has reduced i1S use. The circuit s.hown m 
Fig. 13-JO will deliver 20-30 volts at the 
transfonner secondary. 

Piezoelectric Microphones 

Piezoelectric microphones make use of the 
phenomena by which certain materials produce a 
voltage by mechanical stress or di~tortion of the 
material. A diaphragm is coupled to a small bar of 
material such as Rochelle sall or ceramic made of 
barium titanate or lead zirconium titanate. ·The 
diaphragm motion is thus translated into electrical 
energy. Rochelle-salt crystals are susceptible to 
high temperatures, excessive moisture, or extreme 
drynes.~. Although the output level is higher, their 
use is declining because of their fragility. 

Ceramic microphones are impervious to tem
perature and humidity. The output level is 
adequate for most modem amplifiefli. They are 
capacitive devices and the output impedance is 
high. The load impedance will affect the low 
frcquencie5. To provide attenuation. it is desirable 
lo reduce the load lo 0.25 rnel!ohm or even lower, 
to maximize performance when operating ssh, thus 
eliminating much of the unwanted low-frequency 
response. 

Dynamic Microphones 

The dynamic microphone somewhat resembles 
a dynamic loudspeaker. A lightweight coil, usually 
made of aluminum wire, is attached to a 
diaphragm. This coil is suspended in a magnetic 
circuit. When sound impinges on the diaphragm, it 
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moves the coil through the magnetic field 
generating an allemaling voltage. 

Eleclret Microphones 

The eleclrct microphone has recently appeared 
as a feai.able alternative lo the l.'.aJbon, piezoelectric 
or dynamic microphone. An electret is an insulator 
which has a quasi-permanent static electric charge 
napped in or upon it. The electret operates in a 
condenser fashion which uses a set of biased plates 
whose motion, caused by air pressure variations, 
creates a changing capacitance and accompanying 
change in voltage. The clectret acts as the plates 
would, and being charged, it requires no bias 
voltage. A low voltage provided by a battery used 
for an FET impedance converter is the only power 
required to produce an audio signaL 

Elecuets traditionally have been susceptable lo 
damage from high temperatures and high humidity. 
New materials and different charging techniques 
have lowered the chances of damage, however. 
Only in extreme conditions ( such as 120 degrees F 
al 90 percent humidity) are problems present. The 
output level of a typical elect.rel is higher than that 
of a slandard dynamic microphone. 

VOLT AGE AMP LI Fl ERS 

The important characteristics of a vollJige 
amplifier are its voltage gain, maximum undis
rorted output voltage. and its frequency response. 
The voltage gain is the voltage-amplification ratio 
of the stage. The output voltage is the maximum af 
voltage that can be secured from the stage without 
rnstortion. The amplifier frequency response 
should be adequate for voice reproduction; this 
requiremenl is eBSily satisfied. 

The voltage gain and maximum undistorted 
output voltage depend on the operating conditions 
of 1l1e amplifier. The output voltage is in tenns of 
peak voltage rather than rms; this makes the rating 
independent of the waveform. Exceeding the peak 
value causes the amplifier to distort, so it is more 
useful to consider only peak values in working wilh 
amplifier.1. 

Resi~lance Coupling 

Resistance coupling generally is used in 
voltage-amplifier stages. It is relatively inexpensive, 
good uequency response can be secured, and there 
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is little danger of hum pick-up from stray magnetic 
fields. It is the most satisfactory type of coupling 
for the output circuits of pentodes and high-µ 
triodes, because with transformers a sufficiently 
high load impedance cannot be obtained without 
considerable frequency distortion. A typical circuit 
is given in Fig. 13-11. 

Pha~e Inversion 

Push-pull output may be secured with resis
tance coupling by using phase-inverter or phase· 
splitter circuits as shown in Fig. 13-12. In this 
circuit the voltage developed across the emitter 
resistor of Ql is equal to, but 180 degrees out of 
phase with, the voltage swing across the collector 
resistor. Thus, the following two stages are fed 
equal af voltages. The gain of Q 1 will be quite low, 
if indeed the stage exhibits any gain at all. 

Transformer Coupling 

Transformer coupling between stages ordinarily 
is used only when power is to be transferred (in 
such a case resistance coupling is very inefficient), 
or when it is neces.~ary to couple between a 
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Fig. 13-14 - A de voltage controls the gain of this 
IC, eliminating the need for shielded leads to 
the gain control. 

IM 

Fig. 13-13- Typical 
speech amplifier using 
integrated circuits. 

single-ended and a push-pull stage. 
Several types of ICs have been developed for 

use in speech amplifiers. The Motorola MFC8040 
features very low noise, typically 1 µV, (Fig. 
13-13A), while the RCA CA3020 has sufficient 
power output - 500 mW - to drive low-impedance 
loads (Fig. 13-138). A transistor IC array can also 
be put to work in a speech amplifier, as shown in 
Pig. 13-13C. This circuit uses an RCA CA3018, 
with a high-gain Darlington pair providing high gain 
and high input impedance. A second transistor 
within the IC functiollll as an emitter follower, for 
low-impedance output. Most of the operational
amplifier !Cs will work as high-gain speech 
amplifiers, using a minimum of external parts as 
shown in Fig. 13-13D. The µA741 has internal 
frequency compensation, but the popular 709 
series of operational amplifiers requires external 
frequency compensation to prevent self-oscillation. 

Gain Control 

A means for varying the over-all gain of the 
amplifier is necessary for keeping the fin.al output 
at the proper level for modulating the transmitter. 
The common method of gain control is to adjust 
the value of ac voltage applied to the base or grid 
of one of the amplifiers by means of a voltage 
divider or potentiometer. 

The gain-control potentiometer should be near 
the input end of the amplifier, at a point where the 
signal voltage level is so low there is no danger that 
the stages ahead of the gain control will be 
overloaded by the full microphone output. In a 
high-gain amplifier it is best to operate the first 
stage at maximum gain, since this gives the best 
signal-to-hum ratio. The control is usually placed in 
the input circuit of the second stage. 

Remote gain control can also be accomplished 
with an electronic attenuator IC, such as the 
Motorola MFC6040. A de voltage varies the gain of 
the IC from +6 dB to -85 dB, eliminating the need 
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Fig. 13-16 - Rf filters using LC (A) and RC (B) 
components, which are used 10 prevent feedback 
caused by rf pickup on the microphone lead. 

for shielded leads to a remotely located volume 
control. A typical circuit is shown in Fig. 13-14. 

Speech-Amplifier Construction 

Once a suitable circuit has been selected for a 
speech amplifier, the construction problem resolves 
itself into avoiding two difficulties - excessive 
hum, and unwanted feedback. For reasonably 
humle~~ operation, the hum voltage should not 
exceed about 1 percent of the maximum audio 
output voltage - that is, the hum and noise should 
be at least 40 dB below the output level. 

Unwanted feedback, if negative, will reduce the 
gain below the calculated value; if positive, is likely 
to cause self-<iscillation or "howls." Feedback can 
be minimized by isolating each stage with 
decoupling resistors and capacitors, by avoiding 
layouts that bring the first and last stages near each 
other, and by shielding of "hot" points in the 
circuit, such as high-impedance leads in low-level 
stages. 

If circuit-board construction is used, high
impedance leads should be kept as short as 
possible. All ground returns should be made to a 
common point. A good ground between the circuit 
board and the metal chassis is necessary. Complete 
shielding from rf energy is always required for 
low-level solid-state audio circuits. The micro
phone input should be decoupled for rf with a 
filter, as shown in Fig. 13-15, At A. an rf choke 
with a high impedance over the frequency range of 
the transmitter is employed. For high-impedance 
inputs, a rwstor may be used in pl.ace of the 
choke. 

When using paper capacitors as bypa.'!Ses, be 
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sure that the terminal marlced "outside foil," often 
indicated with a black band, is COMected to 
ground. This utilizes the outside foil or the 
capacitor as II shield around the "hot" foil. When 
paper or mylar c11p11citors arc used for coupling 
between stages, always connect the outside roil 
terminal to the side of the circuit having the lower 
impedance to ground. 

DRIVER AND OUTPUT STAGES 
Few ssb transmitting mixers have sufficient 

output to properly drive an output stage or any 
significant power level. Most modem-day linear 
amplifiers require at least 30 to I 00 watts of 
exciter output power lo drive them to their rated 
power input level. It follows, then, that an 
intermediate stage of amplification should bi: used 
between the mixer and the pa stage of the exciter. 

The vacuum-tube mixers of Chapter 8 will 
provide 3 to 4 peak vol ts of output into a 
high-impedance load. Since most AB1 exciter 
output stages need from 25 to SO volts of swing on 
their grids for normal oper111ion, it is necessary to 
employ a driver stage to amplify the mixer output. 
There are several high-transconductance pentode 
tubes that work well as drivers. Among them are 
the 6CL6, the l2BY7, the 6EH7, and the 6GK6. 
Since all of these tubes a,e capable of high gain, 
instability iJ sometimes encountered during their 
use. Palll5itic suppression should be included as a 
matter of course, and can take the form of a 
low-value noninduclive resistor in series with the 
grid. or a standard parasitic choke installed directly 
at the plate of the tube. Some form of 
neutralization is recommended and is preferred to 
resistive loading of the tuned circuits. The latter 
method lowers the tuned-circuit Q. This in tum 
lowers the stage selectivity and permits spurious 
responses from the mixer to be passed on to the 
following stage of the exciter. 

A typical driver and PA stage for modem 
exciters is shown in Fig. 13-16. The PA is set up.for 
AB1 amplification. The AB1 mode is preferred 
because it results in less diuortion than does the 
AB2 or Class-B modes, and because driving power 
is not needed for AB 1 operation. A 6146 tube is 
used but an inexpensive TV sweep tube may be 
employed if a higher level of IMD is permissible. 

PA 

Fig. 13-16 - Schematic diagram of a typical driver and final stage for ssh exciter. Neutralization and 
perasitic-1uppression circuits have been included. 
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Some sweep tubes are capable of producing less 
IMO than others, but if not overdriven most of 
them are satisfactory for ham use. Among the 
sweep tubes useful as AB1 amplifiers are the 
following : 6DQ5, 6GB5, 6GE5, 6HF5, 6JE6, 6JS6, 
6KD6, 6KG6, 6LF6 and 6LQ6. 

A Practical Circuit 

In the circuit of Fig. 13-16, a 6GK6 and a 6146 
a.re shown in a typical driver-amplifier anange
ment. Each stage is stabilized by means of R 1 in 
the driver grid, and Zl in the PA plate, both for 
parasitic suppression. C2 and CS are neutralizing 
capacitors and can take the fonn of stiff wires 
placed adjacent to, and in the same plane as the 
tube anode. Varyin1t the spacing between the 
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neutralizing stubs and the tube envelopes provides 
the adjustment of these capacitors. Para.Del de feed 
is used in the mixer and driver stages lo prevent the 
tuned-circuit Q from being lowered by de current 
flow through L1 and L2. CIA and ClB are ganged, 
and slug-tuned inducton arc used at LI and L2 to 
pennit lr.icking of the mixer and driver plate tanks. 
C3 and C4 form pa.rt of the neutralizing cm:uits. 
The values shown are suitable for operation on 3.S 
MHz but may require modification for use on the 
other bands. Regulated de voltage is recommended 
for the screen grids of the driver and rf st.ages. 
Typical rf voltages (measured with a diode rf probe 
and VlVM are identified with an asterisk. A circuit 
of this type is capable or up to 60 watts PEP 
outpuL For more information on linear ampllflel"!I 
for sideband service, sec Chapter 6. 

POWER RATINGS OF SSB TRANSMITTERS 

Fig. 13-11 is more or less typical of a few 
voice-frequency cycles of the modulation envelope 
of a single-sideband signal. Two amplitude values 
associated with ii are of particular interest. One is 
the maximum peak amplitude, the greatest 
amplitude reached by the envelope at any tlll1e. 
The other is the average amplitude. which is the 
average of all the amplitude values contained in the 
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Fig. 13-17 - IAI Typical ssb voice-modulated sig
nal might have an envelope of 1he general nalure 
shown, where the rt amplitude !currant or vol1agel 
is plotted es a function of time, which increases 10 
the right horizontally. (Bl Envelope pattern aher 
speech processing 10 increase 1he average level of 
power output. 

envelope over some signiflcant period of time, such 
as the time of one syllable of speech. 

The power contained in the signal at the 
maximum peak amplitude is the basic transmitter 
rating. It is called the peak-erl'llelope power, 
abbreviated PEP. The pealc-envelope power of a 
given transmitter is intimately related to the 
distortion considered tolerable. The lower the 
signal-to-distortion ratio the lower the attainable 
peak-1:nvclope power, as a general rule. For ~platter 
reduction, an S/D ratio of 25 dB is considered a 
border-line minimum, and higher figures are 
desirable. 

The signal power. S, in the ~landard definition 
of S/D ratio is the power in one lone of a two-tone 
test signal. This is 3 dB below the peak-envelope 
power in the same signal. Manufacrurcrs of 
amateur ssb equipment usually base their published 
S/D ratios on PEP, thereby getting an SID ratio 
that looks 3 dB better 1han one basw on the 
standard definition. In comparing distortion
product ratings of differenl tran,mitters or 
ampliflers, first make sure that the ratios have the 
same base. 

When the output of 1111 ssb transmitter is viewed 
on a spectrum analyzer, the dbplay shows the 
power in the two tones separately, so that lhe level 
of distortion products is 6 dB below the level of 
either tone. HoWt:vcr, commercial analy;i:ers usually 
have a scale over the display tube which is 
calibrated directly in dB below a ~ingle-tone test. 
Readings may be converted to dB below the PEP 
level by subtracting 6 dB from the indicated 
distortion levels. 

Peak vs. Average Power 

Envelope peaks occur only sporadically during 
voice transmission, and have no direct relationship 
with meter readings. The meters respond to the 
amplitude (cunent or voltage) of the signal 
averaged over several cycles or the modulation 
envelope. (This is true in practicaUy aU cases, even 
though the transmitter rf output meter may be 
colibmted in waits. Unfortunately, such a calibra-
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tion means little in voice transmission since the 
meter can be calibrated in watts only by using a 
sine-wave signal - which a voice-modulated signal 
definitely is not.) 

The ratio of peak-to-average amplitude varies 
widely with voice of different characteristics. In 
the case shown in Fig. 13-17A the average 
amplitude, found graphically, is such that the 
peak-to-average ratio of amplitudes is almost 3 to 
l. The ratio of peak power to average power is 
something else again. There is no simple relation
ship between the meter reading and actual average 
power, for the reason mentioned earlier. 

DC Input 

FCC regulations require that the transmitter 
power be rated in terms of the de input to the final 
stage. Most ssb final amplifiers are operated Class 
AB 1 or AB2, so that the plate current during 
modulation varies upward from a "resting" or 
no-signal value that is generally chosen to minimize 
distortion. There will be a peak-envelope value of 
plate current that, when multiplied by the de plate 
voltage, represents the instantaneous tube power 
input required to produce the peak-envelope 
output. This is the "peak-envelope de input" or 
"PEP input." It does not register on any meter in 
the transmitter. Meten cannot move fast enough to 
show it - and even if they did, the eye couldn't 
follow. What the plate meter does read is the plate 
current averaged over several modulation-envelope 
cycles. This multiplied by the de plate voltage is 
the number of watts input required to produce the 
a~erQKe power output described earlier. 

In voice transmission the power input and 
power output are both continually varying. The 
power input peak-to-average ratio, liJce the power-
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Fig. 13-18 - Typical 
solid-state compressor 
circuit. 

output peak-to-average ratio, depends on the voice 
characteristics. Determination of the input ratio is 
further complicated by the fact that there is a 
resting value of de plate input even when there is 
no rf outpuL No exact figues are possible. 
However, experience has shown that for many 
types of voices and for ordinary tube operating 
conditions where a moderate value of resting 
current is u5ed, the ratio of PEP input to average 
input (during a modulation peak) will be in the 
neighborhood of 2 to 1. That is why many 
amplifier.. are rated for a PEP input of 2 kilowatts 
even though the maximum legal input is I kilowatt. 

PEP Input 

The 2-ltilowatl PEP input rating can be 
interpreted in this way : The amplifier can handle 
de peak-envelope inputs of 2 kw, presumably with 
satisfactory linearity. But it should be run up to 
such peaks if - and only if - in doing so the de 
plate current (the current that shows on the plate 
meter) multiplied by the de plate voltage does not 
at any time exceed 1 kilowatt. On the other hand, 
if your voice has characteristics such that the de 
peak-to-average ratio is, for example, 3 to 1, you 
should not run a greater de input during peaks than 
2000/3, or 660 watts. Higher de input would drive 
the amplifier into nonlinearity and generate 
splatter. 

If your voice happens to have a peak-to-average 
ratio of less than 2 to I with this particular 
amplifier, you cannot run more than 1 kilowatt de 
input even though the envelope peaks do not reach 
2 kilowatts, 

It should be apparent that the de input rating 
(based on the maximum value of de input 
developed during modulation, of cour.ie) leaves 
much to be desired, Its principal virtues ase that it 
can be measured with ordinary instruments, and 
that it is consistent with the method used for 
rating the power of other types of emission used 
by amateurs. The meter readings offer no a.<tSurance 
that the transmitter is being operated within 
linearity limits, unless backed up by oscilloscope 
checks using your voice. 

It should be observed, also, that in the case of a 
grounded-grid final amplifier, the I-kilowatt de 
input permitted by FCC regulations must include 
the input to the driver stage as well as the input to 
the final amplifier itself. Both input.~ are measured 
as described above. 
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SPEECH PROCESSING 

Four basic systems, or a combination thereof, 
can be used to reduce the peak-to-average ratio, 
and thus, to raise the average power level of an ssb 
signal. They are: compression or clipping of the af 
wave before it reaches the balanced modulator, and 
compression or clipping of the rf waveform after 
the ssb signal has been generated. One form of rf 
compression, commonly called ale (automatic level 
control) is almost universally used in amateur ssb 
transmitters. Audio processing is also used to 
increase the level of audio power contained in the 
sidebands of an a-m transmitter and to maintain 
constant deviation in an fm transmitter. Both 
compression and clipping are used in a-m systems, 
while most fm transmitters employ only clipping. 

Volume Compression 

Although it is obviously desirable to keep the 
voice level as high as possible, it is difficult to 
maintain constant voice intensity when speaking 
into the microphone, To overcome this variable 
output level, it is possible to use automatic gain 
control that follows the average (not instanta
nrou,) variations in speech amplitude. This can be 
done by rectifying and filtering some of the audio 
output and applying the rectified and filtered de to 
a control electrode in an early stage in the 
amplifier. 

A practical example of an audio compressor 
circuit is shown in Fig. 13-1 BA. Ql is employed as 
an impedance converter, providing coupling be
tween a high-impedance microphone and the input 
terminal of the Plessey SL630C audio-amplifier IC. 
Low-impedance microphones can be connected 
directly to the input of the SL630C. Ul has an age 
terminal which allows logarithmic control of the 
output level with a variable de voltage. High
frequency cutoff is accomplished by connecting a 
.002-µF capacitor between pins 3 and 4. Manual 
gain control is effected by applying a de voltage to 

MIC. 
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pin 8. 
Age voltage for UI is developed by the 

SL620C. A suitable time constant for voice 
operation is established by the capacitors connect
ed to pins 3, 4 and 6, respectively. The IC provides 
a fast-attack, slow-decay characteristic for the age 
voltage when voice signals are applied and a short 
burst of age voltage when a short noise burst 
occurs. Twenty transistors and four diodes are used 
in U2. 

The compressor will hold the output level 
constant within 2 dB over a 40-dB range of input 
signal. The nominal output level is 80 mV; the 
microphone used should develop at least 3 mV at 
the gate of QI. 

Fig. 13-1 BB shows an IC audio compressor 
circuit using the National Semiconductor LM-3 70. 
This IC has two gain-control points, pins 3 and 4; 
one is used for the input gain adjustment while the 
other receives age voltage whenever the output 
level exceeds a preset norm. R2 establishes the 
point at which compression starts. 

Speech Clipping and Filtering 

In speech wave forms the average power content 
is considerably less than in a sine wave of the same 
peak amplitude. If the low-energy peaks are 
clipped off, the remaining wave form will have a 
considerably higher ratio of average power to peak 
amplitude. Although clipping distorts the wave 
fonn and the result therefore does not sound 
exactly like the original, it is possible to secure a 
worthwhile increase in audio power without 
sacrificing intelligibility. Once the system is 
properly adjusted it will be impossible to overdrive 
the modulator stage of the transmitter because the 
maximum output amplitude is fixed. 

By itself, clipping generates high-order har
monics and therefore will cause splatter. To 
prevent this, the audio frequencies above those 

Fig. 13-19 - This drawing Illustrates use of JFETs or silicon diodes to clip positive and negative voice 
peaks. 
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needed for intelligible speech must be filtered out, 
after clipping and before modulation. The filter 
required for this purpose should have relatively 
little attenuation below about 2500 Hz, but high 
attentuation for all frequencie~ above 3000 Hz. (A) 

The values of L and C should be chosen to form 
a low-pass filter section having a cutoff frequency 
of about 2500 Hz, using the value of the ter
minating resistor load resistance. For this cutoff 
frequency the formulas are: 

I t 
7 O and Cl = Cl = R 

where R is in ohms, LI in henrys, and CI and C2 
in microfarads. 

There is a loss in naturalness with "deep" 
clipping, even though the voice is highly 
intelligible. With moderate clipping levels (6 to 12 
dB) there is almost no change in "quality" but the 
voice power is increased considerably. 

Before drastic clipping can be used, the speech 
signal must be amplified several times more than is 
necessary for nonnal modulation. Also, the hum 
and noise must be much lower than the tolerable 
level in ordinary amplification, because the noise in 
the output of the amplifier increases in proportion 
to the gain. 

, 

Fig, 13-20 - The improvement in received 
signal-to-noise ratio achieved by the simple forms 
of signal processing. 

In the circuit of Fig. 13-19B a simple diode 
clipper is shown following a two-transistor 
preamplifier section. The I NJ 7 54s conduct at 
approximately 0.7 volt of audio and provide 
positive- and negative-peak clipping of the speech 
wave form. A 4 7 ,000-ohm resistor and a .02-µF 
capacitor follow the clipper 10 form a simple R~ 
filter for attenuating the high-frequency compon
ents generated by the clipping action, as discussed 
earlier. Any lop-hat or similar silicon diodes can be 
used in place of the I N3754s. Germanium diodes 
() N34A type) can also be used, but will clip at a 
slightly lower peak audio level. 

SSB SPEECH PROCESSING 

Compression and clipping are related, as both 
have fast attack times, and when the compressor 
release time is made quite short, the effect on the 

(B) 

(C) 

(D) 

Fig. 13-21 - Two-tone envelope patterns with 
various degrees of rf clipping. All envelope patterns 
are formed usl ng tone<; of 600 and 1000 Hz. (A I Al 
clipping threshold; (B) 5 dB of clipping; (Cl 10 dB 
of clipping; (D) 15 dB of clipping. 

wave from approaches th11t of clipping. Speech 
processing is most effective when accomplished at 
radio frequencies, although a combination of af 
clipping and compression can produce worthwhile 
results. The advantage of an outboard audio speech 
processor is that no internal modifications arc 
necessary to the ssb transmitter with which ii will 
be used. 

To understand the effect of ssb speech 
processing, review the basic rf waveforms shown in 
Fig. 13-17A. Without processing, they have high 
peaks but low average power. After processing. Fig. 
13-178, the amount of average power has been 
raised considerably. Fig. 13-20 shows an advantage 
of several dB for rf clipping (for 20 dB of 
processing) over its nearest competitor. 

Investigations by W6JF.S reported in QST for 
January, 1969, show that, observing a transmitted 
signal using 15 dB of audio clipping from a remote 
receiver, lhe intelligibility threshold was improved 
nearly 4 dB over a signal with no clipping. 
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Fig. 13-22 - (A) Control voltage obtained by 
sampling the rf output voltage of the final 
amplifier. The diode back bias, 40 volts or so 
maximum, may be taken from any convenient 
positive voltage source in the transmitter. R1 may 
be a linear control having a maximum resistance of 
the order of 50,000 ohms. CR1 may be a 1 N34A 
or similar germanium diode. 
(B) Control voltage obtained from grid circuit of a 
Class AB1 tetrode amplifier. T1 is an interstage 
audio transformer having a turns ratio, secondary 

Increasing the af dipping level to 25 dB gave an 
additional l.S dB improvement in intelligibility. 
Audio compression was found to be valuable for 
maintaining relatively constant average-volume 
speech, but such a compressor added little to the 
intelligibility threshold at the receiver, only about 
1-2 dB. 

Evaluation of rf clipping from the receive side 
with constant-level speech, and filtering to restore 
the original bandwidth , resulted in an improved 
intelligibility thre~hold of 4.5 dB with 10 dB of 
clipping. Raising the clipping level to 18 dB gave an 
additional 4-dB improvement at the receiver, or 
8.S-dB total increase. The improvement of the 
intelligibility of a weak ssb signal at a distant 

OUT 

Rz 
IIIEG . 

+uv 
0-80 dB aAIN 11£DUCTION 

ALC ,o~ o-rov ALC Al'f'UEO 

(F) 

to primary, of 2 or 3 to 1. An inexpensive 
transformer may be used since the primary and 
secondary currents are negligible. CR1 may be a 
1 N34A or similar; time constant R2C3 is discussed 
in the text. 
(C) Control voltage is obtained from the grid of a 
Class AB 1 tetrode amplifier and amplified by a 
triode audio stage. 
(D) Ale system used in the Collins 32S-3 
transmitter. 
(El Applying control voltage to the tube or (F) 
linear IC controlled amplifier. 

receiver can thus be substantially improved by rf 
clipping. The effect of such clipping on a two-tone 
test pattern is shown in Fig. 13-21. 

Automatic level control, although a fonn of rf 
speech processing, has found its primary applica
tion in maintaining the peak rf output of an ssb 
transmitter at a relatively constant level, hopefully 
below the point at which the final amplifier is 
overdriven, when the audio input varies over a 
considerable range. These typical ale systems, 
shown in Fig. 13-22, by the nature of their design 
time constants offer a limited increase in 
transmitted average-to-PEP ratio. A value in 
the region of 2-S dB is typical . An ale circuit with 
shorter time constants will function as an rf 
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syllabic compressor, proaucing up to 6 dB 
improvement in the intelligibility threshold at a 
distant receiver. The Collins Radio Company uses 
an ale system with dual time constants (Fig. 
13-22D) in their S/Line transmitters, and this has 
proven to be quite effective. 

Heat is an extremely important consideration in 
the use of any speech processor which increases the 
average-to-peak power ratio. Many transmitters, in 
particular those using television sweep tubes, 
simply are not built to stand the effects of 
increased average input, either in the final-amplifier 
tube or tubes or in the power supply. If heating in 
the final tube is the limiting factor, adding a 
cooling fan may be a satisfactory answer. 

AN AUDIO SPEECH PROCESSOR 

Over the years, different speech processing 
schemes have been employed, with varying degrees 
of success, to raise the average-to-peak powt:r ratio 
of a voice signal and improve communications 
effectiveness. Tht: various methods generally fall 
into one of two categories - compression or 
clipping: Described here is a processor which 
represents a departure from these standard ap
proaches. Processing is done at audio frequencies , 
but in a unique fashion. The unit is used between 
the microphone and the transmitter so that no 
modification to the transmitter is required. 

Technical Description 

Operation is a consequence of the fact Iha t 
speech energy resembles an amplitude-modulated 
signal. The speech waveform represents mul tiplica
tion of a slowly varying envelope containing energy 
below 100 Hz with a voico-frcquency signal con
tained mostly between 300 and 3000 Hz. In an 
analagous fashion, a conventional a-m modulator 
multiplies an amplitude-varying low-frequency 
signal ( the applied modulation) with a constant
amplitude higher-frequency carrier. Thus the 
speech waveform envelope corresponds to the a-m 
modulation and the voice-frequency portion to the 
carrier. Note that the voice carrier actually varies 
continuously in frequency, unlike the conventional 
fixed-frequency a-m case. but is constant in ampli
tude. The object of this speech processor is to 
reproduce only the carrier portion of speech. The 
voice envelope is separated from the voice carrier, 
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and because !heir respective frequency spect:rnms 
are nonoverlapping, the envelope can be filtered 
leaving only the carrier. (See Fig. I.) 

To separate tl1e envelope and carrier, the speech 
signal is passed through a logarithmic amplifier 
which performs the mathematical operation of 
taking logarithms. By analogy to the a-m model, 
this signal can be represented as the mathematical 
product EV, where E represents the envelope and 
V, the voice carrier, both of which are functions of 
time. Taking the logarithm produces log EV, but 
log EV = log E + log V (a well known property of 

' the logarithm). The envelope and carrier compo
nents are then separated in terms of their loga
rithms and it is now a relatively simple matter to 
process the two components independently. This is 
something which could not be done up lo this 
point. A high-pass filter with an appropriately 
chosen cutoff frequency atknuates the envelope 
waveform but passes the higher-frequency voice 
carrier. The remaining signal is log V. It goes 
through an inverse-logarithm amplifie~ which 
produces al its output the signal V. The result is 
the desired constant-amplitude voice carrier. 

Circuit Description 

Some additional issues arise when one tries to 
implement the preceding scheme. These will b~ 
considered now in a stago-by-stagc operational 
description of the processor. The reader is referred 
to !he block diagram given in Fig. 2 and the circui l 
shown in diagram Fig. 3. S pcech amplifier U 1 first 
boosts tl1c incomiiig audio signal to a convenient 
and usable level. Before taking logarithms, how
ever, output from Ul must be full-wave rectified to 
be all positive since the logarithmic amplifier works 
only for positive signal input. The logarithm of a 
number is defined only for positive numbers. U4 
and U5 serve as a full-wave rectifier and precedes 
the logaritl1mic amplifier, U6 and U7. Matched 
silicon diodes are recommended for CR 1 and CR2. 
If none are available, individual 1N914 diodes may 
be substituted. The logarithmic stage separates the 
voice-frequency and envelope components of the 
speech waveform, as described above, and the 
envelope is filtered by an active RC high-pass filter, 
U8.' A two-pole Butterworth configuration is 
used with the lower half-po\\'!:£ frequency set at 
approximately 50 Hz. Those who are experimen
tally inclined may wish to try lower or higher 
cutoff frequencies. The expression for cutoff fre
quency, fc, in terms of the filter components is: 

1 
fc = 211 ✓ R3 R2CJ C2 

1 Because the rectification and logarithmic 
operations performed upon I.he original speech 
signal are nonlinear, the fl'equency spectrums of 
the actual envelope and voice cattier signals are. 
strictly speaking. not exactly the same as those of 
the signals appearing at the output of the !ogarith· 
mic amplifier. The main result of 1.hese operations 
is to introduce additional higher-frequency com· 
ponents not present In the original signal. It has 
been determined, however, that the logarithm of 
the rectified speech en~elope is still Primarily 
low-freQuency in nature (mostly far below 100 
Hz). This is sufficient to allow the processor to 
operate as originally described. 
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where it is required that Cl = C2 and R3 = 2 R2 
for proper filter response. Varying the cutoff 
frequen cy corresponds lo c hanging the 
compression level setting on a conventional speech 
compressor. Lower cutoff frequencies result in 
reduced " compression." In the original model of 
this processor, it was found that a filler cutoff 
frequency of about 400 Hz or higher produced 
essentially constant-amplitude oulpu t from the 
processor. Harmonic distortion was quite notice
able, however. Thus 50 Hz was chosen as a 
compromise between maximum "compression" 
and minimum distortion. The distortion that is 
inherent in this unit occurs for signals that have 
considerable energy in the neighborhood of the 
high-pass filter cutoff frequency. With a setting of 
50 Hz, lhe distortion is quite low. The filtered 
signal proceeds to an exponential amplifier, U9 and 
UlO. As with the logarithmic amplifier, matched 
diodes for CR] and CR4 will produce the best 
results, but individual I N914's will serve satisfac
torily. The signal at the output of U IO is still in 
rectified fonn (all positive). To be converted back 
to its bipolar form, the signal is mullipllcd by the 
com:ct sign information (either positive or nega
tive). The effect is to invert (make negative) 
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Fig. 1 - A voice si!Jlal can be represented as an 
a-m waveform, which results from multiplication 
of a relatively slowly varying envelope IBI with a 
carrier, (C). Nore the carrier peak amplitude i1 
constant. The speech processor separates compo
nents B and C, and filters out B, leaving the carrier 
portion only. 

portions of the signal which should be negative, 
leaving the remaining parts positive. The correct 
sign information is obtained by hard-limiting the 
voice signal al the processor inpuL Output from 
Ul is further amplified by U2 and then limited by 
a diode clipper, CRS and CR6. Because of the very 
high gain of the Ul-U2 cascade, the clipper 
produces almost pure square-wave output. Th115, 
any positive input lo Ul produces a level of 
approximately one volt at the output of U2, and 
any negative input produces a level of about minus 
one volL The square-wave output is multiplied 
with the signal from the exponential amplifier by 
an analog multiplier, Ul4. The LMIS9S used at 
U 14 produces an output voltage equal lo the 
mathematical product of its two input signals, 
which in this case 111c the signals from U2 and U 10. 
The result. then, is lo multiply the rectified signal 
from the exponential amplifier by plus or minus 
one volt to produce the desired bipolar signal. 
Output is taken from buffer amplifier UJ 1. The 
processed signal is pnssed through a low-pass filter 
with sharp cutoff above 3 kHz to eliminate 
unwanted high-frequency energy. 

Bec3use the processor is inherently sensitive to 
even the smallest input signals, undesired back
ground noise or induced ac hum will be processed 
along with the speech and will appear 11!1 a loud 
di~turbance at the output. To help eliminate this 
problem noise blanker UJ Is included in the design. 
It consists of a free-running multivibrator with 
square-wave output at about 20 kHz, which Is 
beyond audibility. When this signal is added to the 
output of the speech amplifier, the effect is to 
mask, before processing, any noise which is lower 
in amplitude than the 20-kHz signal. 

An audio amplifier , UIJ, at the output, pro
vides a convenient means of monitoring the 
processed audio output with low-impedance 
(eight-ohm) headphones. If high-impedance head
phones are to be used, Tl may be omitted and 
output can be taken directly from pin 6 of Ul3 
through a S 1,1F coupllng capacitor. 
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fig. 2 - Block diagram for the processor. 
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Single-Sideband Transceivers 

Construction Information 

An elched circuit board template pattern is 
available from ARRL, 225 Main Street, Newington 
CT 06111. Please include SO cents nnd a self
addresscd, !!lamped envelope. Builders who use this 
layout should experience no problems. Those 
attempting their own layout, however, should be 
cautioned that because of the relatively large 
number of active devices, some opcral!ng with h igh 
gain, the potential for instability (oscillation) exists 
in a haphv.ard layout. Arrangement of drcuit 
components should be generally in a straight line 
from input to output. The shortest possible leads 
viould be used in all cases. Particular attention 
should be paid to the positions of U I and U2 with 
respect to each other. Because of the very high gain 
the input of Ul should be kept physically il5 far 
apart as pos.,ible from the output of Ul. Mounting 
the circuit board inside a metal chusis, such u a 
suitable Minlbox, is recommended for rf shield ing. 

Procurement of parts shoulJ present no particu
lar problems. As of the time of this writing, lhe 
741 and LM301 operational amplifiers u5ed in the 
circuit can be purchased from mail order houses 
for about 30 cents apiece. The LM I S95 integrated 
circuit, probably the single most expensive Item in 
the processor, was bought for under two dollars. 
Marched diodes for CRI. CR2, CR3 and CR4 cast 
less than a dollar., 

The cin:uil is powered by I dual de power 
supply that provides plus and minus 15 volts, as is 
typically used with mosl operational amplifiers. 
Current consumption is approximately SO mA 
from each side of the supply . 

Initial Adju11menls 

tr an o~cilloscopc and audio sine wave generator 
arc available, the following alignment procedure 
should be followed: Set R4 to minimum resistance. 
Connect a microphone to JI and lhe oscilloscope 
probe to pin 6 of U l. Adjust RI, the input gain 
oonuol, while speaking into the microphone so 
lhat the voice peaks viewed on the oscilloscope are 

2on" source for this item: Trt•&ek, Inc., Bo,r 
14206, Pboenii. AZ 8&031. 
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dighlly below the output clipping level of U I 
(approliimately 14 volts peak). Remove the micro
phone and connect the signal generator to JI. Set 
the generalor frequency to about 1000 Hz and 
adjust its output level lo produce about 10 volts 
peak at pin 6 or U I. Place the oscilloscope probe 
on pin 6 of U 12. Adjust offset controls R5 and R6 
for the best-looking sine wnve. It ghould be 
possible to produce a nearly perfect sine wave. 
Disconnect the genera tor. reconnect the micro
phone, and plug headphones into J3. Advancing 
volume control RS, one should now be able to hear 
himself talking, although background noise and ac 
hum will probably be very high. Adjust noise 
blanking control R4 for the desired degJH of 
background noise iruppression. 

Tho'le who do not have access to lest 
equipment may do the following: Set R4 to the 
center of its range. Connect a microphone to JI 
and headphones to J3. Speaking into the micro
phone, advance input gain control R I and monitor 
volume control R8 10 the point where the ~ech 
becomes audible in the headphones. Adjust offset 
controls RS and R6 for minimum dis tortion as 
monitored in the headphones. The final selling of 
R I is nol critical. It should be high enough 10 that 
the circuit functions properly (if set too low, the 
audio output will sound broken up and "painy") 
bul nol so high that the speech amplifier itself 
distorts the signal by clipping. Adjust R4 to 
suppre,s background noise as desired. 

Finally, connect the processor ou tpu 1 11 J2 10 
the transmitter's microphone jack. Switch the 
processor out of the line by means of S 1. tr a 
'-fonitorscope is available to view rf outpu t, !ipemk 
into th e microph one Dnd no te the level of the voice 
peaks. Switch the unit "In" and adjust output level 
control R 7 for the IW!le peak voice output level. If 
a monitoncope 11 not available, the transmiller's 
ale meler readings may ~used.With the processor 
switched "out," speak into the microphone and 
increase the transmitter's microphone gain control 
until the a.le meter swts to deflect. Note the peak 
readings. Switch 1hr proce!l50r "in" and adjusl R 7 
lo obtain the same peak reading. 

SINGLE-SIDEBAND TRANSCEIVERS 

A "transceiver" combines the functions of 
tran~mi ner and n:cciver in a 5ingle package. In 
contrast to a packaged "transmiller-rc:cciver," it 
utilizes many of the active and passive elements for 
both transmitting and receiving. Ssh tnnsceiver 
operation enjoys v.idespread popularity for several 
justifiable rc.nons. In most designs the transmis
sions are on the same (suppre!sed-carrier) frequen
cy as the receiver is tuned to. The only practical 
way to carry on a rapid multiple-station "round 
table" or net operation is for all stations to 
transmit on the same frequency. Transceivers are 
ideal for this, ~ince once lhc receiver is properly se t 
the transmitler is also. Transceivel'!I arc by nature 
more compact than transmitter-rcceiven, and thus 
lend them~elves well to mobile and portable use. 

Although the many designs avo.ilab lc on th~ 
mark.et differ in detail, lhere are of nccei;sity many 
points of similarity. AU of them use the filter type 
of sideband generation. and the fiJter unit furnishes 
the rcceivc-r i-f sclc.:tirity as well. The carrier 
oscillator doubles as the receiver (fixed) BFO. One 
or more mixer or i-r ~lage or stages will be used for 
both lransmi tting and receiving. The receiver S 
meter may become the transmitter plale-cumml or 
output-voltage indicator. The VFO that sets the 
receiver frequency also determines the transmitter 
frequency, The same signal-frequency tuned 
circuits may be used for both transmission and 
reception, Including the transmiller pi-network 
output circuit. 

Usually the circuitt are switched by a 
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Fig. 13-28 - Tronscelver circuits wher • ec on 1 
made to operete on both transmit and receive. S 
text ford t It, 

multiple-contact relay, which transfc!'ll the antenna 
if nece11uy and also shift5 the biases on several 
stages. Most commercial designs offer VOX 
(voice-controlled operation) and MOX (manual 
operation). Which ill preferable b a controversial 
subject; wme operators like VOX and othen prefer 
MOX. 

Cin:uits 

The use of a filter-mnplificr oombination 
common to both the transmitler and receiver ii 
shown In Fig. 13-28A. Titis circuit Is used by the 
Heath Company In several of their transceiver killl. 
When receiving. the output of the hf mixer Is 
coupled to the crystal @ter, which, in tum, feeds 

the first 1-f amplifier. The output of this stage is 
transformer coupled to the second i-f amplifier. 
During transmit, Kl is cloml, turning on the 
isolation amplifier Iha! Unks the balanced modula
tor to the band-pass filter. The single-sideband 
output from the filter is amplified and ca.pad· 
tance-coupled to the transmitter mixer. The relay 
contacts also apply ale voltagi: lo the fmt i-f stag,e 
and remove the screen voltage from the second i-f 
amplifier, when 1ran1mitting. 

Bilateral amplifier and mixer stages, first u11ed 
by Sideband Engineers in their SBE-33, also have 
found applicat ion in othllr transceiver designs. The 
circuits shown in Fig. 13-28B and Care made to 
work in either direction by grounding the bias 
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divider or the Input transistor. completing the bias 
network. The application or these designs to an 
a111J1teur transceiver for the 80-10 meter bands is 
given in the Sth Edition of Single Sideband for the 
Radio Amateur. 

The complexity of a mulllband ssb transceiver 
is such that most amateurs buy them fuUy built 
and tested. There are, however, some excellent 
designs available in the kit field, and any amateur 
able lo handle a soldering iron and follow 
instructioruJ can save himself considerable money 
by assembling an ssb transceiver kit. 

Some transceivers include a feature that pennits 
the receiver to be tuned a few kHz either side or 
the l.ransmilter frequency. 1lm consists or a 
vollage-sen&iUve capacitor, which is tuned by 
vuying the applied de voltage. Titis can be a useful 
devwe when one or more of the stations in a net 
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drift slightly. The control. for this function ii 
usually labled RJT for recewtr independent tuning. 
Other transceivers include provision for a crystal
controlled transmitter frequency plus full use of 
the receiver tuning. Tilis is useful for "DXpedl
tions" where net operation (on the same 
frequency) may not be deiirable. 
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TESTING A SIDEBAND TRANSMITTER 

There are three commonly used methods for 
testing an ssb lrllnsmitter. TheJIC include the 
wattmeter, oscilloscope, and spectrum-an1ly1.cr 
techniques. In each CMe, a two-tone test signal is 
fed into the mic Input to simulate a speech signal. 
From the measurements, information concerning 
5Uch quantities as PEP and intermodulatlon
distortion-product (IMO) levels can be obtained. 
Depending upon the technique used, other aspects 
of transmitter operation (such as hum problems 
and carrier balance) can also be checked 

As mlghl be expected, each technique has both 
advantages and disadvantages and the suitability of 
a particular method will depend upon the desired 
application. The wattmeter method Is perhaps the 
simplest one bu I It also provides the least amount 
of information. Rf wattmeters suitable for single
tone or cw openition may not be accurate with a 
two-tone test signal A suitable wattmeter for the 
latter cue must have a reacting that Is proportional 
to the actulll power consumed by the load. The 
reading must be independent of signal waveform. A 
thermocouple ammeter connected in series with 
the load would be a typical example of such a 
system. The output power would be equal lo I' R, 
where 1 ii the current ln the ammeter and R ii the 
load reslatance (usually SO ohms). In order to find 
the PEP output with the latter method (using a 
two-tone test input signal), the power output is 
multiplied by 2 

A spectrum analyzer 15 capable of giving the 
most infomuitlon (of the three methods con1ldered 
here), but It ii also the most costly method and the 

Fig. 1 - Block di11gram 
of a spectrum analvzer. 

one with the greatest chance of misinterpretation. 
Basically, a spectrum analyzer Is a receiver with a 
readout which provides a plot of signal amplitude 
vs. frequency. The readout could be in the form of 
a paper chart but usually it ii presented u a trace 
on a CRT. A neeep voltage which is applied lo the 
horizontal-deflection amplifiers of the CRT is also 
used to control the frequency of the LO for the 
first mixer (there may be other mixers but these 
are fixed-frequency types) In the analyzer. (See the 
block diagram in Fig. 1.) In order to give a 
meaningful output waveform, the first mixer h■s to 
have a broadband and "flat" response. II aha ha.s 
to have very good IMD suppression characteristics, 
otherwi5e, the mixer may generate spurious signals 
itself. Unfortunately, these signals fall on the same 
frequencies as those being measured in the lrant
mitter output and it may be difficult to tell 
whether or not the spurious produc~ an, being 
generated In the transmitter or in the spectrum 
analyzer. Other precautions lhal should be taken 
would be to ensure that good RFI-prevnntion 
practices arc observed. In effect, the problem ls 
similar to trying to listen to one's own sign.al in the 
st.ation receiver. Quite often, a 1ignal may not be u 
bad or a1 fOOd In the latter u It is at a distant 
station. 

Two-Tone Tests ■nd 
Scope Pltrern• 

A method which Is a very practical one for 
amateur applications is to ll5e ■ two-tone test slgnaJ 

,.,, 
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(umally audio) and sample the ttansmltter output 
The waveform of the latter is then applied diRctly 
to the vertical-deflection plates in an oscilloscope. 
An alternative method i5 to use an rf probe and 
detector to sample the waveform and apply the 
resulting audio signal to the vertlc»-denection 
amplifier input 

If there are no appreciable nonlinearities in the 
amplifier, the resulting envelope wlll llpproach a 
perfect slnl¼-wave pattern {see Fig. 2A), As a 
comparison, a spectrum-analyzer display for the 

(Cl 
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same transmiller and under the same conditions IJ 
shown in Fi~ 2B. In this cue, spurious producll 
can be seen which are approximately 30 dB below 
the amplitude of each of the tones.. 

As the dhtortlon increUC!I, so does the level of 
the spurious product! and the resulting waveform 
departs from a true sine-wave function. This can be 
seen in Fig. 2C. One of the disadvantages of the 
scope and two-lone test method is that a relatively 
high level of !MD-product voltage is required 
before the wavcfonn seems distorted to the eye. 

(8) 

(0) 

!Fl 
Fig. 2 - Scope patterns for a twe>-tone test si~al and corresponding spectrum-analyzur displays. The 
panern In A is for a properly adjunad transmitter and consequently the IMO products are relatively low 
as can be 1een on the analyzer display. At C, the PA bias was set to zero Idling current and considerable 
distortion can be observed. Note how 1h11 pallarn has changed on tha scope and the increase in IMO level. 
At E, 1h11 drive level was increased until the flattopplng region was approached. Thl1 I ■ the most serious 
distortion of all since the width of the IMO spectrum increases con1iderably causing splatter IFI. 



Testing a Sideband Transmitter 

For instance, the waveform in Fig. 2C doesn't seem 
too much different than the one in Fig. 2A but the 
IMD level is only 17 dB below the level of the 
desired signal (~ee analyzer di~play in Fig. 2D). A 
17- to 20-dB level corresponds to approximately 
ten-percent distortion in the voltage waveform. 
Consequendy, a "good" waveform means the IMD 
products are at least 20 dB below the desired 
tones. Any noticeable departure from the wave
form in Fig, 2A !Jiould be suspect and the 
transmitter operation should be checked. 

The relation between the level at which dis
tortion begins for the two-tone test signal and an 
actual voice signal is a rather simple one. The 
maximum deflection on the scope is noted (for an 
acceptable two-tone test waveform) and the trans
mitter is then operated such that voice peaks are 
kept below this level If the voice peaks go above 
Ibis level, a type of distortion called "flattopping'" 
will occur and the results are shown for a two-tone 
test signal in Fig. 21:::. !MD-product levels raise very 
rapidly when nattopping occurs. For instance, 
third-order producl levels will increase 30 dB for 
every 10-dB increase in desired output as the 
flallopping region is approached, and fifth-order 
terms will increase by 50 dB (per 10 dB}. 

Interpreting DiJtortion 
Measurements 

Unfortunately, considerable confusion has 
grown concerning the interpretation and im
portance of distortion in ssb gear. Distortion is a 
very serious problem when high spurious-product 
levels exist at frequencies removed from the 
passband of the desired channel bu I is less serious 
if such products fall within the bandwidth of 
operation. In this fonner case, such dislortion may 
cause needless interference to other channelR 
("splatter'') and should be avoided. This can be 
seen quite dramatically in Fig. 2F when the 
flattopping region is approached and the fifth and 
higher order terms increase drastically. 

On the other hand, attempting to suppress 
in-band products more than necessary is not only 
difficult to achieve but may not re~ult in any 
noticeable increase in signal quality. In addition, 
measures required to suppress in-band IMO often 
cause problems at the expense of other qualities 
such as efficiency. This can lead to serious diffi
culties such as shortened tube Hfe or transistor 
heat-dissipation problems. 

The two primary causes of distortion can be 
seen in Fig. 3. While the wavefonn is for a 
single-tone input signal, similar effects occur for 
the two-tone case. As the drive signal is increased, a 
point is reached where the output current (or 
voltage) cannot follow the input and the amplifier 
'iilturates. This condition is often referred lo as 
llattopping (as mentioned previously). It can be 
prevented by ensuring that excessive drive doesn't 
occur and the usual means of accomplishing this is 
by ale action. The ale provides a slgnaJ that is used 
to lower the gain of earlier stages in the trans
mitter. 

The second type of distortion Is called "cro!.!• 
over" distortion and occurs at low signal levels. 
(See Fig. 3.) Increasing the idling plate or collector 
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Fig. 3 - Waveform of an amplifier with a single
tone input showing flauopping end cross-over 
distortion. 

~urrent is one way of reducing the effect of 
,;ross-over distortion in regards to producing un
jesirable components near the operatin" fre
quency. Instead, the components occur at fre
~uencies considerably removed from the operating 
frequency and can be eliminated by filtering. 

As implied in the foregoing~ the effect of 
iiistortion frequencywise is to generate com
ponents which add or subtract in order to make up 
the complex waveform. A more familiar example 
would be the harmonic generation caused by the 
nonlinearities often encountered in amplifiers. 
However, a common misconception which ~hould 
be avoided is that IMO is caused by fundamental
o;ignal components beating with harmonics. Gener
ally speaking, no such simple relation exists. For 
instance, single-ended stages have relatively poor 
2nd-harmonic suppression but with proper biasing 
lo increase the idling current, such stages can have 
very good IMO-suppression qualities. 

However, a definite mathematical relation does 
exist between the desired components in an ssb 
signal and the "distortion signals." Whenever non
linearities exist, product~ between the individual 
components which make up the desired signal will 
occur. The mathematical result of such multipli· 
cation is to generate other signals of the form (2fl 
- f2) , (3fl), (5f2 - fl) and so on. Hence the tcnn 
intermodulation-distortion products. The "order" 
of such products is equal to the sum of the 
multipliers in front of each frequency component. 
For instance, a term such as (3rl - 2f2) would be 
called a fifth-order term since 3+2 i~ equal to 5. In 
general, the 3rd, 5th , 7th, and similar "odd order" 
terms are the most important ones since some of 
these feJI near the desired transmitter output 
frequency and can't be eliminated by filtering. As 
pointed out previously, such tenns do not nor
maUy result from fundamental components beating 
with harmonics. An exception would be when the 
fundamental signal along with ih harmonics is 
applied to another nonlinear stage such as a mixer. 
Components at identical frequencies as the IMD 
products will result 

When two equal tones are applied to an 
amplifier and the result is displayed on a spectzum 
analyzer, the IMO products appear as "pips" off to 
the side of the main signal components (Fig. 2). 
The amplitudes associated wilh each tone and the 

• 
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Fig. 4 - Speech panern of the word "X" in a 
properly adjusted ssb transmitter. 

IMD products are merely the dB difference between 
the particular product and one tone. However. 
each desired tone is 3 dB down from the averagr 
power output and 6 dB down from the PEP 
output. 

Since the PEP represents the most importanl 
quantity as far as !MD is concerned, rclatinr 
!MD-product levels to PEP is one logical way of 
specifying the "quality" of a transmitter or ampli
fier in regard to low distortion. For instance, lMD 
levels are referenced to PEP in Recent Equipment 
reviews of commercially made gear in QST. PEP 
output can be found by multiplying the PEP input 
by the efficiency of the amplifier. The input PEP 
for a two-tone test signal is given by: 

lo 
PEP = Ep lp [LS7 - 0.57-,-::-- J 

p 

where Ep is the plate voltage and Ip is the average 
plate current.10 is the idling current. 

Generally speaking, most actual voice patterns 
will loolc alike (in the presence of distortion) 
except in the case where revere nattopping occurs. 
This condition is not too common since most rigs 
have an ale system which prevents overdriving the 
amplifiers. However, the voice pattern in a pro
perly adjusted transmitter usually has a "Christmas 
tree" shape when observed on a scope and an 
example is Y1own in Fig. 4. 

Mathematical Relation Between 
Amplifier Nonlinearity and IMD Products 

The term intermodula lion-distortion product is 
often used and the following derivation shows how 
it is related to amplifier nonlinearity. The output 
of an amplifier can be related to the input by 
means of a power series of the form: 

S = A + Br + Cr' + Dr' + Er• + ...•.• 

where s represents some parameter such as output 
voltage or cunent and r represents some input 
quantity (voltage or current). A, B, C, and other 
constants are primarily determined by the amplt
fier nonlinearity. A represents a de term and can be 
neglected. In an ideal amplifier with no distortion, 
C, D, and the constants for the higher exponent 
terms will be zero and only the constant for the 
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Fig. 5 - Severe clipping (same transmitter as Fig. 4 
but with high drive and ale disabled!. 

"linear" term, B, will exist. Consequently, the 
output quantity will be an exact replica of the 
inpuL 

If the output is plotted against the input, a 
straight line will result, hence the term "'linear 
operation." On the other hand, if distortion is 
present, the C, D, and other comtants will not be 
zero. The values of the constants will be such that 
as r increases, the higher order terms will add ( or 
subtract) so that J follows the input-output curve 
of the amplifier. 

For a two-tone test signal, r can be represented 
by the following formula: 

, = Ro (Cof w 1 r + Cos w2 t); w1 2n h 
w2 211 /2 

where fl and /2 are the frequencies of the two 
tones. If this equation for, is substituted into the 
power series, many terms will result and the 
algebra involved to find each one would be rather 
tedious. However, the purpose here is only to show 
how the IMD products come about. For instance, 
some terms will yield producu such as: 

(CoJ 2 w1 f) (Cos w2 t) 

The squared term can be expanded by a trigo
nometric formula: 

_ 2 l + Cos2w11 
(.m W1f= 2 

This gives rise to a term Cos 2 w1 t OH w2t which 
can be expanded by another trigonometric formula 
lo give: 

Co11 2 w1 t Cos w2 r = + ( Cos (2 Wt + w2) t + Cos (2 Wt - w2) t] 

The second term in the bracket represents a 
third-order IMD "product" which falls close to the 
ssb passband. Notice that the exponents of the 
product functions which gave rise to this term are 
2 and 1, re!!pCctively, hence the term "third-order" 
product. The manner in which the terms increase 
will depend upon the distortion curve but generally 
speaking, the amplitude will follow a law which is 
proportional to , raised to a power x, where x is 
the order of the term. 
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A MODERN SOLID-STATE VOX 

In QST for March, 1964, Campbcll 1 described a 
simple and inexpensive voice-operaled relay (VOX) 
device which he called "a VOX in a box." Today, 
most manufactured ssh transceivers include a VOX 
function. It would seem th111 insufficient time or 
effort has gone into lhe design of some commercial 
VOX circuits, because performance is often poor. 
The VOX unit described here retains Campbell's 
concepts of a small, low-cost device, but ICs and 
modem circuit techniques have been employed to 
improve operational characteristics. 

Circuit Description 

Two integrated ciicuits, an LM3900 (a quad of 
Norton operational amplifiers) and an NESSS 
timer, have been used in the VOX circuit. Each IC 
is currently priced at one dollar. A description of 
the NESSS has previously appeared in QST2 and 
will not be repealed here. The Norton circuit is an 
unusual type of operational amplifier in which the 
differential input transistors of a conventional op 
amp have been replaced by a "current mirror" 
circuit to obtain a non-inverting input directly 
from the inverting input. One advantage of this 
circuit arrangement is operation from a single 
supply voltage. A simplified diagram of lhe input 
portion of the Norton amplifier is shown in Fig. 
IA. CRl and the base-emitter junction of Q2 
clamp the maximum input vollages al approx
imately 0.S volt. Ex lernal series resistors are 
employed to convert voltaee chan~es to current 
differences which are applied to the input ter
minals. CR! and Ql form the mirror circuit which 
assures thal the bias current at both inputs will be 
the same: whatever bias voltage is applied to the 
noninverting input will be reproduced for the 
inverting input. 

The basic design data for the LM3900 am
plifiers are given in Fig. IB. At audio frequencies, 
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Fig. 1 - (Al Simplified input circuit for a Norton 
operational amplifier such as used In the National 
Semiconductor LM3900. 1B) Design equations for 
an audio amplifier using the LM3900. 

The uni1 shown here was designed and built by 
Wl KLK . It originally appeared in QST for March. 
1976. 

lhe maximum gain of a single stage is 40 dB, while 
the open-loop gain is specified al approximately 70 
dB. Input bias current is rated al 30 nanoamperes 
(nA). Ea ch of the four op amps in the LM3900 
may be operated independenlly. 

The schematic diagram of the VOX device is 
shown in Fig. 2. Three of the LM3900 sections 
have been coniigured as high-gain audio amplifiers. 
UlA and UIB amplify the signal from the micro
phone. For applications where a high-outpul 
microphone is employed, or when the audio signal 
is sampled after a preamplifier stage, the builder 
may wish to reduce lhe gam of UIA. I has can be 
accomplished by changing lhe values of RI and R2 
in accordance with the design equations in Fig. I B. 
If R2 is changed, the value of R3 must be modified 
so thal R3 is twice lhe resistance of R2. UlC 
functions as an amplifier for audio sampled at the 
station speaker. Coupling capacitors in the audio 
stages have been chosen to reduce response below 
300 Hz. This will minimize hum problems. 

Outputs from the microphone and speaker 
amplifiers are capacitively coupled to rectifier 
stages which convert lhe audio signals to varying de 
voltages. Germanium diodes, because of the lower 
threshold voltage, have been used as audio rec
tifiers instead of silicon units. The outputs of the 
two rectifier stages are summed resistively by 
means of R6 and R 7, and appli~d to the inverting 
input ofa voltage comparator, UID. The output of 
U ID remains high (approximately 0.5 volt less 
than the supply voltage) so long as the voltage at 
the noninverting input is less than the 0.2-volt 
reference applied lo the inverting input. Whenever 
the input exceeds the reference, the output of lhe 
comparator goes low - to near the ground or 
common potential. Vollagc output from the micro
phone-signal rectifier is positive and, thus, will 
cause the comparator lo switch as soon as the 
reference is exceeded. Because lhc speaker-signal 
rectifier produces ncgal.ive voltage. it will not 
trigger the comparator. If the outputs of the two 
rectifiers are equal, as will happen when the 
microphone is picking up audio from the speaker, 
the resulting voltage from the summing network 
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SINGLE-SIDEBAND TRANSMISSION 
Fig. 2 - Schematic diagram of the VOX unit. 
Unless otherwise specified, resistors are 1 /4-watt 
composition. Capacitors with polarity marked are 
plastic-encapsulated tantalum; others are disk ce
ramic. 
C1 - For text reference. 
CR1 to CR4, incl. - Germanium diode, 1 N34A, 

1 N67 or equivalent. 
CR5 - Silicon diode, 50 PAV or more, 1 N4001 or 

similar. 
Kl - Miniature type, 12-volt coil (see text). 
R1-R3, incl., RS, R7 - For text reference. 
R4, R5, RS - Miniature control (see textl. 
RFC1-RFC3. incl. - Ferrite bead. 
U1 - National Semiconductor LM3900 . 
U2 - Signetics NE555 or Motorola MC1455. 

will be zero and the comparator will not trigger. 
The ability to reject speaker audio is usually called 
the ANTIVOX function. 

The positive-101:round transition of the com
parator output starts the timing cycle of the 
NESSS. The length of the time cycle is determined 
by the values used for R9 and Cl. The time delay 
produced is identical each time the microphone 
signal stops. One of the major difficulties of earlier 
VOX circuits was that capacitor discharge circuits 
were used where the capacitor would not always be 
fully charged, so the time delay produced would 
vary. Operators compensated for the uncertain 
time delay by using a modified version of the 
English language where an ahhh, oouh, or errr was 
inserted after each word to assure that the VOX 
relay would not drop out prematurely. 

The NE555 has a current-switching capability 
of 200 mA, sufficient to directly drive either a 
relay or a solid-state switching arrangement. CRS is 
included to protect the IC from transients gen
erated when switching an inductive load such as a 
relay coil. 

Components and Construction 

The VOX unit is constructed on a 2-3/8 X 
2-3/4-inch etched circuit board. The photo in
dicates that one third of the board real estate is 
unused. so a smaller version is possible. The type of 
controls and relay employed will be determined by 
the builder's il'ldividual requirements. This writer's 
unit uses pc-mount controls which are aligned on 
the board so that they may be accessed through 
small holes in the rear panel of the transceiver. If 
panel-mount controls are desired, Mallory MLC 
units may be used for R4, RS and R8. 

The VOX device is small enough so it can be 
mounted inside most rigs. If a separate VOX unit is 
needed, a small utility or Minibox will make an 
appropriate housing. Rf interference can cause 
trouble, so the unit should be shielded in any 
application where rf fields may be present. The 
bypass capacitors for the audio inputs are located 
on the circuit board. If the leads from the audio 
connectors are more than a few inches long, the 
bypass capacitors and their associated ferrite-bead 
chokes should be mounted at the connectors. 

No provision has been made for mounting the 
relay on the circuit board, as the type of relay will 



Transverter for 1.8 MHz 

Fig . 3 - Typical connections to the VOX unit . 

depend on how the VOX device will be used. Any 
12-volt relay which requires less than 200 mA of 
current can be employed. When the VOX relay 
must drive a second relay, such as the antenna 
relay in a transceiver, the fast operating time of a 
reed relay is needed to prevent clipping of the first 
syllable spoken. The total close time of all relays 
connected in tandem should be 10 milliseconds or 
less. If the VOX relay will perform all switching 
functions directly , a miniature control relay such 
as the Potter & Brumfield RIO series is ap
propriate. These relays are available in 2-, 4- and 
6 -pole versions, part numbers R10-El -Y2-185, 
Rl0-El-Y4-Vl85 and Rl0-EI-Y6-V90, respec
tively. 

The circuit board is designed for 1 /4-wa tt 
resistors which an: mounted flat. If 1/ 2-watt units 
are used , they must be positioned vertically . Care 
must be employed when mounting and soldering 
the germanium diodes. If the leads are bent too 
close to the body of the diode, breakage can result. 
If excessive heat is applied to the diode, it can be 
damaged , so use a heal sink (such as a small 
alligator clip) when soldering. Assure that proper 
polarity is observed when installing the diodes and 
tantalum capacitors. 

Installation and Operation 

Typical connections for the VOX unit are 
shown in Fig . 3 . Shielded cable should be used for 
all audio connections. Audio for the ANTrvox 
function can be sampled at the station speaker or 
at the phone-patch output (which is a feature of 
many commercial transceivers) . If VOX operation 
of a cw rig is desired, connect the output of a 
sidetone monitor to the microphone input of the 
VOX unit . The mic gain control should be set so 
that the VOX relay closes each time a word is 
spoken. The delay control should be adjusted to fit 
individual speech patterns and operating habits. 
The delay time must be long enough that the VOX 
relay will drop out only during a pause in speech. 
There are two methods of setting the ANTIVOX 
gain control. The first way is simply to advance the 
control until audio from the speaker doe~ not trip 
the VOX unit. A more scientific approach is to 
connect a voltmeter to TPl. With no audio input, 
the meter should read only the comparator ref
erence voltage, approximately 0 .1 volt. Tune the 
receiver to provide a steady tone signal, such as the 
heterodyne note from a crystal calibrator . Advance 
the ANTIVOX control until the voltmeter registers 
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only the reference voltage. The ANTIVOX gain 
should be set with the audio from the speaker 
slightly louder than is necessary during normal 
operation . 

VOX i:ontrol can be a helpful operating aid . It 
can speed up traffic handling and contest opera
tion. It might make round-table discussions more 
natural. The unit described here will help to 
eliminate some of the operator idio~yncrasies that 
have become associated with VOX operation. The 
operators themselves can cure the rest. 
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A TRANSVERTER FOR 1.8 MHZ 

Owners of five-band transceivers often get the 
urge to try "top band." Converting a transceiver to 
cover a frequency range for which the rig was not 
designed is difficult indeed. A far better approach 
is to build an outboard transverter, such as the one 
described here. This particular system requires one 
watt of drive power at either 21 or 28 MHz. Many 
transceivers can provide this low-level output along 
with the power supply voltages through an acces
sory socket. 

The Ctrcuit 

A schematic diagram of the transverter is given 
in Fig. 1. QI operates as a crystal oscillator, to 
produce the local oscillator energy for the receive 
(QS) and transmit (Q2) mixing stages, which runs 
continuously. During transmit 21.1 MHz ssb or cw 
energy is supplied to the emitter of Q2 through a 
power divider network. This signal is mixed with 

Top view of transverter with cover removed. Final 
amplifier circuit is at the left. The rear apron has 
an accessory socke-t for an external power supply 
(transceiver), rf, and remote-keying connectors. 
The plate meter is at the lower left. 
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Fig. 1 - Schematic diagram for the transverler. 
Aesistors are 1 /2-watt composition and capacitors 
are disk ceramic, unless otherwise noted. 
Cl - Dual-section air variable. 140 pF per section, 

or two 150 pF air variable units. 
C2 -Air variable (Millen 19280). 
C3 - Dual-section broadcast variable. 365 pf per 

section. both sections connected in parallel. 
CA 1 - Zener d iode, 6.8-volt. 1-watt (1N4736). 
CR10 - Silicon, 50 PAV, 100 mA. 
JI - Phone type, chassis mount. 
J2 - Coaxial receptacle, chassis mount . 
Kl, K2 - 12 V de. 2-A contacts. dpdt relay (Aadio 

Shack 275-2061. 
L 1 - 11 turns of No. 28 enam. wire wound over 

L2. 
L2, L4 - 19.5-24.3 .uH variable inductor (Miller 

46A225CPCI. 
L3 - 22 turns of No. 38 enam. w ire wound on L4 

coil form. 

the 19. 3-MHz output from the LO producing 1.8 
MHz power which is amplified by QJ, followed by 
a filter network. Q4 provides adequate drive lo the 
pair of 61468s. The PA stage operates class AB I 
which will deliver in excess of 100 walls PEP 
output. 

During receive, an incoming signal is amplified 
by Q6, a dual-gate, diode-protected MOSFET. The 
output from the rf amplifier is mixed with local
oscillator energy al QS lo produce a receiving i-f of 

L5 - 18.8-41.0 .uH variable inductor (Miller 
42A335CPCI. 

L6. LS - 35-43.0 .uH variable inductor (Miller 
46A395CPCI. 

L7 - 13.2-16.5 .uH variable inductor (Miller 
46A 155CPCI. 

L9 - 10.8-18.0 .uH adjustable coil (Mi ller 
21A155ABI). 

L10 - 42 turns, No. 16 enam. wire aqua lly spaced 
on a T-200 Amidon core. 

M1 - 500 mA, panel mount (Simpson 17443 or 
similarl, 

05. as - RCA MOSFET. 
RFC1 - 1 mH. 500 mA rf choke !Johnson 

102-5721. 
RFC2 - 56 .uH rf choke (Millen J-302-561. 
V1 - 19.3-MHz crystal is used for a 21 -MHz i-1, 

26.5-MHz crystal for a 28-MHz i•f, 
21, 22 - 2 turns, No. 18 enam. wound over 

47-ohm, 2-watt composition resistor. 

21 MHz. The frequency of the cry stal is the only 
change required to make this system useable at 28 
MHz. Changeover from transmit to receive is 
accomplished by Kl and K2 which arc controlled 
by the associated transceiver. If the LO frequency 
is 19.3 MHz. the 1.8 to 2.0 MHz band will 
correspond with 21.1 to 21.3 MHz on the 
transceiver dial. Likewise, with a 26.5 MHz crystal 
in the LO circuil, the 160-meter band will appear 
between 28.3 and 28.5 MHz. 



A Transverter for 1.8 MHz 

If the various supply voltages can not be 
obtained from the transceiver, an economy power 
supply shown in Fig. 2 can be used. The 6.3· and 
5-volt windings of TI arc series-connected to 
provide 11.5 volts to power KI and K2, the 
receiving converter and the predriver stages of the 
tr.insmitting section. The windings must be phased 
properly to prevent cancellation of I he voltages. If 
no output is obtained when the windings are 
connected, reverse the leads of one winding. The 
11.3-volt ac is rectified by CR6. 

Bias voltage is obtained for Vl and V2 by 
connecting a 6.3-voll filament transformer in 
back-to-back fashion with the 6,3-volt winding of 
TI. The 125-volt ac output from T2 is rectified , 
filtered, and then routed to the bias-adjust control, 
RI, lo establish a PA resting plate current of 50 
mA. 

The metering circuit consists of a 500 mA 
meter connected in the plate voltage line. Other 
meters may be employed by using the proper 
shunts, as described in the Measurements Chapter. 

Construction 

An aluminum chassis which measures 7 >< 11 x 
2 inches is used as the base for the transverter. A 
homemade panel and cabinet enclose the unit. The 
front panel is 8 x 7-1 /4 inches. The layout 
employed should be apparent from the photo
graphs. All long runs of rf wiring should be made 
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The bottom view of the chassis, the sockets for the 
61468 rubes are at the lower center. The etched
circuit board is above the final amplifier tube 
sockets and the T•R relays at the upper right. The 
different supply voltages are obtained from the 
associated transc11ivar. 

with subnuniature coaxial cable (RG-174/U or 
similar). 
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Fig. 2 - Diagram of the power-supply section. 
Resistors are 1 /2-watt composition. Capacitors are 
disk ceramic, except those with po larity marked 
which are electrolytic. 
CR2-CR5, incl. - Sil icon, 1000 PAV. 1 A. 
CR6, CR7 - Silicon, 400 PRV, 1 A. 
J3 - Phono type, chassis mount. 
K1, K2-see Fig. 1. 

The rccciver section, driver stages and local 
oscillator are comtructed on a double-sided 
printed-circuit board measuring 3 X 3-1 /2 inches. 
Inductors LI and L2 are mounted on the chassis 
close to CI. Short leads are used from the circuit 
board to the PRESELECTOR capacitor and Ll-L2 

SINGLE-SIDEBAND TRANSMISSION 

C0'1TROL 
JJ 

L11 - Power choke, 130 mA (Allied 6X24HF or 
equiv.) . 

Sl - Spst toggle. 
Tl - Power transformer, 117-V primary; seco n· 

dary windi ngs 740 V ct at 275 mA, 6.3 Vat 7 
A, and 5 V at 3 A (Stancor P-6315 or equiv.). 

T2 - Filament transformer. 117-V primary ; 6 .3-V, 
1-A secondary. 

which are located on the underside of the chassis. 
The final tank inductor is wound on an Amidon 
T-200 toroid core. It is supported above the chassis 
by a ceramic standoff insulator and two pieces of 
Plexiglas. 

Tune Up 

Provision must be made to reduce the power 
output of most transceivers used with the trans
verier since only about one watt of drive power is 
required. Too much rf voltage can damage the HEP 
56 and will "smoke" the input resistors. Some 
transceivers are capable of delivering sufficient 
drive by removing the screen voltage from the PA 
stage. Or, ii may be practical to dii;able the PA and 
obtain a s.ample of driver output by a link-coupling 
circuit. 

Before testing the transverter, assure that the 
changeover relays, KI and K2, are connected lo 
the remote-keying terminals of the transceiver. 
Then connect an antenna to J2 and Usten for 
signals. Peak lhe incoming signals with the PRE-

Close-up view of the printed -drcuit board. This 
board has the local oscillator, receiver, and low
level driver stages. The crystal socket and crysta l 
for the LO are shown at the lower left . 



A Transmitter for 80 or 20 

SELECTOR control. The slugs of L2 and L4 
should be adjusted for the highest S-meter reading 
on the transceiver. L5 should be set for maximum 
output at 21 or 28 MHz. If the receiving converter 
is functioning properly, it will be possible to copy 
a 0.1 µ V signal without difficulty in are.as where 
atmospheric and man-made noise arc at a mini
mum. If no signals can be heard, check Ql to make 
certain that it is working properly. A wavemeter or 
general-coverage receiver can be employed to see if 
the crystal oscillator is operating. 
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Attach a 50-ohm load to J2 before testing the 

tmnsmitter section. Set RI for an indicated resting 
plate current of 5 0 mA on Ml. This adjustment 
should be made without drive applied but with Kl 
and K2 energized. Next, apply about one watt of 
21.1 -MHz 1.-w drive power at J 1. Tune L6, L 7, L8 
and L9 for maximum meter reading. While moni
toring the plate current, tune C2 for a dip. C3 is 
the PA LOADING control. When the PA capacitors 
are properly adjusted, the plate current will be 
about 220 mA. 

A LOW-POWER SSB/CW TRANSMITTER FOR 80 OR 20 METERS 

A number of QRP transmitter designs have 
appeared in the past, mostly for cw-only operation. 
The unit to be described operates in both the ssb 
and cw modes. Using solid-state devices through
out, the transmitter is capable of delivering up to 
nine watts PEP output into a 50-ohm load. A 
9-MHz i-f in conjunction with a VFO that tunes 
5.0 to 5.5 MHz results in single-band operation on 
either 80 or 20 meters. A regulated 12-volt de 
supply that can furnish at least two amperes is 
required to power the transmitter. 

Construe tion Details 

Four separate circuit board a5semblies are used. 
Two boards, measunng 6 by 2-3/8 inches and 5-3/4 
by 2-3/4 inches, contain most of the transmitter 
circuitry. The VFO and power output amplifier .ue 
included on separate boards, measuring 2 by 3 
inches and 2-1/2 by 4 inches respectively. Double
clad circuit board should be used for all except the 
VFO board. The copper plane on the component 
side of each board provides a good rf ground and 
thus enhances stability in the unit. Component 
leads which are soldered to ground should be 
soldered to both the ground plane on the compo
nent side and the ground foil on the reverse side. 
To prevent other leads from shorting to the ground 
plane, their holes on the component side are drilled 
out slightly with a I /4-inch drill before mounting. 
As can be seen in Fig. 2, shields, made from pieces 
of double-clad circuit board soldered to the main 
circuit boards, are used to isolate stages which are 
susceptible to stray rf pickup. 

The VFO is housed in a four-walled enclosure 
formed by four pieces of circuit board soldered 
together at their common seams. The VFO board 
fits snugly inside and is soldered along its edges to 
the walls of the enclosure. The tuning capacitor, 
C6, mounts firmly against the front wall from 
which it~ shaft protrudes. De power connection is 
made via a feedthrough capacitor. A short length 
of subminiature RG-174/U coax connects the VFO 
output to U2. 

If the 80-meter version of the unit is being 
constructed, Ql I and associated components in 
this amplifier stage are to be omitted from the 
board since the stage is required only for 20--meter 
operation, Instead, then, a jumper connection is 

Fig. 1 - Front view of the transmitter with cover 
in place. The two-piece chassis is made from sheet 
aluminum. The front panel, which measures 9-1/2 
by 4 inches, is spray-painted orange and the cover 
is finished in brown. White decals are used to 
identify the power switch, mode switch, micro
phone gain control, and jack. For cw operation, 
the key plugs into a jack at the rear of the chassis. 
A two-speed vernier dial is employed for VFO 
tuning and stick-on rubber feet are fitted on the 
bottom of the chassis. 

made from common connection 4 (as indicated in 
the schematic diagram) directly to the ba~e of Ql2. 
In the 20-meter unit this ~tage is included and the 
jumper omitted. 

The broadband power output stage employs a 
2N6367 rf power transistor rated for 9 watts PEP 
output with a -30 dB IMD specification. AU 
rf-carrying leads associated with the base circuit of 
Q 13 should be absolutely as short as possible. 
Because of the low base input impedance - two or 
three ohms - even small amounts of stray reac
tance cannot be tolerated. Leads as short as one 
inch can con tribute a considerable amount of 
inductive reactance in the base circuit. 
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Fig. 2 - Schematic diagram of the 80- or 
20-meter low-power ssb/cw transmitter. 
Capacitors with polarity marked are electro
lytic. Fixed-value capacitors are ceramic 
unless otherwise noted. Resistors are 
1 /2-watt composition unless marked other
wise. Numbered parts not appearing below 
are so identified for pc-board layout pur
poses only. 
C1, C2 - 2,0- to 27-pF printed-circuit air 

variable (E.F. Johnson No. 
193-0008-005 or equiv.I. 

C3, C4, C7, C11, C13 - 250-pF max. 
trimmer (Arco Elmenco 426). 

C6 - 50-pf air uariable. 
CS, C10 - 220-pF silver mica (SO-meter 

unit); 100-pF silver mica (20-meter u
nit). 

C9 - 68-pF silver mica (BO-meter unit); 1.7-
to 11-pF miniature air variable (E.F. 
Johnson No. 187-0106-005 or equiv. for 
20-meter unit). 

Cl 2 - .001-µF (BO-meter unit) ; 68-pF 
(20-meter unit). 

C14 - 820-pF silver mica (SO-meter unit); 
680-pF silver mica (20-meter unit). 

C15 - 1500-pF silver mica (BO-meter unit); 
470-pF silver mica (20-meter unit). 

C16 - 820-pF silver mica (BO-meter unit); 
220-pF silver mica (20-meter unit). 

CR 1 - Sil icon aiode, 50 PAV, 1 A ( 1 N4001 
or equiv.I. 

CR2 - Silicon diode, 50 PAV, JA or 
greater, stud-mounting type (Motorola 
HEP R0130 or equiv.). 

FU - 9-MHz, 2.5-kHz bandwidth crystal 
filter, KVG type XF-9A. 

1<1 - Opdt 12 Vdc relay, contact rating of 1 
ampere or greater (Radio Shack cat. No . 
275-206 or equiv.I. 

L1, LJ - 2.5-1,1H, 25 turns No. 24 enam. on 
Amidon T-50-6 toroid core. 

L2 - 2 turns No. 24 enam. wound over L 1. 
L4 - 2 turns No. 24 enam. wound over LJ. 
L5 - 4.6-µH, 34 turns No. 24 enam. on 

Amidon T-50-6 core. 
L6 - 3 turns No. 24 enam. wound over L6. 

(Continued on next page) 
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L7 - 7.8- to 12.0-~H sluittuned coil (Miller 4309). 
LB, L10 - 8.9-µH, 49 turns No. 26 enam. on 

Amidon T-50~ core (BO-meter unit); 1.2-µH, 
17 turns No. 24 enam. on Amidon T-50-6 
(20-meter unit). 

L9 - 26.5-µH, 68 turns No. 28 enam. on Amidon 
T-6B-2 toroid core (BO-meter unit); 17.6-µH, 66 
turns No. 28 enam. on Amidon T-68-2 core 
( 20-meter uni ti. 

Ll 1 - 8.1-µH, 45 turns No. 26 enam. on Amidon 
T-50-fi core (BO-meter unit); 0.68-µH, 13 turns 
No. 24 enam. on Amidon T-50-6 core 120-
meter unit). 

L12 - 3 turns No. 24 enam. wound 011er L11. 
L13 - 0.68-µH, 13 turns No. 24 enam. on Amidon 

T-50-6 core (used in the 20-rneter unit only). 
L 14 - 1 turn No. 24 enam. wound over L 13. 
L 15, L 16 - 2.8-µH. 25 turns No. 24 anam. on 

Amidon T-50-6 core (BO-meter unit); 0.28-µH, 
8 turns No. 24 enam. on Amidon T-50-6 core 
(20-meter unit!. 

RFCB - 6 turns No. 28 enam. using Amidon 
Jumbo Ferrite Bead as toroid core. 

S1 - Dpdt &11bminiature toggle switch (Radio 
Shack 275-1546 or equiv.I. 

S2 - Spst subminiature toggle switch (Radio Shack 
275-324 or equiv.I. 

T1, T4 - 4: 1 broadband transformer; 12 turns of 1 
twisted pair of No. 24 enam. wire (6 turns per 
inch, not critical) wound on Amidon 

Some care must be taken in mounting Q 13. The 
power amplifier board is drilled out to allow the 
flange for heat-sink mounting to pass through the 
board. The transistor leads, which are short straps, 
then lie flui!h with the top surface of the board and 
the flange lies beneath the board. The lead~ are 
soldered to the board as close to the body of the 
transistor as possible and should not be bent. The 
heat ~ink consists of a 1 / 16-inch thick rectangular 
piece of sheet aluminum cut to the same size as the 
circuit board. The transi~tor requires two bolts for 
mounting to the heat sink. The use of silicone 
grease to improve thermal conductivity between 
the transistor and heat sink is recommended. CR 2, 
a stud-mounting type diode, also mounts on the 
heal sink near the power transistor since good 
ther mal contact with QI 3 is necessary for CR2 lo 
provide thermal compensation for the output 
transistor. Note also that in the driver stage, Q 12 
requires a heat !.ink. 

The cha.s.sis is formed from a piece of sheet 
aluminum bent into a U-shape. The front panel 
measures 9-1/2 by 4 inches and the chassis is 7 
inches deep. Except for the VFO enclosure, the 
circuit boards mount vertically on the chassis by 
means of spade bolts. An aluminum cover is 
formed to fit over the chassis. A Jackson Bros. No. 
4103 dial mechanism is used for VFO tuning. Any 
similar mechanism with a slow tuning rate should 
be sati i.factory. Front-panel controls are the mkro
phonc-gain control, VFO tuning. mode switch, and 
on-off switch. The key jack, rr-output connector, 
and de-power connector are mounted al the rear of 
the chassis. The transmit-receive relay socket 
mounts inside the chassis and the spare ,;et of 
contacts are brought out lo a connector at the 
back of the unit. 

SINGLE-SIDEBAND TRANSMISSION 

FT-61-301 toroid care. 
T2 - 4: 1 broadband transformer; 6 turns of 2 

twisted pairs of Na. 26 anam. wire (6 turns per 
inch) wound on Amidon FT-61-301 toroid 
core. In twist ing the wires, a si ngle rurn consists 
of a fu ll twist of all wires. The two wires at the 
ends of each pair are soldered together and each 
pair then comprises one winding of the trans
former. 

T3 - 4 :1 broadband transformer; 4 turns of 4 
twined pairs of No. 26 enam. wire 16 turns per 
inch) wound on Amidon FT-61-301 toroid 
core. A single turn consists of s full twist of all 
wires. The two wires at the ends of each pair 
are soldered together, the ends of two pairs are 
soldered together. resuhin9 in two 4-conductor 
wires. Each 4-conductor wire comprises one 
winding of the transformer. 

U1 741 operational amplifier (Motorola 
MC1741, National Semiconductor LM741, 
Fairchi ld µA741 or equiv.), 14-pin DIP used 
here. 

U2 - Balanced modulator IC !Motorola MC1496L 
or National Semiconductor LM1496L, Signetics 
55961. 141>in DIP used here. 

Y1 - 8999.0-kHz crystal {KVG type XF 903). 
Y2 - 8998.5--kHz crystal (KVG type XF 901). 
21 - Double balanced mi,ce,. model SRA-1 manu

fac:tured by Mini-Circuits laboratory, 2913 
Quentin Rd., Brooklyn, NY 11229. 

Initial Adjustments and Operation 

A well-calibrated general-coverage receiver, a 
VOM, and a VTVM with an rf probe (or better yet, 
a good rf oscilloscope) are required for making the 
initial adjustments on the transmitter. Connect a 
12-volt d e supply to the transmitter {except the 
fmal power amplifier stage). With power I urned on, 
check to see that the unit draws no more than 
about 200 mA from the supply. Any reading well 
in excess of this value indicates a wiring error or 
defective components. 

Tune the receiver to 9 MHz to locate the 
heterodyne oscillator signal. A few feel of hookup 
wire placed near the circuit board should suffice 
for a receiving antenna. Switching the mode switch 
to change the oscillator crystal• YI and Y2 should 
shift the oscillator frequency accordingly. Adjust 
C3 for maximum signal at the collector of Q3 as 
displayed on an oscillo'ICopc or VTVM with rf 
probe. 

Plug a Irey into the key jack and set cw drive 
control. R2 , for minimum resis1ance. Place the 
mode switch in the cw position. Depress the key 
while monitoring the collector of Q9 for rf output 
with the oscilloscope or rf probe. Slowly increase 
the cw drive level until a 9-MH z ~ignal appears at 
Q9. Adjust C4 for maximum signal al the collector. 
Tuning CI allows a small variation of the cw 
frequency. Adjustment is not critical but it should 
be tuned to place the cw signal inside the passband 
of FLl. If the signal is too clo~c to the edge of the 
passband, keying may rau~ the filler to "ring," 
producing key clicks al the output. 

Tune the receiver between 5.0 and 5.5 MHz and 
vary the VFO tuning capacitor, C6, until the VFO 
signal is located. Slug-tuned coil L 7, which reso-
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nates with C6 , should then be adjusted so that an 
entire sweep of C6 covers the range of 5.0 to S.S 
MHz or slightly greater. While monitoring the 
collector of QB with the rf probe or the oscillo
scope, adjust C7 for maximum sign1tl. 

At this point, an 80- or 20-meter signal shouW 
be generated when the transmitter is keyed. By 
tuning I.he monitor receiver lo the appropriate 
amateur band, ii should be powble to hear this 
signal. Tune C6 to place the signal in the center of 
the amateur band. If an oscilloscope is being used, 
adjust Ci l for ma.1Cimum signal at the ba5C of QI I. 
Be careful not to peak this capacitor to a harmonic 
of the 80- or 20-meter signal or to another 
undesired frequency output from the mixer. If the 
20-meter system is beil18 tested, ii is also necessary 
to peak the band-pass filter al the balanced mixer 
output for optimum frequency response. With the 
VFO set to the center of the 20-meter band, adjust 
C9 for maximum response, using an insulated tool 
so as not to introduce stray capacitance which 
could upset the filter tuning. Plar.:e the oscillo~cope 
probe at the base of QI 2. Ncx t tune C 13 for 
maximum signal amplitude. If an o~cilloscope is 
not available, the above ~teps may be performed by 
listening to the radiated signal in a general-coverage 
receiver and using the receiver's S meter as a peak 
indicator. 

The carrier null pot, R 5, is adjusted to mini
mize any 5-MHz VFO signal appearing al the 
output of the balanced mixer. First disable the 
9-MHz heterodyne oscillator by removing YI or 
Y? frnm !hi> ,indc1>1 With thP n~lln<eope Hltached 
to the mixer output at pin 6 of the MC1496L, 
adjust RS for minimum S-MHz output. If an 
oscilloscope i5 not available RS should be set to the 
middle of its range. Good suppression of the 
5-MHz signal will result at the transmitter output 
in conjunction with the filtering in the following 
stages. It is difficult to perform this step with just a 
receiver alone since direct pickup from the VFO 
will obscure any null indication. YI or Y2 should 
be replaced in its socket. 

A check should be made with the VOM or 
VTVM to assure that lhe de voltage drop across R6 
is approximately 4.4 volts. This indicates proper 
quiescent collector current at Ql2 for linear 
operation. 

Connect the power amplifier stage' to the 
12-volt supply but do not key the transmitter. R9 
should lempor11.rlly be set al maximum resislance 
first. The VOM is tern porarily inserted in series 
with the collector lead of QI 3 to measure collector 
current. R9 should slowly be decreased to the 
point where the static collector current (no rf 
signal input) reaches 35 mA. The VOM i5 removed, 
the collector lead reconnected, and R 9 left at this 

11etting. If a silicon diode other than an HEl' 
RO 130 is used for CR2, ii may be necessary to 
change the values of R8 and R 9 lo achieve the 
proper quiescent colleclor current. Some experi
mentation will determine the correct values, keep
ing in mind the resistor power dissipation require
ments. 

Finally, connect a SO-ohm dummy load to the 
antenna conneclor and a high-impedance micro-
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Fig. 3 - View of the inside of the transmitter. The 
two main circuit boards are mounted verliC8lly on 
the leh side. Note the use of shields (made from 
double-clad circuit board) to provide Isolation 
between stages on the boards. The VFO, the third 
circuit board assembly from the left. is housed in a 
four-sided enclosure fashionad from four pieces of 
circuit board. The power output amplifi11r board 
mounts over the sheet aluminum heat sink which is 
21so mounted vertically on the chassis. Trunsmit
rt!ceive rel.iy K 1 is just visible behind the VFO. 

phone to the microphone jade. The gain control b 
adjusted in the same manner as with any oonvcn
lional ssb transmitter. The setting is best deter
mined with the aid of a Monitorscope at the 
transmitter output. RI should never be advanced 
beyond the pain I where rf peak llattening begins.. 
A Might readjustment of C2 may be neces!IB.ry to 
center the ssb signal properly in the passband of 
the crystal filter. Improper centering will impair 
the audio frequency response. This adjustment can 
be made by listening to oneself In a receiver and 
tweaking C2 for proper response. Note that the ssb 
frequency will shift, loo, as the setting of C2 is 
changed. The audio should be clean and free from 
distortion. 

In cw operation, the cw drive control R2 
should be broughl up to the point where no 
further increase in rf output results. The break-in 
delay circuit provides semibreak-in operation for 
cw and push-to-lal.k operation for l!Sb. The setting 
of lime delay adjustment R 3 determines the length 
of time the transmit-receive relay KI remains 
closed after the key is released. Adjust RJ for a 
delay time suitable for the keying speed being 
u11ed. The spare set of contacts or Kl may be used 
for muting a receiver during transmil OT for 
switching an outboard power amplifier. The trans
mitter should never be operated without a proper 
load at the outpu I. 

A set of tempi.ales for the four circuit boards is 
available from ARRL Headquarters, Newington, 
Conn_ 06 ll l for S I. 
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A SOLID-STATE T RANSCEIVER FOR 160 METERS 

This ssb transceiver is suitable for QRP opera
tion rro m batteries or as a main frame for 
fixed-station use. Its circuitry is simple enough to 
permit easy duplication (or substitution of corn
ponenls where necessary) by proficient builders 
with only limited experience in solid-state design. 

Some 160 Notes 

Technically speaking, 160 meters is interesting 
s:lnce it is the only amateur band in the mf range. 
Phone operation is similar to that encountered on 
the hf bands but the use of cw is somewhat 
different. Split-frequency operation ii; common 
and one should avoid transmitting within the DX 
.. window'" from 1825 to 1830 kllz when the band 
is open. While cw operation is po!Wble with a 
transceiver, the above precaution should be noted. 
Because of the LORAN (Long Range Navigation) 
service, the band is split up according to gee
graphical area and une should observe · lhc fr<>
q uency range a.nd power limit for his region (See 
Chapter 1). 

LORAN, proximity to the broadcast ban<!, 
QRN, and interference from TV sets often imposes 
severe n:quiremcnts on receiving device~ for this 
band. While liltlc can be done with sky-wave 
signals, experimentation with various antenna 
systems can reduce local interference to a great 
extent. Proximity and orientation of the antenna 
to the interfering source are the prime factors here. 
Because of latter consideration, scparalc tran1-
milling and receiving antennas may be necessan. 
Hf-band dipoles, even though they may be 

Interior view of the transceiver. 

electrically short on 160 meters, can still make 
excellent receiving antennas if a balancing network 
is used. The balancing transformer (TI) shown in 
Fig. I can be used for hoth transmitting and 
receiving, thus reducing ground-loop currents. A 
simple loading coil in one side of the feed line can 
be used to tu nc ou I the antenna capacitive reac
tance. 

Adequa le front-end selectivity is also necessary 
to assure that unwanted rf energy is rejected before 
it reaches the active elements in the receiving 
section of the transceiver. The preselector ~hown in 
Fig. l may be built from readily available parts. 
Some experimentation with the number of turns 
on LI in receivo-only applications may be nec
essary. Use the minimum number of nuns that give 
sufficient sensitivity without signs of overloading. 
This preselector could also be used with existing 
receivers with inadequah: front-end selectivity on 
160. 

Circuit Details 

The circuit diagram of the transceiver is shown 
in Fig. 1 and Figs. 3 through 8 incl. The block 
diagram and switching logic of the transceiver are 
shown in Fig. 2. This arrangement eliminates the 
need for relays and provides excellent isolation 
around the 9-MHz filter board. The full capabilities 
of a good receiving filter may be reduced con
siderably by undesirable stray paths. Rf energy 
rejected by the tilter goes around ii through the 
unwanted paths. In the receive position, signals 
from 1.8 to 2 MHz are mixed with the LO (10.8 tu 
11 MHz) to give n 9-MHz i-f. Greater bandspread 
can be achieved by using a smaller value for CIO 
and increasing LS or Cl I. This would reduce the 
band coverage, however. In the transmit position, 
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Fig. 1 - Schematic diagram of the rf amplifier and 
preselector. In this and succeeding diagrams, com
ponent designations not mentioned in the captions 
are for text and layout references only, Unless 
otherwise noted, resistors are 1 /4- or 1 /2-watt 
composition and capacitors are disk ceramic. 

C1 - Air variable, 365 pF per section (J.W. Miller 
2112 or equiv.I. 

the same mixer is used but rf energy from the 
balanced modulator and filter board at 9-Mllz is 
converted to the 1.8-MHz band. 

Because of the relationship between the LO and 
the 1-f, a sideband inversion occurs. This means 
that the carrier oscillator crystals will be opposite 
that usually marked on the ftlter package. Cw 
operation is in the usb mode imd both carrier-

L 1, L4 - 2 turns of plastic-coated wire over cold 
ends of L2 and L3 respectively. 

L2, L3 - Modified Ferri-Tenna Coil (Radio Shack 
No. 270-1430). Remove coupling coil and all 
but 35 turns of fine wire on core (see text). 

RFC1 - 2.5 mH rf choke pc-board mounting type 
(Mi ll en J302-2500). 

T1 - 40 turns 011er Amidon T-68-3 toroid (gray 
core) of bifilar-wound No. 26 enamel wire. 

oscillator and VFO offset is used. The carrier
oscillator offset pulls the crystal frequency into the 
passband of the riltcr slightJy, while the VFO 
offset can be adjusted for the desired tone on 
receiving. Keying is accomplished by unbalancing 
the 1496 IC balanced modulator. Waveshape is 
determined by the time constant of R62 and CS9 
in fig. 7. 
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Fig. 2 - Block diagram & switching logic of the transceiver. 
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MIXER 

T0SI0 
( FIG 1) 

Fig. 3 - Schematic diagram of LO and mixer 
module, If greater bandspread is desired, a smaller 
value capacitor could be substituted for Cl0 with 
Ct 1 increased by an appropriate amount 10 5411 the 
low-frequency end of the tuning range to 10.8 
MHz. 
Cl0 - Air variable, 104 pf maximum (J.W. Miller 

2 101 or equiv.I. 
LS - 1.1-µH slug tuned (Millen 69054-0.91 or 

equiv.I. 
RFC2 - Three Amidon ferrite beads at drain 

terminal of 03. Install on 112-inch length of 
No. 24 bare wire. 

RFC3, R FC4, RFC5 - Mi niature 50-µH choke 
(Mi llen Co. J3Q0..50). 

T2, T3 - 25 turns No. 28 ltrifilar woundl on 
Amidon T-50-3 toroid core. 

Fig. 4 - The S-MH2 filter board. Physical layout 
should keep input and output leads separated. 
C22, C25 - 3- to 35- pf mica compression 

trimmer. 
RFC6 - Miniature 100-µ H choke (Millen Co. 

JJ00-1001. 
FL1 - 9-MHz crystal filter, 2. 1-kHz bandwidth 

IKVG XF-98 Spectrum International, Bo• 87, 
Topsfield, MA 019831. 

tl2.V 

CA3039 

9MHz 

The low-pass filler ~hewn in Fig. 8 is used to 
eliminate unwanled rf energy (LO, carrier os
cillator, and other producls) above 2 MHz before 
going lo lhe buffer transistor QI I. While various 
1Jansistor5 are suitable for cw service in the hf 
range, many will not perform well as linear power 
amplifiers. The variation in transistor current gain 
over a large dynamic range is 100 great. This results 
in dislorlion or imposes severe biasing problems. 
Generally speaking, uhf types are the best ones lo 
use. The amplifier used with lhe transceiver is 
capable of approitimately one-watt outpul with 
good I MD characteristics, 

Conalruction 

A modular-type layout was used that allows the 
builder to pretest various sections of the lran!r
ceiver before in~tallalion in the cabinet. Single
sided pc board or Vedurbord construction should 
be avoided iiince unwanlcd capacitive: and inductive 
coupling may cause spurious oscillations. Use 
double-sided pc board, or, as in the case of lhc unit 
shown, isolated-pad construction, The latter is 
highly recommended. The individual boards arc 
then mounled in the cabinet with small "L" 
brackets or in the ca!le of the VFO module , with 
screws. 

RFC6 
a, ,----,,-----.----' 

100_,w{ 

100 tl2 

rOI 

TOSIA .OI 
F/6.:t) ~ r--T--,r-, 

C20 

10 
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BfO 

BFO 

Fig. 5 - Carrier oscillator board. 
C30, C33 - Miniature pc-mount air variable 

(Johnson 189-506-5, Allied Electronics 
828-1219). 

L6 - 15 µH nominal (Miller 4506 or equiv_)_ 
RFC7 - 500-µH rf choke (Millen J300-500). 
Y1, Y2- KVG matching crystals for FL1. 

Where interconnecting shielded cables are used 
(such as the connections on SI and other rf leads), 
small coaxial cable is ideal. RG-174/U was used in 
the unit shown and it is good practice to tie the 
ground leads to one point when: two or more 
cables come together. An example would be the 
switch connections at SI. Regular hook-up wire 
can be used for the power-supply leads going to 
each board. 

While the general layout should not be critical, 
the one shown in the photograph is suggested_ The 
cabinet is a Ten-Tee MW-10 and the dial assembly 
can be obtained from Allied/Radio Shack. The 
rootary switches for SI and S2 are surplus minia
ture types with glass-epoxy insulation. The size of 

CARRIER 

.417 

TO RCVR BOARD 

k CARR IER INPU T 
( FIG.6} 

I 

C41 c42 FsM ro it~~go. 
(F/G.1) 

L6 ISK INPUT 

IS;,J( R3f 

-+ 12V 

the various components available will determine 
the final layout but care should be taken to keep 
all leads as short as possible. 

It is a good idea to start with the receiver 
portion of the transceiver ( the rf amplifier and 
prcselector is the simplest module to build). 
Carefully unwind (and save) the wire from the two 
fenite-loop antenna coils. 

Wind a one-layer coil (35 turns) back on each 
fo1m and solder it in place. Paint each coil with Q 
dope to keep the turns from unwinding. Mount the 
completed coils (12 and 13) using heavy wire Ie~ds 
on the 365-pF capacitor as shown in the photo
giaph. LI and L4 consist of 2 turns of hook up 
wire wound on the cold end of 12 and 1 3 
respectively. Next, lay out the circuit board for the 

Fig. 6 - Receiver board_ This includes the 1-f 
amplifier, product detector, and audio amplifier. 
Audio power ls sufficient for high-impedance 
earphones. 
L7 - Slug-tuned inductor, 1.6 µH nominal, 13 

turns No_ 26 enam. on 1/4-inch form. 

IN PUT (~ 1G.!1) 

(FIG.:l) • _n. O+l2V 
TO SfF RCVR 1 

C45 !9J!£ OC ,1 PROD, OET • .l isv '49 R41 +12voc 
,----l--,,J\/11\r-----------<> 

+12v 
DC 0--'IN\J---i.'l/lr-, 

:gv~~e C4• 
(FIG. 2) R35 .DOI 

2200 R36 
100 

+12v oc. 

U<VT AS INDICATED, DECll,IAL VAUJES OF +12V 
CAPACITANCE ARE IN IIICROFARADS I Jlf I ; DC n-.,.,,.,_,. __ .. 
OTHERS AAE IN PtCOFAfllDS I pf OIi jtJIF I; 
RESISTANCES AR£ IN OHl,IS ; 
•• 1000, 111•1000 000. 

+ 
R47 AUDIO AMP. 
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SPEECH AMP TDCA EA 
OSC..90,UO , 

TOSIF 
,----l--'YV\_.......-;at"-~-'Vl,,,,_.,..,."T----,p---TRAH.$ 

(FIG 2) 

~: LJ;i,._. II.~ l IM ~ --+----t 

AUDIO 
GAIN 

Fig. 7 - Schematic diagram of the speech amplifier 
and tha balanced modulator boards. 
C62- Mica Compression trimmer, 50 pF. 
R52, R68 - Control, pc-mounting type. 
RFCB - 3 ferrite beads 011er microphone-input 
lead. 

rf amplifier, making it small enough to mount on 
the back of lhe capacitor with spacers and SL'Tews. 
Layout for this board (and the remaining ones) will 
be successful if the following rules are observed. 
First, keep all component leads as !hart as possible 
(especially IC leads) and second, lay out the stages 
in a itraight line 35 shown in the photograph. Also 
assure that input and output lead~ arc: kept as far 
away from each other as is practical If the 
isohl led-pad construction technique is used, a drill 
press (bench style) is handy. However, either a 
hand-held electric drill or a crnnk-type hand driU 
may be used. Once the presclector module is 
completed, perform the alignment procedure 
before going on to the next board, Complete and 
lest the remaining boards before mounting them 
permanently in the cabineL 

Alignment 

While the tran!ICCiver could be tested after it is 
completed, the procedure outlined here will a~iure 
each module is working before the next one is 
mounted in the cabinet. Necessary test equipment 
includes a signal source and receiver covering 1.8 to 
2.0 MHz, and 9 to 11 MHz. The receiver should be 
capable of receiving ssb signals. Other suggested 
equipment would be a VTVM, a monitor scope 
which can be used with the receiver lo check 
modulation, and a frequency counter. 

The pre!!Clector module should be aligned first, 
Connect a signal source to the general-coverage 
receiver and tune in the signal. Next, connect the 
preselector between lhc generator and the receiver 
and adjust the slugs until the signals peak. For 
correct alignment, Cl should be fully meshed al 
the low end ( 1.8 MHz) of the band. The VFO 
should be adjusted by selling its range for 10.8 lo 
11 MHz as indica1ed on either a gcncral•coverage 
receiver or a frequency counter. The pre.~elector 
and LO/mixer modules may be mounted inside the 
cabinet and interconnected. See blocks (a) and (b) 
in Fig. 2. The ex ternal receiver should be con
nected to the output ofT2. When power is applied 
to the transceiver and SI is set for RCV, signals 
and noise should be heard at 9 MHz as the VFO 
and presclector arc tuned, The 9-MHz filler board 
should be inst.aUed and the receiver connection 
moved from T2 to the output of the filter. See 
block (d) in Fig. 2. Peak C24 and C25 for 
maximum signal. The carricr-o51Cill.alor board may 
be checked by listening wilh the gener.tl-coveragc 
receiver to the two crystal frequencies (8,999 and 
9.001 ). Mount lhe carrier•o~iDator and receiver 
boards, connecl a headphone set and adjust L7 
for maximum receiver sensitivity. This completes 
the alignment of the receiver. See block (c) in Fig. 
2 for details, 

Refer to block (h) in Fig. 2 and mount the 
speech amplifier. lnslall lhe appropriate power, 
input and outpul connections. Couple a he.ad<et to 
the output of Uris circuit through a O.S-µF 
capacitor and speak into the microphone. Speech 
should be hCMd. Install and connect the balani:cd
modulalor board. Refer to block (g) in fig. 2. Ssh 
signals should be detected al the output terminal 
of Tl. Adjust R68 and C62 for minimum carrier. 
Interconnect the buffer and PA modules, and 
connect a dummy load (with an output indicator) 
to the antenn~ jack. A small pilot lighl (No. 4 7) 
will suffice if the PA shown in Fig. 8 is used. R73 
should be set for minimum collector current. A 
short whblle into the microphone should produce 
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LI U 

~

S111HC&6 
s, 
TAA CM C6S 
(FIG,Z) 3'0 J: '4 o .l 

BUFFER. 

TO 
SIF --•---_,,o t-

TIWIS. 1211 OC 
(FIG.2) r-

an output signal. Oear-munding ssb §ignals should 
be heard when listening to the general-coverage 
receiver. This completes the ssh alignment. 

Place a jumper from either the use or LSe 
position of S2A to the cw position ofS2A. Set the 
general-coverage receiver lo the use position. Tum 
the transceiver to the cw position and tune until a 
readable ssh signal is heard. Key the transceiver and 
depending upon the settings of C 12 and C30, a 
tone should be heard. CJO will determine the 
amount of output. Adjust C12 until the desited 
sidetone is obtained. This will require retuning the 
receiver for readable usb after each adjustment. 
When the adjustment is correct, a proper-sounding 
ssh signal can be heard in the cw position and the 
desired note will also be heard when the uans-
mitter is keyed. Remove the jumper from S2A. 
This completes alignment of the transceiver. 
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Fig. 8 - Schematic diagram of buffer and PA. If a 
broad-band amplifier or antenna circuit is to follow 
T5, a low-paH filter may be necessery to reduce 
unwanted harmonic energy, 
L8 - 27 1,1H, 66 turns of No, 30 enam. wire on 

Amidon T-50-3 (gray) toroid core. 
L9 - 37 1,1H. 76 turns No. 30 enam. on T-5o-3 

core. 
R73 - Control, pc-mounting type. 
RFC9 - 2.7 ,11H minimum. Slip a ferrite bead over 

each end of a small rf choke (Millen 343001. 
T4 - Stack two Amidon Hu1ky 17 mm) beads and 

wind a 6-turn primary and a 3 turn secondary 
through both cores. Use No. 26 enam. wire. 
Make a second transformer similar to the first 
one. Parallel the primaries, and series connect 
the secondaries observing the polarities shown 
on the diagram. 

T5 - 24 turns No. 26 enam. wire hrifilar wound) 
on Amidon T-~3 core, 



Chapter 14 

Frequency Modu lation and 
Repeaters 

Methods of radiotclphone communication by 
frequency modulation were developed in the 1930s 
by Major Edwin Armstrong in an attempt to 
redure the prnblerns of ,tatic and noise auociated 
with receiving a-m broadcast uansmissions. The 
primal)' advantage of fm, the ability to produce a 
high signal-to-noise ratio when receiving a signal of 
only moderate strength, ~ made fm the mode 
chosen for mobile communications services and 
quality broadcasting. The disadvantages, the wide 
bandwidth required and the poor results obtained 
when an fm signal is propagated via the ionosphere 
(because of phase distortion), has limited the use 
of frequency modulation to the I 0-metcr band and 
the vhf/uhf section of the spectrum. 

Fm ha.~ some impressive advantage~ for vhf 
operation, especially when compared to a-m. With 
fm the modulation process takes plare in a 
low-level stage. The modulation equipment re
quired i§ the same, regardless of transmitter power. 
The signal may be frequency multiplied after 
modulation, and the PA stage can be operated 
Class C for best efficiency, as the "final" need not 
be linear. 

In n:cent years there has been increasing use of 
fm by amateurs operating around 29,6 MHz in the 
I 0-metcr band. The vhf spectrum now in popular 
use includes 52 to 53 MHz, 146 to 147.5 MIiz, 222 
to 225 Milz. and 440 to 450 MHz. 

FREQUENCY AN D 
PHASE MODULATION 

It is p~ible to convey intelligence by 
modulating any property of a curier, including iu 
frequency and pha.o;e. When the fn:quency of the 
carrier is varied in accordance with the variations in 
ii modulating signal, th.: resull b frequency 
modulation (fm). Similarly, varying the phase of 
the carrier current is called phase modulation (pm). 

frequency and pha.~c modulation are not 
independent, since the frequency cannot be varkd 
without also varying the phase, and vice versa. 

The effectiveness of fm anll pm for communica
tion purpo-es depends almost entirely on the 
receiving methods. If the receiver will respond to 
frequency and phase changes but is insensitive lo 
amplitude changes. it will discriminate against most 
forms of noise, particulatly impulse noise such as is 
set up by ignition systems and other sparking 
devices. Special methods of detection are required 
to accomplish thh result. 

Modulation methods for fm and pm a.re ~imple 
and require practically no audio power. There is 
also the advant:igc that, since there is no amplitude 
variation in th.: signal. interference to broadcast 
reception resulting from rectification of the 
transmitted signal in the audio circuits o'f the be 
receiver is substantially eliminated. 

Frequency Modulation 

Fig. 14-2 is a rcpresenlation of frequency 
modulation. When a modulating signal is applied, 
the carrier frequency is increased during one 
half cycle of the modulating signal and dccreBSed 
during the half cycle of opposite polarity. This is 
indicated in the drawing by the fact that the rf 
cycles occupy less time (higher frequency) when 
the modulating signal is positive, and more time 
(lower frequency) when the modulating signal is 
negative. llie change in the carrier frequency 
(hequency deviation) is proportional to the 
instantaneous amplitude of the modulating signal. 
so the deviation is small when the instantaneous 
amplitude of the modulating signal is small, and is 
greatest when the modulating signal reaches its 
peak, eirher positive or negative. 

As shown by the drawing, the amplitude of the 
signal does not change during modulation. 

Phase Modulation 

If the phase of the current in a circuit is 
changed th~re is an instantaneous frequ~ncy 
change during the time that the phase is being 
shifted. The amount of frequency change, or 
deviation, depends on how rapidly the phase shift 
is accomplished. It is also dependent upon the total 
amount of lhe phase shift. In a properly operating 

Fig. 14-1 - The use of vhf fm mobile rigs in 
conjunction with repeate~ has improved the 
communications of many amateur emergency 
groups. Here F2BQ relays traffic being received via 
2-meter fm on a 40-meter ssb link. 



pm ~ystem the amount of phase shift is 
proportional to the instantaneous amplitude of the 
modulating signal. The rapidity of the phase shift is 
diredly proportional to the frequency of the 
modulating signal. Consequently, the frequency 
deviation in pm is proportional to both the 
amplitude and frequency of the modulating signal. 
The latter represents the outs tan ding difference 
between fm and pm, since in fm the frequency 
deviation is proportional only to the amplitude of 
the modulating signal. 

FM and PM Sidebands 

The sidebands set up by fm and pm differ from 
those resulting from a-m in that they occur at 
integral multiples of the modulating frequency on 
either side of the carrier rather than, as in a-m, 
consisting of a single set of side frequencies for 
ca.ch modulating frequency. An fm or pm signal 
therefore inherently occupies a wider channel than 
11-m. 

The number of "extra" sidebands that occur in 
fm and pm depend~ on the relationship between 
the modulating frequency and the frequency 
deviation. The ratio between the frequency 
deviation, in Heru, and the modulating frequency, 
also in Henz, is called the modulating index. That 
is, 

Modulation index = Carrier fre<Juencv deviation 
Modula ti/Jg frequency 

Example: Tbe maximum frequency de via.~ 
t ion ia an £.m. hansmittcr is 3000 Hz. either 
side af !be carrier frcqueo<!y. The modu!atioa 
index when the modulating frequcoc,- is UX)O 
Hz. is 

. , JOOO 
Mod ulahaa mdex ""'tooo= 3 

At the same deviation .,.;th JOOO-Hz. modula
tion the index would be l; at 100 Hz. it 
would be JO, and ,a oa. 

In pm the modulation index is constant 
regardless of the modulating frequency; in fm it 
varies with the modulating frequency, as shown in 
the above example. In an fm system the ratio of 
the maximum carrier-frequency deviation to the 
highest modulating frequency used is called the 
deviation ratio. 
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Fig. 14-2 - Graphical representation of frequency 
modulation. In the unmodulated carrier at A, each 
rf cycle occupies the same amount of time. When 
lhe modulating signal, B, is applied, the radio 
frequency is increased and decreased according to 
Iha amplitude and polarity of the modulating 
signal. 

Fig. 14-3 shows how the amplitudes of the 
carrier and the various sidebands vary with the 
modulation index. This is for single-tone modula
tion; the fir.;t sideband (actua!Jy a pair, one above 
and one below the carrier) is displaced from the 
carrier by an amount equal to the modulating 
frequency, the second is twire the modulating 
frequency away from the carrier, and so on. For 
example, if the modulating frequency is 2000 Hz 
and the carrier frequency is 29,500 kHz, the first 
sideband pair is at 29,498 kHz and 29,502 kHz, 
the second pair is at 29,496 kHz and 29,504 kHz, 
the third at 29,494 kHz and 29,506 kHz, etc. The 
G111plitudes of these sidebands depend on the 
modulation index , not on the frequency deviation. 

Note that a.s shown by Fig. 14-3, the carrier 
strength varic5 with the modulation index. (In 
unplitude modulation the carrier strength is 
constant ; only the sideband amplitude varies.) At a 
modulation index of approximately 2.4 the carrier 
disappears entirely. It then becomes "negative" at 
a higher index, meaning that its phase is reversed as 
compared to the phase without modulation. In fm 
rnd pm the energy that goes into the sidebands is 
taken from the carrier, !he toral power remaining 
tbe same regardless of the modulation index. 

Since there is no change in amplitude with 
modulation, an fm or pm signal can be amplified 
1vithou t distortion by an ordinary Class C 
:illlplifier. The modulation can take place in a very 
low-level stage and the signal can then be amplified 
by either frequency multipliers or straight-through 
2IT1plifiers. 

LO 24 
WOOULAT'°"' INOf.X 

Fig. 14-3 - How the amplitude of the pain; 
of sidebands varies with the modulation 
index in an fm or pm signal. If the curves 
ware extended for greater values of 
modulation index it would be seen that the 
carrier amplitude goes through zero at 
several points. The same statement also 
applies to the sidebands. 

I 



422 
If the modulated signal is passed through one or 

more frequency multipliers, the modulation index 
is multiplied by the same factor that the carrier 
frequency is ·multiplied. For example, if moduu
tion is applied on 3.5 MHz and I.he final output is 
on 28 MHz, the total frequency multiplication is 8 
times, so if the frequency deviation is 500 Hz at 
3.5 MHz it will be 4000 Hz at 28 MHz. Frequency 
multiplication offers a means for obtaining 
practically any desired amount of frequency 
deviation, whether 01 not the modulatoI itself is 
capable of giving that much deviation without 
distortion. 

Bandwidth 

FCC amateur regulations (Part 97 .61) limit 
the bandwidth of F3 (frequency and phase 
modulation) to that of an a-m transmission 
having the same audio characteristics below 
29.0 MHz and in the 50.l - to 52.S -MHz 
frequency segment. Greater bandwidths are 
allowed from 29.0 to 29. 7 MHz and above 
52.S MHz. 

If the modulation index (with single-tone 
modulation) does not exceed 0.6 or 0. 7, the most 
important exua sideband, the second, will be at 
least 20 dB below the unmodulated carrier level, 
and this should represent an effective channel 
width about equivalent to that of an a-m signal. In 
the case of speech, a somewhat higher modulatic,n 
index can be used. This is because the energy 
distribution in a complex wave is such that the 
modulation index for any one frequency cor.1-
ponent is reduced as compared to the index with a 
s.ine wave having the same peak amplitude as the 
voice wave. 

The chief advantage of fm or pm for 
frequencies below 30 MHz is that it eliminates or 
reduces certain types of interference to broadcast 
reception. Also, the modulating equipment is 
relatively simple and inexpen5ivc. However, assum
ing the same unmodulated carrier power in all 
cases, narrow-band fm or pm is not as effective lS 

a-m with the methods of reception used by many 
amateurs. To obtain the.benefits of the fm mode, a 
good fm receiver is required. As shown in Fig. 
14-3, at an index of 0.6 the amplitude of the fir,t 
sideband is about 25 percent of the unmodulatcd
cairier amplitude; this compares with a sidebar.ct 
amplitude of 50 percent in the case of a 100 
percent modulated a-m transmitter. When copied 
on an a-m receiver, a narrow-band fm or pm 
uansmitter is about equivalent to a 100-percent 
modulated a-m transmitter operating at one-fourth 
the carrier power. On a suitable (fm) receive1, fm is 
as good or better than a-m, watt for watt. 

Three deviation amounts arc now standard 
practice: 15, 5 and 2.5 kHz, which in the current 
vernacular of fm users, are known as wide band, 
narrow band, and sliver band, respectively. (See 
box above.) The 2.5-3 kHz deviation (called nbfm 
by OTs) was popular for a time on the vhf bands 
and 10 meters after World War II. Deviation figures 
are given for the frequency swing in one direction. 

FM AND REPEATERS 

The rule-of-thumb for determination of bandwidth 
requirements for an fm system is: 

2 (6 F) + FAmax 

where c:F is one half of the total f1eq uency 
deviation, and F Amax is the maximum audio 
frequency (3 kHi for communications purposes). 
Thus, for narrow-band fm, the bandwidth equals 
(2) 5 + 3 or 13 kHz. Wide-band systems need a 
33-kHz receiver bandwidth. 

Comparison of PM and PM 

Frequency modulation cannot be applied to an 
amplifier stage, but phase modulation can; pm is 
therefore readily adaptable to transmitters employ
ing oscillators of high stability such as the 
crystal-controlled type. TI1e amount of phase shift 
that can be obtained with good linearity is such 
that the maximum practicable modulation index is 
about 0.5. Because the phase shift is proportional 
to the modulating frequency, this index can be 
used only at the highest frequency pre sen I in the 
modulating signal, assuming that all frequencies 
will at one time or another have equal amplitudes. 
Taking 3000 Hz as a suitable upper limit for voice 
work, and setting the modulation index at 0.5 for 
3000 Hz, the frequency response of the speech
amplifier system above 3000 Hz must be sharply 
attenuated, to prevent excess splatter. (See Fig. 
14-4.) Also, if the "tinny" quality of pm as 
received on an fm receiver is to be avoided, the pm 
must be changed to fm, in which the modulation 
index decreases in inverse proportion to the 
modulating frequency. ·1 h.is requires ~haping the 
speech-amplifier frequency-response curve in such 
a way that the output voltage is inversely 
proportional to frequency over most of the voice 
range. When this is done the maximum modulation 
index can only be used to some relatively low 
audio frequency, perhaps 300 to 400 Hz in voice 
transmission, and must decrease in proportion to 
the incre:llie in frequency. The result is that the 
maximum linear frequency deviation is only one or 
two hundred Hz, when pm is changed to fm. To 
increase the deviation for narrow band requires a 
frequency multiplication of 8 times or more. 

Fig. 144 - Output frequency spectrum of a 
narrow-bend fm transmitter modulated by a 1-kHz 
tone. 



Frequency Modulation Methods 

It ii relatively easy to secure a fairly large 
frequency deviation when a self-<:ontrolled oscilla
tor is frequency-modulated directly. (True frequen
cy modulation of a crystal-<:ontrolled oscillator 
resu lts in only very small deviations and so requires 
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a great deal of (requency multiplication.) The chief 
problem is to maintain a satisfactory degree of 
carrier stability, since the greater the inherent 
stability of the oscillator the more difficult it is to 
secure a wide frequency swing with linearity, 

METHODS OF FREQUENCY MODULATION 

Direct FM 

A simple and satisfactory device for producing 
fm in the amateur transmitter is the reactance 
modulator. This is a vacuum tube or transistor 
connected to the rf tank circuit of an oscillator in 
such a wa.y as to act as a variable inductance or 
capacitance. 

Fig. 14-SA is a representative circuit. Gate 1 of 
the modulator MOSFET is connected across the 
oscillator tank circuit. Cl Ll, through resistor RI 
and blocking capacitor C2. C3 represents the input 
capacitance of the modulator transistor. The 
resistance of RI is made large compared to the 
reactance of C3, so the rf current through RIC3 
will be practically in phase with the rf voltage 
appearing at the terminals of the tank circuit, 

REACTANCE MODULATOR 
OSC. TA K 

VARACTOR REACTANCE 
MODULATOR 

TOOSC 

Fig. 14-5 - Aeactance modulators using (A) 11 
high-cransconductance MOSFET and (Bl a varactor 
diode. 

However, the voltage across C3 will lag the current 
by 90 degrees. The rf current in the drain circuit of 
the modulator. will be in phase with the grid 
voltage, and consequently is 90 degrees behind the 
current through CJ, or 90 degrees behind the rf 
tank voltage. This lagging current is drawn through 
the oscillator tank, giving the same effect a1 though 
an inductance were connected across the tank. The 
frequency increases in proportion to the amplitude 
of the lagging plate current of the modulator. The 
audio voltage, introduced through a radio-frequen
cy choke, varies the transconductance of 'the 
transistor and the reby varies the rf drain current. 

The modulated oscillator usually is operated on 
a relatively low frequency, so 1hat a high order of 
canier stability can be secured. Frequency 
multipliers are used to raise the frequency to the 
final frequency desired. 

A reactance modulator can be connected to a 
crystal oscillator as well as to the self-con trolled 
type as shown in Fig. 14-58. However, the 
resulting signal can be more phase-modulated than 
it is frequency-modulated, for the reason that the 
frequency deviation that can be secured by varying 
the frequency of a crystal oscillator is quite small. 

The sensitivity of the modulator (frequency 
change per unit change in grid voltage) depends on 
the transconductance of the modulator transistor. 
It increases when RI is made smaller in comparison 
with CJ. It also increases with an increase in L/C 
ratio in the oscillator tank circuit. However, fo r 
highest carrier stability it is desirable to use the 
largest tank capacitance that will pennit the 
desired deviation to be secured while keeping 
within the limits of linear operation. 

A change in any of the voltages on the 
modulator transistor will cause a change in rf drain 
cum:nt, and consequently a frequency change. 
Therefore it is advisable to use a regulated power 
supply for both modulator and oscillator. 

Indirect FM 

The same type of reactance-tube circuit that is 
used to vary the tuning of the oscillator tank in fm 
can be used to vary the tuning of an amplifier tank 
and thus vary the phase of the tank cum:nt for pm. 
Hence the modulator circuit of Fig. 14-SA or 
14-6A can be used for pm If the reactance 
transistor or tube works on an amplifier tank 
instead of direc tly on II self<ontrolled oscillator. If 
audio shaping is used in the speech amplifier, as 
described above, fm instead of pm will be 
generated by the phase modulator. 

The phase shif t that occurs when a circuit is 
detuned from resonance depends on the amount of 
detuning and the Q of the circuit. The higher the 
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Fig. 14-6 - IAI Th; phase~hifter type of phase 
modulator. IBI Pre-emphasis and ICI de-emphzis 
circuits. 

Q, the ~mailer the amount of detuning needed to 
secure a given number of degrees of phase shift. If 
the Q is at least IO, the relationship between phase 
shift and detuning (in kHz either side of the 
n:sonant frequency) will be ,ubstantially linear 
over a phase-shift range of about 25 degrees. From 
the standpoint of modulator sensitivity, the Q of 
the tuned circuit on which the modulator operates 
should be as high as possible. On the other hand, 
the effective Q of the circuit will not be very high 
if the amplifier is delivering power to a load since 
the load resi_~tance reduces the Q. There must 
therefore be a compromise between modulator 
2nsitivity an<l n power output from the 
modulated amplifier. An optimum figure for Q 
appeau to be about 20; this allows reasonable 
loading of the modulated ampllner and the 
ncccss11IY tuning variation can be secured from a 
rcactance modulator without difficulty. It is 
advisable to modulate al a low power level. 

Reactance modulation of an amplifier itage 
usually results in simultaneous amplitude modula
tion because the modulated slllge is detuned fzom 
resonance as the phase is shifted. This must be 
eliminated by feeding the modulated signal 
through an amplitude linuter or one or more 
"saturating" stages - that is, amplificn that are 
operated Class C and driven hard enough !IO that 
variations in the amplitude of lhe input excitation 
produce no appreciable variation~ in the output 
amplitude. 

f'or the same ty pe of reactance modulator, the 
speech-amplifier gain required iJ the same for pm 
as for fm. However, as pointed out earlier, the fact 
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that the actual frequency deviation increases with 
the modulating audio liequency in pm maJces it 
neces.'131}' to cut off the frequencies above about 
3000 Hz before modulalion takes place. If this is 
not done, unnecessary !lidebands will be generated 
at frequencies considerably away from the carrier. 

SPEECH PROCESSING FOR FM 

The speech amplifier preceding the modulator 
follows ordinary design, except that no power is 
taken from it and the af voltage required by the 
modulator grid usually is small - not more than 10 
or 15 volts, even with large modulator tubes, and 
only a volt or two for transistor.;. Because of these 
modest requirement~, onJy a few speech stages are 
needed; a two-stage amplifier consisting of two 
bipolar uansi~tors, both resistance-coupled, will 
more than suffice for crystal ceramic or hi-Z 
dynamic microphones. For more information on 
speech amplifiers see Chapter 13. 

Several forms of ~peech processing produce 
worthwhile improvements in fm system perfor
mance. It is desirable to limit the peak amplitude 
of the audio signal applied to an fm or pm 
modulator, so that the deviation of the fm 
transmi tier will not exceed a preset value. This 
peak limiting i5 usuaUy accomplished with a simple 
audio clipper which is placed between the speech 
amplifier and modulator. The clipping proces.~ 
produces high-order he.rmonics which, if allowed to 
pass through to the modulator stage, would create 
unwanted sidebands. Therefore, an audio low-pass 
filter with a cul-off frequency between 2.S and 3 
kHz is needed at the output of the clipper. Exces~ 
clipping can cause severe distortion of the voice 
signal. An audio processor consisting of a 
compressor and a clipper, such as described in 
Chapter 13, has been found to produce audio with 
a better sound (i.e., les.~ distortion) than a clipper 
alone. 

To reduce the amount of noise in some fm 
communications systems, an audio shaping net
work called pre-emphasis is added at the 
transmitter to proponionally attenuate the lower 
audio frequencie~. giving an even spread 10 the 
energy in the audio band. Tilis results in an fm 
signal of nearly constant energy distribution. The 
reverse is done at the receiver, called de-emphasis, 
to restore the audio to its original relative 
proportions. Sample circuits are shown in Fig. 
14-6. 

FM EXCITERS 

Fm exciters and trammitters take two general 
fonns. One, shown at Fig. 14-7 A, consists of a 
reactance modulator which shifb the frequency of 
an oscillator to generate an fm signal directly . 
Successive multiplier stages provide output on 1he 
desired frequency, which is amplified by a PA 
stage. This system hns a disadvantage in that, if the 
oscillator is free running, it is difficult to achieve 
sufficient ~tability for vhf use. If a crystal-con
trolled oscillator is employed, unJcss the amount 
that the crystal frequency is changed is kept small , 
it is difficult to achieve equal amounts of 
frequency swing. 
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Fig. 14-7 - Bl ock diagrams of typical fm e11citers. 

The indirect method or generating fm shown in 
Fig. l4-7B is currently popular. Shaped audio is 
applied lo a phase modulator to generate fm. As 
the amount of deviation produced is very small, 
then a large number of multiplier stages is needed 
lo achieve wide-band deviation al the operating 
frequency, In gencrlll, the sysuim shown al A will 
require a less complex circuit than that at B, but 
the indirect method (B) often prnduces superior 
results. 

TESTING AN FM TRANSMITTER 

Accurate checking of the operation of an rm or 
pm liansmitter requires different methods than the 
corresponding checks on an a-m or ssb set. This is 
because the common forms of measuring devices 
either indicate amplitude variations only (a 
milliammeter, fo r example), or because their 
indications arc most easily interpreted in terms of 
amplitude. 

ltl 
DISCRIMINATOR 

b 
.I 

(A) 

(B) 

Audio 
Frequency 

905.8 Hz 
1000.0 Hz 
1500.0 H2 
1811.0 H2 
2000.0 Hz 
2079.2 Hz 
2805.0 Hz 

The quantities to be checked in an fm 
tr.msmitter arc the linearity and frequency 
deviation and the output frequency, if the unit 
uses crystal control. The methods of checking 
differ in detllil. 

Frequency Checking 

The crystal<on!rolled, channelized operation 
that is now popular with amateur fm users requires 
tltat a transmitter be held close to the desired 
channel, al lea!!t within a few hundred Hertz, even 
in a wide-band system. Having the transmitter on 
the proper frequency is particularly important 
when operating through a repealer. The rigors of 
mobile and portable operation make a frequency 
check of a channelized transceiver a good idea at 
three-month intervals. 

Frequency meters generally fall in two categor
ies, the hererodyne type and the digital counter. For 
amateur use, the vhf/uhf counterparts of the 

9- ISV 

Deviation Produced 
/st Null 211d Null 3rd Null 

.±2.18 kHz ± 5.00 kHz ± 7.84 kHz 
±2.40 kHz ± S.52 kHz .± 8.65 kHz 
.±3.61 kHz .± 8.28 kHz :t12.98 kHz 
±4.35 kHz ±10.00 kHz .±15.67 kHz 
±4.81 kHz ±11.04 kHz .±17,31 kHz 
±5.00 kHz ±11.48 kHz .±17.99 kHz 
±6.75 kHz .±15.48 kHz ±24.27 kHz 

Fig. 14-a - (Al Schematic diagram of the deviation meter. Resistors are 1/2-watt composition and 
capacitors are ceramic, eJCcept those with polarity marked, which are electrolytic. CR 1-CR3, incl. ere 
high11peed silicon switching diodes. Rt is a linear-1aper composition control, and S1. S2 are spst toggle 
switches. T l is a miniature audio transformer with a 10,000-ohm primary and 20,000-ohm center-tapped 
secondary (Triad A31 XI. (Bl Chari of audio fraq1iencies which will produce a carrier null when the 
d eviation of an fm transmitter is set for the values given. 
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popular BC-221 frequency meter, the TS-174 and 
TS-175, will provide sufficient accuracy. Frequen
cy counten that will worlt directly up to 500 MHz 
and higher are available, but their cost is high. The 
less expensive low-frequency counten can be 
employed using a scaler, a device which divides an 
input frequency by a preset ratio, usually 10 01 

100. The Heathkit IB-102 scaler may be used up to 
17S MHz, using a counter with H 2-MHr. (or more) 
upper frequency limit. If the counting system does 
not have a sufficient upper frequency limit to 
measure the output of an fm transmitter directly, 
one of the frequency-mu! ti plier stages can be 
sampled to provide a signal in the range of the 
measurement device. Alternatively, 1 crystal-con• 
trolled converter feeding an hf receiver which has 
accurate frequency readout can be employed. if a 
secondary standard is available to calibrate the 
receiving system. 

Deviation and Deviation Linearity 

A simple deviation meteJ can be assembled 
following the diagram of Fig. 14-SA. This circuit 
was designed by K6VKZ. The output of a 
wide-band receiver discriminator (before any 
de-emphasis) is fed to two amplifier transistors. 
The output of the amplifier section is transformer 
coupled to a pair of rectifier diodes to develop a de 
voltage for the meter, Ml. There will be an 
indication on the meter with no signal input 
because of detected noise, so the accuracy of the 
instrument will be poor on weak signals. 

To calibrate the unit, signals of known 
deviation will be 1equired. If the meter is to be set 
to read 0-1S kHz, then a 7.S-kHz deviation test 
signal should be employed. RI is then adju~ted 
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until Ml reads half scale, SO µA. To check the peak 
deviation of an incoming signal, close both S 1 and 
S2. Then, read the meter. Opening fust one switch 
and then the other will indicate the amount of 
positive and negative deviation of the signal, a 
check of deviation linearity. 

Measurement of Deviation Using Bessel Functions 

Using a math. relationship known as the Bessel 
Function it is possible to predict the points at 
which, with certain audio-input frequencies and 
predetermined deviation settings, the carrier 
output of an fm transmitter will disappear 
completely. Thus, by monitoring the carrier 
frequency with a receiver, it will be possible by ear 
to identify the deviation at which the carrier is 
nulled. A heterodyne signal at either the input or 
receiver H is required so that the can:ier will 
produce a beat note which can easily be identified. 
Other tones will be produced in the modulation 
process, so some concentration is required by the 
operator when making the test. With an audio tone 
selected from the ch11rt (Fig. 14-8B), advance the 
deviation control slowly until the first null is 
heard. If I higher-order null is desired, continue 
advancing the control further until the second, and 
then the third , null is heard. Using a carrier null 
beyond the third is generally not practical. 

For example, if a 905.8-Hz tone is used, the 
transmitter will be sci for S-kHz deviation when 
the second null is reached. The second null 
achieved with a 2805-Hz audio input will set the 
transmitter deviation at 15 .48 kHz. The Bessel
function approach can be used lo calibrate a 
deviation meter, such as the unit shown in Fig. 
14-8A 

RECEPTION OF FM SIGNALS 

Receivers for fm signals differ from othel'!I 
principally in two features - there Is no need for 
linearity preceding detection (it Is, in fact, ad
vantageous if amplitude variations in signal and 
background noise can be "washed out") and the 

DEVIATION 
LIMITS 

I 
' I 
' 

I 

+ 

Fig. 14-9 - Fm detector characteristics. Slope 
detection, using the sloping side of the receivers 
selectivity curve to conven fm to e-m for 
subsequent detection. 

detector must be capable of convening frequency 
variations in the incoming signal into amplitude 
variations. 

Frequency-modulated signal~ can be received 
after a fashion on any ordinary receiver . The 
receiver is tuned to put the carrier frequency 
partway down on one side of the selectivity curve. 
When the frequency of the signal varies with 
modulation it swings as indicated in Fig. 14-9, 
resulting in an a-m output varying between X and 
Y. This is then rectified as an a-m signal. 

With receivers having steep-sided selectivity 
curves, the method is not very satisfactory because 
the distortion is quite severe unless the frequency 
deviation is small, since the frequency deviation 
and output amplitude is linear over only a small 
part of the selectivity curve. 

The FM Receiver 

Block diagrams of an a-m/ssb and an fm 
receiver are shown in Fig. 14-10. Fundamentally, 
to achieve a sensitivity of less than one microvolt. 
an fm receiver requires a gain of several million -
too much total gain to be accomplished with 
stability on a single frequency. Thus, the use of the 
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A-M RECEIVER 

FM RECEIVER 

superlleterodyne circuit has become standard 
practice. Three major differences will be apparent 
from a comparison of the two block diagrams. The 
fm receiver employs a wider-bandwidth filter, a 
different detector, and has a limiter stage added 
between the i-f amplifier and the detector. 
Otherwise the functions, and often the circuits, of 
the rf, oscillator, mixer and audio stages will be the 
same in either receiver. 

In operation, the noticeable difference between 
the two reri!iver.i i§ the effect of noise and 
interference on an incoming signal. From the time 
of the first spark transmitters, "rotten QRM" has 
been a major problem for amateurs. The limiter 
and discriminator stages in an fm set can eliminate 
a good deal of impulse noise, except that noise 
which manages to acquire a frequency-modulation 
characteristic. Accurate alignment of the receiver 
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Fig. 14-10 - Block diagrams of IA) an a-m (Bl an 
fm receiver. Dark borders outline the sections that 
are different In the fm set. 

i-f system and phase tuning of the detector are 
required to achieve good noise suppression. Fm 
receiven perfonn in an unusual manner when QRM 
is present, exhibiting a characteristic known as the 
capture effect. The loudest signal received, evi:n if 
it is only two or three times stronger than other 
stations on the same frequency, will be the only 
transmission demodulated. By comparison, an S9 
a-m or cw ~ignal can suffer noticeable interference 
from an S2 carrier. 

Bandwldlh 

Most fm !lets that use tubes achieve i-C 
selectivity by using a number of overcoupled 
transformers. The wide bandwidth and pha.se
response characterisitic needed in the i-f system 
dictate careful design and alignment of all 
intemage transformers. 

FM flLTERli 

C..nta N4n11111I 11111 .... 11 lmr,«14nc, l•i ln16rton Oyn11I 

,.,,,./4<1Mrff illodll f-nqMlnry Bodwldl~ R.~~UMlll "' °"' Laa DualllllMIOI 

11:VCII) XF-9E 9.0 MHz 12 tllJ 90 dB llGO 1200 l dB X~l 

ltVG Ill Xf,107A 10.7 MIil 1l tHI 90 dB 810 uo 3..1 dB XD107-0I 

l:VG(IJ Xf,1078 10.7 MH• 15 kHz 90 dB 910 910 3..1 dB XD107-01 

KVG (I) XF·l07C 10,7 MH• 30 kHz 90 dB 2000 2000 4.5 dB XD107-01 

Heath DynamJ01 (2) - ll..11.Ub IS kHz 90 dB 550 550 l dB 

Heath Dynamic, I 2J - ll.JI MHz 30 kHz 90 dB 1100 1100 l dB 

E.S. Ill fll-6D 10.1 MHz IS kHz 80 dB 9SO 950 l dB All-IC 

E.S. (3) IG-IIIA 10.7 MHz l11tlu 80 dB 2000 2000 4 dB AB-IC 

E.S. (3) EL-JA 11.5 MHz 36 kHz 70 dB 50 SO 4 dB AL-I 

£.S. (3) Dlt-9 ll.4 MHz 20 tHr 40 dB 750 750 5 dB AR~IO 

Q..-l1el41 TCF4-I 2D1CA 4.15 kHz 12 kHz 60 dB 40k 2200 6 dB 

Omto(4) TCF4-l 8G45A ..is klll II ttu SO dB 40k 2200 6 dB 

a..ue (4) TCF6-30DSSA ,m kHz 30tHr 60 dB ](II, 1000 5 dB 

Fig. 14-11 - A list of fm-bandwtdth filters that are available ta amateurs. Manufacturer's addresses ara as 
follows: 3) E. S. Electronic Labs, 301 Augustus, Excelsior 
1) Spectrum International, P. 0. Box 87, Taps- Springs, MO64024. 

field, MA 019B3. 41 Semiconductor Sp11Cielis1S, Inc., P. 0. Box 
21 Heath Dynamics, Inc., 6050 N. 52nd AvenL!e, 66125, O'Hani International Airpan:, Chicago, 

Glendale, AZ 85301. IL 60666. !Minimum order S6.00.) 
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Fig. 14-12 - Representation of limiter action. 
Amplitude variations on the signal are removed by 
the diode action of the grid• and plate-current 
saturation. 

For the average ham, the use of a high-selectivi
ty filter in a homemade receiver offers some 
simplification of the alignment task. Following the 
techniques used in ssb receivers, a crystal or 
ceramic filter should be placed in the circuit as 
close as possible to the antenna coMector - at the 
output of the first mixer, in most cases. Fig. 14-11 
lists a number of suitable filters that a.re available 
to amateurs. Prices for these filters are in the range 
of SI O to $30. Experimenters who wish to "roll 
their own" can use surplus hf crystals, u outlined 
in AR RL 's Single Sideband for the Radio Amateur, 
or ceramic resonators. 

One item of concern to every amateur fm user 
is the choice of i-f bandwidth for his re .. -eiver, as 
both 15- and 5-kHz deViation are now in common 
use on the amateur bands. A wide-band receiver 
can receive narrow-band signals, suffering only 
some loss of audio in the detection process. 
However. a wideband signal will be badly distorted 
when received on a narrow-band rig. At thi~ point 
it seems reasonable to assume that increasing fm 
activity and continued production of commercial 
narrow-band tran.sceivers may gradually shift 
amateur operation to a 5-kHz deviation standard. 
But. as with the a-m operators, the wide-band 
enthusiasts will be around for some lime to come, 
lured by inexpensive surplus wide-band gear. 

Limiters 

FM AND REPEATERS 

limits when it is or surticient amplitude so that 
diode action of the grid and plate-current 
saturation clip both sides of the input signru, 
producing a constanr-amplitude output voltage. 

Obviously, a signal of considerable strength i~ 
required at the input of the limiter to assure full 
clipping, typically several volts for tubes, one volt 
for transistors , and several hundred microvolts for 
ICs. Limiting action ~hould start with an rf input 
of 0.2 µV or less, so a large amount of gain is 
required between the antenna terminal and the 
limiter stages. For example, the Motorola BOD ha.~ 
eight tubes before the limiter, and the solid-state 
MOTRAC receivcn use nine transistor stages to get 
sufficient gain before the first limiter. The new !Cs 
offer some simplification of the i-f system a\ they 
pack a lot of gain into a single package. 

When sufficient signal arrives al the receiver to 
start limiting action, the set quiets - that is, the 
background noise disappt:ars. The sensitivity of an 
fm receiver is rated in tenns of the amount of 
input signal required to produce a given amount of 
quieting, usually 20 dB. Current practice using the 
new solid-state devices can produce receivers which 
achieve 20 dB quieting with 0.15 to 0.5 µV of 
input signal. 

A single tube or transistor stage will not provide 
good limiting over a wide range of input signals. 
Two stages, with different input time constants, 
are a minimum requiremcnL The first stage is set 
to handle impulse noise satisfactorily while the 
second is designed lo limit the range of signals 
passed on by the first. At frequencies below I MHz 
it is useful to employ untuned RC-coupled limiters 
which provide sufficient gain without a tendency 
toward oscillation. 

(A) 

When fm was first introduced, the main selling 
point used for the new mode was the noise-free , 
reception possibilities. The circuit in the fm 
receiver that has the task of chopping off noise and 
amplitude modulation from an incoming signal is 
the limiter. Most types of fm detectors respond to 
both frequency and amplitude variations of the 
signal. Thus, the limiter stages preceding the 
detector are included to "cleanse" the signal so 
that only the dcsircd frequency modulation will be 
demodulated. This action can be seen in Fig. 
14-13. 

(B) 

Limiter stages can be designed using tubes, 
t?ansistors, or JCs. For a tube to act as a limiter, 
the applied B voltages arc chosen so that the stage 
will overload easily, even with a smull amount of 
signol input. A sharp-cutoff pentode such as the 
6DH6 is usually employed with little or no bias 
applied. As shown in Fig. 14-12, the input signal 

Fig. 14-13 - (Al Input wave form to a limiter nage 
shows a-m and noise. (Bl The same signal, after 
passing through two llmiter stages, is devoid of e-m 
components. 
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Fig. 14-14 - Typical limiter circuia using IAI 
tubes, I BI transistors, (Cl a differential IC, ( DI a 
high11ain linear IC. 
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Fig. 14-l4A shows a two-stage limiter using 
sharp-cutoff tubes, while 14-14B has tramlsto.rs In 
two stages biased for limiter service. The base bias 
on either tran!istor may be varied to provide 
limiting al a desired level. The input-signal voltage 
required to slllrt limiting action it called the 
limiting knee, referring to the point at which 
collector (or plate) Cllllent ceases to rise with 
increased input signal. Modem ICs have limiting 
knees of 100 mV for the circuit shown in Fig. 
14-14C, using the CA3028A or MC1550G, or 200 
J.N for the Motorola MC1590G of Fis. 14-14D. 
Because the high-gain !Cs such as the CA3076 and 
MCIS90G contain as many as six or eight active 
stages which will saturate with sufficient Input, one 
of these devices provides superior limiter perfor
mance compared to a pair of tubes or transistor.;. Fig. 14-15 - The characteristic of an fm discriminator. 
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Fig. 14-16 - Typical frequency-discriminator circuit used for fm detection. T1 is a Miller 12-C45. 

Detectors 

The first type of fm detector to gain popularity 
was the frequency discriminator. The characteristic 
of such a detector is shown in Fig. 14-15. When the 
fm signal has no modulation, and the carrier is at 
point 0, the detector has no output. When audio 
input to the fm transmitter swings the signal higher 
in frequency, the rectified output increases in the 
positive direction. When the frequency swings 
lower the output amplitude increases in the 
negative direction. Over a range where the 
discriminator is linear (shown as the straight 
portion of the line), the conversion of fm to a-m 
which is taking place will be linear. 

A practical discriminator circuit is shown in 
Fig. 14-16. The fm signal is converted to a-m by 
transformer T l. The voltage induced in the Tl 
secondary is 90 degrees out of phase with the 
current in the primary. The primllI)' signal is 
introduced through a center tap on the secondary , 
coupled through a capacitor. The secondary 
voltages combine on each side of the center tap so 
that the voltage on one side leads the primary 
signal while the other side lags by the same 
amount. When rectified, these two voltages are 
equal and of opposite polarity, resulting in 
zero-voltage output. A shift in input frequency 
cause.~ a shift in the phase of the voltage 
components that results in an increase of output 
amplitude on one side of the secondary, and a 
corresponding decrease on the other side. The 
differences in the two changing voltages, after 
rectification, constitute the audio output. 

FROM 
1-1' n--

A~ P. PLATE 

+B 

RATIO DETECTOR 

AIJDID 
OUTPUT 

In the search for a simplified fm detector, RCA 
developed a circuit that has now become standard 
in entertainment radios which eliminated the need 
for a preceding limiter stage. Known as the ratio 
detector, this circuit is based on the idea of 
dividing a de voltage into a ratio which is equal to 
the ratio of the amplitudes from either side of a 
discriminator-transformer secondary. With a detec
tor that responds only to ratios, the input signal 
may vary in strength over a wide range without 
causing a change in the level of output voltage -
fm can be detected, but not a-m. In an actual ratio 
detector, Fig. 14-17, the de voltage required is 
developed across two load resistors, shunted by an 
electrolytic capacitor. Other differences include 
the two diodes, which are wired in series aiding 
rather than series opposing, as in the standard 
discriminator circuit. The recovered audio is taken 
from a tertiary winding which is tightly coupled to 
tl1e primary of the transformer. Diode-load resistor 
values are selected to be lower (5000 ohms or less) 
than for the discriminator. 

The sensitivity of the ratio detector is one half 
that of the discriminator. In general, however, the 
transformer design values for Q, primary-secondary 
coupling, and load will vary greatly, so the actual 
performance differences between these two types 
of fm detectors are usually not significant. Either 
circuit can provide excellent results. In operation, 
the ratio detector will not provide sufficient 
limiting for communications service, so this 
detector also is usually preceded by at least a single 
limiting stage. 

Fig. 14-17 - A ratlo detector of the type ohen 
used in entertainment radio and TV sets. T1 is a 
ratio-detector transformer such as the Miller 1606. 
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Fig. 14-18 - Crystal discriminator, Cl and L1 are 
resonant at the intermediate frequency. C2 is equel 
In value to C3. C4 corrects any circuit imbalance so 
that equal amounts of signal ere fed to the detector 
diodes. 
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New Detector DcKlgns 

The difficulties often encountered in building 
and aligning LC discriminatol'5 have inspbed 
research that has resulted In a number of 
adjustment-free fm detector designs. The crystal 
discrimiruuor utilizes a quartz resonator, shunted 
by an inductor, in place of the tuned-circuit 
secondary used in a discriminator transformer. A 
typical circuit is shown in Fig. 14-18. Some 
commercially-made crystal discriminators have the 
input-circuit inductor, Ll, built in {Cl must be 
added) while In other types both Ll and Cl must 
be supplied by the builder. Fig. 14-18 shows 
typical component values; unmarked parts are 
chosen to give the desired bandwidth. Sources for 
crystal discriminators are listed in Fig. 14-1 l. 

The PLL 

Now thal the phase-locked loop {PLL) has been 
reduced to a single IC package, this circuit is 
destined to revolutionize some facets of receiver 
design. Introduction by Signetics of a PLL in a 
single flat-pack IC, followed by Motorola and 
Fairchild {who are making the PLL in separate 
building-block )Cs), allows a builder lo get to work 
with a minimum of bother. 

RI 

10 
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1-F 

(A) 

C2 

A basic phase-locked loop {Fig. l4-19A) 
consists of a phase detector, a filter, a de amplifier, 
and a voltage-controlled oscillator {VCO). The 
VCO runs itt a frequency close to that of an 
incoming signal. The phase detector produces an 
error voltage if WlY difference in frequency uisl5 
between the VCO and the i-f signal. This error 
voltage is applied lo the VCO. Any changes in the 
frequency of the incoming signal arc sensed at the 
detector and the error volt.age readjusts the VCO 
frequency so that it remains loclced to the 
intermediate frequency. The bandwidth of the 
system is det~rmined by a filter on the 
cnor..Yoltage line. 

Because lhe error voltage is a copy of the audio 
variations originally used to shift the frequency or 
the lransmittcr, the PLL functions directly as an 
fm detector. The sensitivity achieved with the 
Signetics NES6S PLL is good - about I mV for 
the circuit shown In Fig. 14-19B. No transformers 
or tuned circuits are required. The PLL bandwidth 
is usually two to ten percent of the i-f for fm 
detection. Components RI-Cl set the VCO to near 
the desired frequency. C2 is the loop-filter 
capacitor which detennines the capture range -
that range of frequencies over which the loop will 
acquire lock with an input signal, initially starting 
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Fig. 14-19 - (A) Block diagram of a 
PLL demodulator. 1B) Complete PLL 
circuit. 
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out of lock. The NES6S has an upper frequency 
limit or SOD kHz; for higher frequenci~, lhe 
NES61, which i5 usable up to 30 MH1., clll\ be 
employed. 

220 VISITED 

There are several different models of 220-MHz 
transceivers on the market today. The power levels 
range from 8 to IS wam output. This amplifier 
was developed to make all the power levels the 
same. It also provides a common base for large 
amplifiers. Since the selection of 12-volt transistou 
for 220 MHz is limited, the MRF 226 is used here 

Circuit Description 

The schelltlltic diagram of the amplifier i~ 
shown in Fig. I. This amplifier was designed fo1 
Class C operation only. RFCl provides the nec
essary ground and isolation for the base lead. The 
matching network consisting of Cl, C2, and Ll b 
used to match the low input impedance of the 
base. This impedance, J.7 + j0.2 ohms, is trans· 
formed to SO ohms. LI and L2 are microstrip 
transmission lines. Their characteristic impedance 
is 62.7 ohms and this value of impedance was 
selected for convenience of ,circuit-board layout. 
Width of the lines is .062 inch. The output 
impedance, 6.6-f3. 7 ohms, is also transformed to 
SO ohms. The combination of L2, C3 und C4 
provides the output matching. RFC2, CS, C6, and 
C7 provide collector isolation and decoupling. 

The matching networks were all developed with 

+t2..6Y 

Fig. 1 - Schematic diagram of the 220-MHz 
amplifier_ 

Cl - Arco 402 trimmer ( 1.5 to 20 pF I. 
C2, C3, C4 - Arco 421 trimmer (2 to 25 pF). 
C5 - 220 pF, disk ceramic. 
C6 - .01 µF. disk ceramic. 
C7 - 10 µF, 50-V electrolytic. 
L1, L2 - Strip-line indicator 5 cm long X .062 in. 

wide. 
RFC1 - Molded rf choke 0 .15 µH (J. W. Miller 

9250-151 with ferrite bead (Ferroxcube 
56-590-65/38 I. 

RFC2 - 2 turns No. 22 enam. wire on 330-0, 
1-watt resistor. 
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Completed amplifier. Phone plugs were used for this 
first model. In actual use better vhf connectors 
should be installed. 

the aid of a Smith chart. An in-depth discussion of 
microstrip impedance and matching network cal
cu1ations can be found in the Motorola Application 
Notes AN-548A and AN-267. 

Construction 

Double-sided pc board was used for the con· 
struction of the amplifier. The board is 1 oz. 
copper-dad glass epoxy. Thickness of the copper 
and type of material are factors in the impedance 
calculations of the strip lines. The microstrip lines 
were laid out using .062-inch drafting tape. Using 
this method, errors in the width are then very 
small. Pads were etched at the ends of the strip 
lines to provide areas for capacitor and transistor 
connections. There are several places on the board 
that were used for ground connections between the 
two sides. A No. 16 tinned wire is inserted in a No. 
55 drill hole. The wire was soldered on both sides 
and then cut off flush with the board. 

The next uep Is to mount the transistor to the 
heat sink and circuit board. Insert the stud of the 
transistor through the top or the board and attach 
it to the heat sink by lightly tightening the stud 
nut after applying heat-sink compound. Now 
examine the spacing between the heat sink and the 
bottom of the circuit board with the transistor 
flush against the top of the board. Insert a number 
of No. 4 wnshers (approximately four) so that the 
transistor tabs are Dush against the board. There 
should be no upward pressure that would tend to 
lift them off. After the correct number of No. 4 
washers have been inserted, the transistor leads are 
soldered to the board. The stud should be 
tightened to 6 inch-pounds. Do not exceed the 
maximum of 6.5. lt is better to underlighten than 
to ovcrtighten the stud. A good heat-sink 
compound, Dow Coming 340, should be applied 
between the device and the heat sink. After the 
amplifier has been tuned the compression trimmers 
could be replaced with high quality capacitors. 
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Antenna transfer relay. 

Adjustment and Operation 

The amplifier ~hould be connected as illustrated 
in Fig. 2. Adjustment of the amplifier is very easy. 
A small amount of drive is applied to the input and 
the output matching capacitors are then adjusted 
for muimum output . Next adjust the input 
capacitors for minimum reflected power. Readjust 
the output capacitors for maximum power. Now 
lnLTcasc tin: wive power to the 111nplificr. The 
input and output capacitors will have to be 
readjusted for minimum reflected power and max
imum output respectively. The maximum collector 
current of 2.5 amperes should not be exceeded. 

If maximum gain is achieved, this amplifier will 
deliver 13 watts output with 1.5 watt~ of drive. 
Most of the transceivers on the markel have a low 
power position !hat provides be1wecn 0 .5 and 1.5 
waits output. This low power could be used to 
drive the amplifier. If the lower-power position 
output is very small, the transceiver could be used 
in the high-power mode and an attenuator inserted 
before the amplifier. 

The antenna-transfer relay w-.is added after the 
amplifier was developed. If desired. the relay coul~ 
be mounted on the circuit board. Relay dcc\lltry 1s 
similar to the one described in a previous article 
(QST, May, 1972). 

A SOLID-STATE ADAPTER 
Tubes are !!Cldom used in current designs. For 

those builders who prefer to be "up with the 
times," a solid-state version of the 45S•k Hz adapter 

Fig. 2 - Test setup for adjusting amplifier. 
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was constructed. Using IC limiter/amplifier, and 
miniature 1-f transfonners, the unit requires only 
25 mA at 12 V for power. See Fig. 14-24A. The 
Motorola MC1590G provides 70 dB gain, and hard 
limiting action superior to that obtained with the 
tu be version. 

The unit is built on a 2 X 6·1/2-inch circuit 
board; a template is given In Fig. 14-24B. Because 
of the high gain of the lC stage, a shield is required 
across pins 4 and 6 to i~olate the input from the 
output. Alignment and installation arc the same as 
ior the tube version. The bandwidth of the 
:niniature lransfonners restricts this adapter to 
:iauow-band reception. However, builders wishing 
1 wideband version can use the J. W. Miller 8811 
miniature coils which are combined with a 12-pF 
:oupling capacitor to fonn a wide-band trans
fonner. 

FM COMMUNICATIONS 

AJthough information on fm theory and 
construction has been available to the amateur for 
.1 number of years, this mode has been largely 
neglected. But now large quantities of used 
;ommercial fm mobile equipment have become 
available for amateur use, creating new interest. 
Originally designed to cover frequency ranges 
adjacent to amateur bands, this equipment is ea5ily 
retuned for amateur use. 

One feature of fm is its noise-suppression 
capability. For signals above the receiver threshold, 
wideband fm has a signal-to•noise ratio advantage 
over a-m as a result of its greater "intelligence 
bandwidth." nu., same increased bandwidth, 
however. results in a much more abrupt signal 
threshold effect, causing weak signals to suddenly 
disappear. The generality can be made that a•m has 
a greater range in weak signal ~ork but ~at 
wideband fm will provide greater noise suppression 
in local work. However, in practice, vhf fm mobiles 
experience greater range than previously found on 
a-m due to the output powers employed which are 
considerably higher than those common on a-m. 

Fig. 14-22 - In this bottom view, the inp~t 
transformer is to the left, followed by the 1-f 
amplifier, limiter and detector. On the far right are 
the audio amplifier stage and gain control. 



Operating Practices 

Amaleur fm prac tice has been to retain 1he 
fixed-frequency channelized capability of the 
commercial equipment. VFOs and tunable receiv
ers have not proven 11arisfactory because of the 
requirement for precise frequency netting. An 
off-frequency signal will be received with distot-
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Fig. 14-24 - (Al Diagram of the 455-kHz 
narrow-bend adapter. Resistors are 1/4- or 1 /2-wan 
composition and capacitors are disk ceramic, 
except those with polarity marked, which are 
electrolytic. Components with reference numbers 
mat an, not listed below are noted for 
circuit-board location. 
J1, J2 - Phono receptacle, panel mount. 
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Fig. 14-23 - The solid-5tate fm adapter is 
constructed on e 6 X 2-inch etched-circuit boaro, 
mounted on a homemade chassis. 

tion and will not have full noise rejec tion. 
Channelized operation wilb squelched receivers 
permits continuous monitoring of the active 
frequencies. Long, time-consuming calls and CQK 
are not necessary (or appreciated) to establish 
communications, as all receivers on the channel 
"come alive" with the operator's first word. 
Natural, short ttan~missions are usually encour-
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A1 - Miniature 1/2-watt composition control. 
T1 - Miniature 455-kHz i-f transformer !Miller 

88071. 
T2 - Miniature discriminator 1ransformer. 455 

kHz !Miller 88061. 
U1 - Motorola MC1590G. 
I Bl Template for the sol id~tate adapter (not to 
scale I. 
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aged. The old monopoly switch routine, where the 
operator gabs to himself for 10 minutes al a lime, 
will get him invited off a busy fm channel. Some 
channels are calling channels on which extended 
ragchewing is discouraged, whereas other channels, 
or the same channel in another area. may be alive 
with chatter. This is a matCer of local detcrmina• 
tion, influenced by the amount of activity, ~nd 
should be respected by the new operators and the 
lran~ient mobile operator alike. Some groups have 
adopted the use of the "10 code" which was 
originated for law enforcement communications. 
However. plain language in most cases is as fast and 
requires no clarification or explanation to anyone. 

Standards 

Standard channel frequencies have been agreed 
upon to permit orderly growth and to permit 
communications from one area to another. On two 
meters, it has been agreed that any frequency used 
will fall on increments of 60 kllz, beginning at 
146.01 MHz. 146.94 MHz {or "nine-four") ls the 
national calling frequency. On six meters, the 
national calling frequency is 52.525 MHz, with 
other channels having a 40.kHz spacing beginning 
at 52.56 MHz. Ten-meter fm activity can be found 
on 29.6 MHz. Recommendations for 10 meters and 
220 MHz are for 40 kHz channel spacing starting at 
29.04 and 220.02 MHz. Usage of the 420-MHz 
band varies from area to area, as it is used for 
control channels, repeaters, and remote bases, as 
will be discussed later. In the absence of any other 
local standard, usage should begin at 449.95 MHz 
and proceed downward in SO-kHz increments. 

Two deviation standards are commonly found. 
The older standard, ''wide band," calls for a 
maximum deviation of IS kHz. The newer 
standard, "narrow band," imposed on commercial 
usen by the splitting of their assigned channels, is 
S kHz. The deviation to be employed by amateurs 
on frequencies where fm is permitted is not limited 
to a specific value by the FCC, but it is limited by 
the bandpass filters in the fm receivers. In general, 
a receiver with a filter for 5-kHz deviation will not 
inteUigibly copy a signal with IS-kHz deviation. In 
some areas, a compromise deviation of 7 or 8 
kHz is used with some success with both wide and 
narrow receivers. When necessary, receiver filters 
can be exchanged to change the bandpass. 

REPEATERS 
A repeater is a device which retransmits 

received signals in order to provide improved 
communications range and coverage. This com
munications enhancement is possible because the 
repeater can be located at an elevated site which 
has coverage that is superior to that obtained by 
most stations. A major improvement i! usually 
found when a repeater is used between vhf mobile 
stations, which normally are severely limited by 
their low antenna heights and resulting short 
communications range. This is especially true 
where rough terrain exists. 

The simplest repeater consists of a receiver with 
its audio output directly connected to the audio 

Fig. 14·25 - A homemade fm transceiver, The 
transmitter section uses the solid-state exciter and 
amplifier shown in Chapter 10. 

input of an a~sociated lransmitter tuned to a 
second frequency. In this way, everything received 
on the first frequency is re transmitted on the 
second frequency. But, certain additional features 
are required to produce a workable repeater. These 
are shown in Fig. l4-28A. The "COR" or 
carrier-operated relay is a device connected to the 
receiver squelch circuit which provides a relay 
contact closure to key the transmitter when an 
input signal of adequate strength is present. As all 
amateur transmissions require a licensed operator 
to control the emissions, a "control" switch is 
provided in the keying path so that the operator 
may exercise his duties. This repeater, as shown, is 

Fig. 14-26 - Thi■ typical 144-MHz amateur 
repeater uses GE Progress-Line transminer and 
receiver decks. Power supplies and metering 
circuits have been added. The receiver located on 
the middle deck is a 440-MHz control receiver, also 
a surplus GE unit. A preamplifier, similar to thr,t 
shown in Fig. 14-44, has been added to the 2-meter 
receiver to improve the sensitivity so that 0.2 µV 
of input signal will produce 20 dB quieting. 
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FM JARGON (Fig. 14-27) 

Duplex - Simultaneous transmissions be· 
tween two stations using two rrequencies. 

Simple.'C - Alternating transmission between 
two or more stations using one frequency. 

low band - 30 to SO MHz. Also, the six
meter amateur band. 

High band - 148 to 174 MHz. Also, the 
two-meter amateur band. 

Remote base - A remotely controlled sta• 
lion, usually simplex (sec text). 

Machine - Either a repeater or a remote 
base. Also called a "box." 

Vault - Building that houses the machine. 
COR - Carrier-operaled relay (see text). 
CTCSS - Continuous tone<ontrolled 

squelch system. Continuous!llbaudible 
tone (2S0 Hz or lower) transmitted along 
with the audio to allow actuation oh re
pea tcr or receiver only by trans mi tiers so 
equipped. More rrequently rererred to 
by various trade names such as Private 
Line, Channel Guard, and Quiel Channel 

Down channel - Communications circuit 
from the machine to the control point. 

Up channel - Communications and/or con
trol circuit from the control point to the 
machine. 

Open repeater - A machine where transient 
Operators are welcome. 

Dosed repeater - A machine where use by 
non-members is not encouraged. (When 
heavy ex pen di tu res are involved, free
l oaders are not popular.) 

suitable for installation where an operator is 
present, such as the home of a local amateur with a 
superior location, and would require no special 
licensing under existing rules. 

ln the case of a repeater located where no 
licensed opera tor is available, a special license for 
remote control operation must be obtained and 
provisions made to control the equipment over a 
telephone line or a radio cin:uit on 220 MHz or 
higher. The licensed operator must then be on 
hand at an authorized control point. Fig. 14-28B 
shows the simplest system of this type. The control 
decoder may be variously designed to respond to 
simple audio tones, dial pulsed tones, or even 
"Touch-Tone" signals. If a leased telephone line 
with de continuity is used, control voltages may be 
sent directly, requiring no decoder. A 3-minute 
tlmer to disable the repeater transmitter is 
provided for fail-safe operation. This timer resets 
during pauses between transmissions and does not 
interfere with nonnal communications. The system 
just ou !lined is suitable where all operation is to be 
through the repeater and where the frequencies to 
be used have no other activity. 

Remote Base Stations 

The remote base, like the repeater, utilizes a 
superior location for transmission and reception, 
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but Is basically a simplex device. That is, it 
transmits and receives on a single frequency in 
order to communicate with other stations also 
operating on that frequency . The operator of the 
remote base listens to his hiUtop receiver and keys 
his hilltop transmitter over his 220-MHz or higher 
control channel5 (or telephone line). Fig. 14-29A 
shows such a system. Control and keying features 
have been omitted for clarity. In some area~ of 
high activity, repeaters have all but disappeared in 
favor of remote bases because of the interference 
to simplex activity caused by repeaters unable to 
minitor their output frequency from the trans
mitter location. 

Complete System 

Fig. 14-29B shows a repeater that combines the 
best features of the simple repeater and the remote 
base. Again, necessary control and keying features 
have not been shown in order to simplify the 
drawing, and make it easier to follow. This repeater 
is compatible with simplex operation on the 
output frequency because the operator in control 
moniton the output frequency from a receiver al 
the repeater site between transmissions. The 
control operator may also operate the system as a 
remote base. Thi\ type of system is alrno~t 
mandatory for operation on one of the national 
calling frequencies, such as 146.94 MHz, because it 
minimizes interference to simplex operation and 
permits simplex communications through the 
system with passing mobiles who may not have 
facilities for the repeater-input frequency. 

The audio interface between the repeater 
receiven and transmitters can, with some equip
ment, consist of a direct connection bridging the 
transmitter microphone inputs across the receiver 
speaker outputs. This is not recommended, 
however, because of the degradation of the audio 
quality in the receiver-output stages. A cathode 

~....___,_..,...-------, ~~ ··~ ~ 
• T llt'f .. ' 

Fig. 14-28 - Simple repeaters. The system at A is 
for local control. Remote control is shown at B. 



Practical Repeater Circuits 

Ag. 14-29 - A remote base is shown 
at A. A ter with remote-b 
ope, ting capability is shown at B. 
Control and k mg circuits are not 
shown. Tel phone-l ine control may 
be substituted for the rad10<0ntrol 
channels shown. 

follower connected to each receiver's fir.;t squelch
controlled audio amplifier stage provides the best 
results. A repeater should maintain a flat response 
across its audio passband to maintain the repeater 
inteUigibillty at the same level as direct transmis
sions. There should be no noticeable difference 
between repeated and direct transmissions. The 
intelligibility of some repeaters suffers because or 
improper level settin~ which cause excessive 
clipping distortion. The clipper in the repeater 
transmitter should be set for the maximum system 
deviation, for example, IO kHz. Then the receiver 
level driving the transmitter should be set by 
applying an input signal or known deviation below 
the maximum, such as 5 kHz, and adjusting the 
receiver audio gain to produce the same deviation 
at the repeater output. Signals will then be 
repeated linearly up to the maximum desired 
deviation. The only incoming signal that should be 
clipped in a properly adjusted repeater is an 
overdeviated signal. 

The choice of repeater input and output 
frequencies must be carefully made. On two 
meters, 6~k.Hz spacing between the input and 
output frequencies is common. Closer spacing 
makes possible interference problem~ between the 
repeater transmitter and receiver more severe. 
Greater spacing is not recommended if the user's 
transmitter~ must be switched between the two 
frequencies, as happens when the output frequency 
is also u5ed for simplex operation, either for 
short-range communications, or to maintain 
communications when the repeater is not function
ing. A 5-MHz spacing is recommended on 440 
MHz. 

Cucful consideration of other activity in the 
area should be made to prevent interference to or 
from the repeater. Many .. open" or general-LUC 
repeaters have been installed on one of the national 
calling frequencies. On two meters, a 146.94 MHz 
output is usually paired with a 146.34-MHz input, 
and many travelers have made good use of this 
combination where it is found. Where 146.94-MHz 
simplex activity has not permitted a repeater on 
this frequency, 146.76 MHz has been used as an 
alternative. On six meters, several choices of input 
frequencies have been paired with 52.525 MHz. 
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The choice and usage is a matter for local 
agreement. 

In some cases where there is overlapping 
geographical coverage of repeaters using the same 
frequencies, special methods for selecting the 
desired repeater have been employed. One of the 
most common techniques requires the user to 
transmit automatically a 0.S-second burst of a 
specific audio tone at the start of each 
transmission. Different tones are used to select 
different repeaters. Standard tone frequencies are 
1800, 1950, 2100, 2250, and 2400 Hz. 

PRACTICAL REPEATER CIRCUITS 
Because or their proven reliability, commercial

ly made transmitter and receiver decks are 
generally used in repeater installations. Units 
designed for repeater or duplex service are 
preferred because they have the extra shielding and 
rdtering n~-es5BI}' to hold mutual interference to a 
minimum when both the receiver and transmitter 
an: operated simultaneously. 

Wideband noise produced by the transmitter is 
a major factor in the design or any repeater. The 
use of hig.h--Q tuned circuits between each stage of 
the transmitter, plus shielding and filtering 
throughout the repeater installation, will hold the 
wideband noise to approximately 80 dB below the 
output carrier. However, this is not sufficient to 
prevent desen~i tization the reduction in 
sensitivity of the receiver caused by noise or rf 
overload from the nearby transmitter - if the 
antennas for the two units an: placed physically 
close together. 

Desensitization can easily be checked by 
monitoring the limiter current or the receiver with 
the trammitter switched off, then on. If the limiteJ 
current increases when the transmitter is turned 
on, then the problem is present. Only physical 
isolation of tl1e antennas or the use of high-Q 
tuned cavities in the transmitter and receiver 
antenna feedline will improve the situation. 

Antenna Considerations 

The ultimate answer to the problem of receiver 
desensing is to locate the repeater transmitter a 
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Fig. 14-30 - Charts to calcu late the amount of 
isolation achieved by (A) vertical and (B) 
horizontal spacing of repeater antennas. If 600-kHz 
separation between the transmitted and received 
frequencies is used, approximately 58-dB attenua
tion (indicated by the dotted line) will be needed. 

mile or more away from the receiver. The two can 
be interconnected by telephone line or uhf link. 
Another effective approach is to use a single 
antenna with a duplexer, a device that provides up 
to 120 dB of isolation between the transmitter and 
receiver. High-Q cavities in the duplexer prevent 
transmitted signal energy and wideband noise from 
degrading the sensitivity of the receiver, even 
though the transmitter and receiver are operating 
on a single antenna simultaneously. A commer
ciaUy made duplexer is very expensive, and 
constructing a unit requires extensive metal-work
ing equipment and test facilities. 

1f two antennas arc used at a single site, there 
will be a minimum spacing of the two antennas 
required to prevent desensing. Fig. 14-30 indicates 
the spacing necessary for repeaters operating in the 
50-, 144-, 220-, and 420-Mllz band~. An examina
tion of 14-30 will show Iha I vertical spacing is far 
more effective than is horizontal separation. The 
chart assumes unity-gain antennas wiU be used. lf 
some type of gain antenna is employed, the pattern 
of the antennas will be a modifying factor. A 
rugged repeater antenna was described in QST for 
January, 1970. 

Control 

Two connections are needed between the 
repeater receiver and transmitter, audio and 
transmitter control. The audio should be fed 
through an impedance-matching network to insure 
lhat the receiver oulput circuit has a con~tant load 
while lhe transminer receives the proper input 
impedance. Fillers limiting lhe audio response lo 
the 300- to 3000-Hz band are desirable , and with 
some gear an audio-compens11ion network may be 
required. A typical COR (canier-operaled relay) 
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circuit is shown in Fig. 14-31A. This unil may be 
operaled by the grid current of a cube limiter or 
the de output of the noise detector in a solid-11ate 
receiver. 

Normally a repeater is given a "Cail"; a timer 
holds the repeater 1ransmitter on for a few seconds 
after the input signal disappears. This delay 
prevents the repeater from being keyed on and off 
by a rapidly fading §ignal. Other timers keep each 
transmission to less than th.rec minutes duration 
(an FCC requirement), tum on identification, and 
control logging functions. A simple timer circuit is 
shown in Fig. 14-31B. 

Logging and ldentilication 

Current FCC rules require thal a log be kepi of 
repeater operations showing each time the repeater 
is placed in (or taken out oO service. Individual 
transmissions, however, need not be entered. Al· 
though regulations do not require logging of 
individual transmissions through a repeater, some 
repeater committees have rape recording equip
ment connected to the repeater system in order to 
record a small portion of each transmis~ion. The 
tapes provide an "unofficial" record concerning 
repeater usage. A two track tape recorder may have 
one of the tracks connected to a receiver tuned to 
WWV or CHU if the repeater committee is inter
ested in having lime information. 
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DELAY SWITCH 

(A) 

CRI 

K2 11 
--0 

~ 
--0 

~ 
k2C 

( B) 

Fig. 14-31 - (A) COR circuit for repeater use. R2 
sets the length of time that K1 wlll stay closed 
after the input voltage dissappears. K1 may be any 
relay with 11 12-volt coil, although the long-life reed 
type is preferred. CR1 is a silicon diode. (Bl Timer 
circuit using a Signetics NE555. R1. C1 sets the 
timers range. C1 should be a low-leakage type 
capacitor. S1. S2 could hBlle their contacts para
lleled by the receiver COR for automatic START 
and RESET controlled by an incoming signal . 
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R7 

Kl 

:1-,-

Fig. 14·32 - (Al Schematic diagram of the 
"electronic whistle." The main diagram is for 
high-impedance output. The lower ponion has an 
emitter-follower added, for use with transmitters 
having low-impedance speech input circuits. All ~ ............. __, 
values of capacitance are in µF; polarity indicates 
electrolytic. ( Bl Tone-burst decoder. Resistors are 
1/2-watt composition and capacitors are mylar. Kl 
is an spst reed relay with a 6-volt coil (C. P. Clare 
PRA-2010). 

Identification of the repeater itself may be 
done by users, but lest a forgetful operator leave 
the repeater unknown, some form of automatic ID 
is preferred ; A tape deck with a short loop tape for 
voice ID or a digital cw generator has proven to be 
effective. A suitable solid-state cw generator was 
described in QST for June, 1970. 

Many repeaters use a form of tone control so 
that a carrier on the input t:requency will not 
inadvertently key the transmitter. The most 
popular form of tone control is known as tone 
burst, often called whistle on because an operator 
with a good ear for frequency can use a short 
whistle instead of an electronically generated tone 
to key the repeater. A better approach, however, is 
a simple transistor tone generator, such as shown in 
Fig. 14-32A. 

The whistle-on device was built for use with a 
Motorola 30-D transmitter, on a I 1/2 X 2 1/2-inch 
piece of Vectorbord. It is nothing more than an 
astable multivibrator, triggered by a one-shot. 
When the push-to-talk switch is closed, actuating 
the transmitter relay, Kl, QI goes from saturation 
to cutoff, and the multivibrator, Q2-Q3, begins 
oscillating with a period dependent on the values 
of R3, R5, C2 and C3. Values given result in a 
"whistle" of roughly 650 Hz. 

Low High Tone 
Tone (Hz) 1209 Hz 1336 Hz 1477 Hz 1633 Hz 
697 1 2 3 
770 4 s 6 
852 7 8 9 
941 * 0 # 

Fig. 14-33 - Standard Touch-Tone frequencies for 
the 12-digit pad, 

cFO 
F 
I 
p 

(Al 

+ 13V 

+ V 

TONE 
DECODER 

b ~ rom KIB CIROJIT 

(B) 

Fig. 14-34 - Typical connections to 
use a Touch-Tone pad for repeater 
control, Resistances are in ohms. R1 
is a linear-taper composition control 
and J1 is a panel-mounted phono 
jack. Capacitors are electrolytic; 
color coding on the wire leads from 
the pad is shown in parentheses. 
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o~cillation ceases when Ql turns on again. This 

is tegulatcd by the values of R2 and Cl, and is 
roughly 0.25 second with the values shown. The 
470-ohm re~i~tor, RI, protect~ the base of QI from 
current rurges when the PIT is released. 

The lower right portion of Fig. 14-32A shows 
an emitter-follower added, for use with transmit· 
rers employing carbon microphones. The value of 
C4 can be adjusted to give the appropriate output 
level. 

Mo~l of the compommt values arc not critical, 
except the RC products which dctcnnine timing. 
Since the frequency is low, almost any bipolar 
transistor.. can be used Npn types are shown, but 
pnp will work with opposite voltage polarity. The 
beta rating should be al le~st twice R3/R4, to 
insure saturation. 

Most narrow-bandwidth tone decoders current
ly used in amateur repeater and remote-station 
applications employ several bulky LC circuits to 
achieve the 1rcquired audio selectivity. The 
phase-locked loop (PLL) !Cs, pioneered by 
Signetics, have simplified the design and reduced 
the s.izc of lone decoders so that a complete 
Touch-Tone demodulator can be built on a 
3 X 5 J /2-inch etched circuit board (about the ~ize 
for a single-tone decoder using LC components). 

A typical PLL single-tone decoder, such HS 

might be employed for tone-burst entry control at 
a repeater, is shown in Fig. I 4-32B. One RC 
network c.~ tablishes the frequency to which the 
PLL is tuned, according to the relationship: 

frequency= Rl 1 

FM AND REPEATERS 

The PLL, a Signetics NE567, may be operated 
from 0, I Hz to 500 kHz. C2 establi8he~ the 
bandwidth of the decoder, which can be set 
between one and fourteen percent of the operating 
frequency. Cl smooth5 the output signal, and, 
when this capacitor is made a high value, provides a 
delay in lhc turn-on function when a tone is 
received, Up lo 100 mA may be drawn by the '$67 
ou tput circuit, enough to key a relay directly or to 
drive TTL logic. The PLL contains 62 transistors. 

Autopatc-h and Touch Tone 

Some repeater group,; have provided an 
interconnection to the public telephone network 
through o device called an au topatch. Detaib on all 
phases of phone patching arc contained in Chapter 
15. Such interconnection has led to the 
widespread use of the telephone company's Touch 
Tone system of tone signaling for repeater control 
functions, as well as telephone dialing. Because all 
of the Touch-Tone f1cqucncics are within the voice 
band, they can be transmilled by any amateur 
voice transmitter. 

The Touch-Tone contiol system consists of 
pairs of tones .(sec Fig. 14-33) for each of JO 
numbers and the two special function~. One tone 
from the high-frequency group is 1,?encratcd 
simullaneou~ly with one tone from the low-fre
quency 1:roup to represent each number or 
function. The Touch-Tone generator pad from a 
standard telephone instrument is usually em
ployed. See Fig. 14-34 for connections. A simple 
Touch-Tone decoder using ICs throughout was 
described in July 1971 QST. 

A SCANNING TOUCH-TONE DIGIT AND WORD DECODER 

The Touch-Tone encoding system, used ex
tensively in auto-patch operations on fm repeaters 
across the country, offers a ready-made source for 
dual-tone codes, and advances in micro-circuitry 
design have produced a ~inglc device thal can be 
used to decode these dual-tone codes for a variety 
of remotely controlled funclions. However, one 
device is required to decode each tone . In this 
article the writer show.; how a scanning decoder 
evolved as an allempt to avoid using seven of these 
decoder ICs, and how a simple counter circui t am 
recognize specific four-digit-word sequences to 
provide a unique approach to a remote-control 
decoder. 

There are six teen tone pairs possible - ~Ice ting 
one from the low group, 697, 770, 852 11nd 941 
Hz, and om: from the high group, 1209, 1336, 
14 77 and 1633 Hz. Two phase-locked-loop types 
of lone decoders should therefore be su fficicn t if 
each one sequentially scans the four tone5 of one 
group. In this way two decoden with some added 
scanning circuits take the place of eight. Parts of 
the scanning circuit such as the clock oscillator and 
digit de.:oder would be required in any ca~ for 
WOid decoding. 11.nd the parts' cost of the present 
system using primarily low cost TTL logic is 

reasonable. One disadvantage of the scanning de
coder is the slow respoml! lime resulting from the 
need to wait for each decoder lo find the received 
tone. Also, a delay is built-in which requires both 
decoders to hall for al least one full clock period 
before a digit is registered. The operation is, rhus, 
relatively immune to spurious responses from voice 
signals, yet takes 1/2 second or less lo respond 
properly lo any digit. 

The type 56 7 tone decoder is nol satisfactory 
for use in this circuit because neither side of the 
frequency determining R.C network is grounclt:d. A 
Motorola MC1310P w&\ tried because one had 
been used previously for tone decoding and was 
found lo work m:U in this frequency range. II~ 
intended ui;e is as a phase-locked-loop fm stereo 
decoder . In this application it locks onto the 
19-kH:r. pilot tone which is present. along with the 
audio signal, and turns on an open-collector output 
to ligh I a stereo indica lor lamp. I I ts in temal 
oscillator runs al 76 kllz, and an internal frc:
quen~y divider gives the 19 kHz for the pilot lone 

1 Gay, Elu1,onic1 44 (24). p. 62, November 
22, 1971. 
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detection. A 19-kHz monitor output is provided. 
In the present circuit the oscillator is run at four 
times the Touch-Tone frequencies, and the stereo 
decoder function (except for the indicator lamp 
output) is ignored. Since the frequency deter
mining resistor runs to ground. it is programmed 
easily for scanning operation by using four re
sistance values and four, open-collector, 15-volt 
NAND gates (7426). 

Digit Decoding 

The digit decoder is shown in Fig. l. A I 2-volt 
power supply is required for the MClllOP circuits, 
and the voltage on the programming resistance 
network is somewhat high for the usual open
collector NAND gates, so a 7426 is used. The .Ol
and .015-uF capacitors should be mylar or silver 
mica for temperature stability, and some experi
mentation with the resistance values to achieve the 
correct frequencies may be necessary. A fixed 
resistance of I Ok-n or l 2k-n was used and a 
jumper-wire or selected value of fixed resistance 
was inserted between all of the 1-k:n potentio
meter... The circuit time constants resulting from 
the use of l.0-uF ceramic capacitors appear to be 
the correct value for the present system. The 
820-n pull-up resistor from the +5-volt supply 
makes the output TTL compatible; the monitor 
output is correct for driving TTL devices. 

The 555 timer U9 and inverting gate U7D 
provide a positive clock pulse for all the 74 73 
flip-flops which toggle on the trailing edge of the 
pulse. When no lone inputs are received, U3 and 
U4 count through four states each and cause the 
open collector gates US and U6 to conduct in 
sequence A through D, thereby sweeping the 
frequencies of U I and U2 upward through the low 
and high tone groups respectively. When either 
tunes to an incoming tone, it becomes phase 
locked to it, its output at the test point goes low, 
the counter is stopped because its J and K inputs 
are low and the detector remains locked on the 
incoming frequency. Also, the monitor output can 
pass through gate U7B or U7C and can be used for 
exact measurement of incoming tone frequencies. 
When both tones are so detected, a logic-<ine 
condition appun at the output of NOR gate U7A 
and counter U8 is permitted to advance from its 
cleared condition. 

The J-K tlip-llops in US are wired to advance in 
count through st.ales 0, I, 3, 2, 2 and become 
stopped in state 2 (USA olT, USB on) until reset 
when one or the other tone detector drops out. Its 
purpose is to provide a two-clock-period double 
check on the decoder operation and yield a single 
clock pulse (CLK) just before the end of state 3 if 
the tone signal is so validated. Also, during state 3 
(USA and U8B on) the decoder U1 I is enabled, 
and one of the digit outputs from Ul2 or U!3 
come~ on. 

The decoder makes use of the counter states of 
U3 and U4 when they are stopped by an incoming 
two-tone signal. Since the tones are scanned from 
low to high and lhe low group (top to bottom rows 
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Shown here is the decoder built by W1 GNP as 
described in QST for January, 1976. 

on a standard pad) is wired to the two least
significan t-digit inpuu on UI I. the output states of 
UI I would correspond to the lone butlon assign
ments of a standard Touch-Tone pad. In order that 
the digi I outputs are correct for the actual assign
ment on the tone pad, the U 11 outputs are 
reordered and the twelve corresponding to the 
commonly used twelve button pad are inverted to 
the positive logic form by Ul2 and Ul3. The four 
gates Ul4, UIS, U16 and Ul 7 are optional and are 
used to obtain the binary equivalent of the 
standard digit a!l!ignment of the Touch-Tone pad. 

Word Decoding 

The word-decoding circuitry shown in Fig. 2 
con!ists of two, three-digit prefix decoder.. and an 
output nip-flop U22. Each prefix decoder consists 
of a dual 1-K flip-flop (Ul 8) two AND gates 
(U20A and B) and two NAND gates (U21A and B). 
The prefix or first three digits of the four-letter 
word being decoded are selected by connecling 
inpul, digit I (DGI), digit 2 (DG2), digit 3 (DG3) 
and digit 4 (DG4) to the desired outputs from UI 2 
and U 13. Likewise, the other word-decoder inputs 
DHI. DH2. DH3 and DH4 are connected to 
four outputs from U12 and Ul3. The first four
letter word such as the sequence 4639 would tum 
U22 on, and the ~econd such as I • S # would tum 
it off. 

This sequence detection is achieved by the 
gating used on U1e J-K inputs of UIS and Ul9. 
Each is a two-stage counler which will advance in 
the state sequence O - l - 3 - 2 - 0 only if the 
correct digit inpul is on in proper sequence. That 
is, in order to advance from O - 1 DG I must be 
on, lo advance from 1 - 3 DG2 must be on. and to 
advance from 3 - 2 DG3 must be on. If any are off 
when tney should be on, lhe stale goes directly to 
zero. When state 2 is reached, U 18A is off and 
Ul 8B is on, and two of the three AND J inputs of 
U22 are on. At this point the three-digit prefix has 
been received successfully. If the fourth digit 
received corresponds to DG4, the clock pulse 
(CLK) will also tum on U22 since all its I inputs 
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will then be on. Similarly, the second four-digit
word sequence will tum off U22. Further inter
facing between the TTL output of U22 and a 
con trolled system will depend upon its na lure. A 
simple relay driver using two parallel-connected 
15-volt open-<:ollector buffer inverters (1/3 of a 
7416) and a 12-volt, 150-<Jhm relay is shown. A 
small silicon diode connected as shown helps to 
avoid transient problems. 

The on-<Jff function of Fig. 2 can be simplified 
by using the same prefix decoder for both turn on 
and turn off: only the fourth digit need be 
different. One must be sure the word decoder is 
reset before it will respond properly to a four-digit 
word. This is just a matter of being sure that any 
code such as 4639 is not preceeded by a 4, a 46, or 
a 463. If in doubt about what the last digit may 
have been in the system, an extra random digit 
other than 4 is generally sufficient. Alternatively, 
the reset inputs of U18 and U19 can be wired to 
some completely independent source of a reset 
such as the carrier-input detector. 

A few words about the choice of codes. For 
most amateur radio applications the four-digit 
word provides adequate security. If a great deal of 
phone patch activity is present on the channel, the 
characters • or # should be used in the code as 
these do not appear in phone numbers. The four 
additional characters generated only by a sixteen
button pad can be used if four additional inverters 
are added to the group in Ul2 and UIJ. When a 
number of four-digit codes are used to operate a 
remote system of some sort , it becomes difficult to 
remember them all, and ease of use becomes an 
important factor in choosing codes. Often a single 
digit is better to turn something off because it's 
quicker and less likely to be forgotten. In any case. 
all system codes must be mutually compatible. 

Construction 

The unit shown in the title photograph was 
constructed on double-sided, coppFr-clad pc board. 
The layout and fabrication of the boards was done 
by Chuck Carroll, WIGQO, in the ARRL labora
tory. 

The tone and digit decoder circuit of Fig. I was 
constructed on a 6 X 6-inch pc board. AU of the 
components are mounted on the top side of the 
board and are soldered on both sides of the pc 
board. The value for R 1 through R6 in each 
tone-5election line should be selected so that the 
potentiometer will tune the circuit to the proper 
tone in the middle of its resistance range. The 
values shown in the circuit diagram of Fig. 1 are 
typical and can be used as a starting point for 
selecting the final value. The word decoders are 
also constructed on pc board with a double-sided 
layout. The decoder board is 4 X 4 inches with all 
of the components installed on the top side. 
Several of these decoder boards can be stacked and 
will make the addition of control functions a 
simple task. 

Alignment 

Alignment is a matter of setting the scanned 
frequencies to the correc t values using a frequency 

:" R1 OR J . ' 

' :, 11◄ OR J ., 

FM AND REPEATERS 

10 

HIGH 
MO ITOR 

1◄29 

z 

"'' 

120 

,. , ., 
747'1 ' UC.~ 

1r • 
3 Z 

HO 

820 



Alignment 443 

T 820 .. 
.,.,.+5V 

2L ~ 
vV :• • f47~• GLK • 8 

~ 
> 39k 

t U8A U88 r<3rr4 U9 CUt 
~ --2 J 

o!... "" .. ,v ~ }.i 14 

ref rBrf '120 It 7402 ~V F ,> vc 
t3 I 3 2 8 

4 ~.~ 744-0 t2 
U7A - 9 ... q VCC'\_ 1 tOI 

Ut0A 8 ~ utoa 
8 .... CLK 

[;-- ,-h 

3f'.... 4 -2, ._a 
t 7,-, 

17' -
0 

t • 2 
6 

• tt~ - 10 • [::? ,r--._7404 
-

,~9 1 -2 
20 v -• 3J>. ~2 4 -1~ -

•~& 9 .. 8 

g~,o 13 12 -:If"- -
7404 

,_ 3 
2~ 

I 2 
✓ ,r--.... UII 1 6 -6 

V -
II .. r--.... 10 -

10 
V 

4 ,3r--.. 12 -3 
V 

~ 

~ ·3 91',...,_ _, -
ti 

l7 
121-. 14 

13:;:._15 
+5V 

h ~ . t◄ t6 

E • 15~17 ·p 
12 24 121 ! 1 2 6 u ,2l 11 I 2 12 3 • • 61 ' II 6 12 . ' 2 .I 6 3 • • 2 I II 3 • 

+5V Tm T ... ~- T ... 0 0 0 0 

8 8 e e 

BCDD 
BCDA BCDB 

u,z. Uf3 

BCDC 

[JCCEPT AS. IHOICAT[C, DECIMAL. 

VALUES OF CAPAC ITAHCE ARE 
IN MtcROFARACS I ..1,1P. ) ; OTHERS 

ARE IN PICOl'-ARADS I Of OR J1J:1FJ; 

RESISTANCES .II.Rf IJIII OI-IMS; 
1: •I000 .111: 1000000 

Fig. 1 - Schematic diagram of the tone and digit decoder. Parts placement is not critical, but standard 
construction practice should be followed when fabricatirig these circuits. 

counter connected to a monitor point. The 
associated test point is grounded. and with no 
input to the decoder one of the frequencies can be 
adjusted, depending on which of the four tones in 
any group happened to be on when it was stopped 
manually. It is best to slop the highest tone first 
and adjust the first potentiomete1:, along with R 9 if 
necessary, to get 94 l Hz. Then select the second 

potentiometer and value of RI until 852 Hz can be 
tuned. In a like manner. adjust all eight frequencies 
to the correct values. After several months of 
operation the response became sluggish and finally 
the unit stopped working, but original performance 
was restored by retuning R l through R6. 
Satisfactory operation i~ obtained with input levels 
between 0.1 and 1 volt ac. 
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-tt2Y 

Cl.JC 

DG1 

DG2 

OG3 

0142 

OH3 

Fig. 2 - Schematic diagram of the re lay-control pc board. Be sure to select re lays that have contact
current capability for use in the desired application. 

A TONE BEEP KEVER FOR REPEATERS 

This simple telemetry circuit was designed for 
the WR6ABN repeater. Earlier uses of tones and 
tone bursts reminded users to allow time for 
breaking stations, and to indicate that the time-out 
timer had been reset. This latter indication was by 
means of transmitting two tones simultaneously. 

This system is designed to inhibit one of tile 
two tones, selectively, and allow either the high or 
low lone to indicate the position of the use:'s 
carrier in the receiver passband. 

The sensors were adjusted to trip the relays at l 
kHz above or below the center frequency: this 
appears to be a practical value for narrow-band 
receivers. Thus, the "on-channel" slot is 2-kHz 
wide, centered about the receiver input frequency. 

The 741 op amp is set for a de gain of 1000. 
The ac gain of the circuit is very low, a~ set by the 
I "'jlF bypass capacitor across the l M- n resistor in 
the feedback loop. and I ~F acros.~ the SO-kn 
control in the input circuit . The output of the 741 
feeds two transistors and a zero-center meter. 

The steering diodes, CRI and CR2, allow the 
op amp lo drive QI or Q2 into conduction and lo 
charge Cl or C2 to the value of the Op-'dmp output 
vohage. RI and R2 allow capacitors Cl and C2 to 
charge above the base voltage of the transistors aod 
to cause them to conduct for about 5 seconds after 

the drive voltage from the op amp is removed. This 
delay acts as a memory. 

Note 1hal the poor ac frequency response of 
the opJ.imp means that the input to it must remain 
for approximately 3 seconds in order for it to load 
Cl or C2 for the readout. 

The input to lhc op amp is shorted lo ground 
when II c11rrier is not present. This prevents noise 
from loading up the sensor prior to a reading. It 
also allows the adjustment or the de otT~et control, 
RS. The calibrate potentiometer, R6, i~ adjusted to 
a point where signals I kHz above or below the 
center frequency of the receiver will just trip relays 
K4 or KS. (Note that the receiver should be 
adjusted so that the discriminator voltage is zero 
with no signal.) This adjustment of R6 to :t I kHz 
determines the slot width. The center frequency is 
determined by the usual crystal-oscillator adjust
ments in the receiver. 

Kl can be the normal COR or a separate relay 
keyed by the CO R. This relay keys both the input 
lo the op amp and the delay relay, K2. Because of 
the discharge lime of CJ, K2 will have a delayed 
release. When K2 releases, it keys KJ for a short 
period as determined by C4 and RS. The values 
needed for C3, C4, R7 and RS will vary, depending 
upon the characteristics of K2 and Kl. 
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IMPROVING FM RECEIVER 
PERFORMANCE 

Many older fm receivers, and some new model!, 
do not have sufficient sensitivity or limiting 
capability. Also, the transceivers designed for the 
mobile telephone service do not have a squelch or 
audio power-amplifier circuit. Suitable accessory 
units can be easily constructed lo improve the 
parfonnancc of a rig deficient in any of these arelll!. 

A simple preamplifier, such as shown in Fig. 
14-45 for 146 MHz and in Fig. 14-47 for 440 MHz, 
may be added to a receiver to increase its 
sensitivity and to improve limiting (as the overall 
gain before the limiter will be increased by I 0-15 
dB). The 2-meter version uses a duaJ-gate MOSFET 
while the 440-MHz unit employs two JFETs in a 

Fig. 14-44 - The 2-metar preamp. may be 
mounted In a small Minibox or connected directly 
inside an fm receiver. 

PREAMP. 

(A) 

R~ 
10 0 

Fig. 14-45 - Circuit dia!P'am IA) and pc-board 
layout 1B) for the 2-meter preamplifier. Resistors 
are 1/4-watt composition end capacitors are disk 
ceramic unless otherwise noted. Component! not 
listed below are given designaton: for circuit-board 
location purposes. 
C2, CS - Air variable (Johnson 189-506-5) . 
J1, J2 - Phono type, panel mount 
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groundoo-gate circuit. Both amplifiers are adjusted 
by peaking all runed circuits for maximum limiter 
current while receiving a weak signal. 

A receiver will have a poor limiting characteris
tic if the gain before the limiter circuit is 
insufficient , or If the limiter it.self is of poor design. 
The circuit of Fig. 14-48 can be added to a receiver 
to replace an existing limiter stage. The new limiter 
uses an RCA CA301 l integrated circuit. Care must 
be used in the installation and layout of this 
high-gain IC to insure stability. The CA3011 will 
provide a "hard" limiting characteristic with about 
100 mV of signal input. 

Fig. 14-46 - The 440-MHz preampl ifier is 
constructed In a 3 X 3 1/2 X 1-inch box made of 
doubla~idad circuit board. All abutting edges are 
soldered to complete the enclosure. Two 
3 X 15/ 16-.nch shields separate the tuned lines. 

(B) 
FOIL SIDE 

TAP 
L2 

C6 

I HALF SCALE I 

L1 - 5 turns, No. 16, 6/16 inch dia, 1/2 inch Ion~. 
Tapped at 2 turns for the antenna connection, 
and 4 turns for Gl, 

L2 - 4 turns, No. 16, 5/16 inch dia, 3/8 inch long. 
Tapped at 2 turns. 

L3 - 1 turn, plast ic-covered hookup wire, 6/16 
inch die, placed between two turns of L2. 
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440 MHz. PREAMP 

JI 

RFG5 

Fig. 14-47 - Schematic diagram of the uhf 
preamplifier. Capacitors are disk ceramic unless 
otherwise noted. 
C1-C3, incl. - 1 .4 to 9.2-pF miniature variable 

(Johnson 189-0563-001 ) . 
C4, C5 - Feedthrough type. 
Jl, J2 - BNC type, chassis mount. 
L1-L3, incl. - 25/BXl/4-inch strip of brass, 

soldered 'to the enclosure on one end and to the 
capacitor at the other. Input and output taps 

LIM ITER 
120 

Fig. 14-48 - Diagram of a limiter which may be 
added between the last i-f stage and the detector of 
a receiver. 
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(on L1 and L3) are 1/2-inch up from the 
ground end, Drain taps tor 01 and 02 on L2 
and L3, respectilll!ly, are made just below C2 
and C3. 

RFC1, RFC2 - 420-MHz choke (Miller 4584). 
RFC3, RFC4 - Two ferrite beads on a short piece 

of No. 20 hookup wire. (Beads are available 
from Amidon Associates, 12033 Otsego St., N. 
Hollywood, CA 91607.) 

RFC5 - Three ferrite beads on No. 20 hookup wire. 
01, 02 - Motorola JFET. 
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A SOLID-STATE FM TRANSMITTER FOR 146 MHz 

In an effort to shrink the dimensions of the 
solid-state fm transmitter treated earlier in QST, 
and in the 1972 ARRL Handbook, it became 
necessary to eliminate one stage of the rf section, 
and to reduce the size of the speech amplifier and 
clipper. The product of that effort is shown 
schematically in Fig. I. 

A slightly different electrical approach was 
taken, wherein the osdllator was called upon to 
deliver a fair amount of power. The increased 
output from QI pennitted the deletion of a driver 
stage ahead of the PA. The change made it 
necessary to pay particular attention to the de~ign 
of all networks between stages, providing adequate 
selectivity to assure suppression of unwanted out
put frequencies. The criterion was met, as 
evidenced by a spectral display of the output 

energy. The MK-II version is as clean as was the 
MK-I model. 

A logical approach to reducing the area 
occupied by the speech amplifier and clipper was 
the employment of a transistor-array IC as opposed 
lo the use of discrete components. The latter 
technique was used in the MK-I example. 

Circuit Highlights 

Generally, the circuit of Fig. I follows the 
classic sonobuoy format given in RCA'x Power 
Circuits, DC to Microwavei.1 Some of the circuit 
changes made are radical; others are subtle. The 

1 Recommended for amateur libraries. Order 
from local radio store, or write RCA Electronic 
Components, Harrison, NJ 07029. Price: $2. 
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osc. 

C30 ,r:oo• 

ftU 

Hl•t IOOO 

~ 

RIO 
1100 

Fig, 1 - Schematic diagram of the 2-meter fm 
transmitter, Fixed-value capacitors are disk ceramic 
unless otherwise marked. Polarized capacitors are 
electrolytic. Fixed-value resistors are 1/2-wan com
position. Numbered components not appearing in 
parts list are so numbered for pc-board layout 
purposes only. Use crown rype heat sink on 01. 
larger style on 02 and 03. 
Cl, C2, CG, Cll, C15, ClB - 7- 10 25-pF 

miniature ceramic trimmer !Erie 638-0028-7-25 
or equiv. Avail, new from Newark Electronics. 
Avail. surplus from Reliance Merchandising Co., 
Phila. PA). 

C19 - 15- to 60-pF miniature ceramic trimmer 
(Erie 538-002F-1 5-60 or equiv.). 

C31 - 100-pF silver mica. 
CR 1 - Voltage-variable capacitor (Varicepl diode. 
CR2 - High-speed silicon switching diode. 
L - 1 10 2 µH inductor. 20 turns No. 30 imam. 

close-wound on 100.000 ohm, 1-wett resistor. 
L1 - 5 turns No. 16 tinned bus wire, 1/4-inch ID 

>< 5/8 inch long. Tap al 1-1/2 turns from 
12-volt end . 

L2 - 3 turns No. 16 tinned bus wire, 1/4-inch ID 
X 3/8 inch long. Tap at 1/2 turn from C13 end. 

L3 - 4 turns No. 22 enem. wire, close-wound, 
1/4-inch ID. 

L4 - 26 turns No. 28 enam. wire, close-wound on 
body of 100,000-ohm, 1-watt resiuor. Use 
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resistor pigtai Is as anchor points for ends of 
winding. 

LS - 5 turns No. 16 tinned bus wire, 5/16 ID X 
1/2 inch long. 

01-03, incl.- RCA transistor. 
Rl 7 - 10,000-ohm pc-board carbon control linear 

taper (Mallory MTC 14Ll or equiv.). 
RFCl 1-mH miniature rf choke (Millen 

JJ00-251. 
RFC3, RFC4 - 10-µH miniature rf choke (Millen 

J300-10). 
RFC5 - 10-µ H miniature rf choke (Millen J300-

10l with one Amidon ferrite bead over ground• 
end pigtai l . 

RFC6, RFC9 - 4 Amidon ferrite beads on 
1 /2-inch length of No. 24 wire (Amidon Asso
ciates. 12033 Otsego St., No. Hollywood, CA 
91607) . 

RFC7, RFC8 - Same as RFC6 but with three 
beads on 3/8-inch length of wire. 

S1 - Spdt slide or rotary switch. 
U1 - RCA integrated circuit. 
VR1 - 9 .1 volt, 1·walt Zener diode. 
Vl, Y2 - 18-MHz crystal (International Crystal 

Co. ground for 20-pF load capacitance. 
HC-26/U holdllr. Use International FM-2 pc• 
board crystal socket!. High accuracy .002 per
cent temperature-tolerance crystal recommen
ded. 
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boiled11own version is based on amateur-band 
performance criteria and the more commonly 
available wpply voltage of 12. Emphuis has been 
placed on good lrequency stability, nanow-band 
deviation (up to 6 kHz), and relative freedom from 
spurious output. 

Low-cost transistors are used at QI and Q2. A 
ballasted transistor (mismatch protected) is used at 
Q3 to pr~vent burnout resulting from temporary 
open- or short<irrnit conditions in the antenna 
system. The current OEM price (single lot) for the 
2N5913 is $3.63. Over-the-counter prices will be 
slightly higher, but it is recommended that the 
builder use the '5913 if he wishes to have the 
circuit perform as specified here. Su~titutes for 
any of the devices used in the circuit should be 
employed only by those who an: experienced in 
semiconductor work. The wrong choice can lead 
to dismal results with the circuit - instllbllity, low 
output, or destruction of one or more of the 
!Jan sis I ors. 

Ferrite beads are used generously in the circuit, 
for decoupling of the de bus and as rf chokes.2 The 
beads provide low-Q impedances and are superior 
to solenoid-wound inductors in preventing circuit 
instability caused by tuned-base-tuned-collector 
conditions. A further aid to stability is provided 
through the use of high and low values of 
c.ipacilllnce (combined) in various parts of the 
circuit. This sta.ndaJd technique helps to a..uure 
slability at hf and vhf, and is necessary because of 
the high IT of the transistors used .3 

Transistor sockets should not be used at QI , Q2 
or Q3 . The additional lead lengths resulting from 
the use of sockets could lead to instability prob
lems. Those wishing to use a socket at Ul may do 
so by redesigning the pc board lo allow a socket to 
be in8talled (bringing the twelve holes for the IC 
clo~r together) . Alternatively, one might employ 
an IC !.Ocket which has fairly long lugs, bending the 
lugs oucward to mate with the holes in the 
pc-board. 

Speech Amplifier 

U I consists of rour bipolar transistors on a 
common substrate. Two of lhe transistors ate 
connected for use as a Darlington pair. The 
remaining two are separate from one another . In 
the circuit of Fig. I the Darlington pair serves as a 
preampli lier for a high-impedance crysta I, ceramic, 
or dynamic microphone. One of the ~parate 
transistors is used as a diode in lhe clipper circuit 
(an outboard silicon diode is used to clip the 
opposite side of the af sine wave) and the 
remaining transistor amplifies the clipped audio 
af1er it is filtered by an R-C network . Deviation is 
set by adjustment of a pc-board potentiometer, 
Rl7 . 

The processed audio is fed to CR I , the varaclor 
diode modulator, Some reverse bias is used on CRI 
to assure greater linearity of modulation (3 volts de 

2 See parts Ii&! for ordering information. 

3 The higher the fT (upper-frequency rating) of 
a transistor, the greater will be its gain capability at 
lower frequencies. thus giving rise to unwanted hf 
or If oscillations. 
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taken from the junction of R3 and R4). As the 
audio voltage is impressed acros.1 CR 1, the junclion 
capacitance or the diode shifts above the steady
state value which exists when no af voltage is 
present. The change in capacitance shifts the 
crystal frequency above and below its nominal 
value to provide fm. 

Construction 

There are no special instructions provided the 
builder follows the template pattern offered.4 
However, it is worth mentioning that the QST 
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model 'il.'3S built on glass-epoxy circuit board. 
Those attempting to use phenolic or other types of 
pc board may encounter difficulty in obtaining 
proper circuit performance. The dielectric pro
perties of the various board materials are different, 
thereby causing different values of capacitance lo 
exist between pc-board foil strips. The condition 
can cause instability, unwanted coupling, and 
tuned circuits that will not hit resonance. Some 
builders of the MK-I tramm.itter learned this the 
hard way! 

Transistors Q2 and Q3 require fairly hefty heat 
sinks if good efficiency and longevity of the 
devices is to be realized. Homemade sinks are 
shown in the photo. Each consists of 11 pit:ce of 
1/16-inch thick aluminum (brass or copper is ok) 
formed over a drill bit slightly smaller in diameter 
than a T0-5 transistor case. The aluminum can be 
crimped in a bench vise until it fits snugly :iround 
the drill body. Silicone grease should be used to 
coat the transistor bodies prior to installation of 
the heat sinks. The height of the sinks is I im:h. 
The ID is approximately 1/4 inch. 

Lead lengths of the wires going from the pc 
board to SI should be kept short - preferably less 
than 1-1/2 inches long. Coaxial cable (SO-ohm 
imJ)l!dance) should be used between the antenna 
terminals on the pc board and the antenna con
nector. The shield braid must be grounded at each 
end of the cable. Similarly, shielded cable should 
be employed between the microphone jack and the 
audio-input terminals 011 the pc board. ' 

Checkout and Use 

Initial checkout should be undertaken at re
duced supply voltage. Apply a voltage of between 
6 and 12, making certain that a dummy load of 
approximately 50 ohms is connected to the output 
of Q3. A 56-ohm 2-watt resistor or a No. 47 pilot 
lamp will suffice. Using a wavemeter tuned to 73 
MHz, adjust the collector tank of QI for a peak 
reading on the wavemeler. Next, set the wavemeter 
for operation at 146 MHz and adjust the collector 
tuned circuit o£Q2 for maximum meter indication. 
The tank cizcuit of Q3 should be adjusted for 
maximum power 0111put :u observed on an rf 
waumeter or Mo11ima1ch-1ype SWR indicator. A 
rough check can be made by using a No. 4 7 lamp 
as a load, adju~ling for maximum bulb brilliancy. 
The next step is to raise the supply voltage to 12 
and repeat the tweaking procedure outlined above. 
If all stages are functioning normally, a No. 4 7 
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lamp should illuminate to slightly more than 
normal brilliance. Power output into a 50-ohm 
load should be between 1-1/2 and 2 watts Current 
drain will be between 200 and 250 mA, speech 
amplifier included. 

Adjustment of the transmitter frequency and 
deviation can best be done while using a vhf 
frequency counter and deviation meter. Alter
natively, one am put the trammitter in service and 
ask one of the other fm operators in the area to 
observe his receiver's discriminator meter while 
you adjust your crystal trimmer for a zero reading. 
Deviation can be set reasonably close to the desired 
amount by comparing your modulalion against 
that of other local ~lations, having a third operator 
report the comparisons. 

This transmitter is well mited as a companion 
unit to the fm receiver described in Chapter 3, and 
in QST.5 The two units can be packaged to form a 
trans-receiver for portable. mobile, or fixed-station 
use. The transmitter can be used to drive a 
high-power solid-state 2-meter amplitier, described 
later in this chapter, if one wi~he~ to put on a pair 
of ''boot~. "6 

5.DeMaw, "A Single-Conversion 2-Meter FM 
Receiver," QST, August, 1972. 

6 Hejhall, 'Some 2-Mecer Solid-State RI-' 
Power-Amplifier Circuits," QST, May, 1972, p. 40. 

7 Writ": Spectrum Research Laboratory, Box 
S824, Tucson, AZ 8S703. 

2-METER SOLID-STATE 
RF POWER-AMPLIFIERS 

The majority of the commercially made 2-
meter fm transceivers available today have rf 
power-output levels of I to IS watts. There are 
many occa~lons when an fm operator would like to 
have a lillle more power to be able to work over 
greater distances. Described here are two ampli
fiers, one for 25 watts and another for 50 watts 
output for lhe 2-meter band. Both amplifiers use a 
single transistor and operate directly from a 
13.6-volt vehicular electrical system. 

Circuit Description 

The amplifier circuit shown in Fig. 14-53 
utilizes a single 2N6084 transistor operated in a 
Class-C, zero-bias configuration. This mode of 
operation has the advantages of high collector 
efficiency at full output and zero de current drain 
when no rf driving signal is applied. The reader 
should note that zero-bias operation yields an 
amplifier that is not a "linear." 11 is designed for 

Fig. 14-52 - An end view of the breadboard 
V1lr5ion of the 60-wau 2-metllr amplifier. The input 
circuit is 81 rhe lower right, and the output 
network i~ 81 the upper left. 



An Fm Transmitter for 2 Meters 

Fig. 14-53 (Al - Diagram of the amplifier which 
providl!S 40 10 60 watts output and its associated 
CO A circuit. Capacitors are mica unless otherwise 
noted. The heat sink is a Tharmalloy 6169B (Allied 
Electronics No. 957-28901. 
Cl. C7 - 6- to 80-pF compression trimmer lelco 

462 or equiv.I. 
C2, C4-C , CB, incl. - Mica button (Underwood 

J-1011. 

JI 

CJ. C9 - 9- to 180-pF compression trimmer (Arco 
463 or equiv.I. 

C10 - Feedthrough type. 
Ct 1 - Tantalum. 
Ct 2, Ct 5, Ct 6 - Ceramic disk. 
C13, C14 - 39-pF mica (Elmanco 6ED390JOJ or 

equiv.I. 
CA 1 - 100-PRV or more. 500-mA or more silicon 

diode (Motorola 1 N4001 or equiv.I. 
CA2.CA3 - High-speed, low capacitance 100-PRV 

silicon diode (Motorola MSD7000 dual package 
used herel. 

J1 .J2 - Coaxial connector, panel mount . 
Kt - 4pdt open-frame relay, 12-V contacts (Co

mar CRD-1603-4535 or equiv., Sigma 
67R4-12D also suitable), modified as described 
below. 

+13 6V 

(Bl COR circuit. Capacitors are disk ceramic. 
The COR relay is modified by removing the 

connecting wires from all fa.or wiper arm■ end 
adding two shorting bars, as shown. Only the 
stationary-contact connections are used. 
CR1 - 100.PRV or more. 500-mA or more silicon 

diode (Motorola 1 N4001 or equiv.I. 
CR2, CRJ - High-speed, low-capaci tance 100-PRV 

silicon diode (Motorola MSD7000 dual package 
used here). 

Kl - 4pdt open-frame relay, 12-V contacts (Co• 
mar CRD-1603-4S35 or equiv., Sigma 
67R4-12D also suitable). modified as described 
below. 

02 - Npn silicon Darlington transistor, hFE of 
5000 or more (Motorola MPS-A 13 or equiv.). 

(Cl The COR relay is modified by removing the 
connecting wires from 1111 four wiper armI and 
adding two Ihorting bars. as shown. Only the 
stationary-contact connections ere used. 
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(Al 

, .. iao J2 

'JFQ 1< 
I 

C8 
..... 80 

80 -,-. OUTPUT 

Lt - 12 nH. No. 10 tinned wire, 1 1/4-inch long 
straight conductor. 

L2 - 30 n H, 1 3/4 turns, No. 10 tinned wire, 3/8 
inch ID, 3/4 inch long. 

LJ - 15 nH, No. 14 tinned wira, 3/4-inch long 
straight conductor. 

L4 - 2 turns of No. 18 tinned wire 1 /4-inch ID, 
0.2 Inch long (approximately 44 nHI. 

Ql - Motorola silicon power transisror. 
Q2 - Npn silicon Darlington transistor, hFE of 

5000 or more (Motorola MPS-A 13 or equiv.). 
R1 - 16 ohm, 1-wau composition . 
R2 - 4700 ohm 1/2-watt composition 
AFCl - 17 turns, No. 16 enam. wire wound on 

Amidon T-80-2 toroid core. 
RFC2 - Molded rf choke (J. W. Miller 9250-151. 
RFCJ - Ferrite bead (Ferroxcube 56-590-6513B 

or equiv.I. 

RE LAV TOP VI EW 

RELAY SIDE VI EW 
(C) 

G 

FILTER. LI 
0 

CI I 
(YYY\ 

I~ 
0 

INPUT OUTPUT 

(D) I 
(D) Pi -section output filter, C1 and C2 are 39-pF 
mica capacitors (Elmenco 6ED390JOJ or equiv.), 
3nd L 1 consists of 2 turns of No. t 8 tinned win,. 
1/4 inch ID. 0.2 inch long (approximately 44 nH). 
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THESE FOf/11 AREAS IUQUIIU AN ISOLATED CONNECTION POINT. 

TH/Sc.AN BE FORNED BY ETOIING ,4 MOAT IN PC BOARD OR BY 
A1rAClflNGASHAU SQ{.IAIU. ()IC PC lJOARiJON roPOFHAIN PC 8'14RD 

Fig. 14-54 - Parts-layout diagram for the 50-watt amplifier (not to scalel. A 4 X 6-inch pc board is used 
as the base . 

rm (or cw- operation only, and would produce 
objectional distortion and splatter if used to 
amplify either a-m or ssb signals. 

The ~m("llifier nr,r.rate~ directly from an auto
mobile electrical system, so no additional powe• 
supply i5 required for mobile operation. The inpu: 
and output-tuned circuits are designed to match 
the impedances of the transistor to a SO-ohm 
driving source and to a SO-ohm antenna system. 
respectively. Since both the input and outpu: 
impedance5 of the transistor are extremely low (ill 
the I• to S-ohm region), the matching network, 
employed are somewhat different than those ~sed 
with tubes. The networks chosen for the amphfier 
are optimized for low-impedanci: matching, and 
they perform their tasks efficiently. The network 
designs for thii ampliCier were done with the aid of 
a computer. 

The elaborate decoupling network used in the 
collector de feed is for the purpose of assuring 
amplifier stability with a wide variety of loads and 
tuning conditions. The 2N6084 transistor is conser
vatively rated at 40 watts output (approximately 
60 watts de input). The amplifier can readily be 
driven to power output levels considerably higher 
than 40 watts, but it is recommended that it be 
kept below SO watts output. If your transmitter or 
transceiver has greater than 10 watts output, an 
attenuator should be used al the amplifier input to 
keep the output from the amplifier below SO 
watts. 

Construction Detaill 

Construction of the amplifier is straight
forward. The usual precautions that must be 
observed when building a solid-state final amplifier 
are followed. These precautions include proper 

mechanical mounting of the transistor, emitter 
grounding, heat sinking, and decoupling of the 
supply-voltage leads. Most of the component! used 
a,:c conven 1ional items which arc rc.idily ov11il11ble, 
with two i:xceptions. The fixed mica capaciton, 
Underwood type J-101, are a special mica unit 
designed for high-frequency applications. The core 
for RFCI and the rf bead used for RFC3 are 
available from Elna Ferrite Labs, Inc., 9 Pine Grove 
St., Woodstock, NY 12498. 

The amplifier is constructed on a pc board 
which is bolted to a heat sink. A few islands can be 
etched on the board for tie points, at the builder 's 
discretion; a complex foil pallern is not required. 
In the amplifier shown in the photo, islands were 
etched only for input and output tie points. 
Circuit-board islands may also be etched for the 
transistor base and collector leads. However, an 
interesting alternative method was used in the 
author's breadboard amplifier. The base and collec
tor islands were formed by a It aching small pieces 
of pc board to the top of the main board. This 
procedure added a few tenths of a pf of capaci
tance at the connection points, so if you choose to 
etch islands din:ctly on the main board you may 
want to increase the value of C6 slightly. (The 
values of C4 and CS are not critical.) 

A word about the care of a stud-mount rf 
power transistor : Two of the most importa~t 
mounting pri:cautions are (I) to assure that there 1s 

no upward pre~~ure (in the direction of the ceramic 
cap) applied to the leads. and (2) that the nut on 
the mounting stud is not over-tightened. The way 
to accomplish item 1 is to install the nuts firsr and 
solder the leads to the circuit later. For item 1, the 
recommended stud torque is 6 inch-pounds. For 
those who don"t have a torque wrench in the 
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Fig. 14-55 - Circuit diagram of the 25-watt 
;1mplifier. Capacitors are disk ceramic unless other
wise noted. 
Cl - 5- to 80-pF compression trimmer (Arco 462 

or equiv.I. 
C2 - 2- to 60-pF compression trimmer (Arco 461 

or equiv.I. 
CJ - Button mica !Underwood J-1011. 
C4, CS - 9- to 180-)-pF compression trimmer 

IArco 463 or equiv.I. 

shack, remember that it is better to under tighten 
than to over tighten the mounting nut. 

The transiJtor stud is mounted through a hole 
drilled in the heat sink. A thermal compound, such 
as Dow Corning 340 heat-sink grease, should be 
used to decrease the thermal resistance from 
transistor case to heat sink. See the excellent 
article by White in QST for April, 1971, for details 
of heat-sink design. 

Series impedance in the emitter cin:uit can 
drutically reduce the gain or the amplifier. Both 
transistor emitter leads should be grounded as close 
to the transistor body as is practical. 

The wiring for the de voltage feeder to the 
collector should have extremely low de resistance. 
Even a drop of one volt can significantly reduce 
the power output of the amplifier. A good goal is 
less than 0.5 volt drop from the car battery to the 
transistor collector. With operating currents of 
several amperes, a total de resistance of only a 
fraction of an ohm is needed . A standard commer
cially made heat sink is used for the 50-wall 
amplifier. and it is adequate for amateur communi
cations. Forced-air cooling across die heat sink 
should be used for any appliation requiring long
term key-down operation at 40 watts or more of 
output. 

Tune-Up Procedure 

Generally, the best way lo tune a transistor 
final is for maximum rf power output. If this 
approach results in exceeding the power ratings of 
the transistor, then the power output should be 
reduced by reducing the drive-level, not by de
tuning the final. In the case of an outboard PA 
stage, such as described here, both the inpu I and 
output networks can be tuned for maximum rf 

..._ ___ -o+ 13.6 

voe 

J2 

1 OUTPUT 

J1, J2 - Coaxial connector. panel mount. 
L 1 - 1-inch length of No. 14 tinned wire. 
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01 - Motorola silicon power transistor 12N5691 
or HEP S3007 for 25 W output, 2N6590 or 
HEP S3006 for 10 W output). 

AFC1 - Ferroxcube VK200-19/4B ferrite choke. 
AFC2 - Molded rf choke (J. W. Miller 9250-151. 
AFCJ - Ferrite bead IFerroxcube 56-590-65/3B 

or equiv.I. 
Tl - See Fig. 14-56. 

output, If the driving source has an output Impe
dance of approximately SO ohms. However, a 
better procedure consists of tuning the output tank 
circuit for maximum rf output and tuning the 
inpul circuit for minimum SWR as measured 
between the exciter and the final amplifier. This 
tune-up procedure has the added advuntage of 
assuring that the amplifier presents a SO-ohm load 
to lhe exciter. A de ammeter to check collector 
current is a useful tune-up aid. Since tuning Is for 
peak oulput, a Monimatch-type SWR bridge is 
adequate for the job. Also, the waltmeter de
scribed in Chapter 22 would be an excellent 
choice. The best tuning procedure is to monitor 
simultaneously both output power (absolute or 
rel.aliYe) and the SWR between the exciter and 
amplifier. 

Finl, apply de voltage with no rf drive. No 
collector current should now. Then apply a low 
level of rf drive - perhaps 25 percent or less of the 
rated 10 watts maximum drive - and tune the 
input network for maximum indicated collector 
current. The networks may nor tune lo resonance 
al this low drive level. but you should at least get 

, an indication of proper operation by smooth 
tuning and lack of any erratic behavior in the 
collector-current reading. Gradually increase the 
drive, retuning as you go, until the rated 7-10 wurts 
input and 40 to 50 wam output are oblaincd. As 
power input is increased, use the recommended 
tuning procedure of maximum output from the 
output rank and minimum Input SWR for the 
input circuit. 

There is danger of low-frequency oscillations 
with most transistor amplifiers. A scope of 5-MHz 
or more bandwidth connected to the de feeder at 
point A makes an excellent indicator of any 
low-frequency oscillation. It is possible to have 
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Fig. 14-56 - Transmission-line output transformer 
consisting of 2 4-inch long conductors, No . 20 
enam. wire, twisted 10 16 crests per inch, using an 
electric drill . The conductors should be color 
coded, one with one color and one with a second 
color. Form the twisted pair into a 1 /2-inch die 
circle. Unwind the leads so that onlv the portion of 
the pair forming the circle remains twisted. Con
nect the leads of each color as shown . 

signal output on all hf and vhf amateur bands and 
all TV channel~. simultaneously, when a bad cai;c 
of parasitic ost:illation occurs. For those who may 
have access to one, the best indicator of parasitic 
oscillation ill a wide-band spectrum analyzer . 

An Additional Design 

For those who own a low-power fm transceiver, 
an intermediate amplifier stage or a final amplifier 
providing 10 to 2S watts may be desired. The 
circuit of Fig. 14-55 is suitable for the 2N559 ! or 
HEP S3007 transistors (2S watts), and the 2N5590 
or HEP 3006 transistors (10 watts). An unusual 
feature of this cl.rcuil is rhe use of a transmission
line transformer in the output network. The 
construction and tune-up procedures for the ampli
fiers of Fig. 14-55 is similar to that described 
earlier for the SO-wall amplifier. 

Accessories 

\\,'hen an amplifier stage is used with an fm 
transceiver, a method of automatic tramunir/ re
ceive switching is needed. A simple cacrier-<1pera ted 
relay (COR), such as shown in Fig. 14-16 can be 
employed for the amplifiers described In this 
article . The level of input rf required to operate the 
COR is determined by the value of RI . One to two 
watts of 2-meter energy will operate KI when a 
4 700-ohrn resistor Is employed. The rf signal is 
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rectified by two high-speed switching diodes; the 
de output from the rectifier is applied to QI, a 
Darlington-connected transistor pair. When ruf
ficient current is developed in the base circuit, QI 
will turn on, activating Kl. A transient-suppression 
diode is included across the relay coil to prevent 
voltage-spike damage to Ql . 

The switchin1 circuits needed to talce the 
amplifier in and out of the circuit- are somewhat 
complex. The cost of four coaxial relays would be 
prohibitive. Bur. an open-frame relay can cause 
sufficient loss at 146 MHz lo severely degrnde the 
sensitivity of the associated receiver. To get around 
thi .~ problem the author modified an inexpensive 
relay. The long leads lo the wiper arms were 
removed and discarded. Two shorting bars were 
added, as shown in the drawing. External connec
tions were made only to the stationary contacts. 
Received signal loss through the modified relay 
measured 0.4 dB - an insignificant amount. 

Second-harmonic output from the SO-watt am• 
plifier measured 34 dB down from the level of the 
146-MHz energy . Thus, the computer-design out
put network compares favorably with the pi
section tank circuits often used in hf transmitters. 
To assure that harmonic enel"l!Y didn't cause a 
problem to other services, a simple pi-section 
output fi.ltcr was added. This filter is designed for 
50-ohm input and output impedances; it can be 
used with any two-meter amplifier. The insertion 
loss of the 111ter at 146 MHz ls 0.2 dB, while it 
provides 46 dB attenuation at 292 MHz and 25 dB 
al 438 MHz. 

Appendix A 
I) Amidon toriod cores are available from 

Amidon Auoclates. 12033 Oue10 Stn,et, No. 
Hollywood, CA 91607. 

2) Ferroxcube components can b• purchased 
from Elna Ferrite Laboratories, Inc., 9 Pine Grove 
Street, Woodstock, NY 12498. 

3) J. W. Miller chokes are available from 
distributors, or d!.recUy from J. W. Mlller. 19070 
Reyes Ave., Compton, CA 90224. 

4) Undenwood mica capadtors must be order-ed 
diJ:e<'tly from th• manufacturn, Underwood Elec
tric and Manufacturing Company. Inc., P. 0. Box 
188. Maywood, IL 601:">3. Price for the J-101 units 
specified In thl.!i article is approximately $1.20 each 
(specify the value - in pF - desired), 

5) A circuit board for the 50-watt amplifier will 
be available from Spectrum Research Lab•, P. 0. 
Box 5824, Tucson, AZ 85708. 

2-METER FM RECEIVER 

An fm purist is not likely to 5ettle ror second
rate receiver performance in this day of vhf-band 
saturation. A satisfactory fm receiver must be able 
to separate the various r~pea ter output frequencies 
without being affected by IMD and overload 
problems. The sensitivity must be good, and so 
should the limiting characteristics. Few low-cost 
designs satisfy the foregoing criteria. The circuit of 
Fig. 14-58 represents a practical compromise be
tween cost and circuit complexity, yet provides 
performance which is comparable to that of many 
commercial fm receivers in use by amateurs. 

The single-conversion solid-state fm receiver 
descnbed here is intended as a mate for the 
transmitter shown in Fig. 14-50. This design 
centers around a multifunction IC, the CA3089E. 
Circuit simplicity, good performance, and low cost 
are the keynotes in this project.. 

Circuit Highlighls 

A JFET was chosen for rf amplifier Ql, Fig. 
14-58. Neutralization is uMeces!Sllfy provided the 
gate and drain elements are rapped down on their 
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Fig. 14-57 - This photo 
shows the final breadboard 
version of the fm receiver. 
Some of the bypass capaci
tors are I ocated on the foil 
side of the pc board in this 
example. The template and 
parts-layout sheet provides 
for topside mounting of 
the capacitors. The dif
ferences between the re
ceiver shown here and the 
final model are Quite 
minor. 

respective tuned circuits. For simplicity s sake only 
two tuned circuits arc used ahead of the mixer, 
which uses a dual-gate MOSFET. The combination 
of FETs Ql and Q2 assures low IMD and provides 
good immunity to overloading. Output from the 
mixer i~ supplieo to FLJ. This is a four-pole 
10. ?·MHz i-f filter which is fed from a 900-ohm 
tap point on tuned circuit C9-{:10-L3. 

The oscillator/multiplier stage, Q3, is a carbon 
copy of that used by Pearce-Simpson in their 
Gladding 25 fm transceiver. It is one of the 
simplest circuits one can use, yet it performs well. 
Injection to the mixer is supplied at I 57 MHz 
(10.7-MHz i-f plus the frequency of the received 
signal). The oscillator crystal frequency is one half 
the injection frequency - 78 MHz in this example. 
No netting trimmers are necessary if crystals for 
the Gladding circuit are ordered and used. Fre
quency doubling from 78 MHz is accomplished in 
the collector circuit of Q3. 

I-f amplifier U I is a CA3028A wired for 
cascode operation. FLI connects to input terminal 
2 through a .01-µF blocking capacitor. Terminating 
resistor R 7 is selected for the characteristic impe
dance of the filter used. The KVG filter has a 
910-ohm bilateral impedance, so if precise 
matching is desired one can use a 910-ohm unit at 
R7. Output from Ul is fed to multifunction chirp 
U2, across Rl 1. 

Audio output from U2 is amplified by Q4 
before being routed to U3, a transformerless I-watt 
output IC. Though the MCI454 is designed to 
work into a 16-ohm speaker, good results can be 
had when using an 8-ohm speaker. 

Construction 

How the receiver is packaged can best be_ 
decided by the builder. Two choices arc offered: 
dividing the board in two parts and stacking one 
section above the other on standoff posts. If this is 
done it will be necessary to cut the board midway 
between Ul and U2. If compactness is not neces
sary the constructor can follow a one-piece as
sembly format, keeping the board its 8 x 
2-11/16-inch size. 

Those who desire additional crystal positions 
can make the board slightly longer. This will 
provide room for more crystal sockeu, but will 
require that a switch with more positions be used 
for SI. 
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It is recommended that transistor and IC 
sockets be avoided except at Q4 and U3. Short 
leads between the bodies of the devices and the pc 
board must be maintained to prevent unstable 
operation. The use of sockets will cause instability 
unless low-profile receptacles are used. Similarly, 
the pigtails on the bypass capacitors should be kept 
as short as possible in all parts of the rf circuit. 

The wiring which connects the audio and 
,quelch controls to the circuit board should be of 
the shielded variety. If the board is cut into two 
;ections, as mentioned earlier, use sruelded cable 
between Ul and U2, routing the i-f signal from pin 
6 ofUl to pin I of U2. Don ·r leave our Cl 6. 

The leads from S l to the crystal sockets must 
be kept as short as possible - less than 1-1 /2 inches 
each. As a further aid to circuit stability mount the 
pc board on a metal cabinet wall or chassis by 
means of four or six metal standoff posts. This 
technique is beneficial in preventing rf ground 
loops. 

Checkout and Alignment 

It should be stressed that there is no simple way 
to align an fm receiver. A stable signal generator 
will be required, preferably one with fm capability. 
Initial alignment cannot be properly effected by 
using off-the-air fm signals. A weak-signal source 
can be built by using the modulator and crystal 
oscillator stage of the low power transmitter 
described in Fig. I 4-50. Whatever method is used, 
make certain that the test signal is no farther off 
frequency than 200 Hz from the desired frequency 
of reception. Ideally, the signal source should be 
exactly on the chosen input frequency of the 
receiver. 

Connect the signal generator to Jl. Attach a 
meter across 12 and 13. Make certain that a speaker 
is hooked to the output of U3. Assuming that an 
ohmmeter check shows no shorted or open circuits 
in the completed assembly, connect a 12-volt de 
supply to the receiver. With the squelch turned off 
(maximum hiss noise) adjust C2, C4, and C44 for 
an upward deflection of the relative-signal-strength 
meter (at J2 and J3). Next, adjust Cl0 for 
maximum meter reading. Repeal the~e steps two 
more times. AU tuning adjustments should provide 
fairly sharp peaks when the circuits are tuned to 
resonance. 
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A frequency-modulated signal will be required 

fo~ on-the-nose adjustment of the detector (L4 and 
C14 ). C24 should be adjusted slowly until the 
paint is found where best audio quality occurs. 
Audio recovery will be the lowest at this point, 
creating the illusion of reduced receiver sensitivity. 
If no fm signal is available for this part of the 
alignment, tune the detector for minimum hiss 
noise as heard in the speaker. After the detector is 
aligned, readjust CIO for best audio quality of a 
received fm signal. It may be necessary to go back 
and forth between CIO and C24, carefully 
t\\eaking each capacitor for the best received-signal 
audio quality. The detector should be adjusted 
while a strong signal (100 µV or greater) is being 
supplied at JI. 

Adjustment of the squelch control should 
pr:,vide complete muting of the hiss noise (no 
signal present) as approximately midrange in its 
rotation. If the audio channel Is functioning 
puperly one should find that plenty of volume 
ocx:urs al less than a midrange setting of R 18. 

Performance 

In two models built, both identical to the 
ci1cuit of Fig. 14-58, sensitivity checked out at 
roJghly 0.8 µV for 20 dB of quieting. This 
sensitivity figure is by no means spectacular, but is 
quite ample for work in the primary signal contour 
of any repeater. The addition of a dual-gate 
MOSFF.T preamplifier ahead of QI resulted in a 
sensitivity of 0.25 µV for 20 dB of quieting. The 
barefoot receiver requires approximately 0.5 µV of 
input signal to open the squelch. A more elaborate 
cucuit would have provided greater sensitivity, but 
at increased cost and greater circuit complexity. 

Hard limiting occurs at signal input levels in 
excess of IO µV, with 3 dB of limiting exhibited at 
1 µV. Addition of an outboard preamplifier will 
greatly improve the limiting characteristics. and 
this would benefit those who are dealing primarily 
with weak signals. 

A KVG XM I 07S04 i-f filter (FLl)l is used in 
th! circuit of Fig. 14-58. However, any 10.7-MHz 
filter with suitable bandwidth characteristics for 
a111ateur fm reception can be rubstituted for the 
ur.it specified. During the development period a 
Piezo Technology Comline filter was used at FLI _2 
The model tried was a PTI 2194F, which sells for 
$10 per unit in single lots. Club groups may wish 
to take advan tugc of the 5 to 9 price break . . 
$5.95 each. The PTI 2194F gave performance 
similar to that of the KVG unit. 

Each brand of filter has its own characteristic 
irr.pedance, so If substitutions are made It will be 
necessary to change the tap position on L3 to 
assure a proper match between Q2 and FL!. 
Similarly, the ohmic value of R 7 will have to be 
changed. 

1 A producl review describln& lhe filter's char
acteristics was oven In QST for June,, 1972, p. 56. 
The filter sell• for ,1 !i.!15 and can be ordered from 
Spectrum lntemetlonat. Box 87, Topsfield, MA 
01983. A drilled printed circuit board I■ available 
for S5 from: D.L. McClaren, WBURX, 19721 
Maplewood Avenue, Cleveland, OH 44131i. 

2 Piezo Technoloay Inc., Box 78 77, Orlando, 
FL 32804. 



Chapter 15 

Specialized Communications 
Systems 

The field of specialized amateur communica
tions systems includes radioteletype, amateur tele
vi'tion, amatew facsimile, phone patching, anc 
space and satellite communications. Radio control 
or models is not a "communications" system in the 
amateur (two-way) sense. The specialized hobby of 
radio control does have a large foUowing. but 
"citizen-band" provisions for frequency allocations 
and operator registrations divorce it from the 
strictly ham-radio field (unless one wishes to avoid 
the QRM). 

By far the greatest activity in the specialized 
fields is to be found in radiotclctype (RTIY). 
Operation using frequency-shift keying technique! 
is permitted on all amateur band, except 160 
meters. 

Activity in amateur TV (A TV) can be found 
primarily in a number of population centen 
around the country. Most of the work is based on 
converted entertainment receivers and manufac
turer'HUrplus camera tubes (vidicons). A TV u 
permitted on the amateur bands above 420 MHz. 
and this and the broadband nature of the transmis
sions precludes extensive DX work. 

Slow-scan 1V (SSTV) is a narrow-band ~ystem 
that is permitted in any of the phone bands except 

160 meters. It is a completely electronic system, 
however; no photographic techniques arc required. 
Pictures are transmitted in g seconds or less. 

Amateur facsimile operation, under present 
U.S. regulations, is permitted only above SO.I 
MHz. Operation in the 6- and 2-meter bands is 
restricted to the use of shifting audio tones with an 
amplitude-modulated carrier (A4 emission). so 
operation through an fm repeater on these bands is 
prohibited. Facsimile operation is undertaken pri
marily by groups in heavily populated areas. 

Amateur satelli tes - called Oscars for Orbiting 
SateUites Carrying Amateur Radio - offer another 
way of extending the range of vhf and uhf stations. 
Satellites can also operate in the hf region to 
provide communiCJ1tion during times of poor iono
spheric conditions. 

Phone patches permit third parties to communt
cate via amateur radio, through an interconnection 
between the amateur's station equipment and his 
telephone line. With voice operation in use, phone 
patching may be conducted in any amateur voice 
band between domestic stations, or between sta
tions nf any two countries pennitting third-party 
communications. 

RADIOTELETYPE(RTTY) 
Radioteletype (abbreviated RITY) is a form of 

telegraphic communication employing typewriter
like machines for (l) generating a coded set of 
electrical impulses when a typewriter lc.ey corres
ponding to the desired letter or symbol is pressed, 
and (2) converting a received set of such impulses 
into the corresponding printed chancier. The 
message to be sent i~ typed out in much the same 
way lhat it would be written on a typewriter, but 
the printing is done at the distant receiving point. 
The teletypewriter at the sending point may also 
print the same material. 

The teleprinter machines used for RITY are far 
too complex mechanically for home construction, 
and if purchased new would be highly expensive. 
However. used teletypewriters in good mechanical 
condition are available at quite reasonable prices. 
These are machines retired from commercial se r
vice hut capable of entirely satisfactory operation 
in amateur work. They may be obtained from 
several sources on condition that they will be used 
purely for amateur purposes and will not be resold 
for commercial use. 

Some dealers and amateurs around the country 
make it known by advertising that they handle 
parts or may be a source for machines and 
accessory equipment. QSrs Ham-Ads and other 
publications often show good buys in equipment as 
amateurs move about, obtain newer equipment, or 
change interests. 

Periodic publications are available which 
are devoted exclusively to amateur RTTY. 
Such publications cauy timely technical articles 
and operating information, as weU as classified ads. 

The Telatype Corp. Model 28ASR teleprinter is 
used by many amateurs. In addition to the 
keyboard end page printer, this model contains 
facilities for making and sending perforated tapes. 



Radioteletype ( RTT Y) 

Over the years QST has carried a number or articles 
on all aspects of RTTY, including a detailed series 
by Hoff in 196S and 1966. For a Ii.st or surplus
equipment dealers, information on publishers of 
RTTY periodicals, and a bibliography of al! articles 
on RTTY which have appeared in QST, write to 
RTTY T.I.S., ARRL Headquarters, 225 Main 
Street, Newington, CT 06111. U.S. residents 
should enclose a stamped business-size envelope 
bearing a rerum address with their request . 

Types of Machines 

There are two general types of machines. the 
page prin ter and the tape prin ler. TI1c former 
prints on a paper roll about the same width as a 
business letterhead. The letter prints on paper tape , 
usually gummed on the rever.;e side so it may be 
cut to letter-size width and pasted on a shed or 
paper in a series of lines. The page printer i~ the 
more common type in the equipment available to 
amateur.,. 

The operating ~peed of most machines is such 
that characters are sent al the rate of either 60, 67, 
7 S or I 00 wpm depending on the gearing ratio of a 
particular machine. Current FCC regulations al
low amateurs the use of any of these four speeds. 
Interchangeable gears permit most machines to 
operate al these speeds. Ordinill}' teletypewriters are 
of the start-stop variety, in which the pulse-form
ing mechanism (motor driven) is at rest until a 
typewriter key is depressed. At thi~ time it begins 
operating, forms the proper pulse sequence, and 
then comes to rest again before the next key is 
depressed to form the succeeding character. The 
receiving mechanism operates in similar fa.o;hion, 
being set into operation by the fust pulse or the 
se.quence from the transmitter. Thus, although the 
actual transmission speed cannot exceed about 60 
wpm (01 whatever maximum speed the machine is 
gcilled for), it can be considerably slower, depend
ing on the typing ~peed of the operator. 

It is also possible to transmit by using perforat
ed tape. This has the advantage that the complete 
message may be typed out in advance of actual 
transmiss.ion, at any convenient speed; when trans
mitted, however, ii is sent at the machine's normal 
maximum speed. A special tape reader, called a 
lransmiller-<listribulor, and tape perforator arc 
rcq uired for this process. A reperfora lor is II device 
that may bt: connected to tl1e conventional tcle· 
typewrite, for punching tape when the machinl! is 
operated in the regular way. It may thus be used 
either for an original message or for "taping" an 
incoming: message for later retransmission. 
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Fig. 15A-1 - Pulse sequence in the teleprinter 
code. Each character begins with a start pulse, 
always a "space," and ends with a "stop" pulse, 
always a "mark." The distribution of marks and 
spaces in the five elements between start and stop 
determi nes the particular character transmitted. 

Teleprinter Code 

In the special code used for teleprinter opera
tion, every character has five "elements" sent in 
sequence. Each element has two possible slates, 
either .. mark" or "space," which arc indicated by 
different types or electrical impulses (i.e .. mark 
might he indicated by a negative voltage and space 
by a positive voltage). At 60 wpm each clement 
occupies a time of 22 milliseconds. In addition, 
there is an intial "start" element (space), also 22 
ms long, to set the sending and receiving mecha
nisms in operation, and a terminal "stop" element 
(mark) 31 ms long, to end the operation itnd ready 
the machine for the next character. This sequence 
is illustrated in Fig. I SA-I, which shoM the letter 
G with its start and stop clements. 

At maximum machine speed, it takes 163 ms to 
send each character. This is the equivalent of 368 
operations per minute. At 75 wpm with this same 
code, 460 operations per minute result. and 600 
for 100 wpm. The letter code as ii appears on 
perforated tape is ~hown in Fig. l SA-2, where the 
black dots indicate marking pulses. Figures and 
arbitrary signs - punctuation. etc. - use the same 
set of code impulses as the alphabet, and are 
selected by shifting the carriage as in the case of an 
ordinary typewriter. The carriage shift is accomp
lished by transmitting either the "LTRS" or 
"FIGS" code symbol as required. There is also a 
"carriage return" code character to bring the 
carriage back to the starting position after the end 
of the line is reached on a page printer, and a "line 
feed" character to advance the page to the next 
line after a line is completed. 

Additional System Requirement• 

To be used in radio communication, the pulllcs 
(de) generated by the teletypewriter must be 
utilized in some way lo key a radio transmitter so 
they may be sent in prope1 sequem:e and 'Usable 
form to a distant point. At the receiving end the 
incoming signol must be converted into de pulses 
suitable for operating the printer. These functions, 

0 

'"'"" 

Fig. 15A-2 - Teleprinter letter 
code as it appears on perforated 
tape; start and stop elements do 
not appear. Elements are num
bered from top to bottom; dots 
indicate marking pulses. Numer
als, punctuation, and other arbi
trary symbols are secured by 
carriage shift. There are no 
lower-<:aSe letters on a teletype
writer using this &unit code. 
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Fig, 15A-3 - Block diagram showing the basic 
equipment required for amateur ATTY operation. 

shown in block form in Fig. ISA-3, are performed 
by electronic units known R:spectively as the 
Crequency-"'1irt keyer or RTIY modulator and 
rec:eiving converter or RTrV demodulator. 

The radio transmitter and receiver are quite 
conventional in design. Practically all the special 
features needed can be incorporated in the keyer 
and converter, so that most ordinary amateur 
equipment is suitable for RlTY with little or no 
modification. 

Transmissioo Methods 

II is quite possil>lc to transmit teleprinter 
signals by ordinary "on-ofr' or "make-break" 
keying such as Is used in regular hand-keyed cw 
transmission. In practice, however , frequency-shift 
keying is preferred because it give, definite pulses 
on both muk and space, which is an advantage in 
printer operation. Also. since fsk can be received 
by methods similar to those used for fm reception, 
there is considerable discrimination 11gains1 noise, 
both natur.tl and manmade, distributed uniformly 
across the receiver's pa.~sband. when the received 
signal is not loo weak. Both factors make for 
increased reliability in printer operation. 

Frequency-Shift Keying 

On the vhf bands where A2 transmission is 
permitted. audio frequency-shift keying (af~k) is 
generally used. In this case the rf carrier is 
transmitted continuously, the pulses being trans
milled by frequency-shifted tone modulation. The 
11udio frequencies used have been more-or-less 
standardized at 2125 and 2975 Hz, the shift being 
850 Hz. (These frequencies arc the Sth and 7th 
harmonics, respectively, of 425 Hz, which is half 
the shift frequency, and thus are convenient for 
calibration and alignment purposes.) With afsk, the 
lower audio frequency is customarily used for 
mark and the higher for space. 

Below SO MHz, Fl or fsk emission must be 
used. The carrier Is on continuously, but its 
frequency is shifted to represent marks and spaces. 
General practice with fsk is to use a frequency shift 
of 850 Hz, although FCC regulations permit the 
use of any value of frequency shift up lo 900 Hz. 
The smaller values of shift have been shown to 
have a signal-to-noise-ratio advantage, and 170-Hz 
shift is cunently being used by a number of 
amateurs. The nomimtl transmitter frequency is the 
mark condition and the frequency is shifted 850 
Hz (or whatever shift may have been chosen) lower 
for the space signal. 

RITY with SSB Transmitters 

A number of amateurs operating RTI'Y in the 
hf bands. below 30 MHz, are using audio tones fed 
into the microphone input of an ssb transmitter. 
With propedy designed and constructed equipment 
which is correctly adjusted, this provides a satisfac
tory method of obtaining Fl emission. The user 
should make certain, however, that audio distor
tion, carrier, and unwanted sidebands are not 
present to the degree of causing interference in 
receiving equipment of good engineering design. 
The user should also make certain that the equip
ment is capable of withstanding the higlier-than
normal average powtr involved. The RITV signal is 
transmitted with a 100-percent duty cycle, i.e., the 
average-to-peak power ratio is 1, while ordinary 
speech wavefonns generally have duty cycles in the 
order of 25 percent or less. Many ssb transmitters, 
such a.s those using sweep-tube final amplifiers, are 
designed only for low-duty-cycle use. Power-supply 
components, such as the plate-voltage transformer, 
may also be rated for light-duty use only. As a 
general rule when using ssb equipment for RTIY 
operation, the de input power to the final PA stage 
should be no more than twice the plate dissipation 
rating of the PA tube or tubes. 

FREQUENCY-SH IFT KEVERS 
The keyboard contacts of the teletypewriter 

actuate a dircct-cum:nt circuit that operates the 
printer magnets. In the .. resting" condition the 
contact.~ are closed (mark). In operation ahc 
contacts open for "space." Because of the presence 
of de voltage acro~s the open keyboard contacts in 
such an arrangement, they cannot normally be 
used directly to frequency-shift-key another cir
cuit. Isolation in the form of a keying relay or 
electronic switching is ordinarily used. 

Saturated-Diode Keying 

Perhaps the simplest satisfactory circuit for 
frequency-shift keying a VFO is the one shown in 
Fig. 1. This uses a diode to switch a capacitor in 
and out of the circuit, and iB intended for use in a 
transmitter which heterodynes the VFO signal lo 
the operating frequency. Because of the small 
number of parts required for the modification, 
they can often be mounted on a small homemade 
subchassls, which in turn is mounted along,,;ide the 
VFO tube. Connection to the VFO circuit can be 
made: by removing the tube from its socket, 
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I 
wrapping the connecting lead around the tube's 
cathode pin, and reinserting the tube in its socket. 
The variable capacitors are adjusted for the des.ired 
shifts. Once set, the shifts will remain constant for 
all bands of operation. With this circuit Ulc VFO 
frequency will be lower on space when the fsk 
driver of the R1TY demodulator shown later is 
used. If VFO "sideband inversion" takes place in a 
mixer stage of the transmitter, it will be necessary 
to key from the afsk driver output of the demodu
lator to !lend a signal which is "right side up." 

Be sure to use an NPO type miniature ceramic 
trimmer for best stability. Use only an rf choke 
wound on a ceramic form. Ferrite or iron-core 
types are not suitable because of exce!ISive internal 
capacitance, so the National type R-100 is recom
mended. Use only the 1N270 diode specified. This 
diode is a special high-conductance computer type 
which provides maximum circuit Q, avoiding varia
tion~ in oscillator OU tput level. 

"Shift-Pot" Keying Circuit 

The circuit of Fig. 2 may be used with 
transmitters having a VFO followed by frequency
multiplying stages. The amount of frequency mul
tiplication in such transmitters changes from one 
amateur band to another, and to maintain a 
constant transmitted frequency shift readjustment 
is necessary during band changes. In thi1 circuit the 
natural VFO frequency is used for mark, and for 
space the frequency is lowered somewhat depend
ing on the cunent flowing through CR!. Rl 
adju~ls this current, and therefore contro~ lh_e 
amount of rrequency shift. As shown, the cucwt 
may be keyed by the fsk driver stage or the RTfY 
demodulator shown later. If a keying relay is 
used, QI may be omitted and the keying contacts 
(closed on mark, open on space) connected direct· 
ly from the junction of RI and R2 to ground. 

Leads inside the VFO compartment should be 
kept as short as possible. Lead length to the 
remainder of the circuit is not critical, but lo avoid 
inducing rf or 60-Hz hum into the circuit, shielded 
wiring should be used for runs longer than a few 
inches. Positive voltages other than 150 may be 
used for the bias supply; the value and wattage of 
R3 should be chosen to supply a current of 2 mA 
or more to the 6.S-V Zener diode. 
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Ill .... 
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..... 
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~ v,o 
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Fig. 2 - "Shift-pot" frequency-shift keyer circuit. 
The shift-adjus1ment control may be remoted from 
the VFO circuit. 
CR2 - Zener, 6.5-V 400 mW 11 N710 or equiv.I. 
R1 - Linear-taper control, low wanage. 
Q1 - Audio 1ransi11or, npn silicon !Motorola 

MPS3394 or equiv.I. 

AN RTTY DEMODULATOR 

Fig. -1 on page 462 shows the diagram of a 
solid-state demodulator which can be built for 
approximately $60. Using surplus 88-mH toroidal 
inductors, 1 the discriminator filters operate with 
audio tones of 2125 and 2295 Hz for copying 
1 70-Hz shift, which is used almost exclusively on 
the amateur bands these days. 

The demodulator is intended to be operated 
from a 500-ohm source. If only a 4- or 8-ohm 
speaker output is available at the receiver, a small 
line to voice-coil transformer should be used 
between the receiver and the demodulator to 
provide the proper impedance match. An 
integrated-circuit operational amplifier, having very 
high-gain capability, ill used for Ule limiter. The 
discriminator lilters and detectors convert the 
shifting audio tones Into de pulses which are 
amplified in the slicer section. The ~yer transistor, 

1 See QST H&m•Ads to, suppliers of 88•mH 
toroids. 
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Q5, contmls the printer selector magnets, which 
should be wired for 60-mA operation. The tele
printer keyboard is to be connected in series witft 
the printer magnets, both being connected to the 
demodulator via 13. Typing at the keyboard will 
then produce local copy on the printer and will 
also produce voltages at JI and J2 for frequency
shift keying a transmitter 01 an audio oscillatm. 

The autoprint and motor-delay section provides 
op tionaJ features which are not necessary for basic 
operation. This section provides a simulated mark 
signal at the keyer when no RTTY signal is being 
received, preventing cw signals and random noise 
from printing "garble" at the printer. The motor
control circuit energizes the teleprinter motor in 
the presence of an RTTY signal, but turns off the 

INPUT LIMITER 

SLICER 

OPTIONAL TUNING-INDICATOR 
CIRCUIT 

+12V 
SCOPE. 

(MAllK) 

motor should there be no RITY signal present for 
approximately 30 seconds. 

Adju!tmenl! 

With a VTVM, measure the +12-V supply 
potential Ground the audio input to the de
modulator, and connect the VTVM to pin 3 of the 
IC. Adjust RI through it~ total range, and note 
that the voltage changes from approximately 1.6 V 
at either extreme to about +6 V at the center 
setting of Rl. Perfonn a coarse adjustment of RI 
by setting it for a peak meter reading, approxi
mately +6 V. Now move the VTVM lead to pin 6 
of the IC. Slowly adjust RI in either direction, and 
note that adjustment of just a small fraction of a 

KEVER 
OPTIONAL 

FSK DRIVER 

lKctPT U t•OICITIO, DICIIIAL 
'tlAUJU 0, C.1111.C 1 ':'illllCI ARI 
• IIIIC-o,'AAIO!i I tJf I ; OTHl!JIS 
-I JII i,cu,MIOI ( ,W 0- ,._., >; 
.... TMQI aM •• QNIII: 
Ill alOO 0 • II• I 000 000 

Pans for optional tuning-indicator circuit: 
CR22, CA23 - Silicon diode. 50 PAV or greater 

l1N4S16 or eQuiv.). 
Mt - 0-1 MA de meter (Shurite 8336 or aquiv.) 
031 - Audio transistor, npn silicon (Motorola MPS 

3394 or equiv.I 
R12 - 2000-ohm linear-tepar control, sub

miniature, for horizontal circuit-board mount
ing I Mallory MTC 23L4 or equiv.I. 
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AUTOPRINT AND MOTOR DELAY 
+J V +12V +160V 

S2 

POWER SUPPLY 

----...---0+160 
IOOK 
2W 

..:.r 
tJV 

120VAC Q5, Q12 MJE340 

81\ASSPLAT~ 

BRASS PLATE ?H' 
IS CONNECTED TO COLLECTOR 

Ct - Optional 
C2 - .033 µF, paper or Mylar, 75- or 100-volt 

rating. · 
C3 - .01 µF Mylar or disk, 600 volt. Ornit if af 

keying output is not used. 
CAt, CR2, CR7, CR8, CR9, CR15-CA18, Incl., 

CA20 - Silicon diode, !iO PRV or grei11Br(1N4816 
or equiv.) 

CR3-CR6, incl. - Germanium diode, type 1N270. 
CR10-CR14, incl. - Silicon rectifier, 400 PAV or 

greater (1N4004 or equiv.I. 
CR19 - Zener diode, 12-V, 1-W (Sarkes-Tarzian 

VA-12 or equiv.I. 

• G1 AND S! OPTtONAL FOR ST- 3 
ONLY. SEE DISCR. flL._TER S'EC.TION or 
TEXT. #: OMIT Cl ANO J1 IF AFSI< 
OUTPUi IS NOT USED 

UCE.PT AS INOIC4.H:C, CEC1114L 

VALUES o,:- CAPACITA.NC-£ .AR'[ 

120VAC 

IN MIC~F'tlRADS ( JIF' 1, OTt1[RS 

AR£ 11'11 Pl~FARAOSlpF 0~ JIJIIFI; 
R[Sl9T41r1CfS I..R[ IN OHW S: 

~ •1000.M•IOOOOOO 

CA21 - Zener diode, 4.3-V, 400-mW (1N4731 or 
equiv.). 

J1, J2 - Phone jacks. Omit J1 if af keying output 
is not used. 

J3 - Phone jack, single circuit, shorting. 
Kt - 110-V de relay, dpdt contacts with 10-A 

minimum rating (Potter and Brumfield type 
KA11 DG or equiv.). 

L1, L2 - 88 mH toroid. 
01, 06. 08, 09, 011, 021 - Audio transistor, npn 

silicon (Motorola MPS3394 or equiv.I. 
02, Q7, Q10 - Audio transistor, pnp silicon 

(Motorola MPS3702 or equiv.I. 
Q3, Q4 - General-purpose transistor, npn silicon 

(Motorola MPS2926 or equiv. I. 
Q5, 012 - Audio transistor, npn silicon, 300-V 

collector-emitter rating (Motorola MJE340 or 
equiv.). 

R1, R2 - 10,000-ohm linear taper control, sub
miniature, for horizontal circuit-board mount
ing (Mallory MTC-14L4 or equiv.I. 

R3 - 5600 ohms. 
R4 - 18,000 ohms. 
R5 - 82,000 ohms. 
R6 - 0.1 megohm. 
R7 - 1000 ohms. 
RS - 560 ohms. 
S1-S5, incl. - Spst toggle. S5 optional. 
T1 - Povver; primary 120 V; secondary 125 V 

(Chicago-Stancer PA-8421 or Triad N51-X or 
equiv.). 

T2 - Power; primary 120 V; secondary 12 V, 350 
mA (Chicago-Stancer P8391 or equiv.). 

Ul - Integrated-circuit operational amplifier, 
µA741 , T0-5 package. 

Fig. 1 - The ST-4 RTTV demodulator (by Hoff - from QST, April 19701. Unless otherwise indicated, 
resistors are 1/4-wan 10-percent tolerance. Capacitors with polarity indicated are electrolytic. De 
operating voltages are indicated in the limiter, slicer, keyer, and autoprint and motor delay circuits. All 
voltages are measured with respect to chassis ground ,vith a VTVM. In the slicer and keyer stages, voltage 
values above the line should appear with a mark tone present at the demcxlulator input, while values 
below the line appear with a space tone present. In the autoprint and motor delay circuit, voltage values 
above the line occur with a mark or space tone present while those values below the line are present with 
only receiver noise applied at the demodulator input. 



tum causes the voltage to swing from approxi
mately + 1 V to + 11 V. Carefully perform a fine 
adjustment of RI by setting it for a voltmeter 
reading of half the supply voltage, approximattily 
+6 V. Next, again measure the voltage at pin 3. If 
lhe potential is appro~im11tcly +6 V, RI is properly 
set. If the potential is in the range of +2 V or less, 
Rl is misadjusted, and the procedure thus far 
should he repealed. 

Next connect the VTVM to point A. With a 
mark-tone input, adjust lhc tone frequency for a 
maximum reading around -2.5 volts. Then change 
the lone for maximum reading on the space 
frequency. Adjust R2 until the voltages aJe equal. 

The ATTY demodulator may be constructed on a 
large circuit board which is mounted inside a 
standard aluminum chassis, as shown here. A 
decorative self-adhesive paper provides the grained
wood appearance . The meter is optional and 
provides a tuning indication for use in the hf 
amateur bands. 

With afsk at vhf, audio tones modulating the 
caJTier aJe fed from the receiver lo the RTTY 
demodulator. At hf, the BFO must be energized 
and the signal tuned as if it were a lower ~ideband 
signal for the proper pitches. If the tuning
indicator meter is used, the hf ~ignal should he 
tuned for an unfliclcering indication. A VfVM 
connected al point A of l'ig. l will give the same 
type of indication. An oscillmcope may be con
nected to the points indicated in the filter se~tion 
and u~ed for a tuning indicator, as shown in the 
accompanying photographs. 

Oscilloscope presentations of the 1ype obtained 
with the scope mark and scope space connections 
in the filter section are made . For these displays 
the mark frequency is displayed on the horizontal 
axis and the space frequency on the vertical axis . 
The signals appear as ellipses because some of the 
mark signal appears in the space channel and vice 
versa . Although only one frequency is present at a 
given instant, the persistence of the scope screen 
permits simultaneous observation of both fre 
quencies. The photo at the left shows a received 
signal during normal reception. while the photo at 
the right shows a signal during unusual conditions 
of selective fading, where the mark frequency is 
momentarily absent. 

AMATEUR TELEVISION (ATV) 

Television is not c;o.;actly new lo amateur radio. 
Enterprising amateurs have been playing with this 
branch of the electronics art for a matter of 45 
years or more. Files of QST dating back to the '20s 
offer proof that there was amateur television 
before many of our present-day amateur~ were 
born. The methods used then bore little resem
blance to the techniques employed today, but 
hams were sending and receiving pictures (or trying 
to) two generations ago. 

QST carried many articles on television from 
1925 on, and there was plenty of interest. But the 
work was being done by the motor-driven scanning 
disk method, and it was doomed to failure. Though 
many dollars and man-hours were spent on the 
problem. nobody succeeded in developing mechan
ical systems that were completely practical. As 
early as 1928, a QST author was pointing out the 
possibilities of electronic television, using the then 
rare-and..:xpensive cathode-ray tube. The days of 
the scanning disk were numbered. 

But predicting the coming of electronic tele
vision and bringing it about were two quite 
different matters . Though it had become fashion
able, by l 93 l, to say that "Television is just 
around the comer," the cathode-ray tube was a 
laboratory curiosity, and it was to remain so for 
some years to come, as far as most amateurs were 
concerned. Not until 193 7 was the subject of 

An actual 440-MHz TV picture transmitted with 
the equipment shown in Fig. 15B-2. 
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Fig. 15B-1 - Block diagram of the television system used by W2BK, formerly W2LNP. (From QST, 
June, 1950.1 

television to appear again in QST. By then the 
problems involved in electronic television were 
gradually being solved. U~ahle components were 
beginning to appear, and televi~ion experimental 
work loomed as a possible field for the more 
advanced amateur. For more than two years almost 
every issue of QST carried something on television, 
but it was mostly concerned with the receiving 
end. The generation of a television picture for 
l?allsmission was still considered to be beyond the 
radio amateur, until moderately priced iconoscope 
lubes were introduced for amateur use in 1940. 
TeleviRion transmitter and camera design were 
treated extensively in QST for 1940. 

·111c highly involved and expensive process 
required in getting on the air for actual television 
communication was just too much for most ama
teurs, and progress in amateur television slowed to 
a standstill until well into the postwar period. At 
that time, availability of most of the needed 
components on the surplus market gave amateur 
television the push that it had always needed, and 
the period since 1948 has seen more amateur TV 
activily than existed in all previous years com
bined. By 1960, color-TV signals were being 
transmitted by amateurs. 

From several cities in this country has come 
news of activity in amateur television. Much of the 
effort has been concerned with transmitting. The 
trend in this country has been to use tr11J1smitting 
systems that would tie in with those employed in 
commercial services, so that ordinllI}' home tele
vision receivers could be used for amateur work by 
the addition of a simple converter. In this country 
amateur TV is limited to lhe frequencies from 420 
MHz up, because of the bandwidth involved. 

Fig. 15B-2 - The transmitting portion of a 
complete ATV station. The video system utilizes a 
modified RCA TV Eye closed-circuit camera and 
control unit, shown at the lef t. The 440-MHz 
TV signal com11S out the BNC connector at the end 
of the mixer-amplifier chassis. The power supply 
and bias battery are also visible in the photograph. 
(From QST, November, 1962) 

A Novel Way lo Get Started 

The cost and complexity of TV gear has so far 
left most amateurs convinced thut television is not 
for tl1cm, but ways have been found to cut comen. 
There have been several ideas developed for bring
ing the transmission of television nearer to the 
abilities of the average experienced ham. One such 
simplified system was developed by J. R. Popkin
Clurman, W2LNP, later to become W2BK. This 
system simplifie• matters for the ham who would 
like lo transmit uanspnrencies (film negatives or 
positives, movies, diagrams, visual messages) with
out going into the complexities of camera design 
and construction. It also leis a local TV station and 
a standard TV receiver do some of the work, es 
shown in block-diagram form in Fig. 15 B-1. A 
standard TV rcctiiver iR tuned to a local stl!tion and 
the lead from the receiver video amplifier to the 
cathode-ray tube is disconnected and the output of 
the amplifier is fed lo a blanking generator. The 
output of the blanking generator is applied to the 
receiYer cathode-ray tube, the raste1 of which is 
used as a light !.OUrce. 

In the simplest fonn of picture transmission, a 
ll'llnsparency is placed directly on the race of the 
cathode-ny tube, wh.ich for this purpose can be 
almost any type, including those with P-7 phos
phor. Light from the raster. passing through the 
transparency, is picked up by a photo tube and 
multiplier and fed to a video-amplifier unit that 
includes a high-frequency peaker and possibly a 
video phase inverter. The latter is used only if it I~ 
desired to transmit negatives in positive ronn. 
Afte1 pa.~sing through a clipper and blanking 
inserter and a mber, the signal is ready for the 
modulator and transmitter. Sound and video :ue 
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transmitted on the same channel, fint by rrequen
cy modulating a 4.5-MHz oscillator. The 420-MHz 
transmitter is modulated simultaneously with this 
signal and the video. by means of the video-sound 
modulator. 

TI1e signal lhus transmitted has all the charac
teristics of a commercial video tran!m ission, and 
may be received on any standard home television 
receiver equipped with a 420-MHz converter. In 
the absence of a local 1V stilt.ion it is merely 
necessary to derive the sync and blanking from the 
receiver's own sweep circuits. In this case the 
picture will have only 262 lines, noninterlaced. It 
retains the same horizontal resolution. but the 
vertical resolution is reduced. In this type of 
operation it is desirable to sync the vertical to the 
60-Hz power supply, to reduce hum effects. 

The photo tube may be 11 931-A multiplier 
tyre, available as surplus. The output of the photo 
tube is fed into a series of video amplifiers. one of 
which is a high-frequency peakcr. Tius is necessary 
to compensate for the build-up and decay times of 
the cathode-ray tube's phosphor screen. 

The rf section of the transmitter is crystal
controllcd. The receiver has a crystal mixer and a 
6J6 oscillator, followed by a cascode amplifier 
working into a home television receiver. The 
channel used for the i-f should be one that is not in 
use locally, and should be in the low•lV band for 
best results. 

The system may be adapted for transmission of 
movies. A rum-projector light source is removed. 
and the photo tube installed in its place. A 60-Hz 
synchronous motor is used to drive the film 
sprocket and lhe film is run at 30 frames per 
second instead of 16 or 24. It is necessary to blank 
the raster during the film pull-down time. Pictures 
of live subjects may also be transmitted by 
projecting the light from the raster on the subject 

and collecting the renected light with a condens
ing-lens system for the photo tube. Considerably 
greater light is needed than for transparencies, and 
a 5TP4 or a 5WP15 projection cathode-ray tube, 
with its associated high voltage, is suitable. 

Adapting aosed-C'ircuit 1V Systems 

By adapting closed-circuit 1V systems, a num
ber of amateurs have been able to get a picture on 
the air without having to struggle with cut-and-try 
methods, not to mention the mechanical problems 
of camera construction. A m;inufacturcd TV cam
era and control unit ure used, along with home
built rf sections necessary for the A 1V station. 
Such a system is not restricted to sending slides or 
stills. It is capable of transmitting a moving picture 
of professional quality. Such a station is shown in 
Fig. 158-2. 

Many closed-circuit TV cameras provide a 
picture signal on any regular 1V channel from 2 to 
6, inclusive. In a typical system, the camera 
contains a vidicon camera tube, a three-stage video 
amplifier, a video output stage, a 55- to 85-Mllz 
tunable oscillator, and a modulator stage that 
combines the rf, video, and sync signals from a 
control unit. The conuol unit contains the hori
zontal and vertical deflection circuits for the 
vidicon tube, a protective circuit that prevents 
damage to the vidicon in the event of a sweep
circuit failure, a blanking and vertical sync stage, 
and the power supply. For use in an A TV station, 
most amateurs choose to modify the camera 
oscillator circuit to provide crystal-controlled op
eration on a locally unused low TV channel. In this 
way, a regular TV receiver can be used as a 
monitor. TI1e video-modulated rf signal from the 
camera is fed through amplifier and mixer stages to 
derive the transmitted video signal. For reception, 
a converter is used ahead of a regular 1V receiver. 

SLOW-SCAN TELEVISION (SSTV) 

Because of the required bandwidth, amateur 
TV transmissions in this country are limited to the 
frequencies above 420 MHz. With essentially line
of-sight propagation of signals at these frequencies, 
it has always been necessary for an amateur 
wishing to engage in ATV to interest another local 

Fig. St C-1 - A typical slow-scan TV picture. 

amateur in this mode, or for him to work into a 
local group which may already be active if he did 
not wish to transmit pictures merely for his own 
amusement. For this reason, A 1V has had little to 
offer to the amateur who lives in a sparsely 
populated 1110a, perhaps hundreds of miles from 
any large city. Slow-scan 1V, on the other hand , 
offers a great deal. By using voice-channel band
width~. SSlV transmissions may be used in any 
amateur band except 160 meters. The amateur in 
the sparsely populated area can exchange pictures 
with the fellows in the big city, the next state, or 
even with fellows in other countries. 

Work in the area of SSTV was pioneered by a 
group of amateurs headed by Copthome Mac
donald, W4ZII (later to become in succession, 
WA2BCW, WA0NLQ. WA2FU. and WIGNQ). 
The first of Macdonald's several articles on the 
subject appeared in QST in 1958. Early on-the-air 
tests took place in the then-available I I-meter 
shared band, the only hf amateur band where 
"facsimile" transmissions were permitted. The 
video information was transmitted as amplitude 
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modulation of a 2000-Hz subcarricr tone, which in 
tum was fed into the speech-amplifier circuits of a 
conventional lranmtltter. 

The loss to U.S. amateurs of the 27-MHz band 
in September 1958 did much to dampen the 
enthu~asm of would-be slow scanners. However, 
special temporary authorizations were granted by 
the FCC to a few amateurs for the purpose of 
making c:<pcrimental SSTV transmissions, fir,;t on 
10 meter~. and later on 20 meter,. Tests by 
WA28CW and others in 1959 and 1960 indicated 
that signal fading and interfering transmissions 
from other stations caused considerable degrading 
of pictures received from subcarrier a·m (scam) 
ltansmissions. This led to experiments with subcar
rier rm (scfm) lransmw;ions. aod the superiority of 
this technique for average propagation conditions 
was immediately recognized. The resulting stan
dards proposed by Macdonald in January 1961 
have since been adapted and are in use today (see 
Table I). In the scfm system, the frequency of the 
audio lone conveys the video information, with 
1500 Hz representing black and 2300 Hz represent
ing white. Intermediate shades of gray are transmit
ted with intermediate-frequency tones . Tones of 
1200 Hz (ultrablaclc) are used to transmit vertical 
and horizontal sync pulses. The success of experi
ments in the mid '60s on 20 meters with scrm, and 
especially the fact that SSTV occupies a normal 
voice-chllllnel bandwidth with no side-frequency 
products to cause interference on adjacent chan
nels, led to changes in the Fcr rules. 

SSTV Emissio11s 

Sin~c August 1968, narrow-band AS and F5 
emissions (SSTV) have been permitted in the 
Advanced and Extra Class portions of 75, 40, 20 
and IS meters, in all but the cw-only portions of 
10, 6 , and 2 meters, and the entire amateur range 
above 220 MHz. The regulations pennit the trans
mission of independent sidebands, with picture 
information contained in one sideband and voioc in 
the other. Few amateur.; today are equipped for 
this type of operation, however. The usual practice 
is to intersperse piclllre transmissions with voice 
transmissions on single sideband. 

A stipula lion in the U.S. regulations limits the 
bandwidth of AS or F5 emissiom below 50 MHz; 
they must not exceed that of an A3 single-sideband 
cmi~~ion, opproximatcly 3000 Hz . Thia precludes 
the u~c of an a-m transmitter with the standard 
SSTV ~ubcarrier tones. Most amateun operating in 
the hf bands feed the video infonnation as a 
varying-frequency tone into the microphone input 
of an ssb transmitter, and with earner suppre~5ion, 
f5 cmi.'ISion results. A seldom-used but quite 
fc.uible alternative is to frequency modulate an rf 
Dl'!cillator with video signals from the camera. 

Because of the narrow bandwidth used, tape 
recordings of SSTV video signals can be made with 
an ordinary audio tape recorder running al 3 3/4 
inches per ~econd. Nearly every slow scanner 
pn:~crvcs some of his on-the-air contacts on tape, 
and most prepare an interesting program to be 
transmitted. A good number of amateur~ begin 
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The SSTV Viewing Adapter with the top cover 
rem011ed. The adapter may be constructed on 
Vectorbord, as shown . The transformer near the 
rear Oeft) is in rhe power supply circuit; the one 
near the front is in the 11id1to detector stage . On the 
front panel are the power switch and indicator, the 
manual 11erticaHweep push bunon, and vertical 
;ync control. Phone jacks on the rear panel are for 
:onnections to the oscilloscope and receiver . Two 
:ianana jacks are used for the CRT connections, 
(Originally described in QST for June, 1970, by 
W7ABW and W7FEN .) 

making two-way picture transmissions while 
equipped with nothing more than a receiving 
monitor and a tape recorder, in addition to 
ordinary station equipment. In lieu of a camera, 
they enlist the aid of a friend having the proper 
equipment to prepare a taped program which is 
sent during transmissions. Because of the slow 
frame rate with SSTV (one picture every 7 or 8 
seconds), live picture~ of anythlng except still 
subjects arc impractical. Viewing a series of SSTV 
frames has frequently been compared to viewing a 
series of projected photographic slides. 

Experiments arc currently being made with the 
ttansmi~~ion of color pictures by SSTV. Various 
techniques are being used, but in essence the 
process involves the sending of three separate 
uames of the same picture, ~ith a red, a blue, and 

TABLE I 

Amateur Slow-Scan Standard~ 

Sweep Rates: 
Horizontal 

60-Hz Are.,.. 

15 Hz 
(60 Hz/4) 

Vertical 

No. o( Scanning Lines 
Aspect Ratio 
Direction or Scan : 

I! sec. 

110 
I : 1 

50-Hz Ana~ 

16 2/3 Hz 
(50 Hz/J) 

7.2 sec. 

120 
1:1 

Horizontal Left to Righi Left co Righi 
Vertical Top lo Bottom Top lo Bottom 

Sync Pulse Dural ion : 
Horizontal 
Vertical 

Sub carrier Freq,: 
Sync 
Black 
White 

Req. Trans. 
Bandwidth 

5 ntillisec . 
30 millisec. 

1200 Hz 
IS00 Hz 
2300 Hz 

5 millisec. 
30 millisec . 

1200 Hz 
1500 Hz 
2300 Hz 

1.0 to 2.5 kHz 1.0 to 2.5 kHz 
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VIDEO AMP 

IN645 

SQUARER 

2200 

""' 

DETECTOR 
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1 
I 

SWEEP 
FOLLOWER 

CRT GFOO 
RESISTOfl 

♦ ISV 

470 TO SC0Pl 
~fRTICAL 
INPUT 

Jl 

BOTTOM VIEW EXCEP AS IHDICATED, OECl lifAL YAWES 0 ~ 

CAPA ANCE t.RE IN MICROf"ARAOS l Jlf 1 ; 
OTHERS ARE PtCOrARAOS t pF OR }IJIFl : 
RESISTANCES :.RE l"t OHMS : k~ 1000. 

Fig. 1 - Schematic diagram of the slow-scan adaprer. Capacitors with polaritv indicated are electrolytic, 
others are ceramic o r paper, except as indicated. Variable resistors are composition controls, linear taper. 
Resistors are 1 /2-watt. 
C1 -4-µF, 25-volt. nonpolarized tantalum. 
C2 - 2-µF, 25-volt, Mylar. 
J1-J3, incl. - Phono jack, 
L1 , L2 - Variable inductor, approx. 200 mH 

!Miller 6330 , UTC HVC-6, or Stancer WC-14). 
L3 - 10-H, low-current choke, 3000-volt insula

tion from ground (Burstein-Applebee 1BA959). 

a green filter ~uccessively placed in front of the 
camera lens tor each of the three frame,. At the 
receiving end of the circuit, corresponding filters 
are u~ed and each frame is photographed on color 
film. After a tricolor exposure is made, the 
photograph is developed and printed in the normal 
manner. The use of Polaroid camera equipment 
with color film is popular in this work because it 
affords on-the-spot processing. Color reproduction 
by this technique can be quite good. 

SLOW-SCAN TV VIEWING ADAPTER 
FOR OSCILLOSCOPES 

The slow-scan TV adapter shown in Figs. 1-4, 
incl. , permits the ham with an oscilloscope to 
view slow-scan TV with a minimum of investment 
and effort. The adapter has been used successfully 
with several oscilloscopes, including the Tektronix 
514, Dumont 304, Heathkit 10-18, Heathkit 
10-10, and a Navy surplus scope, OS-BB. 

01-09, incl. - 2N718, 2N697, 2N2222, or 
2N3641-3. 

T l - 6.3-volt, low current, 3000-volt insulation. 
U1 - Operational amplifier !Fairchild µA700, 

Texas Instruments SN6715 or Motorola 
SC4070G). 

The oscilloscope's horizontal scan must be able 
to synchronize from an o:xtemal trigger at 15 Hz. 
The scope should have a de vertical input that will 
accept 10 volts. If the scope does not have a de 
input, the vertical deflection amplifier may be able 
to be driven directly. The circuit shown in Fig. 3 
wa~ used with the Heath 10-18. This arrangement 
should be adaptable to other scopes not having a 
de input, but Rl and R2 would have to be scaled 
to provide proper centering. 

Most oscilloscopes have cathode-ray tubes with 
a PJ phosphor. The Pl phosphor is of short 
persistence, which is not suitable for slow-s.can TV. 
Therefore, the Pl tube should be replaced with a 
P7-phosphor tube which has the long persistence 
required. The last two characters of the CRT type 
usually indkate the pho~phor, and most types are 
available in several different phosphors. The Heath 
[0-18 uses a SUPI which was replaced with a 5UP7 
at a cost of less than $15.00.l If a direct substitute 
cannot be found, it may be possible to find a 
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Fig. 2 - At A. a circuit which may be added to increase the contrast of the SSTV adapter. and at B. an 
alternative circuit using surplus 88-mH toroidal inductors for L1 and L2. It the circuit of A is used, ttte 
18,000-and 22,000-ohm resistOf'S shown connected to ttte base of 01 in Fig. 1 are unnecessary. 

surplus CRT of another type which will function. 
The Dumont 304 used a SABPl CRT, which was 
replaced with a SCP7. This CRT was obtained on 
the surplus market for less than SS.00.2 If the 
purchase of a new oscilloscope is anticipated, a 
P7-phosphor cathode-ray tube ~hould be requested. 

Adapter Circuit Design 

The schematic diagram of the slow-scan TV 
converter is shown in Fig. I . The slow-5ean signal 
from the audio output of a communications 
receiver, tape recorder, or other source is fed into 
the input of an integratcd<ircuit operational amp
lifier having a gain of 300. Therefore , a 0.1-volt ac 
peak-to-peak signal causes the amplifier to limit at 
the supply voltages, and the limited output will be 
approximately 28 volts ac peak-to-peak. The limit
ed signal is then fed to a series video discriminator. 
The output of the video discriminator is fed to QI, 
a video amplifier with a 6.3-volt ac filament 
transformer as a coUector load. The transformer is 
used to provide voltage step-up. A transformer 
with 3000-volt insulation from ground is used, as 
the CRT grid circuit has a 1400-volt potential 
which must be insulated from ground. The video is 
then full-wave rectified and fed to a 1000-Hz tilter. 
The output video de is then connected across the 
scope CRT's series grid resistor to modulate the 
CRT intensity. 

The output of the video discriminator is also 
fed to a 1200-Hz sync discriminator. This circuit 
pa.'ISes only the 1200-Hz sync pulses. The I 200-Hz 
sync pulses are then rectified, filtered and fed to a 
two-stage amplifier, Q2 and Q3. The.output of this 
squuer provides 15-volt sync pulses. 

A 5-volt sawtooth voltage is requirl:d ror 
vertical sweep on the oscilloscope. This voltage 
should have a very fast rise time and a lineu decay. 
A sync separator circuit is used to separate the 
30-ms vertical pulses from the 5-ms horizontal 
pulses. The vertical pulses are fed into the vertical 
trigger, a one-shot multivibrator. Provision is made 

1 Available from Barry Electronic,, 612 Broad
way New York, NY 10012. 

~ Catalog SC2799P7_. Faw Radio Sales, P, 0. 
Box 1105, Lima, OH 45n02. 

for manually triggering the vertical sweep with a 
front-panel push button, SI, in case a vertical sync 
pulse is missed. The multivibrator triggers a transis
tor switch, Q6, that instantaneously charges C2 
every time a vertical sync pulse is received. This 
capacitor is discharged at a linear rate through Q7. 
The base ofQ7 is biased by two diodes at 1.2 volts. 
Thus, the current through the 0.47-megohrn 
emitter resistor is held al a constant value, giving a 
linear voltage discharge across C2. This sawtooth 
voltage is sampled by a Darlington transistor 
foUower, Q8 and Q9, whose output will sweep 
from 10 lo S volts de when receiving slow-scan TV. 
The value of 5 volts was chosen so that when a 
signal is not present, the dot on the scope CRT will 
be off the ~creen. 

If the capability for high contrast is desired, the 
video ~ignal level may be increased by adding a 
2N7 I 8 transistor ahead of QI, as shown in Fig. 2A. 
For those who wish to use 88-mH toroids in place 
of the variable inductors, L1 and L2, the circuit of 
Fig. 28 may be used. 

Construction 

The layout is relatively nom.'Iitical with the 
exception of the 6-volt ac filament transformer 
which will have high voltage on the secondary, so 
necessary precautions must be taken. It should be 
mounted away from the power transformer to 
minimize hum pickup. High-voltage wire Is used lo 
bring the CRT grid connection into the unit. 
Sockets were used for the IC amplifier and 
transistors; however, the components can be 
soldered directly into the circuit The vertical-scan 
output lead should be shielded. Several types of 
transiston may be used; the circuit was designed 
for devices with a minimum beta of 50. A variety 
of integrated operational amplifiers may be used; 
however, the 709 was chosen because of its low 
cost and availability. 

Scope Modification 

The potential between the CRT's control grid 
and the cathode varies the intensity. The control 
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Fig. 3 - Amplifier circuit to provide a de vertical 
input for ac-only oscilloscopes. Capacitors are 
ceramic, and resistors are 1/2-wan. The switch, S1, 
may be any convenient type. The operational 
amplif ier, U1, is a Fairchild µA709. Al and R2 
should be adjusted in value to give proper 
centering, If necessary. 

grid usually has an isolation resistor in series with 
the negative voltage lead. Video rrom the converter 
is connected across this resistor to vary the 
intensity of the CRT. This resistor should be at 
least 100 kil If it is not this large in the existing 
scope circuit, it should be changed. This will have 
no effect on the scope's operation, since this 
control grid draW5 no current. There is usually 
ample room on most scopes to install two addition
al insulated jacks on the terminal board that has 
the direct deflcction-pla te connections. 

Adjustment 

I) Connect the scope's vertical input to test 
point l. 

2) Connect a 2350-Hz ~i&nal to the input and 
adjust the video discriminator coil LI for minimum 
indication on the ,cope. This is usuaJly with the 
&lug fully inserted. 

3) Connect the scope to test point 2. Change 
the input to 1200 Hz and peak the sync discrimina-

Fig. 4 - Power supply for the adepter . Capacitors 
are electrolytic. Resistors are 1 /2-wan unless other
wise specified. 
CR1-CR4, incl. - Sil icon type, 200 PRV or greater 

(Motorola 1 N4002, 1 N4004 or 1 N40071. 
CRS, CR6 - 15-volt, 1-wan Zener ICentralab 

A4128-4, Unitriode Uz715). 
Pl - Fused line plug. 
S1 - Toggle. 
T1 - 4Cklolt ct, 100 mA (Triad F90X). 

tor coil L2 for maximum indication on the scope. 
Connect a de voltmeter between the collector of 
03 (.ync level) and ground. With a 1300-Hz tone 
fed Lo the input of the adapter, adjust the 50,000 
ohm sync adjust conuol to the point where the de 
voltmeter just reads -+-1 S volts. 

4) Make the connections from the adpatcr to 
the oscilloscope's external sync, vertical input, and 
the CRT grid. 

5) Connect the adapter's input to the receiver 
or tape recorder. 

6) Set the contrast conlrol at midposition and 
the sync control to maximum. 

7) Adjust lhc scope's sweep to 15 Hz for 
trigger lock. 

8) Adjust the size of the raster with the scope 
horizontal and vertical size controls until a square 
raster is obtained. 

9) Adjust the adapter contrast and the scope 
intensity controls until a clear picture is obtained. 
If the picture is negative, the connections to the 
CRT grid should be reversed. 

10) When a picture is obtained, the sync 
level should be adjusted to a point just before 
sync is lost. This will eliminate faJse triggering 
when copying weak signals and, if a vertical sync 
pulse is misMld, the manuaJ trigger can be used. 

The finished adapter can be finally te5ted in 
several ways: 

1) Tune to one of lhe SS1V frequencies listed 
below and look for a sta tion transmitting SS1V. 
Tune the signal as you nonnally would for ssb. It is 
a good idea to tape-record a few pictures off the air 
- they then can be played back as often as 
necessary while adjusting the adapter. 

2) Send n blank recording tape {with return 
postage) to any amateur who is equipped with an 
SSTV flying-~pot scanner or camera. All amateurs 
in this field are happy to make a tape to get K 

newcomer going. 
3) Listen to the SS1V frequencies. You may 

find a nearby :imateur is on the air with SSTV. 
You can take your adapter to his shack to try ii 
directly on a picture generator. 

The slow-scan TV adapter has given good 
picture• on the scopes tried. A hood sbould be 
provided around the CRT face for direct viewing. 
Scopes with CRT tubes that have an accelerator 
will provide a brighter scan. The Heath 10-18 scope 
uses a CRT without the accelerator, and the 
brightness was noticeably less than others tried. 

At the present time, most SSTV operation 
takes place on 20 meters, on or above 
14,230 kHz. Local nets operate on 3845 
kHz. Other hi calling and working frequen
cies are 7171, 21,340, and 28,680 kHz. ( t n 
the U.S., SSTV emissions ere authorized in 
the Advanced and Extra Class portions of all 
hf phone bands.I Stations from all conti
nents are to be found on SSTV. The DX 
capability of SSTV is being demonstrated 
daily by picture e><changes between the U.S. 
and Canada and foreign amateurs. 
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FACSI MILE 

Facsimile (FAX) is an electronic or electro
mechanical process by which graphic information 
is trammitted by wire or by radio to a distant 
receiving point, where ii is recorded in a permanent 
printed form. Common uses of FAX include the 
transmission of maps. schematic diagrams, 
drawings, photographs, and other fixed images. At 
the present time, amplitude modulated facsimile 
(A4) is permitted in the U.S. on six meters 
betw0en 50.1 and 54.0 MHz, on two meters 
between 144.1 and 148.0 MHz, and on all amateur 
frequencies above 220 MHz. Frequency modulated 
facsimile (F4) is permitted on all amateur frequen
cies above 220 MHz. 

FAX TRANSMISSION 

The most common method of converting writ
ten o r printed images into the electrical signals 
used for modulating a transmitter involves photo
electric scanning. The material to be transmitted is 
wrapped around a cylinder or drum which is 
rotated about its longitudinal axis, while a tiny 
spot of light is projected on the surface of the 
material. The reflected light from the subject copy 
is focused on a photoconductive tube or photo
multiplier. The amplified output of the phototube 
is an electrical analog of the varying light in
tensities reflected from the information being 
scanned. Each rotation of the drum provides one 
scanning line. As the drum turns, it is slowly 
moved laterally by a lead screw, causing !!light 
separation of adjacent scanning lines. In this 
manner, t he scanning beam strikes the subject copy 
in the form of a helix. 

The band of frequencies that the output of the 
phototube occupies is called the baseband. The 
baseband ordinarily consists of varying de levels 
(which represent the range of densities from white 
to black on the copy) and frequencies in the low 
audio and subaudio range (which arise from the 
rapid llansitions between the various densities 
encountered by the scanning beam). On some 
systems, maximum output is interpreted as white, 
minimum output is interpreted as black, and 
intermediate values represent shades of grey. Other 
systems u~ the opposite scheme. The baseband 
Mgnal may be used lo vary the frequency of a 
voltage-controlled oscillator, in order to generate 
11n rm subcarrier (not unlike an SSTV subcarrier) in 
which the highest frequency represents white, the 
lowest frequency represents black, and inter
mediate frequencies represent grey (or vice-versa). 
Alternatively, the baseband signal may be used to 
va,y the amplitude or a constant-frequent.-y sul>
carrier. 

Another method sometimes u~ed is to interrupt 
the renected light from the subject copy by placing 
a chopper wheel between the light source and the 
phototube. ff the light is interrupted 2400 times 
per second, the output of the phototube is an 
amplitude modulated 2400-Hz subcarrier. T his 
system is used in the Western Un.ion Telefax 
transceiven described later in thb chapter. 

The Telefa,c transceiver with cove,- removed. The 
shaft along which the drum trave~es is visible at 
the left of the drum. The photo-optic assembly 
may be seen on the right-hand side of the chassis 
just behind the drum. · 

RECEIVING FAX 

Most FAX receiving systems available to the 
amateur operate on an electromechanical basis, 
Received a·m wbcarrier signals may be demodu
lated with a diode or other envelope detector. Fm 
signals are first passed through a limiter lo remove 
amplitude variations, and then tbrnugh a discrimi
nator and detector. The output from the detector 
in either case is a varying de signal corresponding 
to the lightness and darkness variation in the 
subject material There are several methods cur
rently used to tran~f'cr the varying de signal into a 
printed record of the original copy. Some of the 
more common processes include the use of electro
lytic paper, electrothermal paper, and photosen
sitive paper. 

The action of electrolytic paper is based on the 
change or color that results from the passage of an 
electric current through an iron stylus and paper 
treated with a special electrolyte. A sheet of paper 
is wrapped around a metal drum on the receiving 
machine , and the amplified signal voltage is applied 
between the pointed stylus and the drum. The 
variation in currant caused by the signal voltage 
appears as variations in the darkness of the paper. 
The drum rotates, and simultaneously either the 
drum or the stylus moves laterally, in order 10 

separate the adjacent lines. A drum and stylus are 
used with electrothermal paper. which has a 
coating that breaks down chemically when nn 
electric current p1tsse5 through it , and changes 
color according to the strength of the current. A 
lamp replaces the stylus when photosensitive paper 
is being used. The demodulated signal voltage is 
used to modulate the intensity of the light source, 
which exposes the poper. The paper is usually 
wrapped around a rotating cylinder {as in the 
previous cues). After exposure, the paper must be 
processed in a darkroom. Many modern fac~imlle 
recorders use a "n1t1 paper" process whereby it is 
not necessary to place the sensitive recording 
nuterial around a cylinder. Instead, the paper is 
continuoudy drawn from a roll across a Oat 
"writing surface," and an electrode moves across 
this surface in synchronism with the drum revolu
tion speed at the llansmitter. 
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Synchronization 
It i5 important that the speeds of the FAX 

transmitter drum and FAX receiver drum be as 
close to identkal as po~sible. Failure lo match the 
speed~ will result In diagonal tearing or skewing of 
the received copy. In practice, synchronous motors 
locked to the frequency of the 60-Hz ac line are 
used to drive both lhc drum and lhc lead screw on 
a machine. 

Phasing 
While synchronization ensures thal the received 

FAX picture is spatially consislanl with the subject 
copy being lransmilled, It is also important that 
the start of each scan line coincide with the edge of 
the paper on the receiving end. If this is not done, 
the posi.ibility exists (in fact ii is probable) that the 
received image will run off the edge of the paper. 
Thus, it is neces!lllly for the lransmilling machine 
to send a series of phasing pulses prior lo sending 
the actual picture. 

CONVERSION OF TELEFAX TRANS
CEIVERS TO AMATEUR SERVICE 

Conversion of a telefax transceiver is easy to 
do. First, remove the cover and check the tubes in 
a tube tester. Check lo see if you have a stylus. If 
necessary, replace the stylus with carbon-steel wire 
only. A wire bru~h is a common source of stylus 
wire. 

Remove the exciter lamp, clean its opening, and 
set it aside in II safe place. These lamps are hard to 
obtain. Carefully remove the lamp telescope, then 
remove the lenses, and clean them. Be sure to 
replace the lensc~ in the same direction as they 
came out. Replace the telescope and exciter lamp. 
Plu~ in the 117-V line cord and push the white 
OUTGOING bullon to turn on the lamp. Focus 
the light spot on the drum by moving lhe telescope 
bHck and forth. 

Remove the photo-tube telescope and de.an 
both lenses, then reassemble. Turn on the lamp and 
focus the telescope image on the pinhole al the 
back of the telescope tube assembly. Put a paper 
with lyped letters on lhe cylinder. Focus the edge 
of a letter on lhe pin hole. This is very important if 
you are to send sharp pictures. 

Remove the bol!om plate and solder a .0I-µf 
disk capacitor from the junction of the 2000-ohm 
and 2700-ohm resistors in the cathode circuits of 
the 12AX7 tube to ground. This keep~ rf out of 
the video amplifier. Clip one of the leads of the 
51-ohm 2-watt resistor on the INCOMING push
button switch. The other two leads can also be 
clipped and the switch can be used to switch the 
line between your mic and the receiver's audio 
output. 

Clip the wire coming from relay LR, the 
normally closed contact, and going to relay HR, 
the moving contact. Clip the wire on the rear of 
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the OUTGOING push button, the normally open 
contact . Run a wire from this contact lo the 
movuq contact or relay HR j111t m.ade .av.ail.able. 
See fig. I. These changes assure proper operation 
of the transmit-receive relay. 

Remove the ACKNOWLIEDOE push button, 
solder the leads 1ogether, and insulate lhem with 
spa1hettl or tape. In the push-button hole, mount a 
spdl toggle switch. Disconnect the leads 1olng lo 
the contactJ of relay LR (line relay). Run three 
wires from the spot switch lo the three leads at 
relay LR, replacin1 the relay function with the 
!!Witch. Now, when you close the switch, the 
earriage mechanlnn for the drum will feed . tr your 
transmitter is keyed with a push-to-talk switch, 
you may UK ■ dpdt switch, with the second pQle 
to key the PTI line . This will key the tnnsmltter 
automatially at the staJt of the sc■n . 

Carefully remove the line tninsforrner and 
remount it on the rear apron of the ch1155is in a 
vertical position behind relay LR. In the original 
position, the "gray motor" on the chas.,is above 
the line transformer will induce hum into the video 
~gnal. Solder the shield leads al the old llne
tran1former location, red to red and black to black. 
Run two shielded leads from the m:ondary of the 
line transformer through the nea,t,y hole in the 
rear apron and to the LJNR terminal strip. Hook a 
shielded lead to the LINE tennln.als of the line 
tnin1former for connection to your ria' s mic jack 
and ipeaker leads. 

It may be necessary to replace the stylus 
lhii!lded lead. The old rubber-insulated shield may 
have become very leaky. Aho it's a 1ood Idea lo 
replace the lead from the 6V6 tube to the plate 
choice. 

Fig. 3 - Circuit modlflanion for sending or 
raoeiving sync Information before pictura ,can 
begins. Thna modifications were originally describ
ed by W7QCV In QSTfor May, 1972. 
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Fig. 2 - Addition ol ■ fiber-optics light pope f01 
tranm,ission of posi live pictures. 

Positive Picture5 

Fig. 2 mows a modification for sending positive 
pictures. Moun, a short piece of fiber-optics light 
pipe between the exciter lamp and the chopper 
wheel. The light pipe is easily held in place by 
wrapping It with No. 14 wire, placing the wire 
under I.be two telescope 1erew1, u shown in Fig. 2. 
Carefully position the llaht pipe so ii shines 
through ■ slot in the chopper wheel when the 
pin-bole light ls cut off by the chopper. Connect an 
oscilloscope or ac voltmeter to the LINE leads and 
move the light pipe nearer to or Carther from 1he 
exciter lamp until the scope or meter shows a null. 
Fig. 3 shows an experimentally derived circuit 
which will send sync pul!ICl when in the OUT
GOING mode before picture !!Canning begins. 
This circuit also receives sync pulses before scan 
begins lo synchronize the drum angle. 

IIRH II INDICITID , HCllillG.L. 'l&CJJrs o, 
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SPACE COMMUNICATIONS 

The use of vhf 11nd uhf frequencies for inter
medillle and long distance communications has 
become possible through space communications 
technique~. There a.re buically lwo types of 
systems: passive and ■clive. A pzsive syuem uses a 
celestial object !lllch as lhe moon or an artificial 
reflecling satellile lo return signal~ to earth. An 
active sySlem consists of a 5pace vehicle carrying an 
electronic repealer. 

THE MOON AS A PASS IV E 
REFLECTOR 

Communication by retlecling signals off the 
lunar surface ha~ drawn the interest of an increas
ing number of arnateun in rccenl years, despite the 
considerable challenge such work reprcsenu. The 
requirements for earlh-moon-earlh (EMEl com
munication are fairly well known. Overcoming !he 
extremely high path loss of the EME circuit calls 
for close to the maximum lransmi tter power 
output obtainable with one ldlowatt input, the 
best possible n:ceiver, and very large high1P1in 
anlmnu. TI1e highesl practical receiver seleclivily 
b helpful, and visual 11ignal-readout is often em
ployed. 

These requirements contribute their own prob
lems. Narrow bandwidth demand~ exceptional fre
quency stability illld calibration 11~uracy in both 
lransmilter and receiver. High antenna gain means 
narrow beamwidth, in a syslem where a slowly 
moving target !hat is often invisible must be hil. 
And even when all demanding conditions are 
satisfied, lhe best one can expect is a signal barely 
distinguishable in the noise. 

But the n:wards an: conl!idenble. for !he EME 
circuit provides vhf and uhf' communications po-
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Fig. 15E-2 - Satellite passes 1hrough the range of 
IVl/0 station&, enabling contact. 

tential for any two polnh on earth where the 
moon is above the horizon, A surprising number of 
amateurs have accepted this supreme challenge, 
and before the end of 1970, all amateur bands 
from 144 to 2300 MHz had been employed 
successfully for lunar communications. 

SATELLITES 

Exciting communications pos.,ibilille~ arc af
forded through the use of amateur utellllci. They 
function much in the same way as terrestrial 
repeater.i, to relay signals over greater distances 
than normally feasible. (See chapter 14.) Wilh 
satellites, the area is u~ually in temalional in scope. 
Thus, DX communication on frequencies urutble lo 
!11.lpport ionospheric propaption is possible. 

Tiuee amateur communications satellites have 
been orbited to date. Oscar 3, used in early 196S, 
was a 144-MHz in-band repealer; Oscu 4, launched 
in late l 96S. repealed 144-MHz signal~ in the 
420-MHz band; Oscar 6, launched in October, 
1972, is a long-lifelime translator, repealing 
144-~Hz signals in the 28-MHz band. Oscars I, 2, 
and 5 were beacon satellites for scientific and 
training purposes. 

Current amateur plans for salellite systems 
involve the use or the 28-, 144-. and 420-MHz 
bands. Crossband n:pcaten are favored. Thus, 
expected combinations mighl be: 144 uplink, 28 
downlink; 420 uplink, 144 downlink; or 144 
uplink. 420 downlink. There Is a trend toward 
de~gning amateur sateUiles with higher ~Y!lem 
gains (i.e., higher sensitivity and greater output). 
The objective is lo permit the use of these satellites 
by average-sized amateur pound stations. Future 
satellite lifetimes or one year or more can be 
expected. Effoit will be mmdc for successive 
satellites to u til!ze similar frequency combinations 
lo alleviate the need for equipment changes in 
ground station 5. 

A principal rector in determining how far one 
can oommunicate via a particular mlellilc is the 
orbit. Higher altitude orbiu pul lhe satellite within 
tim-d-ggh1 or greater a-eas of the earth Fig. ISE-1 can 
be used to determine your map range for a salcllile 
according to iu altitude. For nample, a satellite 111 
910 miles would give a map ran[ie of 24S0 miles.. 
For illustration, draw on a map a circle centered on 
your local.ion with a radius equal to 1M map r~. 
Each time lhe satellite is directly over 11ny point 
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Fig. 1 SE-3 - Satellite transmitter frequency versus 
Doppler shift for satellite in 200- or 1000-statute
mile orbits. For a translator, use the difference 
between uplink and downlink frequencies as the 
"frequency ." 

within this circle, you will be able to use it for 
communication. Contact can be made with any 
other station having the satellite within its range at 
the same time. This is shown in Fig. ISE-2 Thus.the 
maximum map distance for communication would 
be about two times your map range. 

The time duration for which a satellite will be 
within your range depends on two factors: the 
satellite's altitude and the distance between the 
subsatellite point (the point on the earth directly 
below the satellite) and your station. Higher 
altitude orbits increase the size of you1 range or 
acquisition circle, thus p10viding longer exposurn 
to the satellite, Also, the longest duration for any 
given altitude will occur on orbits which pass 
directly over the station location. For example, a 
satellite in a 1000-mile orbit would be line-of-sight 
to a ground station for about 25 minutes on an 
overhead pass. At a map range of l000 miles the 
duration would be 20 minutes, and at 2000 miles, 
availability would be about 10 minutes. 

Conventional transceiver-type operation may 
offer some problems with satellites because of the 
Doppler phenomenon. Separate frequency control 
of the ground station's transmitter and receiver is 
desirable. (In some cases an "incremental tuning" 
feature on a transceiver will surfice.) Doppler is a 
frequency-shifting effect resulting from the motion 
of the satellite. It is a function of the transmitting 
frequency and the velocity of the satellite relative 
to the observing station. (Velocity is further a func
tion of satellite 's altitude.) Fig. 15E-3 compares 
Doppler shifts for frequencies up to 500 MHz for 
satellites in 200- and I 000-statute-mile orbits. 
The reason why Doppler shift requires a special 
consideration with transceiver operation is because 
two stations in contact would go through a series 
of frequency compensations, thus "walking" them
selve~ across (and perhaps out of) the band! The 
frequency of a satellite moving toward a ground 
station appears higher than the actual satellite 
transmitter frequency. It drops as the satellite 
nears the ground station. At the exact point of 
closest approach, the observed frequency will be 
the same as the true frequency. Past this point, the 
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satellite's signal will continue to drop lower in 
frequency as the satellite moves away. 

There are two types of repeaters likely to be 
employed in future amateur satellites. A channel
ized repeater for fm would operate much like the 
ground-based fm repeaters used by amateurs; one 
station could use a channel at a time. Several 
contacts could be accommodated by a multi
channel satellite. The other approach is called a 
frequency translator. It receives a segment of one 
band, say I 00 kHz at 144 MHz, and retransmits 
the segment on another band, say 28 MHz. With a 
frequency translator, as many contacts as can be 
accommodated by the translator's bandwidth can 
take place simultaneously, and all modes can be 
used. Doppler shift from the fm repeater would be 
the same as expected for a transmitter on its 
downlink frequency. With a translator, however, 
the amount of Doppler shift is influenced by both 
the up- and downlinks. By employing a frequency 
inversion technique in the satellite's design, these 
amounts of Doppler will subtract; the resulting 
shift is then found from Fig. lSE-3 by using the 
frequency difference between up- and downlinks. 

An aid to satellite communication is to monitor 
your own downlink signal coming from the satel
lite, while you are transmitting. This permits you 
to avoid interference from other stations, to 
compensate, where appropriate, for Doppler shift, 
and to adjust your transmitter power and antenna 
direction for maximum efficiency in sharing the 
satellite's output. 

Best results in satellite communications a1e 
achie11ed when the ground-station antenna is point
ed directly at the satellite. Movement of the 
antenna in elevation as well as azimuth is neces
sary. An easier alternative, providing adequate 
results, is also available. It is the use of a 
medium-gain antenna (about 10 dB} pointed at a 
fixed elevation of about 30 degrees and rotatable 
in azimuth. The beamwid th of such an antenna will 
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aUow satisfactory performance with most passes of 
the satellite. In the case of synchronous satellites, 
where the spacecraft maintains the same position 
relative to the observer, even the azimuth rotation 
can be eliminated - the antenna can be in a fixed 
position. However, greater antenna gain will most 
likely be needed in too ca5e to compensate for the 
greater path loss from a satellite in such a 
high~titude orbit. 

Another anteMa consideration for satellite 
communication is the use of circular polarization. 
Because the plane of a wave is rotated as it passes 
through the ionosphere, cross-polarization can 
occur between two linearly polarized (i.e., horizon-

ta! or vertical) antennas. This is called Faraday 
rotation. A circularly polarized antenna (such as a 
crossed-dipole, crossed-yagi, or a helix) at either 
the ground station or the satellite serves to 
minimize the effecL 

Late Information 

QST carries information about recent develop
ments in Oscar. Since ground station requirements 
are dependent on the bands, modes, etc. used by 
the satellite, the amateur wishing to become 
equipped for space communication should consult 
ARRL headquarters to determine current amateur 
satellite plans. 

PHONE PATCHING 

A phone patch is an interconnection made 
between a radiotelephone system and a wire-line 
tdephone. When the patch is made properly, the 
radio link and the wire line will effectively extend 
each other. Phone patches have provided vital 
communication when a natural disaster ha.~ caused 
disruption of normal communication facilities. 
More commonly, phone patches permit men in 
5Crvice or on scienti fie expeditions to talk with 
their families. Few activities can create a more 
favorable public image for amatews than to bring 
people together in this way. Such public service is 
always appreciated. Amateurs are using phone 
patches for their own convenience, too. A phone 
patch might be used to talk I with a friend in a 
distant city or to make a phone call from a car. In 
the latter case, a number of clubs are equipping 
their repeater.; with unattended phone patch ar
rangements. 

Occasionally, a phone patch will be used al 
both ends of a radio link. That is sometimes the 
case when the radio contact is made to overseas 

Fig. 1 SF-1 - The voice coupler. to the left of the 
touch-tone telephone, is supplied by 1he telephone 
company. The coupler is normally fixed 10 a wall 
or desk, and contains a jack for connection of the 
amateur·s phone patch. 

military bases. Some bases have a special phone 
booth or a small studio where the serviceman can 
have more privacy and be al ease while in 
conversation. The studio may be equipped with a 
regular telephone or it may have a microphone and 
earphones or a loudspeaker. It is common, too, for 
the participants to be asked lo end each comment 
with the word "over" as a cue to radio operators 
(who may be using push-to-talk operation) lo 
reverse the direction of transmission. 

A few general considerations apply to phone 
patching. It constitutes the handling of third-party 
traffic. Agreements between governments specific
ally permitting such traffic must be in effect if the 
radio link is to a foreign country. Amateur.; are 
responsible for conforming to regulations on sta
tion identification, prohibited language and the 
like while a phone patch is in progress. 1 fa repeater 
is involved, th.e arrangement should meet all 
applicable rules rega1ding repeater-control facili
ties. Telephone companies, too, are concerned that 
the interconnection arrangements be made in the 
proper way and that the electrical signals meet 
certain standards. 

THE TELEPHONE SYSTEM 
Telephone company regulations ue published 

in their tariffs, which in most states must be 
available in the company's business offices. In the 
tariffs, phone patches are included under "Inter
connection Arrangt:ments" or a similar designation. 
Telephone employees may not be familiar with the 
term, "phone patch" so it should be used with 
caution when talking with them. Patching is 
accomplished with the aid of devices called "coup
lers" or "voice connecting arrangements:· These 
are provided by the telephone company and are 
important in several ways. They protect the ama
teur's telephone service from interruption that 
might result from a malfunction In his equipment; 
they protect other users, too. By isolating the 
amateur's equipment electrically from the tele
phone line, they give him a great deal of freedom 
in the design of his circuits. The protective device 
also permits proper adjustment of the circuit 
impedance, energy h:vels and other operating con
ditions to be met by the amateur's equipment. 
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Several different interconnection arrangements are 
listed in Table I. 

A telephone line normally consists of a single 
paic of wires which is used for both directions of 
transmission. At the amateur's station it will be 
tenninated in a telephone set. A voice coupler will 
be connected in parallel with the telephone set 
when the phone patch is in progress. For design 
purposes, the telephone set and line are each 
assumed to have an impedance of about 900 ohms 
(in the case of re~dence service) and the best 
impedance for the phone-patch circuit Is also 900 
ohms. In operation, the patch will see a load of 
about 450 ohms. This small mismatch should not 
be cause for concern, however, as it is the best 
possible comprnmise. The phone patch's basic 
function is to connect the r.1dio receiver's audio 
output circuit and the radio transmitter's audio 
input circuit to the telephone voice coupler. It 
should do this in a way that results in correct 
circuit impedances and voice levels. Provision 
should be made, too, for measuring and adjusting 
the voice level that is transmitted to the telephone 
line and for electrical filtering to the extent needed 
to comply with telephone company limitations. 

Fig. JSF-J shows a typical voice coupler and a 
related telephone set. A simplified schematic dia
gram of this setup is given in Fig. 15F-2. The 
telephone Is equipped with an exclusion key and a 
tum button. The telephone operates in the usual 
way when the two switches are in their nonnal 
positions. Lifting the exclusion key causes the 
voice coupler to be connected to the telephone 
line. If it is requested when the voice coupler is 
ordered, the turn button will be supplied and can 
be wired by the telephone company to cut off the 
handset transmitter, the receiver, or both of them. 
The transmitter cutoff feature is prefened, as it will 
elimin~te the pickup of room noise by the tele
phone while permitting the patched communica
tion to be monitored on the handsel receiver. The 
operator can restore the tum button as required 
for station identification or to break in for other 
purposes. 
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Fig. 15F-2 - Simplified diagram of voice coupler 
and telephone set.• Both the cutoff switch and the 
eKclusion key switch are shown in their normal 
positions. 

Supplemental information and pertinent tele
phone company technical specifications as they 
may apply lo amateur radio are given in the 
appendix which appe:irs at the end of this chapter. 

PHONE PATCH CIRCUITS 

Where push-to-talk operation is used, the phone 
patch can be as simple as a transfer switch 
(connecting the receiver and the transmitter, alter
nately, to the coupler) or it can be a resistive 
combining network of the kind shown in Fig. 
lSF-3. Included in the circuit is a 2600-Hz filler, 
the need for which is discu~sed later. 

Hybrid Circuill! 

Where it is desirable to use voice-operated 
lnmsmitter control (VOX), more elaborate anange
menti. are required. The VOX cin:uit must deter
mine when the distant radio station is transmitting 
and inhibit the local transmitter. When the party 

TABLE I 

.Appl/ca bl,: 
Voice Interconnection Arrangements of Interest to Amateurs 

Bdl sy,rem .A.r,angtm,,nt 
Pub/Jcorlan St:rvlcc Code A,nangemt:nt l)Clfcrlprlon 

PUB4210t QKT Provides manual connection of trammitling or receivin1 equipment 
to an exch.anse line by mean.a of a telephone set; u,..,s a 30A or 
L-7049A voice coupler. Telephone handset transmitter cutoff is 
optional. Connection t o t h e coupler is made with a l /4-lnch 
tip-sleeve piu1. provided by the wier. Impedance. 900-ohms. 

PUB 42208 STC Provides automatic (unattended) call orla;lnaUon and amrwering for 
(QX or VX) one eJ<cliange line. Connection lo the unit Ill made with a special 

plua to be supplied by the LUMlr. Required is a Cinch Co. No. 
231·11>-61-133 plug equipped with a hood, No. 239-13-89-069. 
Impedance, 600 ohms. A c powe,- Is required. 

PUB42402 CD8 Provides automatic (unattended) call oripnatlon for up to 14 
trunks. l mpedanc@. 600 ohms, Ac powu Ill required. 

NOTE: PubUeatlons are made available through the telephone company In local areas. 
Consult your telephone company about the use of these service arn.neemenLs. 
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2600NI 
r1LTER 

300 

on the land telephone is talking, the VOX circuit 
must activate the local transmitter. This function is 
made difficult by the difference in audio levels. 
The phone patch must transmit II voice level of 
approximately - 5 VU toward the telephone line, 
whereas the level received from the distant land 
telephone may range from -45 VU to -IO VU.l 
The contrast in levels can be reduced considerably 
at the input to the local liansmitter's VOX circuit 
by us.ing a "hybrid" circuit. A hybrid circuit is an 
electrical network connecting together the tram
miller, receiver and the voice coupler in such a way 
th.al the audio energy from the receiver is canceled 
al the input to the transmitter. Hybrids require 1 

fourth circuit element, called a balancing network, 
in order to function. 

Several kinds of hybrids can be constructed, the 
simplest of which is au adaptation of the Wheat
stone bridge. Such a hybrid is shown in Fig. I SF-4. 

1 Volume unitij (VU) are mell!lllred with ao 
instrument which is basically an ac voltmetoY of 
appmpriate range and with dynamic characteristics 
wblcb are carefully controlled to provide stan
dardized measurement of complex wave fonn"
Wben sine-wave power is measured, a VU meur 
and one calibrated in dB relative to a mllliwalt 
(dBm) should give the same numerical indicallnn. 

TO E FILTEII AIIC 
YOICE COUPLER 

'---- +-----o 

Fig. 15F-4 - Wheatstone-bridge hybrid phone
patch circuit. Resistances are in ohms. Half-w.!tt 
resistors of 20-percent tolerance are adequa12. 
Fillers and level-measuring arr11ngements are not 
included in this simple circuit. 
T1 - Line to voice coil; primary 1000 ohms, 

secondary 4 ohms, such as Allied 6W3HFL or 
equiv. 

T2 - Audio; primary 1000 ohms, secondarv as 
appropriate 10 match transmitter input impe
dance. 

Z1 - Balancing natwork. See Fig. 15F-5 and text. 

Fig. 15F-3 - Schematic of the simple phone patch. 
Fixed resistors are 1/2 watt, 5-percent tolerance, 
composition. 
Cl - .04-and .0027-µF paper in parallel. 
L 1 - 88-mH surplus toroid. 
Pl - Phone plug. 
A 1 - The value of this resistor mey be varied from 

that shown; 18,000 ohms is correct for a toroid 
with a Q of 63. 

R2 - Linear-taper composition control. 
Tl - Output transformer, J.2-ohm primary, 

4000-ohm secondary (Lafayette Radio 
AA135). 

T'tL[PHCWE 
COUPl.£AI 

When the impedance of the balancing network is 
equal to the impedance at the input to the line 
filler, the bridge will be in a condition or balance. 
TI1e amount of audio from the receiver that 
reaches the transmitter (or VOX circuit) will then 
be minimized. 

The balancing network, shown schematically in 
Fig. I 5F-5 is not complicated. In most cases it will 
consist only of a resistor and a capacitor in parallel. 
'I)pical values for a condition of balance when a 
voice coupler is used would be 4 70 ohms for R 1 
and .04 µF for CI. Other interface devices, such as 
might be used at repeaters for unattended 
operation, will require o lher values. The resistance 
might be between 500 and 1200 ohms and the 
shunt capacitance might range from .01 to 0.1 µF; 
in rate cases, a series capacitor in the order of 2 µF 
may be required. The values for a particular 
installation must be found by trial. The hybrid can 
be balanced by establishing a telephone call, and 
tuning in a clear voice signal on the receiver. With 
headphones connected to the transmitter audio 
circuit, adjust the hybrid balance network for 
minimum signal in the headset. 

With the Wheatstone bridge hybrid circui1 of 
Fig. I SF-4, losses between the receiver and the 
telephone Line, and be L ween the line and the 
transmiltcr. will be in the order o f 6 to I O d ll. 
Transformer-type hybrid circui ts exhibit lo wer 
losses, only 4.5 to 6 dB. A circuit for a single
transformer hybrid is shown in Fig. 15F-6. A 
two-transformer arrangement (giving better isola-

1000.n. 

TO HYBRID 
NETWORK 

,__--4-~ ~ 

Fig. 15F-5 - Balancing network. R 1 is a wire
wound control. Cl and R1 should balance a voice 
coupler; typical values are 470 ohms and .04 µ.F. 
C2 is ordinarily not used, but values in the order of 
1 to 4 µF mav be required with unattended 
interconnection devices. 
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( U.S. app,opriiiu /MptrlMa ratio) 

411:.cooon 

Fig. 15F-6 - Hybrid circuit made with a single 
audio transformer. 
T1 - Windings designated -B"' and -r;• should be of 

abour 900 ohms impedance each. Winding "A" 
may ba of higher impedance ii rhe 2600-Hz 
filter is used; a lower impedance may be used to 
match the receiver if a 2600-Hz filter is not 
needed. 

21 - Balancing network. See Fig. 15F-5 and text. 
22 - 2600-Hz filter IC1, L1,and R1 of Fig. 15F-3l. 

tion between elements) is shown later in this chap
ter. 

Filters 

Standards have been establi~hed for the 
maximum signal levels that can be connected lo 
the input of a coupler or other interconnection 
device. They are listed in Table II. The limits of 
out-of-band energy are best met by using a 
low-pass line filter. Localed between the coupler 
and the hybrid It will protect the line and also 
band-limit line signals to the transmitter. Filters of 
several types (image parameter, elliptic function, 
and so on) may be used. The filter should be of 600-
or 900-0hm impedance (depending on the 
interface), passing frequencies below 3 kHz with 
losses rising rapidly above that point; a rejection 
notch should be provided at 4 kHz. 

In the long distance network the telephone 
system uses 2600 Hz as a "disconnect" signal. If 
patched calls are made to telephone offices distant 
from your own, the need for filtering at that 
frequency can best be judged by experience. The 
filter can be made switchable, if desired. The best 
location for a 2600-Hz rejection filter is at the 
receiver output. 

REPEATER PATCHES 

Some interesting phone-patch possibilities exist 
al repeaters. Unattended Interconnection devices 
are associated with the repeaters to provide a form 
or mobile telephone service for the clubs operating 
them. The connections lo a typical unattended 
interface device are shown in Fig. ISF-7. 

Suitable signals generated in mobile units work 
through a base station to activate !he intercon
nection device, causing it to connect and pass dial 
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TABLE II 

Maximum Permissible Energy Levels at the Input 
or a Voice Interconnection Arrangement 

Freq. Band Maximum Lev(/ 
0.5 mllliampere 

Voice coupler: -3 dBm. 

Direct current 

Voice range 
(nominally 
300 to 3000 Hz) 

Other arrangements: 9 dB below 1 mW 
(levels avaraged over 3 seconds, see 
note.) 

2450 to 
2750 Hz 

Preferably no energy; in no case greater 
lhan the level present simultaneously 
in the 800- lo 24S0-Hz band. 

399S to 
400S Hz 

18 dB below the voice-band level. 

4.0 to 10.0 kHz 
lO.O to 25.0 kHz 
25.0 to 40.0 kHz 
Above 40.0 kHz 

16 dB below one milliwatt (-16 dBm). 
-24 dBm 
-36 dBm 
-SO dBm 

NOTE: The above limits should be met with amateur
provided equipment having an internal impedance of 900 
ohms if it is to work into a voice coupler, or 600 ohms if 
other arrangemcn ts are to be used. 

pulses lo the telephone line. The system may be 
arranged so that the base transmitter carries both 
sides or the conver.;ation or only the voice of the 
distant telephone user. Switching of the patch's 
voice path between the transmitter and the receiver 
could be done under the control or tones or 11 

carrier-operated relay. A simple combining circuit 
may be used if both sides of the conversation are 
to be put out over the air. To equalize audio levels, 
a wide-range age amplifier might have to be 
provided, or an attenuator in the transmitter audio 
line would have to be switched in and ouL A 

U E TO 
TEI..CO 
OFFICE 

( 
ll7VAC 

PROTECTIVE 
EQUIPMENT 

CONNECTION 
8LOCK, 

I 

G 

TEL. C.O . 1 AMATEUR PROVID60 
OED- -

[1nd,aiw a norm.all.fl o,-r, contact 

Fig. 15F-7 - Interconnection diagram for a Bell 
CDS coupler, representative of connections to 
unattended interface devices. 
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hybrid circuit could be used in thi~ case but the 
retransmitted audio from the mobile unit would 
not be II!! free from dis1or1ion as with the combin
ing ammgement. 

Some telephone lines and interface devices can 
be arranged to signal the fact that a toU call has 
been dialed. Such a signal might be used to 
disconnect the phone patch if the repealer owners 
do not want long distance calls to be made. Clubs 
would probably want to control access to the 
patch in any case, as they would be responiible for 
all telephone service charge~. even if lhe calls were 
nol made by theiI members. 

A HYBRID PHONE PATCH 

The photographs and 1-'ig. I show a deluxe 
2•transforrner hybrid phone patch for home con
struction. Some form of hybrid ciicuil is necessary 
if VOX control of the transmitter is to be used. A 
third transformer matches the 3.2-ohm output of 
the receiver. A 2600-Hz filter i~ provided in the 
line from the receiver to reduce the possibility of 
unwanted disconnectioni resulting (rom 
heterodyning ~ignals during use over long-distance 
telephone lines. The filter may be switche4t out for 
local calls for a slight improvement in voice fidelity 
from the received signal to the telephone line. A 
modified VU meter indicates the levels received 
from and applied to the telephone line entering the 
amateur station. The use of surplus or "bai:gain" 
components, especially transformers, will grealJy 
reduce the cost of construction. 

The circuit of the phone-patch unit is shown m 
Fig. I. CI, LI, and R2 form the 2600-Hz receiver
line flller. Its insertion loss at 1000 Hz is nc:gligible, 
but is in excess of I 5 dB at 2600 llz. T2 and T3 
are the hybrid transformers, with Cl and RS 
provided to balance the network. Independent 
level adjustments are provided for the signal 

The phone patch unit is built into a homemade 
aluminum enclosure measuring 3 X 3 X 6 inches. A 
coating of spray-on enamel, rubber feet, and 
WIii-transfer decal labels plus shiny knob, give the 
unit a profes,;ional appearance. 

coupled from the receiver to the telephone line 
(R l) and from rhe telephone line to the trans
mitter speech amplifier (R3). 

Ml is a Calectro model Dl-930A "VU .. meter 
wilh its time const.anl modified by adding external 
Cl!JlBCitancc. The "A" model is identified with Ille 
letter A appearing in n circle near the bottom of 
the meter-scale card. Earlier models of the Dl-930 
meter, without lhe A, arc unsuitable without 
internal modification. The correct value of damp
ing capacitance is 400 µF , and may be obtained by 
connecting four I 00-µF 6-V electrolytic capacito" 
in parallel. These are to be connected directly 
acron the meter terminals, obseiving proper polari
ty. This capacitance value applies only to this 
particular make and model of VU meter. The 
modified meter responds to speech signal! of 3 kHz 
or less in a way that compares very closely with the 
measuring sets mentioned in the Bell interfaL--e 
specifications. Error should be less than I dB and 
should be found to be on the safe side. The meter, 
as modified, has a I-kHz impedance of approxi
mately 6500 ohms. It should be mounted only on 
a nonferrou1 panel. 

Conatruction 

The component layout for the phone patch is 
not critical, and any of several construction tech
niques is quite acceptable . In the model photo
graphed all components except the modified 
meter, controls, and phono jacks were mounted on 
a piece of circuit-board material. The balance 
control was mounted on the front panel, but this is 
a "set once and forget" control so some builders 
may wish to include it inside the enclosure . An 
etched pattern in the copper foil provides a few of 
the ciJ-cuit interconnections, but most connections, 
including all those 10 the two hybrid lransformen;, 
are made with point-lo-point wiring. The UTC 
transformers specified h~ve mounting studs affixed 
to the top of the case, and these are used to mount 
the transfonnen in an inverted position on the 
circuit board . This same construction idea can be 
used with perforated phenolic board and poinl-to
point wiring for aU components, instead of an 
etched circuit board. 

The only precaution to observe during con
struction is to keep J3 insu lated from chassis 
ground, to reduce rf coupling into the telephone 
line. In the model photographed this was done by 
drilling a I / 2-inch hole in the rear panel where J3 
was to be mounted, and then, with machine 
screws, fastening a small piece of phenolic board to 
cover the hole. Nelli J3 was mounted on the 
phenolic board, centered in the hole. Some types 
of phono jacks come supplied with phenolic 
mounting material, and if the clearance hole is 
large enough these types may be mounred directly 
on a metal panel without grounding the outer 
contact. 

Adjustmen t 

If one has access to an accurately calibrated 
audio signal generator 01 to an electronic fre-



Phone Patching 

Fig. 1 - Schematic diagram of the phone-patch 
circuit. Resistances are in ohms, k • 1000. FiKed 
resistors may be 1 /2 watt, 10 percent tolerance. 
Capacitance is in microlarads. Components not 
listed below are identified for text refen1nce. 

Cl - Capacitors in parallel to give required value 
of .0427 µF; I ow-vol 1age me tali zed paper or 
Mylar are suitable. 

CJ - Typical value, .04 µF. See text and Fig. 
15F-5 if hybrid network cannot be balanced. 

Jl, J2, J3 - Phono jack. J3 should be insulated 
from chassis. 

quency counter he may wish to check the notch 
frequency of the 2600-lb. niter, although this step 
is not essential. The frequency may be adjusted by 
us.ing various combinations of fixed-value capaci
tors for CI until the notch appears at exactly 2600 
Hz. In the model photographed sloclc-value capaci
tors, selected al random lo provide the specified 
total capacitance for Cl, resulted in a notch 
frequency of 2621 Hz, which is quite acceptable. 

Correct adjustment of the balance control, RS, 
will facilitate the operation of the transmiller VOX 
circuit by the distant party on the land lelephone. 
Connect all station equipment to place the patch 
into operation. Connect a pair of headphones or an 
ac voJtmeter to the transmitter audio circuit. If a 
sensitive ac VTVM ill available, one which will 
measure in the millivolt range, it may be connected 
directly to the output from 12, in parallel with the 
line connected to the transmitter. Establish a 
phone call and connect I.he phone patch to the 
voice coupler. Tune in a clear voice signal on the 
receiver, and adjust RS for the bes! null of the 
received signal as monitored in the traruJmitter 
audio section. Ir the null does not occur within the 
range or RS, experimentally try different capaci
tance values for Cl and a larger value for RS 
(connect a fixed-value resistor in series with RS to 
obtain a higher equivalent value). With RS properly 
adjusted, the distant party should be able to trip 
the tranmdtter VOX circuit satisfactorily even 
though no anti-trip connection is used from the 
receiver. With such a connection made, VOX 
operation will be quite reliable. 
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Lt - Surplus 88-mH toroidal induct~. connected 
with half-windings in series aiding. 

Ml - Calectro DI-930A VU meter, modified. See 
texL 

Rt, R3 - 6000-ohm audio-taper control (Mallory 
U12 or equiv.I. 

R5 - 1000-ohm linear-taper control (Mallory lJ4 
or equiv.I. 

Tl - Audio transformer, 4 or 8 ohms to 4000 
ohffl5 IUTC SO-10 or equiv.I. 

T2, T3 - Audio 1ransform11r, 2500-ohm split 
primary, 1000-ohm split secondary (UTC 0-19 
or equiv.I. 

lnstaUalion and Operation 

The receiver input to the phone-patch unit may 
be taken in paral lel with the speaker leads from the 
receiver. Most operators prefer to disconnect or 
disable the speaker, however. and to connect the 
patch directly lo the speaker-output terminals of 
the receiver. The switching to and from phone
patch station operation is generally done in suit
able control circuits which may be included in the 
phone-patch enclosure itself, if desired Operating 
with the speaker disconnected will result in a 
]-dB-greater audio signal being fed to the hybrid 
circuit, and monitoring of the receiver audio by the 
amateur operator may be done through the tele
phone handset. 

The level of signal being fed from the re~iver 
lo the telephone line during reception may be 
adjusted either with RI or with the reccivei audio 
gain conlrol Similarly, the level of audio being fed 
to the transmitter from the telephone line during 
transmission may be adjusted with R3 and with the 
transmitter microphone gain control. If the distant 
party on the telephone line is not talking loudly 
enough for proper operation of lhe transmitter, 
remember that orten he can be made to speak 
louder rimply by reducing the le'llel of audio being 
~nt ro him. The speech level should never be 
permitted to exceed -2 VU on the Dl-930A scale. 
When the telephone connection is made to a 
nearby point {such as a line st:rved out of the same 
telephone building as !he patched line), !he distant 
listener will recenie a more comfortable listening 
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level if the maximum signal is held to about - 9 on 
the meter scale. 

Many times when phone-patch operation is 
heard over the air, the l!ansmitted voice quality of 
the distant I.and-telephone party seems to be as 
good as if he were speaking directly into the 
station microphone. Occasionally, however, signal~ 
will be heard with an undue amount of power-line
frequency hum present on the signal. Of course the 
quality and level of the voice signal coming in on 
the telephone line plays an important part in how 
that voice signal sounds over the air, but sometimes 
a hum problem can be traced directly to the 
installation of the phone-patch equipment. In 

The layout of the phone-patch 
components is not critical. 
The two hybrid-network trans
formers are visible to the right 
of center, and in the upper left 
comer of the circuit board the 
receiver matching transformer 
may be seen. Two damping 
capacitors added during mod
ification of the Calectro Dl-
930A meter are visible atop 
the meter case; two more are 
hidden beneath the meter. 

particular, the phone patch (and the voice coupler) 
should be located away from power supply trans
formers in station equipment. Complete magnetic 
shielding may not exist even with steel enclosures 
for power supplies. If other equipment is mounted 
nearby, the 60-Hz field can induce hum into the 
transforme!i of the phone patch. Hum problems of 
this sort can usually be solved simply by relocating 
the position of the phone-patch unit. 

During operation of a phone patch in the hf 
amateur bands it is considered good practice to 
avoid the transmission of operator chatter, dial 
tones, dial pulses, ringing and busy signals, as they 
are not essential to communications. 

Appendix 

Signals and Circuit Conditions Used in the Telephone System 

I) The status of a local telephone line (idle or 
busy) is indicated by on-hook or off-hook signals 
as follows: 
On-Hook 

Off-Hook 

Minimum de resistance between lip 
and ring conductors of 30,000 ohms. 
Maximum de resistance between lip 
and ring conduclon of 200 ohms. 

Telephone sets give an off-hook condition at all 
times from the answer or origination of a call to its 
completion. The only exception to this is during 
dial pulsing. 

2) Dial pulses consist of momentary opens in 
the loop; dial pulses should meet the following 
standards: 

Pulsing rate 
Pulse Shape 
ln1erdigital lime 

10 pulses/second±. 10% 
S8% lo 64% break (open) 
600 milliseconds minimum 

Note: Two pulses indicate the digit "2," three 
pulses indicate the digit "3," and so on, up 10 ten, 
indicating the digit "O." 

3) The standards for tone "dialing" are as 
follows: 

a) Each digit Is represented by a unique pair 
of tones as shown below. 

Diglr 
I 
2 
3 
4 
s 
6 
7 
8 
9 
0 

# 

Low rone High rone 
697 and l 209 Hz 
697 and 1336 Hz 
697 and 1477 Hz 
770 and I 209 Hz 
770 and 1336 Hz 
770 and 1477 Hz 
852 and 1209 Hz 
852 and I 336 Hz 
852 and 1477 Hz 
941 and 1336 Hz 
941 and 1209 Hz 
941 and 1477 Hz 

b) In order for ch.- central-offic~ receiver to 
register the digit properly, the tone-address 
signals must meet the following requirements : 

(I) Signal levels: 
Nominal level per rrequency: -6 to -4 
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dBm. Minimum level per frequency : Low 
Group, -10 dBm; High Group. -8 dBm. 
Max, level per frequency pair: +2 dBm. 
Max, difference in levels bel~en frequen
cies : 4 dB. 
(2) Frequency deviation: ±. l.S percent of 
the values given above. 
(3) Extraneous frequency components: The 
total power of all extraneous frequencies 
accompanying the signal should be al least 
20 dB below the signal power, in the voice 
band above 500 Hz. 

(4) Voice Suppression: Voice energy from 
any source should be suppressed 11 least 45 
dB du.ring lone signal lranamission. In the 
caK' of aulomatic dialing lhe suppression 
should be maintained continuously unlll 
puL,ing iJ completed. 
(S) Rise Time: Each of the lwo frequencies 
or the signal should attain al least 90 
percenl of fuU amplllude wilhin S ms, and 
preferably within 3 ms for automatic dial-
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ers, from the time lhal lhe fin.I frequency 
begins. 
(6) Pulsing Rale: Minimum duration of 
two-frequency lone signal : SO ms normally; 
90 ms if transmllted by radio. Minimum 
inlerdigltal time: 45 ms. 
(7) Tone leak during signal off lime should 
be less lhan -55 dBm. 
(8) Transient Voltages: Peak lransienl volt
ages generaled durln g lone signaling should 
be no greater lh■n I '2 dB above the zero-lo
peak voltage of the composile IWD· 
frequency tone signal. 

4) Audible tones will be used in the telephone 
system to indicate the progress or disposition of a 
call. These include: 

a) Dial tone: 350 and 440 Hz. 
b) Line busy: 480 and 6'20 H:t, interrupted at 
60 inlerruption1 per minule (I/min). 
c) Reorder (all lrunb busy): 480 and 6'20 
Hz, inlerrupted al 120 I/min. 
d) Audible ringing: 440 and 480 Hz, 2 
seconds on, 4 seconds off. 
e) Reserved high tone: 1633 Hz. 
f) Invalid dialing code: Voice announcemenl. 
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Chapter 16 

Interference with other 
Services 

RADIO FREQUENCY INTERFERENCE (RF!) 
has probably been with us since the fint 

amateur stations came on the air some 70 years 
ago. Fed by the technology that developed during 
and following WW II, the problem has become an 
increasing source of irritation between radio opcra
tou and their neighbors.. Homo-entertainment elec
tronics devices now abound, with most familie!I 
owning at least one television receiver, an a-m or 
fm radio, and any one of several audio devices 
(such as a phonograph, an intercom, an electronic 
guitar, or an electronic organ). Given the innate 
perversity of these objects to intercept radio 
signals, it should surprise no one to learn that RFI 
is one of the most difficult problems amateurs face 
in their day-tc;day operatioru. 

How Serious is the RFI Problem? 

In 1974, the FCC received 42,000 RFI com
plaints, up 20% from the number of complaints 
received in 1970. Of these, 38,000 involved inter
ference to home-entertainment equipment. Most 
important, 36,000 of these would never have come 
to the Commission's attention if the manufacturers 
had corrected design deficiencies in their home
entertainment products at the time of manufac
ture. It is of interest to note that over 6 0% of the 
interference cases reported in 1974 were related to 
televi!lion interference (TYi). 

In the case of television interference, FCC 
experience shows that 90% of the problems experi
enced can only be cured at the television receiver. 
Further, when it comes to audio equipment, the 
only cure for RF[ is by treatment of the audio 
device experiencing the inlerference. There is 
nothing an amateur can do to his transmitter which 
will stop a neighbor's phonogroph from acting like 
a short-wave receiver. [t should be emphasized lhal 
phonographs and Hi-Fi unib Bie not designed to be 
receivers, but simply audio devices. 

[t is clear, therefore, that almosl all RFI 
problems experienced with home-enlertainment 
devices resull from basic design deficiencies in this 
equipment The few small components or fillers 
which would prevent RFl are often left oul of 
otherwise well-designed products as manufacturers 
attempt to reduce costs, and hence, lo reduce lhe 
prices of their products. 

The Solution - Coruumcr ProtecCion 

Given the present unacceptable situation, what 
can we as amateurs do lo help the conswner 
resolve the RFI problem? One slep which should 
certainly be taken is lo advise our friends 11nd 
neighbors to inquire, before they make a purchase 
of an electronic device, whether the product bas 
been certified for operation in the presence of a 

radio tnnsmilter. Manufacturers must be made to 
recognize the RF'I protection of their home
entertainment equipment has become essential, 
and that this must be incorporated. Further, where 
interference is being experienced, the consumer 
should be encouraged to contact the manufacturer 
of his equipment and to request that the manuf4c
ruur furnish the components or services necessary 
to elimina It> RFI. 

What Are Manufa cturers Doing Today? 

Many responsible manufacturers have a policy 
of supplying filters for eliminating television inter
ference when such cases are brought to their 
alien lion. A list of those manufacturers, and a 
more thorough treatment of the RFI problem, can 
be obtained by writing the ARRL. If a given 
manufacturer is not listed, it is still possible that he 
can be persuaded to supply a filter: this can be 
detennined by writing either directly to him or to 
the Electronic Industries Association (ElA).l 

With respect to audio devices, some manufac
turers will supply modified schematic diagrams 
showing the recommended placement of bypass 
capacitors and other components 10 reduce rf 
susceptibility. One large American 111anufacturer of 
Hi-Fi equipment has in some cases supplied the 
necessary components free of charge, although no 
consistent policy has been evident and the consum
er must still pay to have a serviceman install the 
components. 

While these are encouraging developments, it 
appears likely that meaningful and widespread 
corrective action by equipment designers will 
require both pressure from consumers and estal>
lishment of suitable government standards. 

Voluntary after-the-facl mcarurc5 on the part 
of manufacturers simply are not enough. II is a 
foregone conclusion thal as long as the inclusion of 
additional components for susceptibility reduction 
increases a manufac lurer's cost, however slightly, 
there will be reluctance to lake steps to improve 
equipment desigm by the manufacturers them
selves. Whal appears to be necessary, therefore, is 
federal legislation giving the FCC the authority lo 
regulale the manufacture of home-entertainment 
devices and thus protect the consumer. 

ll's Up lo U1 

If requests to manufacturers of home-entertain
ment equipment for Ulose components and instal
lation services necessary lo relieve R Fl problems 
are lo be successful. each of us, when faced with an 
RFI problem, must make known our position to 

1 Electronic Industries Association. 2001 Eye 
St~e,. N. W., Washington, DC 20008. Atuntlon: 
Director of Consumer Affairs. 
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the manufacturers involved. While a re!IJ)Clctful 
request for assistance will bring more cooperation 
than a blunt demand, do not heilitale to lei the 
manufacrurers know that they have a responsibility 
to the consumer for conecting the design deficien
cies that are causing the problem. Before casting 
the first stone, however, make sure you're not 
sitting in a glass house. Certainly, If your own 
television receiver experiences no interference 
while you are on the air, it is most likely that 
interference to a more distant television receiver is 
not the fault of your transmitter. 

All of the above is not to my, however, that we 
should not continue lo assist in resolving RFI 
problems. Radio amateurs have typically sought lo 
assist lheiI neighbors In correcting RF! problems, 
even where those problems were in no way 
attributable lo the perfonnance of the transmitter. 
liltima tely, of course, ii is the manufacturers' 
responsibility to correct those deficiencies which 
lead lo the Interception of radio dgnals. Bui in the 
interest of good neighborhood relations, we must 
continue to provide this assistance wherever older 
equipment designs are in use. 

Dean House FiJst 

In approaching an RFI problem, the first step 
obviously is to make sure that the transmitter has 
no radiations ou.lside lhe bands assigned for ama
teur use. The best check on this is your own a-m or 
TV receiver. It is always convincing if you can 
demonstrate tbal you do not interfere witb recep
tion In your own home. 

Don't Hide Your ldenlily 

Whenever you make equipment changes - or 
shift to a hitherto unused band or type of emission 
- lhal might be expected to change the interfer
ence situation, check with your neighbors. If no 
one is experiencing interference, so much the 
better; it does no harm to keep the neighborhood 
aware of the fact that you are operating without 
bothering anyone. 
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Should you change location, make your pre

sence known and conduct occasional tests on the 
air, requesting anyone whose reception is being 
spoiled to let you know about it so Ueps may be 
taken to eliminate the llouble. 

Act PromptJy 

The average person will tolera le a limited 
amount of interference, but the sooner you take 
steps to eliminate it, the more agreeable the 
listener will be; the longer he has to wait for you, 
the Jps~ willing he will be to cooperate. 

Present Your Story Tactfully 

Whenever a device intercepts your §ignals, it is 
natural for the compla.inant to assume that your 
transmitter is at fault. If you are certain that the 
trouble is not in your transmitter, explain to the 
listener that the reason lies in the receiver design, 
and that some modifications may have to be made 
in the receiver if he is to expect interference-free 
reception, 

Amlnge for Te11s 

Most lbteners are not very cmnpetent observers 
of the various aspects of interference. If at all 
possible, enlist the help of another amateur and 
have him operate your transmitter while you .!ee 
for yourself what happens at lhe affected receiver. 

In General 

In thi.J "public relations" phase of the problem 
a great deal depends on your own attitude. Most 
people will be willing to meet you half way, 
particularly when the interference is not of long 
standing, if you as a person make a good impres
sion. Your personal appearance is important So is 
what you say about the receiver - no one takes 
kindly to hearing his possewons derided. If you 
discuss your interference problems on the aiI, do it 
in a constructive way - one calculated to increase 
listener cooperation, not destroy it. 

VHF TELEVISION 

For the amateur who doe~ most of his 
transmitting on frequencies below 30 MHz, the 1V 
band of principal interest is the low vhf band 
between 54 and 88 MHz. If harmonic radiation can 
be reduced to the point where no interference is 
caused to Channels 2 to 6, inclusive, it is almost 
certain that any harmonic troubles wltb channels 
above 174 MHz will disappear also. 

The relationship between the vhf television 
channels and harmonics of amateur bands from 14 
through 28 MHz is shown in Fig. 16-l. Harmonics 
of the 7- and 3.5-MHz bands are not shown 
because they fall in every television channel. 
However, the harmonics above 54 MHz from these 
bands are of such high order that they are usually 
rather low in amplitude, although they may be 
strong enough to interfere if the television receiver 

is quite close to the amateur transmitter. 
Low-order harmonics - up to about the sixth -
are usually the most difficult to eliminate. 

Of the amateur vhf bands, on1y SO MHz will 
have harmonics falling in a vhf television channel 
(channels 11, 12 and 13). However, a transmitter 
for any amateur vhf band may cause interference if 
it has multiplier stages either operating in or having 
hannonics in one or more of the vhf TV channels. 
The rf energy on such frequencies can be radiated 
directJy from the transmitting circuits or coupled 
by stray means to the transmitting antenna. 

Frequency Effects 

The degree to which transmitter harmonics or 
other undesired radiation actllally in the TV 
channel mu5t be suppressed depends principally on 

I 
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two factors, the strength of the TV signal on the 
channel or channels affected, and the relationship 
between the frequency of the spurious radiation 
and the frequencies of the TV picture and sound 
carriers within the channel. If the TV signal is very 
strong, interference can be eliminated by compara
tively simple methods. However, if the TV signal is 
very weak, as in "fringe" areal! where the received 
picture is visibly degraded by the appearance of set 
noise or "snow" on the screen, it may be necessary 
to go to eKtreme measures. 

In either case the intensity of the interference 
depends very greatly on the euct frequency of the 
interfering signal Firr 16-2 shows the placement of 
the picture and sound carriers in the standSid TV 
channel. In Channel 2, for example, the picture 
carrier frequency is 54 + 1.25 = 55 .25 MHz and the 
sound carrier frequency is 60 - 0.25 = 59.75 MHz. 
The second harmonic of 28.0IO kHz (56,020 kH2 
or 56.02 MHz) falls 56.02 - 54 = 2.02 MHz above 
the low edge of the channel and is in the region 
marked "Severe" in Fig. 16-2. On the other hand, 
the second harmonic of 29,500 kHz (59,000 kHz 
or 59 MHz) is S9 - 54 = 5 MHz from the low edge 
of the channel and falls in the region muked 

"Mild." Interference at this frequency has to be 
about l00 times as strong as at 56,020 kHz to 
cause effects of equal intensity. Thus an opera ling 
frequency that puts a harmonic near the picture 
carrier requires about 40 dB more harmonic 
suppression in order to avoid interference, as 
compared with an operating frequency that puts 
the harmonic near the upper edge of the channel. 

For a region of I 00 kHz or so either side of the 
sound carrier there is another "Severe" region 
where a spurious radiation will interfere with 
reception of the sound program and this region 
also should be avoided. In general, a signal of 
intensity equal to that of the picture earner will 
not cause noticeable interference if its frequency is 
in the "Mild" region shown in Fig. 16-2, but the 
same intensity in the "Severe" region will utterly 
destroy the picture. 

Interference Patterns 

The visible effects of interference vary with the 
type and intensity of the interference. Complete 
"black au t," where the picture and sound disappear 

Fig. 16-2 - Location of picture and sound carriers in a monochrome telev ision channel, and relatiw 
Intens ity of Interference as the location of the interfering signal within the channels is varied without 
changing its strength. The three regions are not actually sharply defined as shown in this drawing. but 
merge into one another gradually. 



Reducing Harmonic Generation 

Fig. 16-3 - "Cross-hatching," caused by the beat 
between the picture carrier and an interfering 
signal Inside the TV channel. 

completely, leaving the screen dark, occurs only 
when the transmitter and receiver are quite close 
together. Strong interference ordinarily causes the 
picture to be broken up, leaving a jumble of light 
and dark lines, or turns the picture "negative" -
the normally white p111L~ of the picture turn black 
and lbe normally black parts tum white. 
"Cross-hatching" - diagonal bars or lines in the 
picture - accompanies the latter, usually, and also 
represents the most common type of less severe 
interference. The ban arc the result of the beat 
between the harmonic frequency and the picture 
carrier frequency. They are broad and relatively 
few in number if the beat frequency is 
comparatively low - near the picture earner - and 
are numerous and very line If the beat frequency is 
very high - toward the upper end of the channel. 
Typical cros:t-hatching is shown in Fig. 16-3. If the 
frequency falls in the "Mild" region in Fig. 16-2 
the cross-hatching may be so fine as to be visible 
only on close inspection of the picture, in which 
ca\e it may simply cause lhc apparent brightness of 
lhe screen to change when the transmitter carrier is 
thrown on and off. 

Whether or not cross-hatching is visible, an 
amplitude-modulated transmitter may cause 
"sound bars" in the picture. These look about as 
shown in Fig. 16-4. They result from the variations 
in the intensity of the interfering signal when 
modulated. Under most circumstances modulation 
bars will not occur if the amateUI transmitter is 
frequency- or phase-modulated. With these types 
of modulation the cross-hatching will "wiggle" 
from side to side with the modulation. 

Except in the more severe cases, there is seldom 
any effect on the sound reception when interfer
ence shows in the picture, unless the frequency is 
quite close to the sound carrier. In the latter event 
the sound may be interfered with even though the 
picture is clean. 

Reference to Fig. 16-1 will show whether or 
not harmonics of the frequency in use will fall in 
any television channels that can be received in the 
locality. It should be kept in mind that not only 
harmonics of the final frequency may interfere, 
but abo haunonics or any frequencies that may be 
present in buffer or frequency-multiplier stages. In 
the case of 144-MHz trammitten, frequency-multi-
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plying combinations that require a doubler or 
tripler stage to operate on a frequency actually in a 
low-band vhf channel in use in the locality should 
be avoided. 

Harmonic Suppression 

Effective harmonic suppression has three 
sepd'rate phases: 

I) Reducing the amplitude of harmonics 
gt:nerated in the transmitter. This is a matter of 
circuit design and operating conditions. 

2) Preventing stray radiation from the trans
mi tter and from a.~sociated wiring. This requires 
adequate shielding and fil tering of all circuits and 
leads from which radiation can take place. 

3) Preventing harmonics from being fed into 
the antenna. 

It is impossible to build a transmitter that will 
not generate som~ harmonics, but it is obviously 
advantageous to reduce their strength. by circuit 
design and choice of operating conditions, by as 
large a factor as possible before attempting to 
prevent them from being radiated. Harmonic 
radiation from the transmitter itself or from its 
associated wiring obviously will cause interference 
just as readily as radiation from the anteMa, so 
measures taken to prevent harmonics from 
reaching the antenna will not reduce lVI ir the 
transmitter itself is radiating harmonics. But once 
it has been found that the transmitter itself is free 
from harmonic radiation, devices for preventing 
harmonics from reaching the antenna can be 
expected to produce results. 

REDUCING HARMONIC GENERATION 

Since reasonably efficient operation of rf power 
amplifiers always is accompanied by harmonic 
generation. good judgment calls for operating all 
frequency-multiplier stages at a very low power 
level. When the final output frequency is reached, 
it is desirable to use as few stages as possible in 
building up to the final output power level, and to 
use tubes that require a minimum of driving power. 

Fig. 16-4 - "Sound bars .. or "'modulation bars" 
accompanying amplitude modulation of an inter
fering signal. In this case the interfering carrier is 
strong enough to destroy the picture, but in mild 
cases the picture is visible through the horizontal 
bars. Sound ban may accompany modulation even 
though the unmodulated carrier gives no visible 
cross-hatching. 
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Circuit l>e5ig,i and Layout 

Harmonic currents of considerable amplitude 
now in both the grid and plate circuits of rf power 
amplifien, but they will do relatively little harm if 
they can be effectively bypassed to the cathode of 
the tube. Pig. 16-5 shows the paths followed by 
harmonic currents in an amplifier circuit; because 
of the high reactance of the tank coil lheze is 1.ittle 
harmonic current in it, so the harmonic currents 

Fig. 16-5 - A vhf resonant circuit is formed by the 
tube capacitance and the leads through the tank 
and blocking capacitors. Regular tank coils are not 
shown, since they have little effect on such 
resonances. C1 is the grid tuning capacitor end C2 
is the plate tuning capacitor. CJ and C4 are tha 
grid and plate blocking or bypass capacitors 
respectively. ' 

simply flow through the tank capacitor, the plate 
(or grid) blocking capacitor. and the tube 
capacitances. The lengths of the leads Conning 
these path.~ is of _great importance, since the 
inductance in this circuit will resonate with the 
tube capacitance at some frequency in the vhf 
range (the tank and blocking capacitances usually 
are so large compared with the tube capacitance 
that they have little effect on the resonant 
frequency). If such a resonance happen~ to occur 
at or near the same frequency as one of the 
transmitter harmonics, the effect is just the same as 
though a harmonic tank circuit had been 
deliberately introduced; the harmonic at that 
frequency will be tremendously increased in 
amplitude. 

Such resonances are unavoidable, but by 
keeping the path from plate to cathode and from 
grid to cathode as short as is physically possible, 
the resonant frequency usually can be raised above 
I 00 MHz in amplifiers of medium power. Tilis puts 
it between the two groups of television channels. 

It is easier to place grid-circuit vhf resonances 
where they will do no harm when the amplifier is 
link-coupled to the driver stage, since this generally 
permits shorter leads and more favorable condi
tions for bypassing the harmonics than is the case 
with capacitive coupling. Link coupling also 
reduces the coupling between the driver and 
amplifier at hannonic frequencies, thus preventing 
driver harmonics from being amplified. 

The inductance of leads from the tube to the 
tank capacitor can be reduced not only by 
shortening but by using flat strip instead of wire 
conductors. It is also better to u&e the chassis as 
the return from the blocking capacitor or tuned 
circuit to cathode, since a chassis path will have 
less inductance than almost any other form of 
connection. 

The vhf resonance points in amplifier tank 
circuits can be found by coupling a grid-dip meter 

covering the S~2S0 MHz range to the grid ana 
plate leads. If a resonance is found in or near a TV 
channel, methods such as those described above 
should be used to move it well out of the TV 
range. The grid-dip meter also should be used to 
check for vhf resonances in the tank coils, because 
coils made for 14 MHz and below usually will show 
such resonances. In making the check, disconnect 
the coil entirely from the transmitter and move the 
grid-dip meter coil along it while exploring for a 
dip in the 54-88-MHz band. If a resonance fol.ls in a 
TV channel that is in use in the locality, changing 
the number of turns will move it to a 
less-troublesome frequency. 

Operating Conditions 

Grid bias and grid current have an important 
effect on the harmonic content of the rf currents 
in both the grid and plate circuits. In general, 
harmonic output increases as the grid bias and grid 
current are increased, but this is not necessarily 
true of a particular harmonic. The third and higher 
harmonics, especially, will go through fluctuations 
in amplitude as the grid current is increased, and 
sometimes a rather high value of grid current will 
minimize one harmonic as compared with a low 
value. This characteristic can be used to advantage 
where a particular harmonic is causing interference, 
remembering that the operating conditions that 
minimize one harmonic may greatly increase 
another. 

For equal operating conditions, there is little or 
no difference between single-ended and push-pull 
amplifiers in respect to harmonic generation. 
Push-pull amplifiers are frequently troublemaker~ 
on even-order harmonics because witl1 such 
amplifiers the even-hmrmonic voltages are in phase 
at the ends of the tank circuit and hence appeu 
with equal amplitude across the whole tank coll, if 
the center of the coil is not grounded. Under such 
circumstances the even harmonics can be coupled 
to the output circuit through stray capacitance 
between the tank and coupling coils. This does not 
occur in a single-ended amplifier having an 
inductively coupled tank, if the coupling coil is 
placed at the cold end. or with a pi-network tank. 

Harmonic Tnps 

If a harmonic in only one 1V channel is 
particularly bothersome - frequently the case when 
the transmitter operates on 28 MHz - a trap tuned 
to the harmonic frequency may be installed in the 
plate lead as shown in fig. 16-6. At the harmonic 
frequency the trap represents a very high 
impedance and hence reduces the amplitude of the 
harmonic cum:nt Oowing through the tank circuit. 
In the push-pull circuit both traps have the same 
constants. The L/C ratio is not critical but a high-C 
circuit usually will have least effect on the 
performance of the plate circuit at the normal 
operating frequency. 

Since there is a considerable harmonic voltage 
across the trap, radiation may occur from the trap 
unless the transml tter is well shielded. Traps should 
be placed so that there is no coupling between 
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Fig. 16-6 - Harmonic traps in an amplifier plate 
circuit. L and C should resonate at the frequency 
of the harmonic to be suppressed. C may be a 25-
to 50-pF midget, and L usually consists of 3 to 6 
turns about 1/2 inch in diameter for Channels 2 
through 6. The inductance should be adjusted so 
that the trap resonates at about half capacitance of 
C before being installed in the transmitter. The 
frequency may be checked with a grid-dip meter. 
When in place, the trap should be adjusted for 
minimum interference to the TV picture. 

them and the amplifier tank circuit. 
A trap is a highly selective device and so is 

useful only over a small range of frequencies. A 
second- or third-harmonic trap on a 28-Ml-lz tank 
circuit usually will not be effective over more than 
50 kHz or so at the fundamental frequency, 
depending on how serious the interference is 
without the trap. Because they are critical of 
adjustment, it is better to prevent TYi by other 
means, if possible, and use traps only as a la.st 
resort. 

PREVENTING RADIATION FROM 
THE TRANSMITTER 

The extent to which interference will be caused 
by direct radiation of spurious signals depends on 
the operating frequency, the transmitter power 
level, the strength of the television signal, and the 
distance between the transmitter and TV receiver. 
Transmitter radiation can be a very serious 
problem if the TV signal is weak, if the TV receiver 
and amateur transmitter are close together, and if 
the transmitter is operated with high power. 

Shielding 

Direct radiation from the transmitter circuits 
and components can be prevented by proper 
shielding. To be effective, a shield must completely 
enclose the circuits and parts and must have no 
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openings that will permit rf energy to escape. 
Unfortunately, ordinary metal boxes and cabinets 
do not provide good shielding, since such openings 
as louvers, lids, and holes for running in 
connections allow far too much leakage. 

A primary requisite for good shielding is that all 
joints must make a good electrical connection 
along their entire length. A small slit or crack will 
let out a surprising amount of rf energy; so will 
ventilating louvers and large holes such as those 
used for mounting meters. On the other hand, 
small holes do not impair the shielding very 
greatly , and a limited number of ventilating holes 
may be used if they are small - not over 1/4 inch 
in diameter. Also, wire screen makes quite effective 
shielding if the wires make good electrical 
connection at each crossover. Perforated aluminum 
such as the "do-it-yourself'' sold at hard ware stores 
also is good , although not very strong mechanical
ly. If perforated material is used, choose the 
variety with the smallest openings. The leakage 
through large openings can be very much reduced 
by covering such openings with screening or 
perforated aluminum, well bonded to all edges of 
the opening. 

The intensity of rf fields about coils, capacitors, 
tubes and wiring decreases very rapidly with 
distance, so shielding is more effective, from a 
practical standpoint, if the components and wiring 
are not too close to it. It is advisable to have a 
separation of several inches, if possible, between 
"hot" points in the circuit and the nearest 
shielding. 

For a given thickness of metal, the greater the 
conductivity the better the shielding. Copper is 
best, with aluminum, brass and steel following in 
that order. However, if the thickness is adequate 
for structural purposes (over .02 inch) and the 
shield and a "hot" point in the circuit are not in 
close proximity, any of these metals will be 
satisfactory. Greater separation should be used 
with steel shielding than with the other materials 
not only because it is considerably poorer as a 
shield but also because it will cause greater losses in 
near-by circuits than would copper or alumir.um at 
the same distance. Wire screen or perforated metal 
used as a shield should also be kept at some 
distance from high-voltage or high-current rf 
;ioints, since there is considerably more leakage 
through the mesh than through solid metal. 

Where two pieces of metal join, as in forming a 
corner, they should overlap at least a half inch and 
be fastened together finnly with screws or bolts 
spaced at close-enough intervals to maintain firm 
contact all along the joint. The contact surfaces 
,hould be clean before joining, and should be 
checked occasionally - especially steel, which is 
almost certain to rust after a period of time. 

The leakage through a given size of aperture in 
ihielding increases with frequency, so such points 
as good continuous contact, screening of large 
holes, and so on, become even more important 
when the radiation to be suppressed is in the high 
band - 174-216 MHz. Hence 50- and 144-MHz 
transmitters, which in general will have frequency
multiplier harmonics of relatively high intensity in 
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this region, require special attention in this respect 
if the possibility of interfering with a channel 
received locally exists. 

Lead Treatmenl 

Even very good shielding can be made 
completely useless when connections are run to 

Fig. 16-7 - Proper rrethod of bypassing the end 
of a shielded lead using disk ceramic cap111:ltor. The 
.001-µF size should be used for ]600 volts or less; 
500 pf at higher voltages. The leads are wrapped 
around the inner and ooter conductors and 
soldered, so that the lead length is negligible. This 
photograph ia about four times actual size. 

external power supplies and other equipment from 
the circuits inside the shield. Every such conductor 
leaving the shielding forms a path for the escape or 
rf, which is then radiated by the connecting wire!. 
Hence a step that is essential in every case is to 
prevent harmonic currents from flowing on the 
leads leaving the shielded enclosure. 

Harmonic currents always flow on the de or a~ 
leads connecting to the tube circuits. A very 
effective means of preventing such currents from 
being coupled into other wiring, and one that 
provides desirable bypassing as well, il to us: 
shielded wire for all such leads, maintaining th~ 
shielding from the point where the lead collllects 
lo the tube or rf circuit right through to the point 
where It leaves the chassis. The shield braid should 
be grounded to the chassis at both ends and at 
frequent intervals along the path. 

Good bypassing of shielded leads also i'! 
essential. Bearing in mind that the shield braid 
about the conductor confines the harmonic 
currents to the inside of the shielded wire, th, 
object of bypassing ii to prevent their escape. Fig. 
l6-7 shows the proper way to bypus. The small 
.001-pF ceramic disk capacitor, when mounted on 
the end of the shielded wife as shown in Fi,. 
16-7, actually forms a seriu-resonanl circuit in 
the 54-88-MHz range and thus represent.5 practical
ly H ,hort circuit for low-band TV harmonics. The 
exposed wire to the connection terminal should be 
kept as short as is physically possible, to prevent 
any po~sible harmonic pickup exterior to the 
shielded wiring. Disk capacito~ in the useful 
capacitance range of 500 to 1000 pF arc available 
in several voltage ratings up to 6000 volu. 

Fig. 16-8 - Additional rf filtering of supply 
leads may be required in regions where the TV 
signal Is very weak. The rt choke should be 
physically small, and may consist of a I-inch 
winding of No. 26 enameled wire on a 1/4-inch 
form, close-wound. Manufocrured single-layer 
chokes having an inductance of a few microhenries 
also may be used. 

These bypa.1Ses are essential at the connection
block terminals, and desirable at the tube ends of 
the leads also. Installed as shown with shielded 
wiring, they have been found to be so effective 
that there is usually no need for further harmonic 
filtilring, However, if a test shows that additional 
filtering is required, the arrangement shown in Fig. 
16-8 may be used. Such an rf .filter should be 
installed at the tube end or the shielded lead, and if 
more than one circuit is filtered care should be 
taken to keep the rf choices sepa.rated from each 
other and so oriented as to minimize coupling 
between them. This is necesSBI)' for preventing 
harmonics present in one circuit from being 
coupled into another. 

In difficult cases involving Channels 7 to I 3 -
i.e. , close proximity between the transmitter and 
receiver, and a weak TV signal - additional 
lead-filtering measures may be needed to prevent 
radiation of interfering signals by 50- and 144-MHz 
transmitters. A recommended method is shown in 
Fig. 16-9, It uses a shielded lead bypassed with a 
ceramic disk as described above, with the addition 
of a low-inductance feed-through type capacitor 

Fig. 16-9 - Additional lead filtering for 
harmonics or other spurious frequencies in the high 
vhf TV band (174-216 MHz). 
Ct - .001 .µ.f disk ceramic, 
C2 - 500- or 1000.pF fed-through bypass 

(Centralab FT-1000. Above 500 volts, substi
tute Centralab 8685-500.). 

RFC - 14 Inches No. 26 enamel close-wound on 
3/16-inch dia. form or composition resistor 
body. 
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and a small rf choke, the capacitor being used as a 
terminal for the external connection. For voltages 
above 400, a capacitor of compact construction (as 
indicated in the caption) should be used, mounted 
so that there is a very minimum of exposed lead 
inside lhe chassis, from the capacitor to the 
connection terminal. 

As an alternative to the series-resonant 
bypiwing described above, feed-through type 
capacitors such as the Sprague "Hypass" type may 
be used as terminals for external connections. The 
ideal method of installation is to mount them so 
they protrude through the chassis, with thorough 
bonding to the chassis all around the hole in which 
the capacitor is mounted. The principle is 
illust.Iated in Fig. 16-10. 

Meters that are mounted in an rf unit should be 
enclo!lled in shielding coven, the connections being 
made with shielded wire with each lead bypassed as 
descn"bed above. Tite shield braid should be 
grounded to the panel or chassis immediately 
outside the meter shield, as indicated in Fig. 16-11. 
A bypass may also be connected across the meter 
tenninals, principally 10 prevent any fundamental 
current that may be present from flowing through 
the meter itself. As an alternative to individual 
meter shielding the meten may be mounted 
enti.re.ly behind the panel, and the panel holes 
needed for observation may be covered with wire 
screen that is carefully bonded to the panel all 
around the hole. 

Care should be used in the selection of shielded 
wire for transmitter use . Not only should the 
insulation be conservatively rated for the de 
voltage in use, but the insulation should be of 
material that will not easily deteriorate in 
soldering. The rf characteristics of the wire arc not 
especially important, except thal the attenuation 
of harmonics in the wire itself will be greater if the 
insulating material has high I05ses at radio 
frequencies ; in other words, wire intended for use 
at de and low frequencies is preferable to cables 
designed expreSlily for carrying rf. The attenuation 
also will Increase with lhe length of the wire: in 
general, it is heller to make the leads as long as 
circumstances pennit rather than lo follow the 

INSIDE OUTSIDE 

Fig. 16-10 - The best method of using the 
"Hypass" type feed-through capacitor. Capaci
tances of .01 to 0.1 l].F are satisfactory. Capacitors 
of this type are useful for high-current circuits, 
such as filament and 117-volt leads. as e substitute 
for the rf choke shown In Fig. 16.a, In cases 
where additional lead filtering is needed. 
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Fig. 16-11 - Meter shielding and !Jvpasslng . It is 
essential to shield the meter mounting hole since 
the meter will carry rf through It to be radiated. 
Suitable shields can be made from 2 1 /2- or 3-inch 
diameter metal cans or small metal chassi, boxes. 

more usual practice of using no more lead lhan i1 
actually necessary. Where wires cross or run 
parallel, the shield~ should be spot-soldered 
together and connected to the chassis. For high 
voltages, automobile ignition cable covered with 
shielding braid is recommended. 

Proper shielding of the tnnsmitter requires that 
the rf cizcuits be shielded entirely from the 
external connecting leads. A situation such as is 
shown in Fig. 16-12, where the leads in the rf 
chassis have been shielded and properly filtered but 
the chassis is mounted in a large shield, simply 
invites the harmonic currents to travel over the 
chassis and on out over the leads ouuide the 
chassis. The shielding about lhe rf circuits should 
make complete cont.act with the chassis on which 
the parts are mounted. 

Checking Transmitter Radiation 

A check for transmitter radiation always should 
be made before attempting to use low-pass filters 
or other devices for preventinR harmonics from 
reachin~ the antenna system. The only n,ally 
satisfactory indicating instrument is a television 
receiver. In regions where lhe TV signal is strong an 
indicating wavemeter such as one having a crystal 

Fig. 16-12 - A metal cabinet can be an adequate 
shield, but there will still be radiation If the laads 
inside can pick up rf from the transmitting circuin. 
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or tube detector may be useful; if it is possible to 
get any indication at all from humonic& either on 
supply leach or a1ound the transmitter itself, the 
humonics are probably strong enough to cause 
interference. However, the absence of any such 
indication does not mean that harmonic Interfer
ence will not be caused. If the techniques of 
shielding and lead filtering described in the 
preceding section are followed, the harmonic 
intensity on any external leads should be far below 
what any such instruments can detect. 

Radiation checks should be made with the 
uansmitter delivering full power into a dummy 
antenna, such as an incandescent lamp of suitable 
power rating, preferably installed inside the 
shielded enclosure. lfthe dummy must be external, 
ii is desirable to connect it through a coax-match
ing circuit such as is shown in Fig. 16-)3. Shielding 

OUTPUT STAGE 
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' I 
I 
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Fig. 16-13 - Oummv-antenna ayuem for checking 
harmonic radiation from th" transmitter and leads. 

the dummy antenna circuit ia also desirable, 
although ii is not always necessary. 

Make the radiation test on all frequ'encies that 
are to be used in transmitting, and note whether or 
not interference patterns show in the received 
picture. (These tests must be made while a 1V 
signal is being received, since the beat patterns will 
not be formed if the 1V picture carrier is not 
present.) If interference exists, its source can be 
detected by grasping the various external leads (by 
the insulation, not the live wire!) or bringing the 
hand near meter faces, louven, and other possible 
points where haJmonic energy might escape from 
the transmitter. If any of these tests cause a clumge 
- not neces.sarily an increare - In the Intensity of 
the interference, the presence of harmonics at that 
point ls indicated. The location of such "hot" 
spots usually will point the way to the remedy. If 

the 1V receiver and the transmitter can be 
operated side-by-iide, a length of wire connected 
to one antenna terminal on the receiver can be 
used as a probe to go over the transmitter 
enclosure and external leads. This device will very 
quickly expose the spol.5 Crom which serious 
leakage is taking place. 

As a final test, connect the transmitting 
antenna or its transmission line tenninals to the 
outside of the Uansmitter shielding. Interference 
created when this test is applied indicates that 
weak currents are on the outside of the shield and 
can be conducted to the antenna when the normal 
antenna connections are used. Currents of this 
nature represent interference that is conducted 
over low-pass filters, and hence cannot be 
eliminated ti, such filten . 

TRANSMITTING-ANTENNA 
CONSIDERATIONS 

When a well-shielded transmitter is used in 
conjunction with an effective low-pass filter, and 
there is no incidental rectification in the area, it is 
impossible to have "ha1monic-type" TVI, regard
less of the type of transmitting antenna. However, 
the type of transmitting antenna in use can be 
responsible for "fundamental-overload" TVI. 

To minimize the chances of TVI, the 
transmitting antenna should be located as far as 
pOSSJ'ble from the receiving antenna. The chances 
of fundamental overload at the television receiver 
are reduced when a horizontal transmitting 
antenna or beam is mounted higher than the TV 
antenna. Other things being equal, fundamental 
overload is more likely to occur with a vertical 
transmitting antenna than with a horizontal one, 
because the vertical antenna has a suonger field at 
a low angle. If a ground-plane antenna can be 
located well above the height of the TV receiving 
antenna, there is less likelihood of fundamental 
overload than when It is at the same height or 
below the television antenna. 

The SWR on the line to the transmitting 
antenna has no effect on TVI. However, when the 
line to the antenna puses near the TV antenna, 
radiation from the line can be a source of 1VI. 
Methods for minimizing radiation from the line are 
discussed in the chapter on transmission lines. 

FILTERS AND INTERFERENCE 

The judicious use of filters, along with other 
~uppression measures !IIICh as shielding, has pro
vided solutions to interference problems in widely 
varying applications. As a consequence, consider
able attention has been given to the subject over 
the years that has resulted in some very esotetic 
designs. Perhaps the most modern approach is the 
optimization and/or realization for a particular 
application of a filter by means of a digital 
computer. However, there are a number of other 
types with component values ca taloged In tabular 
form. Of these, the most important ones are the 
so-<:alled Chebyshev and elliptic-function filters. 

(Butterworth filters are often considered as a 
special case of Chebyshev types only with a ripple 
factor of zero.) 

Elliptic-function filters might be considered 
optimum in the sense that they provide the 
sharpest roUofT between the passband and stop
band. Computed values for a low-pass filter with a 
0.1-dB ripple in the passband and a cutoff fre· 
quency of 30.6 MHz arc shown in Fig. I . The filter 
is supposed to provide an attenuation of 35 dB 
above 40 MHz. An experimental model wa~ built 
and the response is shown in Fig. 2. As can be seen, 
the filter came quite close to the design goals. 
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Fig. 1 - Schematic diagram 1howing component 
1oelue1 of an uperimental elllptic function filter . 

Unfortunately, as with most of the designs in this 
scction, alignment of the more complicated filters 
requires some son of sweep11cncr1tor setup. This ii 
the only practical way of "tweaking" a lilter to the 
desired response. While building a sweep setup is 
not beyond the talents of an advanced experi
menter, the lack of one is an obstadc in the home 
construction of filters. 

Chebyshev Fil ter~ 

Chcbyshev low-pass filters ( and Bu ttcrworth 
filters) have the same ladder-network circuit III the 
elllptic-function filter in fig. 1 except that the 
inductors in the shunt arms are omitted. Tables for 
the clement values are quite common and can be 
found in any number of references. However, how 
to determine the attenuation at a particular fre
quency is often not included in such lllbles and 
!IOmc uplanation is in order. 11 will be r~led 
that a ripple factor was mentioned in conjunction 
with the elliptic-function filter In the previous 
11ection. This factor specifies the allowuble amount 
of attenuation in the passband und represents 11 

tradeoff from steepness of the attenuation between 
the passband and stopband. Larger ripple facton 
result in greater rolloff; ho-vcr, the input imped
ance and contequently the VSWR oC the filter 
become larger also. For moderate 'power
transmitting applications, a ripple factor of 0.1 dB 
is about the maximum permissible amount This 
results in a VS\\'R of approximately 1.4:1. For 
low-level stages, VSWR is often not a problem and 
higher ripple facton can be used. 

The attenuation ( or insertion loss in the case of 
equal rcsiuive terminations 11 the input and output 
of the filter) is given by: 

L • 10 log10 
I+ 2Tn w 

where Th(w) represents a Chcbyshcv polynomial 
of degree n, and n represents the number of 
lnducton and capacitors in the filter (for Instance, 
for an ordinary pi or T network, n would be 3). 
The term w is just 2w/ rJ is the frequency tn Hz 
and f2 will be discussed shortly). Chebyshev 
polynomials can be expressed in terms of ordinary 
trigonometric and hyperbolic f\1nctions by: 

{ cos (narc co1 w) 0< w ' } 
Tn(w) • oosb(narccoshw) w > I 

For values of w less than one, the polynomial 
oscillates between :t l while for greater values, It 
increases rapidly. Consequently, the value for w 
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Fig. 2 - Response curve of the filter shown In Fig. 
1. Vertical scale represents 10 dB/div. and horizon
tal scale 11 10 MHz/div. 

equal to I represents the cutoff frequency of the 
filter. While the polynomial could be tabulated 
from tablei of functions, the problem could be 
easily wived on many current calculator models. In 
fact, with programmable models such u the 
Hewlett Packard HP-25, finding the attenuation at 
any frequency only requires entry of the fre
quency, ripple factor and number of elements 
(number of pole1). For those interested. a copy of 
such a program is available from ARRL for 25 
cents and an 1.1.Lc. 

The term f2 l1 the ripple factor and is related to 
the ripple factor In decibels by the equation: 

.!!II le 8) 
r2 • 10 IO - 1 

This concept represents the most important aspect 
of current niter design. Limits or tolerances ■re set 
on the amount of ripple In either the pailllb■nd or 
stopband (or both in the ca5e of elliptic-function 
OIiers) and the filter is designed around thCJC 
limits. 

A Citation Eliminator 

Quite often, some insight into the qualitative 
manner in which a filter works is uscfuL For 
example, consider the filter shown in Fig. 3. If the 
2.26-,.H coils were omitted, a high-pass configura
tion would result. By Including the coils, the filter 
will possibly have a roUoff above tho high-pus 
cutoff frequency and provide an unsymmetrlcal 
bandpll5S cbaracterilltic. 

Pc board serves 81 ■n enclosure for thi1 elliptle· 
function filter. 
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Fig. 3 - Schematic diagram of the ··citation 
Eliminator." Component 1111lu111 1hown are theo· 
retical computed inductances and capacitances for 
a bandpass filter resonant at 21. 14 MHz with a 
bandwidth of 4.5 MHz. 
Cl, C2 - 4.5 to 26 pF, ceramic trimmer. 
L1, L2 - 13 turn, 3/4-inch dia., 16 !pi 18 & W 

3011). 
L3 - 5 turns No. 16 solid wire 3/4 -inch dia., 

approx. 1-inch long. 

This is shown In Fig. 4 and an application of a 
!liter of this type is as followw. Many older rigs 
suitable for cw work are often acquired by Novice 
operaton because of their low co1t. Unfortunately, 
operation on the higher bands such as 15 meters 
c:.m be somewhal tricky and It is possible that Ute 
rig is tuned up on 20 meters instead. The afore
mentioned filter eliminates that possibility by 
providing rejection at 14 MHz and also at har· 
monies above lhe operating frequency of 21 MHz. 
It is relatively easy to align since all that Is 
necessary ls to grid-dip LI lo 21. 14 MHz (with the 
input shorted and the output open) by means of 
Cl. The process is repealed with L2 and Cl, only 
the input is opened and the output terminal 
shorted. Further tweaking can be accomplished by 
adjusting the capacitors for minimum SWR with 
the outpul circuit connected to a dummy load. 
Some adjustment of Ll may be necessary which 
controls the coupling. Spreading or squeezing the 
coil turns farther apart or closer together, decreases 
or incn:1asc1 the Inductance (and hence the 
coupling) accordingly. 

A similar construction using pc board i1 shown f0f' 
the "Citation Eliminator." Approximate dimensions 
are 2 X 2·3/4 X 2·3/4 IHWDI. A top c0119r with hole 
for capacitor adjustment should be soldered on after 
filler la initially aligned. Power rating i1 suitable for 
transmi tt41rs in 76-watl inpul class. 

Fig. 4 - Response of the "Citation Ellmlna1or." 
Attenuation and frequancv 1cele 10 dB/div. (verti• 
call and 5 MHz/div. (horizon tall. 

An Absorptive Filter 
The filler shown in Mg. I not only provides 

rejection by means of n low-pass section, it also 
includes circuitry that absorbs harmonic energy. A 
high-pass section consisting of LI, L2, Cl and C2 is 
lerminated in a 50-ohm uidler load" and I his com
bination performs the latter function. The advan
tages of this technique are that degralbtlon of filter 
rejection caused by antenna mismalch at the 
harmonic frequency ore not as severe (with a filter of 
this type) and the tninsmltler it terminated in a 
resistive load at the harmonic. 

Construction and Test Techniques 

If good performance above I 00 MHz ls not a 
necessity, this filter can be built using conventional 
fixed apaciton.. Copper-clad Teflon board may 
not be readily available in small quanlities from 
many supply houses. Regular flberglass-insulaced 
board is satisfaccory for low power. One such filter 
has been used with an SB-I 00 tr11nact1ver running 
100 watu. Although the Q of the fiberglass 

so.a 
INPUT 

1 

~a 

] L2 

Fig. 1 - Schematic diagram of the absorptive filler. 
The pcboardusedi1 MIL-P-139490, FL·GT·.062 in, 
C-2/2-11017, Clea 1, Grade A. Polychem Bud Oivl• 
slon. Capacitance between copper surfaces Is 10-pF 
per square inch. Values are • follows for a design 
cutoff fl"tlquency of 40 MHz end rejection peak in 
Channel 2: 

C1 -52pF 
C2 - 73pf 
CJ -126 pF 

C4-21.6pF 
L 1 - 0.125 1,1H 
L2 - 0.62 1,1H 

L3-0.31,1H 
L4 - 0.212 1,1H 
L5 -0.241,1H 
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capaciton will be lower than that of Tenon
dielectric capacitors, this should not gJC•tly affect 
the type or filter described here. 

Test equipment needed lo build this filter al 
home includes a reasonably accurate grid-dip oscil
lator, a SWR bridge, a re.11ctancc chart or the 
ARRL Lighting Calculator (for l, C, and f), a 
SO-ohm dummy load, and a tranunltter. 

Once the value of a given capacitor has been 
calculated, the next step is to determine the 
capacitance per squ111e inch of the double-clad 
circuit board you hHYe. This is done by connecting 
one end of a coil of known inductance to one 1ide 
of the circuit board, and the other coil lead to the 
other side of the cltcuil board. Use the arid-dip 
oscillator, coupled lightly to the coil, to determine 
the resonant frequency of the coil and the circuit
board capacitor. When the frequency is known. the 
total capacitance can be determined by working 
the Lightning Calculator or by looking the capaci
lllnce up on a reaclance charr. The total capaci
tance divided by the number of square inches on 
one side of the circuit board gives the capacitance 
per square inch. Once this figure is detennincd, 
capacitors of almost any value can be laid out with 
a ruler! 

Fig. 3 - Dummy load for the high-pau section of 
the filter. 

High vol~s can be developed across capaci
tors in a 1eries-tuned circuit, so the copper materi.al 
should be trimmed back at least l/8 inch from all 
edges of a board, ucept those that will be soldered 
to ground, to prevent arcing. This should not be 
accomplished by filing. since the copper filinp 
would become imbedded in the board material and 
just compound the problem. The capacitor 1urfaces 
should be kepi smooth and sharp comcn should be 
avoided. 

If the filter box is made of doublo-clad fiber 
,glass board, both sides should be bonded together 
with copper stripped rrom another piece of board. 
Stripped copper foil may be cleaned with I fllZor 
blade before soldering. To remove copper foll from 
a board, use a straight odge and a sharp scribe lo 
scare the thin copper foil When the copper foil has 
been cut. use a ramr blade to lift a comer. Careful 
heating with a soldering Iron wlll reduce the effort 
required to separate the copper from the board. 
This technique of bonding two pieces of board or 
two sides of a pioce of board can aha be used to 
interconnect two capacitors when construction in 
one plane would require too much llffll. Stray 
Inductance must be minimized and sufficient clc:ar-
11nce must be maintained for arc-over protecliolL 

Capaciton with Teflon dielectric have been 
used in filters passing up to 2 kW PEP. One further 
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Fig. 16-14 - EQUivalent circuits for Iha strip-line 
filten. At A, rh■ circuit for the 8- and 2-memr 
filtsrs a111 shown. L2 and L3 ■r■ the input and 
output links. These filters a111 bilatarlal, permitting 
interchanging of the Input and output 11,minals. 

At B. the representative circuit for the 220- and 
432-MHz filters. These filters ant also bilaterial. 

word of caution: No low-pass @ter will be fuDy 
effective until the transminer with which it ls used 
is properly shielded and all leads filtered. 

The terminating loads for the high-pass 1CCtion 
of the filter can be made from 2-watt, 10-percent 
tolerance composition resistorL Almost any dissi
pation mting can be obtained by suitable series
parallel combinations.. For ex.ample, a 16-watt, 
SO-ohm load could be built as shown in Fig. 3. This 
load should handle the harmonic energy of a sigual 
with peak fundamental power or 2 kilow■IU. Wilh 
this load, the harmonic energy will see a SWR 
under 2: I up to 400 MHz. For low power (under 
300 watts PEP). a pait of 2-watt I 00-ohm resistors 
is adequate. 

In the model shown the hi sh-pass filtar series 
capacitors are bonded and mounted on Teflon 
standoff insulntorL 

FILTERS FOR VHF TRANSMITTERS 

High rejection of unwanted frequencies is 
possible with the tuned-line fllten of Fig. 16-14. 
l::xamples are shown for each band from SO 
tluough 450 MHz. Conruucdon is relatively 
simple, and the cosl is low. Standard boxes lll'e 
used, for ease or duplication. 

The f1l ter of Fig. 16-1 S Is selec live enough to 
pus 50-MHz energy and anenuate tbe 7Ch 
harmonic of an 8-MHz oscillator lhat falls in TV 
Channel 2. Will! a.n insertion 1011 at 50 MRz or 
about 1 dB, It can provide up to 40 dB of 
attenuation to enefll)' at 57 MHz ln the same line. 
This should be more than enough attenuation to 
take care of the wont 1ituatiom, provided that the 
radiation Is by way of the transmitter output coax 
only. TIie filter will not eliminate interfering 
energy lhat gets out from powu cables, the ac line, 
or from the trarumltter circuits themselves. It allllO 
will do nothing for TVI that results from 
deficlencie3 in the TV receiver. 
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Fig. 16-16 -The 144MHz 
filter h• an Inner conduct
or of 1 /2-inch copper tub
ing 10 inches long, ground
ed to the left end of the 
c:me and supported at the 
right end by the tuning 
capacitor. 

The SO-MHz filter, Fig. 16-15, uses a folded line 
in order to keep it within the confines of a 
standald ch&S1is. The case It a 6 X 17 X l-inch 
chassis (Bud AC-433) with a cover plate that 
fastens In place with self-tapping acn,w9. An 
aluminum partition down the middle of the 
assembly II 14 inches long, and the full height of 
the c hasala, 3 inches. 

The Inner conductor of the tine Is 32 inches 
long and 13/16 inch wide, of 1/16-inch brass, 
coppt'r or aluminum. This was made from two 
pieces or aluminum 11pUced together to provide the 
32-mch length. Spl.icin1 seemed to have no ill 
effect on the cucuit Q. The side of the "U" are 
2 7 /8 inches apart, with the partition at the center. 
The line b supported on ceramic standoffs. These 
were shimmed up with secdom of hard wood or 
bakelite rod, to pve the requited I 1/2-lnch height. 

The tuning capacitor la a double~aced variable 
(Hammarlund HF-30-X) mounted I 1/2 Inches 
from the right end of the chassis. Input and output 
coupling loops are of No. 10 or 12 wire, 10 inchc1 
long. Spaclr11 away from the line la adjusted to 
about 1/4 Inch. 

1be 144-MHz model II bouaed In a 
2 1/ 4 X 2 1/2 X 12-lnch Minibox (Bud 
CU-2114-A). 

One end of the tubing is slotted 1/4 inch deep 
with a hacksaw. Thia slot takes ■ brass angle 
bncket I 1/2 inches wide, 1/4 Inch high, with a 
1/2-inch mounting Lip. This l /4-inch lip i1 soldered 

Fig. 16-15 - Interior of 
th• 50-MHz strip line filter. 
Inner conductor of elumi
num strip is bent into U 
shape, to fit ln1ide a 
standard 17-inch ch11111i1. 

Fig. 16-17 - A half-wave 
strip line is used in the 
220-MHz filter. It is 
grounded at both ends end 
tuned at the center. 

into the tubing slot, and the bracket Is then bolted 
to the end of the box, so as to be centered on the 
end plate. 

The tuning capacitor (Hammarlund HF-1 S-X) is 
mounted I 1/4 lnchea from the other end of the 
box, In such ■ position that the inner conductor 
can be soldered to the two stator ban1. 

The two coaxial fittings (SO-239) ■.re 11/ 16 
inch In from each side or the box, 3 1/2 inches 
from the left end. The coupllna loops a.re No. 12 
wire, bent so that each is parallel lo the center line 
of the inner conductor, and about 1/8 inch from 
It• surface. Their cold ends are soldered to the 
brass moundng bracket. 

The 220-MHz filter uses the same size box ■s 
the 144-MHz model. The inner conductor is 
1/16-lnch brass or copper, S/8 inch wide.just long 
enough to fold over It each end for bolting to the 
box. It Is positioned so that there will be 1/8 Inch 
clearance between it and the rotor plates of the 
tuning capacitor. The l11tter is a Hammarlund 
HF-15-X, mounted sHghlly off-1:enter In the box, 
so th11t its stator plates coMect to lhe ex■c t 
mid-point of the line. The 5/16-inch mounting 
hole in the case is 5 1/2 inches from one end. The 
S0-239 coaxial fittings arc 1 Inch in from opposite 
sides of the box, 2 inches from the ends. Their 
coupling links ■re No. 14 wire, 1/ 8 inch from the 
Inner conductor of the line. 

The 420-MHz filter 11 similar in deugn, using 11 

I S/8 X 2 X IO-Inch Mlnibox (Bud CU-2113-A). A 
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half-wave line is used. with di!lt tuning ■t the 
center. The disks ~ 1/16-inch bn.ss, I 1/4-incb 
diameter. The fixed one b centered on the Inner 
conductor, the other mounted on a No. 6 brus 
lead-screw. This puses through a threaded 1,ushlng, 
which can be taken from the end of a discarded 
slug-tuned Conn. An advantage of these is that 
usually a tension device is included. If there is 
none, use a lock nu1. 

Type N coaxial connectors were used on the 
420-MHz model. They are 5/8 inch in from each 
~tde of the box, and I 3/8 inches in from the ends. 
Their coupling Unks of No. 14 wire are I/ 16 Inch 
from the inner conductor. 

Adjustmen I and Use 

If you wanl the filler to work on both 
transmitting and receiving, connect the lilter 
between antenna Une and SWR indicator. Wilh thi! 
anangemenl you nee1! merely adjust the filler for 
minimum reflected power reading on the SWR 
bridge. This should be zero, or clo1e to ii, if the 
antenna is well-matched. The bridge should be 
used. as there is no way to adjust the filter 
properly without It. tr you insist on Uying. adjust 
for bell reception of signals on frequencies dose to 
the ones you expect to transmit on. 1l1is worlts 
only if the antenna ii well matched. 

When the filter is properly adju.~ted (with the 
SWR bridge) you may find that reception can be 
improved by retuning lhe filter. Don't do ii, If you 
want the filter to work best on the job it was 
intended to do: I.be n,jacLion of unwanted enerJY. 
transmitting or receiving. If you want to improve 
reception with the filler in the circuit, work on the 
receiver input circuit. To get maximum power oul 
of the mmsmitter and into the line, adjust the 
transmitter output coupling, not the filter. If the 
effect of the filter on reception bothers you, 
connect it in the line from the antenn11 n1lay to the 
transmitter only. 

SUMMARY 

The methods or harmonic elimination outlined 
here have been proved beyond doubt lo be 
effective even under hlghly unfavorable conditions. 
It must be emphasized once more, however, that 
the problem must be solved one step at a time, and 
t!tc procedure must be In logical order, II cannot 
be done p,operly '111,ithout two item• of simple 
equipment: a grid-dip meter and WBvcmclllr cover
ing the TV bands, and a dummy antenna. 

fig. 16-18 - The propar method of 
installing a low-pass fil111r berween 
the transminer and a Transmatch. If 
the antenna 11 fed through coax . the 
Transmetch can be eliminated, but 
the transmitter and filter must be 
completely shielded. If a TR &witch is 
ul&d, it should be inuallad between 
1h11 transmitter and low-pms filter. 
TA switches can generate harmonics 
themselves. 10 the low-pass filter 
should follow the TR switch. 

TRANS. 
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To !lllmmarize: 
1) Take a critical look at the transmit fer on the 

basis of the dc~ign considerations outlined under 
" Reducing Hannonic Generation." 

2) Check all circuits, particularly those con
nected with the final amplifier, with the grid-dip 
meter to determine whether there lffl any 
resonances in the 1V bands. If 10, re&m1nge the 
circuits so the resonances are moved out of the 
critical frequency region. 

3) Connect the transmitter to the dummy 
antenna and check with the wavemcter for the 
presence of hannonics o.n leads and around the 
transmitter enclosure. Seal off the weak spots in 
the shielding and filter the lead~ until the 
wavemeter shows no indication al any hannonic 
frequency . 

4) At this stage, check for interference with a 
TV receiver. If there is interference, detennioe the 
cause by the methods described previously and 
apply the recommended remedies until the 
Interference di~appears. 

5) When the transmitter is completely clean on 
the dummy antenna. connect it to the regulu 
antenna and check for interference on the 1V 
receiver. If the interference 15 not bad, a 
Transmatch or matching circuit installed as 
previously described should clear It up. Alternative
ly. a low-pa5s filter may be used. If neither the 
Transmalch nor filter makes 1111y difference in the 
interference, the evidence is strong that the 
interference, al least in put, ls belng caused by 
n,cc:i•c:r u•i:rluading bc:cauM: of the strong funda
mental-frequency field about the 1V antenna and 
receiver. A Transmatch and/or filter. installed 115 

described above, wiD invariably make a difference 
in the interwty of the interference If the 
interference bi caused by transmiller hannonics 
alone. 

6) If there is ~till interference after Installing 
the Transmetch and/or filter, and the evidence 
shows that II Is probably caused by a hannonic, 
more atlenuallon is needed. A more elaborate filler 
may be necessary. However, it Is well at this stage 
to assume thal part of the interference may be 
caused by receiver overloading. and take steps to 
alleviate such a condition before trying highly
elaborate filten and traps on the uansmiller. 

HARMONICS BY RECTIFICATION 

Even though the transmitter Is complelely free 
from harmonic output it II stiU possible for 
interference lo occur because or harmonics 

TO REC 

f!WjS
MATCH 
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gtm:raled outside the transmitter. These result 
from rectification of fundamental-frequency au
rents Induced in conducton in the vicinity of the 
tnuumitting antenna. Rectification can take place 
at any point where two conducton are in poor 
eJecukid conlllct, a condition that frequently 
exists In plumbing, downspoutlna, BX cables 
cronlng each other, and numerous other places in 
the ordinary residence. It also can occur at any 
exposed vacuum tubes in the station, in power 
supplies, speech equipment, etc., that may not be 
enclosed in the shielding about the rf circuits. Poor 
joints anywhere in the antenna system are 
especially bad, and rectification aho may take 
place In the contacts of antenna changeover relays. 
Another common cause is overloading the front 
end of the communications receiver when it Is used 
With a separate antenna (which will radiate the 
hannonics generated in the first tube) for break-in. 

Rectification of this son will not only cause 
harmonic interference but also ia frequently 
re1ponslble for cross-modulation effects. II can be 
detected in greater or less degree In most locations, 
but fortunately the harmonics thu1 generated are 
not usually of high amplitude. However, they can 
cau,e considerable interference In the immediate 
vicinity in fringe areas, especially when operation Is 
ln the 28-MHz band. The amplitude decrea5e5 
rapidly with the order of the harmonic, the •econd 
1111d third bein1 the wont. It is ordinarily found 
that even in cases where destructive interference 
results from 28-MHz operation the interference is 
comparatively mild from 14 MHz, and is negligible 
at still lower frequencie.~. 

Nothing can be done at either the transmitter 
or receiver when rectification occurs. The remedy 
Is to find the source and eliminate the poor contact 
either by xeparating the conducton or bonding 
them together. A crystal wHVemcter (tuned to the 
fundamental frequency) is useful for hunting the 
aoun::e, by showing which conducton arc carrying 
rf and, comparatively, how much. 

Interference of this kjnd is f.Rquently intennil
tent since the rectification efficiency will vary 'lllith 
vibration, the weather, and so on. The poui"bility 
of conoded contacts in the 1V rcceivln1 antenna 
•hould nut be overlooked, especially If II has been 
up a year or more. 

TV RECEIVER DEFICIENCIES 

When a television receiver h quite close to the 
transmitter, the intense rf signal from the 
transmitter's fundamental may overload one or 
more of the receiver circuits to produce spurious 
resporucs that cause interference. 

lf the overload Is moderate, the interference is 
of the same nature as humonic interference: It is 
caused by harmonics generated in the early stages 
of the receiver and, since it occurs only on 
channels harmonically related to the transmitting 
frequency, It is difficult to distingui~h from 
harmonics actu.Uy radiated by the tnnsmitter. In 
such caxs additional harmonic suppreuion at the 
transmitter will do no good, but any means taken 
at the receiver to reduce the strength of the 
amateur signal reaching the first tube will effect an 
improYemcnt. With very severe overloading, inter
ference also will occur on channels not harmonical· 
ly related to the transmitting frequency, so such 
cases are easily iden tlfied. 

Cross-Modula tion 

Upon some circumstances overloading will 
result in cross-modulation or mixing of the 
amateur signal with that from a local fm or 1V 
station. For example. a 14-MHz sign.al can mix 
with a 92-MHz rm station to produce a beat at 78 
MHz and cause interference in Channel 5, or with a 
1V station on Channel S to cause interference in 
Channel 3. Neither of the channels interfered with 
is in harmonic n:lationahip to 14 MHz. Both ,ignals 
have to be on the air for the interference to occur, 
and eliminating either at the 1V receiver will 
eliminate the interference. 

There are many combination~ of this type, 
depending on the band in use and the local 
frequency assignments 10 fm and 1V stlltions. The 
interfering frequency Is equal to the amateur 
fundamental frequency either added to or 
subtracted from the frequency of some local 
station. and when interference occun in a 1V 
channel th.at is not harmonically related to the 
amateur transmitting frequency the ~"bilitics in 
such frequency combinations should be investi
gated. 

Fig. 16-19 - Highi)ilss filters for 
installa1ion at the TV receiver 
.-ilenna terminals. A - bal.-iced 
filter for JOO.ohm line. B - for 
76-ohm coaitial line. Important: Do 
not use a direc1 ground on the chassis 
of a 1r•11formerl1!$S receiver. Ground 
through a .001.µF mica capacitor. 

A T ~~~:I: ~ ~:] 
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TV Receiver Deficiencies 

1-f Interference 

Some 1V receivers do not have sufficient 
selectivity to prevent strong signals in the 
lntennediate-frequency range from forcing their 
way through the front end and getting into the i-f 
amplifier. The once-standard intermediate frequen
cy of, roughly, 21 to 27 MHz, is subject to 
interference from the fundamental-frequency out
put of transmitters operating in the 21-MHz band. 
Transmitters on 28 MHz sometimes will cause this 
type of interference as well. 

A form of i-f interference peculiar lo 50-MHz 
operation near the low edge of the band occurs 
with some receivers having the standard "41-MHz" 
i-f, which has the sound carrier at 4 l.2S MHz and 
the picture carrier at 45.75 MHz. A SO-MHz signal 
that forces its way into the 1-f system of the 
receiver will beat with the i-f picture caJTier to give 
a spurious signal on or near the i-f sound carrier, 
even though the interfering signal is not actually in 
the nominal passband of the i-f amplifier. 

There is a type of i-f interference unique to the 
144-MHz band in localities where certain uhf 1V 
channels are in operation, affecting only those 1V 
receivers in which double-conversion type plug-in 
uhf tuning strips are used. The design of these 
strips invol\'es a Mt intennediate frequency that 
varies with the TV channel to be received and, 
depending on the particular strip design, this fint 
i-f may be in or close to the 144-MHz amateur 
band. Since there is comparatively little selectivity 
in the 1V signal-frequency circuits ahead of the 
first i-f, a signal from a 144-MHz transmitter will 
"ride into•· the i-f, even when the receiver is at a 
considerable distance from the transmitter. The 
channels that can be affected by this type of i-f 
interference are: 

Recelven wirh 
21-MHi 
Jecondl-f 

Channels 14-18, incl. 
Channels 41-48, incl 
Channels 69-77, incl. 

Receivers wilh 
41-MHz 
.recond I-/ 

Channels 2~2S, incl 
Channels Sl-58, Incl. 
Channels 82 and 83. 

lf the receiver is not close to lhe transmitter, a trap 
of the type shown in Fig. 16-21 will be effective. 
However, if the separation is smell the 144-MHz 
s.ignal will be picked up directly on ll1e receiver 
ciicuits and the best solution is to readjust the strip 
oscillator so that the first i-f is moved to a 
frequency not in the vicinity of the 144-MHz band. 
Titls has to be done by a competent technician. 

l•f interference is easily identified since it 
occurs on all channels - although sometimes the 
intensity varies from channel to channel - and the 
cross-hatch P/lltern it causes will rotate when the 
receiver'& fine-tuning control is varied. When the 
interference is caused by a harmonic, overloading, 
or cross modulation, the structure of the 
interference pattern does not change {its intensity 
may change) as the fine-tuning control ls varied. 
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Hish-Pass Filters 

In all of the above cases the interference can be 
eliminated if the fundamental signal strength can 
be reduced to a level that the receiver can handle. 
To accomplish this with signals on bands below 30 
MHz, the most satisfactory device is a high-pass 
filter having a cutoff frequency between 30 and 54 
MHz, installed at the tuner input terminals of the 
receiver. Circuits that have proved effective are 
shown in Figs. 16-18 and 16-19. Fig. 16-18 has one 
more section than the filters of Fig. 16-19 and as a 
consequence has somewhat better cutoff character
istics. All the circuits given are designed to have 
little or no effect on the 1V signals but will 
attenuate all signals lower in frequency than about 
40 MHz. These ftJters preferably should be 
constructed in some sort of shielding container, 
although shielding is not always necessary. The 
dashed lines in Fig. 16-20 show how individual 
filter coils can be shielded from each other. The 
capacitoM can be tubular ceramic units centered in 
holes in the partitions that s~parnte the coils. 

Simple high-pass filters cannot always be 
applied sucoc!.Sfully in the case of 50-MHz 
transmissions, because they do not have sufficient
ly-sh1.11p cutoff characteristics to give both good 
attenuation at S0-S4 MHz and no attenuation 
above 54 MHz. A more elaborate design capable of 
giving the required sharp cutoff has been described 
(Ladd, "SO-MHz 1VI - Its Causes and Cun:s," 
QST, June and July, 19S4). Titls article also 
contains other infonnation useful in coping with 
the TVl problems peculiar to 50-MHz operation. 
As an alternative to such a filter, a high-Q wave 
trap tuned to the transmitting frequency may be 
used, suffering only the disadvantage that it is 
quite selective ~nd therefore will protect a receiver 
from overloading over only a small range of 
llansmitting frequencies in the 50-MHz band. A 
trap of this type is shown in Fig. 16-21. These 
"suck-out" traps, while absorbing energy at the 
lrequency to which they are tuned, do not affect 
the receiver operation otherwise. The assembly 
should be mounted near the input tenninals of the 
1V tuner and its case should be grounded to the 
TV set chassis. The traps should be tuned for 
minimum lVI at the transmitter operating 
frequency. An insulated tuning tool should be used 
for adjustment of the trimmer capacitors, since 
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Fig. 16-20 - Another type of high-pass filter for 
300-ohm line. The coils may be wound on 1/8-inch 
diameter plastic kni1ting needles. lmportanr: Do 
not use a direct ground on the chassis of e 
translormerless receiver. Ground through a .001-µ.F 
mica capacitor. 
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Fig. 16-21 - Parallel-tuned traps for installation in 
the JOO.ohm line to the TV set. The traps should 
be mounted in an aluminum Minibox with a shield 
partition between them, as shown . For 50 MHz, 
the coils should have 9 turns of No. 16 enamel 
wire, close wound to a diameter of 1/2 inch. The 
144-MHz traps should contain coils with a total of 
6 turns of the same tvpe wire, close-wound to a 
diameter of 1/4 inch. Traps of this type can be 
used to combat fundamental-overload TVI on the 
lower-frequency bands as well. 

they are at a "hot" point and will show 
considerable body-capacitance effect. 

High-pass filters are available commercially at 
moderate prices. In this connection, it should be 
understood by all parties concerned that while an 
amateur is responsible for harmonic radiation from 
his transmitter. it is no part of his responsibility to 
pay for or install filters , wave traps, etc. that may 
be required at the receiver to prevent interference 
caused by his fundamental frequency. Proper 
installation usually requires that the filter be 
installed right al the input terminals of the rf tuner 
of the TV set and not merely at the external 
antenna terminals, which may be at a considerable 
distance from the tuner. The question of cost is 
one to be settled between the set owner and the 
organization with which he deals. Don't overlook 
the possibility that the manufacturer of the TV 
receiver will supply a high-pass f"dter free of charge. 

If the fundamental signal is getting into the 
receiver by way of the line cord a line filter such as 
those shown in Fig. 16-22 may help. To be most 
effective it should be installed inside the receiver 
chassis at the point where the cord enten, making 
the ground coMections direc Uy to the chassis at 
this point. It may not be so helpful if placed 
between the line plug and the wall 1ocket unlcs~ 
the rf is actually picked up on the house wiring 
rather than on the line cord itself. 
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Fig 11>22 - "Brute-force" ac line filter for 
recim,ars. 1 ne values of C 1, C2 and CJ are not 
generally critical; capacitances from .001 to .01 µ.F 
can be used. L 1 and L2 can be a 2-inch winding of 
No. 18 enameled wire on a half•lnch diameter 
form. In making up such a unit for uae external to 
the receiver, make sure that there are no exposed 
conductors to offer a shock hazard. 

Anlenna lnsbllation 

Usually, the transmission line between the TV 
receiver and the actual 1V anteMa will pick up a 
great deal more energy from a nearby transmitter 
than the television receiving antenna itself. The 
currents induced on the TV transmission line in 
this case are of the "parallel" type, where the 
phase of the current is the same in both 
conductors. The line simply acts like two wires 
connected together to operate as one. If the 
receiver's antenna input circuit were perfectly 
balanced it would reject these "parallel" or 
"unbalance" signals and respond only lo the true 
transmission-line ("push-puU") currents; that is, 
only signals picked up on the actual antenna ~oul_d 
cause a receiver response. However, no receiver 1s 
perfect in this respect, and many TV receivers will 
respond strongly to such parallel currents. The 
result is that the signals from a nearby amateur 
transmitter are much more intense at the first stage 
in the 1V receiver than they would be if the 
receiver response were confined entirely to energy 
picked up on the TV antenna alone. 'This situation 
can be improved by using shielded transmission 
line - coax or, in the balanced form, "twinax" -
for the receiving installation. For best results the 
line should terminate in a coax fitting on the 
receiver chassis, but if this is not possible the shield 
should be grounded to the chassis right at the 
antenna terminals. 

The use of shielded transmission line for the 
receiver also will be helpful in reducing response to 
harmonics actually being radiated from the 
transmitter or transmitting antenna. In most 
receiving installa lions the transmission line is very 
much longer than the antenna itself, and is 
consequently far more exposed to the harmonic 
fields from the transmitter. Much of the harmonic 
pickup, therefore, is on the receiving transmission 
line when the transmitter and receiver are quite 
close together. Shielded line, plus relocation of 
either the transmitting or receiving antenna to take 
advantage of directive effects, often will result in 
reducing overloading, as well as harmonic pickup, 
to a level that docs not interfere with reception. 

UHF TELEVISION 
Harmonic TV! in the uhf TV band is far less 

troublesome than in the vhf band. Hannonics from 
transmitters operating below 30 MHz are of such 
high order that they would normally be expected 
to be quite weak; in addition, the components, 
circuit conditions and construction of low-frequen
cy transmitters arc such as to tend to prevent very 
strong harmonics from being generated in this 
region. However, this is not ll\le of amateur vhf 
transmitten, particularly those worlcing in the 
144-MHz and higher bands. Here the problem is 
quite simila, to that of the low vhf TV band with 
respect to transmitters operating below 30 MHz. 

There is one highly favorable factor in uhf TV 
that does not exist in the mO!it of the vhf TV band: 
If harmonics arc radiated, it is possible to move the 
transmitter frequency sufficiently (within the 
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amateur band being used) to avoid interfering with 
a channel that may be In use in the locality. By 
restricting operation to a portion of the amateur 
band that will not result in harmonic interference, 
it is possible to avoid the necessity for taking 
extraordinary precautions to prevent harmonic 
radiation. 

The frequency assignment for uhf television 
consists of seventy 6-Megahertz channels (Nos. 14 
to 83, inclusive) beginning at 470 MHz and ending 
at 890 MHz. The harmonics from amateur bands 
above 50-MH7 span the uhf channels as shown in 
Table 16-1. Since the assignment plan calls for a 
minimum separation of six channels between any 
two stations in one locality, there is ample 
opportunity to choose a fundamental fn:quency 
that will move a harmonic out of range of a local 
1V frequency. 

TABLE 16-1 

Harmonic Relationship - Amateur VHF Bands and 
UHF TV Channels 

Amateur Ftmdamental Channel 
Band Hannonic Freq. Range Affected 

144 MHz 4th 144.0-144.5 31 
144.5-146.0 32 
146.0-147.5 33 
147.5-148.0 34 

5th I 44.0-144.4 ss 
144.4-145.6 56 
145.6-146.8 57 
146.8-148.0 SB 

6th 144.0-144.33 79 
144.33-145.33 80 
I 4S.33-14 7 .33 81 
147.33-148.0 82 

220MHz 3rd 220-220.67 45 
220.67-222.67 46 
222.67-224.67 47 
224.67-225 48 

4th 22~221 82 
221 - 222.5 83 

420MHz 2nd 420-421 1S 
421-424 76 
424-427 77 
427-430 78 
430-433 79 
433-436 80 

COLOR TELEVISION 
11le color TV signal includes a subcarrier spaced 

3.S8 MHz from the regular picture carrier (or 4.83 
MHz from the low edge of the channel) for 
transmitting the color information. Harmonics 
which fall in the color subcarrier region can be 
epected to cause break-up of color in the received 
picture. This modifies the chart of Fig. 16-2 to 
introduce another "severe" region centering 
around 4.8 MHz measured from the low-frequency 
edge of the channel. Hence with color television 
reception there is less opportunity to avoid 
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harmonic interference by choice or operating 
frequency. In other respects the problem of 
eliminating interference is the same as with 
black-and-white television. 

INTERFERENCE FROM 
TV RECEIVERS 

The 1V picture tube is swept horizontally by 
the electron beam 15,7S0 times per second, using a 
wave shape that has very high harmonic content. 
The harmonics are of appreciable amplitude even 
at frequencies as high as 30 MHz, and when 
radiated from the receiver can cause considerable 
interference to reception in the amateur bands. 
While measures to suppress radiation of this nature 
are required by FCC in current receivers, many 
older sets have had no such treatment. The 
interference takes the form of rather unstable, 
ac-modulated signals spaced at intervals of 15. 7S 
kHz. 

Studies have shown that the radiation takes 
place principally in three ways, in order of their 
importance: (I) from the ac line, through stray 
coupling to sweep circuits; (2) from the antenna 
system, through similar coupling; (3) directly from 
the picture tube and sweep-circu.it wiring. Line 
radiation often can be reduced by bypassing the ac 
line cord lo the chassis at the point of entry, 
although this is not completely effective in all cases 
since the coupling may take place outside the 
chassis beyond the point where the bypassing is 
done. Radiation from the antenna ls usually 
suppres5ed by installing a high-pass filter on the 
receiver. The direct radiation requires shielding of 
high-potential leads and, in some receivers, 
additional bypassing in the sweep circuit; in severe 
cases, it may be necessary lo line the cabinet with 
screening or similar shielding material. 

Incidental radiation of this type from TV and 
broadcast receivers, when of sufficient intensity to 
cause serious interference to other radio services 
(such as amateur), is covered by Part IS of the 
FCC rules. When such interference is caused. the 
user of the receiver is obligated to lake steps to 
eliminate it. The owner of an offending receiver 
should be advised to contact the source from 
which the receiver was purchased for appropriate 
modification of the receiving installation. TV 
receiver dealen can obtain the necessary informa
tion from the set manufacturer. 

It is usually possible to reduce interference very 
considerably. without modilying the TV receiver, 
simply by having a good amateur-band receiving 
installation. The principles are the same as those 
used in reducing .. hash" and other noise - use a 
good antenna, such as the transmitting antenna, for 
reception; install it as far as possible from ac 
circuits; use a good feeder system such as a 
properly balanced two-wire line or cou with the 
outer conductor grounded; use coax input to the 
receiver, with a matching circuit if necessaiy; and 
check the receiver to make sure that it d0e1 not 
pick up signals or noise with the antenna 
disconnected. 
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HI-Fl INTERFERENCE 
Since the introduction of stereo and high-fidel

ity receivers, interference to this type of 
home-entertainment device has become a severe 
problem for amateurs. Aside from placing the 
amateur antenna as far as possible from any hi-fi 
installation, there is little else that can be done at 
the amateur's ham shack. Most of the hi-ti gear 
now being sold has little or no filtering to prevent 
rf interference. In other words, corrective meaxures 
must be done at hi-fi installation. 

Hi-Fi Gear 

Hi·fi gear can consist of a simple amplifier, with 
record or tape inputs, and speakers. The more 
elaborate imtallations may have a tape deck, 
record player, fm and a-m tuners, an amplifier, and 
two or more speakers. These uniu are usually 
connected together by means of shielded leads, and 
in most cases the speakers are positioned some 
distance from the amplifier, via long leads. When 
such a setup is operated near an amateur station, 
say within a few hundred feet, there ue two 
important paths through which rf energy can reach 
the hi-fi installation to cause interference. 

Step number one is to try to detennine how 
the interference is getting into the hi-fl unit. If the 
volume control has no effect on the level of 
interference or very slight effect, the audio 
rectification of the amateur signal is taking place 
past the volume control, or on the output end of 
the amplifier. Ibis is by far the mou common 
type. It usually means that the amateur signal is 
being picked up on the speaker leads, or possibly 
on the ac line, and is then being fed back into the 
amplifier. 

CANaTOIII .. I IR 
4J{I TO IJJJI# 

Fig. 16-23 - The disk capacitors should be 
mounted directly between the speaker terminals 
and chassis ground, keeping the leads Bl short as 
pouible. 

Experience has shown that most of the rf gets 
into the audio system via the speaker leads or the 
ac line, mostly the speaker leads. The amateur may 
find that on testing, the interference will only 
show up on one or two bands. or all of them. ln 
hi-fi installations speakers are sometimes set up 
quite some distance from the amplifier. If the 
speaker leads happen to be resonant near an 
amateur band in use, there is likely to be an 
interference problem. The speaker lead will act as a 
resonant antenna and pick up the rf. One easy cure 
is to bypass the speaker terminals at the amplifier 
chassis. Use .01- to .03-µF disk capacitors from the 

speaker terminals din:ctly to chassis ground; see 
Fig 16-23. Try .01 µf- and see if that does the job. 
In some amplifiers .03 µF are required to eliminate 
the rf. Be sure to install bypasses on all the speaker 
terminals. In some instances, it may appear that 
one of each of the individual speaker terminals is 
grounded to the chassis. However, some amplifiers 
have the speaker leads above ground on the low 
side, for feedback purposes. If you have a circuit 
diagram of the amplifier you can check, but in the 
absence of a diagram, bypass all the tenninals. If 
you can get into the amplifier, you can use the 
system shown in Fig. l&-24A. 

ln this system. two rf chokes are installed in 
series with the speaker leads from the output 
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Fig. 16-24 - At A, the method for additional 
speaker filter, and at B, filtering the ac-line input. 
In both cases, these in!tallations should be made 
directly inside the amplifier chassis. keeping the 
leads as short as possible. 
C1 ,C2 - .01 •to .03-µF disk ceramic. 
C3. C4 - .01 disk ceramic, ac type. 
RFC1 through RFC4 - 24 turns No. 18 

enamel-covered wire, clase~paced and wound 
on a 1/4-inch diameter fonn lsuch as a pencil) . 

transformers, or amplifier output, to the speaker... 
These chokes are simple to make and help keep rf 
out of the amplifier. In puticularly stubborn cases, 
shielded wire can be u~ed for the speaker leads, 
grounding the ~hields at the amplifier chassis, and 
still using the bypasses on the terminals. When 
grounding, all chassis used in the hi-fi installation 
should be bonded together and connected to a 
good earth ground (such as a water pipe) if at all 
possible. It has been found that grounding 
sometimes eliminates the interference. On the 
other hand, don't be discouraged if grounding 
doesn't appear to help. Even with the bypassing 
and filtering grounding may make the difference. 

Fig. l&-24B show.. the method for filtering the 
ac line at the input of the amplifier chassis. The 
choke dimensions are the same as those given in 
Fig. 16-24A. Be sure that the bypasses are rated for 
ac because the de types have been known to short 
out. 

Antenna Pickup 

If the hi-fl setup includes an fm installation, 
and many of them do, there is the possibility of rf 
getting into the audio equipment by way of the fm 
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antenna. Chances for this method of entry are very 
good and precautions should be taken here to 
prevent the rf from getting to the equipment. A 
1V-type high-pass falter can prove effective in some 
cases. 

Turntables and Tape Decks 

In the more elaborate hi-Ii setups, there may be 
several assemblies connected together by means of 
patch cords.. It is a good idea when checking for 
RFI to disconnect the units, one at a time, 
observing any changes in the interference. Not only 
disconnect the patch cords connecting the pieces 
together, but also unplug the ac line cord for each 
item as you make the test. This will help you 
determine which section is the culprit. 

Patch cords are usually, but not always, made 
of shielded cable. The lines should be shielded, 
which brings up another point. Many commercially 
available patch cords have poor shields. Some have 
wire spirally wrapped around the insulation, co
vering the main lead, rather than braid. This 
method provides poor shielding and could be the 
reason for RFI problems. 

Record-player tone-arm connections lo the 
cartridge are usually made with small clips. The 
existence of a loose clip, particularly if oxidation is 
present, offers an excellent invitation lo RFI. Also, 
the leads from the cartridge and those to the 
amplifier are sometimes resonant al vhf, providing 
an excellent receiving antenna for rf. One cure for 
unwanted rf pickup is to install ferrite beads, one 
on each cartridge lead. Check all patch-cord con
nections for looseness or poor solder joints. In
ferior connections can cause rectification and 
subsequent RFI. 

Tape decks should be treated the same as 
turntables. Loose connections and bad solder joints 
all can cause trouble. Ferrite beads can be dipped 
over the leads to the recording and play-back 
pickup heads. Bypassing of the tone-arm or 
pickup-head leads is also effective, but sometimes 
it is difficult to install capaciton in the small area 
available. Disk capacitors (.00lµF) should be used 
as close to the cartridge or pickup head as possible. 
Keep the capacitor leads as short as possible. 

Preamplifien 

There are usually one or more preamplifiers 
used in a hi-fl amplifier. The inputs to these stage~ 
can be very susceptible to RFI. Fig. 16-24 illustrates 
a typical preamplifier circuit. In this case the leads 
to the bases of the transistors are treated for RFI 
with ferrite beads by the addition of RFC2 and 
RFC4. This is a very effective method for stopping 
RF] when vhf energy is the source of the trouble. 

Within the circuit of a solid-state audio system, 
a common offender can be the emitter-base junc
tion of a transistor. This junction operates as a 
forward-biased diode, with the bias set so that a 
change of base current with signal will produce a 
linear but amplified change in collt.etor current. 
Should rf enerl!)' reach the junction, the bias could 
increase, causing nonlinear amplllication and dis
tortion as the result. If the rf level is high it can 
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PREAMPLIFIER 

RFCS 

Fig. 16-25 - Typical circuit of a solid~tate 
preamplifier. 

completely block (saturate) a transistor, causing a 
complete loss of gain. Therefore, it may be 
necessary to reduce the transmitter power output 
in order to pinpoint the particular transistor stage 
that is affected. 

In addition to adding ferrite beads it may be 
necessary to bypass the base of the transistor to 
chassis ground, Cl and C2, Fig. 16-25. A suitable 
value is 100 pF, and keep the leads short! As a 
general rule, the capacitor value should be as large 
as possible without degrading the high-frequency 
response of the amplifier. Values up to .00 lµF can 
be used. In severe cases, a series inductor (RFCI 
and RFCJ) may be required, Ohmite Z-50 or 
Z..144, or their equivalents (7 and 1.8 µH respec
tively). Fig. 16-25 shows the correct placement for 
an inductor, bypass capacitor, and ferrite bead. 
Also, it might help to use a ferrite bead in the 
plus-B lead to the preamplifier sl.llges (RFCS in Fig. 
16-25). Keep in mind that Fig. 16-25 represents 
only one preamplifier of a stereo set Both chan
nels may require treatment 

FM Tuners 

There is often an fm tuner used in a hi-fi 
installation. Much of the interference to tuners la 
caused by fundamental overloading of the first 
stage (or stages) of the tuner, effected by the 
amateur's signal. The cure iK the lnuallatlon of a 
high-pass filter, the same type used for TVI. The 
filter should be installed as close as possible to the 
antenna input of the tuner. The high-pass falter will 
attenuate the amateur fundamental signal, thus 
preventing overloading of the front end. 

Shielding 

Lack of shielding on the various components in 
a hi-fi installation can permit rf to ,Rel into the 
equipment. Many units have no bottom plates, or 
are installed in plastic cases. One easy method of 
providing shielding is lo use aluminum foil. Make 
sure the foil doem't short circuit the components, 
and connect it to chassis ground. 
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INTERFERENCE WITH STANDARD BROADCASTING 

Interference with a-m broadcasting usually falls 
into one or more rather well-<lefined categories. An 
understanding of the general types of interference 
will avoid much cut-and-try in finding a cure. 

Transmitter Defects 

Out-of-band radiation is something that must 
be cured at the transmitter. Parasitic oscillations 
are a frequently unsuspected source of such 
radiations, and no transmitter can be considered 
satisfactory until it has been thoroughly checked 
for both low- and high-frequency parasitics. Very 
often parasitics show up only as transients, causing 
key clicks in cw transmitters and "splashes" or 
"burps" on modulation peaks in a-m transmitters. 
Methods for detecting and eliminating parasitics 
are discussed in the transmitter chapter. 

In cw transmitter,; the sharp make and break 
that occurs with unfiltered keying causes transients 
that, in theory, contain frequency components 
through the entire radio specln!m. Practically, they 
are often strong enough in the immediate vicinity 
of the uansmitter lo cause serious interference to 
broadcast reception. Key clicks can be eliminated 
by the methods detailed in the chapter on keying. 

BLI is frequently made worse by radiation from 
the power wiring or the rf transmission line. Tb.is is 
because the signal causing the interference, in such 
cases, is radiated from wiring that is nearer the 
broadcast receiver than the antenna itself. Much 
depends on the method used to couple the 
transmitter to the antenna, a subject that is 
discussed in the chaptel1l on transmission lines and 
1111tennas. If it is at all possible the antenna itself 
should be placed so that it is not in close proximity 
to house wiring, telephone and power lines, and 
similar conductors. 

The BC Set 

Most present day receivers use solid-!ltate acti¥e 
components, rather than tubes. A large number of 
the receivers in use are battery powered. This is to 
the amateur's advantage because much of the be 
interference an amateur encounters is because of ac 
line pickup. In the case where the be receiver is 
powered from the ac line, whether using tube or 
solid-stage components, the amount of rf pickup 
mu~I be reduced or eliminated. A line filter such as 
is shown in Fig. 16-22 often will help accomplish 
this. The values used for the coils and capacitors 
are in general not critical. The effectiveness of the 
filter may depend considerably on the ground 
connection used, and it is advisable to use a short 
ground lead to a cold-water pipe If al all possible. 
The line cord from the set should be bunched up, 
to minimize the p~ibility of pick-up on the cord. 
It may be necessary to install the filter inside the 
receiver, so that the filter is connected between the 
line cord and the set wiring, in order to get 
satisfactory operation. 

Cross-Modula lion 

With phone transmitters, there are occasionally 
Casi!$ where the voice is heard whenever the 

broadcast receiver is tuned to a be station, but 
there is no interference when tuning between 
stations. This is cross-modulation, a result of 
rectification in one of the early stages of the 
receiver. Receivell! that are susceptible to this 
trouble usually also get a similar type of 
interference from regular broadcasting if there is a 
strong local be station and the receiver is tuned to 
some other station. 

The remedy for cross modulation in the 
receiver i! the same as for images and oscillator
hannonic response - reduce the strength of the 
amateur signal at the receiver by means of a line 
filter. 

The trouble is not always in the receiver, since 
cross modulation can occur in any nearby 
rectifying cin:uit - such as a poor contact in \\Bier 
or steam piping, gu ttcr pipes, and other conductors 
in the strong field of the transmitting antenna -
external to both receiver and transmitter. Locating 
the cause may be difficult, and is best attempted 
with a battery-operated portable broadcast receiver 
u!ICd as a "probe" to find the spot where the 
interference is most intense. When such a spot is 
located, inspection of the metal structures in the 
vicinity should indicate the cause. The remedy is lo 
make a good electrical bond between the two 
conduclors having the poor contact. 

Handling BCI Cai;es 

Assuming that your transmitter has been 
checked and found to be free from spurious 
radiations, get another amateur to operate your 
station, if possible, while you make the actual 
check on the interference yourself. The following 
procedure should be used. 

Tune the receiver through the broadcast band, 
to see whether the interference tunes like a regular 
be station. l f so, image or oscillator-harmonic 
response is the cause. If there is interference only 
when a be station is tuned in, but not between 
stations, the cause is cross modulation. If the 
interference is heard at all settings of the tuning 
diaJ, the troublr is pickup in the audio circuits. In 
the latter case, the receiver's volume control may 
or may not affect the strength of the interference, 
depending on the means by which your signal is 
being rectified. 

Having identified the cause, explain it to the set 
owner. It is a good idea to have a line tilth with 
you, equipped with enough cord to replace the 
set's line cord, so ii can be tried then and there. If 
it does not eliminate the interference, explain to 
the set owner that there is nothing further that can 
be done without modifying the receiver. Recom
mend that the work be done by a competent 
service technician, and offer to advise the service 
man on the cause and remedy. Don't offer to work 
on the set yourself, but if you are asked to do so 
use your own judgment about complying; set 
owners sometimes complain about the overall 
performance of the receiver afterward, often 
without justification. If you work on it, take it to 
your station so the effect of changes you make can 
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be seen. Return the rece:lver promptly when you 
have finished. 

MISCELLANEOUS TYPE OF 
INTERFERENCE 

The operation of amateur phone tomsmitters 
occasionally iesults In interference on telephone 
lines and in audio amplifiers used in public-address 
work, plus other audio devices. The cause is 
rectification of the signal in an audio circuit. 

Organs 

An RFI problem area is the electronic organ. 
All of the techniques outlined for hi-ti gear hold 
true in getting rid of RF! In an organ. Two points 
should be checked - the speaker leads and the ac 
line. Many organ manufacturers have special ser
vicemen's guide~ for taking care of RFI. However, 
to get this information you or the organ owner 
must contact the manufacturer, not the dealer or 
distributor. Don't accept the statement from a 
dealer or serviceman that there is nothing that can 
be done about the interference. 

P-A Systems 

The cure for RF! in p-a systems is almost the 
same as that for hi-fi gear. The one thing to watch 
for is rf on the leads that connect the various 
stations in a p-a system together. These leads 
should be treated the same as speaker leads and 
bypassing and filtering should be done at both 
ends of the lines. Also, watch for ~c-line pickup of 
rf. 

Telephone Interference 

Telephone interference may be cured by con
neeting a bypass capacitor (about .001 µF) across 
the microphone unit in the telephone handset. The 
telephone companies have capacitors for this pur
pose. When such a case occurs, get in touch with 
the repair department of the phone company, 
giving the paniculazs. Section 500-150-100 of the 
Bell System Practices Plant Series gives detailed 
instroctions. This section discusses causes and cures 
of telephone interference £rom radio signals. It 
points out that interference can come from cor
roded connections, unterminated loops, and other 
sources. It correctly points out that that rf can be 
picked up on the drop wire coming into the house, 
and also on the wiring within the house, but 
(usually) the detection of the rf occurs imide the 
phone. The detection usually takes place al the 
varistors in the compensation networks, and/or at 
the receiver noise suppressor and the carbon 
microphone. But interference suppression should 
be handled two ways: prevent the rf from getting 
to the phone, and prevent it from being i:ectified. 

The telephone companies (Bell System) have 
two devices for this purpose. The fust is a 40BA 
capacitor, which is installed at the service entrance 
protector, and the second is the 1542A inductor, 
which is installed at the connector block. Ac
cording to the practice1 manual, the 40BA by
passes rf picked up on the drop wire coming into 
the house £rom the phone, and the I S42A sup
presses rf picked up on the inside wiring. These are 
mentioned because in very stubborn cases they 
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may be necessary. But first, it is suggested that the 
telephones be modified. 

Since there are several different series of 
phones, they will be discussed separately: 

500 series - The5e aJe the desk and wall phones 
most commonly in use. They come in several 
different configurations, but all use a 42S-series 
compensation network. The letter designation can 
be A, B, C, D, E, F, G, or K, and all these networks 
contain varistors. The network should be replaced 
with a 4251, in which the varistors are replaced by 
resistors. Also, .01-µF disk-ceramic capacitors 
should be placed acrou the receiver suppressor. The 
suppressor is a diode across the receiver terminals. 
The ca.rbon microphone in the handset should be 
bypassed with a .01-µF ceramic capacitor. 

Series 1500, 1600, 1700 - These are the 
"Touch-Tone-" phones, and the cure is similar to 
that for the 5 00 series, except that the network is a 
4010B or D, and should be replaced with a 40IOE. 

Trimline series - These are the "Princess" series 
phones. The practice manual says that these 
should be modified by installing bypass capacitors 
across all components in the set that may act as 
demodulators. This statement is rather vague, but 
evidently a solution is known to the telephone 
company for these sets. 

At the end of section S00-150-100 is an 
ordering guide for special components and sets, as 
follows: 

Ordering Guide: 
Capacitor, 40BA 
Inductor, 1542A 

-49 Gray , -50 Ivory 
Set, Telephone, -rf Modified 
Set, Telephone Hand, 220A, -rf Modified 
Set, Telephone Hand, 2220B, -rf Modified 
Set, Hand G, -rf Modified 
Dial - (Touch-Tone dial only) •rf Modified. 

The type "G" Handset is the one used with the 
500 and Touch-Tone series phones. Also, Mountain 
Bell bas put out an "Addendum 500-150-IO0MS, 
Issue A, January 1971" to the practices manual, 
which states that items for rf modified phones 
should be ordered on nonstock Form 3218, as 
follows: 

(Telephone Set type) 
Modified for BSP 500-150-100 
for Radio Signal Suppression 

The FCC 
The Field Engineering Bureau of the FCC has a 

bulletin that will be of help to the amateur in cases 
involving RF! lo audio devices. These bulletins are 
available from any of the field ofTices. The bulletin 
is addressed to the users of hi-fl, record players, 
public-address systems, and telephones. It clearly 
spells out the problem and the obligation of the 
owner or such gear. 

It is suggested that the amateur obtain copies of 
this bulletin, which is listed as A11achmen1 Ill, 
Bulletin, Interference ta Audio [)etJice,. When the 
amateur reeeives a complaint he can provide the 
complainer with a copy of the bulletin. This 
approach will help put the problem in correct 
perspective. 



Chapter 17 

Test Equipment and 
Measurements 

Measurement and testing seemingly go hand in 
hand, but it is useful to make a distinction between 
"measuring" and "test" equipment. The fonner is 
commonly considered to be capable of giving a 
meaningful quantitative result . For the latter a 
simple indication of " satisfactory" or "unsatisfac
tory" may suffice ; in any event, the accurate 
calibration associated with real measuring equip
ment is seldom necessary, for simple test 
apparatus. 

Certain items of measuring equipment that are 
useful to amateurs are readily available in kit fonn, 
at prices that represent a genuine saving over the 

cost of identical parts. Included are volt-ohm-milli
ammeter combinations, vacuum-tube and transistor 
voltmeters, oscilloscopes, and the like. The 
coordination of electrical and mechanical design, 
components, and appearance make it far preferable 
to purchase such equipment than to attempt to 
build one's own. 

However, some test gear is either not available 
or can easily be built. This chapter considers the 
principles of the more useful types of measuring 
equipment and concludes with the descriptions of 
several pieces that not only can be built 
satisfactorily at home but which will facilitate the 
operation of the amateur station. 

THE DIRECT-CURRENT INSTRUMENT 

In measuring instruments and test equipment 
suitable for amateur purposes the ultimate 
"readout" is generally based on a mealrurement of 
direct current. A meter for measuring de uses 
t:l1a:Lrumagnclii; means lo deflect a pointer over a 
calibrated scale in proportion to the current 
flowing through the instrument. 

In the D'Arsonval type a coil of wire, to which 
the pointer is attached, is pivoted between the 
poles of a permanent magnet, and when current 
flows through the coil it sets up a magnetic field 
that interacts with the field of the magnet to cause 
the coil to turn. The design of the instrument is 
usually such as to make the pointer deflection 
directly proportional to the current. 

A less expensive type of instrument is the 
moving-vane type, in which a pivoted soft-iron 
vane is pulled in to a coil of wire by the magnetic 
field set up when current flows through the coil. 
The farther the vane extend~ into the coil the 
greater the magnetic pull on it, for a given change 
in current, so this type of instrument does not have 
"linear" deflection - the intervals of equal current 
are crowded together at the low-current end and 
spread out at the high-current end of the scale. 

Current RangH 

The sensitivity of an instrument is usually 
expressed in terms of the current required for 
full-scale deflection of the pointer. Although a very 
wide variety of ranges is available, the meters of 
interest in amateur work have basic "movements" 
that will give maximum deflection with currents 
measured in microampcrcs or milliamperes. They 
are called microammcters and milliammeteIS, 
respectively. 

Thanks to the relationships between current, 
voltage, and resistance expressed by Ohm's Law, it 

becomes possible to use a single low-range 
instrument - e.g., 1 milliampere or less full-scale 
pointer deflection - for a variety of direct-current 
measurements. Through its ability to measure 
i;uuent, the instrument can also be used indirectly 
to measure voltage. Likewise, a measurement of 
both current and voltage will obviously yield a 
value of resistance. These measurement functions 
are often combined in a single instrument - the 
volt-ohm-rnilliammeler or "VOM", a multirangc 
meter that is one of the most useful pieces of 
measuring and test equipment an amateur can 
possess. 

Accuracy 

The accuracy of a de meter of the D'Arsonval 
type is specified by the manufacturer. A common 
specification is "2 percent of full scale," meaning 
that a 0-100 microammcter, for example, will be 
correct to within 2 microamperes at any part of 
the scale. There are very few cases in amateur work 
where accuracy greater than this is needed. 
However, when the instrument is part of a more 
complex measuring circuit, the design and 
components of which all can cause error, the 
overall accuracy of the complete device is always 
less. 

EXTENDING THE CURRENT RANGE 
Because of the way current divides between 

two resistances in parallel, it is possible to increase 
the range (more specifically, to decrease the 
sensitivity) ,of a de micro- or milliammeter to any 
desired extent. The meter itself has an inherent 
resistance - its in temal resistance - which 
determines the full-scale current through it when 
its rated voltage is applied. (This rated voltage is of 
the 9rder of a few millivolts.) By connecting an 

506 



The Voltmeter 

SltlJJft 

Fig. 17-1 - Use of a shunt to extend the calibration 
range of a cunent-readl ng instrument. 

external reustance in parallel with the internal 
resistance, as in Fig. 17-1, the current will divide 
between the two, with the meter responding only 
lo that part of the current which flows through 
the internal resi~tance of Its movement. Thus it 
reads only part of the total current; the effect is lo 
make more total current necessary for a full-scale 
meter reading. Tite added resistance is called a 
shunt. 

It is necessary to know the meter's internal 
resistance before the required value for a shunt can 
be calculated. It may vary from a few ohms to a 
few hundred, with the higher resistance values 
associated with higher sensitivity. When known, it 
can be used in the formula below to determine the 
required shunt for a given current multiplication: 

R = .Em_ 
n - I 

where R is the shunt, R rri is the internal resistance 
of the meter, and n is the factor by which the 
original meter scale is to be multiplied. 

Making Shunts 

Homemade shunts can be constructed from any 
of various special kinds of resistance wire, or from 
ordinary copper wire if no resistance wire is 
available. The Copper Wire Table in this Handbook 
gives the resistance per I 000 feet for various sizes 
of copper wire. After computing the resistance 
required, determine the smallest wire size that will 
carry the full-scale current (250 circular mils per 
ampere is a satisfactory figure for this purpose). 
Mea.~ure off enough wire lo provide the required 
re!tistance. 

THE VOLTMETER 

If a large resistance Is connected in series with a 
current-reading meter, as in Fig. 17-2, the current 

+-+----

Fig. 17-2 - A vol1me1er ~ a cummt-indlcating 
instrument in series with a high resistance, the 
"multiplier." 
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multiplied by the resistance will be the voltage 
drop across the resistance, which Is known as a 
multiplier. An instrument used in this way is 
calibra led in tenns of the voltage drop across the 
multiplier resistor. and is called a voltmeter. 

Sensitivity 

Voltmeter sensitivity is usuaDy expressed in 
ohms per volt, meaning that the meter's full-1cale 
reading multiplied by the sen.~ilivily will give the 
lot.al resistance of the volt me ler. For ex ample, the 
resistance of a 1000-ohms-per-Yoll voltmeter is 
l000 times the full-scale calibration voltage, and 
by Ohm's Law the current required for full-scale 
deflection is I milliampere. A sensitivity of 20,000 
ohms per volt, a commonly used value, means that 
the instrument is a 50-microampere meter. 

The higher the resistance of the voltmeter the 
more accurate the measurements In high-resistance 
circuits. Tiris is because in such a circuit the 
current flowing through the voltmeter will cause a 
change in the voltage between tho points across 
which the meter is connected, compared with the 
voltage with the meter absent, as shown in Fig. 
17-3. 

250V VM 
FIIU. 
SC.\LE 
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Fig. 17-3 - Effect of voltmeter resistence on 
atturacy of readings. It is assumed that the de 
resistance of the screen circuit Is constant at t 00 
kilohms. The actual current and voltage without 
the voltmeter connected are 1 mA and 100 volts. 
The voltmeter readings will differ because the 
different types of meters draw different amounts 
of current through the 160-kilohm resistor. 

Multipliers 

The required multiplier resistance is found by 
dividing the desired full-scale voltage by the 
current. in ampcrcR, required for fulr-scale 
denection of the meter alone. Strictly, the internal 
icsistance of the meter should be subtracted from 
the value so found, but this is seldom necessary 
(except perhaps for very low ranges) because the 
meter resistance will be negligibly 9maJI compared 
with the multiplier resistance. An cx~ption Is 
when the instrument is already a voltmeter and is 
provided with an internal multiplier, in which case 
the multiplier resistance required to exlend the 
range is 

R ~ Rm(n - 1) 

""'1ere R is the multiplier resistance, Rm is the tollll 
resistance of tbe instrument itself, and n is the 
factor by which the scale is to be multiplied. For 

I 
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example, if a IO0O-ohms-per-volt voltmeter haviilg 
a calibrated range of0-10 volts is to be extended lo 
1000 volts, Rm is 1000 X 10 = 10,000 ohms, n is 
1000/ 10 = 100, and R = 10,000 (100 - 1) = 
990,000 ohms. 

When extending the range of a voltmeter or 
converting a low-range meter into a voltmeter, the 
rated accuracy of the instrument is retained only 
when the multiplier resistance is precise. Precision 
wire-wound resistors are used in the multipliers of 
high-quality instruments. These are relatively 
expensive, but the home constructor can do quite 
well with I-percent-tolerance composition resis
tors. They should be "derated" when used for this 

purpose - that is, the actual power dissipated in 
the resistor should not be more than I /4 to 1/ 2 the 
rated dissipation - and care should be used to 
avoid overheating the body of the resistor when 
soldering to the leads. These precautions will help 
prevent permanent change in the resistance of the 
unit. 

Ordinary composition resistors are generally 
furnished in I 0- or 5-percent tolerance ratings. If 
possible errors of this order can be accepted, 
resistors of this type may be used as multiplier&. 
They should be operated below the rated power 
dissipation figure, in the interests of long-time 
stability. 

DC MEASUREMENT CIRCUITS 

Current Measurement wi th a Voltmeter 

A current-measuring instrument should have 
very low resistance compared with the resistance of 
the circuit being measured; othcrwfac, inserting the 
instrument will cause the current to differ from its 
value with the instrument out of the circuit_ (This 
may not matter if the instrnmen t is left 
pennanently in the circuit.) However, the resis
tance of many circuits in radio equipment is quite 
high and the circuit operation is affected little, if at 
all, by adding as much as a few hundred ohms in 
series. In such cases the voltmeter method of 
measuring current, shown in Fig. 17-4, is 
frequently convenient. A voltmeter (or low-range 
milliammeter provided with a multiplier and 
operating as a voltmeter) having a full-scale voltage 
range of a few volts is used to measure the vol ta,,<re 
drop across a suitable value of resistance acting ~ a 
shunt. 

The value of shunt resistance must be 
calculated from the known or estimated maximum 
current expected in the circuit (allowing a safe 
margin) and the voltage required for full-scale 
deflection of the meter with its multiplier_ 

Power 

Power in diiect-current circuits is determined 
by measuring the current and voltage. When these 

SHUNT 

Fig_ 17-4 - Voltmeter method of measuring 
current_ This method permits using relatively large 
va lues of resistance in the shunt, standard values of 
fixed resistors frequently being usable . I f t~e 
multiplier resistance is 20 (or morel times the 
shunt resistance, the error in assuming that all the 
current flows through the shunt will not be of 
consequence in most practical applications. 

00 
VOL.TAGE 

V 

Fig. 17-5 - Measurement of power requires botf', 
current and voltage measurements; once these 
values are known the power is equal to ttle product 
- P ~ EI. The same circuit can be used for 
measurement of an unknown resistance. 

are known, the power is equal to the voltage in 
volts multiplied by the current in amperes. If the 
current is measured with a milliammeter, the 
reading of the instrument must be divided by J 000 
to convert it to amperes. 

The setup for measuring power is shown in Fig. 
17-5, where R is any de "load," not necessarily an 
actual resistor. 

Resistance 

Obviously, if both voltage and current are 
measured in a circuit such as that in Fig. 17-5 the 
value of resistance R (in case it is unknown) can be 
ca1culated from Ohm's Law. For accurate results, 
the internal resistance of the ammeter or 
milliammeter, MA, should be very low compared 
with t he resistance, R, being measured, since the 
voltage read by the voltmeter, V, is the voltage 
across MA and R in series. The instruments and the 
de voltage should be chosen so that the readings 
are in the upper half of the scale, if possible, since 
the percentage error is less in this region. 

THE OHMMETER 
Although Fig. 17-5 suffices for occasional 

resistance measurements, it is inconvenient when 
frequent measurements over a wide range of 
re&istance are to be made. The device generally 
used for this purpose is the ohmmeter. This 
consists fundamentally of a voltmeter (or milli
ammeter, depending on the circuit used) and a 
small dry battery, the meter being calibrated so the 
value of an unknown resistance can be read 
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Fig. 17~ - Ohmmeter circuits. Values are 
discussed in the text. 

directly from the scale. Typical ohmmeter circuits 
are shown in Fig. 17-6. In the simplest type, shown 
in Fig. 17-6A, the meter and battery are connected 
in series with the unknown registance. If a given 
deflection is obtained with terminals A-B shorted, 
inserting the resistance to be mea.qured will cause 
the meter reading to decrease. When the resistance 
of the voltmeter is known, the following fonnula 
can be applied: 

D eRm n s\.~-.,,m 

where R is the resistance to be found, 
e is the voltage applied (A-B shorted), 
£ is the voltmeter reading with R connected, 

and 
Rm is the resistance of the voltmeter. 

The circuit of Fig. l 7-6A is not suited to 
measuring low values of resistance (below a hun
dred ohms or so) with a high-resistance voltmeter. 
For such measurements the circuit of Fig. 17-6B 
can be used, The unknown resistance is 

R • l2Rm 
- l1 - l2 

where R is the unknown, 
Rm is tlie in temal resistance of the milliam

meter, 
/1 is the current with R disconnected from 

terminals A-B, and 
I 2 is the current with R connected. 

The formula is based on the assumption that the 
current in the complete circuit will be essentially 
constant whether or not the "unknown" terminals 
are short-circuited. This requires that R l be very 
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.arge compared with Rm - e.g., 3000 ohms for a 
1-mA meter having an internal resistance of per
haps 50 ohms. A 3-volt battery would be necessary 
in this case in order to obtain a full-scale deflection 
with the "unknown" terminals open. Rl can be an 
adjustable resistor, to permit setting the open
tenninals current to exact full scale. 

A third circuit for measuring resistance is 
shown in Fig. l 7-6C. In this case a high-resistance 
voltmeter is used to measure the voltage drop 
across a reference resistor, R2, when the unknown 
resistor is connected so that current flows through 
it, R2 and the battery in series. By suitable choice 
of R2 (low values for low-resistance, high values 
for high-resistance unknowns) this circuit will give 
equally good results on all resistance values in the 
range from one ohm to several megohms, provided 
that the voltmeter resistance, Rm, is always very 
high (50 times or more) compared with the 
resistance of R 2. A 20,000-ohrn-per-volt instru
ment (50-µA movement) is generally used. Assum
ing that the current through the voltmeter is 
negligible compared with the current through R2, 
the formula for the unknown is 

R=eR2 - R2 
E 

where R and R2 are as shown in Fig. 17-6C, 
e is the voltmeter reading with A-B shorted, 

and 
£ is the voltmeter reading with R connected. 

The "zero adjuster," R i, is used to set the 
voltmeter reading exactly to full scale when the 
meter is calibrated in ohms. A 10,000-0hm variable 
resistor is suitable with a 20,000-ohms-per-volt 
meter. The battery voltage is usually 3 volts for 
ranges up to I 00,000 ohms or so and 6 volts for 
higher ranges. 

BRIDGE CIRCUITS 
An important class of measurement circuits is 

the bridge, in which, essentially, a desired result is 
obtained by balancing the voltages at two different 
points in the circuit against each other so that 
there is zero potential difference between them. A 
voltmeter bridged between the two points will read 
zero (nuU) when this balance exists, but will 
indicate some definite value of voltage when the 
bridge is not balanced. 

Bridge circuits a1e useful both on direct current 
and on ac of all frequencies. The majority of 
amateur applications is at radio frequencies, as 
shown later in this chapter. However, the principles 
of bridge operation are mo~t easily introduced in 
terms of de, where the bridge takes its simplest 
fonn. 

The Wheatstone Bridge 

The simple resistance bridge, known as the 
Wheatstone bridge, is shown in Fig. 17-7. All other 
bridge circuits - some of which are rather 
elaborate, especially those designed for ac - derive 
from this. The four resistors, Rl, R2, R3, and R4 
shown in A, are known as the bridge anns. For the 
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(A) 

(B) 

oc 
SOURCE 

DC 
SOURCE 

Fig. 17-7 - The Wheatstone bridge circuit. It is 
frequently drawn as at (Bl for emphasizing its 
special functio n. 

voltmeter reading to be zero, the voltages across 
R3 and R4 in series must add algebraically lo zero; 
thal is El must equal E2. Rl R3 and R2R4 form 
voltage dividen across the de soun:e, so that if 

____R.l_=_M_ 
Rl + R3 R2 + R4 

El will equal E2. 
TI1e circuit is customarily drawn u 1hown at 

17•78 when used .for resistance measurement. The 
equation above can be rewritten 

A 

l 

to find R,,, the unknown resistance. Rl and R2 are 
frequently made equal; then the cah"brated 
adjustable resistance ( the standard). R 5 , will have 
the same value as Rx when R 5 is set to show a null 
on the voltmeter. 

Note lhal the resistance ratios, rather than the 
actual resistance values, determine the voltage 
balance. However, the values do have imporlanl 
practical effects on the sensitivity and power 
consumption. The bridge sensitivity is the readiness 
with which the meter re~ponds lo small amounu of 
unba1anc:e about lhe null poin I; lhe "sharper" the 
null the more accurate the setting of R 5 at balance. 

The Wheau1onc bridge is rarely used by 
amateurs for resistance measurement, the ohm
meter being the favorite instrument for that 
purpose. However, ii i.~ worthwhile to understand 
its operation becau5e it is the prototype of 
more complex bridges. 

ELECTRONIC VOLTMETERS 

It has been pointed out (Fig. 17-3) that for 
many purposes the resistance of a voltmeter must 
be extremely high in order to avoid "loading" 
errors caused by lhe current that necessarily flows 
through the meter. lrus tends to cause difficulty in 
measuring relatively low voltages (under perhaps 
1000 volts) because a meter movement or given 
sensitivity takes a progressively smaller multiplier 
resistance as the voltage range is lowered. 

The vol !meter resistance can be made indepen
dent of the volt.age range by using vacuum lubes or 
field-effect transistors as electronic de amplifiers 
between the circuit being measured and the actual 
indicator, which Is usually a conventional meter 
movement. As the input resistance of the 

"•• 
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Fig. 17-8 - Vacuum-rube voltmeter circuit . 

Ct. C3 - .002- to .005-µF mica. 
C2 - .01 µF, 1000 lo 2000 volts, paper or mica. 
C4 - 16 µ.F electrolyt ic, 150 volts. 
CRl - 400 PAV rectifier. 
M - 0-200 microammeter. 
R1 - 1 megohm, 1/2 watt. 
R2-A6, incl . - To give desired voltage ranges, 

totaling 10 megohms. 
R6, R7 - 2 to 3 megohms. 
RS - 10,000-ohm variable IC811bratel. 
R9, RIO - 2000 to 3000 ohms. 

Rl 1 - 5000- to 10,000-ohm control (zero s111l. 
R12 - 10,000 to 50,000 ohms. 
R13, R14 - App. 26,000 ohms. A 50,000-ohm 

slider-type wire-wound can be used, 
R1 5 -10 megohms. 
R16 - 3 megohms. 
R17 - 10-megohm variable. 
T1 - 130-Vol t 15-mA transforme r (only secondary 

shown I. 
V1 - Dual triode, 12AU7A. 
V2 - Dual diode, 6AL6. 
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Fig. 17-9 - Electronic voltmeter using field-effect 
transistor for high input resistance. Components 
having the same functions as in the VTVM circuit 
of Fig. 17-8 carry the same designations. (Circuit is 

electronic devices is exuemely high - hundreds of 
megohms - they have essentially no loading effect 
on the circuit to wh.ich they arc connected. They 
do, however, require a closed de path in their input 
circuits (although th.is path can have very high 
resistance) and are Limited in the amplitude of 
voltage that their input circuits can handle. 
Because of this, the device actually measures a 
fil!lall voltage across a portion of a high-resistance 
voltage divider connected to the circuit being 
measured. Various voltage ranges are obtained by 
appropriate taps on the voltage divider. 

In the design of electronic voltmeters It has 
become practically standard to use a voltage 
divider having a resistance of 10 megohms, tapped 
as required, in series with a I-megohm resistor 
incorporated in a pro.be that makes the actual 
cohtact with the "hot" side of the circuit under 
measurement. The total voltmeter resistance, 
including probe, is therefore 11 megohms. The 
1-megohm probe resistor serves to isolate the 
voltmeter circuit from the "active" circuit. 

The Vacuum-Tube Voltmeter 

A typical vacuum-tube voltmeter (VTVM) 
circuit is given in Fig. 17-8. A dual triode, Vl, is 
arranged so that, with no voltage applied to the 
left-hand grid, equal currents flow through both 
sections. Under this condition the two cathodes arc 
at the same potential and no current flows through 
M. The currents can be adjusted to balance by 
potentiometer, R 11, which takes care of variations 
in the tube sections and in the values of cathode 
resistors R9 and RI 0. When a positive de voltage is 
applied to the left-hand grid the current through 
that tube section increases, so the current balance 
is upset and the meter indicates. The sensitivity of 
the meter is regulated by RS, which serves to 
adjust the calibration. Rl2, common to the 
cathodes of both tube sections. is a feedback 
resistor that stabilizes the system and makes the 
readings linear. R6 and Cl forrn a filter for any ac 
component that may be present, and R6 is 
balanced by R7 connected to the grid of the 
second tube section. 
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basic voltmeter circuit of the Heathkit IM-17.l 
CR1 - Silicon diode. 
01 - Field-effect.transistor. 
02, 03 - Small-signal audio type. 

Values to be used in the circuit depend 
considerably on the supply voltage and the 
sensitivity of the meter, M. Rl2, and Rl3-Rl4, 
should be adjusted by trial so that the voltmeter 
circuit can be brought to balance, and to give 
full-scale deflection on M with about 3 volts 
applied to the left-hand grid (the voltage chosen 
for this determines the lowest voltage range of the 
instrument). The meter connections can be 
reversed to read voltages that are negative with 
respect to ground. 

The small circuit associated with V2 is for ac 
measurements, as described in a later section. 

As compared with conventional de instruments, 
the VTVM has the disadvantage~ of requiring a 
source of power for its operation, and generally 
must have its "cold" terminal grounded in order to 
operate reliably. It is also somewhat susceptible to 
erratic readings from rf pickup when used in the 
vicinity of a transmitter, and in such cases may 
require shielding. However, its advantages outweigh 
these disadvantages in many applications. 

The FET Voltmeler 

The circuit of an electronic voltmeter using a 
field-effect IJ:ansistor as an input device is shown in 
Fig. 17-9. Allowing for the differences between 
vacuum tubes and semiconductors, the operation 
of this circuit is analogous to that of Fig. I 7-8. 
Transistors Q2 and Q3 correspond to the dual 
triode in tbe VTVM circuit, but since the input 
resistance of Q2 is fairly low, it is preceded by an 
FET, Ql, with source-coupled output. Note that in 
this circuit the "zero" or curren !-balance control, 
Rll, varies the gate bias on Ql by introducing an 
adjustable positive voltage in series with the source. 
This arrangement permits applying the adjustable 
bias to the gate through the voltmeter range 
divider, with no other provision needed for 
completing the de gate-source path. 

The ~mall circuit associated with CRl is for ac 
voltage measurement, to be di~cus~ed later. 

As the power supply for the FET voltmeter is a 
self-contained battery, the grounding restrictions 
associated with a VTVM do not apply. The 
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instrument can, however, be susceptible to rf fields 
if not shielded and grounded, 

Electronic Ohmmeters 

Most commercial electronic voltmeters include 
provision for measuring resistance and ac voltage, 
in addition to de voltage. The basic ohmmeter 

circuit generaUy used is that of Fig. 17-fiC. Since 
for practical purposes the input resistance of the 
vacuum tube or FET can be assumed to appmach 
infinity, electronic ohmmeters arc capable of 
rnea.~uring resistances in the hundreds of megohms 
- a much higher range than can be reached with an 
ordinary microammeter. 

AC INSTRUMENTS AND CIRCUITS 

Although purely electromagnetic instruments 
that operate directly from alternating current are 
available, they are seen infrequently in present-day 
amateur equipment. For one thing, their use is not 
feasible above power-line frequencies. 

Practical instruments for audio and radio 
frequencies generally use a de meter movement in 
conjunction with a rectifier. Voltage measurements 
suffice for nearly all test purposes. Current, a\ 
such , is seldom measured in the af range. When rf 
current is measured the instrument used is a 
thermocouple milliammeter or ammeter. 

The Thermocouple Meter 

In a dtcrmocouple meter the alternating current 
flows through a low-resistance heating element. 
The power lost in the resistance gencr11tes heat 
which warms a "thermocouple," a junction of 
certain dissimilar metals which has the property of 
developing a small de voltage when heated. This 
voltage is applied to a de milliammeter calibrated 
in suitable ac units. The heater-thermocouple-de 
meter combination is usually housed in a regular 
meter case. 

Fig. 17-10 - Rf ammeter mounted in a Minibox, 
with connectors for piecing the meter in series with 
a coaxial Ii ne. A bake I ite-ease m@ter should be used 
to minimize shunt capacitance (which introduces 
@rrorl although a metal-<:ase meter can be used if 
mounted on bakelite sheet with a large cut-out in 
the case around the rim. The meter can be used for 
rf power measurements (P = t2R) when connected 
between a transmitter and a nonreactive load of 
known resistance. 

(A) f-f\A;--
(B) 

lf~---p~;- -------PEAK. 

f.s - -- --- - - - ---AVERAGE (318) 
0 --- --- --

(c) 
If.--~------------P~K S NEG. 

+' ---- - --- -- --AVERAGE{311J) 
f O -- --- --- --

Fig. 17-11 - Sine-wave alternating current or 
voltage (A), with half-wave rectification of the 
positive half cycle ( Bl and negative half cycle (C). 
D - full-wave rectification. Average values are 
shown with relation toe peak value of 1. 

Thermocouple meters can be obtained in ranges 
from about 100 mA to many amperes. Their useful 
upper frequency limit is in the neighborhood of 
I 00 MHz. Their principal value in amateur work is 
in measuring current into a known load resistance 
for calculating the rf power delivered to the load. 
A suitable mounting for this is shown in Fig. 
17-10, for use in coaxial lines. 

RECTIFIER INSTRUMENTS 

The response of a rectifier-type meter is 
proportional (depending on the design) to either 
the peak amplitude or average amplitude of the 
rectified ac wave, and never directly responsive to 
the nm value. The meter therefore cannot be 
calibrated in rms without preknowledge of the 
relationship that happens to exist between the 
"real" reading and the rms value. This relationship, 
in general, is not known, except in the case of 
single-frequency ac (a sine wave). Very many 
practical measurements involve nonsinusoidal 
wave forms, so it is necessary to know what kind of 
instrument you have, and what it is actuaUy 
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Fig. 17-12 - Same as Fig. 17-11 for an 
unsymmetrical waveform. The peak values are 
different with positive and negative half-cycle 
rectification. 

reading, in order to make measurements intelligent
ly. 

Peak and Average with Sine-Wave 
Rectification 

Fig. 17-11 shows the relative peak and average 
values in the outputs of half- and full-wave 
rectifiers (see power-supply chapter for further 
details). As the positive and negative half cycles of 
the sine wa.ve han: 1111, ~wuc shape:: (A), half-wave 
rectification of either the positive half ( B) or the 
negative half (C) ~ves exactly the same result. With 
full-WllVC rectification (D) the peak is still the 
same, but the average is doubled, since there are 
twice as many half cycles per unit of time. 

Unsymmetrical Wave Forms 

A nonsinusoidal waveform is shown in Fig. 
l 7-l 2A. When the positive half cycles of this wave 
arc rectified the peaJc and average values are as 
shown at B. If the polarity is rever..ed and the 
negative half cycles an: rectified the peak value is 
different but the average value is unchanged. The 
fact that the average of the positive side is equal to 
the average of the negative side is true of all ac 
waveforms, but differen t waveforms h11ve different 
averages. Full-wave rectification of such a "lop
sided"' wave doubles the average value, but the 
peak reading is always the same as it is with the 
half cycle that produces the highest peak in 
half-wave rectification. 

Effeetive-V alue Calibration 

The actual scale calibration of commercially
made rectifier-type voltmeters is very o ften (almost 
always, in fact) in terms of nns values. For sine 
waves this is satisfactory, and useful since nns ls 
the standard measure at power-line frequency. It is 
also useful for many rf applications where the 
waveform is often closely sinusoidal. But in other 
cases, particularly in the af range, the eiror may be 
considerable when the waveform is not pure. 
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Tum-Over 

From Flg. 1 7-12 it is apparent that the 
calibration of an average-reading meter will be the 
same whether the positive or negative sides are 
rectified. A half-wave peak-reading instrument, 
however, will indicate different values when its 
connections to the circuit are reversed (tum -over 
effect). Very often readings are taken both ways, 
in which case the sum of the two is the 
peak-to-peak value, a useful figure in much audio 
and video work. 

Average- and Peak-Reading Circui ts 

The basic differ0nce between average- and 
peak-reading recdfier circuits is that in the former 
the output is not filtered 'llhile in the latter a filter 
capacitor is charged up to the peak value of the 
output voltage. Fig. l 7-l3A shows typical 
avenge-reading circuits, one half-wave and the 
other full-wave. In the absence of de filtering the 
meter responds to wave forms such as a.re shown at 
B, C and D in Figs. 17-11 and 17-12, and since the 
inertia of the pointer system makes it unable to 
follow the rapid variations in current, it averages 
them out mechanically. 

In Fig. I 7-l3A CR I actuates the meter; CR2 
provides a low-resistance de retum in the meter 
circllit on the negative half cycles. RI is the 
voltmeter multiplier resistance. R2 fonns a voltage 

(A) 

(B) 
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CIU 
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~ R I 
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PARALLEL 

+ 

DCV 
OUT 

-o+ 

DCV 
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Fig. 17-13 - A - Half-wave and full-waw 
rectification for an instrument intended to operate 
on average values. B - half-wave circuits for a 
peak-read ing mater. 
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divider with RI (through CRl) which prevents 
more than a few ac volts from appearing across the 
rectifier-meter combination. A correspond1ng resis
tor can be used across the full-wave bridge circuit. 

In these two circuits no provision is made for 
isolating the meter from any de voltage that may 
be on the circuit under measurement. The error 
caused by this can be avoided by connecting a large 
capacitance In series with the "hot" lead. The 
reactance must be low compared with the m:!ter 
i.'11pedance (see next section) in order for the full 
ac voltage to be applied to the meter circuit. As 
much as I µF may be required at line frequencies 
with some meters. The capacitor is not usually 
included in a VOM. 

Series and shunt peak-reading circuits are 
mown in Fig. 17-13B. Capacitor Cl isolates the 
rectifier from de voltage on the circuit under 
measurement. In the series circuit (which is selcom 
used) the time constant of the C2Rl R2 combina
tion must be very large compared with the period 
of the lowest ac frequency to be measured; 
similarly wlth Cl R 1 R2 in the shunt circuit. The 
reason is that the capacitor is charged to the peak 
value of voltage when the ac wave reaches its 
maximum, and then must hold the chBige (so it 
can register on a de meter) until the next 
maximum of the same polarity. If the time 
constant is 20 times the ac period the chBige will 
have decreased by about 5 percent by the time the 
next charge occurs. The average drop will be 
smaller, so the error is appreciably less. The error 
will decrease rapidly with increasing frequer.cy, 
a.-.suming no change 1n the circuit values, but will 
increase al lower frequencies. 

ln Fig. I 7-13B RI and R2 form a voltage 
divider which reduces the peak de voltage to 71 
percent of its actual value. This converts the peak 
reading to rms on sine-wave ac. Since the 
peak-reading circuits are incapable of delivering 
appreciable current without considerable error, R2 
is usually the 11-megohm input resistance of an 
electronic vollmeter. RI is therefore approximate
ly 4.7 megohms, making the total resistance 
approach 16 megohms. A capacitance of .05 µFis 
sufficient for low audio frequencies under these 
conditions. Much smaller values of capacitance 
suffice for radio frequencies, obviously. 

Voltmeter Impedance 

The imped1mce of the voltmeter at the 
frequency being measured may h:i.ve :in effect on 
the accuracy similar to the error caused by :he 
resistance of a de voltmeter, as discussed earlier. 
The ac meter acts like a resistance in prallel with a 
capacitance, and since the capacitive reactaoce 
decreases with increasing frequency, the impedance 
also decreases with frequency. The resistance is 
subject to some variation with voltage le'liel, 
particularly at very low voltages (of the order of 10 
volts or less) depending upon the sensitivity of lhe 
meter movement 1md the kind of rectifier used. 

The ac load resistance represen led by a diode 
rectifier is approximately equal to one-half its de 
load resistance. In Fig. l7-13A the de load is 
essentially the meter resistance, which is generally 

quin: low compared with the multiplier resistance 
RI, so the totaJ resistance will be about the same 
as the multiplier resistance. The capacitance 
depends on the components and construction, test 
lead length and disposition, and such factors. In 
general, it has little or no effect at power-line and 
low audio frequencies, but the ordinarY VOM loses 
accuracy at the higher audio frequencies and is of 
little use at rf. For radio frequencies it is necessary 
to use a rectifier having very low inherent 
capacitance. 

Similar limitations apply to the peak-reading 
circuits. In the parallel circuit the resistive 
component of the impedance is smaller than in the 
series circuit, since the de load resistance, RI R2, is 
directly across the circuit being measured, and is 
therefore in parallel with the diode ae load 
resistance. In both peak-reading circuits the 
effective capacitance may range from l or 2 to a 
few hundred pf. Values of the order of 100 pf are 
to be expected in electronic voltmeters of 
customary design and construction. 

Linearity 

Fig. 17-14, a typical current/voltage characteris
tic of a small semiconductor rectifier, indicates 
that the forward dyn~ic resistance of tbe diode is 
not constant, but rapidly decreases as the forward 
voltage is increased from zero. The transition from 
high to low resistance occurs at considerably less 
than I volt, but is in the range of voltage required 
by the associated de meter. With an average-reading 
circuit the current tends to be proportional to the 
square ol Ule applied voltage. This crowds the 
calibration points at the low end of the meter 
scale. For most measurement purpo!lts, however, it 
is far more desirable for the output to be .. linea1;" 
that is, for the reading to be direcrly proportional 
10 the opplied voltage. 

To achieve linearity it is necessary to use a 
relatively large load resistance for the diode - large 
enough so that this resistance, rather than the 
diode's own resistance, will govern the current 
flow. A linear or equally spaced scale is thus gained 
al the expense of sensitivity. The amount of 
resistance needed depends on the type of diode; 

t 
FORWARD 

,mA 
I 

- REVERSE VOLTS fEAKOOW 

REVEASE 
.,uA 

l 
Fig. 17-14 - Typical semiconductor diode 
characteristic. Actual current and voltage values 
varv with the type of diode, but the forward
current curve would be in its steep part with only e 
volt or so applied. Note change in current scale for 
reva11e currant. Breakdown voltage, again depend
ing on diode type, may range from 15 or 20 volb 
to several hundred. 
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Fig. 17-15 - Rf probe circuit . CR Is a small 
semiconductor rectifier, usually point-contact 
germanium. The resistor value, for e>eact voltage 
division 10 rms, should be 4.14 megohms. but 
standard values are generally used, including 4.7 
megohms. 

5000 to 50,000 ohms usually suffices for a 
germanium rectifier, depending on the de meter 
sensitivity, but several times as much may be 
needed for ~ilicon. The hlgher the resistance, the 
greater the meter sensitivity required; i.e., the basic 
meter must be a microammeter rather than a 
low-range milliammetcr. 

Reverse Cunent 

When voltage is applied in the reverse direction 
there i., a small leakage current in semiconductor 
diodes. Thi& is equivalent to a resistance connected 
across the rectifier, allowing current to now during 
the half cycle which should be completely noncon
ducting. and causing an error in the de meter 
reading. This "back resistance" is so high as to be 
practically unimportant with silicon, but may be 
less than l 00 kO with germanium. 

The practical effect of back resistance Is to 
limit the amount of resistance that can be used in 
the de load resistance. This in tum affects the 
linearity of the meter scale. 

The back resistance of vacuum-tube diodes Is 
infinite, for practical purposes. 

RF VOLTAGE 

SpeciaJ precautions must be ta.ken to mirumize 
the capacitive component of the voltmeter 
impedance al radio frequencies . If po5slble, the 
rectifier circuit should be installed pennenently at 
the point where the rf voltage to be mea.~ured· 
exists, using the shortest possible rf connections. 
The de meter can be remotely located, however. 

For general rf measurements an rf probe is used 
in conjunction with an electronic voltmeter. 
substituted for the de probe mentioned earlier. 
The circuit of Fig. 17-15, essentially the 
peak-reading shunt circuit of Fig. 17-13 B, is 
generally used. The series resistor, installed in the 
probe close to the rectifier, prevents rr from being 
fed through the probe cable to the elecuonic 
voltmeter, being helped in this by the cable 
capacitance. This resistor, in conjunction with the 
I 0-megohm divider resistance of the electronic 
voltmeter, also reduces 1he peak rectified voltage 
to a de value equivalent to the rms of the rf signal, 
to make the rf readings consistent with the regular 
ac calibration. 
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Of the diodes n:adily available to amateurs, the 

gmnanium point-contact type is preferred for rf 
applications. It has low capacitance (of the order 
of 1 pF) and in the high-back-resistance types the 
reverse current is not serious. The principal 
limitation is that it! safe reverse voltage is only 
about 50-75 volts, which limiu the rms applied 
voltage to 15 or 20 volts, approximately. Diodes 
can be connected In series to rnise the overall 
nting. 

Linearity at Radio Frequencies 

The bypass or fdter capacitance nonnally used 
in rf rectifier circuits is large enough, together with 
the resistance in the system, to have a time 
c;,nstant sufficient for peak readings. However, if 
the resistance is low (the toad sometimes is just the 
microammeter or milliammeter alone) the linearity 
of the voltmeter will be affected as previously 
described, even if the time constant is fairly large. 
It is not safe to assume that the voltmeter is even 
approximately linear unless the load resistance is of 
the order of l 0,000 ohms or greater. 

Nonlinear voltmeters a,c useful as indicators, as 
~here null indicators 111c called for, but should not 
be depended upon for actual measurement of 
voltage. 

RF Power 

Power at radio frequencies can be measured by 
rr,eans of an 11ccurately<alibrated rf voltmeter 
connected across the load in which the power is 
being dissipated. If the load is a known pure 
:resistance the power, by Ohm's Law, is equal to 
E2/R, where E is the rms value of the voltage. 

The method only indicates apparent power if 
the load is not a pure resistance. The load can be a 
terminated transmission line tuned, with the aid of 
bridge circuits such as arc described in the next 
section, to act as a known resistance. An 
alternative load is a "dummy" antenna, a known 
pure resistance capable of dinipating the rf power 
safely. 

AC BRIDGES 

In its simplest form, the ac bridge is exactly the 
same as the Wheatstone bridge discussed earlier. 
However, complex impedances can be substituted 
for resistances, as suggested by Fig. J 7-16A. The 
same brjdgc equation holds if Z Is substituted for R 
in each arm. For the equation to be true, however, 
the phase angles as well as the numerical values of 
the impedDnces must balance; otherwise, a true 
null voltage is impossible to obtain. 11tls means 
that a bridge with all "pure" arms (pure resistance 
or reactanoe) cannot measure complex impedances: 
a combination or R and X must be present in at 
least one arm besides the unknown. 

The actual circuits of ac bridges take many 
forms, depending on the type of measurement 
intended and on the frequency range to be 
covered. As the frequency is raised stray effects 
(unwanted capacitances and inductances, principal· 
ly) become more pronounced. At radio frequencies 
sp:cial attention must be paid to minimizing them. 
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(A) 

(c) 

AC 
50URCE 

AC 
SOURCE 

Fig. 17•16 - A - Generalized form of bridge 
cireui1 for either ac or de. B - Ona form of ac 
bridge frequently used for rf measuremenis. C -
SWR bridge for use in transmission lines . This 
circuit is often calibrated in power rather than 
voltage. 

Most amateur-built bridges arc used for rf 
measuremenL\, especially SWR measurements on 
transmission lines. The circuits at B and C, Fig. 
17-16, are favorites for this pUipose. These basic 
forms are often modified considerably, as will be 
seen by the constructional examples later in the 
chapter. 

Fig. 17-16B is useful for measuring both 
transmissioo lines and "lumped constant" compo
nents. Combinations of resistance and capacitance 
are often used in one or more arms; this may be 
required for eliminating the effects of slniy 
capacitance. 

Fig. 17-16C is used only on transmission lines, 
and only on those lines having the characteristic 
impedance for which the bridge is designerl. 

SWR Measurement - The Rellcctometer 

In measuring standing-wave ratio advantage is 
taken of 1he fact that the voltage on a transmission 
line consists of two components traveling in 
opposite directions. The power going from the 
transmitter to the load is represented by one 
voltage (designated "'incident" or "forward,.) and 
the power reflected from the load is represented by 
the other. Because the relative amplitudes and 
phase relationships are definitely established by the 
line's characteristic impedance, its length and the 
load impedance in which it is terminated, a bridge 
circuit can separate the incident and reflected 
voltages for measurement. This is sufficient for 
determining the SWR. Bridges designed for !hill 
purpose are frequeotly called renectome lers. 

Referring to Fig. 17-16 A, if RI and R2 arc 
made equal, the bridge will be balanced when 
Rx= Rs, This is uue whether Rx is an actual 
resistor or the input n:sistance of a perfectly 
matched transmission line, provided Rs is chosen 
to equal the characteristic impedance of the line. 
Even if the line is not properly matched, the bridge 
will still be balanced for power traveling outward 
on the line, since outward-1;oing power sees only 
the z0 of the line until it reaches the load. 
However, power reflected back from the load does 
not "see" a bridge circuit, and the reflected voltage 
registers on the voltmeter. From the known 
relationship between the incident and reflected 
voltages the SWR is easily calculated: 

ltlR • Vo+ Vr 
Vo - Vr 

where Vo is the foiward voltage and Vr is the 
reflected voltage. The forward voltage may be 
measured either by disconnecting Rx or shorting 
it. 

The "Renected Power Meter" 

Fig. I 7-16C makes use of mutual inductance 
between the primary and secondary of Tl to 
establish a balancing circuit. Cl and C2 fonn a 
voltage divider in which the voltage acros.1 C2 is in 
the same phue as the voltage at that point on the 
transmission line. The relative phase of the voltage 
across RI is determined by the phase of the 
cu"ent in the line. If a pure resistance equal to the 
design impedance of the bridge is connected to the 
"RF Out" termin11h, the voltages across RI and C2 
will be out of pha~e and the voltmeter reading will 
be minimum; if the amplitudes of the two voltages 
are also equal ( they are made so by bridge 
adjustment) the voltmeter will read zero. Any 
other value of resistance or impedance con nee ted 
to the "RF Out" tenninals will result in a finile 
voltmeter reading. When used in a transmission line 
this reading is proportional to the reflected vollage. 
To measure the incident voltage the secondary 
terminals of Tl can be reversed. To function 115 

described, the secondary leakage rcactancc of Tl 
must be very large compared to the resistance of 
RI. 

Instruments of this type are usually designed 
for convenient ~witching between forward and 
reflected, and are often calibrated lo read power in 
the specified charactcrisitic impedance. The net 
power transmission is equal to the incident power 
minus the reflected power. 

Sensitivity vs. Frequency 

In all of the circuits in Fig. 17-16 the sensitivity 
is independent of the applied frequency, within 
practical limits. SIJ"ay capacitances and couplings 
generally limit the performance of all three al the 
high-frequency end of the useful range. Fig. 
17-16A will work right down to de, but the 
low-frequency perfonnance of Fig. 17-16B Is 
degraded when the capacitive reactances become so 
large that voltmeter impedance becomes low in 
comparison (in all these bridge circuits, it i, 



Frequency Measurement 

assumed that the voltmeter impedance is high 
compared with the impedance of the bridge arms). 
In Fig. l 7-16C the performance is limited at low 
frequencies by the fact that the transfonner 
reactance decreases with frequency, so that 
eventually the reactance is not very high in 
comparison with the resistance of R l. 

The " Monimatch" 

A type of bridge which is quite simple to make, 
but in which the sensitivity rises directly with 
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frequency, is the Monim atch and its vanous 
offspring. The circuit cannot be described in tenns 
of lumped constants, as it makes use of the 
distrbutcd mutual inductance and capacitance 
between the center conductor of a transmission 
line and a wire placed parallel to it. The wile is 
terminated in a resistance approximating the 
characteristic impedance of the transmission line at 
one end and feeds a diode rectifier at the other. A 
practical example is shown later in this chapter. 

FREQUENCY MEASUREMENT 

The regulations governing amateur operation 
require that the transmitted signal be maintained 
inside the limits of certain bands of frequencies.* 
The exact frequency need not be known, so long as 
it is not outside the limits. On this last point there 
are no tolerances: It is up to the individual amateur 
to see tl1at he stays safely "inside." 

Th.is is not difficult to do, but requires some 
simple apparatus and the exercise of some care. 
The apparatus commonly used is the frequency
marker genera tor, and the method involves use of 
the station receiver, .as in Fig. 17-17. 

THE FREQUENCY MAR KER 

The marker generator in its simple~t form is a 
high-stability oscillator generating a series of signals 
which, when detected in the receiver, mark the 
exact edges of the amateur assignment~. It does 
this by oscillating at a low frequency that has 
harmonics falling on the desired frequencies. 

All U.S. amateur band limits arc exact multiples 
of 2S kHz, whether at the extremes of a band or at 
points marking the subdivisions between types of 
emission, license privileges, and so on. A 25-kHz 
fundamental frequency therefore will produce the 
desired marker signals if its harmonics at the higher 
frequencies arc strong enough. But since harmonics 
appear at 25-kHz intervals throughout the 
spectrum, along with the desired markers, the 
problem of identifying a particular marker arises. 
This is easily solved if the receiver has a reasonably 
good calibration. If not. most marker circuits 
provide for a choice of fundamental outputs of 
100 and 50 kHz as well as 25 kHt, so the question 
can be narrowed down to initial identification of 
100-k.Hz intervals. From these, the desired 25-kHz 
(or 50-kHi) points can easily be spotted. Coarser 
frequency intervals are rarely required: there are 
usually signals available from stations of known 
frequency, and the 100-kHz points can be counted" 
otT from them. 

Transmi lter Checking 

In checking one's own transmitter frequency 
the signal from the transmitter is first tuned in on 

• These limits depend on the type of emission 
and class of license held, as well as on international 
&jP'<!ements. See the latest edition of The Radio 
Amateur's License Manual for cunent status. 

the receiver and the dial setting at which it is heard 
is noted. Then the nearest marker frequencies 
above and below the transmitter signal are turned 
in and identified. The transmitter frequency is 
obviously between these two known frequencies. 

If the marker frequencies are accurate, this is all 
that needs to be known - except that the 
transmitter frequency must not be so close to a 
band (or subband) edge that sideband frequencies, 
especially in phone transmission, will extend over 
the edge. 

If the transmitter signal is "inside" a marker at 
the edge of an as!rignment, to the extent that there 
is an audible beat note with the receiver's BFO 
turned off, normal cw sidebands are safely inside 
the edge. (This statement does not take into 
account abnormal sidebands such as are caused by 
clicks and chirps.) For phone the "safety" 
allowance is usually ta.ken to be about 3 kHz, the 
nominal width of one sideband. A frequency 
difference of this order can be estimated by noting 
the receiver dial settings for the two 25-kHz 
markers which bracket the signal and dividing 25 
by the number of dial divisions between them. This 
wiU give the number of kHz per dial division. 

T ransceivers 

The method described above is applicable when 
the receiver and uansmitter arc separate pieces of 
equipment. When a transceiver is used and the 

Fig, 17-17 - Setup for using a frequency standard. 
It is necessary that the transmitter signal be weak 
,n the receiver - of the same order of strength,a& 
the marker signal from the standard. This 
,equ irement can usually be met by turning on just 
the transmitter oscil lator, leaving all power off any 
succeeding stages, In some cases it may also be 
necessary to disconnect the antenna from t he 
receiver . 
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C3 f--o 
OUT 

C2. 100 

(A) 

a+ 

C3 f-----4 
OUT 

(B) 
C2 

,001 

+Vgj 

(c) 

Cl D -----7-.---1 .., __ ......, 
100 Kllz 

Fig. 17-18 - Three simple 100-kHz oscillator 
circuits. C is the most suitable of available 
transistor ciraJits (for marker generatorsl and is 
recommended where solid-.tate is to be used. In all 
three circuits C1 is for fine frequency adjustment. 
The ourput coupling capacitor, CJ, is generally 
small - 20 to 50 pF - a compromise to avoid 
loading the oscillator by the receiver antenna input 
while maintaining adequate coupling for good 
harmonic strength. 

transmitting frequency is automatically the same as 
that to which the receiver is tuned, setting the 
tuning dial to a ~pot between two known marker 
frequencies is all that is required. 

The proper dial settings for the markers are 
those at which, with the BfO on, the signal is 
tuned to zero beat - the spot where the beat 
disappears as the tuning makes the beat tone 
progressively lower. Exact zero beat can be 
determined by a very slow rise and fall of 
background noise, caused by e beat of a cycle or 
less per second. 

FREQUENCY-MARKER CIRCUITS 
The basic frequency-determining element in 

most amateur frequency marken is a 100-kHz 
crystal. Although the marker generator should 
produce harmonics at 25-kHz and 50-kHz intervals, 
crystals (or other high-stability devices) for 
frequencies lower than 100 kHz are expensive and 
difficult to obtain. However, there is really no need 
for them, since it is easy to divide the buic 
frequency down to any figure one desires; 50 and 

25 kHz require only two successive divisions, each 
by 2. In the division process, the harmonic output 
of the generator is greatly enhanced, making the 
generator useful at frequencies well into the vhf 
range. 

Simple Crystal OsciUaton 

Fig. 17-18 illustrates a few of the simpler 
circuits. Fig. l 7-l 8A is a long-lime favorite where 
vacuum tubes are used and is often incorporated in 
receivers. Cl in this and the other circuits is used 
for exact adjustment of the oscillating frequency 
lo JOO kHz, which is done by using the receiver for 
comparing one of the oscillator'~ harmonics with a 
standard frequency transmitted by WWV, WWVH, 
or a similar station. 

Fig. 17-188 is a field-effect transistor analog of 
the vacuum-tube circuit. However, it requires a 
10-mH coil to operate well, and since the harmonic 
output is not strong at the higher frequencies the 
circuit is given principally as an example of a 
simple transistor arrangement. A much better 
oscillator is shown al C. This ts a cross-connected 
pair of transistors forming a multivibrator of the 
"free-running" or "astable" type, locked al 100 
kHz by using the crystal as one of the coupling 
elements. While ii can use two separate bipolar 
transistors a.~ shown, it is much simpler to use an 
integrated-circuit dual gate, which will contain all 
the necessary parts except the crystal and 
capacitors and is considerably less expensive, as 
well as more compact, than the separate 
components. An eumple is ~hown later in lhe 
chapter. 

Frequency Dividers 

Electronic division is accomplished by a 
"bistable" flip-nop or cross-coupled circuit which 
produces one output change for every two 
impulses applied lo its input circuit, thus dividing 
the applied frequency by 2. All division therefore 
must be in terms of some power of 2. In practice 
this is no handicap since wilh modem integrated· 
circuit flip-nops, circuit arrangements can be 
worked out for division by any desired number. 

As flip-flops and gates in intcgroted circuits 
come in compatible series - meaning that they 
work at the same supply voltage and can be 
directly connected together - a combination of a 
dual-gate version of fig. 17-1 SC and a dual 
flip-flop make an attractively simple combination 
for the marker generator. 

There are several different basic types of 
flip-flops, the variations having to do with methods 
of driving (de or pulse operation) and control of 
the counting function. Information on the: 
operating principles and ratings of a specific type 
usually can be obtained from the manufacturer. 
The counting-control functions arc not needed in 
using the flip-flop in a simple marker generator, 
although they come into play when dividing by 
some number other than a power of 2. 

Frequency Standards 

The difference between a marker generator and 
a frequency sWldard is that in the latter special 
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pains 811? taken to make the oscillator frequency as 
stable as possible in the face of variations in 
temperature, humidity, line voltage, and other 
factors which could cause a small change in 
frequency. 

While there are no definite criteria that 
distinguish the two in this respect, a circuit 
designated as a "standard" for amateur purposes 
should be capable of maintaining frequency within 
at least a few parts per million under normal 
variations in ambient conditions, without adjust
ment. A simple marker generator using a 100-kHz 
crystal can be expected to have frequency 
variations 10 times (or more) greater under similar 
conditions. It can of course be adjusted to exact 
frequency al any time the WWV (or equivalent) 
signal is available. 

The design considerations of high-precision 
frequency standards are out~ide the scope of this 
chapter, but infonnation is available from time to 
time in periodical~. 

OTHER METHODS OF FREQUENCY 
CHEC KI NG 

The simplest possible frequency-measuring 
device is a parallel LC circuit, tunable over a 
desired frequency range and having its tuning dial 
calibrated in tenns of frequency. It can be used 
only for checking circuits in which at least a small 
amount of rf power is present, because the energy 
required to give a detectable indication is not 
available in the LC circuit itself; it has to be 
extracted from the circuit being mo:isurod; honco 
the name absorption frequency meter. It will be 
observed that what is actually measured is the 
frequency of the rf energy, nor the frequency to 
which the circuit in which the energy is present 
may be tuned. 

The measurement accuracy of such an instru
ment is low, compared with the accuracy of a 
marker generator, because the Q of a practicable 
LC circuit is not high enough to make precise 
reading of the dial possible. Also, any two circuits 
coupled together react on each others' tuning. 
(This can be minimized by using the loosest 
coupling that will give an adequate indication.) 

The absorption frequency meter has one useful 
advantage over the marker generator - it will 
respond only to the frequency to which it is tuned, 

OTHER INSTRUMENTS 

Many measurements require a source of ac 
power of adjustable frequency (and sometimes 
adjustable amplitude !lli Willi) in addition to what is 
already available from the transmitter or receiver. 
Rf and af test oscillators, for example, provide 
signals for purposes such as receiver alignment, 
testing of phone transmitters, and so on. Another 
valuable adjunct to the station is the oscilloscope, 
especially useful for checking phone modulation. 

Rf Oscillators for Circuit Alignmenl 

Receiver testing and alignment, covered in an 
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Fig. 17-19A - Absorption frequency-meter circuit. 
The closed-circuit phone jack may be omitted if 
listening is not wanted; In that case the positive 
terminal of M1 goes to common ground. 

01 to a band of frequencies very close lo it. Thus 
there is no harmonic ambiguity, all there sometimes 
is when using a marker generator. 

Absorption Circuit 

A typical absorption frequency-meter circuit is 
shown in Fig. 17-19. In addition to the adjustable 
tuned circuit, LICI, it includes a pickup coil, L2, 
wound over Ll, a high-frequency semiconductor 
diode, CR 1, and a microarnmeter or low-range 
(usually not more than 0-1 mA) milliammeter. A 
phone jack is included so the device can be used 
for listening to the signal. 

The sensitivity of the frequency meter depends 
on the sensitivily of the de meter movement and 
the size of L2 in relation to LL There is an 
optimum size for this coil which has to be found 
by experiment. An alternative is to make the 
rectifier connection to an adjustable tap on LI, in 
which case there is an optimum tap point. In 
general, the rectifier coupling should be a little 
below (that ls, less tight) the point that gives 
mllXimum response, since this will make the 
indications sharper. 

Calibration 

The absorption rrequency meter must be 
calibrated by taking a series of readings on various 
rrequencies from circuits carrying rf power, the 
frequency of the rf energy first being determined 
by some other means such as a marker generator 
and receiver. The setting of the dial that gives the 
highest meter indication is the calibration point for 
that frequency. This point should be determined 
by tuning through It with loose coupling to the 
circuit being measured. 

AND MEASUREMENTS 

earlier chapter. uses equipment common to 
ordinary radio service work. Inexpensive rf signal 
generator.; arc available, both complete and in kit 
form. However, any source of signal that is weak 
enough to avoid overloading the receiver usually 
will serve for alignment work. The frequency 
marker generator is a satisfactory signal source. In 
addition, its frequencies, although not continuous
ly adjustable, arc known far more precisely, since 
the usual signali!encrator calibration is not highly 
accurate. For rough work the dip meter described 
in the next section will serve. 
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fo9 '00 l aAJfi~lae S.M 100 
MPF102 S.M. 

Fig. 17-198 - An FET source-<lipper circuit 
suitable for use from 1 .5 to 50 MHz. For operation 
at vhf and uhf the value of C1 should be made 
smaller, RFC1 wouldbeavhftype,andthebypass 
capacitors would be smaller in value. Far uhf use 
Q1 would be changed to a uhf-type FET, a 
2N4416 or similar. 

THE DIP METER 
The dip me te1 reverses the absorption-wave

meter procedure in that it supplies the rf power by 
incorporating a tunable oscillator from which the 
circuit being checked absorbs energy wnen this 
circuit and the oscillator are tuned to the same 
frequency and coupled together. In the vacuum
tube version the energy absorption causes a 
decrease or "dip" in the oscillator's rectified grid 
current, measured by a de microammeter. 

The same principle can be applied to solid-state 
oscillators. In some trarnastor versions the oscilla
tor rf power is rectified by a diode to provide a 
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meter indication. This technique can result • in 
"dead spots" in the tuning range if the oscillator 
power is too low to enable the diode to conduct at 
all times. The circuit of Fig. 17-19B avoids the 
problem by measuring the changes in source 
cunent. In the W.M. (wavemete1) position of SJ 
the gate-source junction of Ql serves as the 
detector diode. 

Each tuning range of the dipper should overlap 
to provide sufficient coverage to check circuits of 
unknown resonant frequency. Plug-in coils are 
normally used to aUow continuous coverage from 
1.5 to at least 250 MHz. 

Calibration 

A dipper should have reasonably accurate 
calibrntion. Calibration of the dipper dial can be 
effected by monitoring the dipper output signal 
with a calibrated receiver. Make sure the 
fundamental frequency of the dipper is being used 
during calibration. 

Operating the Dip Meter 

The dip meter will check only resonant circuits, 
since nonresonant ciicuits or component5 will not 
absorb energy al a specific frequency. The circuit 
may be either lumped or linear (a transmission-line 
type circuit} provided only that it has enough Q to 
give sufficient cou piing to the dip-meter coil for 
detectable absorption of rf energy. Generally the 
coupling is principally inductive, although at times 
there may be sufficient capacitive coupling 
between the meter and a circuit point that is at 
relatively high potential with respect to ground to 
permit a 1eading. Fm inductive coupling, maxi
mum energy absorption will occur when the meter 
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Fig. 17-20 - Chart for determining unknown values of L and C in the range of 0.1 to 1 OD µH and 2 to 
1000 pF, using standards of 100 pF and 5 µH. · 
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Fig. 17-21 - A convenient mounting, using 
binding-post plates, for L and C standards made 
from commercially available parts. The capacitor is 
a 100-pF silver mica unit, moun ted so the lead 
length is as nearly zero as possible. The inductance 
standard, 6 µH, is 17 turns of coil stock, 1-inch 
diameter, 16 turns per inch. 

is coupled to a coil ( the same coupling rules that 
apply lo any two coils are operative here) in the 
tuned circuit being checked, or to a higb-curren t 
point in a linear circuit. 

Because of distributed capacitance (and some
times Inductance) most circuits resonant at the 
lower amateur frequencies will show quasi-linear
type resonances al or close to the vhf region. A vhf 
dip meter will uncover these, often with beneficial 
results since such "parasitic" resonances can cause 
unwanted responses at harmonics of the intended 
frequency, or be responsible for parasitic oscilla
tions in amplifiers. Caution must be used in 
checking transmission lines or antennas - and, 
especially, combinations of antenna and line - on 
this account, because these linear circuits have 
well-defined series of harmonic responses, based on 
the lowest resol\llrlt frequency, which may lead to 
false conclusions respecting the behavior of the 
system. 

Measurements with the dip meter are essentially 
frequency measurements, and for best accuracy the 
coupling between the meter and circuit under 
checking must be as loose as will allow a 
perceptible dip. In this respect the dip meter is 
similar to the absorption wavemeter. 

Measuring Inductance and Capacitance 
with the Dip Meter 

With a carefully calibrated dip meter, properly 
operated, Inductance and capacitance in the values 
ordinarily used for the 1.5-50 MHz range can be 
measured with ample accuracy for practical work. 
The method requires two accessories: an induc
tance "standard" of known value, and a capaci
tance standard also known with reasonable 
accuracy. Values of l00 pF for the capacitance and 
5 1,1H for the inductance are convenient. The chart 
of Fig. 17-20 is based on these values. 

The L and C standards can be quite ordinary 
components. A small silver-mica capacitor is 
satisfactory for the capacitance, since the cus
tomary tolerance is ±S percent. The inductance 
standard can be cut from commercial machine-
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wound coil stock; if none is available, a homemade 
equivalent in diameter, tum spacing, and number 
of tums can be substituted. The inductance will be 
5 µH within amply close tolennces if the 
specifications in Fig. 17-21 are foUowed closely. In 
any case, the inductance can easily be adjusted to 
the proper value; it should resonate with the 
100-pF capacitor at 7100 kHz. 

The setup for measuring an unknown is shown 
in Fig. 17-22. Inductance is measured with the 
unknown coMected to the standard capacitance. 
Couple the dip meter to the coil and adjust the 
meter for the dip, using the loosest possible 
coupling that will give a usable indication. Similar 
procedure is followed for capacitance measure
ment, except that the unknown is connected to the 
standard inductance. Values are read off the chart 
for the frequency indicated by the dip meter. 

Coefficient of Coupling 

The same equipment can be used for 
measurement of the coefficient of coupling 
between two coils. This simply requires two 
measurements of inductance (of one of the coils) 
with the coupled coil first open-circuited and then 
&hort-circuiled. Connect the 100-pF standard 
capacitor to one coil and measure the inductance 
with the terminals of the second coil open. Then 
short the terminals of the second coil and again 
measure the inductance of the finl. The coefficient 
of coupling is given by 

Jc - ~ 
L1 

where k = coefficient of coupling 
ll .. inductance of finl coil with terminals of 

second coil open 
L2 = inductance of fin I coil with terminals of 

second coil shorted. 

AUDIO-FREQUENCY OSCILLATORS 

Tests requiring an audio-frequency signal 
generally call for one that is a reasonably good sine 
wave, and the best oscillator circuits for this are 
RC-coupled, operating as nearly as possible as Class 
A amplifiers. Variable frequency covering the 
entire audio range is needed for determining 
frequency response of audio amplifiers, but this is 

Fig. 17-22 - Setups for measuring inductance and 
capacitance with the dip meter. 
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RI R2 

Fig. 17-23 - Twin-T audio oscillator circuit. 
Representative values for R 1-R2 and C1 range 
from 18kfland .05 µF for 750 Hz to 15kfl and .02 
µF for 1800 Hz. For the same frequency range, RJ 
and C2-C3 vary from 1800 ohms and .02 µF to 
1500 ohms and .01 µF. R4 should be approximate
ly 3300 ohms. C4, the output coupling capacitor, 
can be .05 µF for high-impedance loads. 

a relatively unimportant type of test in amateur 
equipment. The variable-frequency af signal genera
tor is best purchased complete; kits are readily 
available at prices that compare very favorably 
with the cost of parts. 

For most phone-transmitter testing, and for 
simple trouble shooting in af amplifiers, an 
oscillator generating one or two frequencies with 
good wave form is adequate. A "two-tone" (dual) 
oscillator is particularly useful for testing sideband 
transmitters, and a constructional example is found 
later in the chapter. 

The circuit of a simple RC oscillator useful for 
general test purposes is given in Fig. 17-23. This 
"Twin-T" arrangement gives a wave form that is 
satisfactory for most purposes, and by choice of 
circuit constants the oscillator can be operated at 
any frequency in the usual audio range. Rl, R2 
and Cl form a low-pass type network, while 
C2C3R3 is high-pass. As the phase shifts are 
opposite, there is only one frequency at which the 
total phase shift from coUector to base is 180 
degrees, and oscillation will occur at this 
frequency. Optimum operation results when Cl is 
approximately twice the capacitance of C2 or C3, 
and R3 has a resistance about 0.1 that of Rl or R2 
(C2 = CJ and Rl = R2). Output is taken across Cl, 
where the harmonic distortion is least. A relatively 
high-impedance load should be used - 0.1 megohm 
or more. 

A small-signal af transistor is suitable for QI. 
Either npn or pnp types can be used, with due 
regard for supply polarity. R4, the coUector load 
resistor, must be large enough for normal 
amplification, and may be varied somewhat to 
adjust the operating conditions for best waveform. 

RESISTORS AT RADIO FREQUENCIES 

Measuring equipment, in some part of its 
circuit, often requires essentially pure resistance -

that is, resistance exhibiting only negligi'ble reactive 
effects on the frequencies at which measurement is 
intended. Of the resistors available to amateurs, 
this requirement is met only by smaU composition 
(carbon) resistors. The inductance of wire-wound 
resistors makes them useless for amateur frequen
cies. 

The reactances to be considered arise from the 
inherent inductance of the resistor itself and its 
leads, and from small stray capacitances from one 
part of the resistor to another and to surrounding 
conductors. Although both the inductance and 
capacitance are small, their reactances become 
increasingly important as the frequency is raised. 
SmaU composition resistors, properly mounted, 
show negligible capacitive reactance up to 100 
MHz or so in resistance values up to a few hundred 
ohms; similarly, the inductive reactance is negligi
ble in values higher than a few hundred ohms. The 
optimum resistance region in this respect is in the 
50 to 200-ohm range, approximately. 

Proper mounting includes reducing lead length 
as much as possible, and keeping the resistor 
separated from other resistors and conductors. 
Care must also be taken in some applications to 
ensure that the resistor, with its associated 
components, does not fonn a closed loop into 
which a voltage could be induced magneticaJJy. 

So instaJJed, the resistance is essentially pure. In 
composition resistors the skin effect is very small, 
and the rf resistance up to vhf is very closely the 
same as the de resistance. 

Dummy Antennas 

A dummy antenna is simply a resistor that, in 
impedance characteristics, can be substituted for 
an antenna or transmission line for test purposes. It 
permits leisurely transmitter testing without 
radiating a signal. (The amateur regulations strictly 
limit the amount of "on-the-air" testing that may 
be done.) It is also useful in testing receivers, in 
that electrically it resembles an antenna, but does 
not pick up external noise and signals, a desirable 
feature in some tests. 

For transmitter tests the dummy antenna must 
be capable of dissipating safely the entire power 
output of the transmitter. Since for most testing it 
is desirable that the dummy simulate a perfectly
matched transmission line, it should be a pure 
resistance, usually of approximately 52 or 73 

Fig. 17-24 - Dummy antenna made by mounting a 
composition resistor in a PL-259 coaxial plug. Only 
the inner ponion of the plug is shown; the cap 
screws on after the assembly is completed. 
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Fig. 17-25 - Using resistors In series-parallel to 
increase the power rating of e small dummy 
antenna. Mounted in this way on pieces of flat 
copper, inductance is reduced to a minimum. Eiltlt 
100-ohm 2-watt composition resistors In two 
groups, each four resistors in parallel, can be 
connected In series to form a 50-ohm dummy. The 
open construction shown permits free air circula
tion. Resistors drawn heavy are In one "deck"; 
light ones are in the other. 

ohms. This is a severe limitation in home 
construction, because nonreactive resistors of more 
than a few watts rated safe dissipation arc very 
difficult to obtain. (There are, however, dummy 
antenna kits available that can handle up to a 
kilowatt.) 

For receiver and minipower transmitter testing 
an excellent dummy antenna can be made by 
installing a Sl- or 75-ohm composition resistor in a 
PL-259 fitting as shown in Fig. 17-24. Sizes from 
um:-luilf to two watb are satisfactory. The disk at 
the end helps reduce lead inductance a~d 
completes the shielding. Dummy antennas made in 

this way have good characteristics through the vhf 
bands as well as at all lower frequencies. 

Increasing Power Ratings 

More power can be handled by using a number 
of 2-watt resistors in parallel, or series-parallel, but 
at the expense of introducing some reactance. 
Nevenheless, lf some departure from the ideal 
impedance characteristics can be tolerated this is a 
practical method for getting increased dissipations. 
The principal problem is stray inductance which 
can be minimized by mounting the resiston on flat 
copper strips or sheets, as suggested in Fig. 17-25. 

The power rating on resistors is a continuous 
rating in free air. In practice, the maximum power 
dissipated can be increased in proportion to the 
reduction in duty cycle. Thus with keying, which 
has a duty cycle of about 1/2, the rating can be 
doubled. With sideband the duty cycle is usually 
not over about 1/3. The best way of judging is to 
feel the resistors occasionally; if too hot to touch, 
they may be dissipating more power than they are 
rated for. 

THE OSCILLOSCOPE 

The clectrostatically deflected cathode-ray 
tube, with appropriate associated equipment, is 
capable of displaying both low- and radio-frequen
cy signals on its fluorescent screen, in a form which 
lends itself to ready interpretation. (In contrast, 
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the magnetically deflected television picture tube is 
not at all suitable for measurement purposes.) In 
the usual display presentation, the fluorescent spot 
moves across the screen horizontally at some 
known rate (horizontal deflection or horizontal 
sweep) and simultaneously is moved vertically by 
the signal voltage being examined (vertical 
deflection). Because of the retentivity of the screen 
and the eye, a rapidly dcflec ted spot appears as a 
continuous line. Thus a varying signal voltage 
causes a pattern to appear on the screen. 

Conventionally, oscilloscope circuits are de
signed so that in vertical deflection the spot m~~es 
upward as the signal voltage becomes more pOS!tiVC 
with respect to ground, and vice versa (there are 
exceptions, however). Also, the horizontal deflec
tion is such that with an ac sweep voltage - the 
simplest form - positive is lo the right; with a 
linear sweep - one which moves the spot at a 
uniform rate across the screen and then at the end 
of its travel snaps it back very quickly to the 
starting point - time progresses to the right. 

Most cathode-ray tubes for oscilloscope work 
require a deflection amplitude of about 50 volts 
per inch. For displaying small signals, therefo~, 
considerable amplification Is needed. Also, special 
circuits have to be used for linear deflection. The 
design of amplifiers and linear deflection circuiu is 
complicated, and extensive texts are avail.able. For 
checking modulation of transmitters, a principal 
amateur use of the scope, quite simple circuits 
suffice. A 60-Hz voltage from the power line makes 
a satisfactory horizontal sweep, and the voltage 
required for vertical dellectJon . ~ eas~y be 
obtained from transmitter rf cucU1ts without 
amplification. 

For general measurement purposes amplifiers 
and linear deflection circuits are needed. The most 
economical and satisfactory way to obtain a scope 
having these features is to assemble ooe of the many 
kits available. 

Simple Oscilloscope Circuit 

Fig. 17-26 is an oscilloscope circuit that has all 
the essentials for modulation monitoring: controls 
for centering, focusing, and adjusting the bright
ness of the fluorescen I spot; voltage dividers to 
supply proper electrode potentials to the cathode
ray tube; and means for coupling the vertical and 
horizonial signals to the deflection plates. 

The circuit can be: used with electrostatic
deflection tu bes from two to five inches in face 
diameter, with voltages up to 2500. Either set of 
deflecting electrodes (D102, or J?3D4) may_ be 
used for either horizontal or verucal deflection, 
depending on how the tube is mounted. 

In Fig. 17-26 the centering controls are not too 
high above electrical ground, so they do ~ot need 
special insulation. However, the focusing and 
intensity controls are at a high volt.age above 
ground and therefore should be carefully insulated. · 
Insulated couplings or extension shafts should be 
used. 

The tube should be protected from stray 
magnetic fields, either by enclosing it in an iron or 
steel box or by using one of the special CR tube 
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Fig. 17-27 - A quasi-linear time base for an 
oscilloscope can be obtained from the "center" 
portion of a sine wave . Coupling the ac to the grid 
gives intensity modu lation that blanks the retra~. 

~..,..,,-.-------1---' Cl - Ceramic capacitor of adequate voltage rating . 
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Fig. 17-26 - Oscilloscope circuit for modulation 
monitoring. Constants are for 1500· to 2500-volt 
high-voltage supply. For 1000 to 1500 volts, omit 
RB and connect the bottom end of R7 to the top 
end or R9. 
Cl -CS, incl. - 1000-volt disk ceramic . 
Al, R2, R9, R 11 - Volume-control tvpe , linear 

taper. R9 and All must be well insulated from 
chassis. 

R3, R4, R5, R6, A10 - 1/2 watt. 
R7, RS - 1 watt. 
Vl - Electrostatic-deflection cathode-ray tube, 

2- to 5-inch. Base connections and heater 
ratings vary with type chosen. 

shields available. If the heater transfonner {or 
other transformer) is mounted in the same cabinet, 
care must be used to place it so the stray field 
around it does not deflect the spot. The spot 
cannot be focused to a fine point when influenced 
by a transformer field. The heater transformer 
must be well insulated, and one side of the heater 
should be connected to the cathode. The 
high-voltage de can be ta.ken from the transmitter 
plate supply; the current required is negligible. 

Methods for connecting the osciUoscope to a 
transmitter for checking or monitoring modulation 
are given in earlier chapter.i. 

Quasi-Lineu Sweep 

For wave-envelope patterns that l'lquire a 
fairly linear horizontal sweep, Fig. 17-27 shows a 
method of using the substantially linear portion of 
the 60-Hz sine wave - the "center·• portion where 
the wave goes through zero and reverse~ polarity. A 
60-H2 transformer with a center- tapped secondary 
winding is required. The voltage ~hould be 
sufficient to deflect the spot well off the screen on 
both sides - 2S0 to 3S0 volts, usually. With such 
"over-deflection" the sweep is fairly linear, but it is 
a.s bright on retrace as on left-to-right. To blank it 
in one direction, it is necessary to couple the ac to 
the No. I grid or the CR tube as shown. 

T1 - 250- to 350-volt center-tapped secondary . If 
voltage is too high, use dropping resistor in 
primary side . 

Lmajous Figures 

When sinusoidal ac voltages are applied to both 
sets of deflecting plates in the ol!Cilloscope the 
resultant pattern depends on tile relative ampli
tudes, rrequencies 3fld phases of the two voltages. If 
the ratio between the two frequencies is constant 
and can be expressed in intcgcn a stationary 
pattern will be produced. 

Fig. 17-28 - Lissajous 
figures end correspol"ld
ing frequency ratios far 
a 90-degree phase rela
tionship between the 
voltages applied to the 
two sets of deflecting 
plates. 
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The stationary patterns obtained in this way are 
called Lisaajous figures. Eumples of some of the 
simpler Lissajous figures are given in Fig. 17-28. 
The frequency ratio is found by counting the 
number of loops along two adjacent edges. Thus in 
the third figure from the top there arc three loops 
along a horizontal edge and only one along the 
vertical, so the: ratio of the vertical frequency to 
the horizontal frequency is 3 to I. Similarly, in the 
fifth figure from the top there are four loops along 
the horizontal edge and three along the vertical 
edge, giving a ratio of 4 to 3. Assuming that the 
known frequency is applied to the horizontal 
plates, the unknown frequency Is 
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where fl = known frequency applied to horizontal 
plates, 

/2 "' unknown frequency applied to vertical 
plates, 

nl = number of loops along a vertical edge 
and', 

n2 "'number of loops along a horizontal edge 

An importiml application of Lissajous figures is 
in the calibration of audio-frequency signal 
generator.;. For very low frequencies the 60-Hz 
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power-line rrequency is held accurately enough to 
be used as a standard in most localities. The 
medium audio-frequency range can be covered by 
comparison with the 440- and 600-Hz modulation 
on the WWV transmissions. It is possible to 
caltllrate over a I O.to-1 range, both upwards and 
downwards, from each of the latter frequencies 
and thus cover the audio range useful for voice 
communication. 

An oscilloscope having both horizontal and 
vertical amplifiers is desirable, since it is conve
nien t to have a means for adjusting the voltages 
applied to the deflection plates to secure a suitable 
pattern size. 

MARKER GENERATOR FOR 100, 50 AND 25 KHZ 

The frequency generator in the accompanying 
illustrations will deliver marker signals of usable 
strength well into the vhf region when its output is 
connected to the antenna input terminals of a 
communications receiver. It uses a 100..kHz crystal 
in an integrated-circuit version of the solid-state 
multivibrator oscillator shown earlie r. The oscilla
tor is followed by a two-stage IC divider which 
produces SO- and 25-kHz marker intervals. Two 
inexpensive ICs are used, an MC-724P quad gate 
and an MC790P dual JK flip-flop. Two of the gates 
in the MC724P arc used for the oscillator and a 
third serves as a following buffer amplifier and 
"squ111Cr" for driving the first divide-by-2 circuit in 
the MC790P. This divider then drives the second 
divide-by-2 flip-flop. Outputs at the three frequen
cies are taken through a 3-position switch from 
taps as shown in the circuit diagram, Fig. 17-30. 

Two of the three poles of the 4-position switch 
are used for controlling the collector voltage for 
the !Cs. Voltage is on the MC724P in all active 
positions of the switch, but is applied to the 
MC790P only when 50- and 25-kHz markers are 
required. Tit.is saves battery power, since the 
MC790P takes considerably more current than the 
MC724P. 

The outputs on all three frequencies are good 
square waves. To assure reasonably constant 
hannonic strength through the hf spectrum the 
output is coupled to the receiver through a small 
capw.:itance which tends to attenuate the lower
fn:quency harmonics. This capacitance, Cl, is not 
critical as to value and may be varied to suit 
individual preferences. The value shown, 22 pF, is 
satisfactory for working into II receiver having an 
input impedance of 50 ohms. 

At 3 volts de input the cunent taken in the 
100-kHz position of SI is 8 mA. In the SO- and 
25-kHz positions the total current (both ICs) ls 35 
mA. The generator continues to work satisfactorily 
when the voltage drops as low as 1.5 volts. The 
oscillator frequency is subject to change as the 
voltage is lowered, the frequency shift amounting 
to approximately 30 Hz at 15 MHz on going from 
3 to 2 volts. There is a slight frequency shift 
between the 100-kHz and 50/2S-kHz positions, but 
thi~ amounts lo only 6 or 7 Hz at IS MHz. 

Fig. 17-29 - Frequency marker generating 100-, 
50-, or 26-kHz intervals. Battery power supply 
(two "O" cells) is inside the cabinet. a 
3 X 4 X 6-.inch aluminum chassis with bottom 
plate. The trimmer capacitor far fine adjustment of 
frequency is available through the hole in the top 
near the left front. 

Frequency changes re!!Ulting rrom temperature 
variations an: larger; they may be as much a.s a few 
hundred Hz at 15 MHz in normal room-tempera
ture variations. All such frequency change~ can be 
compensated for by adjusting C2, and it is good 
practice to check the frequency occasionally 
against one of the WWV transmissions, readjusting 
C2 if ne~ssary. 

Layout and Constnaction 

The physical layout of the circuit can be varied 
to suit the builder's tastes. The size of the box 
containing the generator shown in the photographs 
makes the batteries easily acc.:ssible for replace
menL The method of mounting the crystal and C2 
allows the latter to be reached through the top- of 
the box for screwdriver adjustment, and makes 
possible the easy removal of the crystal since it 
plugs into a standard crystal socket. There is ample 
room for soldering the various wires that lead to 
the switch from the etched board on which the 
TCs, resistors, and Cl are mounted. The output 
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~ C3 l---o OUT 
SIA 22.pF 

C1 - 0.1µF paper, low 11oltage. 
C2 - 7-45-pF ceramic trimmer. 
C3 - 22-pF dipped mica (ceramic GI S18 --~ 

7·'45pP 

C2. +3 
VI 

Fig. 17-30 - Marker generator circuit. Pin 4 of 
both ICs is grounded. Connect pi n 11 of U1 to 
point C, and pin 11 of U2 to point F. 

jack is placed at the rear where it is convenient 
when the unit is alongside a receiver. 

An etched board does not have to be used for 
wiring the ICs and associated parts, although It 
makes for neatness in construction. The wiring 
plan used in this one Is shown in Fig. 17-32. Fig. 
17-32 is not a conventional template, but is a scale 
drawing showing how the etched connections can 
run with a minimum number of cross-over points 
where jumper.s arc required (only one is needed in 
this layout). In following the wiring plan the resist 
can be put on as deiired, so long as the separation 
between conductors is great enough to prevent 
short-drcuits. 

Fig. 17-32 shows the front or component side 
of the boa1d. To get the reversed drawing that 
would 1,,: fulluwcd on the copper side, place a 
piece of paper under the figure, with a face-up 
piece of carbon paper under it. Then trace the 
wiring with a sharp pencil and the layoul will be 
transferred to the back of the paper. The points 
where holes are to be drilled are shown by small 
dots and circles, the latter indicating the points at 
which external connections are lo be made. 

also satisfactory). 
51 - 3-pole. 4-position rotary 

(Mallory 3 134JI. 
U1 - Quad 2-input NOR 911te, 1 

section unused !Motorola 
MC724PI. 

U2 - Dual J-K flip-flop !Motorola 
MC790P). 

Fig. 17-31 - Integrated circuits and associated 
fixed capacitors and resistors are mounted on an 
etched broad measuring 3 3/4 X 2 1 /2 inches, sup
poned from one wall by an aluminum bracket. The 
100-kHz crystal and trimmer capacitor are on a 
1 X 2-inch plastic strip supported below the top on 
1/2-inch spacers, with the capacitor facing upward 
so it can be adjusted from outside. The two dry 
cells are in a dual holder (available from electronie5 
supply stores). The output connector is a phone 
jack, mounted on the rear wall fupper left in this 
view) with C3. 

3 ~----.....;-~ ¾,, I 
r---------- --, 

I 

Fig. 17-32 -
Wiring plan for 
the circuit 
board, com
ponent side. 
Dimensions for 
placement of 
parts are exact. 
)( - jumper. 
Other letters 
indicate e,cter-
11.111 connection 
points, corres
ponding to 
similarly let
tered connec
tions in Fig. 
17-30. 
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50-MHZ FREQUENCY COUNTER 

The counter is built into a homemade enclosure 
that measures 2 X 6 X 6 inches. 

As the complexity of amateur radio equipment 
increases, the sophistication of the test equipment 
needed to effectively troubleshoot failures also 
increa5es. The following counter was developed to 
fulfill this need and will also certainly complement 
the sl.!!tion itself. This counter as a whole is very 
basic in design and some interesting features are its 
size and the displays. Each display ( except for the 
least significant digit) con ta ins four ~ections: The 
counter, 1atch, decoder and the display. The LSD 
docs not have a counter included. 

Circuit Descrip tion 

The counter uses a crystal-controlled time base 
to genera le the gating pulses. A I-MHz oscillator is 
counted down to provide I kHz for the SN7493 
(U6). U6 is conneckd lo divide by twelve. The 
outputs of this divide-by-twelve rnunter are gated 
to provide the count, latch and reset gates. The 
timing relationships are shown in Fig. 2. 

Displays are Texas Instruments TIL 306 devices 
and a single TIL 308. Each TIL 306 contains the 
four units necessary lo display a counlt:r fre
quency. The internal counter has an upper fre
quency limit of approximately 18 MHz. Following 
the counter is a latch. which is used to hold the 
data while the counter is operating. The frequency 
information, in BCD format, is decoded and it then 
drives the correct segments of the display. The 
maximum count output is used to drive the 
successive di~plays. Each display contains a feature 
called ripple blanking. If the number zero is 
detected in the latches and ripple blanking has 
been enabled, the display will he blanked. This 
function was incorporated lo give leading zero 
blanking in the counter. Starting from left lo right 
(MSD to LSD}, if zero is detected that display will 
be blanked and the blanked data will be passed to 
the righL This means that 455.2 kHz will be 

displayed as 455.2 not 00455.2. The LSD is not 
connected for leading zero blanking. It was a bit 
disconcerting to tum the counter on and not have 
die display light up. Therefore, the LSD was not 
connected for leading zero blanking and zero will 
be displayed when the counter is on with no input. 

The LSD, a T I L 308, does not have the internal 
counter. This allows a faster counter, greater than 
l 8 MHz, to be used for the LSD. The N82S90, 
U!led as the counter for the LSD, is rated for 
100-MHz operation. 

Signal input is applied to a source follower, Ql. 
For the sake of simplicity, it was decided to use 
rhis form of input configuration instead of an 
amplifier for the input. An input signal of 0.25 V 
will be sufficient to trigger the counter, up to 50 
MHz. Following the input network is an SN74S00 
connected to act as a level translator. The ~ignal 
from the input network is made TIL compatible 
by this circuit. 

Construction 

One of the feature~ of this counter is that its 
construction i~ not critical . As can be seen in the 
photograph, the entire counter is built on a small 

The use of a bezel and a single pc board allows very 
compact packaging in this counter. Leads that 
interconnect between the bezel and the circuit 
board have been made ei,:tra long. This excess 
length is tucked under the bezel and allows the pc 
board to be removed and worked on while still 
connected to the counter . 
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Fig. 1 - Schematic diagram of the counter and 
bezel wiring. 
U1 - SN7400. l.19 - N82S90 (Signericsl. 
U2 - SN74S00. UlO - TIL 308. 
U3, U4, US - SN74LS90. U11 to UIS incl. - Tll 306 . Y«n-.....J.....J,:._J-___ ._J..__J-___ ..._-+--i-----4--1--l-----,1.......jl-+------J 
U6 - SN7493. Q1 - 2N5486. 
U7 - SN74LS10. Q2 - MPS3563. 
U8 - SN74S00. C1 - Johnson 193-8-5 trimmer 2-27pF. 
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Operation and Adjustment 
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Fig. 2 - Timing diagram of the counter. 
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Fig. 3 - Schematic diagram of the power supply. 
C1 - 20001,1F, 25 V. 
T1 -12.6 Vac, 1 A. 
U16 - 50 PRV, 1-A encapsulated bridge rectifier. 
VR1 - 5-V, 1-A voltage regulato r LM309K. 

circuit board and in the bezel. Instead of using a 
bezel, a circuit board could be etched and mounted 
behind the front panel. The foil on the top of the 
pc board is the ground interconnection for all the 
integrated circuits and the builder should liberally 
install bypa~s capacitors on the 5-volt line. Thi~ 
will prevent any transients on the line from 
showing up in the counted frequency. Construc
tion techniques and added features are left entirely 
to individual preferences. 

Operation and Adjus tmen t 

The only adjustment required is the crystal 
oscillator. This should be checked and set against a 
frequency standard. An error as small as I 00 Hz in 
the crystal frequency can cause a frequency 
measurement to be off as much as S kHz at 50 
MHz. This counter will function with signals as 
!ugh as 65 MHz in its present configuration. The 
limiting factors aie the selection of integrated 
circuits and lhe input network. 
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Fig. 4 - Template and parts layout tor the cou~ter (full scale!. Note that double-sided pc board is 
required. Some of the holes for the discrete components will be surrounded by foil on the top of the 
board. Using a No. 33 dri ll slightly countersink the top of the board to remove the copper around the 
hole. 
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A CALIBRATED FIELD STRENGTH METER 

There arc many occasions when it is desirable 
to determine the relative performance of an an
tenna. While near-field pattern measurements are 
genem.lly not accurate, they do show trends in 
terms of front-to-back ratio and may be used to 
determine what adjustments, if any, should be 
made to an existing system. The field -strength 
meter described here will detect large as well as 
small changes In radiated power from an antenna. 
For instance, the pattern of an hf-band Yagi may 
be checked by placing the meter and an associated 
sampling antenna several hundred feet from the 
beam. A watt or two of power is needed to make 
tests above 21 MHz, but for frequencies below thiA 
point, a grid-dip oscillator may serve as a "llllnt
mitter." 

Fig. 1 gives the circuit diagram of the calibrated 
field-Rlrength meter. L 1 and L2 are resonated to 
the desired frequency with Cl to tune the hf 
bands. Adjustment is made to produce maximum 
meter deflection of the signal being sampled. 
Should the !li.gnal cause the meter to deflect off 
scale, the attenuato1, R4, may be reset to reduce 
the level of the incoming energy. 

Two operational amplifiers comprise a loga• 
rithmic circuit which produces a voltage output al 
pin 10 of UlB that is proportional lo the logarithm 

(thus dB) of the input voltage. Forward bias is 
applied to CRI via a I-megohm resistor to 
improve conductivity at low signal input value!!. 
The output voltage from UlB is displayed by Ml, a 
conventional milliammeter. Two scale ranges are 
available, 20 dB and 40 dB. With no signal applied, 
a small amount of quiescent cum:nt will appear on 

Lt 
s,a 

.001 

Fig. 1 - Circuit diagram for the calibrated field 
strength meter. Component designations not listed 
below are for te,ct reference. 

C1 - Variable capacitor, 140 pF maximum. 
L 1 - 44 tum• of No. 24 enam. on e T -68-2 core 

EKct,T U INDtcaTtO, 0£CIMAL 
vowa OF c».OCrTANCt au 
.. MICIIOFAMDS l .r t;onm1s 
Alll ~ICOfAIIA OS l of 011 ,,n• 
IICIIST AHCCS AIIC IN OM 
• •1000. IMOO0 000 

tapped four tum• from the ground end. 
L2 - 15 turn& of No. 24 enam on a T -68-2 core. 
L3 - Two turns of No. 24 enam. wound over L2. 
U1 - Dual 747 operatlonal ampllfler. 
S1 - Dpdl rotary. 
S2, S3 - Miniature toggle. 
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AN AUDIO OSCILLATOR 

A wide-range audio oscillator that will provide a 
moderate output level can be built from a single 
741 operational amplifier (Fig. I). Power i5 mp
plied by two nine-volt batteries, from which the 
circuit draws 4 mA. The frequency range is 
seleclllble from IS Hz to I 50 kHz, although a I.I
to IS-Hz range can be included with the addition 
of two S-1,1F nonpolarized capacilon and an extra 
switch position. Distortion is approximately one 
percent The output level under a light load (10 
kn) is 4 to 5 volts. Tltis can be increased by using 
hlgher battery voltages, up to a maximum or plus 
and minu& 18 volts, with a cone1ponding adjust
ment of Rt. 

Pin connectiomi shown are for the TO-S ca&e. If 
another package configuration is used, the pin 
connection11 may be different. Rt (220 n) is 
trimmed for an output level about five percent 
below clipping. Thili ,hould be done for the 
temperature at which the oacillator will normally 
operate, a1 the lamp is senlitive to ambient 
temperature. Note that the output of this oicillator 
is direct coupled. If you are connecting lhi, unit 
into circuits where de voltage is present, use a 
coupling capacitor. As with any solid-state equip
ment, be cautiou, around plate circuits of tul»
type equipment, ai; the voltage spike cau&ed by 
charging a coupling capacitor may destroy the IC. 
This unit was originally described by Schultz in 
QST for November, 1974. 

Inside view of the field strength meter. Most of the 
components ere mounted on a circuit board. 

Ml. Readings made near this level will not be quite 
as accurate u those made in the upper portion of 
the scale, Accuracy is within one dB. About 1000 
microvolts of signal is neces.uxy to provide a 
meaningful movement of Ml. Rl is the de offset 
control and is mounted on the rear panel. It 
permits some variation or the absolute readings by 
shifting the de levels at the output of U I B and may 
be used to set the meter to some convenient 
reference mark. The combined values of R2A end 
R2B should be 8000 ohms. R2A is a trim pot to 
aDow proper adjustment to exactly that value. 
R3A and RlB SCIVe a similar pll1Jl05e and should 
be set for a total resistance of 16 ku. 
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Fig. 1 - A simple audio oscillator that provides a 
selectabl1 frequ1ncy range. R2 and A3 control the 
frequency and R1 varies the output lw1I. 
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A T ESTER FOR FET AND BIPOLAR TRANSISTORS 

The circuit shown is intended solely as a tester 
for npn and pnp transistors, junction FETs, and 
dual-gate MOSETs. This equipment is not for use 
in checking audio or high-power rf transistors. 

The circuit of Fig. I is an oscillator which is 
wired so that it will test various small-signal 
transistors by switching the battery polarity and 
bias voltage. A cry~tal for the upper range of the hf 
spectrum is wired into the circuit permanently, but 
could be installed in a crystal socket if the builder 
so desires. A 20-MHz crystal was chosen for this 
model. Any hf crystal cut for fundamental mode 
operation can be used. 

When testing FETs the bias switch, S3, is placed 
in the FET position, thus removing R2 from the 
circuit. However, when testing bipolar transistors 
the ~witch position must be changed to BIPOL so 
that forward bias can be applied to the base of the 
bipolar tn1nsistor under test. RI is alway~ in the 
circuit, and serves as a gate-leak resistor for FETs 
being evaluated. It becomes part of the bias 
network when bi polars arc under test. CI is used 
for feedback in combination with the internal 
capacitances of the transistors being checked. Its 
value may have to be changed experimentally if 
cry~taJs for lower frequencies are utilized in the 

rig. 1 - Schematic diagram of 
the transistor tester. Capa
citors are disk ceramic or mica. 
Resistors are 1 /2 or 1 /4-watt 
composition execet for R5. 
Estimated cost for this tester 
(all parts new) is $15. Num
bered components not ap
pearing in parts list are so 
designated for text discussion, 
BT1 Small 9-V tran-

sistor-radio battery. 
CR1, CR2 - 1N34A ger

manium diode or equiv. 
J1 - Four-terminal transistor 

socket. 
J2, J3 - Three-terminal tran

sistor socket. 
Ml -· Microamper,e meter. Cal

ectro D1-910 used here. 
R5 - 25,000-ohm linear-taper 

composition control with 
switch. 

RFC1 2.5-mH rf choke. 
S1 - Two-pole dou ble-throw 

11 3 
330k 

circuit. Generally speaking, the lower the crystal 
frequency, the greater the amount of capacitance 
needed to assure oscillation. Use only that amount 
necessary to provide quick starting of the oscilla
tor. 

Components R3 and R4 a.re used as a voltage 
divider to provide bias for dual-gate MOSF ETs. C2 
is kept small in value to minimize loading of the 
oscillator by the low-impedance voltage doubler, 
CR I and CR2. Rectified rf from the oscillator is 
monitored on Ml. Meter deflection is regulated 
manually by means of control R5. SI is used to 
select the desired supply voltage polarity - nega
tive ground for testing n-.:hannel FETs and npn 
bipolru:s, and a positive ground when working with 
p--channel and pnp devices. 

When testing MOSFETs that are not gate 
protected (3Nl40 for one), make certain that the 
transistor leads are shorted together until the 
device is seated in the test socket. Static charges on 
one's hands can be sufficiently great to damage the 
insulation within the transistor. Use a single strand 
of wire from some No. 22 or 24 stranded hookup 
wire, w1apping it two or three times around the 
pigtails of the FET as close to the transistor body 
as pos~ible. After !he FET is plugged into the 

TPI 
J I 

Y1 
'20MH1 

Ot-----------
J2 

~1, 
J3 

C2 
5 

22 

CR1 

52 miniature toggle. 
S2 - Part of RS. 

EXCEPT AS INOICATEO, OECI MAL 

VA.L.U£S OF' CAPACITANC:[ ARE . NPN 
SIA 

ON 

S3 - Spsl miniature toggle. 
Y1 - Surplus crystal (see tex). 

IN MlCROF'ARAOS t Jlf" l : OTHERS 
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!IOCket, unwrap the wire and perform the tests. (It's 
not a bad idea to have an earth ground connected 
lo the case of the tester when checking un
protected FETs.) Put the shorting wire back on the 
FET leads before removing the unit from the 
tester. 

The meter indication is significant in checking 
any type of transistor. If the device is open, 
shorted, or extremely leaky, no oscillation will 
take place, and the meter will not deflect. The 

higher the meter reading, the greater the vigor of 
the tnnsistor at the operating frequency. High 
meter readings suggest that the transistor is made 
for vhf or uhf service, and that its bera is medium 
to high. Lower readings may indicate that the 
transistor is designed for hf use, 01 that it has very 
low gain. Transistors that are known to be good 
but will not cause the circuit to oscillate are most 
likely made for low-frequency or audio appli
cations. 

A TESTER FOR CRYSTALS AND BIPOLAR TRANSISTORS 

The circuit of Fig. J is intended primarily to 
test surplus crystals and bipolar transistors. It uses 
a Pierce oscillator. Battery polarity can be switched 
to allow testing of npn or pn p transistors. Crystal 
quality is indicated on Ml. The greater the crystal 
activity , the higher the meter reading. A suitable 
transistor for use at QI (when testing crystals) is 
the 2N4124, MPS3563, or HF.P53. All three have 
IT ratings well into the vhf spectrum, and each has 
reasonably high beta. The two characteristics make 

CRYSTALS 

Fig. 1 - Schematic diagram of the No. 2 tester. 
Capaci1ors are disk ceramic. fiKed-vatue resistors 
are 1/2 or 1 /4-watt composition. Estimated cost 
for this tester (alt new parts) is $13. 

BT1 - Smal l 9-V transistor-radio battery. 
CR 1, CR2 - 1 N34A germanium d iode or equiv. 
Jl-.14, incl. - Crystal socket of builder's choice. 

the devices ideal u general-purpose oscillators. 
This tester wiU work well from the upper hf 

range down to at least 45 5 kHz. SI is used to 
change the value of feedback capacitance. The 
lower the frequency of operation, the greater the 
amount of capacitance required. 

A tran~istor can be checked by plugging the 
unknown type into the panel socket while using a 
crystal of known frequency and condition. Buth 
testers can be used as calibrators by inserting 
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VALU[S Of CAPAC 11ANCl AA[ 
Ill IIICAOfAltADS IJ>rl; OTN[ltS 
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Ml -Microampere meter. Catectro D1-910 used 
here. 

R1 - 25,000-ohm.llnear-taper composition control 
with switch. 

RFC1 - 2.5-mH rf choke. 
S1 - Single-pole three-position phenolic rota ry 

wafer type, mi niature. 
52 - Part of R 1. 
53 - Double-pole double-throw miniature togg le. 
01 - Vhf npn bipolar, 2N4124, MPS3563, HEP53. 
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crystals for band-edge checking. The frequencies of 
unknown crystals can be checked by listening to 
the output from the test oscillators on a calibrated 
receiver or while using a frequency counter con
nected to the designated test puint 
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Four crystal sockets are provided in the model 

shown here. JI through J4 provide for testing of 
Ff-243, HC-6/U, HC-17, and HC-25 crystals, the 
most popular holder styles in use today. Other 
types can be added by the builder if desired. 

DIODE NOISE GENERATORS 

A noire generator is a device for creating a 
controllable amount of rf noise ("hiss"-type noise) 
evenly distributed throughou I the spectrum of 
interest. The simplest type of noise generator is a 
diode, either vacuum-tube or crystal, with de 
flowing through it. The cunent is also made to 
flow through a load resistance which usually is 
chosen to equal the characteristic impedance of the 
transmission line to be connected to the receiver's 
input terminals. The resistance then substitutes for 
the line, and the amount of rf noise fed to receiver 
input is controlled by varying the de through the 
diode. 

The noise generator is useful for adjusting the 
"front-end" circuits of a receiver for best noise 
figure. A simple circuit using a crystal diode is 
shown in Fig. 17-51. The unit can be built into a 
small metal box; the main consideration is that the 
circuit from CI through PI be as compact a.~ 
possible. A calibrated knob on R I will permit 
resetting the generator to roughly the same spot 
each time, for making comparisons. If the leads are 
short, the generator can be used through the 
144-MHz band for receiver comparisons. 

To use the generator, screw the coaxial plug 
onto the receiver's input fitting, open SI. and 
mea~ure the noise output of the receiver by 
connecting an audio-frequency voltmeter to the 
receiver's af output terminals. An average-reading 
voltmeter is preferable to the peak-reading type, 
since on this type of noise the average-reading 
meter will give a fair approximation of rms, and 
the object is to measure noise puwer, not voltage. 

In using the generator for adjusting the input 
circuit of a receiver for optimum noise figure, first 
make sure that the receiver's rf and af gain controls 
are set well within the linear range of response, and 
tum off the automatic gain control. With the noise 
generator connected but S l open, adjust the 
receiver gain controls for an output reading that is 
far enough below the maximum obtainable to 

Fig. 17-51 - Circuit of a simple crystal-diode noise 
generator. 
BT1 - Dry-cell battery, any convenient type. 
C1 - 50~pF ceramic, disk or tubular. 
CR 1 - Silicon diode, 1 N21 or 1 N23. Diodes with 

"R" suffix have reversed polarity, (Do not use 
ordinary germanium diodes.) 

Pl - Coaxial fitting, cable type. 
Rl - 50,00~ohm control, ccw logarithmic taper. 
R2 - 51 or 75 ohms, 1/2-watt composition. 
S1 - Spst toggle (may be mounted on R1 ). 

ensure that the receiver is opera ting linearly. This is 
your reference level of noise . Then close S I and 
adjust R 1 for a readily perceptible increase in 
output. Note the ratio of the two readings - i.e., 
the number of dB increase in noise when the 
generator is on. Then make experimental adjust
ments of the receiver input coupling, always with 
the object of obtaining the largest number of dB 
increase in output when the generator is switched 
on. 

A simple crystal-diode noise generator is a 
useful device for the receiver adjustment, especially 
al vhf, and for comparing the perfonnance of 
different receivers checked with the same instru
ment. It does not permit actual measurement of 
the noise figu re, however, and therefore the results 
with one instrument cannot readily be compared 
with the readings obtained with another. In order 
to get a quanti tative measure of noise figure it is 
necessary to use a temperature-saturated vacuum 
diode in place of the semiconductor diode. 
Suitable diodes are difficult to find. 

RF PROBE FOR ELECTRONIC VOLTMETERS 

The rf probe shown in Figs. 17-52 to 17-55, 
inclusive, uses the circuit discussed earlier in 
connection with Fig. 17-15. 

The isolation capacitor, Cl, crystal diode, and 
filter/divider resistor are mountc:d on a bakelite 
5-lug terminal strip, as shown in Fi_g. 17-55. One 
end lug should be rotated 90 degrees so that it 
extend.~ off the end of the strip. All other lugs 
should be cut off flush with the edge of the strip. 
Where the inner conductor connects to the 
tfrminal lug, unravel the shield three-quarters of an 
inch, slip a piece of spaghetti over it, and then 

solder the braid to the ground lug on the terminal 
strip. Remove the spring from the tube shield, slide 
it over the cable, and crimp it to the remaining 
quarter inch of shield braid. Solder both the spring 
and a 12-inch length of flexible copper braid to the 
shield. 

Next, cut off the pins on a seven-pin miniature 
shield-base tube socket. Use a socket with a 
cylindrical center post. Crimp the terminal lug 
previously bent out at the end of the strip and 
insert it into the center post of the tube socket 
from the top. Insert the end of a phone tip or a 
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Fig. 17-52 - Rf probe for use with an electronic 
voltmeter. The case of the probe is constructed 
from a 7-pin ceramic tube socket and a 2 1 /4-inch 
tube shield. A half-inch grommet et the top of the 
tube shield prevents the output lead from chafing. 
A flexible copper-braid grounding lead and 
alligator clip provide a low-inductance return path 
from the test circuit. 

pointed piece of heavy wire into' the bottom of the 
tube socket center post, and solder the lug and tip 
to the center post. Insert a half-inch grommet at the 
top of the tube shield, and slide the shield over the 
cable and flexible braid down onto the tube socket. 
The !!pring should make good contact with the tube 

shield to insure that the tube shield (probe case) is 
grounded. Solder an alligator clip to the other end 
of the flexible braid and mount a phone plug on 
the free end of the shielded wire. 

Fig. 17-53 - The rf probe circuit. 

Fig. 17-54 - Inside the probe. The 1 N34A diode, 
calibrating resistor, and input capacitor ere 
mounted tight to the terminal strip with shortest 
leads possible. Spaghetti tubing is placed on the 
diode leads to prevent accidental short circuits. 
The tube-shield spring and flexible-copper ground
ing lead are soldered to the c.able braid hhe cable is 
RG-58/U coax). The tip can be either a phone tip 
or a short pointed piece of heavy wire. 

Mount components close to the terminal strip, 
to keep lead lengths as short as possible and 
minimize stray capacitance. Use spaghetti over all 
wires to prevent accidental shorts. 

The phone plug on the probe cable plugs into 
the de input jack of the electronic voltmeter and 
rms voltages are read on the voltmeter's negative de 
scale. 

The accuracy of the probe is within :t I 0 
percent from 50 kHz to 250 MHz. The 
approximate input impedance is 6000 ohms 
shunted by 1.75 pF (at 200 MHz). 

GROONO 
I.UG 

COVER Willi 
SPAGHETTI 

I 

TUBE SHIELD 
SPRIN" 

Fig. 17-55 - Component mounting details . 

RF IMPEDANCE BRIDGE FOR COAX LINES 

The bridge shown in Fig!!. I through 3 may be 
used to measure unknown complex impedances at 
frequencies below 30 MHz. Meruiured values arc of 
equlvalent series form, R + jX, The useful range of 
the indrument is from about 5 to 400 ohms if the 
unknown load is purely resistive, or IO to 150 
ohms resistive component in the presence of 
reactance. The reaetance range is from O to 
approximately I 00 ohrm for either inductive or 
capacitive loads. Although the imtroment cannot 
indicate impedances with the accuracy of a 
laboratory type of brid~. its readings are quite 
adequate for the measurement and adjuscment of 
antenna systems for amateur use, including the 
talcing of line lengths into account with a Smith 
chart or Smith transmisi;.ion-line calculator. 

111c bridge incorporates a differential capacitor, 
Cl, to obtain an adjustable ratio for measurement 

of the resistive component of the load. The 
capacitor consMs of two identical sections on the 
same frame, arranged so that when the shaft i~ 
rotated to increase the capacitance of one section, 
the capacitance of the other section decrease~. The 
capacitor is adjusted for a null reading on MI, and 
iu settings are calibr.ited in terms of resistance at 
13 so the unknown value can be read off the 
calibration. A coil-and-capacitor combination is 
used to determine the amount and type of 
reactance, inductive or capacitive. LI and C2 in the 
bridgt: circuit arc connected in series with the load. 
The instrument is initially balanced at the 
frequency of measurement with a purely resistive 
load connected at 13, so that the reactances of LI 
and of C2 at its midsetting are equal. Thus, these 
reactanc:es cancel each other in this arm of the 
bridge. With an unknown complex-impedance load 
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then connected at J3, the setting of C2 is varied 
either to increase or decrease the capacitive 
reactance, as required, to cancel any reactance 
present in the load. If the load is inductive more 
capacitive reactancc is required from C2 lo obtain 
a balance, indicated by a null on Ml, with less 
reactance needed from C2 if the load is capacitive. 
Toe settings of C2 are calibrated in terms of the 
value and type of reactancc at 13. Because of the 
relationship of capacitive reactance to frequency, 
the calibration for the duil of C2 is valid at only 
one frequency. IL is therefore convenient to 
calibrate this dial for equivalent reaclances al 1 
MIiz, 115 shown in Fig. 4. Frequency corrections 
may then be made simply by dividing the reactance 
dial reading by the measurement frequency in 
megahertz. 

Construction 

In any rf-bridgc type of instrument, the leads 
must be kepi as shon as possible to reduce stray 
reactanccs. Placement of component parts, while 
not critical, must bo such that lead lengths greater 
than about 1/2 Inch (except in the de metering 
circuit) are avoided. Shorter leadq are desirable, 
especially for RI, the "standard" re.~istor for the 
bridge. In the unit photographed, the body of this 
resistor just fits between the terminals of Cl and 
J2 where it is connected. CI should be enclosed in 
a shield and connections made with leads passing 
through holes drilled lhiough the shield wall. Toe 
frames of both variable capacitors, Cl and C2, 
mui.t be insulated from the chaSJti,, with insulated 
couplings used on the shafts. The capacitor 
specified for CI has provisiom for insulated 
mounting. C2 is mounted on I-Inch ceramil: 
insulating pillars. 

Band-switching anangi:ments for Ll complicate 
the construction and contribute to stray reactances 
in the bridge circuiL For these reasons plug-in coils 
are used at LI, one coil for each band over which 
the instrument is used. The coils must be 

- adjustable, to permit initial balancing of the bridge 
with C2 set at the zero-reactance calibration point. 
Coil data are given in Table I. Millen 45004 coil 
forms with the coils supported inside provide a 
convenient method of constructing these slug
tuned plug-in coils. A phenolic washer cut to the 
proper diameter is epoxied lo the top or open end 
of each form, giving a rigid support for mounting 
of the coil by its bushing. Smull knobs for 1/8-inch 
shafts, threaded with a No. 6-32 tap, arc screwed 
onto the coil slug-tuning screws to permit ease of 
adjustment without a tuning tool. Knobs with 
setscrews should be used to prevent slipping. A 
ceramic socket to mate with the pins of the coo 
form is used for 12. 

Calibration 

The resistance dial of the bridge may be 
calibrated by using a number of 1/ 2- or I-watt 
511ercent-tolerance composition resiston or differ
ent values in the 5- to 400-ohm range all loads. For 
this calibration, the appropriate frequency coil 
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Fig. 1 - An RCL bridga for measuring unknown 
values of compleK impedances. A plug-in coll is 
used for each frequency band. The bridge operates 
at an rt input level of about 6 volts; pickup-link 
assembl ies for use with a grid-<lip osci llator are 
shown. Before me8!1urements are made, the bridgi 
must be balanced with a nonreactive load 
co nnected at its measurement terminals. This load 
consists of a resistor mounted inside a coaxial plug, 
shown in front of the instrument at the left. The 
aluminum box measures 4 1/4 X 10 3/4 X 6 1/8 
inches and is fitted with a carrying handle on the 
left end and self-sticking rubber feet on the right 
end and bottom. Dials are Millen No. 10009 with 
skirts reversed and calibrations added. 

J4 

EXT. n'V"f 
METER~-o---, 

J2 BALANCE 

·£l 
REJICTAHCE J3 

I 

LOAD 

Fig. 2 - Schematic diagram of the impedance 
b ridge. Capacitance is In mlcrofarads; resistances 
are in ohms. Resistors are 1 /2-W 10-percant 
tolerance unless otherwise indicated. 
Cl - Ditterential cap&eitor, 11-161 pf per section 

(Mill en 288011. 
C2 - 17 .5-327 pF with straight-line capacitance 

characteristic (Hammarlund AMC-325-SI. 
CR1, CR2 - Germanium diode, high back 

re"Sistance. 
J1. J3 - Coaxial connectors, chassis type. 
J2 - To mate plug of L 1, ceramic. 
J4 - Phone jack, disconnecting type. 
L 1 - See text and Tabla I. 
Ml - 0-50 µ.A de !Simpson Model 1223 Bold-Vue, 

Cat. No. 15560 or IIQUiv.l. 
R 1 - For text reference. 
RFC1 - Subminiature rf choke (Miller 70F103AI 

or equiv.I. 
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TABLE 17-1 

Coil Data for RF Impedance Bridge 

Nominal Frequency 
Inductance Coveraxe, 

Band Range, µJ-1 MHz 

80 6.5-13.8 3.2-4.8 

40 2.0- 4.4 5.8- 8.5 

20 0.6-1.l 11.5- 16.6 

15 0.3-0.48 18.5- 23.5 

10 0.18-0.28 25.8-32.0 

must be inserted at 12 and its inductance adjusted 
for the best null reading on the meter when C2 is 
set with its plates half meshed. For each test 
resistor, Cl is then adjusted for a null reading. 
Alternate adjustment of Ll and CI should be made 
for a complete null. The leads between the test 
resistor and J3 should be as short as possible, and 
the calibration preferably should be done in the 
3.5-MHz band where stray inductance and 
capacitance will have the least effect. 

If the constructional layout of the bridge 
closely follows that shown in the photograplls , the 
calibration scale of Fig. 4 may be used for the 
reactancc dial. This calibration was obtained by 
connecting various reactauces, measured on a 
laboratory bridge, in series with a 47-ohm 1-W 
resistor connected at 13. The scale is applied so 
that maximum capacitive reactancc is indicated 
with C2 fully meshed. If it is desired to obtain an 
individual calibration for C2, known values of 
inductance and capacitance may be used in series 
with a fixed resistor of the same approximate value 
as RI. For this calibration it is very important to 
keep the kads to the test components as short as 
possible , and calibration should be performed in 
the 3.5-MHz range to minimize the effects of stray 
reactanccs. Begin the calibration by setting C2 at 
half mesh, marking this point as O ohms reactance. 

Coil Type or Data 

28 turns No. 30 enam. wire close-wound on Miller 
form 42AOOOCBI. 

Miller 42A336CBI or 16 turns No. 22 enam. wire 
close-wound on Miller form 42AOOOCBI. 

8 turns No. 18 enam. wire close-wound on Miller 
form 42AOOOCBr. 

4 1/ 2 turns No. 18 enam. wire close-wound on 
Miller fonn 42AOOOCBI. 

3 turns No. I 6 or 18 enam. or tinned bus wire 
spaced over 1/4-inch winding length on Miller form 
42AOOOCBI. 

With a purely resistive load connected at J3, adjust 
LI and C1 for the best null on Ml. From this point 
on during calibration, do not adjust Ll except to 
rebalance the bridge for a new calibration 
frequency. The ohmic value of the known 
react:ance for the frequency of calibration is 
multiplied by the frequency in MHz to obtain the 
calibration value for the dial. 

U§ing the Impedance Bridge 

This instrument is a low-input-power device, 
and is not of the type to be excited from a 
transmitter or left in the antenna line during 
station operation. Sufficient sensitivity for all 
measurements results when a 5-V rms rf signal is 
applied at J 1. This amount of voltage can be 
delivered by most grid-dip oscillators. In no case 
should the power applied to JI exceed I watt or 
calibration inac~uracy may result from a per
manent change in the value of Rl. The input 
impedance of the bridge at JI is low, in th~ order 
of 50 to 100 ohms, so it is convenient to excite the 
bridge through a length of 52- or 75-ohm line such 
as RG-58/U or RG-59/ U. If a grid-dip oscillator is 
used, a link coupling arrangement to the oscillator 
coil may be used. Fig. 1 shows two pick-up link 
assemblies. The larger coil, 10 turns of I I/ 4-inch
dia stock with turns spaced at 8 turns per inch, is 
used for the 80-, 40- and 20-meter bands. The 
smaller coil, 5 turns of 1-inch-dia stock with turns 
spaced at 4 turns per inch, is used for the 15- and 
I 0-meter bands. Coupling to the oscillator should 
be as light as possible, while obtaining ~ufficient 

Fig. 3 - All components except the meter are 
mounted on the top of the box. Cl is visible inside 
the shield at the left, with C2 at the right and J2 
mounted between them. Jl is hidden beneath Cl 
in this view; a part of J3 may be seen in the lower 
right corner of the box. Components for the de 
metering circuit are mounted on a tie-point strip 
which is affixed to the shield wall for Cl; all other 
components are interconnected with very short 
leads. The 4700-ohm input resistor is connected 
across J1. 
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Fig. 4 - Calibration scale for the reactllnce dial 
BSSociated with C2. See text. 

sen~itivity, to prevent severe "pulling" of the 
oscillator frequency. 

Before measurements are made, It is necessary 
to balance the bridge. Set the reactance dial al zero 
and adjust LI and Ci for a null with a nonreactive 
load connected at J3. The bridge must be re
balanced after any appreciable change is made in 
the measurement frequency. A SI-ohm l•W re
sistor mounted inside a PL-259 plug, as shown in 
Fig. 17-24, makes a load which is essentially 
nonreactive. After the bridge is balanced, connect 
the unknown load to 13, and alternately adjust Cl 
and C2 for the best null. 

The calibration of the reactance dial is diown in 
Fig. 4. The measurement range for capacitive loads 
may be extended by "zeroing" the reactance dial 
at some value other than 0. For e)(.ample, if the 
bridge is initially balanced with the reactance dial 
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Xe 
DIVIDE READING 

BY F MHz 

set at 500 in the XL range, the O dial indication is 
now equivalent to an Xe reading of 500, and the 
total range of measurement for Xe has been 
extended to 1000. 

A LOW-POWER RF WATTMETER 

The wattmeter shown in Fig. I can be used 
with transmitters having power outputs from I- to 
25-watts within the frequency range of 1.8 to 30 
MHz. For complete details, see QST for June, 
I 973. A bridge circuit based on a version of the 
one shown in Fig. I 7-16C is used to measure the 
forward and renected power on a transmission line. 

The rf wanmeter. 

Fig. 1 - Schematic diagram of the wanmetar. 
Cl. C2 - 0.5- to 5-pf trimmer. 
CR1, CR2 - 1 N34A or equivalent. 
Ml - 50·,uA panel meter. 
Al - Linear-taper, 1/4 or 1/2 wan, 25,000 ohm. 
R2, RJ - 33-ohm, 1 /2-W composition resistor 

(matched pair recommendedl. 
RFC 1 - 1-mH rt choke. 
S1 - Spdt toggle. 
T1 - 60 turns No. 28 enam. wire, close wound on 

Amidon T-68-2 toroid core (secondary). Pri
mary is 2 turns of small-diameter hookup wire 
over T1 secondary. 

It will be necessary to have a nonreactive 
50-ohm dummy load for initial adjustment of the 
power meter. Connect the dummy load to one port 
of the instrument and apply rf power to the 
remaining port. SI should now be thrown back and 
forth to determine which position gives the highest 
meter reading. This will be the FORWARD posi
tion. Adjust the sensitivity control for full-scale 
readins of the meter. Now, move the switch to the 
opposite (RELFECTED) position and adjust the 
trimmer nearest the transmitter input port for a 
null in the meter reading. The needle should drop 
to zero. It is recommended that these adjustments 
be made in the I 0- or I 5-meter band. Ne,c:t, reverse 
the transmitter and load cables and repeat the 
nulling procedure while adjusting the trimmer on 
the opposite side of the pc board. Repeat these 
steps until a perfect null is obtained in both 
directions. The switch and the coax connectors can 
now be labeled, TRANSMITTER, LOAD, FOR
WARD, and REFLECTED, as appropriate. 
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MINUTES 

WWV BROADCAST 
FORMAT 
(TYPICAL) 

STANDARD FREQUENCIES AND TIME SIGNALS 

The National Bureau of Standards maintains 
two radio trammitting stations, WWV at Ft. 
Collins, Co., and WWVH near Kekaha, Kauai 
(Hawaii), for broadcasting standard radio freq uen
cies of high accwacy. WWV broadcasts are on 2.5, 
S, IO, 15, 20, and 25 MHz, and those from WWVH 
are on 2.5, 5, 10, 15, and 20 MHz. The broadcasts 
of both stations are continuous, night and day. 
Standard audio irequencies of 440, 500, and 600 
Hz on each radio..::arrier frequency by WWV and 
WWVH. The duration of each tone is approximate
ly 45 seconds. A 600-Hz tone is broadcast during 
odd minutes by WWV, and during even minutes by 
WWVH. A 500-Hz tone is broadcast during 
alternate minutes unless voice announcements or 
silent periods are scheduled. A 440-Hz tone is 
broadcast beginning one minute after the hour by 
WWVH and two minutes after the hour by WWV. 
The 440-Hz tone period is omitted during the first 
hour of the UT day. 

Transmitted frequencies from the two stations 
are accurate to±2 parts in 1011. Atomic frequency 
standards are used to maintain this accuracy. 

Voice announcements of the time, in English, 
are given every minutc. WWV utilizes a male voice, 
and WWVH features a female voice to distinguish 
between the two stations. WWV time and 
frequency broadcasts can be heard by telephone 
also. The number to call is (303) 499-7111, 
Boulder, CO. 

All official announcements are made by voice. 
Time announcements are in GMT. One-second 
markers arc transmitted throughout all programs 
except that the 29th and 59th markers of each 
minute are omitted. Detailed infonnation on 

hourly broadcast schedules is given in the 
accompanying format chart. Complete information 
on the services can be found in NBS Special 
Publication 236, NBS Frequency and Time 
Broadcast Services, available for 25 cents from the 
Superintendent of Documents, U. S. Government 
Printing Office, Washington, D.C. 20402. 

Geophysical Alerts 

"Geoalerts" are broadcast in voice during the 
19th minute of each hour from WWV and during 
the 46th minute of each hour from WWVH. The 
messages are changed each day at 0400 UT with 
provisions to schedule immediate alerts of 
ouhtanding occuring P.VP.nts _ Geoalert~ tell of 
geophysical events affecting radio propagation, 
stratospheric warming, etc. 

Propagation Forecasts 

Voice broadcasts of radio propagation condi
tions are given during part of every 15th minute of 
each hour from WWV. The announcements deal 
with short-term forecasts and refer to propagation 
along paths in the North Atlantic area, such as 
Washington, D.C. to London, or New York to 
Berlin. 

CHU 

CHU, the Canadian time-signal station, trans
mits on 3330.0, 7335.0 and 14,670.0 kHz. Voice 
announcements of the minute are made each 
minute; the 29th-second tick is omitted. Voice 
announcements are made in English and French. 
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A HETERODYNE DEVIATION METER 

The instrument described here can be used to 
check the audio deviation of an fm transmitter, or 
to determine how fu off frequency the transmitter 
carrier may be. II c:an also be used as a signal 
source lo aid in setting a receiver on frequency, if a 
crystal o( known accuracy is plugged into the 
oscillator. 

The Clrcuil 

As shown in Fig. l 7-57 a lransistor oscillator is 
used to feed energy to a mixer diode, CR!. A small 
pickup antenna is connected to the diode also, 
thereby coupling a signal from a transmitter to the 
mixer. The output from the diode , in the audio 
range, is amplified by U1, a 2747 operational 
amplifier. The 2747 amplifie~ and clips the audio, 
providing a squa.re wave of nearly constant ampli
tude at the output. This square wave is applied lo a 
rectifier circuit through variable coupling capaci
tors and a selector switch. A meter is connected to 
the rectifier circuit to read the average cuuent. 
Since the amplitude of the input is constant, a 
change in frequency will produce a change of 
average current. Three ranges are selected by SI, 
with individual trimmers being placed in the circuit 
for cal.J"bration. 
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Fig. 17-56 - The deviation meter is constructad in 
a Calectro aluminum bo,c. A four-position switch Is 
at the lower right. The crystal plugs In on the left, 
with the frequency adjusting trimmer Just below. A 
short whip or pickup wire cen be plugged Into the 
phono connector that Is mounted on the back wall 
of the box. 

Construction 

An aluminum box is used for the enclosure, 
6-1 /4 x 3-1 /2 x 2 inches. A meter switch, variable 
capacitor, and crystal socket are all mounted on 
the top panel. A small pc board is fastened lo the 
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Fig. 17-57 - Circuit of the deviation meter. 
Connections shown ere for e 2747 dual op ump. A 
741 may be substituted with appropriate changes 
In pin numbe~. 
Cl - 360 10 1000 pf mica trimmer U. W. Miller 

160-A or equiv.I. 
C2, C3 - 3 to 30 pf mice trimmer IJ. W. Miller 86 

MA 2 or equiv.I. 
C4 - 50 pF miniature air variable (Hammarlund 

MAPC 50 or equiv.I. 
CR 1 - Germanium diode. 1 N34, 1 N58, or 1 N82 

suitable. 

CR2, CR3 - Silicon diode, 1N914 or equiv. 
J1 - Coax connector. BNC or phono type suitable. 
Ml - Microemmeter. 0 to 1000 µA (Simpson 

Model 1212 Wide-Vue or equiv.I. 
01 - Motorola transistor. 
R1 - 10,000-ohm miniature control, pc mount. 
Sl - 2-pole. 4-position rotary switch, nonshorting. 
U1 - Dual operational amplifier IC, Type 2747, 

one half not used. 
Vl - Crystal to produce harmonic on desired 

transmitter or receiver frequency. Fundamental 
range 6 to 20 MHz. 
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meter terminals as a convenient support. This 
board contains the IC and associated circuit com
ponents, as well as the rectifier diodes. 

The oscillator is constructed OD a separate pc 
board which mounts behind the crystal socket and 
variable capacitor. Metal spacers and 4--40 screws 
and DUIS are used lo fasten the oscillator board in 
place. A shield or pc board is placed between the 
oscillator and the amplifier to provide isolation. 
Power for the instrument is furnished by a 9-volt 
transistor radio battery that Is held by a clip inside 
the box. 

Testing and Use. 

Before calibrating the meter, the de balance 
should be adjusted. A voltmeter should be con
nected to the output of Ul, (pin 12) and Rl 
adjusted until the potential at this pin in one half 
of the supply voltage. 

A low-level audio signal can be used to test the 
amplifier and meter circuit. As little as 10 mV, 
applied to pin I, will produce a square wave at the 
output of the amplifier. Three ranges are provided 
in this meter; 0 - I OOOHz, 0 - IO kHz, and O - 20 
kHz. Each position can be calibrated by adjust
ment of the associated trimmer capacitor. The 
amount of capacitance needed may vary with 
different diodes, so fixed ceramic capacitors may 
be placed in parallel with the trimmers to bring the 
adjustment within range. As the frequency of the 
input to UI is varied, the meter reading should 
correspond to that frequency over most of its 
range. On the upper frequency range, o - 20 kHz, a 
multiplication factor must be applied to the 
reading on the meter. 

In use, a shon whip or piece of wire is 
connected to JI, and the meter placed near 11 

transmitter. A crystal that will produce a harmonic 
on the correct frequency is plugged into the 
socket. The selector switch should be in the tint (0 
• I 000 Hz) position. When the transmitter is turned 
on, I.he meter will Indicate the difference in 
frequency between the transmitter and the bar-

Fig. 17-58 - The dual op amp is located just below 
the center. Meter terminals are used as a con
venient support for the amplifier pc board, The 
oscillator board is at the right, held in place by 
means of metal spacers. 

manic from the oscillator. The trimmer, C4, should 
be adjusted for a minimum reading. Any hum, 
noise, or power-supply whine will cause a residual 
reading that could mask true zero beat. Modulation 
can be applied to the transmitter and the deviation 
control adjusted for the amount desired as indi
cated on the meter. Note that there is II difference 
between the indications obtained from a sine wave 
and those from voice. Readings will be lower with 
voice, the amount being dependent on the meter 
that is used and upon the individual voice. 

Several transmitters can be netted to a system 
by setti"3 the crystal in the device to the conect 
frequency at first, then adjust the frequency of 
each transmi lier for an indication or zero beat. 

Since there is some energy from the oscillator 
present at the input, JI, the same procedure can be 
used to align receivers to the correct frequency. 
When the deviation meter is acting as a signal 
source for checking either receivers or transmillers, 
the crystal should be checked for frequency drift 
several times during the test. 



Chapter 18 

Construction Practices and 
Cata Tables · 

TOOLS AND MATERIALS 

While an easier, and perhaps a better, job can be 
done with a greater variety of tools available, by 
taking a little thought and care it is possible to tum 
out a fine piece of equipment with only a few of 
the common hand tools. A list of tools which will 
be indi8pensable in the construction of radio 
equipment will be found on this page. With these 
tools it should be possible to perform any of the 
required operations in preparing panels and metal 
chassis for assembly and wiring. It is an excellent 
idea for the amateur who docs constructional work 
to add to his supply of tools from time to time as 
finances permit. 

RECOMMENDED TOOLS 

Long-nose pliers, 6-inch and 4-inch 
Diagonal cutters, 6-inch and 4-inch 
Combination pliers, 6-inch 
Screwdriver, 6- lo 7-inch, 1/4-inch blade 
Screwdriver, 4- lo S-inch, 1/8-inch blade 
Phillips screwdriver, 6- to 7-inch 
Phillips screwdriver, 3- to 4-inch 
Long-shank screwdriver with holding clip on 

blade 
Scratch awl or scriber for marking metal 
Combination square, 12-inch, for layout 

work 
Hand drill, 1/4-inch chuck or larger 
Soldering pencil, 30-wall, 1/8-inch tip 
Soldering iron, 200-watt, S/8-inch tip 
Hacksaw and 12-inch blades 
Hand nibbling tool, for chassis-hole cutting 
Hammer, ball-peen, 1-lb head 
Heavy-duty jack knife 
File set, flal, round, half-round, and triangu-

lar. Large and miniature types recom-
mended 

High-speed drill bits, No. 60 through 3/8-
inch diameter 

Set uf '-Splntite" socket wrenches for hex 
nuts 

Crescent wrench, 6- and I 0-inch 
Machine-screw taps, 4-40 through 10-32 

thread 
Socket punches, 1/2", S/8", 3/4", I 1/8", 

I 1/4", and 1 1/2" 
Tapered reamer, T-handle, 1/2-inch maxi-

mum pitch 
Bench vise, 4-inch jaws or larger 
Medium-weight machine oil 
Tin shears, 10-inch size 
Motor-driven emery wheel for grinding 
Solder, rosin core 011ly 
Contact cleaner, liquid or spray can 
Duco cement or equivalent 
Electrical tape, vinyl plastic 

Radio-supply houses, mail-order retail stores 
and most hardware stores cany the various tools 
required when building or servicing amateur radio 
equipment. While power tools {electric drill or drill 
press, grinding wheel, etc.) are very useful and will 
save a lot of time, they are not essential. 

Twist Drillli 

Twist drills are made of either high-speed steel 
or carbon steel. The latter type is more common 
and will usually be supplied unless specific request 
is made for high-speed drills. The carbon drill will 
suffice for most ordinary equipment constroction 
work and costs less than the high-speed type. 

While twist drills are available in a number of 
sizes, those listed in bold-faced type in Table 18-1 
will be most commonly used in con~troction of 
amateur equipment. It is usually desirable to 
purchase several of each of the commonly used 
sizes rather than a standard set, most of which will 
be used infrequently if at all. 

Care of Tools 

The proper care of tools is not alone a matter 
of pride to a good workman. He also realizes the 
energy which may be saved and the annoyance 
which may be avoided by the possession of a full 
kit of well-kept shar~dged tools. 

Drills should be sharpened at frequent inteIVals 
so that grinding is kept at a minimum each time. 
This makes it easier to maintain the rather critical 
surface angles required for best cutting with least 
w~ar. Occasional oilstoning of the cutting edges of 
a drill or reamer will extend the time between 
grindings. 

The soldering iron can be kept in good 
condition by keeping the tip well tinned with 
sclder and not allowing it to run at full voltage for 
long periods when it is not being used. After each 
period of use, the tip should be removed and 
cleaned of any scale which may have accumulated. 
An oxidized tip may be cleaned by dipping it in sal 
ammoniac while hot and then wiping it clean with 
a rag. If the tip becomes pitted it should be filed 
until smooth and bright, and then tinned 
immediately by dipping it in solder. 

Useful Materials 

Small stocks of various miscellaneous materials 
will be required in constructing radio apparatus, 
most of which Ille available from hardware or 
radio-supply stores. A representative list follows : 
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Fig. 1 - The SCR motor-speed control is housed in 
a small cabinet. 

Sheet aluminum, solid and perforated, 16 or 
I I! gauge, for brackets and shielding. 

1/2 X 1/2-inch aluminum angle stock. 
1/ 4-inch diameter round brass or aluminum 

rod for shaft extension~. Machine 
screws: Round-head and net-head, with 
nuts to fit. Most useful sizes: 4-40, 6-32 
and &-32, in lengths from 1/4 inch to 
1 1/2 inches. (Ni"kel-plated iron will be 
found satisfactory except in Urong rf 
field~. where brd!IS ~hould be used.) 

Bakelite, lucite and polystyrene scraps. 
Soldering lu~. panel bearings, rubber 

grommets, terminal-lug wiring strips, 
varnished-cambric insulating tubing. 

Shielded and unshielded wire. 
Tinned bare wire, Nos. 22, 14 and 12. 

Machine screws, nu~, washen., soldering lu~. 
etc .• are most reasonably purchB!lcd in quantities of 
a gross. Many of the radio-supply stores sell small 
quantities 11nd assortments tha t come in handy. 

TRIAC MOTOR-SPEED CONTROL 

Most electric hand drills operate at n single higti 
speed; howe\'er, from time to time, the need arises 
to utilize low or medium speeds. Low speeds an: 
useful when drilling in tight spaces or on exposej 
surfaces where it is important that the drill bit 
doesn't slip, and when drilling bakelite, Pleitiglas 
end simiJar materials. Medium speeds are useful for 
driJling non-ferrous metals such as aluminum and 
brass. One way to accomplish these ends with a 
single-speed electric drill is to use a ~ilicon bidirec
tional lhyrislor (Triac) speed oontrol. 

The circuit for the T riac speed control is i;hown 
in J-'ig. I. This type of circuit provides some dcgre: 
of regulation with varying loads. 

CONSTRUCTION PRACTICES 

The working parls of the motor-speed control. Tha 
triac is centered on its aluminum heal sink, with 
the terminals of rhe speed-conrrol resistor protrud• 
ing from underneath. The rf-hash-suppression filter 
and components In the gate-triggering circuit ara 
mounted on a tia-point strip, be ing visible at the 
bottom of tha enclosure as shown in th is view. The 
t riac Is barely discerneb le at rhe right end of t he 
fixed resistor. Terminals of the strip which are 
associated with the mounting feet are unused, end 
are bent down to prevent accide nta l shorts to other 
parts of the circuit . 

~Ii ., 
0 

"' 0 
~ 0 
... :i: ... .. 
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Chassis Working 

Construction 

Because of the small complement of parts, thll 
Triac speed control can be constructed inside a 
very small container. The model described was 
built in a 2-3/4 X 2-1/8 X l-S/8-inch Minibox. 
Since the mounting stud and main body of the 
Triac are common with the anode, care ~hould be 
used to mount the Triac clear from surrounding 
objects. In the unit shown, two soldering lugs were 
soldered together and the narrow ends connected 
lo one side of the female output connector; !he 
large ends were used as a fastening point for the 
Triac anode stud. 

Operation 

Although the circuit described is intended to be 
used to reduce the speed of electric hand drills that 
draw six amperes or less, ii has many other 
applications. It can be used to regulate the 
temperature of a soldering iron, which is being 
used to wire a delicate circuit, or it may be used 
for dimming lamps or for controlling the cooking 
speed of a ~mall hot plate. Note, however, if the 
circuit is used with a device drawing from three to 
six amperes for a continuous period of over ten 
minutes, it will be necessary to provide a heat sink 
(insulated from the chassis) for the Triac anode 
case. 

CHASSIS WORKING 

With a few essential tools and proper 
procedure, it will be found that building radio gear 
on a metal chassis is a relatively simple matter. 
Aluminum is to be preferred to steel, not only 
because it is a ~uperior shielding material, but 
because it is much ea~ier to work and provides 
good chassis contacts. 

The placing of components on the chassis is 
shown quite clearly in the photographs in this 
Handbook. Aside from certain essential dimen
sions, which usually are given in the text, exact 
duplication is not necessary. 

Much trouble and energy can be saved by 
spending sufficient time in planning the job. When 
all details are worked out beforehand the actual 
construction is greatly simplified. 

Cover the top of the chassis with a piece of 
mapping paper, or, preferably, cross-section paper, 
folding the edges down over the sides of the chassis 

0 

Fig. 18-3 Method of measuring the heights of 
capacitor shafts. If the square is adjustable, the end 
of the scale should be set flush with the face of the 
head. 

Num. 

I 
2 
3 
4 
s 
6 
7 
8 
9 

10 
11 
12 
13 
14 
JS 
16 
17 
18 
19 
20 
21 
22 
23 
:z4 
2S 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
4S 
46 
47 
48 
49 
50 
51 
S2 
53 
54 
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TABLE 18-1 

Numbered Drill Sizes 

Diameter 
(Mils) 

228.0 
221.0 
213.0 
209.0 
20S.O 
204.0 
201.0 
199.0 
196.0 
193.S 
191.0 
189.0 
18S.O 
182.0 
180.0 
177.0 
173.0 
169.5 
166.0 
161.0 
159.0 
1S7.0 
154.0 
15:Z.O 
149.5 
147.0 
144.0 
140.0 
136.0 
128.S 
1'20.0 
116.0 
113.0 
111.0 
110.0 
106.S 
l04.0 
101.S 
099.5 
098.0 
096.0 
093.S 
089.0 
086.0 
082.0 
081.0 
078.S 
076.0 
073.0 
070.0 
067.0 
063.5 
059.S 
055.0 

Will Clear 
Screw 

12-24 

12-20 

10-32 
10-24 

8-32 

6-32 

4-40 

3-48 

2-56 

Drilled/or 
Tapping from 

Steel or Bross• 

14-24 

12-24 

12-20 

10-32 

10-24 

8-32 

6-32 

4-40 

3-48 

2-56 

•use one size lazger for tapping bakelite and 
phenolics. 

and fastening with adhesive tape. Then assemble 
the parts to be mounted on lop of the chassis and 
move them about until a satisfactory arrangement 
has been found, keeping in mind any parts which 
ru:e to be mounted underneath, so that interfer
ences in mounting may be avoided. Place 
capacitors and other parts with shafts extending 
through the panel first, and arrange them so that 
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A B 

Fig. 184 - To cut rectangular holes in a chassis 
corner, holes may be filed out as shown in the 
shaded portion of B, making it possible to start the 
hack-saw blade along the cutting line. A shows how 
a single-ended hand le may be constructed for a 
hack-saw blade. 

the controls will form the desired pattern on the 
panel. Be sure to line up the shafts squarely with 
the chassis front. Locate any partition shields and 
panel brackets next, and then the tube sockets and 
any other parts, marking the mounting-hole centers 
of each accurately on the paper. Watch out for 
capacitors whose shafts are off center and do not 
line up with the mounting holes. Do not forget to 
mark the centers of socket holes and holes for 
leads under i-f transformers, etc., as weU a~ holes 
for wiring leads. The smaU holes for socket-mount
ing screws are best located and center-punched, 
using the socket itself as a template, after the main 
center hole has been cut. 

By means of the square, lines indicating 
accurately the centers of shafts should be ex tended 
to the front of the chassis and marked on the panel 
at the chassis line, the panel being fastened on 
temporarily. The hole centers may then be 
punched in the chassis with the center punch. 
After drilling, the parts which require mounting 
underneath may be located and the mounting holes 
drilled, marking sure by trial that no interferences 
exist with parts mounted on top. Mounting holes 
along the front edge of the chassis should be 
tTansferred to the panel, by once again fastening 
the panel to the chassis and marking it from the 
rear. 

Next, mount on the chassis the capacitors and 
any other parts with shafts extending to the panel, 
and measure accurately the height of the center of 
each shaft above the chassis, as illustrated in Fig. 
LS-3. The horizontal displacement of shafts having 
already been marked on the chassis line on the 
panel, the vertical displacement can be measured 
from this line. The shaft centers may now be 
marked on the back of the panel, and the holes 
drilled. Holes for any other panel equipment 
coming above the chassis line may then be marked 
and drilled, and the remainder of the apparatus 
mounted. Holes for terminals etc., in the rear edge 
of the chassis should be marked and drilled at the 
same time that they are done for the top. 

CONSTRUCTION PRACTICES 

Drilling and Cutting Holes 

When drilling holes in metal with a hand drill it 
is important that the centers first be located with a 
center punch, so that the drill point will not 
"walk" away from the center when starting the 
hole. When the drill starts to break through, special 
care must be used. Often it is an advantage to shift 
a two-speed drill to low gear at this point. Holes 
more than 1/4-inch in diameter should be started 
with a smaller drill and reamed out with the larger 
drill. 

The check on the usual type of hand drill is 
limited to 1/4-inch drills. Although it is rather 
tedious, the 1/4-inch hole may be filed out to 
larger diameters with round files. Another method 
possible with limited tools is to drill a series of 
small holes wi 1h the hand drill along the inside of 
the circumference of the large hole, placing the 
holes as close togetl1er as possible. The center may 
then be knocked out with a cold chisel and the 
edges smoothed up with a file. Taper reamers 
which fit into the carpenter's brace will make the 
job easier. A large rat-tail file clamped in the brace 
makes a very good reamer for holes up to the 
diameter of the file. 

For socket holes and other large holes in an 
aluminum chassis, socket-hole punches should be 
used. They require first drilling a guide hole to pass 
the bolt that is turned to squeeze the punch 
through the chassis. The threads of the bolt should 
be oiled occasionally. 

Large holes in steel panels or chassis are best 
cut with an adjustable circle cutter. Occasional 
application of machine oil in the cutting groove 
will help. The cutter first should be tried out on a 
block of wood, to make sure that it is set for the 
right diameter. 

The bum or rough edges which usually result 
after drilling or cutting holes may be removed with 
a file, or sometimes more conveniently with a 
sharp knife or chisel. It is a good idea to keep an 
old wood chisel sharpened and available for this 
purpose. 

Rectangular Holes 

Square or rectangular holes may be cut out by 
making a row of small holes as previously 
described, but is more easily done by drilling a 
1/2-inch hole inside each comer, as illustrated in 
Fig. 18-4, and using these holes for starting and 
turning the hack saw. The socket-hole punch and 
the square punches which are now available also 
may be of considerable assistance in cutting out 
large rectangular openings. 

SEMICONDUCTOR HEAT SINKS 

Homemade heat sinks can be fashioned from 
brass, copper or aluminum stock by employing 
ordinary workshop tools. The dimensions of the 
heat sink will depend upon the type of transistor 
used, and the amount of heat that must be 
conducted away from the body of the semicon
ductor. 

Fig. 18-5 shows the order of progression for 
forming a large heat sink from aluminum or brass 
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Fig. 18-5 - Details for forming channel type heat sinks. 

channels of near-equal height and depth. The width 
is lessened in parts (B) and (C) so that each channel 
will lit into the preceding one es shown in the 
completed model at (D). The !Juee pieces are 
bolted together with 8-32 screws and nuts. 
Dimensions given are for illustrative purposes only. 

Heat sinks for smaller transistors can be 
fa brica tcd as sh own in Fig. 18-7. Select a drill bit 
that is one size smaller than the diameter of the 
transistor case and form the heat sink from 1/ 16 
inch thick brus, copper or aluminum stock as 
shown in steps (A), (B), and (C). Fonn the stock 
around the drill bit by compressing it in a vise (A). 
The completed heat sink is press-titted over the 
body of the semiconductor as illustrated at (D). 
The larger the area of the heat sink, the greater will 
be the amount of heat conducted away from the 
bansistor body. In some applications, the heat 
sinks shown in Fig. 18-7 may be two or three 
inches In height (power transistor stages). 

Another technique for making heat sinks for 
T0-5 type uansistors (1) and larger models OJ J.S 
shown in Fig. 18-6. Th.is style of heal sink will 
dissipate considerably more heat than will the type 
shown in Fig. 18-5. The main body of the sink is 
fashioned from a piece of 1/8-inch thick aluminum 
angle bracket - available from most hardware 
stores. A hole is bored in the angle stock to allow 
the transistor case to fit snugly into it. The 

Fig. 18-7 - Steps 
used in construc
ting heat sinks 
for small trans
istors. 

COMPLETED 
HEAT SINK 

(Cl 

l)dJl to -v,; 'HfL. 
tllell~unmQJ 

'4" 

HEAT SINK DETAILS 

Fig. 18-6 - layout and assembly details of another 
homemade heat sink. The completed assembly can 
be insulated from the main chassis of the 
transmitter by using insulating washers. 

oansistor is held in place by a small metal plate 
,vhose center hole is slightly smaller in diameter 
than the case of the transistor. Details are given in 
Fig. 18-6. 

A thin coating of silicone grease, available from 
most electronics supply houses, can be applied 
between the case of the transistor and the part of 
the heat sink with which It comes in contact. The 
iilicone grease will aid the transfer of heat from the 
transistor to the sink. This practice can be applied 
to all models shown here. In the example given in 
Fig. I S-S, the grease should be applied between the 

l/1t INCH SlOCI( 

(Bl 

ORILL BIT 

HEAT SINK 
INSTALLED 
OH TRANSISTOR 

( D) 
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three channels before they are bolted together, as 
wen as between the transistor and the channel it 
contacts. 

CONSTRUCTION NOTES 

If a conuol shaft must be extended or 
insulated, a flexible shaft coupling with adequal~ 
insulation should be used. Satisfactory support for 
the shaft extension, as weU as electrical conlact for 
safety, can be provided by means of a metal panel 
bearing made for the purpose. These can b:! 
obtained singly for use with existing shafts, or they 
can be bought with a captive extension shaft 
included. In either case the panel bearing gives a 
.. solid" feel lo the control. 

The use of fiber washers between ceramic 
insulation and metal brackets, screws or nuts will 
prevent the ceramic parts from breaking. 

STANDARD METAL GAUGES 

Gauge America,i U.S. Bi mi Ingham 
No. or B&S1 StimcJard2 or Stubs3 

I .2893 .28125 .JOO 
2 .2576 .26562 5 .284 
3 .2294 .25 .:159 
4 .2043 .23437 S .238 
5 .1819 .21875 .220 
6 .1620 .20312S .203 
7 .1443 . 1875 . 180 
8 . 1285 . I 7187S . I 65 
9 .1144 . 15625 .148 

10 .1019 . 14062 5 .134 
11 .09074 .12S .120 
12 .08081 . 109375 .109 
13 .07196 .09375 .095 
14 .06408 .07812 S .083 
15 .05707 .0703125 .072 
16 . 05082 .0625 .065 
17 .04516 .05625 .058 
18 .04030 .05 .049 
19 .03589 .0437 5 .042 
20 .03196 .037S .03S 
21 .02846 .034375 .032 
22 .02S35 .03125 .028 
23 .02257 .02 8125 .025 
24 .02010 .025 .022 
H .01790 .02 1875 .o:zo 
26 .01594 .01875 .018 
27 .01420 .0171875 .016 
28 .01264 .01 5625 .014 
29 .01126 .0140625 .013 
30 .01003 .0125 .012 
31 . 008928 .01 09375 .0 10 
32 .007950 .0101 S625 .009 
33 .007080 .009375 .008 
34 .0063S0 .00859375 .007 
35 .00561 S .0078125 .oos 
36 .005000 .00703125 .004 
37 .004453 .006640626 .... 
38 .003965 .00625 - - - -
39 .003S31 ....... . ... 
40 .003145 . . . -... .... 

1 Used for aluminum. copper, brass and non• 
fenous alloy o.heets. wire a.nd rods. 

2 Used for Iron, suel. nickel and fenou~ a]. 

Joy sheets. wire and rod.o. 
3 Used for seamless lubes; also by some mi,n-

ufaeturer.; for eopper a.cd brass. 

CONSTRUCTION PRACTICES 

Cutting and Bending Sheet Metal 

If a sheet of metal is too large to be cut 
conveniently with a hack saw, it may be marked 
with scratches as deep as po!.Sible along the line of 
the cut on both sides of the sheet and then 
clamped in a vise and worked back and forth until 
the sheet breaks at the line. Do not carry the 
bending loo far until the break begins to weaken; 
otherwise the edge of the sheet may become bent . 
A pair of iron bim or pieces of heavy angle stock, 
as long or longer than the width of the sheet, to 
hold it in the vise, will make the job easier. "C" 
clamps may be used to keep the bar.1 from 
spreading st the ends. The rough edges may be 
smoothed with a file or by placing a large piece of 
emery cloth or sandpaper on a flat surface and 
running the edge of the metal back and forth over 
the sheet. Bends may be made similarly, 

Fini5hing Aluminum 

Aluminum chassis, panels and parts may be 
given a sheen finish by treating them in a caustic 
bath. An enamcUed or plastic container, such as a 
dishpan or infant's bathtub, should be used for the 
solution. Dissolve ordinary household lye in cold 
water in a proportion of 1/4 to 1/2 can of lye per 
gallon of water. The strollll'=r solution will do the 
job more rapidly. Stu the solution with a stick of 
wood until the lye crystals are completely 
dissolved. Be very careful to avoid any skin contact 
with the solution. It is also harmful to clothing . 
Sufficient solution should be prepared lo cover the 
piece completely. When the aluminum is immersed, 
a very pronounced bubbling takes place and 
~ntilation should be provided to disperse the 
escaping gas. A half hour to two hours in the 
solu lion should be sufficient, depending upon the 
strength of the solution and the desired surface . 

Remove the aluminum from the ~olution with 
sticks and rinse thoroughly in cold water while 
swabbing with a rag to remove the black deposit. 
When dry, finish by spraying on li ligh l coat of 
clear lacquer. 

Soldering 

The secret of good soldering is to use the right 
amount or heat. Too little heat wiU produce a 
"cold-soldered joint"; too much may injure a 
component. The iron and the solder should be 
applied simultaneously to the Joint. Keep the iron 
clean by brushing the hot tip with a paper towel . 
Always use rosin-core solder, never acid-core. 
Solders have different melting point5, depending 
upon the ratio of tin to lead . A 50-50 solder melts 
at 4 25 degrees 1-', while 6()..40 melts at 3 71 degrees 
F. When it is desirable lo protect from excessive 
heat the components being soldered, the 60-40 
solder is preferable to the 50-50. {A less-common 
solder, 63-37, melt~ at 361 degrees P.) 

When soldering transistors, crystal diodes or 
small resistors , the lead should be gripped with a 
pair of pliers up close lo the unit so that the heat 
will be conductea away. Overheating of a transistor 
or diode while soldering can cause pennanent 
damage. Al,o, mechanical stress will have a similar 
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effect, so that a small unit should be mounted so 
that there is no appreciable mechanical strain on 
the leads. 

Trouble is sometimes experienced in soldering 
to the pins of coil forms or male cable plugs. It 
helps if the pins are first cleaned on the inside with 
a suitable twist drill and then tinned by flowing 
rosin-core solder into them. Immediately clear the 
surplus solder from each hot pin by a whipping 
motion or by blowing through the pin from the 
inside of the form or plug. Before inserting the 
wire in lhe pin, file the nickel plate from the tip. 
After soldering, round the solder tip off with a file. 

When soldering to the pins of polystyrene coil 
forms, hold the pin to be soldered with a pair of 
heavy pliefll, to form a "heat sink" and insure that 
the pin does not heat enough in the coil form to 
loosen and become misaligned. 

Wiring 

The wire used in connecting amateur equip
ment should be selected considering both the 
maximum current it will be called upon to handle 
and the voltage its insulation must stand without 
breakdown. Also, from the consideration to TVI, 
the power wiring of all transmitters should be done 
with wire that has a braided shielding cover. 
Receiver and audio circuits may also require the 
use of shielded wire at some points for stability, or 
the elimination of hum. 

No. 20 stranded wire is commonly used for 
most receiver wiring (except for the high-frequency 
circuits) where the current docs not exceed 2 01 3 
amperes. For higher-current heater circuits, No. 18 
is available. Wire with cellulos~ acetate insulation is 
good for voltages up to about 500. For higher 
voltages, themoplastic-insulated wire should be 
used. Inexpensive wire strippers th at make the 
removal of insulation from hookup wire an easy 
job are available on the market. 

When power leads have several branches in th~ 
chassis, it is convenient to use fiber-insulated 
multiple tie points as anchorages or junction 
points. Strips of this type are also useful as 
insulated supports for resistors, rf chokes and 
capacitors. High-voltage wiring should have ex
posed points held to a minimum; those which 
cannot be avoided should be made as inaccessible 
as possible to accidental contact or short-circuit. 

Where shielded wire is called for and capaci
tance to ground is not a factor, Belden type 8885 
shielded grid wire may be used. If capacitance must 
be minimized, it may be necessary to use a piece of 
car-radio low-capacitance lead-in wire, or coaxial 
cable. 

For wiring high-frequen~y circuits, rigid wire is 
often used. Bare soft-drawn tinned wire, size 22 to 
12 (depending on mechanical requirements) is 
suitable. Kinks can be removed by stretching a 
piece of 10 or 15 feet long and then cutting into 
short lengths that can be handled conveniently. Rf 
wiring mould be run directly from point to point 
with a minimum of sharp bends and the wire kept 
well spaced from the chassis or other grounded 
metal surfaces. Where the wiring must pass through 
the chassis or a partition, a clearance hole should 
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§§il§.13:}¥ 
(A) WRONG 

(B) RIGHT 

(C) RIGHT 

Fig. 18-8 - Methods of lacing cables. The method 
shown at C is more secure, but takes more time 
than the method of B. The latter is usually 
adequate for most amateur requirements. 

be cut and lined with a rubber grommet. In case 
insulation becomes necessary, varnished clllllbric 
tubing (spaghetti) can be slipped over the wire. 

In transmitters where the peak voltage does not 
"""tow 2500 volts, lht: shkl1kll grill win: 
mentioned above should be satisfactory for power 
circuits: For higher voltages, Belden type 8656, 
Birnbach type 1820, or shielded ignition cable can 
be used. In the case of filament circuits carrying 
heavy current, it may be necessary to use No. 10 or 
12 bare or enameled wire , slipped through 
spaghetti. and then covered with copper braid 
pulled tightly over the spaghetti . The chapter on 
TVI shows the manner in which shielded wire 
shculd be applied. If the shielding is simply slid 
back over the insulation and solder flowed into the 
end of the braid, the braid usually will stay in place 
without the necessity for cutting it back ot binding 
it in place. The braid should be cleaned first so that 
solder will take with a minimum of heat. 

Rf wiring in transmitters usually follows U\e 
method described above for receivers with due 
respect to the voltages involved. 

Where power or control leads run together for 
more than a few inches, they will present a better 
appearance when bound together in a single cable. 
The correct technique is illustrated in Fig. I 8-8; 
both plastic and waxed-linen lacing cords are 
available. Plastic cable clamps are l!Vailable to hold 
the laced cable. 

To give a "commercial look" to the wiring of 
any unit, run any ca bled leads along the edge of 
the chassis. If this isn't possible, the cabled leads 
should then run parallel to an edge of the chassis. 
Further, the generous use of tie points (mounted 
paJallel to an edge of the chassis), for the support 
of one or both ends of a resistor or fixed c:ipacitor, 
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BJ-58FCP 

l-,·--1 
1/11 ► I• I-JV• 

~ 
IIUI Ami fUIIII 

emu 
~

CIIITACT 

~ FUNE 181, n, 

t _ S1rip cable - don 'l 11il"k braJd. dielutril or candu.c1or. Slide 
1euule, then coupling ,ing on cabl1. F lafl! braid slighlly by rotating 
conductor and dielec1ric in circular motion 

2. Slide body on dieleC1ric, barb ~ 
going under braid until tlanQI! is 
Bgainsl Outer jac ket . Br.a.id wi ll fan IN 
ow aga1nu body flange 

3. Shde nut ose, body Q,asp ~ 
cable Wtlh hand and push ferrule 6 ,.:.s 
owH barb until br;a1d is r:ap1ured - ~• 
tle1ween ferrule and bodv flange 
SQuee,o crom1> up Otl ly of Q!me, 1111 CDND!CIOR Ulll A!SEllll 
com:acl with plier..: ahemate-
solder tip. 

BJ-1SP PLUG (PL-2591 

1. S1ri;, c.ab la, dou "1 11irlc. braid 
dl.e/eClrk Of tOIJduelor. Tin ex 
pDied braid and conduc1or Slide 
coupling ring on cable 

2. Screw bod\' on cahle. Solder 
braid through JolOE!r hole,. Soldtit 
conduclOr ID cen1P.r con1.1e1 

3. Screw coupling ring on body 

BJ-1SP PLUG WITH ADAPTERS 

1 _ Strip jacket . Don•, nick b,ald. 
Sljde couplin"g riog and adap1et o,i 
cable. Note - use 83 -1 68 adapter 
fo, RG-58/U and 83-185 for 
RG-59/U. 

2. fan br~id slightly, fold bade 
over adapter and lrim to 3/8'' 
Strip die:lecoic and tin 8)1:PQ'M!d 
conductor Dem 't niek co11duct01 

~ 
~ 

3. Screw bodi; on adapl@r Follow 2 and 3 under 0J-1SP plug. 

CONSTRUCTION PRACTICES 

BNC CONNECTORS (STANDARD CLAMP! 

1. Strip 1acke1 F rav braid and 
s1r1p d1elec1ric. Don't niek bh1id 
m- conduetor. Tln conductor 

2. Taper braid. Slide nut, we,hElr, 
gasket end clamp owir t:uaid 
Clamp inner shoulder should fn 
tquarely again$! end cl jackie-t 

J. With clamp in place, comb oul 
braid, fold back smooth as 1h0wr1 
Trim 3/32" lt0mend 

4 Solder contac! on conductor 
through iolder hole. Contact 
should but1 .1gain11 disle,ctr1c Re • 
move e:iu:es, rnlder from ouJside 
o1 contact Avoi d e-.cess heat to 
pMvsnt swollen dielflctric which 
would m1erfer2 "°"1h connector 
body 

S Pu~h .at11eMbly ln10 body. 
Screw nur mJa body with wnmch 
urrnl 11ghl. Don I ro1au bod1· on 
,'Obit- la tigl,un. -

ewe 
~• 111-111111 I 
■/w IH•H/UI 

1/11 ►1 I--

BNC CONNECTORS !IMPROVED CLAMPI 

1 . ~allow 1, 2 , 3 and 4 ebove 
ekC:et,l H noted S1rip cshle as 
shown. Slide gai;hl an cabls with 
xroot'l' facing clamp. Slide clamp 
or, cable wilh sharp ed;:,~ ftlcln~ 
KJJdel. Clamp sltould ~ur gal~T 
rn $8al prope,l',I 

~ .. 1/64 

~3/ 1& 

Fig. 18-9 - Cable stripping dimensions a!)d assembly instructions tor several popular coaxial cable connectors. 
This material courtesy of AMPHENOL"' ELECTRONIC COMPONENTS, RF Division, Bunker Ramo Corp. 
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will add to the appearance or the finished unit. In a 
similar manner, "dr~" the small componenis so 
that they are parallel to the panel or sides of the 
cha.~sis. 

Winding Coils 

Close-wound coils are readily wound on the 
specified form by anchoring one end of a length of 
wire (in a vise or to a doorknob) and the other end 
to the coil form. Straighten any kinks in the wire 
and then pull to keep the wire under slight tension. 
Wind the coil to the required number of turns 
while walking toward the anchor, always maintain
ing a slight tension on the wire. 

To space-wind the coil, wind the coil 
simultaneously with a suitable spacing medium 
(heavy thread, string or wire) in the manner 
described above. When the winding is complete, 
secure the end of the coil to the coil-form terminal 
nnd then carefully unwind the spacing material. If 
the coil ls wound under suitable tension the 
spacing material can be easily removed without 
disturbing the winding. Finish the space-wound 
coil by judicious applications of Duco cement to 
hold Ute turns in place. ' 

The "cold" end of a coil is the end at or close 
to chassis or ground potential. Coupling links 
should be wound on the cold end of a coil, to 
minimize capacitive coupling. 

CIRCUIT-BOARD FABRICATION 

Many modem-day builders prefer the neatness 
lllld miniaturization made possible by the use of 
etched or printed circuit boards. There are 
additional benefits to be realized from the use of 
circuit boards: Low lead inductances, excellent 
physical stability of the components and intercon• 
necting leads, and good repeatability of the basic 
layout of a given project. The latter attnbute 
ma~es the use of circuit boards ideal for group 
proJects. 

Methods 

Perhaps the least complicated approach to 
circuit-board fabrication is the use of unclad 
perforated board into which a number of push-in 
terminals have been installed. The perforated board 
can be obtained with one of many hole patterns, 
dependent upon the needs of the builder. 
Perforated terminal boards are manufactured by 
such firms a.s Vector, Kepro, and Triad. TI1elr 
products are available from the large mail-order 
houses. 

Once the builder plots the layout of his circuit 
on paper, push-in tenninals can be installed in the 
"perf .. board to match the layout which was done 
on paper. The terminals serve as tie points and 
provide secure mounting-post anchors for the 
various components. Selected terminals can be 
wired together to provide ground and B-plus lines. 
Although this technique is the most basic of the 
methods, It is entirely practical. 

An approach to etched-circuit board assembly 
can be realized by cutting strips of flashing copper, 
hobby copper, or brass shim stock into the desired 
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shapes and lengths, then gluing them to a piece of 
unclad cin:uit board. Epoxy cement is useful for 
the latter. Alternatively, the strips can be held in 
place by means of brass eyelets which have been 
installed with a hand eyelet tool. If standard 
unclad circuit board ls not handy, linoleum or 
Formica sheeting can be made to serve as a base for 
the circuit board. If this te~hnique is used, the 
metal strips should be soldered together at each 
point where they join, assuring good electrical 
contact. 

Etched-circuit boards provide the most profes
sional end result of the three systems described 
here. They are the most stable, physically and 
electrically, and can be easily repeated from a 
single template. Etched-circuits can be formed on 
copper-clad perforated board, or on unpunched 
copper-clad board. There ia no advantage in using 
the perforated board as a base unless push-in 
terminals are to be used. 

Planning and Layout 

The constructor should first plan the physical 
layout of the circuit by sketching a pictorial 
diagram on paper, drawing it to scale. Once this has 
been done, the Interconnecting leads can be inked 
in to represent the copper strips that will remain 
on the etched board. The Vector Company sells 
layout paper for this purpose. It is marked with the 
same patterns that are used on their perforated 
boanls. 

After the basic etched-circuit design has been 
completed the designer should go over the 
proposed layou I several times to insure against 
erron. When the foregoing has been done, the 
pattern can be painted on the copper surface of the 
board to be etched. Etch-resistant solutions are 
available from commercial suppliers and can be 
selected from their catalogs. Some builder.. prefer 
to use India ink for this purpose. Perhaps the most 
readily-available material for use in etch-resist 
applications is ordinary exterior enamel paint. The 
portions of the board to be retained are covered 
with a layer of paint, applied with an artist's brush, 
duplicating the pattern that was drawn on the 
layout paper. The job can be made a bit easier by 
tracing over the original layout with a ballpoint 
pen and carbon paper while the pattern is taped to 
the copper side of the unetched circuit board. The 
carbon paper is placed between the pattern and the 
circuit board. After the pllint has been applied, It 
should be a!Jowed to dry for at least 24 hours prior 
to the etching process. The Vector Company 
produces a rulH>n transfer material that can also be 
used as etch-resist when laying out circuit-board 
patterns. Thin strips of ordinary masking tape, cut 
to size and finnly applied, serve nicely as 
etch-resist material too. 

The Etching Prcx:e&, 

Almost any strong acid bath will serve as an 
etchant, but the two chemical preparations 
recommended here are the safest to use. A bath 
can be prepared by mi,ung I part ammonium 
persulphate crystals with 2 parts clear water. A 
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Fig. 18-10 - A homi,made st>ind lor µrm;essi11y 
etched-circuit boards. The heat lamp maintains the 
etchant-bath temperature between 90 and 115 
degrees, F. and is mounted on an adjustable arm. 
The tray for the bath is raised and lowered at one 
end by the action of a motor-driven eccentric disk, 
providing the necessary agitation of the chemical 
solution . A darkroom thermometer monitors the 
temperature of the bath. 

normal quantity of working solution for most 
amateur radio applications is composed of I cup of 
crystals and 2 cups of water. To this mixtt1r~ add 
1/4 teaspoon of mercuric chloride crystals. The 
latter serves as an activator for the bath. 
Ready-made etchant kits which use these chemicals 
are available from Vector_ A two-bag kit is sold as 
item 2594 and costs just over $1. Complete kits 
which contain circuit boards .. etchant powders, 
etch-resist transfers, layout paper, and plastic 
etchant bags are also available from Vector at 
moderate prices. 

Another chemical bath that works satisfactorily 
for copper etching is made up from one part ferric 
chloride crystals and 2 parts water. No activator is 
required with this bath. Ready-made solutions 
(one-pint and one-gallon sizes) are available 
through some mail-order houses at low crn;t They 
are manufactured by Kepro Co. and carry a stock 
number of E-IPT and E-lG, respectively. One pint 
costs less than a dollar. 

Etchant solutions become exhausted after a 
certain amount of copper has been processed, 
therefore it is wise to keep a ·quantity of the bath 
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on hand if frequent use is anticipated. With either 
chemical bath, the working solution should be 
maintained at a temperature between 90 and 115 
degrees F. A heat lamp can be directed toward the 
bath during the etching period, its distance set to 
maintain the required temperature_ A darkroom 
thermometer is handy for monitoring the tempera
ture of the bath_ 

While the circuit board is immersed in the 
solution, it should be agitated continuously to 
permit uniform reaction to the chemicals. This 
action will also speed up the etching process 
somewhat. Normally, the circuit board should be 
placed in the bath with the copper side facing 
down, toward the bottom of the tray. The tray 
should be non-metallic , preferably a Pyrex dish or 
a photographic darkroom tray. 

The photograph, Fig. 18-10, shows a home
made etching stand made up from a heat lamp, 
some lumber, and an 8 rpm motor. An eccentric 
disk has been mounted on the motor shaft and 
butts against the bottom of the etchant tray_ As 
the motor turns, the eccentric disk raises and 
lowers one _end of the try, thus providing 
continuous agitation of the solution. The heat 
lamp is mounted on an adjustable, slotted wooden 
arm. Its height above the solution tray is adjusted 
to provide the desired bath temperature. Because 
the etching process takes between 15 minutes and 
one hour - dependent upon the strength and 
temperature of the bath - such an accesso:iy is 
convenient. 

After the etching process is completed, the 
board is removed from the tray and washc,d 
thoroughly with fresh, clear water. The etch-resist 
material can then be rubbed off by applying a few 
brisk strokes with medium-grade steel wool. 
WARNING: Always use rubber gloves when 
working with etcham powders and solutions. 
Should the acid bath came in contact with the 
body, immediately wash the affected area with 
clear water_ Protect the eye~· when using acid baths. 

COMPONENT VALUES 
Values of composition resistors and small 

capacitor5 (mica and ceramic) are specified 
throughout this Handbook in terms of "preferred 
values." In the preferred-number system, all values 
represent (approximately) a constant-percentage 
increase over the next lower value. The base of the 
system is the number LO_ Only two ~ignificant 
figures are used. 

"Tolerance" means that a variation of plus or 
minus the percentage given is considered satisfac
tory_ For example, the actual resistance of a 
"4 700-ohm" 20-percent resistor can lie anywhere 
between 3700 and 5600 ohms, approximately. The 
permissible variation in the same resistance value 
with 5-pcrccnt tolerance would be in the range 
from 4500 to 4900 ohms, i1pproximate!y. 

In the component specifications in this 
Handbook, it is to be understood that when no 
tolerance is specified the largesr tokrance available 
in that value will be satisfactory. 

Values that do not fit into the preferred
number system (such as 500, 25,000) ea~ily 
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can be su bsti tu ted. It Is obvious, for ex am pie, that 
a 5000-ohm resistor falls well within the toleran:e 
range of the 4 700-ohm 20-percent resistor used in 
the example above. It would noL however, be 
usable if the tolerance were specified a~ S percent. 

TABLE 18-11 
Approx.imale Series-Resonance Frequencies of 

Disc Ceramic Bypu.~ Capaciton 

Capaclranu Freq.1 Freq.2 

.01 µF 13 MHz 15 MHz 

.0047 18 22 

.002 31 38 

. 001 46 55 

.0005 65 80 

.0001 135 165 

1 Total lead lenath of 1 lncb 
2 Total lead lenatb of 1/2-lncb 

COLOR CODES 

Standardized color codes are used to mark 
values on small components such as composition 
resistors and mica capacilors, and to identify leads 
from transformers, etc. The resistor<apacitor 
number color code is given in Table 18-lll. 

Fixed Capacitors 

The methods of marking "postage~ tamp" mica 
capacitors, molded paper capacitors and tubular 
ceramic capacitors are shown in Fig. 18-11. 

Capacitors made to American War Standards or 
Joint Army-Navy specifications aze marked with 
the 6-dot code shown at the top. Practically all 
surplus capaciton arc in this category. 

The 3-dot EIA code is used for capacitors 
having a rating of 500 volts and .±20 perce:it 
tolerance only ; other ratinp and tolerances are 
covered by the 6-dot EIA code. 

l:.xampl1111 : A capecllor wUh • 6-dol code bas the 
fo llow1n1 muklnp : Top ·-· lefl lo rigll l, black. ,,uow, 
vlolel : bollom row, n1h1 to lert. b,..., •• sivu, n,d. Since 
Ille n,., <olor in lho lop row 11 block (11gnillcanl ngu n: 
zero) lhb t1 lhci AWS code • nd Ihm capacilor hm mica 
dlolcc lrlc. Th• , 1, n1nu nl fl~•«• • n: ◄ and 7, the decim al 
mull lpllor IO (brown, al ,,, ht or ,econd rowl. ,o lhe 
c,p.., it• nce I• 470 p~. Th• 1olorunce is t ()'X,, The nnal 
r.;olc r, lh.o ..:hara:c1ori111h:, 4.l cuh, v. l1 h 1empcra1ur~ coc:ffic lents 
anJ m~1 had11 or tc,11, tin, C~e T1bki ! 1-V>. 

A capadlar wl1h a 3-dar cede, has ttM.i ro1Jowir11 colon, 
lcfl lo rlyh l : brolWn, black, n:d. The illCR,ifi1.·an1 figure~ a re 
I. 0 11 01 and lhe mulllpllor b 100. The capacitance i, ,h.,, ro .. 1 oo pl'. 

A c■ pei.:hor .,llh 1 6.Jol code ha &he Following 
m.,klni.: Top row, k,fl lo rl1hl, brown, black, black: 
bollom row, 11,h1 lo lefl, black. 1old, blue. Sina: the linl 
color Jn Ille lop row It nellhtir hll&:k nor 1ilftl, thh i1 lhr 
FJA codo. Tho ,lpiflcanl fill"r<• an, I, 0. 0 (1001 and the 
decimal mu ll lph•r la I tbla.:k). The capacitaoce D lhudon: 
100 pl'. The 1old dol ■bo•• 111111 1he tnleuncr b _t5 0J and 
the blui dol lndkale-, 600-11011 r■llffl. 

Ceramic Capacitor:s 

Conventional markings for ceramic capacitors 
are shown in the lower drawing of Fig.18-11.The 
oolon have the meanings indicated in Table 18-UI. 
In piaCtice, dots may be used instead of the 11111Tow 
bands indicated in Fig. 18-11. 
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h1mpk: A <erarnk .-.padu,r ha, die followlnr 

m&lkislp : Bn>•d band, •lolot: n■rrow b1ada ar dot>. Jn:ea, 
brown. black. p oc,n, The, ■ill'ltlcan l n,w-.. &ID S. I (j I) 
and 1hc ikclmol mullopllcr II I. ,o die <apacilan"" 11 51 pl'. 
The 1emper>t11t( a><:fficlenl II - 150 .-11, pot rnlllon per 
~,,: <: • a lfflln b) rhe brood bond. rh¢ c:apa.itance 
wloruo<e 11 _t S'>. 

Fn:ed Composilion Resistors 

Composition resistors (including small ~ 
wound units molded in cases identical with the 
composition type) are color-coded as shown in Fig. 
18-12. Colored bands are used on remtors having 
axial leads; on radial-lead resistors the coloa are 
placed as ihown in the drawing. When bands are 
used for color coding the body color has no 
significance . 

Exampl•s: A ,.,11101 a! lho 1rpe 1ho,. n ia the lower 
drawing o f Fl1- 111-ll hu the followtn1 colo1 bond■ : A, Jed; 
8, r,d ; C. oranJI!; D, no color. TI,e 1tanlncanl f11u101 an, 2, 
2 (22) ond lho decimal multlplle, 11 I 000. The w■Jue of 
rea, 1once i• lh<refon, 22,000 ohm1 and the lole,an« 11 
.t2~. 

A resl,101 of Ilic 1rpe ,hown In lhe upper drawing ha• 
lh• following colon : bodr (A), blue; end IBl, an, : dot, 
red: end (D), gold. TI1e 111!'1ific ■nl OprH a,e 6 , 8 (68) and 
the decimal mulllpll• r la I 00, ta lho ret lttana, t1 6800 
nbms. Th• lolen,nce 11 .t 511,, 

'-t.imt,I J1Ulip/w 
-Tllludn<• 

AWSal.lolN fi■ll..,;.o 

Rrst 
sifnmmnl fifUte 

s;n;r:::1¥-,.---
D«i,,,ol 

nwtt,pliar 

0 0 0 

D«imtJ mult/pliv 
Lro✓""'nur 

.F,11t sifiililJlllt ''fl,. 
-a s-r.J s,y,iifiunt ,,_,,. 

C-i>«,tNU lffilltipliu 
f>-C4pocilM,a_ fdwwa 

Fiaal ............ 

Fig. 18-11 - Color coding of fixed mica, molded 
paper and tubular ceramic capacitors. The color 
code for mica and molded paper capacitors is given 
in Table 18-111. Table 18-IV gives the color code 
for tubular ceramic capaciton. 



554 

TABLE 18-111 
Resistor.{:apacitor Color Code 

Significant Decimal Tolerance Voltage 
Color Figure Multiplier (%) Rating• 

Black 0 I 
Brown I JO I• 100 
Red :2 JOO 2• 200 
Orange 3 1.000 3• 300 
Yellow 4 10,000 4• 400 
Green 5 100,000 5• 500 
Blue 6 1.000.000 6· 600 
Violel 7 10,000,000 ,. 700 
Gray 8 100,000,000 s• 800 
White 9 1.000,000.000 9• 900 
Gold 0.1 5 1000 
SIiver 0.01 10 2000 
No color 20 500 

• Applies to capacitors only. 

TABLE 18-IV 
Color Code for Ceramic Capachon 

Capac ii a nee 
Tolerance 

Temp. 
Dec- More Le:a Coe/{. 

Slgni- imal than than ppm 
ficant Multi• 10pF10pP /deg. 

Color Ffgure plier (in 'fl.) (In pF) c. 
Black. 0 I -±20 2.0 0 
Brown l 10 .± I 30 
Red 2 JOO .± 2 80 
Orange 3 1000 - 150 
Yellow 4 -220 
Green s - 330 
Blue 6 ± s 0.5 - 470 
Violet 7 - 750 
Oray 8 0.01 0.25 30 
White 9 0.1 .±10 1.0 500 

TABLE 18-V 
Capacitor Cltaracterislic Code 

Color Temperature 
Sixth Coefficient Capaclt<1nce 
Dot ppm/deg. C. Drift 

Black .± 1000 .±5% +J pF 
Brown .±500 ±3%+ 1pF 
Red .±200 .±0.S% 
Orange .±1 00 .±O,l% 
Yellow -20to+JOO .i0.1% +0. 1 pF 
Green o to +70 ±().05% + 0 . 1 pF 

Fig. 18-12 - Color coding of fixed compmition ► 
resisrors. The color code is ijven in Table 18-111. 
The colored areas have the following significance: 
A - First significant fi~re of resistance in ohms. 
B - Second significant figure. 
C - Decimal multiplier. 
D - Resistance tolerance In percent. If no color is 

shown the tolerance is ±.20 percent, 
E - Relative percent change in value per 1000 

hours of operati on; Brown. 1 percent; Red, 
0.1 percent; Orange, .01 percent; Yellov,, .001 
percent, 

CONSTRUCTION PRACTICES 

1-f Transformers 

Blue - pl.ate lead. 
Red - "B" + lead. 
Green - grid (or diode) lead. 
Black - grid (or diode) return. 

NOTE: If the secondary of the i-f traruformcr 
is center-tapped, the second diode plate lead is 
green-and-black suiped, and black is used for the 
center-tap lead. 

Audio Transfomien 

Blue - plate (finish) lead of primary. 
Red - "B" + lead (this applies whether the 

primary is plain or center-tapped). 
Brown - plate (start) lead on center-tapped 

primaries. (Blue may be used for this lead if 
polarity is not important.) 

Green - grid (finish) lead to secondary. 
Black - grid return (this applies whether the 

secondBiy is plain or center-tapped). 
Yellow - grid (slllll) lead on center-tapped 

secondaries. (Green may be used for thi~ lead if 
polarity is not important.) 

NOTE: These markings apply also to line-to
grid and tube-to-line tr.msfonners. 

Power Tnnsfooners 

l) PrlmitJY Lt:ath ••.••.•.• ..........• • Blud. 
If tapped: 

Common ••••••.•..••.•••.•.••• Black 
Tap..... • • • • . Black and Yellow_Strlped 
Finish • • • • • • • • • .• Black and Red Striped 

2) High-Voltage Place Winding •••.•..••.• Red 
Center-Tap ..•••.. Red and Yellow Striped 

3) Rectifier Filiunent Winding .•...••••• Yellow 
Center-Tap •••••. . Yellow and Blue Striped 

4) Filament Winding No. I •••••••••••• , Green 
Center-Tap .•••• Grun and Yellow Striped 

.5) Filllrnent Winding No. 2 •••••••••.•• Brown 
Center-Tap •• , • • Brown and Yellow Striped 

6) Fil amen I Winding No. 3 •••• , .••..•••• Slate 
Center-Tap •••••• Slate and Yellow Striped 



Color Codes 

TABLE 18-VI 
Color Code for Hookup W-ue 

Win! 
Color Type ofCl,r:ulr 

Black 

Brown 
Red 
Orange 

Yellow 
Green 

Blue 
Violet 
Guy 
White 

Grounds, grounded elements , and 
returm 

Healers or filaments, otf ground 
Power supply B plus 
Screen grids and Base l of 

transistors 
Cathodes and transistor emluers 
Control grids, diode plain, and 

Base I or transistors 
Plald and lramislor collectors 
Power supply, minus leads 
Ac power line leads 
Bias supply, B Of' C minus, age 

Wires with tracers are coded in the same man
ner as 1olld..,olor wires, allowing additional 
circuit Identification over solid-eolor wiring. 
The body of the wire is white and the color 
band spirals around the wire lead. When 
more than one color band is used, the widest 
band repre&ents the ht color. 

Mil Slier.;. Jdent lo/era.nee 
(s iwer) (.S,/Wr) 

wJ!!'!L 
c9of:.; rrttJ 

(A) 8.2 µH .± 10% 

Nil $pee. /dent. Tole= 

~ 
1st Fig.(~) NiJt. ~ 

(DtlMln) (i 

(B) 330 IJH .±6% 

Color Figure Multiplier Tolerance 

Black 0 1 
Brown 1 10 
Red 2 100 
Orange 3 1000 
Yellow 4 
Green s 
Blue 6 
Violet 7 
Gray 8 
While 9 
None 2~ 
Silver 10% 
Gold 5% 

Mulllpller is the factor by which the two 
co lor figures are multiplied lo ohlein the in
ductance va lue of the choke coil. 
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TABLE 18-VII 
Metric Multiplier Prefixes 

Multiples and submulliples of fundamental 
units (e.g., ampere, fa.nd, gnm, meter, watt)) 
may be indicated by the following prefixes. 

Prefix Abbl't'~latton Multiplier 

tera T 10 12 
giga G 10 9 
mega M 10 8 
kilo k IO 3 
hecto h 10 2 
deci d t o J 
centi C 10- 2 
milli m 10-3 
micro µ 10- 6 
nano n I0- 9 
pico p l0-12 

Fig. 18-13 - Color coding for tubular encapsulated 
rf chokes. At A, an e1<ample of the coding for en 
8.2..µH choke is given. At B, the color bands for 11 

◄ 330-µH inductor are illustrated. 

PILOT-LAMP DATA 

Lamp Bead Base Bulb RATING 

No. Color (Miniature) Type Vol13' Amp. 

40 Brown Screw T-3 1/4 6 - 8 0,15 
40A1 Brown Bayonet T-3 1/4 6-8 0.15 
41 While Screw T-3 1/4 2.5 0 .5 
42 Green Screw T-3 1/4 3.2 •• 
43 White Bayonet T-3 1/ 4 2.5 0.5 
44 Blue Bayonet T-3 1/4 6-8 0 .:25 
45 • Bayonet T-3 1/4 3 .2 •• 
462 Blue Screw T-3 1/ 4 6 - 8 0 .:25 
47l Brown Bayonet T-3 1/4 6-9 O.IS 
48 Pink Screw T-3 1/ 4 2.0 0.06 
493 Pink Bayonet T-3 1/4 2.0 0.06 
49A3 Wblle Bayonet T-3 1/4 2.1 0.12 
so White Screw G-3 1/2 6 - 8 0.2 
s1 2 White Bayonet G-3 1/2 6-8 0.2 
S3 - Bayonet G-3 1/2 14.4 0.12 
55 White Bayonet G-4 1/2 6-8 0.4 
292 6 While Screw T-3 1/4 2.9 0.1'1 
292A6 Wllite Bayonet T-3 1/4 2.9 0.17 
1455 Brown Screw G-S 18.0 0.25 
1455A Brown Bayonet G-5 18.0 0.25 
1487 - Screw T-3 1/4 12- 16 0.20 
1488 - Bayonet T-3 1/4 14 0.15 
1813 - Bayonet T-3 1/4 14.4 0.10 
1815 - Bayonet T-3 1/4 12-16 0 .10 

1 40A and 47 ue lnr.trcbimpable. 
2 Have frosted bulbs. 
3 49 Bnd 49A ue lntereban1eable. 
4 Replace wllb No. 48. 
6 Use in 2. l>-volt sels where re11uJiu bulb bums 

out too fruqueoUy. 
• White In G.E. and Sylvania; green in Nation• 

al Union, Raytheon and Tung-Sol. 
n 0.36 In G.E, and Sylvania; 0.5 In National 

Union, Raytheon and TuDl!i-Sol. 
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FINDING PARTS 

No chapter on construction would be complete 
without information on where to buy parts. 
Amateurs, on a dwarfed scale, must function as 
purchasing agents in these perplexing times. A 
properly equipped buyer maintains as complete a 
catalog file as possible. Many of the companies 
listed in Chart I will provide free catalogs upon 
written request. Others may charge a small fee for 
catalogs. Mail ordering, especially for those distant 

CONSTRUCTION PRACTICES 

from metropolitan areas, is today's means to the 
desired end when collecting component parts for 
an amateur project. Prices are, to some extent, 
competitive. A wise buyer will study the catalogs 
and select his merchandise accordingly. 

Delays in shipment can be lessened by avoiding 
the use of personal checks when ordering. Bank or 
postal money orders are preferred by most dis
tributors. Personal checks often take a week to 
clear, thereby causing frustrating delays in the 
order reaching you. 

FREQUENCY-SPECTRUM REFERENCE CHART 

Non-amateur Channel Assignments and Other Frequency Data 

[(kHz) 

15.734264 ~.000044 TV hor. scan freq. 
17.8 (0,.5) 8 NAA Cutler, ME. 
18.6 (0.5) 11 NPG/NLK Jim Creek, WA. 
21.4 (0.S)a NSS Annapolis, MP. 
24.0 (0.5Ja NRA Balboa, Panama, C.Z. 
26.1 (0.5) 8 NPM, Hawaii. 
60.0 (0.5)8 ,b WWVB Ft. Collins. CO. 
85 Receiver i-f (command set or "Q5er"). 
100.0 (0.5)8 Loran C (regional). 
179 WGU-20 CD Station, East Coast. Be of WX 

and time (a-m). 
285 - 325 Marine RDF band. Two cw tones 

1020 Hz apar t. 
285 - 405 Aero RDF; aero WX (a-m) 325 - 405 . 
415 - 490 Marine (cw). 
455 Receiver i-f/mech. filters (Collins). 
535 - I 605 Be (a-m), I 07 chans. every 10 kHz 

from 540 (carrier). 

[(MHz) 

1.8 - 2.0 Loran A (pulse xsrn). 
2.5 (0.5)a.b WWV, Ft. Collins, CO. WWVH 

Hawaii. 
3.33 (50)a,b CHU Ottawa, Omada. 
3.395 Transceiver i-f (Heath, Kenwood). 
3.579545 ± 10-5 TV chrominance subcarricr. 
5.0 (0.S)a,b WWV, WWVII. 
5.645 Receiver i-f (Drake). 
7.335 (50)8 ,b CHU. 
9.0 XtaJ filters (KVG). 
10.0 (0.5Ja,b WWV, WWVH. 
10.7 Receiver i-f (fm be). 
14.67 (50)B,bCHU. 
15.0 (0.5)a,b WWV. 
20.0 (0.5) 8 ,b WWV. 
2.5.0 (0.5)8 ,b WWV. 

26.965 - 26.985 Citizens Band, chan. l - 3 
(10-kHz sep.). 

27 .005 - 27 .035 CB, chan. 4 - 7. 
27 .055 CB, chan. 8. 
27 .07 5 - 27 .085 CB, chan. IO - 1 1. 
27.105 - 27.135 CB, chan.12 - 15. 
27.155 - 27. 18S CB, ~h~n.16- 19. 
27 .205 - 27 .225 CB. chan. 20 - 22. 
27 .255 CB, chan. 23. 
41.25 TV sound carrier (101:ation in receiver i-f). 
42.1 7 TV color subcarrier (location in 

receiver i-f). 
45.75 TV picture carrier (location in receiver i-f). 
54 - 7 2 TV chan. 2 - 4. (Three 6-MHz chans. 

starting from 54). 
72, 75 RC cham. 
76 - 88 TV chan. 5 - 6. 
88.1 - 107.9 Be (fm) 100 chan. from 88.1 

(carrier) with 200-kHz sep. 
120 - 130 Aero; RDr WX. 
137.5, 137.62 WX Sat. (A4) ref. WIAW Bui. 

for orb. data . 
162.4 Marine WX be (fm, regional). 
174 - 21 6 TV chan. 7 - 13. 
470 - 890 TV chan. 14 - 83 (70 chan. 6-MHz 

wide). 

8 Standard-Freq uency Tran~mission figure in 
brackets is error in parts 1010 (Electronics 
Engineers' Handbook, McGraw Hill , pp . 1-48). 

bStandard tirn~ ~ta Lion. A 3 xsrns in dude time, 
WX, and propagation on WWV /WWVH. A 3 time 
xsms on CHU (English/French). WWV B has no 
A3; info in BCD format generated by reducing 
carrier by I U dB (binary 0). 



E 
• starnp 
,.., S5 

L 
• SI 
•• 110 

H 

L 
• frre 

B 
• fret 
•• none 

L 
• free 

M,N 
• free .. 
0 
• free 
•• nonf.! 

A, E, I 
• free 
•• none 

B 
• bee 
•• none 

L, M,N 
•• f,Of 
• 85 

M,N 
• hee 
•• $10 

C 
• tree 
•• none 

L,A 
• tree 

C.P 
• fru 
•• none 

A,E 
• free 
•• none 

J,M 
• free 

1,M,N 
" free 
•• $3 

L 
• free 
•• none 

L 
• free 

L 
• free 
•• S6 

B, J 
• freP. 
•• none 

M,N 
• tree 

A 
• free 
-.:• $5 

Aldelco 
P. 0. Bow 3~1 
Lynbrook, NY l l ~63 

AJlied EJect.ronics 
2400 W. Wasbin~ton Bl•d. 
Chica 10. IL 80612 

All Star Products. Jnc. 
PO Bo• 487 
Delitince, OH 48512 

Amateur ~lfctronlc Supply 
4828 W. Fond du Lac Ave. 
Milwaukoe, WI 53216 

Amidon Associates 
l 2033 Otsego Stuet 
N. Hollywood, CA 91607 

AM Tech 
PO Box 624 
Marion, OH 52302 

Andy Electronics 
6427 Springer 
HoUSJton, TX '77017 

Alhmtlr Surplus Sales 
&80 Third Avenue 
Brooklyn, NY 11215 

ATV Research 
13th,& Broadway 
Dakota City, NE 68731 

Barken Electronics 
2:7 4 Mt. Plea.san.t Ave 
Livingston. NJ 01039 

Barker &r Willi.amson. Inc. 
Canal St. 
Bristol, PA 19007 

Bany Electronics 
~12 Broadway 
New York, NY 10012 

Bud1et Eledron.ici 
2704 We.st North Avenue 
Chi""go. IL 60647 

Circuit Board Speci&li!U 
P. 0. Bo, 960 
Puebla, CO Bl 002 

Cambridge Thermionic Corp. 
445 Concord Ave. 
Cambridge, MA 02138 

Circuit Board Sperialist11 
3011 Norwich Ave. 
Pueblo. CO 81008 

Circuit Specialists Co. 
PO Box 3047 
Scottsdale. AZ 85257 

Theodore E. Dames Co. 
308 Hickory St. 
Arlington, NJ 01032 

Drlta Electronics Co. 
PO Box I 
Lynn. MA 01903 

Domininn Radio &: £(eel. Co. 
535 Yonge St. 
Toronto, Ontario, CANADA 

Electroniu Distributors. lnc. 
1960 Pl!!d< Strlf•t 
Mu•kegon, Ml 4944! 

Electro~Sonic Supply 
643 Yonge St. 
Toronto. Ontario, CANADA 

E. S. Electronic Labg 
Box AJ4 
Excebiior Spring,;, MO 64024 

Fair H:ad10 Sal~ 
Bax l 105 
Lima. OH 45902 

Gerber 
B52 ProvidlfnD! Hwy. 
Dedham, MA 02026 

p 

A,H,O 
• free 
•• none 

L 
• bee 

I K 
• free 
•• $10 

Chart I 

Gregory E:lect~onicg Cotp. 
249 Rte. 46 
Saddle Brook, NJ 07662 

HAL Devices 
Box 865 
Urbana. IL 61B01 

Ham Radto Center 
8342 Oli•e Blvd. 
St. Louis, MO 63132 

Hammood Tre.ruiformer 
394 Edinburgh Rd. 
N. Guelph, Ontario. 
CANADA 

L C. M. Peterson Co. Ltd. 
• none 220 Adelaide St., N. 
• • none London. Ont. N6B3H4 

CANADA 

J Pit-;rn Teehnology . Inc. 
• Cree Box '1877 
• • Orlando. FL 32804 

E. M Poly P.tk& 
• 15~ Bo, 042 
••none Lynnfield. MA 01940 

M. N Precis:ion Synem.s 
• free PO Box 6, 
• • $2 Munay HiU, NJ 07914 

U.S. Distributor for Hammond: D Savoy Electronics, Inc 

L 
• none 
h 

A 
• fcee 

• 
L 
• nnn@ 

Genesee Ra.dio Co. 
2650 Dela,vB.1e Ave. 
Buffalo, NY 14216 

Harrison Radio 
20 Smlth St,ee1 
Fa.rmin1dale, L.i .• NY 1113f, 

• Heath Co. 
Benton Harbor. Ml 49022 

Henry Radin 
l 1240 W. Olympic Bh•d. 
Lo• Angele<, CA 92801 

L Hobby Jndu.11trie1o 
• 25q Box 804 
•• $1.00 Coulldl Rlutl._ IA 51601 

D 
• free 

"" $~ 

D 
• tteir 

A,M.N 
• 25g 
* + S2 

•• nuntl 

~-
• b-ee 
•• $10 

lntemattonal Crysltl.l Co. 
10 N. Lee Street 
Oklahom• Cily, OK 13102 

JAN CrysUls 
2.ioo Crystal Drive 
Ft. Myus, f'L 33901 

Jeff-Troniei • 
4252 Pearl Ho~d 
Cleveland, OH 44 I09 

Kl!pro Circi.tit Systems. 
a630 Sc.arl•I O•k St. 
St. Loui,, MO 63122 

Kbk Electronics Division 
Electrote<! ~rp. 
400 Town St. 
Ea,t Haddam, CT 06123 

L Lafayette Radio E1ert 
• free 111 J{llrir.ho Tpk 
•• honll! Svosset, L. I.. NY 1 t 191 

(See local phonr diffctnr)') 

M. N John Me<haa, Jr. 
free Box 62 

• • $~ E, Lynn, MA 01904 

• free .. 
A.G.H 
• frel! 
•• ss 

A. B.H 
• frel!! 

C 

A 
• tree 
•• ss 

B 
* ltee 
•• no!le 

C 
• free 
•• nont-

MF J £ntrrpr1ses 
PO Bo, 49j 
Mi .. usippi State, MS 39762 

James MIIJ•n MfI. Co. 
l 50 F.xr.hanAf! Street 
MaJdem. M,\ D'2118 

J. W. Miller Company 
19070 Reye11 A\'enue 
Compton. CA !10224 

D.L. MtClnen 
19721 Ma~lewocrl Ave. 
Cleveland, OH 44135 

Nurmi Eteetrnnt~ Supply 
1727 Don.,.. Rd. 
West Palm Beach, FL 33~0I 

PAioma!' Engineers 
Box 455 
Escondido, CA 92025 

PB1 £teetmnir& 
P. 0. Box 6 
AZLI.SO, CA 9] 702 

• fne Box 7127 
• • none Ft. J.auderdale. FL 33304 

n Sontr-y Mfg. Oo. 
• free Crystal Park 
• • none Chicka,ha. OK 7 3} 011 

F Skylanr Products 
• tree 406 Bon Air Avenue 
•* Sl0 Templr. Tt-nece , J,l'L 93617 

A. P Spectronics. Inc . 
• tree 1009 Garfield Street 
•• none Oak Park. IL 60304 

J Spectrurn lnUrnarional 
• free PO Box 1084 
••none Concord, MA 0174'2 

M. N SUIJ' Trontcs 
• free Box l 7 1 27 
•• S4 Portland. OR 91217 

C Charlf'Ei R. Sempirek 
Route 3, Box 1 
Bellaire, 011 43906 

A Solid St.ate Syslem!i, Inc. 
• hee 800 N. Providencl! Rd. 
• • none Columbta. MO 65201 

O Teletype Corp .. ~555 Touhy A . 
Skokie, IL liOU/6 

K, A Ten-Tee Inc. 
Highway 411, E, 
SevierviHe, TN 37862 

O Typetronics 
• sase Box 887 3 
••none Ft. LaudHdal@, FL 33310 

A. B, E G, R. Wbitebau,e 
H 11 Newbeuy Dr. 
• bl!e Amherst, NH 03031 
•• none 
F., M Wein6chenker. KJDPJ 
• free Box 353 
• • none Jrwln, PA 15642 

Chart I Coding 

A - New Componenti 
B Toroid< and l'erriles 
C E1ched-~i1cuit board m•terial< 
D Tran,mittin~ and receiving crystal, 
E - Sulid-,tale device, 
F - An lerin:1 hardw1ne 
G Dial, and knob, 
H Variable ca pacitors 
I - Tr.m fo rmer 
j - i-f iiiters 
K Cabine1 and boxes. 
L All of above. ~•n~ral dis1ribulor 
M Surplm par1s 
N Surplu, a.«emblie, 
0 RTTY fquipmen1 ,nd puns 
P Surplus fm gear and pans 

• Cablog price 
• • Minjmum orde.r 

To the best of our knuwledge, the 
supplier, ,hewn in Chari I are willing lo sell 
t.:omponenu to arn:.iteuu in ,.;m~II quonlitie!ii 
by mail. This listing does nor nece."arily 
1nd1cote thal lhese firms have the appruvol 
af ARRL. 



COPPER-WIRE TABLE 
Lo,al.-d .. ty c ....... , .. 1 

Co,al.-dwly CUN'l'f&I I Corr)IUIO Wir~ CMN~l 8 tuirl'.I or F,.1 Ohm, Cat,acity• N•ar•d 
Su~ Diam, Circ,,lor T11r,u f,6r Liw•ar J,.cn I .1inal1 wir• cabl1z in P•• ,, .. al Diam. B,ilish 

A.W.G. ... Mil 
"' co11dMi,s Pou,ad, 1000 !:'· 700 C.M. '" S.W.G. (B&S) Mil•' Area E"am•J S.C.E. D .C.C. oper& air M bu,adles . Bart 2s· . t,erAmp. "'"'· No. 

1 289.3 83690 - - - ~ - J.947 .]264 119.6 7.348 I 
2 257.6 66370 - - - - - 4.977 .1S93 94.8 6.544 3 
J 229.4 526◄0 - - - - - 6,276 .2009 7S .2 5.827 ◄ ◄ 204.3 ◄ 1740 - - - - - 7.914 .2SJJ 59 .6 5.189 5 s 181.9 33100 - - - - ·- 9.980 .3195 47.J 4.621 7 
6 162.0 26250 - - - - - 12.58 .4028 37.S 4.115 8 
7 144.J 20820 - - - - - 15.87 .5080 29.7 3.665 9 
8 128.5 16510 7.6 - 7.1 73 46 20.01 .640S 23.6 3.264 10 
9 114. ◄ 13090 8.6 ·- 7.8 - - 2S.23 .80?7 18.7 2.906 11 

10 101.9 10380 9.6 9.1 8.9 55 33 31.82 1.018 14.8 2.588 12 
11 90.7 823 ◄ 10.7 - 9.8 - - 40. 12 1.284 11.8 2.305 ]3 
12 80.8 6530 12.0 11.3 10.9 41 23 50.59 1.619 9.33 2.053 I ◄ 13 72.0 5178 13.5 - 12.8 - - 63.80 2.042 7.40 1.828 IS 14 6◄.l 4107 l 5.0 14.0 13.8 32 17 80.44 2.575 5.87 1.628 16 
15 57.l 3257 16.8 -· · 14.7 - - 101.4 3.247 ◄ .65 1.450 17 
16 50.8 2583 18.9 17.3 16. ◄ 22 13 127.9 ◄.09 4 J.69 1.291 18 
17 45.3 2048 21.2 - 18.1 - - 161.J 5.163 2.93 1.150 18 
18 40.3 1624 23.6 21.2 19.8 16 10 203 . ◄ 6.510 2.32 1.024 19 
19 35.9 1288 26.4 - 2 1.8 - - 256.5 8.210 1.84 .912 20 
20 32.0 1022 29. ◄ 25.8 23.8 II 7.S 323.4 JO.JS l. ◄6 .812 21 21 28.5 810 33.I - 36.0 - - 407.8 13.05 1.16 .733 22 
22 25.J 642 37.0 Jl.3 JO.O - s 514.2 16.◄6 .918 .644 23 
23 22.6 S10 41.3 - 37.6 - - 648. ◄ 20.76 .728 .S73 2◄ 24 20.1 404 46.J 37.6 35.6 - - 817.7 26.17 .577 .Sil 25 
25 17.9 320 51.7 - 38.6 - - 1031 33.00 .458 .455 26 
26 15.9 254 58.0 46.1 41.8 - - ]300 41.62 .363 .40S 27 
27 ]4.2 202 64.9 - 45.0 - - 1639 52.48 .288 .361 29 
28 12.6 160 72.7 54.6 48.5 - - 2067 66.17 .228 .321 30 
29 11.J 127 81.6 - S1.8 - - 2607 83. ◄◄ .181 .286 31 
JO 10.0 101 90.5 64.1 55.5 - - 3287 105.2 .144 .255 33 
31 8.9 80 IOI - 59.2 - - ◄ 145 132.7 .114 .227 34 
32 8.0 63 113 74.1 62.6 - - 5227 167.3 .090 .202 36 
33 7.1 50 127 - 66.J - - 6591 21 l.O .072 .]80 37 
34 6.3 ◄ 0 143 86.2 70.0 - - 8310 266.0 .057 .160 38 
35 5.6 32 158 - 73.5 - - •·- 10480 335 .045 .143 38-39 
36 5.0 25 175 103.1 77.0 - - 13210 ◄23 .036 .127 39-40 
37 ◄.5 20 198 - 80.3 - - 16660 533 .028 . 113 4] 
38 4.0 16 22◄ 116.3 83.6 - - 21010 673 .022 .101 ◄2 39 J.S 12 248 - 86.6 - - 26500 848 .018 .090 43 
40 3.1 10 282 131.6 89.7 - - 33410 1070 .014 .080 44 

J A mil is .001 inch. 1 Figures given arc approximate only; insu1ation thickaeu varies with manufacturer. 8 Max. wire: temp. of 212° F and max. ambient temp. of 13S° F. • 700 c1rcu~ lar tnih per ampere is a. satisfactory design fisurc for sma.11 tram1formen 1 hut value• from 500 to 1000 c.m. are commonly used. 

SEMICONDUCTOR DIODE COLOR CODE 
The "lN" prefix is omitted. A double-width band. which also idcntific.9 the cathode 

terminal end of the diode, is usuaJly used a.s the fiut band. (An a)tcrnalivc method uses 
equal band widths with the ••t clearly grouped toward the cathode end. ) The code is 
read starting at the calhode end. 

Diodes having two-digit numbcn are c:odcd with a black band followed by .second 
and third hands. A suffix letter is indicated by a fourlh band. 

Diode■ with three-digit numbers are c:odcd with the sequence numbers in the first, 
second and third bands. Any suffix letter i, indicated hy a fourth band. 

Diodes with fo ur -digit numbers ar c coded by four band• followed by a black band. 
A sllffix letter is indicated by a fifth hand re placing the black ba nd. 

The color code (numbers) ie the same as the resi stor-capacitor code. The suffix-letter 
code is A- brown, B-rcd, C- orange, D- ycllow, E-11:rcen, and F---h1uc . 

UI 
UI 
00 

n 
0 z 
~ ;a 
C: n .... 
5 z .,, 
~ n .... 
0 
m 
"' 



Chapter 19 

'Wave Propagation 
Though great advances have been made in 

recent years in understanding the many modes of 
propagation of radio waves, variables affecting 
communication over appreciable distances are very 
complex, and not entirely predictable. Amateur 
attempu lo schedule operating time and fre.. 
quencies for optimum results may not always 
succeed, but familiarity with the nature of radio 
propagation can certainly reduce the ma1gin of 
failure and add greatly to one's enjoyment of the 
pursuit of any Jcind of DX. 

The sun, ul timate source of life and energy on 
earth, dominates all radio communication beyond 
the local range. Conditions vary with such obvious 

sun-related ear thly cycles as time of day and season 
of the year. Since these differ for appreciable 
changes in latitude and longitude, almost every 
communications circuit Is unique in some respects. 
There ue also short• and long-term solar cycles 
that influence propaga lion in less obvious ways. 
Furthermore, the state of the sun at a given 
moment is critical lo long-distance communication, 
so it is understandable that propagation forecasting 
is still a rather inexact science. 

With every part of the radio spectrum open to 
our use differing in its response lo solar phe
nomena, ama teurs have been, and still are, in a 
position to contribu le to advancement of the art, 
both by accident and by careful investiga lion. 

SOLAR PHENOMENA 
Man's interest in the sun is older than recorded 

history. Sunspots were seen and discussed thou
~ nds of yea,1 ago, and they have been studied 
since Galileo observed them with the first telescope 
ever made. Records of sun~pot observations 
translatable into modern terms go back nearly 300 
years. Current observations are statistically 
"smoothed" to maintain a continuous record, in 
the form of the Zurich Sunspot Number, on which 
propagation predictions mentioned later a.re based. 

A useful modern indication of overall solar 
activity is the solar flux index. Solar flux (noise) is 
measured on various frequencies in many places. A 
2800-MHz measurement made several times daily 
in Ottawa is transmitted hourly by WWV. Because 
it is eHenlially cuneut informa tion, directly re
lated to the sunspot number (see Fig. 19-1) and 
more immediately useful, it tends lo displace the 
latler as a means of predicting propagation con
ditions. 

SUNSPOT CYCLES 

Even before their correlation with radio propa
gation variations was well-known, the periodic rise 
and fall of sunspot numbers had been studied for 
many years. These cycles average roughly 11 years 
in length, bu I have been as short as 9 and as long as 
13 yea.rs. The highs and lows of the cycles also vary 
greatly. Cycle 19 peaked in l 958 with a sun!pot 
number of over 200. Cycle 20, of nearer average 
intensily, reached 120 in 1969. By conlfllst, one of 
the lowest, Cycle 14, peaked at only 60 in 1907.' 
Several cycle lows have not reached zero levels on 

Fig. 19-1 - Relationship between smoothed mean 
Zurich sunspot nu mber and the 2B00-MHz solar 
fl ux. Highest solar flux recorded in 1974, Oct. 12, 
was 145, the equ lvalent o f a sunspot number of 
100. Lowest flux value in 1975 (early June) was 
66, equating with a sunspot number very close to 
zero. 

the Zurich scale for any appreciable period, while 
others have had several monlhs of little or no 
activity. 

Sunspot cycles should not be thought of as 
having sine-wave shape. There can be isolated highs 
during the normmlly low year&. A remarkable 
example was a run of several days in October, 
1974, only a few months from the approximate 
bottom of Cycle 20, when the solar flux reached 
145, a level well above the highs of several cycles 
on record. Only S month~ later, several days of 
solar flux below 70 were recorded 

SOLAR RADIATION 
Insofar as ii affects most radio propagation, 

solar radiation is of two principal kinds: ultraviolet 
light and charged patticles. The first travels at just 
under 300,000,000 meters (186,000 miles) per 
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Fig, 19-2 - W1 HOQ and Wl SL look for sunspots 
with a simple projection system. The baffle at the 
top end of the small telescope provides a shaded 
area for viewing the sun's image (light circle) on 
the projection surface. Sunspots large enough to 
affect radio propagation are easily seen with this 
viewing system. 

second, as does all electromagnetic radiation, so 
UV effects on wave propagation develop simul
taneously with increa~es in observed solar noise, 
approximately 8 minutes after the actual solar 
event. Particle radiation moves more slowly, and 
by varying routes, so it may take up to 40 hours to 
affect radio propagation. I ts principal effects are 
high absorption of radio energy and the production 
of auroras, both visual and the radio variety. 

Variations in the level of solar radiation can be 
gradual, as with the pusagc of some sunspot 
groups and other long-lived activity centers across 
the solar disk, or sudden. as with solar flares. An 
important clew for anticipating variations in solar 
radiation levels and radio propagation changes 
resulting from them is the rotational period of the 
sun, approximately 27 days. Sudden events (flares) 
may be short-lived, but active areas capable or 
influencing radio propagation may recur at 4-week 
intervals for 4 or 5 solar rotations. Evidence of the 
"27-day cycle" is most marked during years of low 
solar activity. 

WAVE PROPAGATION 

Information on the condition of the sun, as it 
affects radio propagation, can be obtained in 
several wayL Projection of the sun's image H in 
Fig. 19-2 is particularly useful in the low years of 
the "11-year" cycle. At other times visible evi
dence of solar activity may be more difficult to 
sort out. Enough definition for our purposes is 
poss.ible with the simplest telescopes. Low-cost 
instruments, 10 to 30-power, are adequate. A 
principal requirement is provision for mounting on 
a tripod having a pan-tilt head. 1 

Adjust the aiming to give a circular shadow of 
the scope body. then move the scope slowly until a 
bright spot appears on the projection surface. Put a 
baffle on the scope to enlarge the shaded area and 
adjust the focus to give a sharp~dged image of the 
solar disk. If there are any sunspots you will sec 
them now. Draw a rough sketch of what you see, 
every time an observation is made, and keep ii with 
your record of propagation observations. 

Spots move across the image from left to right, 
as it is viewed with the sun at the observer's back. 
The line of movement is paraJleJ to the solar 
equator. Not all activity capable of affecting 
propagation can be seen, but any spots seen have 
significance. Active areH may develop before spots 
are visible and may persist after spots associated 
with them are gone, bul once identified by date 
they arc likely to recur about 27 days later, 
emphasizing the worth of detailed records. 

Variations in solar noise may be observed by 
aiming the an lenna at the ri~ing or ,;,,ttine ~nn 
Sudden large increases may be heard regardless of 
the antenna position. Such bursts are often heard, 
but seldom recognized for what they are 
warnings of imminent changes in propagation. 

Vhf or uhf arrays capable of movement in 
elevation as well as azimuth are useful for solar 
noise monitoring. With a good system, the "quiet 
sun" can be "heard" al a low level.' Bursts that 
can be many dB higher indicate the start of a major 
event, such as a solar flare capable of producing an 
hf blackout and possibly vhf auroral propagalion. 

CHARACTERISTICS OF RADIO WAVES 

A 11 electromagnetic waves are moving fields of 
electric and magnetic force. Their lines of force are 
at right angles, and arc mutually perpendicular to 
the direclion of travel. They can have any position 
with respect to the earth. The plane containing the 
continuous lines of electric and magnetic force is 
called the wove front. 

The medium in which electromagnetic waves 
travel has a marked influence on their speed of 
movement. In empty space the speed, as for light. 
is just under 300,000,000 meters per second. It iJ 
slightly less in air, and it varies with temperature 
and humidity to a degree, depending on the 
frequency. It is much less in dielectrics, where the 
speed is inversely proportional to the square root 
of the dielectric constant of the material. 

Waves cannot penetrate a good conductor to 
any extent because the electric lines of force are 
practically short-circuited. Radio waves travel 

through dielectric materials with ease. 

POLARIZATION 
If the lines of force in the electric field are 

perpendicular to the surface of the earth the wave 
is said to be vertically polarized. If parallel with the 
eMth, the polarization is said to be horizontal. It is 
possible to generate waves with rotating field lines. 
Known as circular polarization, this is useful in 
satellite communication, where polarization tends 
to be random. When the earth's surface is not 
available as a reference, polarization not of a 
rntating nature is described as linear or plane 
polarization, rather than vertical or horizontal, 
which become meaningless. Circular polarization is 
usable with plane-polarized antennas at the other 
end of the circuit, though with some small loss on 
most paths. 



The Ionosphere 

TYPES OF PROPAGATION 
Depending on the means or propagation, radio 

waves can be dauified as ionospheric, 1?opo-
1pheric, or ground waves. The ionospheric or sky 
wave is that main portion of the total radiation 
leaving the antenna al angles somewhat above the 
horizontal. Except for the reflecting qualities of 
the ionosphere, It would be lost in space. The 
tropospheric wave is that portion of the radia lion 
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kept close to the earth's surface as the result of 
bending in the lower atmosphere. The ground wave 
is that portion of the radiation directly affected by 
the surface of the earth. It has two components, an 
earth-guided surface wave, and the space wave, the 
latter itself being the resultant or two components, 
direct and ground-reflected The terms "tropo
spheric wave" and "ground wave" are often used 
interchangeably, though this is not strictly com:cL 

THE IONOSPHERE 
Long-distance communication and much over 

shorter distances, on. frequencies below 30 MHz, is 
the result of bending or the wave in the iono
sphere, a region between about 60 and 200 miles 
above the earth's surface where free ions and 
electrons exist in sufficient quantity to affect the 
direction of wave travel. Without the ionosphere, 
DX as we know It would be impossible. 

Ionization of the upper atmosphere Is attri
buted to ultraviolet radiation from the sun. The 
result is not a single region, but several layers of 
varying densities at various heights sunounding the 
earth. Each layer has a central region of relatively 
dense ionization that tapers off both above and 
below. 

IONOSPHERIC LAYERS 
The lowest useful region of the ionosphere is 

called the E layer. Its average height of maximum 
ionization is about 70 miles. The atmosphere here 
is still dense enough so that ions and electrons set 
free by solar radiation do not have to travel far 
before they meet and recombine to form neutral 
particles, so the layer can maintain its ability to 
bend radio wavu only when continuously in 
sunlight. Ionization is thus greatest around local 
noon, and it practically disappears after sundown. 

In the daylight hours there is a still lower area 
called the D region where ionization is pro
portional to the height or the sun. Wave energy in 
the two lowest frequency amateur bands, J.8 and 
3.5 MHz, is almost completely absorbed by this 
layer. Only the highest angle radiation passes 
through it and is reflected back to earth by the E 
layer. Communication on these bands in daylight is 
thus limited to short distances, as the lower angle 
radiation needed for longer distances travels farther 
in the D region and is absorbed. 

The region of Ionization mainly responsible for 
long-distance communication is called the Flayer. 
At its altitude, about 175 miles at night. the air is 
so thin that recombination takes place very slowly. 
Ionization decreases slowly after sundown, reach
Ing a minimum just before sunrise. The obvious 
effect of this change Is the early disappearance of 
long-distance signals on the highest frequency that 
was usable that day, followed by loss of communi
cation on progressively lower frequencies during 
the night. In the daytime the F layer splits into 
two parts, Fl and F2, having heights of about 140 
and 200 miles, respectively. They merge again at 
sunset. 

Scattered patches of relatively dense ionization 

develop seasonally at £-layer height. Such sporadic 
E is most prevalent in the equatorial regions, but it 
is common in the temperate latitudes in late spring 
and early summer, and to a lesser degree In early 
winter. Its effects become confused with those of 
other ionization on the lower amateur frequencies, 
but they stand out above 21 MHz, especially in the 
low-activity years of the solar cycle, when other 
forms of DX are not consistently available. 

Duration of openings decreases and the length 
of skip increases with progressively higher fre
quencies. Skip distance is commonly a rew hun
dred miles on 21 or 28 MHz, but multiple hop 
propagation can extend the range to 2500 miles or 
more. June and July are the peak months in the 
northern hemisphere. £ 8 propagation is most com
mon in midmorning and early evening, but may 
extend almost around the clock at times. The 
highest frequency for £ 9 is not known, but the 
number of opportunities for using the mode drops 
off rapidly between the amateur 50- and 144-MHz 
bands, whereas 28 and 50 MHz are quite similar. 

The greater the intensity of ionization in a 
layer, the more the wave path is bent. The bending 
also depends on wavelength; the longer the wave 
the more its path ls modified for a given degree of 
ionization. Thus, for a given level of solar radi
ation, ionospheric communication is available for a 
longer period of time on the lower-frequency 
amateur bands than on those near the upper limit 
of hf spectrum. The intensity and character of 
solar radiation are subject to many short-term and 
long-term variables, the former stiU predictable 
with only partial success. 

ABSORPTION 
In traveling through the ionosphere. a radio 

wave gives up some of its energy by setting the 
ionized particles in motion. When moving particles 
collide with others, this energy is lost. Such 
absorption is greater at lower frequencies. It also 
increases with the intensity of ionizarion, and with 
the density of the atmosphere. This leads to a 
propagation rac tor often not fully appreciated: 
signal levels and quality tend to be best when the 
operating frequency ir near the maximum that is 
reflected back to earth at the time. 

VIRTUAL HEIGHT 
An ionospheric layer is a region of considerable 

depth, but for practical purposes it is convenient to 
think of it as having finite height, from which a 
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simple reflection would give the same effects 
(observed from the ground) as result from the 
gradual bending that actually takes place. It is 
given severai names, such as group height, 
equivalent height, and virtual height. 

The virtual height of an ionospheric layer for 
various frequencies and vertical incidence is deter
mined with a variable-frequency sounding device 
that diJ:ects pulses of energy vertically and 
measure~ the lime required for the round-trip path 
shown at the left in Fig. 19--3. As the frequency 
rises, a point is reached where no energy is 
returned vertically. This is known as the critical 
frequency, for the layer under consideration. A 
representation of a typical ionogram is shown in 
Fig. 19-4.4 In this sounding the virtual height for 
3.5 to 4 MHz was 400 km. Because the ionogram is 
a graphil:al presentation of wave travel time, 
double-hop propagation appears as an 800-km 
return for the !!lime frequency. The critical fre
quency was just over 5 MHz on this occasion. Such 
a clear F-layer ionogram is possible only under 
magnetically quiet conditions, and at night, when 
little or no£- and D-h1yer ionization is present. 

EFFECTS OF THE EARTH'S 
MAGNETIC FIELD 

The ionosphere has been discussed thus far in 
terms of simple bending, or refraction, a concept 
useful for some explanatory purposes. But an 
understanding of long-distance propagation must 
take the earth's magnetic field into account. 
Because of it, the ionosphere is a birefringent 
medium (doubly refracting) which breaks up plane
polarized waves into what are known as the 
ordinary and extraordinary waves, f0 F2 and fxF2 

F2 

I 
I 
I • I 

I 

11 
I 

I 

WAVE PROPAGATION 

in the ionogram. This helps to explain the dispersal 
of plane polarization encountered in most iono
spheric communication.' 

Sudden marked increases in solar radiation, 
such as with solar flares, trigger instantaneous 
effects in the F, E, and D regions; slightly delayed 
effects, mainly in the polar areas; and geomagnetic 
effects, delayed up to 40 houn. 

Onset of the D-rcgion absorption is usually 
sudden, lasting a few minutes to several hours, 
leading to use of the tenn SID (sudden ionospheric 
disturbance). Shortwave fadeouts (SWFs) and S!Ds 
exhibit wide variations in intensity, duration, and 
num her of events, all tending lo be greater in 
periods of high solar activity. Though their effects 
on radio propagation are of great importance, solar 
flares and associated disturbances are among the 
least predictable of solar-induced communications 
variables. 

RADIATION ANGLE AND SKIP DISTANCE 
The lower the angle above the horizon at which 

a wave leaves the antenna, the less refraction in the 
ionosphere or troposphere is required to bring it 
back, or to maintain useful signal levels in the case 
of tropospheric bending. This results in the empha
sis on low radiation angles in the pursuit of DX, .on 
the hf or vhf bands. It is rarely possible to radiate 
energy on a line tangent to the earth's surface, but 
even when this is done some bendjng is still 
required for communication over appreciable dis
tances, because of earth curvature. 

Some of the effects of radiation angle are 
illustrated in Fig. 19-3. The high-angle wave at the 
left is bent only slightly in the ionosphere, and so 
goes through it The wave at the somewhat lower 
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Fig. 19-3 - Three types of ionospheric propagation. Sounder. left, measures virtual height and critical 
frequency of F2 layer: Transmitt_er T is shown radiating at three different angles. Highest passes through 
the ,onosphere after slight ref_ract1on. Lower-angle wave is returned to earth by the£ layer, if frequency is 
low enough, at a maximum distance of 2000 kM. The F-layer reflection returns at a maximum distance of 
about 4000 kM, depending on the radiation angle. It is shown traversing a second path (double hop) from 
R2 to R4, the latter beyond single-hop range. The lowest-angle wave reaches the maximum practical 
singl_e-hop distance at R3. 



The Scatter Modes 
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angle is just capable of being returned by the 
ionosphere. In daylight it might be returned via the 
E layer. Its area of return from the Flayer, R2, is 
closer to the transmitting point, T, than is that of 
the lowest-angle wave. If R 2 is at the shortest 
distance where returned energy is usable, the area 
between RI and the outer reaches of the ground 
wave, near the transmitter, is cal led the 1/cip zone . 
The distance between R2 and T is caJJed the rkip 
distance. The distances to both fl l and R2 depend 
on the ionization density, the radiation angle at T, 
and the frequency in use, The maximum distance 
for single-hop propagation via the F layer is about 
2500 miles (4000 kilometers). The maximum 
£-layer single hop is about 1250 miles (2000 
kilometen). 

The maximum usable frequency (muf) for 
F-laycr communication is about 3 times the critical · 
frequency for vertical return, as at the left in Fig. 
19-3. For E-layer propagation it is about 5 times. 

MULTIPLE-HOP PROPAGATION 

On its return to earth, the ionospherically 
propagated wave can be reflected back upwaid 
near R l or R 2, travel again to the ionosphere, and 
be refracted back to earth. This process can be 
repeated several times under ideal propagation 
conditions, leading even to communication over 
distances well beyond halfway around the world. 
Ordinarily ionospheric absorption and ground
reflection losses exact tolls in signal level and 
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Fig. 19-4 F-layer 
ionogram taken at night 
during magnetically quiet 
conditions. The traces 
shaw the breaking up into 
ordinary end extraordinary 
waves. Because it required 
twice the travel ti me, the 
double-hop return appears 
as having come from twice 
the height of the 
single-hop. 

quality, so multiple-hop propagation usually yields 
lower signal levels and more distorted modulation 
than single-hop. This is not always the case, and 
under ideal conditions even long-way-around 
communication is possible with good signal~. There 
is evidence to support the theory that signals for 
such communications, rather than hopping, may be 
ducted through the ionosphere for a good part of 
the distance. 

FADING 
Two or more parts of the wave may follow 

different paths, causing phnsc differences between 
wave components at the receiving end. Total field 
strength may be greater or smaller than that of one 
component. Fluctuating signal levels also result 
from the changing nature of the wave path, as in 
the case of moving air-mass boundaries, in tropo
spheric propagation on the higher fyequencies.. 
Changes in signal level, lumped under the tenn 
fadi11g, arise from an almost infinite variety of 
phenomena; some natural, some man-made. Air
craft reflections are in the latter category. 

Under some circumstances the wave path may 
vary with very small changes in frequency, so that 
modulation sidebands arrive at the receiver out of 
phase, causing distortion thal may be mild or 
severe. Called selective fading, this problem in
creases with signal bandwidth. Double-sideband 
a-m signals suffer much more than single-sideband 
signals with suppressed canier do. 

THE SCATTER MODES 

Much long-distance propagation can be de
scribed in terms of discrete relle<.:tion, through the 
analogy is nevcr plecise since true reflection would 
be possible only with perfect mirrors, and in a 
vacuum. AU electromagnetic wave propagation is 
subject to scattering influences which alter ideal
ized patterns to a great degree. The earth's atmo
sphere and ionospheric layers are scattering media, 
as are most objects that intervene in the wave path 
as it leaves the earth. Strong returns are thought of 
as reflections and weaker ones as scattering, but 
both influences prevail. Scatter modes have be-

come useful tools in many kinds of com
munication. 

FORWARD SCATTER 

We describe a skip zone as if there were no 
signal heard between the end of useful ground
wave range and the points Rl or R2 of Fig. 19-3, 
but actually the transmitted signal can be detected 
over much of the skip zone, with sufficiently 
sensitive devices and methods. A small portion of 
the transmitted energy is scattered back to earth in 
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several ways, depending on the frequency in use. 

Tropospheric scatter extends the local com
munications range to an increasing degree with 
frequency, above about 20 MHz, becoming most 
useful in the vhf range. Ionospheric scatter, mostly 
from the height of the E region, is most marked at 
frequencies up to about 60 or 70 MHz. Vhf 
tropospheric scatter is usable within the limits of 
amateur power levels and antenna techniques, out 
to nearly 500 miles. Ionospheric forward scatter is 
discernible in the skip zone at distances up to 1200 
miles or so. 

A major component of ionospheric scatter is 
that contributed by short-lived columns of ioniza
tion formed around meteors entering the earth's 
atmosphere. This can be anything from very short 
bwsts of little communications value to sustained 
periods of usablc signal level, lasting up to a minute 
or more. Meteor scatter is most common in the 
early morning hours, and it can be an interesting 
adjunct to amateur communication at 21 MHz and 
higher, especially in pe1iods of low solar activity. It 
is at its best during major meteor showers.• 

WAVE PROPAGATION 

BACKSCATTER 
A complex fonn of scatter is readily observed 

when working near the maximum usable frequency 
for the Flayer at the time. The transmitted wave is 
refracted back to earth al some distant point, 
which may be an ocean area or a land mass where 
there is no use of the frequency in question at the 
time. A small part of the energy is scattered back 
to the skip zone of the transmitter, via the 
ionospheric route. 

Backscatter signals are generally rather weak, 
and subject to some distortion from multipath 
effocts, but with optimum equipment they are 
usable at distances from just beyond the reliable 
local range out to several hundred miles. Under 
ideal conditions backscatter communication is pos
sible over 3000 miles or more, though the term 
"sidescatter" is more descriptive of what probably 
happens on such long paths. 

The scatter modes contribute to tl1e usefulness 
of the higher parts of the DX spectrum, especially 
dUiing periods of low solar activity when the 
normal ionospheric modes are less often available. 

USING WWV BULLETINS 
The National Bureau of Standaids stations 

WWV and WWVH (see Chapter 17) transmit hourly 
propagation bulletins that are very useful for 
short-term communications planning. At 14 min
utes after each hour (WWV only) information is 
given on expected propagation conditions, the 
current state of the geomagnetic field, and the 

solar flux index. At IS minutes after each hour on 
WWV and at 46 after on WWVH, a summary for 
the previous day and a prediction for the current 
day are given. Detailed information on use of these 
bulletins appcarcd in QST for June, August, and 
September, 1975. 1 

PROPAGATION IN THE MF AND HF BANDS 
The 1.8-MHz band offen reliable communica

tion over distances up · to about 25 miles duiing 
daylighL On winter nights ranges up to severaJ 
thousand miles are possible. 

The 3.5-MHz band is seldom usable beyond 200 
miles in daylight, bu I Ion ti distances are not 
unusual at night, especially m years of low solar 
activity. Atmospheric noise tends to he high in the 
summer months on both 3.5 and l.8 MHz. 

The 7-MHz band has characteristics similar to 
3.S MHz, except that much greater distances are 
possible in daylight, and more often at night. In 
winter dawn and dusk periods it is possible to work 
the other side of the world, as signaJs follow the 
darkness path. 

The 14-MHz band is the most widely used DX 
band. In the peak years of the solar cycle it is open 
to distant parh of the world almost continuously. 
During low solar activity it is open mainly in the 
daylight hours, and is especially good in the dawn 
and dusk periods. There is almost always a ~kip 
zone on this band. 

The 21-MHz band shows highly variable propa
gation depending on the level of solar activity. 

During sunspot maxima it is useful for long
distance work almost arnund the clock. At inter
mediate levels it is mainly a daylight DX band. In 
the low years ii is useful for transequatorial pathi 
much of tlte year, but is open less often to the high 
latitudes. Sporadic-£ skip is common in early 
summer and midwinter. 

The 28-MHz band is excellent for DX com
munication in the peak solar-cycle years, but 
mostly in the day light hours. The open time is 
shorter in the intermediate years, and is more 
confined to low-latitude and transequalorial paths 
as solar activity drops off. For about two yeais 
near the solai minimum, F-layer openings tend to 
be infrequent, and l8Igely on north-south paths, 
with very long skip. 

Sporadic-£ propag-dtion keeps things interesting 
in the period from late April thJough early August 
on this band, and on 21 MHz, providing single-hop 
communication out to I 300 miles or so, and 
multiple-hop to 2600 miles. Effects discussed in 
the following section on vhf propagation aJso show 
up in this band, though tropospheric bending is less 
than on 50 MHz. 

THE WORLD ABOVE 50 MHZ 
It was once thought that frequencies above 50 

MHz would be useful only locally, but increased 
occupancy and improved tcchniqucs turned up 

many forms of long-distance vhf propagation. What 
follows supplements infonna tion given earlier in 
this chaptc.r. First, let us con~ider the nature of our 



World Above 50 MHz 

bands above 50 MHz. 

50 to 54 MHz This borderline region has some 
of the chanctemtics of both higher and lower 
frequencies. Just about every form of wave propa
gation is found occasionally in the 50-MHz band 
which has contributed greatly to Its popularity. II; 
utility for service-area communication should not 
be overlooked. In the absence of any favorable 
condition, the well-equipped 50-MHz station 
should be able lo work regularly over a radius of 
75 to 100 miles or more, depending on terrain and 
antenna size and height. 

Changing weather patterns ex tend coverage 10 
300 miles or more at limes, mainly in the wanner 
~onths. Sporadic-£ skip provides seasonal open
mgs for work over 400 lo 2500 miles, in season5 
centered on the longest and shortest days of the 
year. Auroral effects afford vhf operators in the 
temperate latitudes an intriguing form of DX up to 
about 1300 miles. During the peak of "11-year" 
sunspot cycle SO.MHz DX of worldwide propor
tions may be workable by reflections of waves by 
the Ionospheric F2 layer. Various weak-signal 
scalier modes round oul the SO.MHz propagation 
fare. 

144 to 148 MHz Ionospheric effects are greatly 
reduced at 144 MHz. F-layer propagation is 
unknown. Sporadic-£ skip is rare, and much more 
limited in duration and coverage than on 50 MHz. 
Auroral propagation is quite similar to that on 50 
MHz, except that signals tend to be somewhat 
weaker and more distorted nt 1'14. Tropospheric 
propagation improv:is with increasing frequency. It 
has been responsible for 144-MHz work over 
distances up to 2500 miles, and 500-mile contacts 
are fairly common in the wanner months. Reliable 
range on 144 is slightly less than on 50, under 
minimum c!>nditions. 

220 MHz and Higher Ionospheric propagation 
of the sorts discussed above is virtually unknown 
above about 200 MHz. Auroral communication is 
possible on 220 and 420 MHz, but probably not on 
higher frequencies, with amateur power levels. 
Tropospheric bending is very marked, and may be 
better on 432 than on 144 MHz, for example. 
Communication has been carried on over paths far 
beyond line of sight, on all amateur frequencies up 
through L0,000 MHz. Under minimum conditions, 
signal levels drop off slightly with each higher 
band. 

PROPAGATION MODES 
Known means by which vhf signals are 

propagated beyond the horizon are descnl>ed 
below. 

F7:layer Reflection Most communication on 
lower frequencies is by reflection of the wave in 
the F region. highest of the ionized layers. I ts 
density varies with solar activity, the maximum 
usable frequency (muO being highest in peak years 
of the sunspot cycle. Cycle 19 (in the recorded 
history of sunspot activity) hit an all-time high in 
the fall of 1958, which may never be equalled 
within the lifetime of some of us. Cycle 20 
produced 50-MHz F 2 DX In 1968 to 1970, but le55 
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than Cycle 18 (1946 to 1949), and far less than 
Cycle 19. 

The muf for Frlayer propagation follows daily, 
monthly and seasonal cycles, all related to con
ditions on the sun, as with the hf bands. Frequent 
checks will show if the muf is rising or falling, and 
the times and directions for which it is highest. 
Two-way work has been done over about 1800 to 
12,500 miles; even greater, if daylight routes 
around the earth the long way are included. The 
muf is believed to have reached about 70 MHz in 
1958. 

The TE Mode Also associated with high solar 
activity is a transequatorial mode, having an muf 
somewhat higher than the F 2· This is observed 
most often between points up to 2500 miles north 
and south of the geo11111gneric equator, mainly in 
late afternoon or early evening.• 

Sporadic-£ Skip Patchy ionization of the E 
region of the ionosphere often propagates 28- and 
50-MHz signals over 400 to 1300 miles or more. 
Often called "short skip," this is most common In 
May, June and July, with a shorter season around 
year end. Seasons are reversed in the southern 
hemisphere. E skip can occur at any time or 
season, but is most likely in mid-morning or early 
evening. Multiple-hop effects may extend the range 
to 2500 miles or more. 

£ propagation has been observed in the 
144-ifHz band, and on TV channels up to about 
200 MHz. Minimum skip distance is greater, and 
duration of openings much shorter, on 144 MHz 
than on 50. Reception of suong E1 signals from 
under 300 miles on SO MHz indicates some 
possibility of skip propagation on 144, probably 10 
800 miles or more. 

Aurora Effect High-frequency communication 
may be wiped out or seriously Impaired by 
absorption in the ionosphere, during disturbances 
associated with high solar activity and variations In 
the earth's magnetic field. If this occurs at night in 
clear weather, there may be a visible aurora, but 
the condition also develops in daylight, usually in 
late afternoon. Wea.le wavery signals in the 3.5-MHz 
and 7-MHz bands are good indicators. 

Vhf waves can be returned to earth from the 
Bllroral region, but the varying intensity of the 
aurora and its porosity as a propagation medium 
impart a multipath distortion lo the signal, which 
garbles or even destroys any modulation. Distor
tion increases with signal frequency and varies, 
often quite quickly, with the nature or the aurora. 
Single-sideband is preferred lo modes requiring 
more bandwidth. The most effective mode is cw, 
which may be the only reliable communications 
method at 144 MHz and higher, during most 
auroras. 

Propagation is generally Crom the north, but 
probing with a directional array is recommended. 
Maximum range is about 1300 miles, though 
SO-MHz signals are heard occasionally over greater 
disuinces, usually with little or no auroral di~ 
tortion. 

How often auroral communication is possible is 
related to the geomagnetic latitude of participating 
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stations, auroras being most frequent in north
eastern USA and adjacent areas of Canada. They 
are rare below about latitude 32 in the Southeast 
and about latitude 38 to 40 in the Southwest. The 
highest frequency for auroral returns depends on 
equipment and antennas, bul auroral communica
tion has been achieved up to at least 432 MIiz.. 

Tropospheric Bending An easily-anticipated 
extension of normal vhf coverage results from 
abrupt changes in the refractive index of the 
atmosphere, at boundaries between air masses of 
differing temperature and humidity characteristics. 
Such wann-dry over cool-moist boundaries often 
lie along the southern and western edges of stable 
slow-moving areas of fair weather and high 
barometric pressure. Troposheric bending can 
increase ~ignal levels from within the normal 
working range, or bring in more distant stations, 
not normally heard. 

A condition known as ducting or trapping may 
§imulate propagation within a waveguide, causing 
vhf wave~ to follow earth curvature for hundreds 
or even thousands of miles. Ducting incidence 
increases with frequency. It is rare on SO MHz, 
fairly common on 144, and more so on higher 
frequencie~. It occurs most often in temperate or 
low latitudes. It was the medium for the 
W6NLZ-K116UK work on 144, 220 and 432 MHz, 
over :i 2540-mile path. Gulf-Coast st:itcs sec it 
often, the A tlanlic Seaboard, Great Lakes and 
Mississippi Valley are.is occasionally, usually in 
September and October. 

M2my local condition, contribute to tropo
spheric bending. Convection in coastal areas in 
warm weather; rapid cooling of the t:arth after a 
hot day, with upper air cooling more slowly; 
warming of air aloft with the summer sunrise; 
subsidence of cool moist air into valleys on calm 
summer eveninp - these familiar situations create 
upper-air conditions which can ex tend normal vhf 
coverage. 

The alert vhf enthusiast soon learns to correlate 
variou~ weather signs and propagation patterns. 
Temperature and barometric-pressure trends, 
changing cloud formations, wind direction, visibili
ty and other natural indicaton can give him clues 
a.s to what is in store in the way of tropospheric 
propagation. 

The 50-MHz band is more responsive to 
weather effects than 28, and 144 MHz is much 
more active than 50. Tius trend continues into the 
microwave region, as evidenced by tropospheric 
records on all our bands, up lo and including work 
over a 275-mile path on 10,000 Milz. 

The Scatter Mades Though they provide signal 
level~ too low for routine communication, several 
scatter mode, attract the :idvunccd vhf operator. 

Tropospheric scatter offers marginal communi
cation up to S00 miles or so, almost regardless of 
conditions and frequency, when optimum equip
ment and methods arc used. 

Ionospheric ~catter is useful mainly on SO MHz, 
where it usuolly is a composite of meteor bursts 
and a weak residual scatter signal. The latter may 
be heard only when optimum conditions prevail. 
The best distances are 600 to 1200 miles. 

WAVE PROPAGATION 

Back scatter, common on lower frequen cies, is 
observed on SO MHz during ionospheric propaga
tion, mainly of the F2 variety. Conditions for 
SO-MHz back!lcatter arc similar to tltosi: for the hf 
bands, detailed earlier in this chapter. 

Scalier from meteor traih in the E region can 
cause signal enh,ancemen t, or isolated bursts of 
signal from o station not otherwise heard. Strenglh 
and duration of meteor hursts decrease with 
increasing signal frequency, but the mode is 
popular for marginal communication in the 50- and 
144-Mllz bands.. It has been used on 220 MHz, 
and, more marginally, on 432 MHz.. 

Random meteor bursts can be heard by 
cooperating vhf stations at any time or season, but 
early-morning hours are prefen-ed. Major meteor 
showen (August Perseid, and December Geminids) 
provide frequent bursts. Some other showers have 
various periods, and may show phenomenal bursl 
counts in peak years..• Distances are similar to 
other £-layer communication. 

All scatter communication requires good 
equipment and optimum operating methods. The 
minow-band modes are superior to wide-band 
systems. 

Communication Via the Moon Though ama
teu" fust bounced signals off the moon in the 
early 1950&, real communication via the 
earth-moori-earth ( eme) route is a fairly recent 
accomplishment. Requirements are maximum legal 
power, optimum receiving equipment, very large 
high~ antennas. and precise aiming. Sophidicat
ed tracking systems, narrow bandwidth (with 
attendant requirements for receiver and transmitter 
stability) and visual signal-resolution methods are 
desirable. Lunar work has been done on all 
amateur frequencies from SO to 2400 MHz, over 
distances limited only by the ability of the stations 
to "see" the moon simultaneously. 

For more detailed vhf propagation information 
and reference!!, see 771e Radio Amatc11r's VHF 
Manual, Chapter 2. 

PROPAGATION PREDICTION 

Information on the prediction of maximum 
usable frequencies (muO und optimum working 
frequencies for F-layer propagation was formerly 
available from the U.S. Government Printing 
Office. The material took several forms, as 
methods developed for military communications 
use were adapted to worldwide civilian need~. 
Though I.he servk:e was terminated in 1975, the 
basic method~ are still of interest. A full descrip
tion may be found in QST for Marrh, 1972.' The 
government infonnation is available in some lech
nical libraries. 

Other mcam are available lo amateurs who wish 
to make 1hcir own predictions, both short· and 
long-tenn. An appreciable omount of observing and 
record-keeping time is involved at first, but the 
work can be streamlined with practice. Many 
amateurs who try it find the task almost as 
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TABLE 19-1 

Some t ime and f req uency stat ions usefu l for propagation monitoring . 

Freq. (kHz ) Location Call 
wwv 
WWVH 
CHU 

2500. 5000, 10,000, 15,000, 20,000 25,000 
Same as WWV 

Ft. Collins, Colorado 
Kekaha, Kauai , Hawaii 
Ottawa, Ontario, Canada 
Moscow, USSR• 
Tashkent, USSR• 
Irkutsk, USSR• 
Novosibirsk, USSR* 
Pretoria, South Africa 
Lyndhurst, A ustralia 
Shanghai, China 

RAT, RWM 
RIM, RCH 
RID. RKM 
RTA 
zuo 
VNG 
BPV 
JJY 

3330, 7335, 14,760 
5000, 10,000, 15,000 
2500, 5000, 1 0,000 
5004, 10,004, 15,004 
4996, 9996, 14,996 
2500,5000 
7500 
5000, 10,000, 15,000 
2500, 5000, 10,000, 15,000 Tokyo, Japan 

•call, from international table, may not check with actual reception. Locations a,1d 
frequencies appear to be as given. 

interesting as any operational success that may 
result from it. Properly organized, data collection 
and propagation prediction can become an ideal 
group project. 

Getting Started 

Because most factors have well-defined cyclical 
trends, the first step in propagation prediction is to 
become familiar with the rhythm of these trends 
for the geographical location and season under 
consideration. This job is made easier if we 
understand the causes of the ups and downs, so 
familiarity with basic information given earlier in 
this chapter is helpful. ' 

Whal frequencies are "open," and where the 
cutoff in ionospheric propagat ion lies in the 
spectrum can be determined quite readily by 
tuning upward in frequency with a general
coverage receiver, until ionosphcrically propagated 
signals arc no longer heard. The muf for lhe day 
and the times that a given frequency band opens or 
closes can be found in this way. A daily log will 
show if conditions are improving or deteriorating. 

Listening in the amateur bands and on imme
diately adjacent frequencies may be the only way 
tu do this, if the receiver is the amateur-band~-only 
variety. Most DX bands are narrower in other parts 
of the world than in the Americas, so there is no 
lack of round-the-dock occupancy by olher 
services, ordinarily. Most receivers also cover some
what more than the actual amaleur assignments, at 
their wides!, so some commercial and govern
mental signals can be found close by our band 
edges. A worldwide listing of stations, by fre
quency, is useful in identifying signals for propaga
tion monitoring purpose.• Don't overlook WlAW ; 
frequencies and schedule are listed in every QST. 

Ability to tune to 5 MHz and multiples thereof, 
lo receive the standard time-and-frequency ~tations 
now operating in many parts of the world, is a 
great aid. See Table 19-1. Most such stations 
operate continuously, with appreciable power and 
omnidirectional antennas. WVl'V and WWVH are 
excellent indicators, at any suitable distance from 
Colorado or Hawaii. Their signal behavior can tell 
the experienced observer al least as much about 

propagation - at the moment - as does the 
content of their propagation bulletins. Many 
receivers can be made to tune some of these 
frequencies by detuning their front-pane! tracking 
controls. See QST, September, I 975, page 23, for 
suggestions. Simple crystal-controlled converters 
for the standard frequencies offer another possi
bility (QST for June, 1976, p. 25). 

Recu TTing Phenomena 

Because the •mn is responsible for all radio
propagation variables, their rhythmic qualities are 
related to time, season and other ~un-earth factors. 
Some arc obvious. Others, particularly the rota
tional period of the sun, about 27.S days, show 
best in long-term chart records kept on a monthly 
or four-week basis. Recurrence data arc used in 
nearly all prediction work done presently, and the 
data can yield fair accuracy. 

If the muf is high and conditions are generally 
good for several days, a similar condition is likely 
lo prevail four weeks later, when the same area of 
the sun will be in view from the earth. Ionospheric 
disturbances also generally follow the 27-day cycle, 
though there may be marked differences in level 
from one period to the nex I. 

Some solar-activity centers are short-lived, 
lasting less than a full rotation. Others go on and 
on, recognizable from their propagation effec ts for 
a year or more. Rccuning phenomena arc more 
apparent in the low-activity years of the solar 
cycle, most of them being far enough apart to be 
dearly identifiable. In April and May, 1976, for 
example, there were three well-separated areas 
affecting radio propagation. AH were of "the old 
cycle." There were ilio three new-cycle areas seen 
briefly, but with no recognizable radio-propagation 
influence. The WWV propagation bulletins 
described will be seen to show recurring effects, if 
their content is charted for extended period s. 

WWV Propagation Bulletin~ 

Since the fall of 1974, WWV and WWV H have 
:ransmitted fairly detailed information hourly on 
·J1e condition of the sun and the earth's magnetic 
rie!d, and the radio spectrum. At 14 minutes after 
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Fig. 19-5 - Graphs of 2800-MHz 
solar-flux information, as transmitted 
by WWV, for five consecutive four
week peri ads in early 1975. It wi II be 
seen that, even in this period of 
relatively low solar activity, the flux 
readings rise and fall w ith the passage 
of small spots. The rise in muf is 
mainly in the first half of the spot or 
group's passage across the solar disk. 
Observation in this period was with 
the system shown in Fig. 19-2. 
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the hour (WWV only), and cl1anged four times 
daily, beginning al 0100 Universal Time, there is a 
series of statements. The fint is a propagation 
quality forecast, " useless" to "excellent," in nine 
steps. Next is the condition of the earth's magnetic 
field, "quiet," "unsettled," or "disturbed." Then 
comes a letter-number coded forecast, W (di,
turbed), LI (unsettled) or N (normal). The number 
reflects the 9-step wording given earlier. "Fair-to
good, quiet, November (for N) six" is commonly 
heard when conditions are above average. The 
forecast is for the North Atlantic path, but use of 
ll1e information for other areas can be learned by 
experience. 

The second section of the bulletin is the 
"K-index," given for the time of bulletin issuance, 
but relating to the hours just before then. It i~ a 
numerical figure for disturbance of the geo
magnetic field, 0 to 9 in order of increasing 
severity . Essentially a current figure, and given 
with an expected trend, it is potentially guile 
valuable for short-term forecasting of hf (and 
occasionally vhf) propagation. A K-index of O or I 
indicates very low absorption in the entire hf 
range, and generally good F-layer propagation, up 
to the muf. Rising K-indices mean increasing 
absorption, affecting the lower bands fust, and 
more severely on paths involving high latitudes. Up 
to 3 may show little effect on 21 or 28 MHz, or on 
low-latitude or transcquatorial circuits. A K-index 
of 4 and expected lo rise warns of probable mme 
severe and general disturbance. Severe disturbance 
is associated with 6 or higher, and auroral propaga
tion is likely on 28 MHz and higher frequencies 
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above about latitude 40 ; perhaps farther south, 
cast of the Mississippi. 

Extremes of the numerical range provided are 
seldom used in the bulletins. A "W3" forecast is 
likely to be associated with severely disturbed 
conditions. " N7" is the usual limit on the good 
side. The bulletins' semantic nuances arc not unlike 
those heard in wea I her forecasting, and for lhe 
~ame basic reason - the unpredictability of the sun 
at current levels of knowledge. 

The final bulletin item is the solar nux, a 
reading taken on 2800 MHz al 1700 UTC in 
Ottawa. I I is also given with an expected trend , 
Usually the solar-flux value is changed only with 
the 1900 bulletin , bul the trend infonnation may 
be changed at other times if marked variations arc 
apparent. Especially in the tranmiissions 
inimediately after the daily change, the solar flux 
may be the most revealing item of all , for reasons 
given in more detail later. 

A second bulletin at 18 minutes after the hour 
(46 after on W\WH) is a brief statistical review of 
the previous day and a prediction for today. First 
given is the ~olar flux, the I 700 reading for the 
previous day (sec above) . Then comes the A-index, 
a 24-hour figure for geomagnetic disturbance re
flecting the ~hort-term K-indcx figures of the 
previous day. It is stated in a different way to give 
a more linear scale of geomagnetic variation, as a 
whole-day index for statistical purposes. When the 
A-index variation is plotted on a long-l~nn basis, 
its significance as a rernrrence warning becomes 
apparent. The "yesterday" portion of the bulletin 
concludes with the level of solar activity and the 
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Fig. 19-6 - A-index information as 
transmitted by WWV, for the same 
four-week periods as Fig. 19-5. 
Propagation conditions as to level of 
absorption are indicated for the 
month of March, normal ly the most 
disturbed period of the year. Periods 
of geomagnetic storms are indicated 
by MS. It will be seen that disturbed 
periods show very marked 27-day 
rs cur re n c e effects, though the 
severity of disturbance is not neces
sarily consistent. 
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condition of the g(!omagnetk field. 
The "today" portion is usually the expected 

levels of solar and geomagnetic activity. A I times 
of exceptional conditions. present or expected, thi~ 
final section may be modified to present informa
tion on many factors of interest to the serious 
observer. 

Keeping Records 

In a group project, or for the individual 
observer who has time for it, charting all the WWV 
information is both infonnative and rewarding .. For 
a less time~onsuming effort, concentrate on the 
1900 bulletin (usually started at 1914 UTC but 
always given hourly thereafter, through 0014) and 
one running of the 18-afler information . This will 
require only about 5 minutes of listening time, and 
the interval between the buUetins can be used for a 
quick propagation check, with practice. 

Depending on the time available, charts of th~ 
WWV information can take many forms. Figures 
19-5 and I 9-6 show the solar flux and A-index 
plotted in four-week periods vertically to mow 

recurrence effects clearly. The author keeps two 
charts. One on a monthly basis has the solar flux in 
the upper portion, the K-index (one square per 
unit} at the bottom, and the A-index (two squares 
per unit) superimposed on the K data. The K 
information is uSl'ful mainly if all bulletins are to 
be copied. It will then be important for short-term 
forecasting. The entire c.:onlent of both WWV 
buUetins is put on this ~hart in a shorthand form 
developed through experience. Brief propagation 
not~s and drawings of the sun are included, where 
significant. The previous montl1's solar-flux and 
A-index curves are inked in with a light or broken 
line, dates displaced to line up recurrences verti
cally. 

The second chart on the same scale has only the 
solar flux an<l the A-index, kept with three 
consecutive four-week periods superimposed. For 
legibility these are in different colors. The longer 
term provide§ a good check on recurrences and 
shows clearly that there are occasional "surprises" 
that do not lit recurring dates. Some events 
disappear as activity centers die out. Others 
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Projection viewing of the sun's image with a 5-inch 
reflector-type telescope. White-paper viewing sur
face is cemented in the bottom of a black-sprayed 
cardboard box. 

blossom "out of nowhere," at times, as new areas 
develop. Prediction of these seeming anomalies 
presents a challenge not yet met fully by anyone, 
including professionals. It is a wide-open field. 

Solar Observation 

Regular viewing of the sun shou ld be a part of 
any major propagation-prediction effort. Even 
simple projection with a low-cost telescope, as 
shown in Fig. 19-2, is well worthwhile, if it is done 
consistently and if drawings are made. lmprnve
ments in technique need not be costly. A desirable 
first step is a light exclusion box that can cost 
practically nothing. A corrugated-paper box about 
6 inches square (or round) and 12-inches deep is 
fitted with a cover of the same material, about 12 
inches square. A hand hole is cut in the side of the 
box. The cover and interior are sprayed dull black, 
and a viewing surface of white paper is cemented 
inside the bottom. 

The box is used in the same way as the shaded 
card in Fig. 19-2, but reduction in ambient light in 
the viewing area helpsgreatlyin making small detail 
more noticeable. It enables those with good eye
sight to sec spots and light variations on the s"l.ar 
surface that would have been missed before. For a 
complete black-box viewing system that can be 
assembled from simple optics and plywood, sec 
reference 2. 

The telescope used in the photograph, [1ig. 
J 9-2, was a low-priced zoom model, with a range 
of 8 to 25 power. Target scopes and the like in this 
general range work well, especially with light 
exclusion around the viewing surface. But many 
radio amateurs arc also astronomers, and may have 
much better instruments that can be used for solar 
projection. Moderately priced, 2- or 3-inch refrac
tors give beautiful projection detail with light
exclusion viewing. 

Reducing ambient light allows use of a larger 
image, but this intensifies mechanical-stability 
problems with camera tripods and other portable 
supports. The need for sun tracking also increases. 
An equatorial mount and clock drive used in 
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astronomical work take care of tracking, but only 
the best tripods give adequate stability. 

Better definition with a given degree of optical 
quality is obtainable with direct viewing of the sun, 
but this requires a safe solar filter (neutral density 
4 or more and designed for sun viewing) mounted 
over the scope aperture. Do not use eye-piece 
filters. Be sure the aperture filter is mounted so 
that it cannot come off accidenully. Never look at 
the sun witl1out it. 

Visual acuity is very important Even people 
who think they have satisfac tory vision with 
properly fitted glas~es may find that keener eyes 
will see much fine detail and light gradation that 
they miss. Have a younger helper, if you are 
middle-aged or older. 

Interpreting What You See 

In viewing the sun with a celestial telescope 
equipped with a star diagonal and a vertical 
eyepiece, one sees the solar disk with the east limb 
on the right and the west limb on the left. This is 
the opposite of the view obtained with the setup of 
Fig. 19-2, but is more natural since it simulates a 
map. Visible solar activity moves across the disk 
from right to left, on a line parallel with the solar 
equator. The apparent position of the equator 
varies with the time of day and the position of the 
viewer, but it can be determined readily if drawings 
arc made during each observation. Knowing the 
position of the equator is important in identifying 
activity as belonging lo the old or new cycle, in 
times of transition. Old-cycle spots move near the 
equator. New-cycle activity appears some 30° 
above or below. 

In good projection, or with properly safe
guarded direct viewing, bright patches may be seen, 
especially near the east or west limbs. Known as 
plagc, faculae, or tlocculi, these patches identify 
active areas that may or may not include visible 
spots. When seen on the cast limb, they may be 
advance notice of spots due in another day or two. 
They serve as warning of propagation changes 
several days away. and their appearance may 
coincide with the start of a steady rise in solar llux 
and in the muf as well. Faculae may identify new 
activity in which spots will appear four weeks later, 
or they may be the residue of declining activity 
that contained spots last time around. They can be 
a vital part of visual records, and their significance 
will increase as records accumulate. 

1n their first or last day on the ea~t or west 
limb, respectively, sizeable spots or groups usually 
show as fine lines on or close to the edge of the 
image. Some detail will begin to show on the 
second day of new or recurring activity, and 
sketches should be made as accurately as possible. 
Note any changes in additional sketches, marked 
with date and time. Changes in appearance and 
growth or decay are significant indicators, 
becoming more so on consecutive rounds of 
long-lived activity centers. 

Increasing size and number of spots will be 
reflected in a rise in solar flux on the W\W 
bulletins, particularly the one for 1900 UTC, and 
in rising F-layer muf. Sudden large growth, or a 
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Direct viewing of the sun should be done only with 
a telescope eq ui pped with an aperture filter known 
to be safe for this purpose. Telescope is a Celestron 
5 with the maker's solar filter, which passes 0.01 
percent of impinging light. A brimmed hat shading 
the observer's eves from direct rays of the sun 
helps to improve visual acuity. 

major breakup of a large spot or group, may show 
radio effects at once - a rise in muf and perhaps a 
considerable increase in noise level. The la tier is 
more obvious when using a directive array that can 
be aimed at the sun. 

The noise burst and visible change will almost 
certainly be accompanied by particle radiation 
increase, the radio effects of which will be in
creased absorption of hf signal energy, and possibly 
auroral conditions on 28 MHz or the vhf bands, 
one to four days later. (Rising K-index on WWV, 
possibly without warning on previous bulletim.) 

Slower growth, barely distinguishable from day 
to day, will be accompanied by rising solar-flux 
numbers, probably a point or two daily, and a 
gradual improvement in hf conditions that will last 
as long as the K-index remains low. A rise in muf 
will be apparent at such times, and propagation 
will remain good on all frequencies for several 
days, barring sudden solar chang~ which is always a 
possibility. 

If, on the first attempt at solar viewing, one 
sees sizeable spots or groups, it is well to remember 
that these may represent activity in a declining 
phase. If so, they may move across the disk with 
only minor apparent change. Keep watch though; 
the area could be brought back to active state again 
by forces nol yet fully understood. This is why 
long-term predictions are doomed to occasional 
abject failure and why short-term prediction, using 
all the tools available, is such an exciting and useful 
pursuit. 

Solar Flux vs. Sunspot Number 

The question is often raised as to why we have 
both the 2800-MHz Solar-Flux Index and the 
Zurich Sunspot Number as indicators of solar 
activity, The answer lies in history and its continu
ity with the future. 

Awareness of the infinite variation of the sun 
began almost with the inven lion of the telescope, 
but study of it was largely surreptitious and 
sporadic at first. There was a strong religious 
attachment to the sun and the heavens in Galileo's 
time, and a questioning attitude was actively 
discouraged. In addition, there is good evidence 
that the sun entered a period of some 70 years of 
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relative calm in the middle 1600s, Though sunspots 
were seen frequently by Galileo and other early 
users of his inven lion, variations in the solar 
surface became so rare af1er about 1640 that new 
spots or groups were hailed as sdcntific 
curiosities.• 

Record-keeping of sorts began about 100 years 
later, but up to the middle of the l 8th centurv the 
accuracy of the surviving records is not high. Even 
thereafter, observing was done with many levels of 
sophistication, and it still is today. Thus, any 
long-term sta ti sties must take the cquipmcn t used, 
the natural conditions of the site, and the skill and 
diligence of the observer into account. A Swiss 
astronomer devised a simple formula ror what is 
called the "Wolf Numb~r" in his honor: 

R = K(IOg + f) 

where R is the sunspot number, K an ob~rver 
rating factor, g the number of groups visible, and f 
the total number of spots seen, regardless of size. 
That the Wolf Number is still in use, with all its 
ambiguity, is recognition of ils worth as a statis
tical link \\~th history, but it has little in its favor 
otherwise. Today's radio amateur need only run 
off a few Wolf Numbers based on his daily 
observation of the sun and the concurrent behavior 
of the radio spectrum to realize that "sunspot 
number" has little relevance to the radio communi
cations scene in this half of the 20th century. 

Long-term statistics inevitably involve some 
"smoothing" of original data. Even the 2800-MHz 
solar nux given hourly on WWV is a smoothed 
value, but it tracks much better with observed 
variations in radio conditions and the appearance 
of the sun than any other available statistic. 

The individual observer of the sun can establish 
his own Wolf-equation K factor by working out 
examples of his observed g and f, and finding the 
average for K that tracks well with the information 
given in Fig. 19-1. This is an interesting exercise, 
but it will show that, for our purposes, the solar 
flux is the only muf indicator we really need. 

Monitoring Solar Noise 

Radiation from the sun is recorded on many 
lrcquencies at many sites all over the world. 
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Combined charts of the results for the same time 
and date show marked differences from one 
frequency to another in the level of noise from the 
sun. Great equipment sophisticat ion is not required 
for monitoring solar noise, and the curious amateur 
may find it an interesting project. ln any location 
where man-made noise ill low, a rca~onably good 
receiver and a directional antenna that can be 
aimed at the sun will yield some wlnr noise. In 
fact, the "quiet sun" is a good noise generator witl1 
which to rak antenna and receiver system perfor
mimcc on most frequencies where directive anten
nas are used in amateur communication. 

Increasing interest in amateur moonbounce and 
satellite communication have made an tenna con
trol in both azimuth and elevation much more 
common than in the past and have increased our 
sun-noise consciousness accordingly . Recording 
changes in received sun noise could add a useful 
dimension to any propagation-<Jbservation pro
gram: Hf, vhf, or uhf. The idea is not exactly new. 
See reference 3. 

The most interesting projects in amateur radio 
tend to be those where we can start al the beginner 
level and gel interesting results at moderate cost, 
then work up by ~tages, making worthwhile 
improvements for u long as we want to carry on 
the effort. Monitoring of the sun and the observa
tion and recording of radio propagation variations, 

WAVE PROPAGATION 

with a view to making better use of our on-the-air 
time, make a game of great fascin:ition that can be 
played al ever-increasing level.~ of ~ophistication. 
You may never gel enough of it. 

Propagation References 
1 Tilton, "The OXer's Crystal Ball." QST, June, 

August, and September, I 975. 
• Projection of the sun and interpretation of 

results ere discussed in reference I, and in QST for 
December, 1974, p. 83 and January, 197S, p. 84. 
A black-box viewing device (Tomcik, K4HYF) for 
sun projrction is shown in July, 1964, QST. 
(Photocopy from ARRL, 7S cents uni.I stamped 
envelope.) 

'Bray and Kirchner, "Antenna Patterns from 
the Sun," QST, July, 1960. Wilson. "432-MH1. 
Solar Pa1rol, QST, August, I 967. 

• Davirs, '7lonospheric Radio Propafalion," 
NBS Monograph 80, out or print. Avai able in 
some technical libraries. 

• See reference 4, p. 4S. 
• Bain, "VHF Propagation by Meteor Trail 

Ionization," QST, May, 1974. Table of major 
meteor showrrs, "Radio Ama1eurs VHF Manual," 
Ch. 2. 

' Hall, "Hlgh-1-"requency Propualion Estima
tions for 1hr Radio Amateur," QST, March , 1972. 

• World Radio and TV Handbook, Billboard 
Publications, London WI Vt PG ; 2160 Pauer~on 
Street, Cincinnati, Ohio 45 I 24 . Gilfer AS.'IOciates, 
Box 239, Park Ridge, NJ 076S6 . 

• Eddy, " Thr Maunder Minimum," digest of 
longer paper, QSTfor July, 1976. 

WWV PROPAGATION BULLETIN SERVICE LOST 

With portions of thi5 llllndbook already prinl
ing, changes in the WWV format were made, 
deleting the propagation bulletins formerly broad· 
cast at 18 minutes after the hour. Termination of 
the 14-aftcr information was also under con~idcra-

lion, though there was some prospect that this 
service might be saved. For the la test available 
information. see the propagation Information th.at 
runs regularly in QST. O,anges of any major nature 
will al~o be announced via W 1 AW bulle I in. 
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Chapter 20 

Transmission Lines 

Transmission lines, and the lheory behind 
lhem, play an importanl role in many phases of 
radio communication. This is because Ille basic 
principles involved can be applied to a wide variety 
of problems. Types of transmission lines include 
simple two<onductor configurations such as the 
fumiliar coaxial cable and TV parallel-wire line. 
Such lines are useful from power frequencies lo 
well up into the microwave re~on and form 
perhaps the most important class. "(be WJV(!J:Uidc is 
representative of a second type . Herc, the conduc
tor conriguralion is rather complex and ordinary 
concepts such as voltage and current tend to 
become obscure. As a con~uence, ·,arious para
meters are expressed in terms of the electric and 
magnetic fields associated with the line. Finally. 
the propagalion of electromagnelic energy through 
space itself is closely relaled to similar phenomena 
in wave guides and transmission lines. In fact, the 
only significanl physical difference ii thal the 
power density in a wave propagated in space 
decrcai;c~ with increasing dislance while it is 
possible lo transmit power over long distances wilh 
conventional lines with little attenuation. This is 
because power llow is essentially confined to one 
dimension in lhc latter case while the three
dimensional aspecl of space does nol permil such 
confinement. 

TranlilJli.!Ssion Lines and Cin:ui Is 

A tr:insmission line differs from an ordinary 
circuit in one very important a~pect. Delay effects 
associalcd with the finite propagation time of 
dectromagnctit: energy are often neglecled in 
nelwork deiign sim:e the dimemion,i involved are 
normally smull compared to the wavelength of any 
frequencies present in the circuit. This is not true 
in transmission-line considerations. The finite 
propagation time becomes a faclor of paramount 
importance. This can be iUustrated wilh the aid of 
Fig.. I. A lransmission line separale~ a :source at 
point g from a load al poinl a by a distance/. If lhe 
line ill uniform (same conductor shape al any cross 
section along the line). only lwo parameters are 
required lo expreSl! the line properties completely. 
l11csc arc the phase velocily, vp, and the charac
leri~tic impedance, Z 0 • I f the line can be con
sidered lo!..\less as well , Z0 becomes a pure resis
tance, R 0 . 

Assume that a very short bur.it of power is 

emilled from the source. This is represented by the 
vertical line at the left of the series of lines in Fig. 
2. As the pul5c vollage appeais across lhe load 2 8 , 

all the energy may be absorbed or part of ii may be 
reflected in much the !lllme manner energy in a 
wave in water is reflected as the wave hits a steep 
breakwater or lhe end of a container. This 
refleclcd wave is represented by the second line in 
the serie~ and the arrow above indicates the 
direction of travel. As the laller wave reaches the 
souICe. the process is again repealed with either all 
of lhe energy being absorbed or partially reflected. 

The back-and-forth cycle is actually an infinite 
one but afler a few reflections, the intensity of the 
wave becomes very small. If, instead of a short 
pulse, a conlinuous voltage is applied to the 
lerminals of a lransmission line, the vollage al any 
point along the line will consist of a sum of 
voltages of the composite of waves traveling 
toward the right and a composite of waves trav
eling towarc.l the left. The lotal sum of the waves 
traveling toward Jhe right is called the forward 
wave or incident ~ave while the one traveling 
ioward the lcfl is called the reflected wave . 
Provided cerlain conditions concerning Z8 are met. 
there will be a nel flow of energy Crom lhe liOUTCe 
to the load with a fraction of the energy being 
stored in lhc "standing" waves on the line. This 
phenomenon is identical to the case of a coupled 
resonator with ordinary circuit elements and sec
lions of trammis~ion line arc oflen used for this 
purpose especially in the vhf/uhf region. The 
duplexer found in many vhf r~peaters is a common 
example. 

Line Faclors and Equations 

Since lrammission lines are usually connecled 
between lumped or discrete circuitry, it is con-

v,. z.o lo 

Fig. 1 - Source and loed con nected by means of a 
transmission line. 

■ 
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Fig. 2 - Magnitudes of components for forward 
and reverse traveling waves of a short pulse on a 
transmission line. 

venient 10 be able to expreu the input impedance 
of a line in leans of the output or load impedance. 
A line treated this way is then iimilar to a filter or 
matching network with a given load impedance. 
One caution should be kept in mind in applying 
such relations and that is the manner in which the 
source and load are connected to the line can be 
important. There are always some "parasitic" 
effects arising from connectors and post-connector 
circuit configuration that may cause the line to 
"sec" a different impedance than if measurements 
were made at the load terminal! dircc lly. This is 
indicated by the abrupt change in line dimensions 
at points a and g in Fig. I. Even though the short 
line connecting the genera tor to the main trans
mission line (and the one connecting the load to 
the line) might have the same characteristic 
impedance, if the sizes arc different, a mismatch 
will still occur. Normally. this effoct can be 
neglected at hf but become, important as the 
frequency of operation is extended into the vhf 
region and above. 

In referring to the previous example shown in 
Fig. 2, the ratio of the voltage in the reflected wave 
to that of the voltage in the incident wave is 
defined as the voltage reflection coefficient desig
nated by the Greek letter, r,or by p. The relation 
between the output resistance. R 1 • the output 
reactancc, X 8 , the line impedance, Z 0 , and the 
magniwde of the reflection coefficient is 

r = 

Note that if R8 is equal to R0 • and if X8 ia O the 
reflection coefficient is O which represents 
"matched" conditions. All the energy in lhc 
incident wave is transferred to the load. In effect, 
it was as if there were an infinite line of character-
1.uic impedance Z0 connected at a. On the other 
hand, if Ra is 0, regardless of the value of Xa the 
renection coefficient is I .0. l'his means all the 
power is renected in much the same manner as 
radiant energy is reflected from a mirror. 

If there are no reflections from the load, the 
voltage distribution along the line is constant or 
"flat" while if reflections exist, a Standing-wave 
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pattern will result. The ratio of the maximum 
voltage on the line lo the minimum value (pruvided 
the line is longer than a quarter wavelength) is 
defined as the voltage standing-wave ratio ( VSWR) . 
The VSWR is related to the reflection coefficient 
by 

VSWR = + r 
- r 

and this latter definition is a more general one valid 
for any line length . Quite often, the actual load 
impedance is unknown and an alternate way of 
expressing the rcnection coefficient is 

where Pr is the powi:r in the reflected wave and Pf 
is the power in the forward wave. The parameters 
are relatively easy Lo measure with power meters 
available commercially or with homemade designs. 
However, it is obvious there can be no other power 
sources at the load if the foregoing definition is to 
hold . .For instance. the reflection coefficient of the 
generator in the example shown in Fig. 2 is 0.9. 
This value could have been obtained by substi
tuting the genera tor resistance and reactance into a 
previous formula for reflection coefficient, but not 
by measurement if the source were activated. 

Fortunately , it is possible to determine the 
input re~stancc and reactance of a terminated line 
if the load resistance and rcactance are known. 
along with the line length and characteristic 
impedance. (Witl1 actual lines, the physical length 
must be divided by the velocity factor of the cable 
which gives the value of I in the following 
formula.) The equations are: 

for a 1-n line. Equations are often "normalized" 
this way in order to make universal tables or plots 
that cover a wide range of values. If characteristic 
impedances (Z0 ) other than LO are to be used, the 
following set of conversions apply where R8 and 
X 8 arc the: load resistance and reactance and Rin 
and In represent the resistance and reactancc al 
the input end of the line. 

X • • 
• Zo • 

In order 10 determine the value of the tangent 
function, either the line length in meters or feet, 
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Fig. 3 - Normalized input reactance and resistance vi. line length for various values of ra l.x'a equal to 01. 

along with lhe frequency in MHz can be substi
tuted into the foDowing expressions: 

/f/(degrees) = 1.2/(MH'-) X I (metera) 

tJ/ (degrees)= 0.367 f(MHz) X / (feet) 

Since the foregoing transmission-line equations 
a.re somewhat awkward to work with, various plots 
have been devised that permit a graphical solution. 
However, with modem programmable calculators, 
even those in a moderate price class, II takes 
approximately 4 seconds to solve both equations. 
The plots shown in Fig. 3A and Fig. 38 were 
computed in this manner. The curve~ are for Tin 
and Xin for various values of , 1 (x8 equal to 0) and 
line length in degrees. Note that 90 degrees appears 
to be a "critical" value and represents a line length 
of a quarter wavelength. As this value is 
approached, the transmission-title equations can be 
approximated by the formulas : 

If x8 is zero, the foWJula for a quarter-wavelength 

transformer is obtained which is 

Quite often, it is mistakenly assumed that 
power reflected from a load represents power 
"lost" in some way . This is only true if there is 
considerable loss in the line itself and the power ia 
dissipated on the way back to the source. On the 
other hand, the quarter-wavelength transformer ii 
an example where reflections on a lossless line can 
actually be used to advantage in matching a load 
impedance that is different from the source 
Impedance. 

If the terminating resistance is zero, the input 
resistance is also zero. In effect, the line and load 
act a11 a pure reactance which is given by the 
formula: 

X ,. Xa + tanf1/ 
In l - x. tant1/ 

The special cases where the terminating reaclance 
is eithe, zero or infinity are given by the respective 
formulas : 

x1n - tanp/ , Xln = - cotf1/ 

A short length of line with a short circuit as a 
terminating load appears as an inductor while an 
open-circuited line appears as a capacitance. 
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MATCHING THE ANTENNA TO THE LINE 

The load for a tnnsmission line may be any 
device capable of dissipating rf power. When lines 
~ used for transmitting applications the most 
common type of load is an antenna. When a 
transmission line Is connected between an antenna 
and a receiver, the receiver input circuit (not the 
antenna) is the load, because the power talc.en from 
a passing wave is delivered to the receiver. 

Whatever the application, lhe conditions 
existing al the load, and only the load, detennine 
the standing-wave ratio on lhe line. If lhe load is 
purely resistive and equal in value 10 lhc character
istic impedance of the line, there will be no 
standing waves. In case lhe load is nol purely 
resistive, and/or is nol equal lo the line 2 0 , there 
wiU be slJlnding waves. No adjustments that can be 
made at the input end of the line can change the 
SWR, nor is it affected by changing the line length. 

Only in a few special cases is the load 
inherently of the proper value to match a 
practicable transmission line. In all other cases it is 
necessary either to operate with a mismatch and 
accept the SWR that re~ults, or else to lllke steps to 
bring aboul a proper match between the line and 
load by means of transfonnen or similar devices. 
Impedance-matching transformers may take a 
variety of physical forms, depending on the 
circumstances. 

Note that it is essential, if the SWR is to be 
made as low as possible, that the load al the point 
of connection to the transmission line be purely 
resistive. In general. this requms thal the load be 
tuned to resonance. If the lo:id itself is not 
resonant at the operating frequency the tuning 
sometimes can be accomplished in the matching 
system. 

THE ANTENNA AS A LOAD 
Every antenna system, no matter what its 

physical fonn. will have a definite value of 
impedance al the point where the line is 10 be 
connected. The problem Is to transfonn this 
an tenna input impedance to the proper value to 
match the line. In lhis respect there Is no one 
"best" type of line for a particular antenna system, 
because it is possible to transform impedances in 
any desired ratio. Consequently, any type of line 
may be used with any type of antenna. There are 
frequently reasons other than impedance matching 
that dictate the use of one type of line in 

Fig. 20-lOA - "Q" matching section, a ~arter-wave 
impedance transformer. 

--------½-------

--------¼-------

(8) Ir 
------- - ½--------4 

(C) Unt 

Fig. 20-10B -The folded dipole, a method for using 
the antenna element iuelf to provide an Impedance 
transformation, 

preference to another, ruch as case of installation, 
inherent loss in the line. and so on, but these are 
not considered in this section. 

Although the input impedance of an antenna 
system is seldom known very accurately, it is often 
possible to make a reasonably clo11e estimate of its 
value. 

Matching circuits can be built using ordinary 
coils and capacitors, but are not used very 
extensively because they must be supported al the 
antenna and must be weatherproofed. The systems 
to be de!ICribed use linear 1ransfonnen. 

The Quarter-Wave Transformer or 
"Q" Section 

As mentioned previously, :i quarter-wave trans
mission line may be used u an impedance trans
former. Knowing the antenna impedance and the 
characteristic impedance of the transmission line to 
be matched, the required characteristic impedance 
of a matching section such as is shown in Fig. 
20-l0A is: 

(20-H) 

Where ZI is the antenna impedance and ZO is the 
characteristic impedance of the line to which it is 
to be matched 

Eumple; To m11eh • 600-<>hm hnc to an 1nknn1 pn-· 
~nliog • 72-oh,n laad. 1he qu■rler•wa"e matchJnJ Tction 
would rtqui.r< • chan<1tru11, 1mprd1nn, or 

-f 72 X 600 • j 0.200 • ?OR ohm, 

The spacings between conductors of various sizes 
of tubing and wire for different surge impedances 
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Fig. 20-1 1 - Impedance transformation ratio, 
two-conductor folded dipole. The dimensions d1, 
d2 and s ere shown on the inset drawing. Curves 
show the ratio of the impedance lresistivel seen by 
the transmission line to the radiation resistance of 
the resonant antenna system. 

arc given in graphicnl fonn in the chapter on 
"Transmission Lines." (With 1/2-inch lubing, the 
spacing in the example above should be l.S inches 
for an impedance of 208 ohms.) 

The length of the quarter-wave matching 
section may be calculated from 

Ltmgth (feel) "' 

where V = Velocity factor 
f"' Frequency in MHz 

246V 
f 

(20-0 

h■mplc. A quaror, .... ,., lnn<farmrt af RC-11/U la la 
be uwdal 28.l MHz . Frum tho tablt 21).J, V• 0.66. 

The antenna must be resonant at the operating 
frequency. Setting the antenna length by formula 
is amply accurate with single-wile antenna~. but in 
other systems, particularly close-spaced arrays, the 
antenna should be adjusted to resonancti before the 
matching section is coMecled. 

When the antenna input impedance is not 
known accurately, it is advisable to construct the 
matching section so that the spacing between 
conducton can be changed. The spacing then may 
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be adjusted to give the lowest possible SWR on the 
transmission line, 

Folded Dipole~ 

A half-wave antenna element can be made lo 
match various line impedances ifit is split into two 
or more parallel conductors with the transmission 
line attached al the center of only one of them • 
Various forms of such "folded dipoles"' are shown 
in Fig. 20-10B. Currents in all conductors are In 
phase in a folded dipole, and since the conductor 
spacing is small the folded dipole is equivalent in 
radiating properties to an ordinary ~ingle-conduc
tor dipole. However, the current nowing into the 
input terminals of the antenna from the line is the 
current in one conductor only, and the entire 
power from the line is delivered al this value of 
current. This is equivalent lo saying that the input 
impedance of the antenna has been raised by 
splitting it up into two or more conductors. 

The ratio by which the input impedance of the 
antenna is stepped up depends not only on the 
number of conductoJ'I in the folded dipole but also 
on their relatiYe diameters, !Wlce the distn"bution of 
current between conductors ili a function of their 
diameters. (When one conductor is l111ger than tho 
other, as in Fig. 20-IOB, the larger one canieK the 
grc.itcr current.) The ratio also depends , In general, 
on the spacing between the conductor.1, as shown 
by the graphs of Figs. 20-11 and 20-12. An 
important special case is the 2-conductor dipole 
with conductors of equal diameter; as a simple 
antenna, not a part of a directive array , it ha\ an 
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Fig. 20-12 - Impedance transformation ra1io, 
three-conductor folded dipole. The dimen5ions dl, 
d2 and s are shown on the inset drawing. Curves 
show the ratio of the impedance !resisti11e) seen by 
the transmission line to the radiation resistance of 
the resonant antenna system. 
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Fig. 20-13 - The "T" match and "gamma" match. 

input impedance close enough to 300 ohms to 
afford a good match to 300-ohm Twin-Lead. 

The required ratio of conductor diameteis to 
give a desired impedance ratio using two 
conductors may be obtained from Fig. 20-11. 
Similar information for a 3-conductor dipole is 
given in Fig. 20-12. This graph applies where all 
three conductors are in the same plane. The two 
conductors not connected to the transmission line 
must be equally spaced from lhe fed conductor. 
and must have equal diameters. The fed conductor 
may have a different diameter, however. The 
unequal-conductor method has been found particu
larly useful in matching to low-impedance antennas 
such as directive arrays using close-spaced parasitic 
elements. 

The length of the antenna element should be 
such as to be approximately self-resonant at the 
median operating frequency. The length is usually 
not highly critical. because a folded dipole tends to 
have the characteristics of a "thick" antenna and 
thus has a relatively broad frequency-response 
curve. 

'T' and "Gamma" Matching Sections 

The method of matching shown in Fig. 20-l 3A 
is based on the fact that the impedance between 
any two points along a resonant antenna is 
reRistive, and has a value which depends on the 
spacing between the two points. It is therefore 
possible lo choose a pair of points between which 
the impedance will have the right value to match a 
transmission line. In practice, the line cannot be 
coMected directly at these points because the 
distance between them is much greater than the 
conductor spacing of a practicable transmission 
line. The "T' arrangement in Fig. 20-lJA 
overcomes this difficulty by using a second 
conductor paralleling the antenna to form a 
matching section to which the line may be 
connected. 

The "T" is particularly suited to use with a 
parallel-conductor line, in which ca.,e the two 
points along the antenna should be equidistant 
from the center so that electrical balance is 
maintained. 

TRANSMISSION LINES 

The operation of this system is somewhat 
complex. Each "T'' conductor (y in the drawing) 
founs with the antenna conductor opposite it a 
short section of transmission line. Each of these 
transmission-line sections can be considered to be 
terminated in the impedance that exists at the 
point of connection to the antenna. Thus the put 
of the antenna between the two points carries a 
uansmission-line current in addition to the nonnal 
antenna current. The two transmission-line match• 
ing sections are in series, as seen by the main 
transmission line. 

If the antenna by itself is resonant at the 
o~ra_ting fn:q~ency its impedance will be purely 
~isuve, and in such case the matching-section 
lines are tenninated in a resistive load. However, 
since these sections are shorter than a quuter 
wavelength their input impedance - i.e., the 
impedance seen by the main transmission line 
looking into the matching-section tenninals - will 
be reactive as well as resistive. This prevents a 
perfect match to the main transmission line since 
its load must be a pure resistance for ~erfect 
matching. The re11ctive component of the inpul 
impedance must be tuned out before a proper 
match can be secured. 

One way to do this is to detune the antenna 
just enough, by changing its length, to cause 
reactance of the opposite kind to be reflected to 
the input terminals of the matching section, thus 
cancelling the reactanct introduced by the latter. 
Another method, which is considerably easier to 
adjust, is lo insert a variable capacitor in series with 
the matching section where ii connects 10 the 
transmission line, as shown in Fig. 21-39. The 
capacitor must be protected from the weather. 

The method of adjustment commonly used is 
lo cut the antenna for approximate resonance and 
then make the spacing x some value that is 
convenient constructionally. The distance v is then 
adjusted, while m~ntaining symmetry with respect 
to the center, until the SWR on the transmission 
line is as low a$ possible. If the SWR is not below 2 
to 1 afler this adjusment, the antenna length 
sho~ld be changed ~lightly and the matching 
section taps adjusted again. This procedure may be 
continued until the SWR is ..s close to l to I .._, 
possible. 

When the series-capacitor method of reactance 
compensation is used (fig. 21-32), the antenna 
should be tht: proper length lo be resonant al the 
operating frequency. Trial positions of the 
matching-section taps are then taken, each time 
adjusting the capacitor for minimum SWR. until 
the standing waves on the transmission line are 
brought down to the lowest poSSllile value. 

The unbalanced ("gamma") anangement in Fig. 
20-lJB is similar in principle to the "T," but is 
adapted for use with single coax line. The method 
of adjustment is the same. 

BALANCING DEVICES 
An antenna with open ends, of which the 

half-wave type is an example, is inherently 11 

balanced radiator. When opened at the center and 
fed with a parallel-conductor line this balance is 
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maintained throughout the system, so long as lhe 
causes of unbalance discussed in the t.rnnsmission
line chapter are avoided. 

If the antenna is fed at the center through a 
coaxial line, a., indicated in Fig. 20-14A, this 
balance is upset because one side of the radiator is 
COMected to the shield while the other is 
connected to the inner conductor. On the side 
connected to the shield, a current can flow down 
over the outnde of the coaxial line, and the fields 
thus set up cannot be canceled by the fields from 
the inner conductor because the fields inside the 
line cannot escape through the shielding afforded 
by the outer conductor. Hence these "antenna" 
currents flowing on the outside of the line will be 
responsible for radiation. 

Linear Baluns 

Line radiation can be prevented by a number of 
devices whose purpose Is to detune or decouple the 
line for .. antenna" currents and thus greatly reduce 
their amplitude. Such devices generally are known 
as baluns (a contraction for "balanced to 
unbalanced"). Fig. 20-14B shows one such 
arrangement, known as a bazooka, which uses a 
sleeve over the transmission line to form, with the 
outside of the outer line conductor, a shorted 
quarter-Wllve line section. As described earlier in 
this chapter, the impedance looking into the open 
end of such a :oiection is very high, so that the end 
of the outer conductor of the coaxial line is 
effectively insulated from the part of the line 
llcluw Lite :i.lt:eve. The length ls an eleccrtcQ/ quar1er 
wave, and may be physically shorter if the 
insulation between the sleeve and the line is other 
than air. The bazooka has no effect on the 
impedance relationships between the antenna and 
the coaxial line. 

Another method that gives an equivalent effect 
i8 shown at C. Since the voltages at the antenna 
tenninals are equal and opposite (with reference to 
ground), equal and opposite currents flow on the 
surfaces of the line and second conductor. Beyond 
the shorting point, in the direction of the 
transmitter, these currents combine to cancel out, 
The balancing section "looks like" an open circuit 
to the antenna, since it is a quarter-wave 
parallel-conductor line shorted at the far end, and 
thus has no effect on the normal antenna 
operation. However, this is not essential to the 
line-balancing function of the device, and baluns of 
this type are romctimes made shorter than a 
quarter W11velength in order to provide the shunt 
inductive reactance required in certain types or 
matching systems. 

Fig. 20-14D shows a third balun, in which equal 
and opposite voltages, balanced to ground, are 
taken from the inner conductors of lhe main 
transmission line and half-wave phasing section. 
Since lhe voltages at the balanced end are in series 
while the voltages at the unbalanced end an: in 
parallel, there is a 4-to-l step-down in impedance 
from the balanced to the unbalanced side. Thill 
arrangement is useful for coupling between a 
balanced 300-ohm line and a 7S-ohm coaxial line, 
for example. 
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Fig. 20-14 - Radiator with coaxial feed IA) and 
methods of prllVllnting unbalanced currents from 
flowing on the outside af the transmission line 1B 
and Cl. The half-wave phasing section shown at D 
is used for coupling between an unbalanced and a 
balanced circuit when a 4-to-1 impedance ratio is 
desired or can be accepted. 
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OTHER LOADS AND BALANCING DEVICES 

TI1e most important practical load for a 
transmission lint is an antenna which, in most 
cases, will be "balanced" - that is, symmetrically 
constructed with respect to the feed point. Aside 
from considerations of matching the actual 
impedance of the antenna at the feed point to the 
characteristic impedance of the line (if such 
matching is attempted) a balanced antenna should 
be fed through a balanced transmission line in 
order to preserve ~ymmctry with respect to ground 
and thus avoid difficulties with unbalanced 
currents on the line and consequent undesirable 
radiation from th<! transmission line itsc!C. 

If, as is often the case, the antenna is to be fed 
through coaxial line (which is inherently unbal
anced) some method should be used for connecting 
the line to the antenna without upsetting the 
symmetry of the antenna itseU. This requircli a 
circuit that will isolate the balanced load from the 
unbalanoed line while providing effecient power 
transfer. Devices for doing this are called baluns. 
The types used between the antenna and 
tr.insmiss.ion line are generally "Linear," consisting 
of transmission-line sections.. 

The need for baluns aho arises in coupling a 
lransmitter to a balanced transmission line, since 
lhe output circuits of most transmitters have one 
side grounded. (This type of output circuit is 
desirable fo r n number of reasons, including TV! 
red1.1.,tion.) The mo~I llex.ible type of balun for thi• 
purpose is the inductively coupled matching 
network described in a subsequent section in this 
chapter. This combines impedance matching with 
balanced-to-unbalanced operation, but has the 
disadvantage that it uses resonant circuits and thus 
can work over only a limited band of frequencies 
without readjustment. However. if a fixed 
impedance ratio in the balun can be tolerated, the 
coil balun de~cribcd below can be used without 
adjustment over a frequency range of about l O to 
I - 3 to 30 MHz, for enrnple. 

Cati Baluns 

The type of balun known as the "coil balun" is 
based on the principles of Linear-transmission-line 
balun as shown in the upper drawing of Fig. 20-15. 
Two transmission lines of equal length having a 
characteristic impedance (Z 0 ) are connected in se
ries at one end and in parallel at the other. Al the 
series-connected end the lines are balanced to 
ground and will match an impedance equal to 27-o. 
At the parallel-connected end the lines will be 
matched by an impedance equal to Z<J2. One side 
may be connected to ground at the parallel
connected end, provided the two lines have a 
length such that, considering each line 11s a ~inglc 
wire, the balanced end is effectively decoupled 
from the parallel-connected end. This requires a 
length that is an odd multiple of 1/4 wavelength. 

A definite line length is required only for 
decoupling purposes. and so long a.~ there is 
adequate decoupling the system will act as a 4-to-l 
impedance transformer rcgardle:.s of line length. If 
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f ig. 20-16 - Baluns for matching between 
push-pull end single-ended circuits. The impedance 
ratio is 4 to 1 from the push-pu II side to the 
unbalanced side . Coiling the line, (lower drawing) 
increases the frequency range over which satisfac
tory operation is obtained. 

each tine is wound into a coil. as in the lower 
drawing, the inductances so formed will act as 
cho ke coils and will tend to isolate the 
series-connected end from any ground connection 
that may be placed on the parallel-connected end. 
Balun coils made in this way "ill operate over a 
wide frequency range, since the choke inductance 
is not critical. The lower frequency limit is where 
the coils are no longer effective in i!olating one end 
from the other; the length of line in each coil 
should be about equal to a quarter wave-length al 
the lowe6l frequency to be used. 

The principal application of such coils is in 
going from a 300-ohm balanced line 10 a 75-ohm 
coaxial llne. This requires that the Zo of lhe lines 
forming the coils be 150 ohms. 

A balun of this type is simply a fixed-ratio 
transformer. when matched. It cannot compensate 
for inaccurate matching elsewhere in the system. 
With a '"3()()..ohm" line on the balanced end, for 
example, a 7 5-ohm coax cable will not be matched 
unless the 300-ohm line actually is terminated in a 
300-ohm load. 

TWO BROAD-BAND 
TOROIDAL BALUNS 

Air-wound balun transfonners ;ire somewhat 
bulky when designed for operation in the 1.8- to 
30-MHz range. A more compact broad-band 
transformer can be realized by using toroidal 
fe rrite core material as the foundation for 
bifilar-wound coil balun transfonneI'li. Two such 
baluns are described here. 

In Fig. 20-16 al A, a 1: I ratio balanced-to
unbalan~d-line transformer is shown . This trans
former is useful in converting a 50-ohm balanced 
line condition to one that is 50 ohms. unbalanced. 
Similarly, the transformer will work between 
balanced and unbalanced 75-ohm impedances. 
A 4: 1 ra tio transformer is illus Im led in Fig. 20-16 
at B. This balun is useful for converting a 200-ohm 
balanced condition to one that is 50 ohms, 
unbalanced. In a like manner, the transfonncr can 
be used between a balanced 300-ohm point and a 
75-ohm unbalanced Line. Both balun tran5formerS 
will handle IOOO watts of rf power and arc 
designed to operate from 1.8 through 60 MHz. 



Broad-Band Toroidal Baluns 

Fig. 20- 16- Schematic 
and pictorial represen
tations of the balun 
transformers. T1 and 
T2 are wound on 
CF-123 toroid cores 
(see footnote 1, and the 
text). J 1 and J4 are 
5O-239-type coax con
nectors, or similar. J2. 
JJ, JS, and J6 are 
s teatite feedthrough 
bushings. The windings 
are labeled a, b, and c 
to show the relation
ship between the pic
torial and schematic il
lustrations. 
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Low-loss high-frequency ferrite core material is 
used for Tl and T2.1 ,3 The cores are made from 
Q-2 material and cost approximately SS.S0 in 
single-lot quantity. They are O.S inches thick, have 
an OD of 2.4 inches, and the ID is 1.4 inches. The 
permeability rating of the cores is 40. A packaged 
one-kilowalt balun kit, with winding inslructions 
for l: I or 4: 1 impedance transformation ratios, is 
available, but uses a core of slightly different 
dimensions.2 

Winding lnfonnalioo 

The transformer shown in Fig. 20 • 16 at A has 
a trifilar winding consisting of JO toms of No. 14 
formvar•insulated copper wire. A !~tum bifilar 
winding of the same type of wire is used for the 
balun of Fig. 20-16 at B. If the cores have iough 
edges, they should be carefully sanded until 
smooth enough to prevent damage to the wire's 
formvar insulation. The windings should be spared 
around the entire core as shown in Fig. 20 • 17. 
Insulation can be used between the core material 
and the windings lo increase the power handling 
capabilities of the core. 

Using the Baluns 

For indoor applications, the transformers can 
be assembled open style, without benefit of a 
protective enclosure. For outdoor installations, 
such 115 at the antenna feed point, the balun should 
be encapsulated in epoxy resin or mounted in a 

1 Available In single-lot quantity from Permq 
Corp. 88-06 Van Wyck Expy, Jammca, NY 11418. 

2 Amidon Associates~ 12033 Otse10 Street, 
North Hollywood, CA 9 lt>0l. 

3 Toroid cores are also available from Ferrox
cube Corp. of America, Saugerties, NY 12477. 

4:1 BALANCED TO UNBALANCED 

B 

suitable weather-proof enclosure. A Mirul>ox, 
~ed against moisture, works nicely for the latter. 

NONRADIATING LOADS 

Typical examples of nonradiating loads for a 
transmission line are the grid circuit of a power 
amplifier (considered in the chapter on transmit• 
ter.;), the input circuit of a receiver, and another 
transmission line. This last case includes the 
" antenna tuner" - a misnomer because it Is 

Fig. 20-17 - layout of II kilowatt 4:1 toroidal 
balun transformer. Phenolic insulating board is 
mounted between the 1ransformer and the Minibox 
wall to prevent &hon-circuiting. The board is held 
In place with epo><y cement. Cement is also used to 
secure the transformer to the board. For outdoor 
~se, the Minibox cover can be Installed, then sealed 
against the weather by applying epoxy cement 
along the seams of the box, 
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Fig. 20-18 - Networks for matching alow-Z 
transmitter output to random-length end-fed wire 
antennas. 

actually a device for coupling a transmission line to 
the transmitter. Because of its importance ir. 
amateur installations, the antenna coupler is 
considered separately in a later part of this chapter. 

Coupling to a Receiver 

A good match between an antenna and itJ 
transmission line does not guarontce a low 
standing-wave ratio on the line when the antenna 
system is used for receiving. The SWR is 
determined wholly by what the line "sees" at the 
receiver's antenna-input terminals. For minimum 
SWR the receiver input circuit must be matched to 
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the line. The rated input impedance of a receiver is 
a nominal value that varies over a considerable 
range with frequency. Most hf receivers are sensi
tive enough that exact matching is not necessary. 
The most desirable condition is that in which the 
receiver is matched to the line Zo and the line in 
tum is matched to the antenna. This transfers 
maximum power from the antenna to the receiver 
with the least loss in the transmission line. 

COUPLING TO RANDOM-LENGTH 
ANTENNAS 

Several impedance-matching schemes are shown 
in Fig. 20-18, permitting random-length wires to be 
matched to normal low-Z trarumitter outputs. The 
circuit used will depend upon the length of the 
antenna wire and its impedance at the desired 
operating frequency. Ordinarily, one of the four 
methods shown will provide a suitable impedanel: 
match to an end-fed random wire, but the 
configuration will have to be determined experi
mentally. For operation between 3.5 and 30 MHz, 
Cl can be a 200-pF type with suitable plate 
spacing for the power level in use. C2 and C3 
should he 500-pF units to allow for flexibility in 
matching. LI, L4, and LS should be tapped or 
rotary inductors with sufficient L for the operating 
frequency. L3 can be a tapped Miniductor coil 
with 11mple turns for the band being um!. An SWR 
bridge should be used as a match indicator. 

COUPLING THE TRANSMITTER TO THE LINE 

The type of coupling system that will be 
needed to transfer power adequately from the final 
rf amplifier to the transmission line depends almos, 
entirely on the input impedance of the line. As 
shown earlier in this chapter, the input impedance 
is determined by the standing-wave ratio and the 
line length. The simplest case is that where the line 
is terminated in its characteristic impedance so that 
the SWR is l lo 1 and the imput impedance ii 
equal to the Zo of the line, regardless of line 
length. 
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Coupling systems that will deliver power into a 
flat line are readily designed. For all practical 
puiposes the line can be considered to be flat if the 
SWR is no pester than about l.5 to I. That is, a 
coupling system designed to work into a pure 
resistance equal to the line z0 will have enough 
leeway to take care of the small variations in input 
impedance that will occur when the line length is 
changed, if the SWR is higher than 1 to I but no 
greater than 1.5 to 1. 

Current practice in transmitter design is to 

Fig. 20-19 - Simple circuits for coupling a 
transmimtr to a balanced line that prasents a load 
different than the transmitter output impedance. 
(Al and (Bl are respectively series- and parallel
tuned circuiu using variable inductive coupling 
between coils, end (C) and (DI are similar but use 
fixed inductive coupling and a variable series 
capacitor, C1. A series-tuned circuit works well 
with a low-impedance load; the parallel circuit is 
better with high-impedance loads (several hundred 
ohms or more). 
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Fig. 20-20 - Coupling from a transmitter designed for 50- to 75-ohm output to a coaxial line with a 3-
or 4-to-1 SWR is readily accomplished with these circuits. Essential difference between tha circuits is (Al 
adjustable inductive coupling end (Bl fixed inductive coupling with veriable series capacitor. 

In either case the circuit can be adjusted to give a 1-to-1 SWA on the meter in the line to the 
transmitter. The coil ends marked "x" should be adjacent, for minimum capacitive coupling. 

provide an output circuit that will work into ~uch a 
line, usually a coaxial line of 50 to 7 5 ohms 
characteristic impedance. The design of such 
output circuits is discussed in the chapter on 
high-frequency transmitter.;. If the input impe
dance of the transmission line that is to be 
connected to the transmitter differn appreciably 
from the value of impedance into which llte 
transmitter output circuit is designed to operate, 
an impedance-matching network must be inserted 
between the transmitter and the line input 
terminals. 

IMPEDANCE-MATCHING CIRCUITS 
FOR TRANSMISSION LINES 

As shown earlier in this chapter, th.: input 
impedance of a line that i.1 operating with a high 
standing-wave ratio can vary over quite wide limits. 
The s.implest type of circuit !hat will match such a 
range of impedances to 50 lo 75 ohms is II simple 
series- or parallel-tuned circuit, approximately 
resonant at the operating frequency. If the load 
presented by the line at the operating frequency is 
low (below a few hundred ohms), a series-tuned 
circuit should be used. When the load is higher 
than this, the parallel-tuned circuit is easier to use. 

Typical simple circuits for coupling between 
the transmitter with SO- to 7 S-ohrn coaxial-line 
output and a balanced lrammission line are shown 
in Fig. 20-19. The inductor Ll should have a 
reactance of about 60 ohms when adjustable 
inductive coupling Is used {Figs. 20-19A and 
20-19B ). When a variable series capacitor is used, 
LI should have a r~aclance of about 120 ohms. 
The variable capacitor, Cl, should have a reactance 
at maximum capacitance of about 100 ohms. 

On the secondary side, L5 and C8 should be 
capable of being tuned to resonance at about 80 
percent of the operating frequency. In the 
series-tuned circuits, for a given low-impedance 
load looser coupling can be u11cd between LI and 
L 5 as the L 5-to-C8 ratio is increased. In the 
parallel-tuned circuits, for a given high-impedance 
load looser coupling cain be used between LI and 
Lp as the Cp•lo-Lp ratio is increased. The constants 
arc not critical; the rules of thumb are mentioned 
to assist in correcting a marginal condition where 
sufficient transmitter loading cannot be obtained. 

Coupling to coaxial lines that have a high SWR, 
and consequently may present a transmitter with a 
load it cannot couple to, is done with an 

unbalanced vets.ion of the series-tuned circu.it, as 
shown in Fig. 20-20. The rule given above for 
coupling ease and L8-to-Cs ratio applies lo these 
cirruits as well. 

The most satisfactory way to set up initially 
any of the circuits of Fig. 20-19 or 20-20 is lo 
connect a coaxial SWR bridge in the line to the 
transmitter, as shown in Fig. 20-20. The 
"Monimatch" type of bridge, which can handle the 
full transmitter power and may be left In the line 
for continuous monitoring, is excellent for this 
purpose. However, a simple resistance bridge such 
as is described in the chapter on measurements is 
perfectly adequate, requiring only that the 
transmitter output be reduced to a very low value 
so that the bridge will not be overloaded. To adjust 
the circuit, make a trial setting of the coupling 
(coil spacing in Figs. 20-1 9A and Band 20-20A, Cl 
setting in others) and adjust Cs or Cp for minimum 
SWR as indicated by the bridge. If the SWR is not 
close to practically I to I, readjust the coupling 
and return C1 or Cp, continuing this procedure 
until the SWR Is practically I lo I. The settings 
may then be logged for future reference. 

In the series-tuned circuits of Figs. 20-20A and 
20-20C, the two capacitors should be set at similar 
settings. The "2C6 " indicates that a balanced 
series-tuned coupler requires twice the capacitance 
in each of two capacitors as does an unbalanced 
series-tuned circuit, all other things being equal. 

It is pOMible to use circuits of this type without 
initially setting them up with an SWR bridge. In 
such a case it is a matter of cut-and-try until 
adequate power transfer between the amplifier and 
main transmission line is secured. However, this 
method frequently results in a high SWR in the 
link, with consequent power loss, "hot spots" in 
the coaxial cable, and tuning that is critical with 
frequency. The bridge method is simple and gives 
the optimum operating conditions quickly and 
with certainty. 

A TRANSMATCH FOR BALANCED 
OR UNBALANCED LINES 

Nearly all commercially made transmitter.; are 
designed to work into a 50- lo 70-ohm load, and 
they are not usually equipped to handle loads that 
depart far from these values. However, many 
antenna systems (the antenna plus its feed line) 
have complex impedances that make it difficult. if 
not impossible, to load and tune a transmitter 
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Fig. 20-21 - The universal Transmatch shown h11re 
wi ll couple II transmitter to almost any antenna 
system. If the amateur already has a matching 
indicator, tha Monimatch section of the circuit can 
be eliminated. Th■ counter dial and knobs are 
James Millan & Co. components. 

JI 

Fig. 20-22 - Circuit diagram of the Transmatch. 
The .001 -µF capacitors used are disk ceramic. 
C1 - Dual .. actlon or air variable, 200 pf per 

section IE. F. J ohnson 154-607 or Millen 
162501. 

C2 - Air variable 350 pF, IE. F. Johnson 154-10 
or Millen 18520A). 

CR1 ; CR2 - 1N34A germanium diode. 
J1, J2 - Coax chassis connector, type SO-239. 
J3. J4, J5 - lsolantite feedthrough insulators. 
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properly. What ia required 11 a coupling method 
to convert the reactive/ resistive load to a 
non-reactive S~hm load. This task can be 
accomplished with a Transmalch, a device that 
consists of one or more LC circuits. It can be 
adjusted to tune out any load reactance plus, when 
necessary, trBDSfonning the load Impedance to SO 
or 70 ohms. 

As has been discussed earlier In this chapter, 
losses In trammission lines depend on several 
facton: the size of the conducton, the spacing 
between conductors, the dielectric material used in 
the construction of the feed line, and the 
frequency at which the line i1 used. Coaxial lines 
can be classed as lossy lines when compared to a 
low-loss line such as open-wire feeden, at least 
below 100 MHz. Because losses increase as the 
SWR increases, the type of line used to feed an 
antenna should be chosen cuefully. If the 
transmission line has very low-loss chuacteristics, 
high standing wave ratios can be tolerated with no 
practical loss of power in the line. 

A wire 111\tenna, fed at the center with 
open-wire line. is the most efficient multiband 
antenna devised to date. For all practical purposes, 
the feed line Is lossless, so extremely high SWRs 
can be tolerated. This should not be construed to 
mean that coaxial feed lines cannot be used 
because of a high SWR, but only the very 
expensive types are really suitable in this 
application. 
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L1. L2 -See Fig. 20-25. 
L3 - Roller inductor. 28 µH (E. F. J ohnson 

229-2031. 
M1 - 50 or 100 µA. 
R1, R2 - 68-ohm, 1/2-wan carbon or composi-

tion. 
R3 - 26,000-ohm control, linear taper. 
S1 - Sll$t toggle. 
T1 - Balun 1r11ndarnar, see text and Fig. 20-23. 
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Fig. 20-23 - Details of the balun bifilar windings. 
The drawing shows the connections required. In 
the actual balun, the turns should be closed spaced 
on the inside of the core and spread evenly on the 
outside. 

The Transmatch shown in Fig. · 20-22 is 
designed to handle practically any mismatch that 
an amateur is likely to encounter. The unit can be 
used with either open-wire feeders, balanced lines, 
coaxial lines, or even an end-fed single wire. 
Frequency range of the unit is from 3 to 30 MHz, 
accomplished without the use of bandswitching. 
Basically, the circuit is designed for use with 
unbalanced lines, such as "coax." For balanced 
lines, a I :4 (unbalanced-to-balanced) balun is 
-connected to the output of the Transmatch. 

The chassis used for the Transmatch is made of 
a 16 X 25-inch sheet of aluminum. When bent to 
form a U, the completed chassis measures 
16 X 13 X 6 inches. When mounting the variable 
capacitors, the roller inductor and the balun, allow 
at least l/2-inch clearance to the chassis and 
adjoining components. The capacitors should be 
mounted on insulated standoff insulators. The 
balun can be mounted on a cone insulator or piece 
of Plexiglas. 

The balun requires three ferrite cores stacked 
for 2-kW or two cores for I-kW power levels. 
Amidon type T-200-2 cores arc used in making the 
balun.I Each core should be covered with two 
layers of 3M No. 27 glass-cloth insulating tape. 
Next, the cores arc stacked and covered with 
anothe1 layer of the tape. The winding consists of 
15 bifilar turns of No. 14, Teflon-covered wire. 
Approximately 20 feet of wire (two IO-foot 
lengths) a1e required. 

A template for the ctched-ciicuit Monimatch is 
shown in Fig. 20-25. Details for making etched 
ciicuits are given in the Construction Practices 
chapter. If the builder de!.ires, a power-type bridge 
can be substituted. Such a unit is described in the 
Measurements chapter. In addition to providing 
standing-wave indications for Transmatch adjust
ment purposes, the power bridge will accurately 
measure transmitter output power. 

For coax-to-coax foeder matching, the antenna 
feed line should be connected to 12 of Fig. 20-22. 
C l and C2 should be set at maximum capacitance 
and power applied to the transmitter. The SWR 
indicator should be switched to read reflected 
power. Then, adjust L3 until there is a drop in the 
reflected reading. Cl and C2 should then be reset, 
along with L3, until a perfect match is obtaim•d. Jt 

l Amidon Associates, 120 33 Otsego Street, North 
Hollywood, CA 91 601. 
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Fig. 20-24 - Interior view of the Transmatch. The 
etched-circuit Monimatc:h is mounted 1/2 inch 
above the chassis. Both C1 and C2 must be 
mounted on insulated stand-offs and insu lated 
shaft couplers used between the capacitors and the 
panel knobs. Likewise, T1 should be installed on 
an insulated mounting. An isolantite cone is used 
in the unit shown (the balun could be mounted on 
a piece of Plexiglas). Feedthrough isolantite 
insulators, mounted through the rear deck, are 
used for the antenna connectors. 

will be found that with many antenna systems, 
several different matching combinations can be 
obtained. Always use the matching setting that 
uses the most capacitance from Cl and C2, as 
maximum C provides the best harmonic attenua
tion. 

End-fod wires should be connected to J3. Use 
the same adjustment procedures for setting up the 
Transmatch as outlined above. For balanced 
feeders, the feed line should be connected to 14 
and JS, and a jumper must be connected between 
J3 and J4 (see Fig. 20-22 at C). 

A slight modification will permit this Trans
match to be used on the 160-meter band. Fixed 
capacitor.i, I 00 pF each (Centralab type 
850S-100N), can be installed across each of the 
$ta tor sections of Cl, providing sufficient C to tune 
to 1.8 MHz. But, the fixed capacitors must be 
removed when using the Transmatch on the other 
hf bands. 

Fig. 20-25 - Template for the etched-circuit 
Monimatch, foil side shown, etched ponion 
shaded. 
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A SIMPLE COUPLER FOR BALANCED LINES 

Generally speaking, antenna balance can be 
neglected with many of the systems commonly 
used by amateurs. Such closed-loop configurations 
as the quad and the folded dipole tend to cancel 
out the effects of imbalance even though they are 
inherently balanced antennas in nature. Other 
antennas have only a timiled vulnerability (the 
ordinary half-wave dipole for example) to imbal
ance effects and often can be operated with no 
balancing networks being necesury. However, 
some antennas require a balanced source and the 
best approach is to lailor the coupler design 
accordingly. These systems usually have a high 
input impedance also. 

The coupler shown in Fig. I can be used to 

Fig. 1 - Schematic diagram for the coupler. 
C1 - Air variable, 325 pF (Millen 19335 or 

equiv.). 
L1 - Air-wound inductor, 2-1/2-lnch dia., 6 tpi 

(B&W 3029 or equiv.I, 7 inches long. 
T 1 - Phase-reversa I transform er. stack two 

Amidon FT-61-601 ferrite cores and wrap with 
glass tape. Wind 18 turns of twisted pair made 
from two strands of No. 20 enam. wire twisted 
such that there are approximately 34 "bumps" 
or notches per foot as the peir ia pulled 
between the thumb and forefinger. 

To construct the twisted pair, bend a 
four-foot piece of wire in the middle and clamp 
this end in a vice. Pull the wire& taut and twist 
slightly so that the wires come together over 
the entire length. Roll the free ends Into e ball 
large enough to be clamped in the chuck of a 
small hand-powered drill. Twist slowly until the 
desired pitch is obtained. 

match the transmiller to a balanced load with a 
high input impedance. Typical examples would be 
short dipoles fed with short lengths of open-wire 
line or a half-wave dipole fed with a quarter-wave 
section of high-impedance line. For instance, the 
coupler was used with an 80-meter dipole fed with 
67-feet of 450-ohm line on both 80 and 160 
meters wlth the values given for Ll and Cl. 

In most instances, values for this type of 
coupler are not critical and any number of combi
nations could be used. If desired, a link could be 
substituted for the phase-reversing transformer. 
However, the latter provides a simple means ror 
getting a voltage with the necessary 180-degrce 
phase shift for the opposite half of a balanced load. 
This allows tap adjustment over a wide range of 
values eliminating the need for changing colls 
(usually necessary with such couplers). Rccom• 
mended power limit with the components given 
would be approximately 100 watts which means 
the coupler shou ld handle any transmitter in the 
ISO.watt, PEP class without any difficulty on 
either phone or cw, 

Construction of the coupler. Note method of 
mounting T1 (seen to the left of the coll L1 I. 

Adjustment of the coupler should proceed as 
follows. First, tune the receiver to the band 
segment of interest. Next, adjust the lllps and tune 
Cl until signals begin lo peak up (the taps should 
be adjusted equally with the same number of turns 
from ground to the outer taps on each side and 
likewise with the inner ones). If a high-impedance 
load is suspected, start with the inner taps close to 
the ground connection and adjust the outer taps. 
With medium-impedance levels, the inner taps will 
be farther out. Finally, turn the tran~mitter on and 
adjust for minimum SWR with the meter con
nected between the rransmitter and the coupler. 
With the antenna mentioned earlier, only minor 
retuning of Cl was required to cover the 75-meter 
phone band. 



A Variable-Inductor Antenna Coupler 

A VARIABLE-INDUCTOR 
ANTENNA COUPLER 

Antenna couplers come in all sizes and circuit 
configurations. The design described here ls dif· 
ferent than most because it uses a fixed-value 
capacitor and an inductor which is adjustable. The 
system may be used on only 80 meters with a 
half-wavelength dipole, center fed with 300-ohm 
TV lead-in or 450-ohm open-wire line. Other 
antennas are unsuitable. The purpose for this 
description is to stimulate interest in variable
capacitor substitutes rather than in antenna tuning 
flexibility. No doubt, one could change the in· 
ductor and capacitor values for operation on any 
one or the hf bands but no information will be 
given here. 

Electrical Design 

The circuit shown in Fig. 1 is similar to ones 
shown earlier in the chapter. The two inductors are 
used to provide excellent circuit balance for 
open-wire fed antennas. A fixed-value capacitor is 
fabricated from aluminum plates and attached to 
the rear panel on ceramic piilaJs as shown in the 
photograph. The capacitance value is preset with 
the antenna connected and the variable inductors 
set to midrange. Capacitor adjustment is acc:om· 
plished by adding or removing plates. Proper phase 
shift is given by a phase~eversal transformer at the 
input dde of the tuner network. The transformer is 
attached to the inductors a few turns from the cold 
end at approximately the 100-ohm points. The two 
J 00-<ihm taps in parallel provide a SO-ohm input 
impedance for the coupler. The system shown here 
has a range of about S00 kHz when set properly at 
the center of the BO-meter band with all of the 
adjusting being accomplished by the variable in· 
ducton. The advantage of a one-knob Tl'llllsmatch 
is obvious. 

Inside view of the variable inductor antenna 
coupler. A shield is placed between the two 
inducton;. Cere must be taken to assure that 
moving wires attached to the inductors have a 
minimum of stress placed on them during dial 
rotation. 
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Mechanical Details 

Most of the construction details may be viewed 
in the photograph. A LI-shaped enclosure is used 
with a shield located at the center betM:en the two 
coils. A long phenolic rod, coupled to the vernier 
dial mechanism, runs the entire length of the 
chassis and is held in place at the rear with a shaft 
bushing. These an: smaller in diameter than the 
fixed portion to allow free movement lluough a 
complete I SO-degree turn. 

The rotating inductors are placed in the center 
of each coil section to provide maximum in
ductance change with rotation. Several turns are 
removed at the center of each fixed coil section to 
allow the phenolic shaft to pas.~ through freely. 
High-voltage test-probe wire is used for the 
connections because it is flexible and will with
stand the high voltages present in a coupler of this 
type. The unit !iho'WII here is able to handle output 
from a 2-kilowatt amplifier. 

Fig. 1 - Circuit diagram for the antenna coupler. 
L 1, L2 - 12 turns, six each side of center, 

2-1 /2-inch dia .. 12 tpi, with tap at five tums 
from cold end. Rotating section is six tums, 
2-inch die., 12 tpi. 

Tl - 11 turn• ot twisted No. 14 PVC covered wire 
on a T-200 core from Amidon. 



Chapter 21 

HF Antennas 

HF ANTENNAS 

An antenna 1yrrem can be considered to in
clude the antenna proper (the portion that radiates 
the rf energy), the feed line, and any coupling 
devices used for transferring power from the 
transmitter to the line and from the line to the 
antenna. Some simple systems may omit the 
transmission line or one or both of the coupling 
devices. This chapter will describe the antenna 
proper, and in many cases will show popular types 
of lines, as well as linc-to-antcMa couplings where 
they are required. However, it should be kept in 
mind that any antenna proper can be used with 
any type of fccdlinc if a suitable impedance 
matching is used between the antenna and the line. 

ANTENNA SELECTION AND 
CONSIDERATIONS 

In choosing an antenna one must base his 
selection upon available space, the number of 
bands to be operated, and the type of propagation 
he will most often make use of. Frequently, 
because of limitations in anilable antenna space, 
the hf operator must settle for relatively simple 
anteMa systems. It is wise to choose an antenna 
that will offer the best performance for its size. 
The "compromise antenna" - those offering multi
band possibilities, and tho,e using physically short
ened elements - cannot perform as efficiently as 
full-size antennas cul for a single band of opera
tion. However, many of the so-called compromise 
antennu are suitable for DX wortc even though 
tbey have less gain than other types. Ideally, one 
should attempt to have separate antennas - full 
size - for the bamls to be operated. Also, erecting 
the antenn85 85 high as possible, and away from 
trees and man-made object~, will greatly enhance 
their operational effectiveness. 

In general, antenna construction and location 
become more critical and important on the higher 
frequencies. On the lower frequencies (1.8, 3.5, 
and 7 MHz) the vertical angle of radiation and the 
plane of polariz:atlon may be of relatively little 
importance; at 28 MHz they may be all-important. 

Definitions 

The polarization of a straight-wire antenna is 
determined by its position with respect to the 
earth. Thus a vertical antenna radiates vertically 
polarized waves, while a horizontal anteMa radi
ates horizontally polarized waves in a direction 
broadside to the wire and vertically polarized 
waves at high vertical angles off the ends of the 
wire. The wave from an antenna in a slanting 
position, or from the horizontal antenna in direc-

tions other than mentioned above, contains com
ponents of both horizontal and vertical polariza
tion. 

The vertical angle of maximum radiation of an 
antenna is determined by the free-space pattern of 
the antenna, its height above ground, and the 
nature of the ground. The angle is measured in a 
vertical plane w:ith respect to a tangent to the earth 
at that point, and it will usually vary with the 
horizontal angle, e,ccept in the case of a simple 
vertical antenna. The horizontal angle or maximum 
radiation or an antenna is determined by the 
free~pace pattern of the anleMa. 

The impedance of the antenna at any point is 
the ratio of the voltage to the current al that point. 
It is important in connection with feeding power 
to the antenna, since it constitutes the load to the 
line offered by the antenna. It can be either 
resistive or complex, depending upon whether or 
not the antenna is resonant. 

The field strength produced by an antenna is 
proportional to the cuncnt flowing in it. When 
there are standing waves on an antenna, the parts 
of the wire carrying the higher current have the 
greater radiating effect. All resonant anteMas have 
standing waves - only terminated types, like the 
terminated rhombic and terminated "V" have 
substantially uniform current along their length. 

The ratio of power required to produce a given 
field strength with a "comparison" antenna to the 
power required to produre the same field strength 
with a specified type of anteMa Is called the power 
gain of the latter antenna. The field is measured in 
the optimum direction of the antenn11 under test. 
The comparison antenna is generally a half-wave 
antenna at the same height and having the same 
polarization as the antenna under consideration. 
Gain usually is expressed in decibels. 

In unidirectional beams (antennas with most of 
the radiation in only one direction) the front-to
back ratio is the ratio of power radiated in the 
maximum direction to power radiated in the 
opposite direction. It is also a measure of the 
reduction in received signal when the beam direc
tion is changed from that for maximum respome 
to the opposite direction. Front-to-back ratio is 
usually expressed in decibels. 

The bandwidlJt of an antenna refers to the 
frequency range over which a property falls within 
acceptable limits. The gain bandwidth. the front
to-bact-ratio bandwidth and the standing-wave
ratio bandwidth are of prime inlcn:sl in amateur 
work. The gain bandwidth is of interest because, 
generally, the higher the anteMa gain is the 
nauower the gain bandwidth will be. The SWR 
bandwidth is of interest because II is an indication 
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Antenna Selection and Considerations 

of the transmission-line efficiency over the useful 
frequency range of the antenna. 

The radiation pattern of any antenna that is 
many wavelengths distant from the ground and all 
other objects is called the free-space pattern of the 
antenna. The free-space pattern of an antenna is 
almost impossible to obtain in practice, except in 
the vhf and uhf ranges. Below 30 MHz, the height 
of the antenna above ground is a major factor in 
determining the radiation pattern of the antenna. 

When any antenna is near the ground the 
free-space pattern is modified by reflection of 
radiated waves from the ground, so that the actual 
pattern is the resultant of the free-space pattern 
and ground reflections. This resultant is dependent 
upon the height of the antenna, its position or 
orientation with respect to the surfare of the 
ground, and the electrical characteristics of the 
ground. The effect of a perfectly reflecting ground 
is such that the original free-space field strength 
may be multiplied by a factor which has a 
maximum value of 2, for complete reinforcement, 
and having all intermediate values to zero, for 
complete cancellation. These reflections only af
fect the radiation pattern in the vertical plane -
that is, in directions upward from the earth's 
surface - and not in the horizontal plane, or the 
usual geographical directions. 

Fig. 21-1 shows how the multiplying factor 
varies with the vertical angle for several representa
tive heights for horizontal antennas. As the height 
is increased the angle at which complete reinforce
ment talces place is lowered, until for a height 
equal to one wavelength it occur.; at a vertical angle 
of 15 degrees. At still greater heights, not shown 
on the chart, the first maximum will occur at still 
smaller angles. 

Radiation Angle 

The vertical angle of maximum radiation is of 
primary importance, especially at the higher fre
quencies. It is advantageous, therefore, to erect the 
antenna at a height that will take advantage of 
ground reflection in such a way as to reinforce the 
space radiation at the most desirable angle. Since 
low angles usually are most effective, this generally 
means that the antenna should be high - at least 
one-half wavelength at 14 MHz, and preferably 
three-quarters or one wavelength, and at least one 
wavelength, and preferably higher, at 28 MHz. The 
physical height required for a given height in 
wavelengths decreases as the frequency is in
creased, so that good heigh ts are not impractic11ble; 
a half wavelength at 14 MHz is only 35 feet, 
approximately, while the same height represents a 
full wavelength at 28 MHz. At 7 MHz and lower 
frequencies the higher radiation angles are effec
tive, so that again a useful antenna height is not 
difficult to attain. Heights between 35 and 70 
feet are suitable for all bands, the higher figures 
being preferable. It is well to remember that most 
simple horizontally polarized antennas do not ex
h.tliit the directivity they are capable of unless they 
are one half wavelength above ground, or greater, 
at their oper,ating frequency. Therefore, with di-
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pole-type antennas it is not important to choose a 
favored broadside direction unless the antenna is at 
least one-half wavelength above ground. 

Imperfect Ground 

Fig. 21-1 is based on ground having perfect , 
conductivity, whereas the actual earth is not a 
perfect conductor. The principal effect of actual 
ground is to make the curves inaccurate at the 
lowest angles; appreciable high-frequency radiation 
at angles smaller than a few degrees is practically 
impossible to obtain over horizontal ground. 
Above 15 degrees, however, the curves are accurate 
enough for all practical purposes, and may be 
taken as indicative of the result to be expected at 
angles between S and 15 degrees. 

The effective ground plane - that is, the plane 
from which ground reflections can be considered 
to take place - seldom is the actual surface of the 
ground but is a few feet below it, depending upon 
the characteristics of the soil. 

Impedance 

Waves that are reflected directly upward from 
the ground induce a current in the antenna in 
passing, and, depending on the antenna height, the 
phase relationship of this induced current to the 
original current may be such as either to increase 
or decrease the total current in the antenna. For 
the same power input to the antenna, an increase 
in current is equivalent to a decrease in impedance, 
and vice versa. Hence, the impedance of the 
antenna varies with height. The theoretical curve of 
variation of radiation resistance for a very thin 
half-wave antenna above perfectly reflecting 
ground is shown in Fig; 21-2. The impedance 
approaches the free-space value as the height 
becomes large, but at low heights may differ 
considerably from it. 

Fig. 21-1 - Effect of ground on radiation of 
horizontal antennas at venical angles for four 
antenna heights. This chart is based on perfectlv 
conducting ground. 

I 



590 
00 

90 

so 
70 

50 

"° 
30 

20 j 

10 / 
I 

0 

{\ 

\ -
' 1/"1 h 

\ j IV -
V 

Y• ½ ¾ 1.0 IV• IV• 13/• z.o 
HEIGJIT ABOVE Gl'IOIINO 

Fig. 21-2 - Theoretical curve of variation of 
radiation resist.ince for a very th in half-wave 
horizontal antenna as a function of height in 
wavelength above perfectly reflecting ground. 

Choice of Polarization 

Polarization of the transmitting antenna is 
generally unimportant on frequencies between 3.5 

HF ANTENNAS 

and 30 MHz, when considering sky-wave communi
cations. However, the question of whether the 
antenna should be installed in a horizontal or 
vertical position deserves consideration for other 
reasons. A vertical half-wave or quarter-wave anten
na will radiate equally well in all horizontal 
directions, so that it is substantially nondirectional, 
in the usual sense of the word. If installed 
horizontally, however, the antenna will tend to 
show directional effects, and will radiate best in 
the direction at right angles, or broadside, to the 
wire. The radiation in such a case will be least in 
the direction toward which the wire points. 

The vertical angle of radiation also will be 
affected by the position of the antenna. If it were 
not for ground losses at high frequencies, the 
vertical antenna would be preferred because it 
would concentrate the radiation horizontally, and 
this low-angle radiation is preferable for practically 
all work. Another advantage to the use of a 
vertically polarized antenna, especially at 1.8, 3 .5, 
and 7 MHz, is that local communications during 
night-time hours are improved. The vertical anten
na is not as subject to signal fading as is the 
horizontal antenna. 

THE HALF-WAVE ANTENNA 

A fundamental fonn of antenna is a single wire 
whose length is approximately equal to half the 
transmitting wavelength. It is the uni t from which 
many more-complex fonns of antennas are con
structed. It is known as a dipole antenna. 

The length of a half-wave in space is: 

Length (feel)= Freq~9(ifHz) 21-A 

The actual length of a half-wave antenna will not 
be exactly equal to the half-wave in space, but 
depends upon the thickness of the conductor in 
relation to the wavelength as shown in Fig. 21-3, 
where K is a factor that must be multiplied by the 
half wavelength in free space to obtain the reso
nant antenna length. An additional shortening 
effect occurs with wire antennas supported by 
insulators at the ends because of lhe capacitance 
added to the system by the insulators (end effect). 
The following formula is sufficiently accurate for 
wire antennas for frequencies up to 3 0 MHz: 

Length ofhulf-wa~e antenna (feet)= 
492 X 0.95 = 468 
Freq. (MHz) Freq. MHz) ll-B 

E•amplc: A balf-wave antenna for 7150 kHz (7.1S 

MHz) is J.~~ = 65.45 feel, or 65 feel 5 inches,. 

Above 30 MHz the following formulas should 
be used, particularly for antennas constructed from 
rod or tubing. K is ta.ken from Fig. 21-3. 

length ofhu/f-W{Il/e (Iflfenna (feet)= 

492 XK 
Freq. (MHz) 21-C 

or length (inches)= S905 X K 21-D 
Freq. (MHz) 

>c 
oi 

Example , Find lhe lensth of a h•lf w.-clcngth anlenna 
at 28.7 MHz. If the anl<nna I< made of 1/2-lnch di,met,r 
lubing. At 28.7.MHz. a half wa•elcngth in space is 

1lJ--= 17.14 feet 

from F.qua1ion 21-A . Ratio of half wavelenglh 10 conduc• 
tor diameter (changing w.ave lenglh to inchc~) ii 

!.!.Ll..4_X..ll) • 411 --0.S 

From Fig. 21 -3 , K = D. 97 for this ratio. The lenglh of tile 
antenna, from Equation l 1--C, is 

!49221~·971 - 16.63 feet 

or 16 feet 7 I /2 inc he,. The answer is oblSincd directly in 
inche, by subslilution of Equation 21-D: 

(~21!~ 199.6 lnche,. 
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Fig. 21-3 - Effect of antenna diameter on length 
for half-wave resonance, shown as a multiplying 
factor, K, to be applied to the free--.pace half 
wavelength (Equation 21-AI. The effect of 
conductor diameter on the center impedance also 
is shown. 
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Fig. 21-4 - The above scales, based on Eq. 21-B, 
can be used to determine the length of a half-wa11e 
antenna of wire. 

Cwrent and Voltage Distribution 

When power is fed to an antenna, the current 
and voltage vary a1ong its length. The current is 
maximum (loop) at the center and nearly zero 
(node) at the ends, while the opposite is true of the 
rf voltage. The cuuent does not actually reach zero 
at the current nodes, because of the end effect; 
similarly, the voltage is not zero at its node because 
of the resistance of the antenna, which consists of 
both the rf resistance of the wire (ohmic resis• 
tance) and the radiation resistance. The radiation 
resistance is an equivalent resistance, a convenient 
conception to indicate the radiation properties of 
an antenna. The radiation resistance is the equiva
lent resistance that would dissipate the power the 
antenna radiates, with a current flowing in it equal 
to the antenna current at a current loop (maxi
mum). The ohmic res:istance of a ha1f-wavelength 
antenna is ordinarily small enough, compared with 
the radiation resistance, to be neglected for all 
practical purposes. 

Impedance 

The radiation resistance of an infinitely-thin 
half-wave antenna in free-space is about 73 ohms. 

Fig. 21-5 - The free-space radiation pattern of a 
half-wave antenna. The antenna is shown in the 
vertical position, and the actual "doughnut" 
pattern is cut in half to show how the line from the 
center of the antenna to the surface of the pattern 
varies. In practice this pattern is modified by the 
height above ground and if the antenna is vertical 
or horizontal. Fig. 21-1 shows some at the effects 
of height on the vertical angele of radiation. 
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The value under practical conditions is commonly 
taken to be in the neighborhood of 60 to 70 ohms, 
although it varies with height in the manner of Fig. 
21-2. It increases toward the ends. The actual value 
at the ends will depend on a number of factors, 
such as the height, the physical construction, the 
insulators at the ends, and the position with 
respect to ground. 

Conductor Size 

The impedance of the antenna also depends 
upon the diameter of the conductor in relation to 
the wavelength, as indicated in Fig. 21-3. If the 
diameter of the conductor is increased the capaci
tance per unit length increases and the inductance 
per unit length decreases. Since the radiation 
1esistanoe is affected relatively little , the decreased 
L/C ratio causes the Q of the antenna to decrease, 
so that the resonance cuIVe becomes less sharp. 
Hence, the antenna is capable of working ove1 a 
wide frequency range. This effect is greater as the 
diameter is increased, and is a property of some 
importance at the very high frequencies where the 
wavelength is small. 

_Fig. 21-6 Illustrating the 
1mponence of vertical angle of 
radiation in determining antenna 
directional effects, Off the encl, 
the radiation is greater at higher 
angles. Ground reflection is ne
~ected in this drawing of the 
free-space pattern of a horizontal 
antenna. 

Fig. 21-7 - Horizontal pattern of a horizontal 
half-wave antenna at three vertical radiation angles . 
The solid line is relative radiation at 15 degrees. 
Dotted linl!li shaw deviation from the 15-degree 
pattern far angles of 9 end 30 degrees. The 
patterns are useful for shape only. since the 
amplitude will depend upon the height of the 
antenna abo11e ground and the vertical angle 
considered. The patterns for all three angles have 
been proportioned to the same scale, but this does 
not mean that the maximum amplitudes necessar
ily will be the same. The arrow indicates the 
direction of the horizontal antenna wire. 
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Radiation Characteristics 

The radiation from a dipole antenna is not 
uniform in all directions but varies with the angle 
with respect to the axis of the wire. It i~ most 
intense in directions perpendicular lo the wue and 
zero along the direction of the wire, with inter
mediate values at intennediate angles. 11m is 
shown by the sketch of Fig. 21-S , which represents 
the radiation pattern in free ~pace. The relative 
intensity of radiation is proportional to the length 
of a line drawn from the center of the figure to the 
perimeter. If the antenna is vertical, as shown, then 
the field strength will be unifonn in all horizontal 
directions; if the antenna is horizontal, the relative 
field strength will depend upon the direction of the 
receiving point with respect to the direction of the 
antenna wire. The variation in radiation at various 
vertical angles from a half-wavelength horizontal 
antenna is indicated in Figs. 21-6 and 21-7. 

FEEDING A DIPOLE ANTENNA 
Since the impedance at the center of a dipole is 

in the vicinity of 70 ohms, it offers a good match 
for 75-ohm transmission lines. Several types are 
available on the market, with different power
handling capabilities. They can be connect_cd . In the 
center of the 11.lltenna. across a small straJn msula
tor to provide a convenient connection point. 
Coaxial line should be used with a I : I balun 
transformer to assure symmetry, Direct feed (with
out a balun) is also acceptable, but may cause a 
slight skew in the radiation pattern. The transmis
sion line should be run away at right angles to the 
antenna for at least one-quarter wavelength, if 
possible, to avoid current unbalance in the line 
caused by pickup from the antenna. The antenna 
length is calculated from Equation 21-B, for a half 
wavelength antenna. When No. 12 or No. I~ 
enameled wire is used for the antenna, as 1s 
generally the case, the length of the wire is the 
overall length measured from the loop thiough the 
insulator at each end. This is illustrated in Fig. 
21-8. 

The use of 7 5-ohin line results in a "flat" line 
over most of any amateur band. However, by 
making the half-wave antenna in a special manner, 
called the two-wire or folded dipole , a good match 
is offered for a 300-ohm line. Such an antenna is 
shown in Fig. 21-9. The open-wire line shown in 
Pig. 21-9 is made of No. 12 or No. 14 cnam~led 
wire, separated by lightweight spacers of Plexiglas 
or other material (it doesn't have to be a low.Joss 
insulating material), and the spacing can be on the 
order of from 4 to 8 inches, depending upon what 
is convenient, and what the operating frequency is. 

HF ANTENNAS 

1S.,n fine 

Fig. 21-8 - Construction of a dipole feel with 
75-ohm line. The length of the antenna Is 
calculated from Equation 21-8 or Fig. 21-4. 

At 14 MHz, 4-inch separation is satisfactory, and 
8-inch spacing can be used at 3 .5 MHz. 

The half-wavelength antenna can also be made 
from the proper length of 300-ohm line, opened on 
one side in the center and connected lo the 
feedline. After the wires have been soldered to
gether, the joint can be strengthened by molding 
some of the excess insulating material (polyethy
lene) 111ound the joint with a hot iron, or a suitable 
lightweight clamp of two pieces of Plexiglas can be 
devised. 

Similar in some respects to the two-wire folded 
dipole. the three-wire folded dipole of Fig. 21-10 
offers · a good match for a 600-ohm line. It is 
favored by amateurs who prefer to use an open
wire line instead of the 300-ohm insulated line. 
The three wires of the antenna proper should all be 
of the same diameter. 

Another method for offering a match to a 
600-ohm open-wire line with a half wavelenBt!' 
antenna is shown in Fig. 21-11. The system 1s 
called a delta match . The line is "fanned" as It 
approaches the antenna, to have a graduaU_y in
creasing impedance that equals the antenna impe
dance at the point of connection. The dimensions 
are fairly critical. but careful measurement before 
installing the antenna and matching section is 
generally all that is neces!W}'. The length of the 
antenna, L, is calculated from Equation 21-8 or 
Fig. 21-4. The length of section C is computed 
from: 

C(feet)c 118 21-E 
Preq. (MRz) 

The feeder clcanince , E , ls found from 

E (feet) - 148 21-F 
- Freq. (MHz) 

E"8mplc, For• rr"<lu•ncy or7 .I MHz, the len~lh 

L = 'l~ • 65.91 r .. ,. a, 6S reel 11 inchcL 

C • ~I I - 16.62 fttl, or 16 feel 7 ia.:ha. 

E = I f- 20.M r .. 1. or 20 fn,1 10 inc,..,. 

Fig. 21-9 - The construction of an 
, • lnsul,i.toror open-wire or twl_n~ine folded dipole fed 

J//0,/1~ ptasm_'Slllfd,,,,cl,· with 300-ohm lme. The length of the 
c'?;,'f:'tu,.~) blocl< antenna _is calculated from Equation 

21-8 or Fig. 21-4. 



The "I nverted V" Antenna 

twr ~ .......... llo------i 

~ 
11p11H1nlino 

.,.., ....... 
Fig. 21-10 - The construction of a 3-wire folded 
dipole is similar to that of the 2-wire folded dipole. 
The end spacers may have to be slightly stronger 
than the others because of the greater compr11SSion 
force on them, The length of the antenna is 
obtained from Equation 21-B or Fig. 2 1-4, A 
suitable line can be made from No. 14 wire spaced 
5 inchl!S, or from No. 12 wire spaced 6 inches. 

Fig. 21-11 - Del ta-matched antenna systems. The 
dimensions, C, D, and E are found by formulas 
given in the text. It is irnportani that the meiching 
section, E, come straight away from the antenna. 

1-...__.Hali WtZYelen.qtlt -.J 
I - tro,n fvrntt.Ll1l. I 

Spaar 

(A) 

(B) 

Solder 

O~•wire 
·teetUJc 

Fig. 21-12 - The half-wave antennas can be fed at 
the center or et one end with open-wire feeders. 
The length of the antennas can be computed from 
Equation 21-8 or Fig. 21-4. 
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7onrvrs. 
Fig. 21-13 - Method of supporting a helf-waw 
di pole from a single upright such as a tree or 
wooden mmt. Maximum directivity will be in the 
direction of the arrow, and the signal will be 
vertically polarized al a fairly low radiation angle. 
By having anchor stakes at different comp11SS 
points, the directivity can be changed to favor 
different DX reg ions. 

Since the equations hold only for 600-ohm line. 
it is important that the line be close to this value. 
This requires S-inch spaced No. 14 wire, 6-inch 
spaced No. l2 wire, or 3 3/4-inch spaced No. 16 
wire. 

If a ha lf-wavelength antenna is fed at the ~nter 
with other than 7S-ohm line, or if a two-wire 
dipole is fed with other than 300-ohm line, 
standing waves will appear on the line and couplin, 
to the transmitter may become awkward for wme 
line lengths. as described in Chapter 20. However, 
in many cases it is not convenient to feed the 
half-wave antenna with the correct line (as is the 
case where multiband operation of the same 
antenna is desired), and sometimes it is not 
convenient to feed the antenna at the center. 
Where multiband operation is desired (to be 
discussed later) or when the antenna must be fed at 
one end by a transmission line, an open-wire line of 
from 4S0 to 600 ohms impedance is generally 
used. The impedance at the end of a half-wave
length antenna is in the vicinity of several thousand 
ohms. and hence a standing-wave ratio of 4 or 5 is 
not unusual when the line is connected to the end 
of the antenna. It is advisable, therefore, to keep 
the losses in the line as low as possible. This requires 
the use of ceramic or Micalcx feeder spacers, If any 
appreciable power is used. For low-power indall11-
tions in dry climates, dry wood spacers boiled in 
paraffin are satisfactory. Mechanical details of half 
wavelength 1111tcnnas fed with open-wire lines are 
given in Fig. 21-12. 

THE "INVERTED V" ANTENNA 

A popular nondirectional antenna is the so
called "inverted V" or "drooping doublet." lb 
principal advantages are that it requires but one 
supporting stJUcture, and that it exhibits more or 
less omnidirectional radiation characteristics when 
cut for a single band. The mulliband version of Fig. 
21-14 is somewhat directional above 7 MHz, off 

the ends (not broadside) of the antenna.. This is 
because the legs of the "V" are long in tenns of 
wavelength at 14, 21 and 28 MHz. The antenna 
offers a good compromise between vertical 1111d 
horizontal polarization, thus malting it effective for 
local as well as DX communications. Its low-angle 
radiation compares favorably with that of a full-
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MULTI BAND "INVERTED V" 

(A) 

la T IWJSmaidt 

To feed lixe 

size one quarter wavelength vertical worked against 
ground. When fed as !iltown in Fig. 21-14 it serves 
as an excellent multiband antenna. 

For single-band operation the "V" is cut to the 
same length as a half-wavelength doublet, and is 
fed with 52-ohm coaxial line. llll center (feed 

HF ANTENNAS 
Fig. 21-14 - Details for an lnverted-V antenna 
(sometimes called a "drooping doublet"). At A, a 
wooden mast suppons the antenna at its center. 
Open-wire feeders permit the antenna to be used 
for multlband operation. If this is done, a 
Transmatch of the type shown at B should be used 
to tuna the system 10 resonance, and 10 match the 
feeder to the transmitter and receiver. 

point) should be as high above ground as possible, 
preferably one-quarter wavelength or more at the 
operating fiequency. The apex angle should be as 
close to 90 degrees as possible, but in practice any 
angle between 90 and 120 degrees provides good 
results. Less than a 90-degrec angle causes excessive 
cancellation of the signal, and should be avoided. 

Though some operators have reported satisfac
tory results when supporting the "V" from a metal 
mast or tower, it is best to use a wooden mast to 
keep the field of the antenna unobstructed. Good 
resull! can be had by supporting the center of the 
antenna from a limb on a tall tree, provided the 
area below the limb is completely open. 

Single-band, coax-fed inverted Vs will normally 
require some pruning to make them re~nant at the 
desired frequency. The standard doublet formula is 
recommended for a starting point, but because the 
ends of the "V" are normally in close proximity to 
ground this antenna will be slightly shorter than a 
horizontal dipole. No formula can be given because 
of the variations in the ground properties in 
different areas. Also, the actual height above 
ground in a panicular installation, plus the proxim
ity of the ends of the antenna to nearby objects, 
will have a marked effect upon resonance. The best 
way to tune the antenna ls to insert an SWR bridge 
in the coax feed line and prune an inch at a time 
off each end of the "V" until the lowest SWR is 
obtained. 

LONG-WI RE ANTENNAS 

An antenna is a long wire only when It is long 
in tenns of wa11elength. An antenna, simply be
cause it ls a long piece of wire is not a long-wire 
antenna. Space pemlitting, these antennas arc 
effective for DX work, and when erected high 
above ground offer considerable power gain over a 
dipole. The longer the antenna, the greater the 
gain. Maximum directivity occurs off the ends of 
the antenna, and not off the broad side of it. A 
long-wire antenna, unless terminated at the far end 
in its characteristic impedance by a noninductive 
resistance, is bidirectional. A terminated long wire 
is directional only off the terminated end. This 
antenna radiates minor lobes at rnaoy wave angles 
in the vertical and horizontal planes. The longer 
the wire, the greater and more complex the lobes 
~me. It is not uncommon to rmd a long-wire 
antenna outperl"onning a beam antenna on DX 
contacts under certain propagation conditions. 
This is because it can respond to a variety of 
incoming wave angles (and can radiate a signal in a 
like mannei), which is not the case with a 
well-designed beam-type antenna. 

Long-Wire Characteristics 

An antenna will be resonant so long as an 
integral number of standing waves of current and 
voltage can exist along its length; in other words, 
so long as Its length is some integral multiple of a 
half wavelength. 

Current and Voltage Distribution 

Fig. 21-15 shows the current and voltage 
distribution along a wire operating at its funda
mental frequency (where its length is C<J.Ual to a 
half wavelength) and at its second, third, and 
fourth harmonics. Fol example, if the fundamental 
frequency of the antenna is 7 MHz, the cunenl and 
voltage distribution will be as shown at A. The 
same antenna excited at 14 MHz would have 
current and voltage distribution as shown at B. At 
21 MHz, the third harmonic of 7 MHz, the current 
and voltage distribution would be as in C; and at 
28 MHz, the fourth harmonic, a.sin D. The number 
of the harmonic is the number of half waves 
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Fig. 21-15 - SUJnding-wave current and voltage 
distribution along an antenna when It lt operated 
at various harmonics of its fundamental resonant 
frequency. 

contained in the antenna at the particular opent· 
ing frequency. 

TI1e polarity of current or voltage in each 
standing wave is opposite to that in the adjacent 
standing waves. Titis is shown in the figure by 
drawing the current and voltage curves successively 
above and below the antenna (taken as a zero 
reference line), to indicate that the polarity re
verses when the current or voltage goes through 
zero. Currents flowing in the same direction arc in 
phase; in opposite directions, out of p!,ase. 

Physical Lengths 

The length of a long-wire antenna is not an 
exact multiple of that of a half-wave antenna 
because the end effects operate only on the end 
sections of the antenna; in other parts of the wire 
these effects are absent, and the wire length is 
approximately that of an equivalent portion of the 
wave in space. The formula for the length of a 
long-wire antenna, therefore, is 

21.C 
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where N Is the number of half-waves on the 
antenna. 

Eumpt,,: An 1n1rn111 4 llalf-wpo■ la,. 11 14.2 Mlt r 
would be 

3.;A....,,, ____ _ m-r<l.n 
• 116.7 reel. or 136 feel 8 inches 

It is apparent that an antenna cut as a half wave 
for a given frequency will be slightly off resonance 
at exactly twice that frequency (the second 
hannonc), because of the decreased influence of 
the end effects when the antenna is more than 
one-half wavelength long. The effect is not very 
important, except for a possible unbalance in the 
feeder system and consequent radiation from the 
feed line. If the antenna is fed in the exact center, 
no unbalance will occur at any frequency, but 
end-fed systems will show an unbalance on all but 
one frequency in each harmonic range. 

Impedance and Power Gain 

The radiation resistance as measured at a 
current loop becomes higher as the antenna length 
is increased. Also, a long-wire antenna radiates 
more power in Its most favorable direction than 
does a half-wave antenna in its most favorable 
direction. This power gain is secured at the experue 
of radiation in other directions. Fig. 21-16 shows 
how the radiation resistance and the power in the 
lobe of maximum radiation vary with the antenna 
length. 

Directional Chanctedstics 

As the wire is made longer In terms of the 
number of half wavelengths, the din:ctional effects 
change. Instead of the "doughnut" pattern of the 
half-wave antenna, the directional characteristic 
splits up into "lobes" which make various angles 
with the wire. In gcnerlll. as the length of the wire 
is increased the direction In which maximum 
radiation occurs tends to approach the line of the 
antenna itself. 

Methods of Feeding 

In a long-wire antenna, the cwrents in adjacent 
half-wave sections must be out of phase, as shown 
in Fig. 21-15. The feeder system must not upset 
this phase relationship. Titis is satisfied by feeding 
the antenna at either end or at any current loop. A 
two-wire feeder cannot be Inserted at a current 
node, however, becau!le this invariably brings the 
currents in two adjacent half-wave sections in 
phase. A long-wire antenna is usually made a half 
wavelength at the lowest frequency and fed at the 
end. 

MUL TIBAND ANTENNAS 

One of the most simple antenna systems for 
multiband use is one which is a half wavelength 
long at the lowest operating frequency, and which 
is fed either at the center, or at one end with 
open-wire tuned feeders, Fig. 21-12. The center-fed 
system is superior to the end-fed type in that it will 
have less feeder radiation, but the end-fed variety is 
often mon: practical from an installation view-

point. The center-fed antenna will not have the 
same radiation pattern as an end-fed one of the 
same length, except on frequencies where the 
length of the antenna ls a half wavelength. The 
end-fed antenna acts like a long-wire antenna on all 
bands (for which It ls longer than a half 
wavelength), but the center-fed one acts like two 
antennas of half that length fed in phase. For 
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TABLE 21·1 

Multiband Tuned-Line-Fed Anlennas 

Feeder 
Antenna 

Length (Fl.) 
Length Band 

(Ft.) 

With end feed: 

135 45 3.5-21 
28 

67 45 7-21 
28 

Mth center feed: 

135 42 3.5-21 
28 

135 77 1/2 3.5-28 

67 42 1/2 3.S 
7 - 28 

67 65 1/2 3.5, 14,28 
7,21 

Type of 
Coupling 

Circuit 

Series 
Parallel 

Series 
Parallel 

Parallel 
Series 

Parallel 

Series 
Parallel 

Parallel 
Series 

Antenna lengths for en<l-fed antenna~ are ap
proltimate and should be cut to fonnula length 
at favorite operating frequency. 

Where porallel tuning is specified, it will be 
necessary in some cases to tap In from the ends 
of the coil for proper loading - see Chapter 20 
for examples of antenna couplers. 

example, if a full-wavelength antenna is fed at one 
end, ii will have a radiation pattern somewhat like 
a four-leaf clover. With either of these multiband 
antennas lhe SWR will never be 1, bur lhese 
antennas will be efficient provided low-los., tuned 
fceden are used. 

Since multiband operation of an antenna does 
not pennit matching of the feed line, some 
attention should be paid to the length of the feed 
line if convenient transmitter-coupling arrange
menl\ are to be obtained. Table 21-1 gives some 
suggc~tcd antenna and feeder length for multiband 
operation. In general, the length of the feed line 
can be other than that indicated, but the type of 
coupling circuit may change. 

Since open-wire line is recommended 1or this 
antenna, TV-type (open-wire) 300- or 450-ohm 
feeders are satisfactory. Home made open-wi.re line 
can be made up from lengths of No. 14 or 12 
soft-drawn copper wire. The spacers can be made 
Crom Plexiglas itrips or similar low-loss material. 
Some amateurs have had succe8s using plastic hair 
curlers or plastic clothespins. Any line spacing 
from 1 to 6 inches will give satisfactory results 
since the line impedance is not an important 
consideration with this antenna. 

If antenna space is at a premium, a shortened 
version of lhe multiband antenna can be erected. 
The feeders arc lengthened, and the flat-top 
portion is shortened as mown in Fig. 21-17. The 
antenna can be as short as a quar1er wavelength 
long, but will still radiate fairly weU if tuned to 
resonance. This melhod will nol give as good 
results as the full-size version, but will still be 
useful. A Transmatch tuner of the type descnl>ed 
in Chapter 20 can be used with this system. 

HF ANTENNAS 

MULTIBAND OPERATION WITH 
COAXIAL LINE FEED 

The proper use of coaxial line requires that the 
standing-wave ratio be held to a low value, 
preferably below 3: 1. Since the impedance of an 
ordinary antenna changes widely from band lo 
band, it is not possible to feed a simple antenna 
with coaxial line and use ii on a number of bands 
without tricks of some kind. One exception to this 
is the use of 75--<>hm coaxial line to feed a 7-MHz 
half-wave antenna, as in Fig. 21-18; thi~ antenna 
can also be used on 21 MHz and the SWR in the 
line will not run too hlgh. 

However, the diagram shows a separate dipole 
element for 21-MHz use. Though the 7-MHz 
element will operate as a I 1/2 wavelength doublet 
on 21 MHz, and will present a low impedance feed 
point at its center, some may wish to add a 
separate dipole for 21-MHz operation. This 
antenna is capable of radin ting harmonics from the 
transmittor, so it is important to make sure the 
transmitter outpu I is clean. A coax-to-coax type 
antenna coupler can also be installed at the 
uansmitter end to help reduce hannonic radiation 
from the antenna. 

A MULTIBAND "TRAP" ANTENNA 
Another method of obtaining multiband 

operation from a single antenna, with a ~ingle feed 
line, is the use of puallel-tuned traps in each leg of 
a two-wire doublet. If the traps are installed in the 
right points of the antenna they "divorce" the 
remainder of the antenna from the center portion 
as the transmitter is changed to operate a higher 
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fig. 21-16 - Curve A shDWli Vlll'iatlon in radiation 
resistance with antenna length. Curve B shows 
power in lobes of ma11imum radiation for long-wire 
antennas as a ratio to the maximum radialion for a 
half-waw antenna. 



A Multiband "Trap"Antenna 

- ---A---- - --- A----

• • 

,/J:;::Stus 
Fig. 21-17 - Practical arrangements of a shortened 
antenna. When the total length, A+ B + B + A, is 
the same III the antenna length plus twice the 
feeder length of the center-fed antennas of Table 
21-1, the same type of coopling circuit will be used. 
ll\lhan the feeder length or antenna length, or both, 
makes the 1um different, the type of coopllng 
circuit may be different but the effectiwn•s of 
the antenna Is not changed, unless A + A 11 less 
than a quarter wavelength. 

band. On the lowest operating band the traps act as 
loading inductors, thus allowing a shorter overall 
length for the doublet than would be pos.siblc if it 
were cut for use without the traps. 

The trap-antenna concept has been adopted by 
several manufacturers who produce multiband 
beam antennllll, mulb'band doublets, and vertical 
antennas for several bands of operation. 

The antenna of Fig. 21-19 may be of interest to 
those amateurs not having rufficient room to erect 
a full-size 80-meter doublet. The overall length of 
this system is 106 feet. lf need be, the ends can be 
bent slightly downward so that the horizontal 
portion will occupy even less space. It is best, 
however, to keep the entire antenna horizontal if 
possible. The antenna is fed with 7S-ohm coax, or 
balanced line of the same impedance. The latter is 
recommended, or system balance can be enhanced 
by using a I: I balun transfonner at the feed point 
if coaxial line is used. This antenna is an adaptation 
of the W3DZZ design described in the ARRL 
Antenna Boole. 

As shown in Fig. 21-20, each trap is literally 
built around a "strain" insulator. With this 
insulator, the hole at one end is at right angles to 
the hole at the opposite end, and the wires arc 
fastened as illustrated in Fig. 21-21. Thl1 style of 
insulator has greater compressive strenglh than 
tensile strength and will not permit the antenna lo 

Fig. 21-19 - Sketch of a trap 
dipole for use on BO throuiti 
IO meters. SWR on all of the 
bands is lass than 2.5: 1. With 
the dimensions given here the -c&:ZD--..--., 
SWR rises at each end of the 
SO-meter band, but is approxi
mately 1.6: 1 at the center of 
the band. The 10-/JH trap coils 
consist of 16 turns No. 12 
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Fig. 21-18 - Illustration of a multiband coax-fad 
antenna. Wooden support poles are recommended 
so that they will not interfere with the radietion 
pattern of the antenna. At B, a rupresantatiw 
diagram of a coax-to-coa11 coupler that will reduce 
hannonic rmjiatlon from the system. It should be 
installed in the openrting room, near the 
transmitter, and adjusted for a 1 :1 SWR. 

fall should the insulator break. There is plenty of 
space inside the inductor to install the insulator 
and the trap capacitor. The plastic protective 
covers are nol essential, bu t are used to protect the 
tsaps from ice, snow, and soot which could cause a 
deterioration in performance. 

Electrically, each trap consists of a S0-pF 
capacitor which is shunted by a I 0-µH inductor. A 
Centralab 8S0S-S0Z capacilor is used. It is rated at 
7500 volts, and should safely h1111dle a kilowatt. 
Miniductor coil stock ii used for the inductor. 
Those wishing to optimize lhe antenna for a 
specific portion of the 40-meter band can 
experimentally adjusl the number of lums in the 
trap coil for resonance In the desired segment. 
Similarly, the end sections of the dipole can be 
adjusted for lowest SWR in the portion of the 
80-meter band most favored. With the dimensions 
given in Fig. 21-19, the antenna performs weU 
from 3.5 to 30 MHz. The lowest SWR on 80 

5-BAND TRAP DIPOLE 

wire, 2 1/2 Inches in diameter, 6 turn■ par inch. Use 15 
turns from Polycoils No. 1774, B&W 3906-1, or Air-Dux 
2006T. Trap capacitors are Centralab 8505-502. The 
traps are tuned to resonance at 7.1 MHz. 
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Fig. 21-20 - Photo of a typical trap. The unit 
shown here is cut for resonance at 14 MHz, but 
construction techniques are the same as for the 
traps used In the antenna of Fig. 21-19. A 
weatherproof cover can be made from plastic 
tubing, sheeting which is heated and formed, or 
from a plastic refrigerator container. The capacitor 
and strain insulator are inside the coil. 

0 EGG0 T PE 
STRAIN IN SULATOR 

Fig. 21-21 Method of connecting the antenna 
wire to the strain insulator. The antenna wire is cut 
ott close to the wrap. 

meters occurs at midband. SWR on all other bands 
is less than 2.S to 1, an acceptable figure for all but 
the most critical operator. Most modem-day 
transmitters will load into this antenna without 
difficulty. 

Trap Adju~tment 

As a preliminary step, loops of No. 12 wile are 
fitted to one of the egg insulators in the normal 
manner (see Fig. 21-21), except that after the 
wraps are made, the end leads a.re snipped off close 
lo the wraps. A capacitor is then placed in position 
and bridged with short leads across the insulator 
and soldered sufficiently to provide temporary 
~upporl. The combination is then slipped inside 
about 10 turns of the inductor, one end of which 
should be soldered to an insulator-<:apaci tor 
lead. Adjustment to the resonant frequency can 
oow proceed, using a grid-dip meter. 

Coupling between the GDO and the trap snouJd 
be very loose. To asmre accuracy, the station 
receiver should be used to check the GDO 
frequency. The inductance should be reduced 1/4 
tum at a time. If one is careful, the resonant 
frequency can easily be set to within a few 
kilohertz of the chosen figure. 

The reason for snipping the end leads close to 
the wraps and the inclusion of the loops through 
the egg insulator soon becomes apparent. The 
resonant frequency of the capacitor and inductor 
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alone is reduced about 10 lcHz per inch of end lead 
length and about ISO kHz by the insulator loops. 
The latter add approximately 2 pF to the fixed 
capacitor value. 

Assembly 

Having determinoo the exact number of 
inductor turns, the trap is taken apan and 
reassembled with leads of any convenient length. 
One may, of course, connect the entire lengths of 
the antenna sections to the trap at this time, if 
desired. But, if more convenient, a foot or two of 
wire can be fastened and the remaining lengths 
soldered on Just before the antenna is raised. 

The protective covers are most readily formed 
by wrapping two turns (plus an overlap of 1/2 
inch) of 0.020-inch polystyrene or Lucite sheeting 
around a 3-inch plastic disk held at the center of 
the cylinder so formed. The length of the cover 
should be about 4 inches. A very small amount of 
plastic solvent (a cohesive cement that actually 
softens the pla~tic surfaces) should then be applied 
under the edge of the overlap and the joint held 
firmly for about two minutes to Insure a strong, 
tight seal. The disk is pushed out and the inner 
seam of the sheeting sealed. 

The trap is then placed in the plastic cylinder 
and the end disks marked where the antenna wires 
arc to pass through. After drilling these holes, the 
disks are slipped over the leads, pressed into the 
ends of the cylinder and a small amount of solvent 
applied to the periphery to obtain a good seal. 

Some aiI can flow in and out of the trap 
through the antenna-wire holes , and this will 
prevent the accumulation of condensation. 

AN END-FED HERTZ 
One of the more simple multiba.nd antennas is 

the end-fed Hertz of Fig. 21-22. It consists of an 
end-fed length of No. 12 wire, 130 feet long. Titis 
type of antenna perfonns in the ~ame manner as 
the end-fed half-wave system of Fig. 21-12B, but 
ha~ no feeder. One end of the wire connects 
directly into an L-networlc impe'1ance matcher, as 
shown in the diagram. This type of antenna is very 
convenient for those who have theiJ' stations on the 
top floor or the house, thus enabUng the user to 
bring one end of the antenna in through a window 
and to the coupler. Ideally, the entire antenna 
should be in a horizontal plane for best results. 
However, either end can be bent to make the 
system fit into whatever space is available. 
First-floor dwellers can drop the fed end of the 
wire to the window of lhe radio room, as shown in 
Fig. 21-22A. Or, the wire can be kept straight and 
rise diagonally to the support at the far end. Height 
is important with antennas of this type, so an 
effort should be made to get the system as high 
above ground as possible, and clear of power lines 
and other structures. 

This antenna is intended for operation from 3.5 
to 28 MHz. A coupler of the kind shown in Fig. 
21-43 (L-Network Coupler) will match the antenna 
on all of the hf amatew bands mentioned. It will 
also pcrfonn weU as an end-fed quarter wavelength 
on 1.8 MHz if the n:actance Is tuned out by means 



A Broad-Band Dipole 

END-FEO HERTZ 

Fig. 21-22 - Diagram of an end-fed Hert2. It is cut 
for the lowest desired operating frequency (1/2 
wavelength), and is operated on its harmonic 
frequencies on the remaining bands above. An 
L-network is used to match it to 50- or 75-ohm 
unbalanced transmitter terminals. At 8, schematic 
representation of an L-network tuner. The value of 
Land C is adjusted until a 1 :1 match is obtained. 

of a 15 00-pF series variable capacitor. A good 
eartll ground will be needed for proper operation 
on 1.8 MHz. Far hf-band use, a good earth ground 
is also important in order to keep unwanted rf 
voltages from appearing on the transmitter and 
receiver chassis. No one wants (01 needs) a "hot" 
key or microphone. Sometimes a good water-pipe 
ground is sufficient for preventing rf potentials on 
the equipment. 

It must be remembered that the ends of this 
antenna are voltage points (high impedance), and 
bringing the end of the antenna into the "shack" 
can often introduce rf into the equipment as 
mentioned. During phone operation the rf can get 
into the microphone circuit and cause howling and 
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hum if the ground system is not used. Similarly I 
the operation of some electronic keyers can be 
made erratic by the introduction of rf chassis 
currents. The operator, therefore, may wish to 
locate the tuner at the window and have the ham 
station across the room at some distant point. If 
this is done, coaxial cable can be used to connect 
the station to the tuner. Operation with this 
antenna at WlCKK has been without problems for 
nearly three years, operating all bands with a 
kilowatt of power. The fed end of the wire is three 
feet from the station equipment. A wate1 pipe and 
an earth ground are used. The L network provides 
a 1: 1 match on all of the bands, and DX operation 
has been quite successful on the 20-, 15- and 
IO-meter bands. While using a parallel-tuned 
antenna coupler, successful 6- and 2-meter 
operation has been realized. 

It should be 1emembered that the antenna will 
perform as a long wire on those bands above 3.S 
MHz. At the higher end of the hf range -
particularly 15 and 10 meters - the antenna will 
tend to be directional off its ends (bidirectional), 
and will begin to have some gain. It exlu"bits more 
or less omnidirectional characteristics on 7 and 14 
MHz, the pattern being somewhat like the shape of 
a four-leaf clover. There will not be much 
directivity on 3.5 MHz unless the antenna is at 
least a half wavelength above ground at that 
frequency. 

A BROAD-BAND DIPOLE 
Most untuned doublet antennas are not broad 

enough to provide a low SWR across an entire 
amateur band. This is a particularly troublesome 
situation on the 80- and 40-meter bands. The 
antenna of Fig. 21-23, sometimes called a 
"double-bazooka" antenna, was developed by the 
staff of M.I.T. for radar use, and was later 
popularized by W8TV for amateur use (QST, July 
1968). An 80-meter version of this system, cut for 

BROAD-BAND DIPOLE 

L=feet 

(B) 

L = F(faHz) -------<•-I 460 I 

(A) 
AF41 l.eltgth. 

RG--!ilJ/tl 

Plexiglas Ol: 

,m.,m1 
c~ ~~- ::: __:_ I 

JUNCTION 
BLOCKS (a.) 

Ope~-wire 
(C) JUNCilON ot300-0h,n. 

BLOCKS tb) twi.11 line 

Fig. 21-23 - Details for building a broad-oond dipole . Thi! builder 
may choose to employ other methods for joining the sections, but 
the illustrations at B and C represent one of the better. more secure 
techniques. 
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3.7 MHz, provides an SWR of less than 2:) acro!!.S 
the entire band, and shows a 1: 1 reading at 3. 7 
MHz. SWR at 3.5 MHz is 1.7:1, and is 1.9:1 at 4 
MHz. 

The antenna consists of a half-wavelength 
section of coax line with the sheath opened at the 
center and the feed line attached 10 the open ends 
of the sheath. The outside conductor of the coax 
thus acts as a half-wave dipole, in combination 
with the open-wire end sections of the antenna. 
The inside sections, which do not radiate, are 
quarter-wave · shorted stubs which present a very 
high resistive impedance to the feed point at 
resonance. At frequencies off resonance the stub 
reactance changes in such a way os 10 tend to 
cancel the antenna reactance, thus increasing its 
bandwidth. This antenna can be cut for any 
operating frequency, including thal of the 
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160-meter band. Formulas are given in Fig. 21-23. 
RG-58/U coax line is capable of handling a full' 
kilowatt from the transmitter with the SWR figures 
given earlier. Details are given for making up the 
junction blocks where connections are made. Other 
construction techniques are possible, and this will 
be pretty much up to the builder. If the plastic 
blocks of Fig. 21 ·23 are used, their inner surfaces 
can be grooved to provide a snug fit for the coax 
cables when the two halves are bolted together. 
After assembly, the maling outer surfaces of the 
junction blocks can be sealed with epoxy cement 
to assure a weatherproof bond. This antenna can 
be mounted from a single center support and used 
as an "inverted V" if desired. Single-wire end 
sections can be substituted for the open-wire stubs, 
but the open-wire sections contnoute to the 
antenna's broadband characteristics. 

VERTICAL ANTENNAS 

A vertical quarter-wavelength antenna is often 
used in the lower-frequency amateur bands to 
obtain low-angle radiation. It Is also used when 
there isn't enough mom for the supports for a 
horizontal antenna. For maximum effectiveness it 
should be located free of nearny objects and it 
should be operated in conjunction with a good 
ground 5Ystem, but ii is still worth trying where 
these ideal conditions cannot be obtained. 

Four typical examples and suggested methods 
for feeding a vertical antenna are shown in Fig. 
21-24, The antenna may be wire or lubing 
supported by wood or in~ulated guy wires. When 
tubing is used for the antenna, or when guy wires 
(broken up by insulators} are used lo reinforce the 
strucrure, the length given by the fonnula is likely 
to be long by a few percent. A check of the 
standing-wave ratio on the line will indicate the 
Crequency at which the SWR is minimum, and the 
antenna length can be adjusted accordingly. 

A good ground connection is necessary for the 
most effective operation of a vertical antenna 
(other than the ground-plane type). In some cases a 
short connection to the cold-water system of the 
house wUI be adequate. But maximum perform
ance usually demands a sep!llate ground system. A 
single 4- lo 6-foot ground rod driven into the earth 
at the base of the antenna is usually not sufficient, 
unless the soil has exceptional conductivity. A 
minimum ground system that can be depended 
upon is 6 to l2 quarter-wavelength radials laid out 
as the spoke~ of a wheel from the base of the 
antenna. These radials can be made of heavy 
aluminum wire, of the type used for grounding TV 
antennas, buried at least 6 inches in the ground. 
This is normally done by slitting the earth with a 
spade and pushing the wire into the slot, after 
which the earth can be tamped down. 

The examples shown in Fig. 21-24 all require an 
antenna insulated from the ground, to provide for 
the feed point. A g,oundt:d lower or pipe can be 
used as a radiator by employing "shunt feed," 
whlch consists of tapping the inner conductor of 
the coaxial-line feed up on the tower until the best 

match is obtained, in much the same manner as the 
"gamma match" (de.\cnbed later) is used on a 
horizon!Jtl element. If the antenna is not an 
electrical quarter wavelength long, it is necessary to 
tune out the reoctance by adding capacitance or 
inductance between the coaxial line and the 
shunting conductor. A metal tower supporting a 
TV antenna or rotary beam can be shunt fed only 
if all of the wires and leads from the supported 
antenna llln down the center of the tower and 
underground away from the tower. 
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Fig. 21-24 - A QUBr1er-wavelength antenna can be 
fed directly with 50-0hm coaxial line IA), with 11 
low standing-wave ratio, or a coupling network can 
be used [Bl that will permit a line of any 
imped11nce 10 be used. In [Bl, L1 11nd Cl should 
resonate to the operating frequency and L 1 should 
be larger then is normally used in a pl11te tank 
circ;uit et the same frequency. By using multiwire 
antennas, the quarter-wave venical can be fed with 
(CJ 150- or (DI 3©ohm line. 
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OR WHIP __ __,., INSULATOR 

OPPER OR ALUM. 
T/JBING 

TO TRANS. 

(8) 

Fig. 21-25 - All -metal construction of a vertical ground-plane antenna can be effected as shown at A. 
The driven element is insulated from the remainder of the system, but the tubing radials are common to 
the mounting plate, and to one another. The outer cor:ductor of the coax connects to the base plate and 
radials. The center conductor of the feed line attaches to the base of the driven element with as short a 
lead as possible. If a metal mast is used, it, too, can be common to the base plate and radials. At B, the 
radials are made of No. 10 wire (approximately 5 perc~nt longer than the resonant 11enical element) and 
are used as guy wires. Drooping the wires at a 45-degree angle raises Iha feed-point impedance to 
approximately 50 ohms for direct connection to RG.a/U. 

THEGROUND~LANEANTENNA 
A ground-plane antenna is a vertical quarter

wavelength antenna using an artiflclal metallic 
ground, usually consisting of four rods or wires 
perpendicular to the antenna and ex tending 
radially from its ba~e. Fig. 21-2S. Unlike the 
quarter-wavelength vertical antennas without an 
artificial ground, the ground-plane antenna will 
give low-angle radiation regardless of the height 
above actual ground. However, to be a true 
ground-plane antenna, the plane of the radials 
should be at least a quarter-wavelength above 
ground. Despite this one limit;ition, the anlcnna is 
useful for DX work in any band below 30 MHz. 

The vertical portion of the ground-plane 
antenna can be made of self-supported aluminum 
tubing, o r a top-supported wire, depending upon 
the necessary length and the available supports. 
The radials are abo made of tubing or heavy wire 
depending upon the available supports and 
necessary lengths. They need not be exactly 
symmetrical about the base of the vertical ponion. 

The radiation resistance of • ground-plane 
antenna varies with the diameter of the vertical 
clement. The radiation resirunce is usually in the 
vicinity of 30 ohms, and the antenna can be fed 
with 75-ohm coaxial line with a quaner-wavelength 
section of SO-ohm line between line and antenna. 
For multlband operation, a ground-plane IIIllenna 
can be fed with. tuned open-wire line, or the 
vertical ~ection can be quarter-wavelength pieces 
for each band. The radials should be a quarter 
wavelength at the lowest frequency, 

Matching by Length Adjustment 

The radiation resistance as measured at the base 
of a ground-plane antenna also changes as a 
function of the length of the radiating element. It 
is pD!isible to choose ■ length such that the base 
radiation resistance will equal the characteristic 
impedance (Zo) of the transmission line to be used. 
The lengths of most interest are a little over 100 
degrees (0.28 wavelength), where the resistance is 
~pproximatcly 52 ohms, and about 113 degree~ 
(0.31 wavelength), where the resistance is 75 ohms, 
to match the two common types of coaxial line. 
These lengths 111e quite practicable for ground
plane antennas for 14 MHz and higher frequencies. 
The lengths in degrees as given above do not 
require any correction for length/diameter ratio; 
i.e., they are free-spaoc lengths. 

Since the lll\lenna is not resonant at these 
lengths, its input impedance will be reactive as well 
as resistive. The reactance must be tuned out in 
order to make the line see a purely resistive load 
equal to its characteristic impedance. This can be 
done with a series capacitor of the proper value, 
when the lengths given above are used. The 
approrimalc value of capacitive reaclance required, 
for antennas of typical length/diameter ratio, is 
about 100 ohms for the 52-ohm case and about 
I 75 ohms for the 7S-ohm case. The corresponding 
capacitance values for the frequency in question 
can be determined from appropriate charts or by 
equation. Variable capacitors of sufficient range 
may be used and adjustment made for the lowest 
SWR. 



From a practical construction standpoint it 
may be preferable to connect the reactam:e-can
ccling componen t in parallel or shunt with the base 
feed point, rather than in series with the radiating 
element. If a capacitor is used, for example, this 
would elimim1te the requirement for insulating its 
frame from the supporting structure, as may be 
seen from Fig. 21-26. To obtain a match to 52- or 
75-ohm line, radiator lengths must be different 
than those given above when the reactance-can
celing component is shunt connected, however. As 
a matter of fact, there arc two lengths where a 
match may be obtained for 52-ohm line, and two 
lengths for matching 7S-ohm line. One of these 
two length~ for either impedance is somewhat less 
than that required for resonance. This results in the 
base feed point bein,t capacitive, therefore requir
ing a shunt inductor for a resistive line terminatioIL 
The other length is somewhat longer than that for 
resonance, requiring a shunt capacitor. So far as 
radiation is concerned, one is as good as the other, 
and the choice becomes the one of the simpler 
mechanical approach, or perhaps one of economy. 
The following information applies to conductor 
half-wavelength/diameter ratios in the order of 
I 000, but will not be greatly different for other 
length/diameter ratios. Radiator lengths are free
space lengths, requiring no correction for length.I 
diameter ratios. 

Fud-Une Radiator Ler,gth Shunt-Canceling 
Zo, Ohms Component 

52 82.5 degrees Inductor, 57 .1 
0.229 wavelength ohms 

52 93.6 degrees Capacitor, 78.1 
0.260 wavelength ohms 

75 84.0 degrees Inductor, 58.1 
0.233 wavelength ohms 

75 92.0 degrees Capacitor, 80.6 
0.256 wavelength ohms 

It may be seen from the above that, for an 
inductive shunt-canceling component, the radiator 
lengths are not much different for a 52-ohm or for 
a 75-ohm termination. The same ls true for a 
capacitive shunt for the two impedances. This 
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Fig. 21-26 - Matching to ground.plane antenna 
with shunt reactance. If the length of the radiator 
(but not the radials) is slightly more than that 
required for resonance, a capacitive shunt will 
provide a match to either 52- or 75-ohm line, 
depending on the exact radiator length. Similarly, a 
shortl!t'·than-resonant radiator length may be used 
with a shunt inductor to offer a 52- or 75-ohm 
match. 

indicates that the radiator length for a proper 
match is somewhat critical. This causes no prob
lems, however, as the final length can merely be 
adjusted for the lowest SWR in the feed line. 
Similarly, it may be seen that there is little 
difference in the required reactance values for S2 
versus 7 5 ohms terminating impedance, If match
ing by final length adjustment is performed, this 
means that the reaclancc value is not critical. In 
other words, a !>hunt inductor having a reactancc in 
the order of 57 ohms will afford a close match to 
either S2 or 75 ohms. 

Construction and Adjustment 

From an economy standpoint, inductors are 
generally more satisfactory lhan capacitors as 
!>hunt elements, if one considers that the compo
nent will be required to handle rf currents in the 
order of I ampere or more, even at modest power 
levels. Suitable inductors may be made from heavy 
bus wire or from available coil stock. 

The photographs of Fig. 21-27 show the con
struction of a sturdy ground-plane system. As 
pictured, the antenna is constructed for 6-meter 
operation, but provisions for telescoping additional 
lengths of aluminum tubing to extend the radials 
and radiator make it readily adilptable to 10, IS , or 
even 20 meters. The base-plate assembly is made 
from I /4-inch thick aluminum stock, obtained at a 
modest price as salvaged scrap from a local 
machine shop. Two pieces of this material are 
joined at right angles with short lengths of 3/4-inch 
angle aluminum and No. 8 nickel-plated brass 
hardware. A length of angle stock is attached to 
either side of the vertical plate, which is drilled to 
accept U bolls for attachment to the ma&!. A 
2-inch circular hole is cut in the 9-inch•square 
horizontal plate lo clear the hnrdware which 
supports the radiator. A 4-inch square piece of 
1/4-inch thick phenolic material is usi:d as the 
insulator for the radiator, the in~ulator being 
mounted atop the base plate with No. 10 hardware 
at each corner. A I /2- by 6-inch hcx-he:id cap 
screw (with head removed) serves to support the 
radiator, and electrical connection is mode by 
means of a solder lug which is attached by drilling 
and tapping the wrought-iron nat washer under
neath the insulating phenolic. Flat washers and 
nuts are used above and below the phenolic 
insulator, and lock washers are used on all hard
ware. The radials arc attached directly to the base 
plate by drilling through them, but the method 
mown in Fig. 21-2S with U bolts would avoid 
weakening the tubing material by drilling. The 
radiator, consisting of 1/2-inch ID aluminum tub
ing for the lower portion, is slipped over the cap 



Fig. 21-27 - Th■ ground-plan■ antenna panially assembled flaftl and comp lataly assembled, ready for 
Installation !right). Both vhtws at ■ looking down on the base plat■, which is in an inverted position in 
these photo■. In the view et the right may be seen an added bracket which supports a coaxial chassis 
connector, type S0-239, and the shunt inductor. A right-engle connector is used at rhe dtassit connector 
to evoid I bend in the coax, which Is IIIC'llred to the mall during installation. 

TABLE I - Coll and dimemion data for pound-plane antennas.. 

Freq., lmped1mce, Each Approx. Coll Coil 
MHz ohms Radial Radiator Value, Dato 

length length jl}J 

14.2 62 17'7" 16'6" 0.64 6-1 /3 turns, 1 "dia, 6 tpl 
14.2 75 17'7" 16'8" 0.65 6-1 /2 tum■, 1 "dia, 6 tpi 
21.25 52 11'9" 10'3" 0.4J 4-1 /2 turns, 1 "die, 6 tpi 
21.25 75 11'9" 10'6"" 0.44 4·3/4 turns. 1 "dia, 6 tpi 
28.6 62 8'9" 7'8" 0.J2 4-1/2 turns, 1"dia, 4 tpi 

28.6 75 8'9" 7'1 O" 0.J2 4-1 /2 turns, 1 "dia, 4 tpl 
29.6 62 8'6" T6" 
29.6 75 8'8" 7'7" 
51 62 4'11" 4'3" 
51 76 4'11" 4'4" 
63 62 4'9" 4'1" 
53 75 4'9" 4'2" 

screw and s:acured with a No. 6 screw which passes 
through both the tubing and the cap screw. A 
"weep" hole, 1/16-inch or so diameter, ls drilled 
through one wall or the lubing just above the top 
or the cap screw, 10 permit an escape point for 
condensed moisture. The length or the radiator is 
adjusted durins final pruning by varying the 
,amount or telescoping or 1he lubing al the lop of 
lhc elemenl. Table I give~ dimensions and coll data 
for lhe conSlruction of pound-plane antennas for 
which this conllnu:tion lechnique is suitable. 

ANTENNAS FOR 160 METERS 

Results on 1.8 MHz will depend to • large 
exblnt on the type of antenna used and the time or 
day 01 night that operations will take place. 
Almost any random length of wire lhat Is tuned to 
resonance and metched to the tnnsmltter wUI give 
fair results at night. During daylight hours the 
absorption Is high, and such high-angle radiators 
become Ineffective. For thu reason a vertically 
polarized, low-radiation-angle antenna is best for 
use on the 160-meter band, day 11nd night. Fig. 

0.31 4-1/3 turns. 1 "die, 4 tpl 
0.31 4-1 /3 turns, 1 "dia, 4 tpi 
0.18 3 turns, 1 "dia, 4 tpi 
0.18 3 turn,, 1 "dla, 4 tpl 
0.17 2-3/4 turns, 1 "dia, 4 tpl 
0.17 2-3/4 turns, 1 "dla, 4 tpi 

21-29 shows three effective 160-meter antennas. 
At A, a shortened inverted V is made resonant by 
means or L, a loading coil in each leg of the 
doublet. Tius antenna will give vertical polariza
tion, and will perfonn weU for day and night use. 
A full-size inverted V with tuned feeders would be 
better, even if the voltqc ends were but a few 
Inches off the ground. However, when antenna 
space is at a pn:mium, a 7 5-meblr doublet can be 
equipped with loading inductors as shown, and the 
antenna will perform on 1.8 MHz. Two-band 
operation can be had by merely ~horting the 
lollding coils with clip leach during 7S-meter u11e. 
For use on 1.8 MHz the coils are experimentally 
pruned, a half tum at a time, until the lowest SWR 
Is obtained. 

As a starting point, the coils should be 70 ,uH 
each, 16 feet, S Inches for the length between the 
coll and antenna center (one side), and 46 feet 
from the coll to the end insulator. Resonate the 
anteDIUI on the clcan:d BO-meter fn,quency by 
shorting out cums on the coil, looklng for the 
lowest SWR. Note thal point and follow the same 



TOP-LOADED "T" ANTENNA 

ToTmitS 

l!SOOpF _ ~ 
TOP-LOADED MARCONI 

Fig. 21-29 - Illustrations of three vertically polari
zed short antennas for use on 1.8 to 2 MHz. Th11V 
are described in the text. 

procedure for 160. Of course, the shorting laps 
musl be changed each time one changes bands. 

TIie anb:nna at B is nothing matt than a 
top-loaded quarter-wavelength Marconi. The Oat
top section, a, can be any convenient length - 25 
to 50 feet - and should be as high In the w ns 
possible. Its three wires ue joined at the ends and 
center, and a single vertical wire drops down to lhe 
loading/matching inductor, L. The flol-lop section 
sr:rves 85 a capacitance hat for the vertical member, 
b. The larger that a is made, the leu coil will be 
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needed al L. A good euth ground is essential to 
proper performance. A buried radial system is 
recommended, but if the !IOi1 has good conduc
tivity it may be possible 10 gel by with six or eight 
ground rods driven into the earth, 4 feet apart, and 
bonded together by means of No. l O wire. They 
should be centered around the bottom end of 
section b. There are two taps on L. The bottom one 
is adjust11d for a match to the coax feeder. The lop 
lap is adjusted for antenna rc!IOnance. There will 
be some interaction between the adjustments, so 
several altempu may be nccessaJY before the sys
tem is tuned up. Section b should be made 3-' long 
as po55iblc - 30 feet or more - for best results. 

An adaptation of the antenna just described is 
shown at C! in Fig. 21-29. Here an BO-meter 
doublet is used as a quarter-wavelength top-loaded 
Marconi. The feeders, whether coax or balanoed 
line, are twisted together at the transmitter end 
and tuned with series l or C. The method used will 
depend upon the length of the feed line. 
Ordinarily , an SO-meter dipole with a quarter 
wavelength feeder wiU require the series C to tune 
out reactancc. If the feed line is much less than one 
quarter wavelength, the !Cries l will be needed. An 
SWR bridge should be used during these 
adjustments. A good earth ground is necessary with 
this antennL 

Other Antennas 

Most of the full-1ize horizontal and vertical 
antennas described earlier in this chapter are 
suitable for 1.8 Mll.z, too. When 5P""" i.s a.vailablc 
for a la1ge antenna on~ should try to make u~e of 
this advantage on "160." The helically-wound 
short vertical described in the section on 
"limited-space antennas" should be of interest to 
the 160-meter operator. too. 

LIMITED-SPACE ANTENNAS 

Reducing losses whlch detract rrom the radi
ated powa is the key to success in any limited
~pace antenna ~stem_ In fact. if there wen: no 
lo~ses pre~enl, the radiatin11 efficiency of ■ dlort
cned antenna would be a& good as Its full-sized 
counterpart. The only difference between the two 
is that the bandwidth over whlch the input 
impedance remains relatively con~tanl is leu for 
the former than it is for the latter. A~ the length of 
a radiator becomes shorter in comparison to the 
wavelength of operation, less rf energy is radiated 
during each rf cycle and most of the energy is 
stored in the electric field surrounding the an lenna. 
This means the Q of the antenn.. Is very hi&h and 
consequently the bandwidth becomes very narrow. 
From I circuit point of view, the radiator looks 
like I small-value capacitor (large capacitive react
ancc) In series with a small resist1nce or ln parallel 
with large resi~tance value. The problem reduces to 
one or tuning out the reacl.ance and matching the 
trammitter or feed line to the antenna radiation 
resistance. While this sounds relatively simple to do 
in theory, the effects of loHe& complicate the 
problem considerably. It is the unwanted losses 

which !el practicaJ limits on how small an antenna 
can be made and still be useful for communication 
purposes. 

Electrical length, and not physical size. deter
mine whether or not an antenna is wsmall" 1-·or 
instance, a 20-meter dipole is approximately 34 
feet long and c.ould easily be installed in an attic or 
other area. The same length anten1111 would be 
quite short on 75 meters and would present 
formidable matching and loss problems. Antenna 
height is 1111bject to the same consideration1 in 
regards to physical versus electrical me and the 
effects of height ue covered elsewhere in this 
Ha,rdbook. Since the high-ctment parts of an 
antenna ue responsible for mosa of the radiation, 
they should be kept as high as pow"ble. This will 
improve the angle of radiation !IOmewhal. 

A Multiple-Tuned Short Dipole 

The use of limited-space antennas is becoming 
more of a neceu.ity than fonnuly. Therefore, any 
possibilities for new or different designs should be 
explored. Shown in Fig. 21-30 is an antenna 



Fig. 21-30 - At leh, construction of the dipole. Heav,er spreaders wirh insulators were used er the ends 
with a ligh1er one in the middle. The weight of the feed line is distributed on both sides of the spreader by 
means of a cord, forming the Y-shaped object in the middle. Also shown are the four loading coils. At 
right. close-up view of a loading coil showing tap connection and polypropylene insulator. 

utilizing a technique seldom found in amateur 
antennas with the exception of lhe folded dipole . 
The method b called multiple tuning and has been 
used extensively in vlf antenna installations. 

Some advantages to the technique arc as fol
lows: if two or more resonant radiators are 
paralleled in folded-dipole fashion then lhe imped
ance (Ra+ R0 /N) is stepped up by a factor of N2 
(where N is the number of r:idiators and Ra is the 
radialion resistance of each radilltor) . The loss 
resistance is R0 which is associated with loading
coil lo,ses, wire conductivity, and other sources. 
R 0 is decreased by a factor of 1/N . Antenna 
efficiency is equal lo 100%/(1 + R0 /NR 8 ) and 
improves as N is increased. These effects are of less 
importana when the electrical length of lhe 
resonant radiator is large since efficiency is high lo 
begin with. Also, reasonable inpul impedances 
make matching to the feed line or transmitter 
relatively simple. However, the advantages become 
pronounced when the efficiency i~ poor (R 0 /Ra 
large) and R 8 + R0 is small making matching 
difficult. This is the case when the length of the 
re5onant radiator becomes short compared 10 the 
wavelength being used. 

While space is usually available for full-~ize 
dipoles on lhe higher amateur frequencies, lhe idea 
of using multiple tuning for a high-efficiency shorl 
dipole for one of the lower bands seemed attrac
tive. Some experimental antennas for the 75-melt!r 
band were conslrucled and one is shown in Fig. 
21-31. Even though only 30 feet long, performance 
on both receiving and transmitting of th.is antenna 
seemed 10 compare favorabl y wilh much larger 
ones. u~ing a 180-watt transceiver in a temporary 
setup, a number of contacts were made and the 
reports were generally good in comparison with 
stations running higher power and with larger 
antennas. 

If the value of R 8 + R0 /N is on the order of 13 
ohms, an impedance step up of four will give 51 
ohms.. This would allow matching to a transmitter 
or 52~hm feed line without additional networks. 
While nol an advanlage in particular (since other 
values could be used with an appropriate matching 
network), ii turned out that thil occured w:ith the 
length and antenna height used. The latter would 
be realistic ones for many limited-space installa
tions, however. 

Bandwidth of the antenna wa~ quite narrow (20 

kHz) indicating an antenna Q of approximately 
190. However, thi& is as ii should be (us pointed 
out previously) and a broad bandwidth would be 
s~specl with an antenna this short, ln many 
applications, the narrow bandwidth would not 
prove lo be a great objection. Since nets and 
round tables tend to operate on a fixed-frequency 
basis, the inL-unvenience of retuning would not 
pose a problem. Improved performance because of 
lhe increased efficiency may offset this disadvan
tage in some instances. Tuning was accomplished 
by lowering the ante1Wa and changing the taps on 
the loading coils. The SWR wn then checked until 
a point where a minimum occUicd was found. 

Initial values for tbe loading-coil inductance 
were calculated for a single dipole from curves in 
'fhe ARRL Antenna Book , I 3th edition. The chart 
in Fig. 10-2 wa.s used to delennine these starting 
values and good ag1ecment with the actual value 
needed was observed. Antennas for other lengths 
and frequencies could be designed with these 
curves. Keeping the coils approximately midway 
between the center and the outer end of the 
antenna is advisable, however. It is also a good idea 
10 make the L of coils somewhat larger than 
Cllculated and then lap down lo gel the correct 
value. Tap connections should be soldered for 
hi8hesl conductivity. In order lo avoid disappoint
ment, it is advisable to reduce all the losses as 
much as possible. Thi~ philosophy holds for other 
types or limited-space antennas as well. Compromi
ses made for convenience or other reasons will 
n:mnally resull in poorer efficiency. 

Construction of the dipole can follow the 

Fig. 21-31 - Dipole dimension& and coil data . 
L 1-L4, incl. - 82 µH for 3 .86 MHz. Air wound 

preferable, 57 turns , 2-1/2-inch dia ., 10 tpi of 
No. 16 solid wire (B&W 3031) . 

TO l(M TII OIi 
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builder's requirements but the factors mentioned 
previously should be kepi in mind. Using the 
antenna in an attic installation might be attncthe 
since ii could be strung from lhe raf1en by means 
of 11andofT insulators. Caution should be taken 
1ha1 no contact with metallic or nammable objects 
occurs. When used in outdoor setups, construction 
of the loading-coil supports may be improved by 
using fiberglass rods instead of the polypropylene 
rope insulators shown in lhe experimental dipole. 
HoweYer, polypropylene has vc,y low-loss dlelec
lric properties which makes ii adequate for insulat
ing applications. Generally speaking. weather
proofing is unacivisable since a poor job lends 10 
keep moisture in once it gels there while an 
open-type construction quickly dries out once 
inclement weather clran up. If air-wound coil 
stock is used for lhe loading coils, alternate 
windings near the tap points should be pushed in 
slightly to ease the task of soldering connections 
and insure Iha! no unwanted shorts between lums 
occur. While many types of homemade coils are 
possible, ii should be pointed out that PVC plastics 
have relatively poor dielectric-loss properties. This 
may or may not be an important factor in 
loading-1.-oil operation and will depend upon the 
voltage across lhe coil. 

Other types of limited-space antennas may be 
or interest and The ARRL Anunna Boolr., 131b 
edition, contains additional designs. The particular 
type IIClected will depend upon factors such as 
ground conductivity, ability lo install p-ound 
planes, height available, and proximity to surround· 
Ing objects. 

HELICALL V-WOUND SHORT 
VERTICAL ANTENNAS 

An effective physically-5hort radiator can be 
built by helically-winding a length of wire on a 
long insulating rod or pole as shown in the sketch. 
Supporting poles such as bamboo rods, fiber glffl 

Fig . 21-32 - Artist's 
slce lch of the hel icall Y • 
wound vertical. This 
resonant quarter-wave
length antenna will per
form wal I when worked 
againlt a good eanh 
i,ound. 
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tubing, or tleated dowel rod, serve as practical 
foundation material for mch an antenna. This type 
of antenna ii most of'len used as a vertical radiator 
and is worked against ground as a quarter
wavelength ,y1tem. The voltage and current 
distribution is more lin~ar than when a lumped
inductance (loading coil and whip) is employed, a 
possible reason for its effective perfonn11ncc. 

This type of antenna is particularly useful for 
limited-~pacc applications in the lower parl of the 
hf spectrum - 1.8, 3 .S and 7 .0 MHz. I I can be used 
for 14 MHz and higher, but ls desirable only if an 
antenna shorter than a natural quarter wavelength 
is required. 

Consbuction 

The length of the supporting pole can be 
anything between 4 feet and 20 feet in length. The 
longer the rod, the better the performance. Fiber 
gl.l!.. .. spreader pole,; for cubical-quad anteMas are 
ideal for this application. Alternatively, bamboo 
fishing poles, covered with fiber glass, work well. 
Some lumber yards carry 16-fool long hand-rail 
stock (wooden) whlch can be coated with fiber 
glas.\ or several coab of exterior spar varnish and 
used as a coil form. The main consideration is thut 
the antenna pole be of good dielectric properties 
and that it be weatherproofed. 

So that the antenna will be approximately 
1/4-wavelength long electricall_v, a 1/2-wavclength 
piece of insulated wire is needed for the radiating 
element. When helically-wound as shown, the 
antenna becomes approximately one-quarter wave
length long, electrically. No. 14 or No. 12 
Fonnvar-insulatcd copper wire is recommended for 
the antenna winding. It should be space-wound in 
3ll linear II manner as pos_~ible. The far end of the 
vertical should have a 6-inch diameter metal disk, 
or 12-inch spike, to add mfficient capacitance to 
lower the impedance al lhe fo.r end or the radiator 
sufficienlly 10 prevent corona effects which can 
bum the far end of the element during medium
and high-power opention. An aluminum base-
mounting plate and two U clamps can serve as a 
support for the antenna. 

Operalion 

To build the 3nlenna for use on 160 meten, for 
example, wind approdmately 248 feet of wire on 
the pole as shown. Siner this will fall just short or 
natural resonance at onr-quarler wavelength, some 
type of variable inductor will be needed at the base 
of the antenna. A rotary inductor from an old 
Comm:ind Sci transmitter will do the job. It should 
be enclosed in a weatherproof box of plastic or 
metal. The inductor is adjusted by means of an 
SWR indicator for the best match obtainable at the 
operating fn:quency. An ear1h ground is required 
for proper opera ti on, and a buried radial system is 
recommended. Alternatively, several ground rods 
can be driven into the earth near the base of the 
antenna and bonded together with heavy wire. 

II may not be possible to secure a I : I SWR 
without using some form or impedance-matching 
system. After lhc antenna is made resonant al the 
operating frequency, 1 tuning network such as that 



Indoor Antennas 

Fig. 21 ·33 - Circuit diag,:am of the L-ne1work 
Transmatch. The aight banana jacks are E. F. 
Johnson type 108-900, and three dual banana 
plugs are requll'lld, E. F. Johnson type 108-200. 
Cl - Variable capacitor, 350 pF IE. F. Johnson 

154-101. , 
CA1, CR2 - 1 N34A germanium diode. 
J1, J2 - Chassis connector, type S0-239. 
J3 - Feed1hrough terminal, isolantlte. 

of Fig. 21·33 can be employed lo provide the 
de1ired I: I SWR. Since antennas of lhi1 type are 
relatively M[requency conscious," It will be 
ncce!ISlll}' lo retune the matching network when 
moving from one part of the band lo another. The 
completed antenna should be given ■ coatina of 
fiber glass or spar varnish to seal it against the 
weather, and to secure the coll turns. It has been 
observed lhat Ibis antenna has exceptional 
immunity lo man-made electrical noises. It aJ50 
cuts down the response to broadcast-band signals 
which sometimes tend to overload the station 
receiver. The foregoing attnllu1es n:sull from the 
mt that It la a narrow-band antenna. 
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LI, L2 - See Fig. 21-34, pan of stc:hed-circuit 
85Sembly. 

L3 - Variable Inductor 28 /,IH (E. F. Johnson 
229-2031. 

Ml -100-µA meter. 
A1, R2 - 68-ohm, 1/2-watt carbon or composi-

tion, not wirewound. 
Al - 25,000-ohm carbon control, linear taper. 
S1 - SPiit toggle. 

INDOOR ANTENNAS 
Amateun n:siding In apartment buildings may 

not be able lo put up outdoor antennas or to uae 
limited-space antennu such as shown in Fig. 21·30. 
The an1t111er tn lhe 11roblllm is to use ■ 

window-mounted mobile antenna, or random
length wire fed at one end. 

Some General Con■lderalions 

There an exceptions to the following rules but, 
in general, they can be depended upon. 

l) An outdoor antenna will work better tban 
an Indoor one. 

Fig. 21-34 - Etched circuit-board u1mpla11. The toll side is shown, the etched portion Is shaded. 



fig. 21-35 - The Monimatch is at the upper leh, 
covered by a metal enclosure. Connections from 
the roller inductor and the variable capacitor to the 
terminals on the jacks are made with thin strips of 
copper, althou!tJ No, 12 or 14 wire can be used 
instead. The two antenna terminals are at the rear 
right. The top terminal is for use with ill coa><•fed 
antenna, if desired, 

2) An antenna inside a frame building with 
wood exteriors is better than the same antenna in a 
steel-and-concrete building. 

3) The higher above ground, inside or out, the 
helter the antenna will work. 

4) The bigger (or longer) you can make an 
indoor antenna, the better - even if it means 
running wire around corners. 

5) Even a poor antenna should produce some 
contacts. 

The Coupling Problem 

Most lransmitters are designed to work into a 
SO-ohm load, and contain litUe or no provision for 
adjusting the transmitter when the load is other 
than SO ohms. Unfortunately, there is no 
random-length wire antenna that will present a 
SO-ohm load on all bands. What is required is a 
Transmotch. A Transmatch is simply an adjustable 
LC network that converts the unknown antenna 
impedance to SO ohms. The unit, shown in Fig. 
21-35, will cover the 80- through 10-meter bands 
and can handle I kW of rf power. 

Circuil Details 

The unit shown in f-ig. 21-33 i.~ designed to be 
used in three configurations. They are shown at B, 
C, and D. With one of the three hookups, ii should 
be pO!!sible to match practically any antenna to the 
transmitter. 

HF ANTENNAS 

In order to get complete band coverage and 
avoid the complexities of band-switching, banana 
and jack plu~ arc used to change the circuit to the 
configuration needed. For example, if the setup 
shown at B is desired, jumper terminals 7 and 8, l 
and 3, and 4 and S should be used. Using the 
banana plu~ makes for easy changing of the 
circuit. 

Whenever a Transmatch is used, the operator 
should have a way of knowing when lhe unit is 
adjusted correctly. The answer to this need is a 
Monimatch or other SWR indicator. 

Construction De tails 

The chassis for mounting the Transmatch is 
made from a piece of aluminum measuring 
10 X I 9 inches. The ends of the 19-inch length of 
aluminum are bent up to form a LI-shaped chassis, 
lhe ends being 4 1/2 inches high to form a chassis 
10 X IO X 4 1/2 inches. The back side of the U has 
an opening cut out, 3 1/4 inches high by 4 1/2 
inches long. A piece of Plexiglas is mounted over 
thi, opening. The jack-plug sockets are installed 
directly on the plastic. Connections from lhe roller 
inductor, L3, and variable capacitor, Cl, are made 
to the banana jacks. Be careful when drilling the 
holes for the jacks to insure that they will mate 
with the plu~. Fig. 21-34 shows the details for a 
pc-board Monimatch. Methods for making etched 
circuit boards are given in detail in the 
Construction Practices che.pter. 

How to Tune Up 

Using the Transmatch is not complicated. 
AJlhough it takes some time to find the correct 
combination of setting:;, once determined, they can 
be logged for later reference. Use a short length of 
SO.Ohm coax to connect the Transmatch to the 
transmitter. Attach the antenna to the Transmalch. 
Tune up the transmitter on lhe desired band, 
making sure that the final amplifier is resonated, 
but with the power output reduced. Wilh ll1e 
Monimatch in the forward-reading position, set lhe 
sensitivity control for a full-scale reading. Be sure 
10 keep the final amplifier tank in resonnm:e. 
Switch the meter to the retlecled position, and 
then adjust LI and Cl, until the lowest indication 
of reflected power is obtained. It should be 
posst'ble to get the meter to read zero, With a zero 
reading in the rc0ected position, venus full scale in 
the forward setting, the Transmatch is coaecUy 
adjusted, and the SWR is I, The circuit may have 
to be changed to one of the other configurations in 
order to get a match, but one combination should 
work. Once the Transmatch is set properly, then 
adjust the transmitter to its rated power input. One 
other point: It isn't always possible lo get a good 
ground connection in an apartment. Therefore, a 
connection to a cold-water pipe or earth ground 
should be used. 

Try to make the antenna as long as possible, 
even if ii must be nm around comers. The lenglh 
that will work best is from 120 to 130 feel. The 
end of the wire can be terminated at a window 
screen, which will get part of the antenna outside. 
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DIRECTIVE ARRAYS WITH PARASITIC ELEMENTS 

\\lilh rew exceptions, the antennas described so 
far in Chapter 21 have uniey gidn or less, and are 
either omnidirectional or bidirectional. In order for 
antcMas lo have gain and take on din:ctlonal 
chanclcdstlcs they must employ addleional ele• 
ments. Antennas wilh these properties are 
commonly referred lo as "beam" antennas. Thh 
section will deal with the design and characler1stics 
of directional anteMas with gain. 

Puasilic Excitation 

In mosl of these arrangements the additional 
element, realve power by induction or radiation 
from the driven element genen.lly called the 
"antenna," and renidiate it in the proper phase 
relationship to achieve the desired effecL These 
elements are called parasitic element~. as contra.1-
ted to the driven clements which receive power 
directly from the transmitter through the trans
mission line. 

The pansitic element is called a director when 
it reinforces radiation on a line pointing to it from 
the antenna. and a reflector when the reverse ii the 
cue. Whether the parasitic element ia a d~ctor or 
n:Orctor depends upon the puasilic~lement 
tuning, which usually is adjusted by changi111 Its 
length. 

Gain n. Spacing 

The gain of an antenna with parasitic elements 
varie, with the spacing and tuning of the elements 
and thu~ for any given spacing there 11 a tuning 
condition that will give maximum pin at this 
spacing. The maximum front-to-back ratio seldom, 
if ever, oc:cun at the same condition that gives 
maximum forward gain. The impedance of the 
driven elemenl also varies with the tunllll! and 
spacm,, and thus the antenna syuem must be 
tuned Co its final condition before the match 
betwocn the line and the antenna can be 
completed. However. the tuning and matching may 
interlock to !IIOmc extent, and it 11 usually 
neccuary to run through the adjustment, 1everal 
times to Insure that the besl possible lunlng has 
been obtained. 

oos o.r o 1s 0.2 0.2s o.J 03s o., 
ELEH£Nr SPACING-WAVELENGTH 

fig. 21-36 -Gain 111. elemen1 spacing for an antenna 
and one parasitic element. The reference point, O 
dB, is the field urength from a half -wave antenna 
iilone. The greaten gain ls in the diniction A at 
spacings of less lhan 0.14 -velength, and in 
direction B at gre■ter spacini,. The front-to-back 
ratio is the diffenince in dB between cul"WIS A and 
B. Variation in radiation resi1111nce of me driven 
element i1 also shown. These curves are for 11 
self-resonant parasitic element. At 1T1011t spm:inga 
!he gain es a refleccor can be Increased t,w sligtat 
lengthening of the parasi1ic element; the gain as 11 
oirector can be increased by shonening. This also 
improves the front-to-beck ratio. 

Two-Element Beams 

A 2-element beam is useful where space or 
other considerations pn,vent the use of the larger 
structure required for a 3-element beam. The 
general practice is to tune the puuitic element as a 
n:Oector and space it about 0.15 wavelength from 
the driven element, allllough some successful 
antennas have been built with 0.1-wavelenglh 
spacing and director luning. Gain ,s_ clement 
spacing for a 2-element antenna b given In Fil. 
21-36, for lhe special case where the parasitic 
clement ls resonant. It is indicative of the 
perronnance to be expi,c1cd under maximum-gain 
tuning conditions. 

TABLE 21-11 
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Fig. 21-37 - Gain of 3-element 
Yagi varsus director spacing, the 
reflector spacing being fixed at 0.2 
W8ll1!I e ngt h. 
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lluee-Elemenl Beams 

A theoretical investigation or lhe 3--element 
case (director, driven element and reOector) has 
indicated a maximum gain of slightly more than 7 
dB. A number or cxperimen1al investigations ha\"e 
shown that the optimum spacing between the 
driven clement and reflector la in the region of 
0.15 to 0.25 wavelength, with 0.2 wavelength 
representing probably the best overall choice. With 
0.2-wavelcngth reflector spicing, Fig. 21 •37 shows 
the pin variation with director spacing. It is 
obvious that the director spacing is not especially 
critical, and that the overall length of the am1y 
(boom length in the case of a rotatable antenna) 

£-- -........... 

' I" ... - ", 
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Fig. 21 ·38 - Element lengths for a 3-etemant 
beam. These lengths will hold closely for tubing 
element11upported at or near the center. 
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can be anywhere between 0.3S and 0.45 
wavelength with no appreciable difference in gain. 

Wide spacing of both elements is desirable not 
only because ii results in high gain but a.ho because 
adjustment of tuning or element length ii ten 
critical and the input resistance of lhe driven 
element iJ higher than with close spacing. The 
latter feature improve! the efnciency of the 
antenna and makes a gieater bandwidth possible. 
Ho'tllllver, a total antenna length, director to 
reflector, of more than 0.3 wavelength al 
frequencies of the order of 14 MHz introduces 
considerable difficulty from I constructional 
5landpoint, so lengths of 0.2S to 0.3 wavelength 
are frequently used for this band, even though they 
are less than optimum. 

In genenl, the gain of the antenna drops off 
less rapidly when the reflector length is inc~ 
beyond the optimum value than ii does for a 
corresponding decrease below the optimum value. 
The opposite is true of a director. It is therefore 
advisable to err, if necessuy. on the long lide for a 
reflector and on the short side for a duector. ThJs 
also tends to make the antenna performance less 
dependent on the exact frequency at which it is 
operated, because an increase above the design 
frequency has the ~ame effect u increasing the 
length of both parasitic clements, while a decrease 
in frequency has the same effect as shortening both 
elements. By making the director slightly short and 
the renector slightly long, there will be a greater 
spread between the upper and lower frequencies at 
which the gain 1taru to show a rapid decrease. 

When the over-all length has been decided 
upon, the element lengths can be found by 
referring to Fla. 21·38. The lengths determined by 
these charts will vary slightly In acrual practice 
with the element diameter and the method of 
supporting the clements, and lhe tuning of a beam 
should always be checked after in,tallation. 
Ho'tllllver, the lengths obtained by the u,e of the 
charts will be close lo correct in practicaDy all 
cases, and they can be used without checking if the 
beam ii difficu It of access. 

In order to make it even easier for the Yagi 
builder, Table ll-fi can be used to determine the 
element lengths needed. Both cw and phone 
lengths are included for the three bands, 20, IS, 
and 10 meten. The 0.2 wavelength spacing will 
provide gn:aler bandwidth than the 0.IS spacing. 
An tonna gain is essentially the same with either 
spacing. The element lengths given will be the same 
whether lhe beam bas 2. 3 or 4 elements. It is 
recommended that "Plumber's Delight" type 
construction be used where all the elements arc 



Directive Arrays with Parasitic Elements 

GAMMA MATCH 
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Fig. 21-39 - Illustrations of gamma and 
T-matching systems. At A, the gamma rod is 
adjusted along with C until the lowest possible 
SWR is obtained. AT-match is shown at B. It is the 
same as two gamma-match rods. The rods and C1 
and C2 are alternately adjusted for a 1 :1 SWR. A 
coaxial 4: 1 balun transformer is shown at C. A 
toroidal balun can be used in place of the coax 
model shown, Details for the toroidal version ere 
given in Chapter 20, and i1 has a broader frequency 
range than the cooxial version. The T-match is 
adjusted for 200 ohms and the balun steps this 
bola11ced value down to 50 ohms. unbalanced. Or, 
the T-match can be set for 300 ohms, and the 
balun used to stap this down to 75 ohms, 
unbalanced. Dimensions for the gamma and 
T-match rods cannot be given by formula. Their 
lengths and spacing will depend upon the tubing 
size used, and 1he spacing of the parasitic elements 
of the beam. Capacitors C, C1 and C2 can be 140 
pF for 14-MHz beams. Somewhat less capacitance 
will be needed at 21 and 28 MHz. 

mounted directly on and grounded to the boom. 
This puts the entire array al de ground potential, 
affording better lightning protection. A gamma 
section can be used for matching the feed line to 
the array. 

Tuning Adjustments 

The preferable method for checking the beam is 
by means of a field-strength meter or the S meter 
of a communications receiver, used in conjunction 
with a dipole antenna located at least IO 
wavelengths away and as high as or higher than the 
beam that ils being checked. A few wath of power 
fed into the antenna will give a useful siglllll at the 
observation point. and the power input lo the 
transmitter (and hence the antenna) should be held 
constant for all of the readings. 

Preliminary matching adjustments can be done 
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on the ground. The beam should be set up so that 
the renector element rests on earth with the 
remaining elements in a vertical configuration. In 
other words, the beam should be aimed straight up. 
The matching system is then adjusted for 1 : I SWR 
between the feed line and driven element. When 
the antenna is raised into its operating height. only 
slight touch-up of the matching network will be 
required. 

A great deal has been printed about the need 
for tuning the elements of a Yagi-type beam. 
However, experience has shown that lengths given 
in Fig. 21-38 and Table II are close enough to the 
desired length that no further tuning should be 
required. This is true for Yagi arrays made from 
metal tubing. However, in lhe case of quad 
antennas. made fzom wire, the reflectors and 
directors should be tuned with the antenna in its 
operating location. The reason is that it is 
practically impossible lo cut and install wire to the 
exact dimensions required for maximum gain or 
front-to-back. 

Simple Syste1115: !Jie Rotary Beam 

Two- and three;!lement systems are popular for 
rotary-beam antennas, whe1e the entire antenna 
gystem is rotated, to permit its gain and directivity 
to be utilized for any compass direction. They may 
be mounted either horizontally (with the plane 
containing the elements parallel to the earth) or 
~ertically. 

A fouHlement bc.im will give still more gain 
lhlln a three-element one, provided the support is 
sufficient for about 0.2 wavelength 8pacing 
between elements. The tuning for maximum gain 
involves many variables, and complete gain and 
tuning data are not available. 

The elements in close-spaced (less than 
one-quarter wavelength clement spacing) anays 
preferably should be made of tubing of one-half lo 
one-inch diameter. A conductor of large diameter 
not only has less ohmic resistance but also has 
lower Q; both these factors arc important in 
close-spaced arrays because the impedance of the 
driven element usually is quite low compared 10 
that of a simple dipole antenna. With tluee- and 
four-elc men! close-spaced arrays the radiation 
resistance of the driven element may be so low that 
ohmic losses in the conductor can consume an 
appnx:iable fraction of the power. 

Feeding the Rotary Beam 

Any of the usual methods of feed (described 
later under "Matching the Antenna to the Line") 
can be applied to the driven element of a rotary 
beam. The popular choices for feeding a beam are 
the gamma match with series capacitor and the T 
match with series capacitors and a half-wavelength 
phasing section, as shown in Fig. 21-39. The§e 
methods are prcfened over any others because 
they permit adjustment of the matching and the 
use of coaxial line feed. The variable capacitors can 
be housed in small plastic cups for weatherproof
ing; receiving types with close spacing can be used 
at powers up to a few hundred w.atts. Maximum 
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capacilance required is usually 140 pf at 14 MHz 
and proportionately less at the higber fn:quencies. 

If phy!lcially possible, It Is better to adjust the 
matching device after the antenna has been 
installed 111 its ultimate height, since a match made 
with the antenna near the ground may not hold for 
the same antenna in the air. 

Shupness of RMOOance 

Pllak performance of a multielement panisltic 
array depends upon prop~r phasing or tuning of 
the clements, which can be exact for one 
frequency only. In the cue of close-spaettl array1, 
which because of the low radiation rnislana: 
usually arc quite !!hillJ)""tuning, the frequency ran,e 
over which optimum resulo can be secured is only 
of the order of I or 2 percent of the resonant 
frequency, or up to about 500 kHz at 28 Mll7.. 
However, the antenna can be made lo work 
satisfactorily over a wider frequency range by 
adjuning the director or directors to ghe 
ma.11:lmum gain at the hig/teJI frequency lo be 
covered, and by adjusting the reflector to IP" 
optimum gain at the lowest frequeni;y, This 
sacrifices some gain at all frequencies. but 
maintains more uniform gain over a wider 
frequency range. 

1be use of laigc-diameter conductor,, will 
broaden the response curve of an array because lhc 
larger dill.meter lowers the Q. This caUIICS the 
reai;tanccs of the clements to change rather slowly 
with frequency, with the nisull that the tuning 
stays near the optimum over II considerably wider 
frequency nmge than is the case with wire 
conducton. 

Combination Arrays 

It u pcmiblc lo combine parasitic elemcnh with 
driven clements to fonn arrays composcd of 
collinear driven and parasitic elements and 
combination broad-side-<:ollincar-p11Ill5itic ele
ments. Thus two or more collinear element~ might 
be provided with a collinear rcf1ector or director 
set, one pa.msitic element to each driven clement. 
Or both directors and reflectors might be u~ed. A 
broadsidc-1:ollinear array can be treated in the ,iamc 
Cashion. 

HF ANTENNAS 

Fig. 21-40 - Information on building a quad or a 
Delta-loop antenna. The antennas are electrically 
similar, but the Delta-Loop uses "plumber's de
light" cons1n1crion. Additional information is 
givan in the text. 

DELTA LOOPS AND QUAD BEAMS 

One of the more effective DX arrays is called 
the "cubical quad" or, simply, .. quad" antenna. It 
consists of two or more square loop~ of wire 
supported by a bamboo or fibcrglMs cross-ann 
assembly. The loop§ are a quarter '111,'avelength per 
side (full wavelength overall) one loop being 
driven, and the other serving as a para.~itic clement 
- usually a reflector. A variation of the quad is 
called the Delta Loop. The electrical properties of 
both antennas are the same, generally speaking. 
though some operaton report better DX results 
with the Delta Loop. Both antennas an: shown in 
Fig. 21-40. They differ mainly in their physical 
propi,rtie~. one being of "Plumber's Delight" 
construction, while the other uses insulating 
support members. One or more directors can be 
added to either antenna if additional gain and 
directivity is desired, though most operaton U5C 

the two-element arrangement. 
It is possible to interlace quads or "deltas" for 

two or more bands, but if this is done the formulas 
given in Fig. 21-40 may have to be changed slightly 
to compensate for the proximity effect of the 
second anteMa. For quads the length of the 
fuU-wave loop can be computed &om 

Ful/-w(llle/oop (ft)= tf:fl,., 21-H 

If multiple arniys arc used. each antenna should 
be tuned up separately for max:imum forward gain 
u noted on a field--strenglh meter. The roflector 
stub on the quad should be adjusted for the 
fori:going condition. The Delta-Loop gamma match 
should be udjusted for 11 1: l SWR. No reflector 
tuning is needed. The Delta-Loop antenna has a 
broader Crequcncy J1:Sp0nse than the quud, and 
holds al an SWR of 1.5 :1 or better a<:IOS5 the band 
it is cut for. 

TABLE 21 -111 

Quantity Length Diamt'ter Re1•nolds 
(fl.) (in.) No. 

2 8 I 9A 
4 8 3/4 SA 
I 8 I 1/4 IOA 
I 6 7/8 4231 

2 U-bolts, TV anlenna lo ma.st type. I variable 
capacitor. I 50 pF maximum. any type, I plastk 
freezer container, approximately 5 X 5 X 5 in
ches, lo house gamma capacitor. 
Gamma rod, 3/8- to 1/2-inch diameter aluminum 
tubing, 36 inches long. (Aluminum curtain rod 
or similar.) 



A Short 20-Meter Yagi 

The rcsoaaoc,e of the quad 1111tenna can be 
found by checkin1 the fn:quency at which the 
lowest SWR occun. The clement length (driven 
clement) can be adjusted for resonance In the 
most-used portion of the band by lengdlcning or 
mortening it. 

It b believed that a two-element quad or 
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Deltit-Loop antenna compares favorably with ■ 
lhree-elcmenl Yagi array in terms of 1ain (sec QST. 
May, 1963, and QST, JanuBJY 1969 for additional 
infonnation). The quad and Delta-Loop antennas 
perfonn very well at SO and 144 MHz. A discussion 
of radiation patterns and gain, quads vs. Vails, was 
presented by Lindsay in QST, May, 1968. 

A SHORT 20-METER YAGI 

Dcscribcd here is ■ small, yet effective, three
element 20-meter Yagi that offers gain and 100d 
directivity. This system exhibits a front-1<>-b■ck 
ratio in excess of 18 dB as measured with a good 
qua.lily communications receiver. 

Con111Uction 

The boom and all the elements are made from 
1-1/ 4-incb d.iamelez aluminum tubing available 11 
mollt hardware stores. The two boom sections and 
the two pieces which make up the center portion 
of the driven ele ment are coupled together u~lng 
I S-lnch sleeves of 1-3/8-inch OD aluminum tubing. 
Sheet metal screws dlould be used lo secure lhe 
11ectioas within the coupling !l!eeves. 

The loading coils are wound on 1-1 /11-iru:h 
diameter Plexiglas rod. Details are shown in Fig. l. 
Be sure lo slit the ends of lhc aluminum tubin8 
where the oompremon damps are placed. The coils 
1111 made from No. 14 enameled copper wire. The 
~peclflcd number of turns are equally ,;paced to 
cover the entire nine inches of Ple,aglas. 

The capacitance hats are construcled from 
3/4-inch angle aluminum. Two pieces two feel In 
length are required for each hal. Tbe model shown 
in lhe diagrams has the angle aluminum fastened to 
the element using alumJnum strips however No. 8 
sheel metal saews provide a suitable ,ubstilule. 
Solder lugs are fulcmed to the ends of the angle 
aluminum and No. 12 or 14 wire connects the ends 
of the aluminum resulting In a square loop. The 
wirH ,hould be saldered at each of the ,older lugs. 

All of the elements are secured to the boom 
with TV U-boll h11dware. Plated bolls arc desirable 
to pri:Yent rust from forming. An alu.minum plate 
nine inches square by 1/4-inch thick w■1 us:ed u 
the boom-lo-mast plate. 

ff 

1¼"AWMINUM 
TU61NG 

-..-~.,.,! SELF TAPPING 
SCREW 

E CLAMP 
,___ _ __ ,WI. PLEXIGLAS 

ROD 

Fig. 1 - Details for joining 
aec:tlon■ of aluminum tubing 
and Plexiglas rod. 

TABLE I 

Complete parls list for the short beam. 

QTY MATERIAL 

2 10-loot l ■ngthl of 1-1 /4-incti dia. aluminum 
tubing lone for the reflector center section, 
one for 1h■ reflector l!fld sactionsl. 

3 Eight-foot lengths of 1-1 /4-inch dis. alumi
num tubing hvvo lengths for the boom, one 
length for th■ dirl!CtOr elem■nt center). 

4 Six-foot l ■ngths of 1-1 /4-inch di■. al uminum 
tubing hwo lengths for m■ driven elem■nc 
center, two lengths for the director end 
driven ■lament endsl. 

2 15-inch lengths of 1-5/8-inch di■ . aluminum 
tubing 
40-inch l■ ngth of 3/8-inch dla. aluminum 
tubing. 

4 Six-foot lengths of 3/4-inch angl■ aluminum. 
6 12-inch lengths of 1-1/8-inch dla. Plexiglas 

rod. 
Nina-inch square, 1 /4-lnch thick aluminum 
plate. 

8 U-bolts. 
12 Compnmion hose damps. 
8 Crutch caps. 

38' No. 12 anamellld oopper wir■. 
60' No. 14 enameled copp■r wire. 

A boom strut 11 recommended because the 
weight of the elements is sufficient lo cause Che 
boom to sag. A 1/8-inch diameter nylon line is 
plenty nrong. A U-boll clamp Is placed on the 
ma.se several feet above the antenna and prcwidcs 

Shown here 11 WA 1 LNQ standing near the t-'lty
meter beem mounted atop tho tow■r. Ke■p In 
mind the longo11 element 11 only 20 feet. 
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14.7~0 MHZ 
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c..Hcl11111CI HAT 
~ ISIITPTI 

23\ TURNS 

MAST PLATE 

t(T 111• 

FitJ. 2 - Con11ructlonal d11■il1 for the 20-meter 
beam. The coils on 1111ch 1ide of the element ■re 
identical. The gamma capacitor Is• 140-pf variable 
unit manufactured by E. F. Johnson Co. 

the allachment point ror the center or the tnlss 
line. To reduce the po11lbilily or waler accumulal• 
Ing in the element tubing and sub1tiquently freez
ing, crutch caps are placed ovi:r the ends. Rubber 
feel 1ui!able for keeping rumiture rrom scratching 
hardwood noon would serve the same purpose, 

A piece or Plexigla~ was mounted inside an 
aluminum Minlbox lo provide ~upport and 
insulation ror the pmma capacltor. A plasllc 
refrigerator box would serve the purpose jult 11 

well. The capacitor housing ii mounted to the 
boom by means of I U-bolt, The gamma rod ii 
made of 3/8-lnch aluminum 40-inchcs long and is 
connected to the pmma capacitor by a 6-inch 
length or strap aluminum. 

Tune-Up and Operation 

The builder is encouraFCf to follow !he dimen
sions giYCn In Fig. I u a starting point for the 
position of the gamma rod shorting stnp, Connect 
the coaxial cable and ln111U the antenna near or at 
lbe top of the tower. The gamma capacitor should 

26 TURNS 

be adjusted for minimum SWR at 14.100 MHz as 
indicated by an SWR meter (or power mete:r) 
connected in the reedline at the gamma capacitor 
box. If a pezfect match cannot be obtained I slighl 
repositioning of the pmma dton might be re
quired. The dimension~ given ravor lhe r:w portion 
of the band. At 14,050 MHl the SWR is I.I: I and 
at 14.350 MHz lhe SWR Is le11 than 2: I makinJ 
this antenna useful ror phone: u well II r:w. 

AN OPTIMUM-GAIN TWO-BAND ARRAY 
If optimum performance Is desired rrom a Yagi, 

the dual-4~1ement 1111ay shown in Fig. 21-43 will 
be of interest. This antenna conslata of four 
elements on IS metcn interlaced with the same 
number for ID. Wide spacing is used, providing 
excellent gain and good bandwidth on both bands. 
Each driven element Is red ,epuately with 50-ohm 
c:ou; gamma-matching sy1teffl! are employed. Ir 
desired, a single feed line can be run to the array 
and then switched by I remotely controlled relay, 

The element lengths shown In Fig. 21-44 are for 
the phone portions of the band, centered al 21,300 
and 28,600 ldiz. If delired. the element lengths 
can be changed for cw · operation. using me 
dimensions given in Table 21-11. TIie spacing or the 



Fig. 21 ◄3 - Ready for erection, rhl1 ii Iha 
completed dual-band beam. 

elements will mnain the same for both phone and 
cw. 

Conatnaclion Details 

The elements are supported by commercially 
made U-bolt assemblies. Or, muffler clamps make 
excellent element supports. The boom-to-mast 
support Is also a manufactured item that is 
designed to hold a 2-inch dil!IT!eter boom and that 
can be used with mast sizes up to 2 1/2 inches in 
diameter. Another feature of this device II chat it 
permits the beam 10 be tilted after It b mounted In 
place on the tower, providing access to the 
elements lf lhcy need lo be adjusted once the beam 
tw been mounted on the to-r. 

The elements art made from 6061-T6 alumi
num lubing, which is available from metal 
suppliers. The tubing comes In 12-foot lengths and 
ain be purchased In telescoping sizes. The center 
sectJons of the IS-meter beam elements are I-inch 
outside diameter and the JO-meter sections are 
3/4-lnch. The ends of the tubing an: slit with a 
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Fig. 21-44 - The element lengths shown are for 
the phone sections of the bandl. Tehle 21·11 
Pf0¥lde1 the dimensions for ew frequenei•. 

Fig. 21◄5 - This la the boorn-r1>-ma1 fixture that 
holds the tww, 12-foot boom 1ectiom together. The 
unit is made by Hy-Gain Elec:tronics, P. O. Box 
6407-HE, Lincoln, NE 68505. 

hack saw, and hose clamps are used lo hold the 
telescoping portions. 

A THREE-BAND QUAD 
ANTENNA SYSTEM 

Quads have been popular with amateurs during 
the past few decade, because or their light weight, 
relatively small turning radius, and their unique 
ability to provide pd DX performance when 
mounted close 10 the earth. A two~lement three· 
band quad, for Instance, with the elements 

The three-bend quad antenna. 

mounted only 3S feet above the ground, wiD gift 
good perfonnance in dtuations where a lriband 
Yagi will not. Fis- l shows a large quad antenna 
which can be ulCd •• e basis for design for either 
smaller or lar~r arrays. 

Five sets of element spreaders are used lo 
support the three~lement 20-meter, four-i!lemenl 
IS-meter, and nve-elemcmt l0-meter wire-loop 
system. The spacing between elements has been 
chosen to pr<'vlde optimum performance con• 
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Fig. 1 - Dimensions 
of the three-band 

Ttll 

quad, not drawn to 1•0~ 

scale. See Table I 
for dimensions of 
lettered wires. 

A 
0 
H 

-----------------.. -.-........--................ ..._ ....................... ... 
Fig. 2 - De1alls of one of two assemblies for a spreader frame. The rwo assemblies are jointed 10 form 11n 
x with a muffler clamp mounted at 1he position shown. 

TABLE I 

Three-Band Quad Loop Dimensions 

Driven Flm Second Third 
&nd RejlPCror Element Direcror Director Director 

20 
Meters (Al72' 8" (B) 71' 3" (C) 69' 6" 

15 
Meters (DJ 48" 6½" IEJ 47' 71!," (Fl 46' 5" (GI 46' s·• 
10 
Meters (HI 36' 2%'' (I) 35' 6" IJJ 34' 7" IKI 34' 7" (LI 34' 7" 

Letteu indicate loops identified in Fir:. 1 

sistent with boom length and mechanical con· 
struction. Each of the parasitic loops is closed 
(ends soldered together) and requires no tuning. 
All of the loop sizes are listed in Table I and are 
designed for a center frequency of 1"4.1, 21.1, and 
28.3 MHz. Since quad antenna.~ are rather broad
tuning devices excellent performance is achieved In 
both cw and ssb band segments of each band (with 
the possible exception of the very hi1.1h end of 10 
meters). Changing the dimensions to favor a 
frequency 200 kHz higher in each band to create a 
"phone" antenna is not necessary. 

One question which comes up quite often ill 
whether to mount the loops in a diamond or a 
squart configure lion. In other words, should one 
spreader be horizontal to lhe earth, or should the 
wire be horizontal to the ground (spreaders 
mounted in the fashion of an X)? From the 
electrical point of view, it is probably a trade-off. 
While the square configuration has Its lowes! point 
higher above ground than a diamond version 
(which may lower the angle of radiation slightly), 
the top is also lower than that of a diamond shaped 

array. Some authorities indicate that separation of 
the current points in the diamond system gives 
slightly more gain than is possible with a square 
layout. It should be pointed out, however, that there 
never has been any substantial proof in favor of 
one or the other, electrically. 

Spreader supports (sometimes called spiders) 
are available from many different manufacturers. If 
the builder is keeping the cost at a minimum, he 
should consider building his own. The expense is 
about half that of a commercially manufactured 
equivalent and, according to some authorities, the 
homemade arm supports described below are less 
likely to rotate on the boom as a result of wind 
pressure. 

A three-foot long section of one-inch-per-side 
steel angle stock is used to interconnect the pairs 
of spreader arms. The steel is drilled at the center 
lo accepl a muffler clamp of sufficient size to 
clamp the assembly to the boom. The fiber glass is 
attached to the steel angle stock with automotive 
hose clamps, two per pole. Each quad-loop spread
er frame consisu of two assemblies of the type 
shown in Fig. 2. 



A 20-METER VERTICAL BEAM 

An ucdlent parasitic array for 20 mcten is a 
3-demcnt vertical beam originally described by 
W2FMI in June, 1972, QST. The antenna is 
actually one-half of a Yagi anay using quarter-wave 
elements with spacing between elcmcnll of 0.2 
wavelength (12-1/2 feet on 20 meters). This 
spacing rc1ults In a good compromise between gain 
and input Impedance. Closer spacing would reduce 
the input impedance, and hence the efficiency, 
because of the inherent earth losses with vertical 
antennas. This vertical symmetrical Yagi allows for 
electrical beam switching (changing ■ director Into 
a re0ector by 5'vitching in I loading coil at the 
base) while maintaining a constant input Imped
ance at the driven clement. The dimensio111 of the 
thr~lement antenna, when used 11 11 filled or a 
switched ■rray, are shown in Table 21-IV. The 
clcmenu are constructed using 1/16-inc~wall al· 
uminum tubing and consist of three telescoping 
wections with one-inch OD tubing used for the 
bottom portions. This resulls in a self-supporting 
structure. Actually, many choices arc available, 
including No. 14 or 12 wire taped lo bamboo 
poles. 

The three-clement array with the full image 
plane prcsenu an input impedance of 15 ohms. 
Matching is mccomplished with the step-down 
tnnsformer, a 4: I unbalanced-t~unb■lcnced tor
oidal balun. This lnlnsforrncr is also shown In Fig. 
21-52 connected to the driven element. 

Fia. 21-53 &hows the geometry of the ima,c 
plane. The Inner !>qu.are bas a diagonal of 4/ I 0 
wavelength (25 feet). The outer wires of these 
sections are No. 14 wire and the Inner wires arc 
No. 18. All cross-connected wire■ were wire
wuppcd and soldered. The pallem was chosen to 
give an easy path for the surface currents of a 
nvc-clemcnl ■nay (parasitic elements al the four 
corners). The outer radials were all 0.4 wavelength 
long and also of No. 18 wire. Twenty-flve wlies 
emanated from each comer and nine from the 
5'dcs. 

TABLE 21-IV 

Dimensions of 20-Meter Parasitic 3-Element Array 

I) Fixed Array 
Direc1or 
DriY11n Element 
Reflector 
Spacing Beiween Elemenn 

1) Switched Amr_l· 
Direc1or and Reflector 
Driven Element 
Spacing Be1ween Elemenn 
Loading Coil 

15 ft 8 in. 
16ft 
17 ft 7 in. 
12-1/2 h 

15ft 
16 ft 
17-1/2 ft 
2 ft No. 1 2 wire 
wound 3 turn, 
with 3 in. die. 
Length adjuued 
for ma• . F/8 
ratio 

Fig. 21-52 - Base hardware of the driven element 
and the matching transform«. 

Fig. 21-53 - Geometry of 1he image plane used in 
this investigation. Thi panem was chosen to 
appro•imatll lines of current flow. 

Fig. 21-54 - Base of one of the parasitic elements 
1howing the relay enclosure, louding coil, and the 
indicator meter of the field-strength detector, 
llllhich was located 2 wsvelengths away. 
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STANDARD SI ZES OF ALUMINUM TUBI NG 

Many hams like 10 experiment with antennas 
bul one problem in making antennas ugng alum
inum tubing II knowing what sizes of tubing are 
available. Jr you wanl lo build a beam, many 
quuliom about tubing sizes, weights, what size 
tubing fits Into what other size, and so forth must 
be answered. 

Table 21-V gives lhe standard sizes of aluminum 
tubing IJUll are slacked by most ah.uninum 111pplien 
or distributors in the United Stales and Canada 
Nole that all lubing comes in 12-fool lengths and 
also that any diame1er tubing will fit into the next 
larger size, if the larger size hu • 0.058-inch wall 
thickness. for example, 5/ 8-lnch tubing hu m 
outside di3meter of 0.625 inches and will fit into 

3/4-mch 1ubln1 with a 0.058--inch wall which bas 
an inside diameter of 0.634 inches. Having used 
quite a bit of Iha lype tubing II is posiiible to slate 
that 0.009-inch clearance is just right for a slip fit 
or for slotting the tubing and then using hose 
clamps. To repeal, always gel lhe next larger size 
and specify a 0.058-inch wall lo obtain the 
0.009-inch clearance. 

Witll the chart, a lit tie figuring will provide all 
the information needed to build a beam. including 
what lhe antenna will weigh. The 6061-T6 type of 
aluminum is a relatively high strength and has good 
workability, plus being highly resistant to cor• 
rosion and will bend without uikinga ••set." 

Check the Yellow Pages for aluminum dealers. 

TABLE 21 -V 
6061-T6 (61 S-T6) ROUND ALUMINUM TUBE 

1• 12-Fcot le"ath, 

C,, D. WALL THICICNESS I. D. APPROX. WEIGHT 
lncft• l"tl•• llullo Ga. Inch• Pw Feot P• Lontlh 

'rit .035 (No. 20] 
• 0A9 (No. I 81 

¼ • .035 (No. 201 
.0A9 (No. 1 Bl 
• 05B (No. 17} 

¼" .035 (No. 20) 
. 0A9 INo. I Bl 
.0SB (No. 171 

¾" .035 INo. 20) 
.OA9 (No. IBI 
.0.5B (No. 171 
.06.S (No. I 61 

¼" .03.S (No. 201 
.0A9 (No. I Bl 
.06.5 INo. I 6) 

½" .028 (No. 22) 
.03.S (No. 201 
.0•9 (No. 181 
.058 (No. 171 
.06.S (No. 1 61 

~• .028 (No. 221 
.03.5 (No. 20) 
• 0•9 (No. I Bl 
,058 (No. 171 
• 065 (No. 161 

• .03.5 (Na. 20) 
.0A9 (Na. 1 Bl 
,058 (Na. 171 
.065 (No 161 
.083 (No. I Al 

fl" ,03.5 (No. 201 
.0•9 I No. I Bl 
,058 (Na. 171 
,065 (No. 1 61 

1• .Ol.S (No. 201 
• 0-49 (No. 181 
• 058 (No, 171 
.065 (No. I 6) 

.117 

.089 

.110 

.152 

.13-4 

. 2-42 

.21 4 

.196 

.305 

. 277 

. 259 

.2,s 

.367 

. 339 

.307 

.• AA 

.AJ0 

.-402 

. JBA 

. 370 

. 569 

.555 

.527 

. 509 

. A95 

.680 

.652 
. 634 
. 620 
. SU 

.805 

.777 

.759 

.7•5 

.930 
• 902 
. 8BA 
. 870 

.019 lb1. 

.02S lb1. 

.027 Iba. 

.036 lb1. 

.OAT Iba. 

. 036 lbs. 
• OA7 Iba. 
. 055 lbs. 

.043 Iba. 

.060 Iba. 

. 068 lb1 • 

. 07' lbs. 

.0.51 lbs. 

.070 Iba. 

.089 Iba. 

.0•9 lb1. 

.059 Iba. 

.082 Iba. 

.095 Iba. 

.107 lbs. 

.061 Iba • 

.075 lb,. 

.I 06 Iba. 

.121 lb,. 

.137 Iba . 

.091 Iba. 

.125 lb,. 

.I -48 Iba. 
• I 60 lb, . 
. 204 lb, • 

. 108 Ibo. 

.1.51 lb1. 

.17.5 lb,. 

.199 lb,. 

.123 lb,. 

. 170 lb1 • 

. 202 lb, . 

.220 lb1. 

.228 lbL 

.330 lbL 

.J2A lbL 

.,32 lb1. 

.A92 lbs. 

.432 llu . 
• .S6A Iba . 
. 660 lbs . 

.S16 lbs. 

.720 lbs. 

.816 lbs . 

.888 lbs • 

.612 lbs. 

.8"'0 lbs . 
1.068 Iba. 

.588 Iba. 

.708 Iba. 

.98A lbs. 
1.0-40 lbs . 
1.28"' lb1 . 

.732 lbs. 

.900 lb,. 
1.272 lb,. 
1 .A52 Iba . 
1.6H lbs. 

1.092 lbs. 
1.500 Iba. 
1.776 lbs . 
1.920 lb1 . 
2.o4A8 lbs . 

1.308 Iba • 
1.810 Iba. 
2.100 Iba. 
2.399 Iba. 

1.A761b1. 
2.0•0 lb1 . 
2.A2A lb1 . 
2.6A0 lb1 . 

Th•s■ alza, ar• ••lrvded. All olher 1iH1 are dtown lub ■1. 

O. D. WALL THICKNESS I. D. APPROI. WEIGHT 
l•rh• 1•,h• SlulH Oa. l•dl• P• Foal P• lenglh 

1 • .083 IMo. 1,1 

l ¼" .03.5 (No. 201 
.058 (No. 171 

l ¼ • .03.5 (No. 201 
.0,9 (No. 1 Bl 
.058 INo. 171 
.065 INo. I 61 
.083 (No. 1-4) 

1 lJoi" .035 
.058 

1 ½." .035 
• 0A9 
• 058 
.06.5 
.083 

•.12.s 
•.2.so 

1 %" .03.S 
.0.58 

I¾" .058 
. 083 

(No. 201 
(No. 171 

[No. 20) 
INo. 181 
(No. 171 
(No. 16) 
(No. 1,1 

v.· 
¼" 

(No. 201 
(Na. 171 

(Na. 17) 
(No. IA) 

1 ¼" .058 (No. 171 

. 0A9 

. 065 

.083 
•.12.s 
•.250 

2¼" .0A9 
.065 
.083 

2½" .065 
.083 

•.12.s 
•.2.so 

(No. I B) 
(No. 161 
(No. 1 •J 

¼" 
¼" 

(No. 18] 
(No. 161 
(No. l•I 
(Na. 161 
(No. l•J 

v.· 
¼" 

.BJ• 

1.0.55 
1.009 

1.180 
1.1.52 
1.13A 
1.120 
1.08' 

I.J0S 
1.259 

1.430 
1.,02 
1.38" 
1.370 
1.33" 
1.250 
1.000 

1.5.55 
1.509 

1.63A 
I .584 

1.759 

1.902 
1.870 
1.83A 
1.750 
1.500 

2.152 
2.120 
2.08-4 

2.370 
2.33• 
2.250 
2.000 

.281 lbs. 

.139 Iba. 

.228 Iba. 

.155 lbs. 

.210 lb1. 

.256 lb, • 

.284 Iba. 

.3.57 Iba. 

.173 Iba. 

.282 lbs . 

.180 lbs. 

.260 Iba • 

.309 lb, . 

.34• lbs.. 

.AJA lbs. 

.630 lbs.. 
1.150 lbs. 

. 206 lbs. 

.336 lbs. 

.363 lbs. 

.510 lbs. 

.389 lbs. 

.350 lbs • 

.A.SO lbs • 

.590 lb,. 
.870 lbs. 

1.620 Iba. 

.398 lb1. 

.520 lbs. 

.660 lb,. 

3.372 Iba • 

1.668 lb1. 
:1.736 Iba. 

1.860 Iba • 
2.520 lb1. 
3.072 lbt. 
3.A08 Iba • 
4.28' lb, • 

2.076 Iba. 
3.38• Ibo. 

2.160 lb1. 
3.1 20 Iba. 
3.708 Iba. 
4.128 lb1. 
5.208 Iba. 
7 .• 16 Iba. 

U.832 lbs. 

2 .• 72 lb1 • 
A.032 Iba. 

•. 3.56 lbL 
6.1 20 lb1 • 

•. 668 lb, • 

,.200 Iba. 
5.•oo lb, • 
7.080 lbs. 
9.960 lb,. 

19.920 Iba. 

A.176 lbL 
6.:uo lbs. 
7.920 lbs. 

. .587 Iba. 7.0AA lbs. 

.7 AO lb1. 8.880 lbs. 
I.I 00 lb,. 12.720 lbs. 
2.080 lbs. 2.S.••o lbs, 

3• .06.S (No. 16) 2.870 .710 lbs. 8.520 lb, • 
•.1 2.S 'II• 2.700 1.330 lbL 1 5.600 lb ■ • 
•.2.50 ¼ • 2 . .500 2.5-40 Iba. 31.200 Ibo. 



A 40-Meter Yagi 619 

A SMALL YAGI FOR 40 METERS 

Fig. 1 - The short 40-meter Vegi resembles a large 
2(}meter 5ystem. 

A 7-MHz antcMa for most amateur instal
lations consists of a half-wave dipole attached 
between two convenient supports and fed power at 
the center with coaxial cable. When antenna gain is 
a requirement on this frequency, the dimensions of 
the system can become overwhelming. A full size 
thre&element Yagi typically would have 68-foot 
clements and a 36-foot boom. Accordingly, half 
size elements present some distinct mechanical as 
well as ecouomical adv11ntages. Reducing the 
spacing between elements is not recommended 
since it would severely restrict the bandwidth of 
operation and make the tuning critical. Good 
directivity and reasonable gain 11re features of this 

Fig. 2 - The parasitic elements era held in position 
with a small plate and four automotive muffler 
clamps. 

array, yet the mechanical design allows the use or a 
wnormal" heavy-duty rotator and a conventional 
tower support. Element loading is accomplished by 
lumped inductance and capacitance hats along the 
38-foot elements. 

Comtruction 

The system described here is similar to the 
three-element antenna for 20 meters described 
earlier in this chapter. Some minor changes have 
been made to allow the use of standard sizes and 
lengths of aluminum tubing. AD three elements are 
the same length; the tuning of the inductor is 
slightly different on each element, however. The 
two parasitic elements are grounded at the center 
with the associated boom-to-element hardware. A 
helical hairpin match is used to provide a proper 
match to the split and insulated driven element. 
Two sections of steel angle stock are used to 
reinforce the driven-element mounting plate since 
the Plexiglas center insulating material is not rigid 
and element sag might otherwise result. The 
parasitic element center sections are continuous 
sections of aluminum tubing and additional sup
port is not needed here. Figs. 2 and 3 show the 
details clearly. 

The inductors for each element are wound on 
1-1/8-inch diameter solid Plexiglas cut rod. Each 
end of the coil is secured in place with a solder lug 
and the Plexiglas is held in position with an 
automotive compression clamp. The total number 
of turns needed to resonate the elements correctly 
is given in Fig. S. The capacitarrce hats consiat of 
1/2-inch tubing throe feet long (two pieces used) 
attached to the element directly next to the coil on 
each parasitic element and two inches away from 

Fig. 3 - The driven element needs to be insulated 
from the boom. Insulation is provided by PVC 
tubing held in piece on sheet plastic with U bolts. 
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the coil for the dt'iven element Complete details 
are given in Fig. 4. 

The boom is constructed from three sections of 
aluminum tubing which measures 2-1 /2 inches 
diameter and 12 feel long. These pieces are joined 
together with inner tube§ made from 2-1 /4-inch 
stock shimmed with aluminum nashing. Long 
~trips. approximately one inch wide, are wound on 
the inner lubing before it is placed in~ide the boom 
sections. A pair of 3/ 8 x 3-1 / 2 inch steel bolt~ are 
placed at right angles lo each other al every 
connection point to sec ure the boom. Caution : do 
not aver tighten the bolts since this wiU distort the 
tubing making ii impossible to pull apart sec tions. 
should the need arise. It is much better to install 
locking nuts over the original ones to assure 
mechanical security. 

The helical hairpin details arc given In Fig. 6. 
Quarter inch copper tubing is formed into seven 
turns approximately four inches long and 2-1/4 
inches ID. 

Tuning and MatchiJ!! 

The builder is encouraged to rarefully follow 
the dimensions given in Fig. 5. Tuning the clements 
with the aid of 'a grid-dip o~cillator has proved to 
be somewhat unreliable and accordingly, no reso
nant frequencies will be given. 

The hairpin matching system may not resemble 
the usual form but its operation and adjustment 
are essentially the same. For a detailed explanation 
of this network. see the Transmission Linc chapter 
of The ARRI. Antenna Book, thirteenth edition. 
The driven elemenl resonant frequency required 
for the hairpin match is determined by the 
placement of the capacilance hats with respect lo 
the ends of the coils. Sliding the capacitance hats 
away from the ends of the coils increases the 
resonant frequency ( capacitive reactancc) of the 

HF ANTENNAS 

Fig. 4 - Each loading coil is wound on Plexiglas 
rod. The capacitance hats for the parasitic elements 
are mounted next to lhe coil, asshown here. The 
hose clamps compress the tubing a911inst the 
Plexiglas rod. Each capacitance hat consists of two 
sections of tubing and associated muffler clamps. 

element to cancel the effect of the hairpin induc
tive reactance. The model shown here had capaci
tance hats mounted 2- 1 /2 inches out from the ends 
of the coils (on the driven element only). An SWR 
indicator or waltmeler should be in5talled in series 
with the feed line al the anrenM. The hairpin coil 
may be spread or compre!.Sed with an insulated 
tool (or by hand if power is removed!) to provide 
minimum renecled power at 7.050 MHz. The 
builder shou Id not necessarily strive £or a perfect 
match by changing the position of the capacitance 
hats since this may reduce the bandwidth of the 
matching system. An SWR of less than 2 to I was 
achieved across the entire 40-meter band with the 
antenna mounted atop an 80-foot tower. 

oaf TURNS 
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Fig. 5 - Mechanical details end dimensions for the 40-meter Yagi. Each of the ehtments uses the same 
dimensions; the difference is only the number of turns on the lnducton. and the placement of the 
capacitance hats. See the teict for more details. 



Antenna Supports 

(OU,. OtA21· 

The tuning of the array can be checked by 
making rronl-lo-back ralio measu~menls across 
lhe band. Wilb lhe dimensions given here, lhe beil 
figures or rronl·l&-back hpprollimalely 25 lo 30 
dd) should be noticed in lhe cw porlion of the 
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Fig. 6 - Driv■n-element hairpin 
matching details. 

band. Should lhe builder suspecl the tuning i5 
incorrect or Ir lhe anlenna is mounted It some 
beighl greatly differenl than 80 reet. retuning or 
the elements may be necessary. 

ANTENNA SUPPORTS 

"A"-FRAME MAST 

The simple and inexpensive mul shown In 
Pig. J Is satisfactory for hel8hts up to 35 or 40 
fen Clear, sound lumber should be selected. The 
cornpleled mast may be protected by two or three 
coats of housc paint. 

If lhe mast is to be erected on lhe ground. a 
couple of stakes should be driven lo keep Che 
bottom from slipping and it may then be "waJked 
up" by II pair of helpen;. If It is tu gu un II roof, 

3TOP 
&uvs 

ANI 

TOTAL HEIGHT 
.0 Ft Pi.1/J 

Gui/ front find b«Jc 

/ 
/tin-no sid. f"'P 

,re~SSll.l'J 

~C,2~1,ol~ 

Fig. 1 - Details of a simple 40-foot "A"-frame 
matt suitable for erection in locations where space 
is Ii rri l■d. 

first stand it up agalnSI the side of the building and 
then hoist It from the roof, keeping it vertical. The 
whole assembly Is light enough £or two men lo 
perform the complete operation - lifting the mast, 
carrying it to Its permanent berth, and futeni• 
the guys - with the mut verticaJ all the while. It is 
en~ly pracck■ble, therefore, to enect thu type 
or mau on any miaJI, 011 ■rea or roof. 

By usiag 2 X 3s or 2 X 4s. the height may be 
extended up to eboul 50 feet. The 2 X 2 is too 
flexible to be satisfactory at such heights. 

10• 

,..,. 

TOP GUVS 

y 
CElll(A 4iU1'S 

Fig. 2 - A simpl ■ 
and sturdy mun for 
heights in the vicin
ity of 40 feel, 
pivoted at the base 
far easy erecti an. 
The height can be 
e,uended to 50 fee1 
or more by using 2 
X 4s instead of 2 X 
311. 



Fig. 3 - While guys are not normally required lor 
the homemade tower, they provide an extra 
measure of protection against high winds. An 
inverted V can serve here as two of the guy I ines. 

HF ANTENNAS 

SIMPLE 40-FOOT MAST 
The mHt shown in Fig. 2 is relatively strong, 

easy lo construct, readily dismantled, and costs 
very little. Like the "A"-fiame, it is suitable £or 
heights of the order of 40 feet 

The lop section is a single 2 X 3, bolted at the 
bottom between a pair of 2 X 3s with an overlap of 
about two feet. The lower section thus has two legs 
spaced the width of tl1e narrow side of a 2 X 3. At 
the bottom the two legs are bolled to a length of 2 
X 4 which is set in the ground. A short length of 2 
X 3 is placed between the two legs about halfway 
up the bottom section. to maintain the spacing. 

The two back guys at the top pull against the 
antenna, while the three lower guys prevent 
buckling at the center of the pole. 

The 2 X 4 section should be set in the ground 
so that it faces the proper direction, and then made 
vertical by lining it up with a plumb bob, The holes 
for the bolls should be drilled beforehand. With 
the lower section laid on the ground, bolt A should 
be slipped in place through the three pieces of 
wood and tightened just enough so that the section 
can tum freely on the bolt. Then the top section 
may be bolled in place and the mast pushed up, 
using a ladder or another 20-foot 2 X 3 for the job. 
As the mast goes up, the slack in the guys can be 
taken up so that the whole structure is in some 
mea.sum continually supported. When the mast is 
vertical, bolt B should be slipped in place and both 
A and B tightened. The lower guys can then be 
given a final tightening, leaving tho~e at the top a 
little slack until the antenna is pulled up, when 
they should be adjusted to pull the top section into 
line. 



Chapter 22 

VHF and UHF Antennas 

Improving his antenna system is one or the 
most productive move, open to th.: vhf enthusiast. 
It can increue transmitting range, improve 
reception, reduce interfen:nce problems, and bring 
other practical benefil5, The work itself is by no 
means the least attractive part of the job. With 
even high-gain antennas, experimentation ls BJ1=atly 
simpUfied, al vhf and uhf, because an array is a 
workable size, and much can be lcnrned about the 
nature and adjustment of antennas. No large 
investment in test equipment is necessary. 

Whether we buy or build our antennas, we, soon 
find that there Is no one "best" design for all 
purposes. Selecting the antenna best suited 10 our 
needs Involves much more than scanning gain 
figures and prices in a manufacturer's catalog. The 
first stc p should be to establish priorities. 

OBJECTIVES 

Gain: Shaping the pattern of an antenna, to 
concentrate radiated energy, or received - signal 
pickup, In some directions at the expense of others 
is the only way to develop gain. This iJ best 
explained by starting with the hypothetical 
isotropic antenna. whkh would radiate equally in 
■II directions. A point source of light Illuminating 
the lmldo of a gJobe uniformly, from Its center, Is a 
visual analogy. No practical antenrui can do this, so 
■II antennu have "pin over isotropic" (dBil. A 
half-wave dipole in free space has 2.1 dBi. If we 
can plot the radiation pattern of antenna in all 
planes, we ell.JI compute Its gain, so quoting ii with 
respect to isotropic 11 a logical base for agreement 
and undentanding, It Is rarely possible lo en,ct a 
half-wave antenna that has anything approaching a 
free-space pattern, and this fact ls re"JIOns;il>lc for 
much of the confusion about true antenna gain. 

Radiation patterns can be contJolled In various 
ways. One Is to use two or more driven elements. 
fed In phae. Such collineu unys provide gain 
without markedly sharpening the frequency 
response, compared to that of a single clement. 
More gain per element, but with a sacrifice in 
frequency coverage, Is obtained by placing parasitic 
elements longer and shorter than the driven one, In 
the plane the fun element, but not driven from the 
feed.line. The refleclor and directon of a Ya~ BITIY 
are highly frequency sensitive and such an antenna 
is at ils best aver t:requency ch11ngcs of less than 
one percent of the operating f~uency. 

Frequency Response: Ability to work over ■n 
entire vhf band may be important In some types or 
work. TIie response of an antenna element can be 
broadened somewhat by increasing the conductor 
diameter, and by tapering it to something 

approximating cigar shape, but this ls done mainly 
with Kimple antennas. More practicaUy, wide 
frequency coverage may be a reason to select a 
collinear array, rather than a Yagi. On the other 
hand, the grewing tendency to channelize opera
tions in smolJ segments of our bands tends to place 
broad frequency coverage low on the priority list 
of most vhf stations. 

R.adiauon Pattern: Antenna radiation can be 
made omnidirectional, bldimctional, practic■lly 
unidirectional, or anything between these condl
tioru;. A vhf net operator may find an omnidi
rectional system almost a necessity, but It may be a 
poor chok:e otherwise. Noise pickup and other 
interference problems tend to be greater with such 
antennas, and those having some gain are especially 
bad in these respects. Maximum gain and low 
radiation angle are usually prime Interests of the 
wcaJc.ggnal DX aspirant. A clean pattern, with 
lowest posalble pickup and radiation off the sides 
and back. may be important in high-activity areas, 
or where the noise level is high. 

Heigh! Gain: In general, the higher Che better In 
vhf antenna installations. If raising the antenna 
clean its view ovr:r nearby obstructloM. it may 
make dramatic improvements in coverage. Within 
reason greater height is almost always worth its 
cost, but height gain must be balanced agalnat 
Increased transmission-line loss. The Latter Is 
considerable, and it Increases with [requency. The 
best avaihble line may be none too good, if the run 
ii long in terms or wavelength. Give line-loss 
information, shown In table form in Chapter 20, 
close scrutiny in any antenna planning. 

Physical Siu: A given antenna design for 432 
MHz will have the same gain as one for 144 MHz, 
but being only one-third the size it will Intercept 
only one-third as much energy in receiving. Thus. 
to be equal In communication effectiveness, the 
432-MHz uray should be at loast equal In size lo 
the 144-MHz one, which will require rouply t:bRe 
times as many elements. With all the extn 
difficulties involved in going higher in frequency, It 
is well to be on the big side, in building an antenna 
for the higher band. 

DESIGN FACTORS 
Having sorted out objectives In a general way, 

we face decisions on specifics, such III polarization, 
type a! tnnsmlssion line. matching methods and 
mechanical design. 

Polarization: Whether to position the antenna 
elements vertical or horizontal hu been a moot 
point since e11rly vhf ploneeriJig. Tests show little 
evidence on which to set up a uniform polarization 
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policy. On long paths there Is no consist_ent 
advantage, either way. Shorter pathB tend to yield 
higher signal levels with horizontal in some kinds 
of temln. Man-made noise, especially ignition 
interference, lemh to be lower with horizontal 
Verticals are mukedly simpler to uJC In omnidirec
tional systems, and in mobile work. 

Early vhf communication wu largely vertical, 
but horizontal gained favor when directional arrays 
became widely Ui!Cd. The major trend to fm and 
repeater.i. puticululy in the 144-MHz band, ha~ 
tipped lhe balance in favor of verticals in mobile 
work and for repealer.;. Horizontal predominates in 
other communication, on SO MHz and higher 
frequencies. It is well to check In advance In any 
new area in which you expect to operate, however, 
u &ome localities still use vertical almo!ll 
cxclu1lvcly. A circuit Ion of 20 dB or more can be 
expected with cross-polarization. 

Transmission Lines: There are two main 
categories of transmis~ion lines: balanced and 
unbalanced. The former include open-wire lines 
separated by insulating spreaders, and Twin-Lead, 
in which the wires ore embedded in solid or 
foamed insulation. Line losses result from ohmic 
resistance, radiation from the line, and deficiencies 
in the insulation. La.rre conductors, clo!W!ly spaced 
in tenns of wavelength, end using a minimum or 
insulation, make the best balanced llneA. Impe
dances are mainly 300 to 500 ohms. Balanced lines 
ue ~t in straight runs. If bends are unavoidable, 
the angles should be as obtuse IIS pos,lble. Care 
should be taken to prevent one wire from coming 
closer 10 metal objects than the other. Wire spacing 
Rhould be less than 1/20 wavelength. 

Properly built, open-wire line can operate with 
very low loss in vhf and even uhf in~tllllations. A 
total line lo~ under 2 dB per hundred feet al 432 
MHz ls readily obtained. A line made of No. 12 
wire, spaced 3/4 inch or les.s with Tenon ~preaders, 
and running essentially straight from antenna to 
slllion, can be belier than anything but the most 
expensive coax, at a fr.iction of the cost. This 
uiumcs use of baluns to match into and out or lhe 
Une, with a short length of quality COH for the 
moving section from the lop of the tower to the 
antenna. A similar 144-MHz ictup could have a line 
Ion under I dB. 

Small coax such as RG-58 or 59 should never 
be used ln vhf work if the run is moro than a few 
f~I. Half-inch lines (RG-8 or 11) work fairly well 
at 50 MHz, and are BL-Uptablc for 144-MHz runs of 
50 feel or less. If these line., have foam rather 
than !Olid insulation they are about 30 pcn:-c:nt 
better. Aluminum-jacket line~ with lal"g': inner 
conductors and foam im1ul11tion are well worth 
their cost. They are readily water-proofed. and can 
last almost indefinitely. Beware of any "bargains" 
in coax for vhf or uhf uses. Lost lramunitter power 
can be made up to some extent by increasing 
power, bul once lost, a weak signal can never be 
recovered In the receiver. 

Effects of weather should not be ignored. A 
weU-construcled open-wire line works well in 
nearly any weather, and it stands up well. 
Twin-Lead is almost useless in heavy rain, wet 
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illow or icing. The best grades of coax an: 
impervious to weather. They can be run under
grollDd, fastened 10 metal towers without insul.1r 
ti.on, or bent into any convenient position, with no 
adverse effecu on performance. 

Impedance Matching 

Theory and practice In impedance matching are 
given in detail in earlier chapteni, and theory , at 
least, is the same for frequencies above 50 MHz. 
Practice may be similar, but physical size can be a 
major modifyln11 factor in choice of methods. Only 
the matching devices used In practical construction 
example~ later in this chapter will be discussed in 
detail here. This should not rule out consideration 
of other methods, however, and a reading of 
relevant portions of Chapters 20 and 21 is 
recommended. 

Universal Stub: Ai ils name implies, the 
double-adjustment stub or F~- 22·1 A is useful for 
many matching purposes. 'The stub length is varied 
to resonate the ~ystcm, imd the transmission line Is 
tapped onto the stub at the point where line and 
stub impedance~ arc equal. In practice this involves 
moving both the sliding short and the point o( line 
connection for zero rcnected power, as indicated 
on an SWR bridse connected in the line. 

The univenal stub allows for tuning ou1 any 
small reactnnce present in the driven pan of the 

hflhJ. 

;Jf D 

F 

Fig. 22-1 - Matching methods commonly used In 
vhf antennas. The uniwrsal stub, A, comblnm 
tuning and matching. The adjustable shor-t on the 
stub and the points of connection of Iha 
tran~mission line, are adjusted for minimum 
reflected ix-r in 1he line. In the delta match, B 
and C, the line ii fanned out to lap on the dipole at 
the point of bes1 impedance match. Impedances 
need not be known In A, B and C. The 
911mma-ma1ch. D, 11 for direct connection of coa1<. 
Cl tunes out lndlct11nce In the arm. Folded dipole 
of uniform conductor size, E, steps up antenna 
impedance by a factor of 4. Using e larger 
conductor In the unbroken portion of the folded 
dipole, E, gi111t1 higher orders al impedance 
transformation. 
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system. It permits matching anlenna lo line 
wllhoul bowled~ of Che actual impedances 
involved. 1be position of the §hDII yielding the 
bcil match gives some Indication of amount of 
n:actance present. With little or no reactive 
component to be tuned out, the stub will be 
approximately a half-w:avelength from load to 
short. 

The stub should be stiff bare wire or rod, 
spaced no more than 1/20 wavelength. ~fer
ably ii should be mounted rigidly, on in.sulaton. 
Once the position of the short is delennined, the 
cenler of the short can be grounded, if dcilied, and 
the portion of the stub no longer needed can be 
removed. 

It ix not neccsary that lhc nub be connected 
directly to the driven element. It can be made part 
of an open-wire line, as a device to match into or 
out of the line wilh coax. It can be connected to 
the lower end of a dlllla match, or placed al the 
feedpoint of a phased array. Examples of these 
uses are given later. 

Delta Match: Probably the first impedance 
match wu made when the ends of an open line 
wett fanned out and tapped onto a half-wave 
antenna, at the point or most efficient power 
transfer, as in F~ 22-1 B. Both the side lenglh and 
lhe points of connccticn either side of the cenler 
of the element must be adjusted for minimum 
rcflccled power in lhe line, but u with the 
universal stub, the Impedances need not be known. 
The delta makes no provision for tuning out 
reactance, 10 the universal dub is often used as a 
lermination for it, to chis end. 

Once thought lo be inferior for vhf applications 
becauae of its cendency to radiate if improperly 
adjusted, the delta has come back IO favor, now 
chat we have good methods for measuring lhe 
effects of matching. II is very handy for phasing 
multiple-bay arrays with open lines, and Its 
dimen~ions in this use arc not particularly critical. 
It should be checked out cvcfully iu application~ 
like that of Fig. 22-lC, having no tuning device. 

Gamma Match: An application of lhe same 
principle to direct connection of cou: Is the 
gamma match, Fig. 22-1 D. There being no rf 
voltage at the center of ■ half-wave dipole, the 
outer conduccor of the coax is connected to Chi: 
clement at this point, which may also be the 
Junction wilh a mclllllic or wooden boom. The 
Inner a:induclor, carrying lhc rf current, Is lapped 
out on the element at the matching point. 
Inductance of the ann is tuned out by means of 
Cl, resulting in eiectricol balance. Both the point 
or conlacl with the clemenl and the ~tling of the 
capacilor are adjusted for 1.ero reflected power, 
with a bridge connected in the coaxial line. 

The capacitor can be made variable temporar
ily, tllen replaced with a suitable fixed unit when 
the required capacitance value is found, or Cl can 
be mounted in a waterproof box. Ma:dmum should 
be about 100 pF for SO MHz 1111d 35 10 SO pF for 
144. The capacitor and arm can be combined in 
one coaJdal assembly, with the ann conm,cling to 
the driven element by means of a .tiding clamp, 
and the inner end of the arm sliding in,ide a sleeve 
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connected to the inner conductor of the con .. A 
commercially supplied assembly or this type i, 
used In a 50-MHz IIJTIY described later, or one can 
be constrocled from concentric pi!:4.-es of tubing, 
insulated by plastic sleeving. Rf voltage acroM the 
capacitor ls low, once the match is adjusted 
property, M> with • good dielectric, insulation 
prescnb no great problem, if lhe lnitlal adjustment 
is made wilh low power level. A clean, permanent 
high-1:onduclivity bond between arm and element 
Is imponanl, 11!1 the rf current 0ow is high 11 this 
point. 

Folded Dipule: The impedance of a half-wave 
antenna broken at its center ii 72 ohm5. If a single 
conductor of unifonn size is folded to make ■ 
hnlf-wave dipoh: a., shown in Fig. 22-1 E, the 
impedance is slrpped up four times. Such a folded 
dipole can thus be fed directly with 300-ohm line 
with no appreciable mismatch. Coaxial line of 70 
lo 75 ohms Impedance may also be used, if a 4: I 
balun Is added. (See balun information presented 
later in thi~ chapter.) l·llgher Impedance step up can 
be obtained if the unbroken portion is made larger 
in cross-section than the fed portion, as in 22-IF. 
For design infonnation, see Chapter 20. 

Baluns and Transmatcbes: Convemon from 
balanced loads to unbalanced lines. or vice versa, 
can be performed with electrical circuits, or tlteir 
cquivaknL, made: of coaxial line. A balun made 
from flellible coax is shown in Fig. 22-2A. The 
looped portion ii an electrical half-wavelength. The 
physical length depends on the propaption factor 
of the line ui1ed. so it is well to check its resonant 
frequency, as lhown al B. The two ends are 
shorted, ■nd thr loop at one end is coupled 10 a 
di~melcr coil. Th.i5 type of balun gives en 
impedance ,tepup of 4 to 1 in impedance, SO ID 
200 ohms, or 75 to 300 ohms, typically. 

Coaxial balun~ giving l-to-1 impedance transfer 
are shown in Fig. 22-3. The coaxial sleeve, open at 
the top and connected lo the outer conductor of 
the line al the lower c:nd (A) is the preferred type. 
A conductor of approximately the same size as the 
line is used with the outer conductor lo form ■ 
quarter-wave stub, In B. Anothl)r piece of coax, 
using only the oul&!r conductor, wiD IICJYI: this 
purpose. Both baluns are intended to present an 
infinite impedance to any If current that might 
otherwise lend lo flow on the outer conductor of 
the coax. 

The funetiom of the balun and the Impedance 

I L 
4f-----

B 
A 

Fig. 22-2 - Conll9rsion from unbalenced coax to e 
balanced load can be done with II half-wave coaxi11I 
balun, A.. Electrical length of the looped mction 
should be checked with II dip-met1tr, with en<h 
shorted, B. The half-wave balun givas a 4:1 
impedance step up. 
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transformer can be h.andled by various 1uncd 
circuits. Such a device, commonly called an 
antenna coupler or Tnmmah:h, can provide a wide 
range of impedance lranaformatlons. A versatile 
uample is described at the end of tlili chapter. 

The Q Section: The impedance transforming 
property of a quarter-wave line is lreated in 
Chapter 20. The parallel-bar Q section is not useful 
In low-impedance vhf matching situations, but Q 
sections of nexiblc coaxial line may be handy in 
phasing and matching vltf and uhf arrays. Such 
sections can be any odd multiple of ■ quaner-w■ve
length. An example of two 3/4-wave 7S-<Jhm Q 
ia:tions, used to pha,;c and match a pair of Yagi 
ba~. each of which ha.s SO ohrm impedance, is 
given later in this chapter. 

MechanlcaJ Design 

The small size of vhf and, especially, uhf arrays 
opens up a wide rangt: of construction possibilities. 
Finding components is becoming difficult for 
home constructon of ham gear, but lt ~hould not 
hold back antenna work. Radio and 1V distribu
tors have many useful antenna parts and materials. 
Hudwur stores. metals suppliers, lumber yards, 
Wl!ldin1-supply and plumbing-supply houses and 
even Junkyords should not be overlooked. With a 
little imagination, the pos.sibili ties BR endless. 

Wood or Metal'? Wood is very useful in antenna 
work, and it is almost univcnally 11Yllilable, in a 
peat vukty of shapes and !lizes. Rug poles of 
wood or bamboo maJce fine booms. Round wood 
stock (dowelllng) is found in many hardware stores 
In si1e1 suitable for small anays . Squ11re or 
rectangular boom and frame materials can be 
ripped to order in most lumber yards, if they a.re 
not available from the racks In suitable size1. 

There is no rf voltage at the center of a 
half-wave dlpole or parasitic element, 50 no 
insulation is required in mounli1111 elements that 
are centered in the wppon, whether the latter is 
wood or metal. Wood is good for the framework of 
multibay arrays for the higher bands, u It keeps 
down the amount of metal in the aclive mea of the 
IIJT&)', 

Wood used for antenru consuuction mould be 
wcll-11easoned and free of knot~ or damage. 
Available materials vary, depending on local 
sources. Your lumber dealer can help you belier 
than nnyone else in choosing ~ultablc materials. 
Joining wood members at right angles is often done 
advantageously with gusset plates. These can be of 
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thin outdoor-grade plywood or Masonite. Round 
materials can be handled in ways similar to those 
used with meta.I components. with U clamps and 
with other hudwur:. 

Metal booms have a small "!ihorting e!Tecl" on 
elements that run through them. With materials 
sizes commonly employed, this is not more than 
one percent of the element length, and may not be 
noti~able in many applications. It is jusl 
pen:eptible with 1/2-inch lubing booms used on 
432 MHz, for example. Fonnula lengths can be 
used as given, if the matching is adjusted in the 
frequency range one expecu 10 \Be. The center 
frequency of an all-metal array will lead lo be 0.5 
to I percent higher lhan a similu system built of 
wooden rupporting membe~. 

Element Materials and Dimensions: Antenn11 
for SO MHz need not have elements luger than 
1/2-inch diameter, though up to I inch is used 
occasionally. Al 144 and 220 MHz the clements 
ere usually 1/8 to 1/4 inch in diameter. Par 420, 
elements as small u I/ 16 inch in diameter work 
well, if made of stiff rod. Aluminum welding rod, 
3/32 to 1/8 inch In diameter is fine for 420-MHz 
amiys, and I /8 inch or larger is good for the 220 
band. Aluminum rod or hard-iirawn wire works 
well al 144 MHz. Very strong elements C2JI be 
made with stiff-rod inseru in hollow tubing. If lhe 
latter is slotted, and tightened down with a small 
clamp, the element lengths can be adjusted 
experimentally with ease. 

Sizes m:ommendcd above are usable with 
fannula dlmens.ion, given in Table 22-1. Larger 
diameters broaden frequency response; smaller 
ones sharpen It. Much smaller diameters than those 
recommended will require longer elements, especi
ally in SO-MHz 111rays. 

The driven element(s) of a vhf llD'llY may be cut 
from the formula 

L (. ch > 5600 m es " Freq. (MHz) 

This is the basis for Table 22-1 driven-element 
information. Reflectors are usually about 5 percent 
lon1er, and d~lol\ S percent shoncr, though 
element spacins 1111d desired lllltenna bandwidth 
affect parasitic-clcmcnl length&. The elmer Ille 
reflector and director (especially the latter) arc to 
the driven element the nearer they must be 10 the 
driven-element length to give optimum gain. This is 
another wny of saying that close-spaced arrays tend 
to work effectively over nanower bandwidth~ than 

(8) 

Fi;. 22-3 - The balun conY11r-
1lon function. with no imped
ance change, is accomplished 
with quaner-WIIIIII tines, open 
at tha top and connected to 
tha coax outer condue1or al 
the bottom. Coaxial slee11&, A, 
is th• prefarrad type. 
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TABLE 22-1 

Dimensions for VHF A.nays in Inches • Dimensions are for the 
mo:,t-uttd section of each 
band: 50 to 50,8 MHz, 144 to 
146.6 MHz, 220 to 222 MB%, 
lllld 432 to •a• Mth. The 
element lea111tha 1hoald be ad
Justed for each me1ahertz dif
ference In fr-equency by the 
amount IElven in the third line 
of the Cable. Example: If op
llmam performance is wanted 
much above 146 MHz, shorten 
all elements b y about 1~ Inch. 
For above 146 MHz, shorten 
by V, inch. See text. 

Freq. (MHz)• 

Driven Element 
Change per MHz 
Reflector 

so• 144• 220• 432• 
13 111 385/8 257/16 

2 1/4 1/8 1/32 
13 1/2 
12 11/32 
12 9/32 
12 7/32 
27 1/4 
17 

116 1/2 40 1/2 26 3/4 
1st Director 105 1/2 36 5/8 24 1/8 
2nd Director 103 1/2 36 3/8 24 
3rd Director 101 1/2 36 1/8 23 7/8 

236 81 1/2 53 S/8 
149 51 33 1/2 

1.0 Wavelength 
0.625 Wavelength 
0.5 Wavelength 
0.25 Wavelength 
0.2 Wavelength 
0.15 Wavelength 

118 40 3/4 26 13/16 13 S/8 
Element spaclnes are not 

trltlcal, and table flr;un,• may 
be used, n,prdless of element 
lengths chosen. Parasitic ele
ment len1ths an, optimum for 
coll.lnear arrays and sm.alJ Ya
lis, havin1 0.2-wavelencth spa
ctng. 

59 20 3/8 13 7/8 
47 3/4 16 1/4 10 3/4 
35 1/2 12 1/4 8 

widHpaced ones, though maximum gain may be 
possible with many different combinations of 
lengths and spacings. 

Parasitic-i:lement lengths of Table 22-1 are 
based on spacings of about 0.2 wavelength, 
common in relatively short Yagis and coutnear 
arrays. Dimensions given later in the individual 
descriptions of antennas may be at variance with 
those of the table. Where this ts evident, the length 
differences result from use of different element 
spacings, for the most part. Some designs are for 
maximum gain, without consideration of band
width. Still others have slightly modlned spacings, 
to give optimum results with a particular boom 
length. 

ANTENNAS FOR 50 MHz 

Simple antenna5 such as dipoles, groundplanes, 
mobile whips and the like are covered adequately 
elsewhere in this Handbook. Adaptation of them 
to vhf work involves mainly reference to Table 22-1 
for length information. We will be concerned here 
with arrays that give appreciable gain, or other 
properties needed in vhf communication. 

Yagis, Shon and Long: The Yagi array is 
practically standard for SO-MHz directive use. 
Usual sizes are three to six clements, though up to 
eight or nine in line are seen in ambitious 
installations. Director spacing, after the first three, 
must be very wide to be worthwhile, so boom 
lengths of 30 feet or more are needed for more 
than 6 elements. Though long Yagis certainly are 
desirable, it should be emphasized that the first 
two or three elements provide vecy high gain per 
unit of space. Even a 3-element Yagi, on as short a 
boom as 6 feet, is good for 7.5 dB over a dipole. 
To double the gain (add 3 dB) requires going to 
only 6 elemenb - but it takes a boom more than 
20 feet long. If it Is possible to put up a rotatable 
antenna at all, there is usually room for at least a 
3-element structure, and the gain such an antenna 
provides is very helpful. Dimensions can follow 
those given for the fust three clements of larger 
arrays descn'bed here. 

Stacking Yagis: Where suitable provision can be 
made for supporting them, two Yagis mounted one 
above the other and fed in phase may be preferable 
to one long Yagi having the same theoretical or 

6 13/16 
5 7/16 
4 

measured gain. The pair will require a much smaller 
turning space, for the same gain, and thei.I lower 
radiation angle can provide interesting results. On 
long ionospheric paths a stacked pair occasionally 
may show an apparellt gain much greater than the 
2 to 3 dB that can be measured locally as the gain 
due to stacking. 

Optimum spacing for Yagis of S elements or 
more is one wavelength, but this may be too much 
for many builders of SO-MHz antennas to handle. 
Worthwhile results can be obtained with as little as 
one half-wavelength (10 feet) , and 5/8 wavelength 
(12 feet) is markedly better. The difference 
between 12 and 20 feet may not be worth the 
added structural problems involved in the wider 
spacing, at 50 MHz, at least. The closer spacings 
give lower measured gain, but the antenna patterns 
are cleaner than will be obtained with one-wave
length spacing. The extra gain with wider spacings 

Fig. 22-4 - 5-over-5 stacked-Yagi array for 60 
MHz, with ell<oax feed. 
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OP.IVEN EtEMENf 

so-Oh,,c CoaJCuu 
jll.lfUIUl. .ulkJc 

DRIVEN ELEMENT 

Fig, 22-5 - Principal dimengions of the 50-MHz 
&ov1r•6, with details of the 3/4-wavelength 
Q1ection matching system. The propag111lon factor 
of 0.66 applies only INith 1olld-diel■ctric coax. 
Gamma-matching assemblies are coaici ■l•capacitor 
unit• (Kirk Electronics C6MI. 

II usually the objective on 144 MHl and higher 
bands, where the structuni.l problems are not 
severe. 

S.OVER-6 FOR 50 MHz 

The information provided in Fi&, 22-5 is useful 
for • sinsle S~lemcnt Yagi. or for the stacked pair 
of Fig. 22-4, either to be fed with a SO-ohm line. 
The phasing and matching anangcment may be 
U!ied for any pair of Yagi9 designed for 50-ohm 
feed individually. With slight modification it will 
serve with Yagis designed for 200-obm balanced 
feed. 

Mechanical Details 

Consuuction of the single Yagi bay or a stacked 
pair Is simplified by use of components tbat should 
be available to most builden. Element-to-boom 
a11d boom-10-masr mounts are aluminum castings 
designed for these applications by Kltk FJectronics, 
134 Westparlc Road, Dayton, Ohio 45459. The 
pmma matches shown schematically in Fig. 22-S 
are of coaxial construction, waterproofed for long 
life, available from the same iupplicr. 

Booms arc made of two 8-foot length~ of 
I 1/-4-ineh aluminum (Reynold.JI found In many 
hardw1Uc stores. Reynolds makes a special lilting 
for joining sections of the tubing. but tbesc are not 
widely available from the usual hanlware-'>ton: 
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stocks, 50 a handmade splice was substituted. A 
pica: of the same-diameter lubing as the boom1, 12 
inches or mo1e In length, h dotted wilh a hacksaw, 
and then compressed to fit inside the ends of the 
two 8-foot lengths, as seen in Fig. 22~.lf the 5plice 
is held In the compressed position with large pipe 
plien or a hose clamp, the ends will slide inside the 
boom sections readily. When the splice is released 
from compre~sion, the two tubes can be driven 
together. Self-tapping screws should be run 
through the lubes and the splice, to hold the 
assembly firm. Use at least two on each side of the 
splice. 

Elements att 1/ 2-inch aluminum blbing, Alcoa 
alloy 6061-T6. Almost any aluminum should be 
mitable. Kirk Yagi clamps, one-pioce aluminum 
castings designed for thh job, arc available for 3/8 
as well as l/2·inch elements, and I 1/4-;inch boom. 
The eyes through which the elements pass are 
drilled, but must be tapped for 10-32 setscrews to 
tighten tbe elemenu finnly in place, two screw~ 
per clement. The portion of the clamp that 
rurround~ the boom can be spread slightly to allow 
tbe clamp to slide along the boom to the desired 
point. The interior surface is slightly rough, 50 

tightening the yoke with the 5<:rew provided with 
the clamps makes the element set finnJy on the 
boom. The renector, driven element and fint 
director are all in back of the boom splice . 

The vertical member of the stacked array is 
1 1/4-tncb lh.lck-wall anodized steel tubing, 
commonly used in large antenna installations for 
home TV. Do not use thin-wall aluminum or light 
galvanized steel muting. The aluminum is not 
suong enough, and inexpensive steel masting rusts 
inside, weakening the ~tructure and inviting failure. 

Spacing between bays can be a hair wavelength 
(10 feet), S/ 8 wavelength (12 feet), or a full 
wavelength (20 feel), though lhe wide spadng 
imposes mechanical problems that may not be 
worth the effort for most builden. The 5/8-wmvc 
spacing is a good compromise between stacking 
gain and severe support problems. and is 
recommended with the materials used here. 

The 10-foot lengths o( steel masting could be 
used, with the bottom 8 f~t running through the 
tower bearing to the rotator. A heavier main 
~upport I~ prcfenblo, however, and it is "I-inch 
water pipe" in this installation. This is iron, about 
I 3/8-inch outside diameter, extending about 8 
feet out of the tower. The steel masting between 
tbe Yagi bays Is fastened to the pipe with four 
TV-type U-clamps, spaced evenly in the overlap
ping area of the two 5Upport1. 

The booms are braced lo the mast fore and ah, 
using the longest pic.:cs of element ~tock ll!ft over 
when the forward directon are cut from 12-foot 
lengths. Ends of the braa:s are flattened about one 
inch, and bent to the proper angle. Outer ends 
fasten to the booms with two self-tapping screws 
each. The mast ends are clamped to tbe support 
witb one TV U-clamp for each pair. This bracing Is 
good insur1111ce against flu tiering of the boom~ and 
elements, which can cause failures after long 
periods, even though a suucture appean adequate
ly strong. 
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Fig. 22~ - Details of the boom splicea used in the 
&element 60-MHz Yagis. Two 8-foot lengths of 
1 1/4-lnch tubing are joined to make 1he 16-foot 
booma. 

Phasing and Matching 

A single S~lemcnt Y ■si can be fed directly with 
S~hm coax, throup the Kille coaxial gamma
match assembly (Typt C6M). This has an 
adjustable coaxial capacitor, and an arm that 
conncct5 to the driven element with a sliding clip. 
Both lhc capacitor and the point of connection 
should be adjusted for minimum reflected power, 
at the center of the frequency range most used. 
Doing this between S0.2 and S0.4 MHz ls suitable 
for most operators, other than those uiing fm 
above S2.S MHz. Each hay of the stacked pair 
should be set in this way. The pair can then be fed 
through I double Q-scction of 7S-ohm coax, u 
shown in Fig. 22-S. 

The Kirk gamma-match a.uembly has an 
S0-239 coaxial fitting built in, so lhc pha.~ing line~ 
are fitted with PL-2S9 coaxial connecton at both 
ends. The inn£r ends attac:h to a matching coaxial 
T fitting. The main run of SO-ohm line connects to 
the center of the T, with a coaxial through• 
connector and a PL-2S9 fitting. When the antenna 
is installed all connccton should be wrapped 
lightly with plastic tape, and sprayed with Krylon 
or other protective spray. Dow-Coming Silastic 
RlV-732 sealant ia also good for this use. If the 
coaxial phasing sections are wrapped around lhc 
boom.~ and vertical supporl a few times, Ibey wiU 
just reach lhe T-filting, when 12-lool spacing is 
used. 

The lines should be any odd multiple of a 
quarter-wavelength. If bolh are the same length the 
gamma arms should atll1ch lo the ~ame side of lhe 
driven clements. If !here is a half-wavelength 
difference in the lines, the arms should connc:ct to 
oppoot.e sides. The length given in Fig. 22-S is 
nominal for solid-dielectric coax. If foam-dielectric 
line is used, the propagation factor given by the 
maker should be substituted for the 0.66 figure. It 
ii best lo grid-dip the line sections for resonant 
frequency, in any case. Cut the line three inches or 
more longer than the expected length. Solder a 
loop of wire between the center pin and the 
mounting flange of an S0-239 connector. Allach 
this to the PL-259 coMector at one end of the 
line, and couple it to the dip-meter coil. Trim the 
line length until re11onance at the midpoint of the 
intended frequency runge is indicated. This wiU nol 
change appreciably when the other coaxial 
connector Is attached. 

The line, used In the model descn'bed Is 
RG-59A/U, which is satisfactory for any amateur 
power level, 10 long • the SWR is kepi low. laJFr 
coax, such ■s RG-1 lA/U, is recommended for a 
greater margin of safety. 
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Adjustment and Teslin1 

An individual Yagi can be tested and matched 
properly by mounting It a half-wavelength above 
ground, In a large area thal is clear of obstructions 
for many wavelengths. The boom can also be tilled 
up, until the ground-reflected wave is not a fac:lor 
in the field-strength meter reading. The SWR 
bridge should be coMccud at the gamma match 
or an electrical half-wavelcnglh therefrom. Appl; 
low power (not over IO watts) and adjust the 
gamma capacitor and the point of connection lo 
the driven element for zero rcflcclcd power al the 
desired frequency range. The model wu fht from 
S0.2 _ro S0.4 with just perceplible renccud power 
showing at SO.I to SO.S. Adjusted in this way the 
array ihould work well up to about S 1 MHz. 

The best way to check operation or the stacked 
pair is to support the array with the reflecton 
resting on the ground and the booms pointl111 
straight up. A 6-foot ~tep-ladder can be used for a 
te_mporary support. The bays can be fed separately 
with S~hm line, in thil position, and the gamma 
selllngs should be the slllne as obtained in the finl 
check, described above. Now connect the two 
7S--ohm phasi111 lines, and insert the SWR bridge in 
the SO-ohm line lo the T fitting. The SWR should 
be tho ~amc u when the bays are fed "l!paralely 
through the S~hm line; dose to I : 1. The array 
can be dismanllcd and reassembled atop !he tower, 
1111d mulching should remain correct. 

The matching-phasing system described is 
useful for nny two loada designed for SO ohm feed . 
The S/8-wavc spacing la usable wilh up to at least 
6-demcnl bays, though wider bay spacing Is 
nee~d for maximum pin with 10111 Y31is. 
Individual antennas inlended for 200-ohm bal
anced feed can be matched with 7S-ohm coax in 
the phasing harness and baluns at each load. 

Bay spacing is not critical. Cose spacing gives 
son_iewhal lower gain, bul a very clean pattern. The 
mam lobe gels ~arper and larger as spacing is 
increMcd, but minor lobCI also increase. The9C take 
over from the main lobe if spucing of bays is 
carried loo fat. The effecl of increa!lng bay spaciq 
is shown graphically in Fig. 8-1 l of 71,~ Radio 
Amat~', VHF ManUlll, and associ■tcd !ext. 

144 OVER 50 

Four phased 144-MHz Yagill arc shown 
mounted above I SO-MHz 6-clement Yagi in Fig. 
22•7. The ! ■lier can be mechanically 1imilu to the 
S-i:lement antennas or Fig. 22-4, though this 
lwo-band system was bulll almosl entirely by 
hand. Element spacings are closer than in the 
S-clement 6-meter arrays, In order lo fit 6 elements 
onlo a 20-foot boom. The individual bays of the 
2-meter anay can be used singly, in pain, or m the 
4-bay system shown. Feed details ue given for 
each applicntion. 

6-Element SO-MHz Yagi 

The 6-meter elemen11 were designed for light 
weight, wilh 1/2-inch tubing for half their length 
and lhin-wall fuel-line tubing lnseru for the outer 
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Fig. 22-7 - Antennas for two bands on a single 
suppon. Four ~lament Yagis for 144 MHz, top, 
have one;vavelength spacing each way. The 
50-MHz Yagi is set up to make optimum use of 6 
elements on a 20-foot boom. 

portions. One-piece half-inch elements are equally 
good, though a bit bulkier. Elements can be run 
through the boom and held In place with clamps. 
as in Fig. 22-8, or mounted in Kirk castings. (See 
5-element array description.) Lengths are 116, 
110 1/2, l05 1/2, l04, 102 3/4, and 101 1/2 
inches. Spacings, in the same order, are 36, 36, 42, 
56 and 66 inches. The boom is made of two 
l 0-foot aluminum mast sections, braced from 
above with 3/4-inch tubing. See Fig. 22-8. 

The gamma matching was handled in two 
different ways. A coaxial capacitor and moving 
arm wa~ hand-made, as shown in Fig. 22-9 using 
1/2-inch and 1/4-inch tubes, imulntcd from one 
another by plastic sleeves tlult just fit inside the 
1/2-inch fixed portion. The inner tubing can be 
wrapped with plastic tape to build up the needed 
thickness, to the same end. The arm is supported al 
two points with I -inch ceramic pillars. 

A second and simplier matching arrangement 
uses merely an extension of the main coaxial line, 
with a 100-pF fixed transmitting-type capacitor in 
series with the inner conductor and the sliding 
contact. The matching point was about 20 inche~ 
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Q 
Fig. 22-8 - Elements may be run through a wood 
or metal boom, and held In place with simple 
aluminum clamps, left. At the ri~t is e clamp for 
holding boom braces on the vertical support in the 
SO-MHz 6--element array. 

out from the boom with a I 00-pF capacitor. It is 
suggested that the matching be done first with a 
variable capacitor, substituting a fixed one when 
the desired value is found. 

An element-mounting clnmp no longer available 
appears in Fig. 22-9. The Kirk 1/2-to-l 1/4-inch 
element-mounting clamps (see 5-over-S descrip
tion) do this job nicely. 

S-Element 144-MHz Vagis 

An optimum design for 5-element 2-meter 
Yagis, to be used ~ingly or combined in ~tacked 
systems, is shown in Fig. 22-10. Dimensions given 
work weU from 144 to 146 MHz, if lhe matching is 
adjusted at 145. Lengths should be reduced 1/4 
inch for each megahertz higher center frequency 
than 145 MHz. The original elements have center 
sections of 1/4-inch aluminum tubing, \\'ith 
S/32-inch rod inserts that slide into the center 
members. One-piece elements of 1/8 to 1/4-inch 
tubing or rod will work equally well. The larger 
size will permit fastening In place with self-tapping 
R:rews bearing on the elements. For smaller size~, 
use a clamp like that of Fig. 22-8. The booms ~ 
3/4- or I-inch wameter aluminum. Wood dowelling 
could be used equally well. 

Feed Methods: A delta match is used in 
conjunction with a coaxial-line balun to feed a 
single 5-element Yagi. Some experimentation with 
delta dimensions may be reguired lo achieve the 
best match. (Sec Fig. 22· 1 C and detailed 
description of the delta match earlier in this 
chapter.) This 11rrangement makes a fine small Yagi 
that can be di~mantled readily,for canying about in 
ponuble work. 

Fig. 22-9 - A hand-made coaxial 
gamma match for 50-MHz arrays. 
A 1/4-inch rod or tube 14 inches 
or longer slides inside a 1 /2-inch 
sleeve that is connec1ed to the 
coaxial fitting above the boom. 
The rod slides on plast ic sleeves 
inside the larger section. Separa
tion is maintained with two cer
amic pillars mounted with wrap
around clips. Both the coaxial 
capacitor and the sliding clip be
tween rod end element are ad
justed for minimum reflected 
power in the co11xial line. 
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03 REF. O.E. D1 02 ... ,. 381;* ,a~• :ST" 36¾· 
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n· 13• 16" 2JH 

Fig. 22·10 - Optimum design fore 2•meter Yagi, 
using 5 elements on a &foot boom. When used 
singly, this antenna can be fed es shown In Fig. 
22-1C, with 4-inch delta arms connected 3 inches 
either side of center. The balun loop would be 
about 27 inches long. With lengths shown, the 
antenna works well from 144 to above 146 MHz, 
but gain droP5 sharply above 147 MHz. 

Use of two S~lement Yagis with I-wavelength 
spacing is shown in Fig. 22·11A. The phasing 
harness can be any open-wire line, preferably not 
spaced more than one inch. Delta dimensions are 
not critical in this application, as the matching is 
done with the universal stub at the center of the 
harness. 

The 4-bay 2~lement system in Fig. 22-7 and 
22-1 IB uses two sets of S-over-5, connected 
between centers with another I-wavelength line. 
The universal stub is connected at the center of the 
horizontal section. In each case, the stub length 
and line<onnection point are adjusted for 
minimum reflected power in the main line. 

An interesting phasing method was used m tne 
4-bay array. Common electric zipcord, available in 
II.DY hardware store, W&l! split into its two parts. 
Toe insulation was left on, and spreaders made of 
ordinary l /2-inch wood dowel were used lo hold 
the wires one inch apart. Holes were drilled in 
these of such size that the zipcord could just be 
pulled through them. They are held in place with 
any good cement. lf supported with TV-type 
screweyes that grip the spreaders, snch a low-cost 
line is very durable. The array shown was taken 
down after two years of use in a very exposed 
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Fig, 22-11 - Stacking details for the 5-i!lement 
Vagis of Fig. 22-7 end 22-10. The 1hort on the 
univer.;el stub, and the point of connaction of the 
main transmission line, are adjusted for minimum 
reflected power In the latter. Bal anced line could 
be connected similarly for the main turn. 

location, and no deterioration was apparent. There 
was no breakage, even under several heavy ice loads 
each winter. Using several supports on each harness 
section is the key to this long life. 

The transmission line was switched between the 
six• and two-meter amiys by means of a 
waterproofed antenna relay, To avoid the dangers 
of a 11 5-volt line run, 6.3-voll transformers were 
used at each end. This one-line hookup makes It 
possible to use a single rather expensive line to its 
fullest potential on two bands. 

13-ELEMENT YAGI FOR 144 MHz 
Many combinations of element lengths and 

spacings work well in long Yagis. The 13-elemcnt 
array detailed in Fig. 22-12 is the product of many 
months of joint experimental work by W2NL Y and 
W6QKL First described in QST for January, 1956, 
it has been a winner ever since. Elements are 
1/8-inch hard-drawn aluminum wire, except for the 
folded-dipole driven element. 11tls Is the step up 
variety, intended to give a feed impedance of 200 
ohms, for feeding with 50-ohm Une and a coaxial 
balun. 

The 24-foot boom carries a light load, and cen 

.---- --- Di~orsc--------, 

DRIVEN ELE!,IENT 

Dir«iDrs are eadt. 
36¾"/o'!f Fig, 22-12 - High-perfor

mance long Yagi for 144 MHz. 
from eicperimental work by 
W2NL V and W6QKI. Dimen
sions are for maximum gain 
between 144 and 145 MHz. 
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be made of thin-wall tubing if braced in the 
manner of the 50-MHz arrays previously described. 
Elements run through the boom and azc held in 
place with clamps, u in Fig. 22-8. Lengths arc for 
optimum gain between 144 and 145 MHz. Gain 
drops rapidly above 145.2 MHz. For a center 
frequency of 145 MHz, cut element lengths 1/8 
inch. Broader frequency response can be obtained 
by tapering element lengths 1/8 inch per clement, 
beginning with the second director. 

Effective stacking of such long Y agis requires 
bay spacing of I 1/2 to 2 wavelengths. Pairs or 
pairs of pairs can be fed in the manner of F'ig. 
22-15, using dimensions of Table 22-1. 

11-ELEMENT YAGIS FOR 220 
AND432 MHz 

High-gain antenna~ are almost a necessity for 
any serious work on 220 MHz and higher 
frequencies. The I I-element Yagis mown in Figs_ 
22-13 and 14 were worked out experimentally for 

~-ltlvdemtit. 
&um, • 

01 = 12" 
DZ= 11~· 
DJ= 11~· 
04= 11:lli" 
05= 11½· 
06= 11%· 
07= 11Y,.• 
06~ 11!,ti' 
09= ,r• 

DRIVEN ELEMENT 
All d6'Mnts 111/lde 
f,om~"or.l/.nA/11111. Rod. 

Fig. 22-14 - 11-element Yagi for 432 MHz, 
designed for optimum performance on a 6-foot 
boom. Operation should be uniform between 432 
and 436 MHz, if the stub matching is adjusted 
when mouing more than one megahertz in 
frequency. 
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DI= 2.3)4" 
D2 = 23111" 
D3 = 23• 
D4 = 22W 
D5 = 22~· 
D6 = 22'11' 
D7 = 22~• 
D8 = 22%" 
09 = 22Y, .. 

Fig. 22-13 - 11-element Yagi for 
220 MHz, Dimension, ere for 
maximum gain in the lower 2 
MHz of the band. Recommended 
feed method is a delta match, 
with universal stub and balun. 
D11lta sides should be about 3 
inches, rapped 2 inches either side 
of the element midpoint. 

maximum gain per element. They are intended 
primarily 10 be used in stacked pairs or sets of 
four, as shown (for 432 MHz) in Fig. 22-15. 

Elements are stiff wire or welding rod, l / 8-inch 
diameter for 220, 3/32 or 1/8 inch for 432. Wood 
booms are shown, and are recommended for 
stacked arrays, particulary for 432. Metal booms 
should be 1/2-inch dwneter for 432 and 3/4 to 1 
inch for 220. Element lengths should be increased 
0.5 to 1 percent if metal booms are used. 

Frequency coverage without appreciable loss of 
gain, and no readjustment or matching, is about I 
percent of the operating frequency. Lengths of 
elemenls given are for 220 to 222 MHz and 432 to 
434 MHz. Covernge can be extended somewhat 
higher by readjusting the matching for the desired 
higher frequency. 

Recommended phasing is by open-wire line two 
wavelengths long each way. No. l2 wire spaced 1/2 
to 3/4 inch with Teflon spreaders is ideal. If a 
metal supporting structure is used, it should 
preferably be entirely in back or the plane of the 
reflector elements. 

COLLINEAR ANTENNAS 
lnfonnation given thus far is mainly on 

parasitic arrays , but the collinear antenna has much 
to recommend it. Inherently broad in frequency 
response, it is a logical choice where coverage of an 
entire band is wanted. This tolerance also makes a 
collinear easy to build and adjust for any vhf 
application, and the use of many driven elements is 
popular In very !Juge pha.,ed a.nays, such as may be 
required for moonbounce (EME) communication. 

Omnidirectional Verticals 

Two or more half-wave elements mounted in a 
vertical line and fed in phase are often used to 
build up some gain, without directivity. A simple 
omnidirectional collinear or rugged construction is 
shown in Fig. 22-16. It is made entirely of copper 
pipe and matching elbow fittings, obtainable from 
plumbing supply houses and some hardware stores. 

Initially the phasing stub was operated in the 
manner or Fig. 22-lA. When the optimum 
dimensions were found, the as~mbly was complet· 
ed by making the angles with plumbing fittings, 
and the balun connections with bolts, nuts and star 
lugs. 

Preferably the antenna should be mounted on a 
wooden support, though the center or the stub can 
be grounded for lightning protection. Dimensions 
given are for the upper half or the 2-meter band, 



Parabolic Reflectors 
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Va, 52°LONG 
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ANT COAX 
ANO BAU.IN 

NO, 12 SPACED 
l'i, 15"LOHG 

Fig. 22-15 - Phasing methods 
for using two or four 11 • 
element Yagis for 432 MHz, 
wilh 2-wavelength spacing. 
Universal-nub match permits 
use of any type of trans
mission line. 

though ii works well enough all the way down lo 
144 MHz. 

Any number of radiators can be used, if 
quarter-wave phasing stubs are connected between 
them. Commonly an odd number Is used, and the 
center radiator is broken al its midpoint and fed 
with a univel"!l3! stub. Thi.~ type of antenna can be 
made of wire and strung up in a horizontal 
position. The pattern is bidirectional when this 
type of collinear is mounted horizontally. 

Large Collinear Anays 

Bidiiectional curtain arrays of 4, 6 and 8 
half-waves in pha5e are shown In Fig. 22-17. 
Usually reflector elements are added, nonnally at 
about 0,2 wavelength In back of each driven 
element, for more gain and a unidirectional 
pattern. Such parasitic elements are omitted from 
the sketch in the interest of clarity. Dimensions are 
not critical, and may be taken from Table 22-1. 

When parasitic elements are added, !he feed 
impedance Is low enough for direct connection 
open line or Twin-Lead, connected at the points 
indicaled by black dots. With conial line and a 
balun, ii is suggested that the universal stub match, 
Fig. 22-lA, be used at the fccdpoint. All elements 
should be mounted at their electi:ical centers, as 
Indicated by open circles in Fig. 22-17. The 
framework can be metal or insulating material, 
with equally good results. A model showing the 
preferred method of assembling an all-metal 
antenna is pictured in fig. 22-18. Note that the 
metal supporting structure is entirely in back of 
the plane of the reflector elements. Sheet-metal 
clamps can be cut from scraps of aluminum to 
make this klnd of assembly, which is very light in 
weight and rugged as weU. Colllneai: elements 
&hould .always be mounted at their centers, where 
rf voltage is zero - nover at their ends, where the 
voltage is high and insulation losses and detuning 
can be very hllllllful. 

Collinear arrays of 32, 48, 64 and even 128 
elements can be made to give outstanding 
performance. Any collinear should be fed at the 
center of the system, for balanced cummt 
distnliotion. This is very important In large arrays, 
which an: treated as sets of 6 or 8 driven elements 

each, and fed through a balanced harness, each 
section of which Is a resonant length, usually of 
open-wire line. A 4&-element collinear array for 
432 MHz, Fig. 22-19, illustrates this principle. 

PLANE AND PARABOLIC REFLECTORS 

A reflecting plane, which may be sheet metal, 
wire mesh, or even closely-spaced elements of 
tubing or wire, can be used in place of parasitic 
rellectoll!. To be effective, the plane reflector must 
extend on all sides to at least a quarter-wavelength 
beyond the area occupied by the driven elements. 
The plane reflector provides high fronl-to-back 
ralio, a clean pattern, and somewhat more gain 
than parasitic clements, but large physical size rules 
it out for amateur use below 420 MHz. An 
interesting space-saving possibility lies in using a 

19• 

Fig. 22-16 - Rugged 2-meter omnidirection11I 
wrtical antenna made entirety of 1/2-inch copper 
pipe and elbows. The midpoint of the stub can be 
grounded, for lightning protection. 
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\ -----
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Fig. 22-17 - El11m11n1 arrangements for 8, 12 and 
16-elernenl collinear arrays. Parasitic raflectOB, 
omitted here for clarity. are 5 percen1 longer and 
0.2 wavelangltl In back of the driven elamenn. 
Feed points are indicated by black doll. Open 
circles are recommended support poln11. The 
elements can run lhroui,i wood or mual booms, 
wit hout insulation, If supported al their cun1ers in 
this way. ln&u laton et the element endl (points of 
high rt voltagel tend to detune and unbalance the 
system. 

llingle plane ro0cctor with elements for two 
different bands mounted on opposite sides. 
Re0eclor spacing from the driven element is not 
critical. Aboul 0.2 wavelength is common. 

The ref11.1clnr CAn he formed inlo parabolic 
shape for a focu11ing effect, similu to that in 11 

!lleuchlight. Panabolic reflectors must be very large 
in lernJS of wavelength. Principles involved in 
parabolic reflector design are discu55cd by 
WA9HUVinQSTforJune, 1971,page 100. 

CIRCULAR POLARI ZATION 
Polarization Is described as "horizontal" or 

"vertical," but these terms have no mellning once 
the reforencc or the earth's 5UJfacc 11 loal. Many 
propagation facton ClUl cause polarization change: 
reflection or refraction. passage through magnetic 
fields (FIJllda)' rotation) and, salellite r0Uin1. for 
examples. Polarization of vhf waves is oncn 

(A) 

3:3: 
z 
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Fig. 22-18 - Model showing recommended method 
for assembling ell-metal arrays. Suitable assembling 
ellp1 can be cut and bent from sheet aluminum. 
Supporting structure should be In back of all active 
elements of the array. 

random, IO 11n antenna capable of accepting any 
polariz■tlon Is useful. Circular polarization, gener
ated with heUcal antennas or wilh crossed elements 
fed 90 depees out of phase, 1w this quality. 

The cin:ularfy-polarlzcd wave, ln effect, threads 
its way through space. and it can be left- or 
right-hand polarized. These polarizelion "senses" 
are mutually exclusive, but either will respond to 
any plane polarization. A wave R(!neraled with 
right-hand polarization comes back with left-hand. 
when re0ccled from the moon, a fact to be borne 
in mind In setting up EME circuits. Stations 
communicating on direct paths dl()uld have the 
same polarization sense. 

Both sen!!Cs can be generated with crossed 
dipoles, wllh the aid of a switchable phasing 
harness. With helical arrays, both senses are 
provided with two antennas, wound In opposite 
directions. 

Helical Antenna for 432 MHz 

The 8-tum helix of Fig. 22-20 ii designed for 
432 MHz, with left-hand polarization. It is made 

(B) 

Fig. 22-19 - Large col
line■r arrays should be feel 
as sets of no more than 8 
driwn element, each, inter• 
connected by phasing lina. 
This 48-elamenl array for 
432 MHz (A) is treated as 
if It were four 12-element 
collinear,. Reflector ele
ments are omitllld for clar
ity. Phesi ng harness Is 
shown at B. 



Circular Polarization 

Fig. 22-20 - An 8-tum 432-MHz helical array, 
wound from aluminum clothesllne wire. Left~and 
polarization 11 shown. Each turn 11 ooe wa1111length, 
with a pitch of 0.26 wavelength. Feed is with 
50-ohm coax, throul#I an 84-ohm Q section. 

hom 213 Inches or aJumlnum clothesline wue, 
including 6 inches th.al are used for cutting back to 
adjust the foed impcdan~. 

Each tum Is one wavelcnl'fh long, and the pitch 
is about 0.25 wavelength. Tums are stapled to the 
wooden suppons. which should be water-proofed 
with liquid fiber glass or exterior vamnh. The 
n:Decting screen is one Wllvelength square, with a 
Type N coaxial rilling soldered al Its center, for 
connection of the required coaxial Q section. 

11lf nominal impedance of a helical antenna Is 
140 ohms, calling for an 84-ohm matching section 
to match to a SO-ohm line. This can be 
approximated with copper tubing of 0.4-inch 
inside diameter, with No. 10 Inner conductor, bolh 
6 1/2 inches long. With lhc antenna and trans
former connected, apply power and trim lhe outer 
end of the helix until reflected power approaches 
zero. 

The support arms are made from sections of 
I X 1 wood and are each 60 inches long. The 
spacing betwecm them is 8.2S inches, outer 
dimension. The acreen of the antenna In Fig. 22-20 
is tacked to the support arms for tcmporaey use. A 
wooden Cnunework for the screen would provide a 
more rlllll!Cd antenna ~tructure. The theoretical 
gain of an 8-tum helical Is 1ppro"imately 14 
decibeb. When both right- and left-hand circu
larity is desired, two antennas can be mounted on a 
common framework . a few wavelengths 1p1n. and 
wound for opposite sense. 

ATRANSMATCHFOR50AND 
144 MHz 

The antenna couplen II shown in Fig. 22-21 
will permit unbalanced transmitter output lines 

635 
(S0-15 ohms) lo be matched to balanced feeders in 
the 300 lo 4.50-ohm impedance ran..,. Al10, 
"coax-to-coax" matching 11 po!lllible with this 
circuit, permitting SO-ohm lines to be matched to 
75-ohm lines, or vice weru. In situations where a 
high SWR condition exists where an antenna i.s 
being used in ■ part or rhe band to which It has nor 
been tuned, this coupler will enable !he u■nanlller 
to look into a flat load, thus permitting maximum 
loading for bener efficiency. 

Couplers of this lypc an, beneficial In !he 
reduction of harmonic energy from the trvla
mitter, an aid to TV1 reduction. It should be 
possible to realize a 30-dB or greater decrease in 
harmonic level by uling this Transmatch between 
the transmitter &nd the feed line. When connected 
ahead or the receiver as well - a tommon 
arrangement - the added selec:tMly of the 
coupler's tuned circuits will help to reduce images 
and other undesired receiver response!! from out
of-band signals. It ia wise to remember that the use 
of devices of thi5 kind will not correct for any 
mismatch that exists al the antenna end of the line. 
Although it assures a good match between the 
transminer and the line, It can only dtsguiJe the 
fact that a mismatch exisu al the antenn11. 

The Circuit 

Balanced circuits are used for both bands, Fig. 
22-22. Butterfly capacitors are employed to aid in 
securing good circull symmetry . The links of each 
tuned circuit, L2 and Ll, are series tuned by 
single-ended capacitors to help tune out reactance 
in the line. 

Construction 

A 4-1/2 X 4-1 / 2 X 2-inch homemade cabinet 
houses the 2-meter Tranffl!alch ; A Ten-Tee JW-5 b 
wcd a.s an enclosure for the SO-MHz unit. Other 
commerciaUy made cabineu would be suitable, 
also. The two tuning controls are mounted In a line 
across the front of each cabinet. The ma.in coil In 
each Transmatch ii supported by ■ ceramic 
standoff insulator on one end ■nd by the con
nection lo lhe TUNING capacitor on lhe other. 
The links arc self 1upporting. The coil taps are 
effected by bending standard No.6 solder lug, 

Fig. 22-21 - These 6- and 2-meter Trans
matches may be used with powers up to soo-na. 
They can be employed with 1111her balanced or 
unbalanced feeders . 
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Fig. 22-22 - The schematic diagram of the vhf Transmatches. Capacitance is In pF unless otherwise 
noted. Resistance is in ohms, k • I 000. 
Cl - 26-pF per section butterfly IE.F. Johnson 

167-221. 
C2 - 100-pF miniature variable !Millen 201001. 
C3 - 36-pF miniature variable (Millen 200351. 
C4 - 10-pF per section bu11erfly IE.F. Johnson 

167-211. 
JI.J4, incl. - Insulated binding post. 
J6-J8, incl. - 5O-239-style chassis connector. 
L1 - 7 tums No. 10 copper wire, I I /2-inch dia, 

Fig. 22-23 - Inside view of the two Transmatches. 

around the coil wire at the proper spots, then 
soldering the lugs in place. No. 20 bus wiie is used 
lo connect the taps of LI to jacks JI and Jl. When 
operiiling coax-to-cou style, a shorl jumper wire 
connecu JI to its ground lug, or J4 to ill ground 
lug, depending on the band being operated. The 
jumper must be removed for balanced-reeder 
operations. 

Operation 

Attach the vhf lransmiller lo J7 or JS with a 
short length of coax cable. Connect a balanced 

spaced one wire thickness between turns. Tap 2 
1/2 turns from each end. 

L2 - 2 turns No. 14 enam. or spai;,etti-covered 
bare wire, 2-inch dia, OVttr center of L1. 

L3 - 2 turns No. 14 enam. or spai;,etti-covered 
bare wire, 1 1 /2-inch dia. over canter of L4. 

L4 - 5 turns No. 10 copi:-ir wire, 1-inch di11, 
spaced one wire thicknen between turns. Tap 1 
1/2 turns from each end. 

feeder to JI and J2 (for SO-MHz operation), or to 
J4 and JS (for 144-MHz uperation). A reflected
power meter or SWR bridge connected between 
the Trammatch and the transmitter will aid in the 
adjustment process. Adjust Cl and C2, alternately 
(for SO-MHz operation! ror minimum meter 
reading on the SWR indicator. For 144-Mllz 
operation, tune C3 and C4 in the same manner. 
Repeal the tuning until no runhcr reduction in 
reflected power is possible. The meter should fall 
to zero, indicating a I: l match. No further 
adjustment~ will be needed until the rranllmitter 
frequency ls moved SO kHz or more. The tuning 
procedure Is ldenrical for matching coax to coax. 
In doing so, however, the antenna feed line (coax) 
is connected to either J3 or J6 and the shorting 
strap (discu!l.!ICd earlier) must be connected to JI or 
J4. In some situations, ii may be possible to gel a 
better match by lcavi"I the shorting map off. 

After the coupler 11 tuned up, the transmitter 
power can be increased lo ill normal level. These 
units wall handle power levels up to 500 watts 
(transmitter output power) provided the coupler is 
tuned ror a matched condition at all times. 
Reduced power (less th:an SO walls) should be used 
during initial rune up, thus preventing parts from 
being damaged by he11tlng or arcing. The coupler 
should never be operated without a load connected 
lo its output terminals. 

AN INEXPENSIVE DIRECTIONAL COUPLER 

Precision in-line metering devices duit are 
capable or reading forward and reflected po'Wt:r 
over a wide range of rrequenclcs are very useful In 
amateur vbr and· abf work, but their rather high 
coal puts them out of the reach or many vhr 
cnthusiaslll. The device shown In Fi11. 22•25 Is an 
inexpensive adaptation of their basic principles. 
You can make it younelf for the cosl of a meter, a 
few small parts, nnd bits of copper pipe mnd fillings 

that can be found in the plumbing stocks al many 
hardware stores. 

Construction 

The sampler consi1ls of a short section of 
hand-made coaxial line, In thi§ instance of SO ohms 
impedance, with a rev1mible probe coupled to ii. A 
small pickup loop built into the probe is termin
ated with a resistor al one end and a diode at the 
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other. The resistor matches the impedance of the 
loop, not the impedance of the line section. Energy 
picked up by the loop Is rectified by the diode, and 
the resultant current ls fed to a meter equipped 
with a calibration control. 

The principal metal parts of the device are a 
brass plumbing T, a pipe cap, short pieces of 
3/4-inch ID and 5/16-inch OD copper pipe, and 
two coaxial fittings. Other available tubing com
binations for SO-ohm line may be usable. The ratio 
of outer-conductor ID to inner-conductor OD 
should be 2.4/ 1. For a sampler to be used with 
other impedances of transmission line, see Chapter 
20 for suitable ratios of conductor sizes. The 
photographs and Fig. 22-26 just about tell the rest 
of the story. 

Soldering of the large parts can be done with a 
300-watt iron or a small torch. A neat job can be 
done if the inside of the T and the outside of the 
pipe are tinned before assembling. When the pieces 
are reheated and pushed together, a good mechan
ical and electrical bond will result. If a torch is 
used, go easy with the heat, as an over-heated and 
discolored fitting will not accept solder well. 

Coaxial connectors with Teflon or other heat
resistant insulation are recommended. Type N, 
with split-ring retainers for the center conductors, 
are preferred. Pry the split-ring washers out with a 
knife point or small screwdriver. Don't lose them, 
as they'll be needed in the linal assembly. 

The inner conductor is prepared by malting 
eight radial cuts in one end, using a coping saw 
with a fine-toothed blade, to a depth of 1/2 inch. 
The fingers so made are then bent together, 
forming a tapered end, as seen in Fig. 22-26. Solder 
the center pin of a coaxial fitting into this, again 
being careful not to overheat the work. 

In preparation for· soldering the bodyi, of the 
coax connector to the copper pipe, it is convenient 
to use a similar fitting clamped Into a vise as a 
holding fixture, with the T assembly resting on 
top, held in place by its own weight. Use the 
partially prepared center conduc tor to assure that 
the coax connector is concentric with the outer 
conductor. After being sure that the ends of the 

1ogf pF 
,---0--0---1 1 R2a 

Fig. 22-25 - Circuit di agram for the line sampler. 
Cl - 500-pF feedchrough capacitor, solder-in type. 
C2 - 1000-pF leed1hrough capacitor, chreaded 

tvr:,e. 
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Fig, 22-24 - Major components of the line 
sampler. The brass T and two end sections are at 
the back of the picture. A completed probe 
agsembl y is at the right. The N connectors have 
their center pins removed. The pins are shown with 
one inserted in the left end of the inner conductor 
and the 01her lying in the right foreground. 

pipe are cut exactly perpendicular to the axis, 
apply heat to the coax fitting, using just enough so 
that a smooth fillet of solder can be formed where 
th.e flange and pipe meet. 

Before completing the center conductor, check 
Its length. It should clear the inner surface of the 
connector by the thickness of the split ring on the 
center pin. File to length; if necessary, slot as with 
the other end, and solder the center pin in place. 
Toe fitting can now be soldered onto the pipe, to 
complete the 50-ohm line section. 

The probe assembly is made from a 1-1/2-incb 
length of the copper pipe, with a pipe cap on the 
top to support the upper feedthrough capacitor, 
Cl. The coupling loop i1 mounted by means of 
small Teflon standoffs on a copper disk, cut to fit 
inside the pipe. The disk has four small labs around 

CR1 - Germanium diode 1 N34, 1 N60, 1 N270, 
1N295, or similar. 

J1 ,J2 - Coe~iel connector, type N (UG-58A/UJ. 
L1 - Pickup loop, copper strap 1 inch long X 3/16 

inch wide. Bend into "C" shape wilh flat 
portion 5/8-inch long. 

M1 - 0-100·,uA meter. 
Rl - Composition resistor, 82 10 100 ohms. See 

1e1et. 
RJ - 50,000-0hm composition control, linear 

taper . 
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Fig. 22-26 - Cron-Hction view of the line sampler. 
The pickup loop 11 supported by two Teflon 
standoff insul■tol'I. The p,oba body 11 securud In 
place wilh one or more locking scrHW!i through 
holes in the brass T, 

TYPE N COAll.lAL 
/CONNECTOR 

PICKUP 
LOOP 

•SPLIT-RING'' 

RETAINER SOLDER 

the edge for soldering inside the pipe. The diode, 
CR!, is connected between one end or the loop 
and a S00-pF feedthrough capacitor, C l , soldered 
Into the disk. The terminating rnislor, RI. is 
connected between the other end o! the loop and 
ground, as directly u possible. 

When the disk assembly is completed, Insert it 
Into the pipe, apply heal lo the oablde, and solder 
the tabs in place by melting solder into the 
assembly al the tabs. The pos.ition or the loop with 
respect to the end of the pipe will determine the 
11ensitivily of a given probe. For power lewls up to 
200 walls the loop should e,uend beyond the race 
or the pipe about S/32 inch. For use al higher 
power levels the loop should protrude only 3/32 
Inch. For operation with very low power levels the 
probe position can be determined by experiment. 

The decoupling resistor, R2, and feedlhrough 
capacitor, C2, can be connected, and the pipe cap 
put in place. The threaded portion of the capacitor 
extends through the cap. Put a solder lug over it 
before tightening it.s nut in place. Fasten the cap 
with two small !!Crews lhal go into threaded holes 
In the pipe. 

Calibre tion 

The sampler is very useful for many jobs, even 
If ii is not accurately calibrated, though it is 
desirable to calibrate It againsl a wattmeter of 
known accuracy. A good SO-Ohm dummy load is a 
must. 

The first step u to adjust the inductance of the 
loop or lhe value of the terminating resistor, for 
lowul reflected-power rcadin1. The loop is the 
easier 10 change. Filing It to reduce ib width will 
incruse Its impedance. Increasing the cross-section 
of the loop will lower it, and thb can be done by 
coa1ln11 it with solder. When 1he ren«ted-power 
reading is reduced as far as poasible, revene the 
probe and calibrate for forward power, by lncreai-

ing the transrnlller power output in step~ and 
making a graph of the meter readings obtained. Use 
the calibration control, R3, to set the maximum 
reading. 

Variations 

Rather than use one sampler for monitoring 
both forward and reflec1ed power by repeatedly 
reversing the probe, ii is better to make two 
assemblies by mounting two T fillings end-to-end, 
using one for forward and one for reflected power. 
The meter can be switched between the probes, or 
two meters can be used. 

The sampler described was calibrated at 146 
MHz. as it was intended for 2-meter repealer use. 
On higher bands the meter reading will be higher 
for a given power level. and it will be lower for 
lower-frequency bands. Calibration for two or 
three adjacent bands can be achieved by malting 
the probe depth adjustable, with stops or marks 10 
aid in resetting for a 1iven band. And. of cou~. 
more probes can be made, wilh each calibrated for 
a given band, as 11 done in some of the commercial
ly available unit,. 

Other sizes of pipe and fillings can be used, by 
making use of Information given in Chapter 20 to 
select conductor size~ required for the desired 
impedances. (Sin~ it is occuionally possible lo 
pick up good barpns in 72-ohm line, you might 
like to make up a sampler for this impedance.) 

Type N flllings were used because of their 
constant impedance, and their ease of as.sembly. 
Most have the 1plit-rin1 retainer, which Is umple lo 
use in this application. Some have a crimpln1 
method, u do apparently all BNC connectors. tr a 
fitting must be used that cannot be taken apart, 
drill a hole large enough lo clear a soldering Iron 
tip in the copper-pipe outer conductor. A hole of 
up to 3/8-inch diameter will have very little effect 
on lhe operation of the sampler. 



Assembling a 
Station 

The actual location inside the house of the 
"shack" - the room where the transmitter and 
receiver ue located - depends, of course, on the 
free space available for amateur activities. Fortu
nate indeed is the amateur with a separale room 
that he can reserve for his hobby, or the rew who 
can have a special small building separate from the 
main house. However, most amateurs must share a 
room with other domestic activities, and amateur 
stations will be found tucked away in a comer of 
the living room. a bedroom, or even a large closet! 
A spot in the cellar or the attic can almost be 
clused as a separate room, although it may lack 
the "finish" of a normal room. 

Regardless of lhe location of the station, 
however, it should be designed for maximum 
operating convenience and safety. It is foolish to 
have the station arranged so thal the throwing of 
several switches is required lo go from "receive" lo 
"transmit," just as it is silly lo have the equipment 
lll[anged so that lhe operator is in an un
comfortable and cramped position during his 
operating hoUill. The reason for building the 
station as safe as pouible is obvious, if you arc 
interested in spending a number of years with your 
hobby! 

This neatly arranged station belongs to WIIITDR In 
Miaouri. The equipment Is mounted In a home
made console placed on top of a desk. All control• 
are easily reachable. A telephone is conveniently 
located to the right of the operating position. 
Directly in front of the operator, above the loW11r 
receiver, i1 the control panel which handles an• 
tanna and station component switching. This lay
out is ideal for the right-handed operator. 

Chapter 23 

CONVENIENCE 

The fust consideration in any amateur station Is 
the operating position, which includes the opera
tor's table and chair and the pieces of equipment 
lhat are in constant use (the receiver, scnd-recelve 
switch, and key or microphone). The table should 
be as large as possible, lo allow sufficient room for 
the receiver or receivers, transml lter frequency 
contra~ frequency-measuring equipment, monitor
Ing equipment, control switches, and keys and 
microphones, with enough space left over for the 
logbook, a pad and pencil Suitable space should be 
included for radiogram blanks and a Callbook, if 
these accessories arc in frequent use. I! the table is 
small, or the number of pieces of equipment is 
wge, it is often necessary to build a shelf or rack 
ior the auxiliary equipment, or to mount it in 
some less convenient location In or under the table. 
If one has the facilities, a ,emicircular "console" 
can be built of wood, or a simpler solution is to use 
two small wooden cabinets to support a table top 
of wood or Masonite. A Dush-type door will make 
an excellent table top. Homebuilt table~ or con
soles can be rlllished in any of the available oil 
stains, varnishes, paints or lacquers. Surplus com-



640 
puter furniture is readily available through various 
channels. Many of these consoles are ideal for an 
operating position. Many operat01s use a large 
piece or plate glass over part of their table, since ii 
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furnishes a good writing surface and can cover 
miscellaneous charts and tables, prefix list:\, opera!• 
ing aid~, calendar, end similar accessories. 

TIME REFERENCES 

Nex1 10 frequency, accurate measurement of 
time is an important part of a station's operating 
routine. While the matter of a minute or so may 
not seem like much, it eould mean the difference 
between getting a coveted conlinnation or waiting 
until a busy DX or contest operator has time t.> 
search for your contact In his log. As a con
sequence, the station clock should be both accu
rate and easy to read. 

Digital clocks are ideal in both respects and just 
about any comrnercinlly manufactured model 
should do the job. However. a rather unique 
module is also available and should appeal to the 
ham who likes to build hi, own gear. 

Digi tal Clock Module 

Depending upon the module selected, it is 
possible for the builder. to tailor this clock to h;s 
individual desires. The entire clock, with the 
exception of the power transfonner and switcho, 
is contained on one small pc board. The dimen
sions, approximately 1-3/8 X 3 X l inches (HWDj, 
allow the builder to package the clock into 3Jmmt 
any size container. 

At present there are eight different modules 
available. The different combinations allow selec
tion of: Line frequency (SO or 60 hi:rtz), 12- or 
24-hour display and clock/radio or alarm-tone 
output. The display contain~ four digits and also 

2 

• ~4 

MA1002& 

AUii» 
OcSPCA'HHOOZC 

SI.OW SET 

Fig. 1 - Schematic diagram of the clock. Tl is 
discussed In the text. SI and S2 are spdt miniature 
toggle switches. S3 through S6 are momentary 
switches that are normally open. Rt is e miniature 

fow LEDs as indicator.'I. The normal display 
indicates the time in hours 3nd minutes. Using the 
external switches it is possible to call up the 
second~ display, alarm time, and sleep time. The 
module used for this clock (MA I002A) is a 
12-hour format lhal contains the clock/radio fea
ture. There are two outputs available for con
troUing external devices. Each output (sleep or 
alarm) i.s a positive current source that can tum on 
an npn transistor for control purposes. 

linear-taper polllntiomarar. Interior view showing modified transformer. 
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TABLE I 
MA1002 Display Modes 

•Selected 
Display Modes Digit No. I Digit No. 2 Digit No. J Digit No. 4 

Time Display 1 O's of Hours & AM/PM Hours lO's of Minutes Minutes 

Seconds Display Blanked IVinutes lO's of Seconds Seconds 

Alarm Display 1 O's of Hours & AM/PM Hours 10's of Minutes Minutes 

Sleep Display Blanked Blanked 10's of Minutes Minu!es 

•If more than one displav mode input is applied, the display priorities are in the order of Sleep (owr
rides all others), Alarm, Seconds, Time (no other mode selected). 

TABLE II 
MA 1002 Control Functions 

Selected 
Display Control Conl7'01 
Mode Input Flmction 

"Time Slow Minutes Advance at 
2 Hz Rate 

Fast Minutes Advance at 
60 Hz Rate 

Both Minutes Advance at 
60 Hz Rate 

Alarm/ Slow Alarm Minutes Ad-
Snooze vance at 2 Hz Rate 

Fast Alarm Minutes Ad-
vanca at 60 Hz Rate 

Both Alarm Resets to 
12: 00 A.M. fl 2 hour 
format) 

Both Alarm Resets 10 
(0)0:00 124 hour 
format) 

Seconds Slow Input to Entire Time 
Counter Is Inhibited 
(Hold) 

Fast Seconds and 1 O's of 
Seconds Reset to 
Zero Without a Carrv 
to Minutes 

Both Time Resets to 
12:00:00 A ,M. t12 
hour format! 

Both Time Resets to 
(0):00:00 (24 hour 
format I 

Sleep Slow Subtracts Count at 
2 Hz 

Fast Subtracl5 C-ount at 
60 Hz 

Both Subtracu Count at 
60 Hz 

•when setting time sleep minutes will decrement 
at rare of time counter, until the sleep counter 
reaches 00 minutes (sleep counter will not 
recycle!. 

Schematic Diaiµam and Construction 

A look at the schematic diagram (Fig. 1) will 
show the simplicity of the entire clock. All that has 
to be provided is low-voltage ac and the controlling 
switches. After checking the catalogs of our parts 
suppliers, the transfonners appeared to be a major 
stumbling block. It was not possible lo find a 
manuracrnrer that produced transformers supply
ing the required volt.ages. At that point it was 
decided to rewind an available transformer. A 
Radio Shack 273-1480 w:u selected as the candi
date. Its original secondary was rated 25.2 V at 1.2 
amperes. The ori,tinal secondary was removed anct 
replaced with two new windings. The first, 106 
turns of No. 30 enameled wire, produced 16.0 V ac 
11nder load. The second winding was 72 tums of 
No. 24 enameled wire. This winding measured 10.9 
V ac under load. The entire job of rewinding the 
transformer can be done ln less than lwo hours. A 
complete discussion of rewinding transformel"lt can 
be found in the Beginner and Novice clownn of 
QST, Februuy, 1970. This article was the basis for 
rewinding the transformer. The process is not long 
nor difficult and it produces a tran~fonner that 
fulfills the requirements at a low cost. 

Operation 

The complete operation of the external 
switches and the display readouts arc summarized 
in Tables I and II. This information was obtained 
rrom the MA I 002 data ~heel provided by National 
Semiconductor Corporation. 

POWER CONNECTIONS AND CONTROL 
Following a few simple rules In wiring your 

power ouelels and control circuits wiU make it an 
easy job to chan~ units within lhe sllllion. If the 
station is planned in this way from the start, or if 
the rules are recalled when you are rebuilding, you 
will find it a simple matter to revise your station 
from time to time without a major rewiring job. 

It is neater and safer to run a three-wire cable 
and box from a waU outlet over to lhc operating 
table or some central point, than to use a number 
of adapters and cube plugs at the wall outlet. lf 
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several outlets are localed slightly above the table 
height, it will be convenient to reach the various 
plugs. Cable ties can be used for wrapping power 
cords to maintain a neat arrangement The operat
ing table should be positioned away from the wall 
slightly so ii will be easier to reach the rear of 
equipment. 

The power wiring should never be overloaded. 
Check the wire size to assure thal the ratings are 
not exceeded. Consult an electrician for details oa 
power handling capabilities of your house wiring. 
A 234-V ac line should be available with suitable 
current ratings. The oullct ror lhls line should re 
different from the II7-V ac outlets to prevent 
confusion. A station which runs more than 500 
watts input to the transmitter should havt.! this 
higher voltage line to prevent lights from "blink
ing" with keying or modulation. It also provides 
better regulation. A single switch, either on the 
wall of the shack or at the operating posirion, 
should control all of the 11 7- and 234-volt outlets, 
except for lights and the line to which the clock 1s 
connected. This makes ii u simple matter lo tum 
the station to "standby" condition. In case of an 
emergency, a family member has one iwitch to 
shut off power but not the lights. The ~lntion 
equipment normally should be shut off with the!r 
own power switches before the main switch is 
turned off. With e.quipment left on, turning on the 
power with the main switch could cause a great 
surge on the line, which could trip a fuse or circuit 
breaker. 

All power ~upplies should be fused. Pilot lights 
or other types of indicators always should be used 
lo tell the operator when the unit is on. All 
switches for these power supplies should be clearly 
marked. F.ven though you may know the different 
functions of the control panel or power supply, a 
family member may not, and ii is important that 
this vital infonnation be available in case of 
lrooble. In high voltage power supplies, it is 
recommended that an autotransformer be used in 
the primary circuit, aside from the power switch, 
to main lain better control of the high voltage. It 
also reduces the initial surge of current in the line 
cawed by charging ftlter capacitors. 

111A 

KU 

Fig. 23-1 - A remote an
tenna switching system 
using low voltage relays 
handles three different an
tennas. The coaxial cable is 
used as the control line. 
CR 1 and CR2 can be any 
low voltage silicon diodes 
(Motorola 1N4001 or 
equiv.). K 1 and K2 can be 
any 12-V de relays with 
suitable contact ratings 
(Potter and Brumfield 
KA5DG or equiv.). The 
rotary switch should have 
at least two secti ans and 
th res positions. 

SWITCHES AND RELAYS 

It is dangerous to use an overloaded switch in 
power ciJcuits.. After it has been u§ed fo1 some 
time, it may fail, leaving the power turned on even 
after the switch is set to the "OFF" position. For 
tl!is reason, large switches or ielays with adequate 
ratings should be used lo control the plate power 
supply. 

Any remote-conuol circuitry should be 
powered from low voltage. It is dangerou~ to have 
117-V ac conlrnlling remote antenna relays mount
ed atop a tower. It is rccommcm:k:d that low de 
voltages be used for .all control systems. One 12-V 
de power supply of suitable current rating could be 
used lo handle all control circuitry. As a back-up 
power source, an automobile battery could be tied 
in parallel with this supply in case of a power 
failure. Relay contacts 11s;cd for antenna switching 
or rf switching should be rated at least 10 amperes, 
which will handle two kilowatts. A basic diagram 
of a remote antenna switching system is mown in 
Fig. 23-l. The coaxial cable is used to carry the 
control voltage. The two diodes provide proper 
operation of either relay. 

The narure of the send-receive control circuitry 
depends almost entirely on the particular station 
equipment. It is impossible to list here any thing 
but the broadest principles to follow. Com
mercially manufactured equipment usually has a 
section of lhe insuuc lion book devoted to this 
point In many cases the antenna-transfer relay is 
included in the transmitter so that the antenna is 
directly connected to the transmitter and a separ
ate cable is connected from the transmitter to the 
receiver. When the transmitter is "on" the relay 
transfers the antenna to the transmitter output 
circuit 

EQUIPMENT INTERFACE 

As the station grows in complexity, it is 
important to maintain a unlque cabling system. 
The use of standard cable connectors makes the 
station components flexible. For low power rf or 
af, phono plugs aod jacks are adequate. High power 
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or voltage requires a higher quality component. A 
handy device that can simplify the ever present 
interfacing problem la a patch board with several 
different types of connectors. While experimenting 
or changing the station layout, this board can be 
quite helpful. 

Audio patching is the most common silualion 
the amateur encounters. The addition or a 1ape 
recorder or another aid lo the station should be a 
simple process. Some tape recorder audio-output 
circuits are low impedance and could, without 
suitable coupling, undesirably load the circuit that 
is being interfaced. A coupling technique often 
used is that of a resistor (l00Kn) and blocking 
capacitor (.001 ~F) in a series combination. 
Experimentation is necessary until the circuits are 
properly matched. The transmitted signal quality 
of lhe two units operating in unison should be 
checked thoroughly. 

Oflen it is convenient to have another head· 
phone jack for a visitor. An audio splitter is shown 
in Fig. 23-2 that will handle this function. The use 
of the two potentiometers allows each listener to 
set his own audio level. If lhe operator desires to 
listen to two receivers, at the same time or 
individually, the reverse of the described system 
and appropriate switch contacts ue required. 

Fig. 23-2 - Diagram of the headphone splitter. 
The 1ransformer, T1, is a universal output type. J1 
and J2 are phone Jacks. This circuit allows two sets 
of haadphonas 10 be operated from one receiver: 
each channel has its own volume control. 

The amateur station can become quite sophisti
cated. As an aid to the operator and any one else 
within the fllmily, a written record or all wiring is 
essential Diagrams or the su1tion wiring, ac voltage 
lines, rf and af cabling will reduce troubleshooting 
lime or redesigning of the station. Documentation 
of all changes in antennas, transmitters, receivers, 
or amplifiers will keep the operator from going 
over the same road again. 

If space is available, a neat console can be 
constructed to house various types of station 
components. Surplus computer furniture can be 
used as well. Access to the equipment is 1hrouw, 
the back of the c:onsole, This station belongs to 
W7VRO. 
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Of prime importance in the layout of the 
station is the personal safety of the opera tor and of 
visitors, invited or otherwise, during nonnal operat
ing practice. lf there are small children in the 
house, every step must be taken to prevent their 
accidental contact with power leads of any voltage. 
A locked room b a fine idea, if it is pom"ble; 
otherwise housing the transmitter and power sup
plies in metal cabinets is an excellent, al though 
expensive solution. Lacking a metal cabinet, a 
wood cabinet or a wooden framework covered 
with wire screen is the next-best solution. Many 
nations have the power supplies housed in metal 
:abinets in the operating room or in a closet or 
basemen!, and this cabinet or entry is kept locked 
- with the key oul of reach of everyone but the 
operator. The power leads are run through conduit 
to the transmitter, using ignition cable for the 
nigh-voltage leads. If the power supplies and 
transmitter are in the same cabinet, a lock-type 
main switch for the incoming po=r line is a good 
precaution. 

An essential adju net to any station Is a 1horting 
Uick for discharging any high voltage lo ground 
before any work is done in the transmitter. Even if 
interlocks and power-supply bleeders are used, the 
failure of one or more of these components may 
leave the transmitter in a dangerous condition. The 
shorting slick is made by mounting a small metal 
hook, of wire or rod, on one end or a dry stick or 
bakelite rod. A piece of ignition cable or other 
well-insulated wire is then run from the hook on 
the stick to the chassis or common ground of the 
lransmitter, and the stick is hung alongside the 
lransmitter. Whenever the power is turned off in 
lhe transmitter lo permit work on the rig, the 
shorting stick is first used to touch the several 
high-voltage leads (plate rf choke, filter capacllor, 
tube plale connection) to insure that there is no 
high vol lllge at any of these points .. 

Some items which should be included in the 
station for safety reasons are a fire extinguisher 
and flashlight. Both should be convenient to reach. 
The fire extinguisher must be a carbon dioxide 
type to be effective in electrical rues. The flash· 
light batteries should be checked regularly. The 
extinguisher should likewise be inspected on a 
regular basis. A carbon dioxide type or extinguish
er is recommended because it will cause the least 
amount of damage to equipment. 

Family members should be instructed in the use 
d mouth-t~mouth resuscitation. A sign posted in 



the st.a tion describing the necessary procedures to 
be followed in the event of an emergency moulll 
be pointed out to the fllfflily. Telephone numbers 
of the local police, fire department, and doctor 
should be included on thi~ sign. 

Fu1in11 

A minor hazard in the amateur station is lhe 
possibility of fire through the failure of a com
ponent. If the failure is complete and the com
ponent is large, the house fuses will generally blow. 
However, ii is unwise and inconvenient to dcpen:I 
upon the house fuses to protect the lines running 
to the radio equipment, and every power supply 
should have it.s primary circuit individually fused, 
at about ISO to 200 percent of the maximum 
rating of the supply. Cin:uit breakers can be used 
instead of fuses if desired. 

Wiring 

Controk:ircuH wiJes running between the 
operating position and a transmitter in another 
part of the room should be hidden, if possible. This 
can be done by running the wires under the floor 
or behind the base molding, bringing the wires 01:t 
to terminal boxes or regular wall fixtures. Such 
construction, however, is generally only possible in 
elaborate installations, and the average amateur 
must content himself with ll)'ing lo make the wires 
u inconspicuous as possible. If several pain of 
leads must be run from the operating table to tl:-e 
transmitter, as is generally the case, a single piece 
of rubber- or vinyl-covered multiconductor cable 
will always I oo k neater than several pieces of 
rubber-covered lamp cord, and it is much easier lo 
sweep around or dust 

Solid or standard wire connected to a screw 
terminal (ac plug, antenna binding posts) should 
either be "hooked" around a dockwise direction, 
or, better yet, be tenninated in a soldering lug. If 
the wire is hooked in a counter-clockwise position, 
it will tend to move out from under the screw head 
as the screw is lightened. 

The antenna wires always present a problem, 
unless coaxial-line feed is used. Open-wire line 
from the point of entry of the antenna line should 
always be arranged neatly, and it is generally best 
to support it at several points. Many operatas 
prefer to mount any antenna-tuning as.sembli~s 
right at the point of entry of the feed line, together 
with an antenna changeover relay (if one is used), 
and then link rrom the tuning assembly to the 
transmitter can be made uf inconspicuow coaxial 

ASSEMBLING A ST,ATION 

Voice operated control (VOX) used In conjunction 
with a microphone placed on a boom makes 
operating a nearly "hands-off" affair. This arrange
ment enables the operator, WB6DSV, to handle 
paperwork end watch mete~ and other important 
controls, This station is owned by W60KK. 

line. If the transmitter is mounted near the point 
of entry of the line, it simplifies the problem of 
"What to do with the feeden?" 

The station components which are located 
outside must be as safe as the arrangement in the 
shack. All antenna structures should be protected 
so that no one will be injured. There ~hould be no 
low hanging wires or cables. A guard around a 
tower base is important to keep smllll children 
from climbing iL Several ways of protecting the 
tower base are possible. Cutting a sheet of 1/2-inch 
plywood lengthwise into three pieces and placing 
hinges on two edges and pad lock on the third edge 
will allow the entire structure to be stood up and 
wrapped around the tower base. The pad lock is 
essential. Other methods use hardware cloth (heavy 
mesh) with holes too small to get feet or hands 
through. Vertical antennas should be protected in a 
similar fashion, except use o wooden structure or 
fence. 

Open-wire line should be insulated where it can 
be reached by someone. All control cables or other 
cables, If possible, should be buried underground 
or placed high enough so as not to be reached. If 
antenna work ls planned, all cables leading to the 
tower should be disconnected and power must be 
shut off. Rotator control~ should be unplugged. 
Any electrical wiring or contacts which are ex
posed to the outdoor environment must be pro
tected from the weather. A water-light box or a 
plastic bag will provide such protection. Corrosion 
to electrical contacts can cnuse TVI or RH, poor 
connections, or losses in vital circuitry. Another 

AO.UST 

TO GRWII) 
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Fig. 23-3 - A simple lightning arrester made from 
three stand-off or feedthrough insulators and sec
tions of a 1 /8 X 1 /2-inch brass or copper strap. It 
should be installed in the open-wire or Twln-l..sad 
line at the point where it Is nearest the ground 
outside the house. The heavy ground lead should 
be as short and direct as possible. Gap setting 
should be minimum for transmitter po',Wr. 
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consideration for control cables is rf bypassing. A 
~trong rf field can cause a circuit to be actuated 
which could dixrupt normal operation. 

Where guyed towers are used, the guy wire~ 
should be arranged so as not to cause danger to 
someone walking through the area. If tJris is not 
possible, planting a shrub or tree near the guy 
anchor will tend 10 keep people clear of the 
vicinity. 

LIGHTNING AND FIRE PROTECTION 

The National Electrical Code (NFPA No. 70) 
adopted by the National Fire Protection Associa
tion, although purely advisory as far as the NFPA 
is concerned, is of interest because it Is widely used 
in law and for legal regulatory purposes. Article 
810 deals with radio and television equipment, and 
Section C treats specifically amateur transmitting 
and r~eiving stations. Some pertinenl paragraphs 
are reprinted below. 

810-13. Avoidance of Contact. with Con
ductors of Other Systems. Outdoor antenna and 
lead-in conductors from an antenna to a building 
shall not cro!I/I over electric light or power circuiu 
and shall be kept well away from all such circuits 
so as to avoid the possibility of accidental cont.Bel 
Where proximity to electric light and power service 
conductors of less then 250 volts between con
ductors cannot be avoided, the installation shall be 
mch a.s to provide a clearance of al least two feel 
II ii! recommended that antenna conductors be so 
installed as not to cross under electric light or 
power conductors. 

810-1S. Groundin&- Masts and metal structures 
supporting antennas shall be permanently and 
effectively grounruld, without intervening splice or 
connection. 

810-56. Protection Apinat Accidental ContacL 
Lead-in conductors to radio transmitters shall be so 
located or installed as to make accidental contact 
with them difficulL 

B J0-57 •. Lightni"8 Arrestors - Transmitting 
Stations. Each conductor of a lead-in for outdoor 
antenna shall be provided with a lightning arrestor 
or other suitable means which will drain static 
charges from the antenna system. 

Exceprion No. J. When prorecred b_v a ron
tinuou.s merallic shield which is permonenrl_v and 
effectively grounded. 

This modem station belongs to JA 1 BR K which is 
set up to operate me hf and vhf bands. The 
equipment most often used is on the lower shelf, 
while the upper shelf holds auxiliary apparatus 
used for moni toring other frequencies. The large 
overh'ead lamp is especially useful. 
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Table 810-S2 

Size of Amateur-Station Outdoor Antenna 
Conductors 

Minimum Size of 
Conductors 

When Maximum Open 
Span Length Is 

Less than Over 
Material 

Hard-drawn copper 
Copper-clad steel, bronze 

or other high-strength 
material 

150 feet I .SO feet 

14 10 

14 12 

Exception No. 2. Where the antenna (y 
permanently and effecrl~ely grounded. 

In some areas the probability of lightning surges 
entering the home via the 117/230 volt-line may be 
Wgh. A portion of the lightning surges originating 
on an overhead primary feeder can pass through 
the distribution transformer by electrostatic and 
electromagnetic coupling to the secondary circuit, 
even though the primary is protected by 
distribution-class lightning arresters. Radio equip-
11ent can be protected from these surges by the use 
of a "secondary service lightning arrester." A 
typical unit is the G.E. Model 9L15CCB007, 
marketed as the Home Lightning Protector. It is 
c11ounted at the weatherhead or In the service 
en trance box. 

The best protection from lightning is that of 
:ompletely disconnecting all equipment from an
tennas, and all ac receptacles. Eliminate the pos-
1ible paths for any lightning stroke. Rotator cables 
:>r any other control cable from the antenna 
location should be disconnected during severe 
electrical storms. 

Experiments have indicated that a high vertical 
conductor will generally divert to itself direct hits 
that might otherwise fall within a cone-shaped 
space of which the apex is the top of the 
conductor and the base a circle of radius apprnxi
mately two times the height of the conductor, 
Thus a radio mast may afford some protection to 
low adjacent structures, but only when 
low-impedance grounds are provided 



Chapter 24 

Operating a Station 

Good on-the-air operating practices are im
portant to every amateur for at least three good 
reBKons: to assure compliance with regulations, ro 
permit a large volume of activity to be conducted 
as efficiently and as simply as possible, and as a 
matter of personal pride and competence. Good 
practices is a very bewildering subject at first to 
many new amateurs, but as in so many other fields, 
ii soon becomes apparent that there is a sound 
basis of custom and tradition which has produced a 
body of standard practices. These have evolved 
over more thnn a half-century of experience. One 
of the League's important functions has been to 
formalize, to foster and to encourage good 
standard practices so that they have beeome 
universal and accepted. Some of our standard 
practices go back a long time; others have been 
developed to meet changing circumstance~, re
quirements and technology_ 

II used to be that one standard was all that Wa! 
required. Today, things are different. There are 
standard operating practices for cw, voice , RTTY 
llnd repeaters, with additional standard~ for A TV 
not too far away. Those for cw and voice are 
pretty firmly established, but RTTY is newer and 
repeater operation newer still. Your League will 
take a crack al all of them. If its recommendations 
don't "talce hold,'' they will be changed until the> 
become acceptable to a majority in a particular 
operating specialty. This has been the pattern on 
cw and phone and will be the pattern on RTTY, 
repeaters, satellites and whatever el~ come~ along 
in the future. Operating is better than 50% of mosi 
amateurs' lives. Better learn to do II right. 

Initially, we'll talk about phone and cw, be
cause they can be covered together. RTTY and 
repeaters will be handled separately. 

ESTABLISHING A CONTACT 

The best way to do this, especia lly at first, Is to 
llste11 until you hear someone calling CQ, and call 
them. This requires a little patience, but that's 
something else all amateurs must learn if we are 1.:1 

share our bands in harmony. Tune around near 
your own frequen cy. If you hear o CQ, put your 
vfo on that frequency (without putting a signal on 
the air), wait until be indicates be is listening, then 
call him, thus: .. W6ZRJ, W6ZRJ, this is W7PGY, 
W7 Papa Golf Yankee calli ng, Over" On cw: 

W6ZRJ W6ZRJ DE W7PGY W7PGY AR. If no 
answer (to anyone) thi~ may be repeated; brief, 
repeated call~ are preferred 10 long drawn out one~. 
Chances are, if he is to he~r you at all, he will hear 
your first brief call; most amateuu seldom tune far 
from their IIansmit ting frequency to listen after a 
CQ. Note the ending signals. These halle a special 
significance of their own to indicate lo a casual 
listener the "status of the contact." 

In answer to your call (assuming you arc 
heard), the called station will reply: "W7PGY from 
W6ZRJ, roger .• .'; and then go into con
versation. On cw, it would be W7PGY DE W6ZRJ 
R .••. That "roger" (Rl means that he has 
received your call correctly. That's all ii means -
RECEIVED. It does not mean conect, I agree, I 
will comply. It is not sent unless everything was 
received cou ectly, Note also that "roger" is the 
phonetic equivalent of the letter R only in this 
usage. The regular phonetic for R is "Romeo." 

Perhaps W6ZRJ heard W7PGY but did not 
catch his call. In this case, he might come back with 
"The W7 station, please repeat your caU, this is 
W6ZRJ, over." On cw: QRZ? W7? DE W6ZRJ AR. 
The presence of interference (QRM) and at
mospherics (QRN) in the amateur bands makes UliC 

of this procedure fairly frequent. The contact 
(QSO) can then continue. Plea~e note the FCC 
requirements on identification (97 .87). 

CALLING ca 
If you hear no CQ, you may wish to make such 

a call yourself. Refrain from CQing unless you are 
willing to establish contact with whoever calls. CQ 
meam " I wish to contact any amateur station." I f 
this is not your desire. then don't CQ, or be 
specific in doing so. A CQ call can be somewhat 
longer than a call to a specific station, because you 
are trying to attract the attention of casual 
listeners, including those tuning around looking for 
someone to call. However, please avoid the com
mon operating discrepancy of calling CQ endles.1ly; 
it clu tiers up the air and drives off potential 
"cuuomers." The average call would go something 
like this: "Hello CQ, CQ, CQ, ca lling CQ, this is 
W0PAN, W zero Papa Alpha November , 
Bloomington, Minnesota, calling CQ and listening, 
go." On cw: CQ CQ CQ DE W0PAN W0PAN 
W0 PAN K. After a brief standby for replies, if no 
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OPERATING ABBREVIATIONS AND PREFIXES 
OSIGNALS 

Given below arc a ffllmber of Q signals whose 
meanings most often need to be expressed with 
brevity and clearness in amateur work. (Q 
abbreviations take the form of questionR only 
when each is sent followed by a question mark.) 

QRG WIii you tell me my exact frequency (or 
that of •• • )? Your exact frequency 
(or that of' • .• ) is ••• kHz . 

QRH Does my frequency vary? Your frequency 

QRI 

QRK 

QRL 

QRM 

QRN 

QRO 
QRP 
QRQ 

QRS 

QRT 
QRU 

QRV 
QRW 

QRX 

QRY 

QRZ 

QSA 

QSB 

QSD 

QSG 

QSK 

QSL 

QSM 

QSN 

QSO 

varies. 
How is the tone of' my transmission? The 

tone of your transmission is . • • (I. 
Good; 2. Variable; 3. Bad). 

What is the Intelligibility of my signals (or 
those of ••• )? The intelllglblllly of 
your signals (or those of .•• ) 
is ••• (I. bad; 2. poor; 3. fair; 4. 
good; s. 111tcellent. 

Are you busy? I am busy (or I am buay 
with .•• ). Please do not interfere. 

Is my transmission being interfered with? 
Your transmission is being Interfered 
with . • • (I. nil; 2. slightly; 3. 
moderately ; 4. severely; s. extremely. 

Are you troubled by stalic'I I am troubled 
by slallc • •• (1-5 as under QRM). 

Shall I increase power? Increase power. 
Shall I decrease power? Decrease power. 
Shall I send faster? Send faster 

( ... wpm). 
Shall I send more slowly? Send more 

slowly ( • • . wpm). 
Shall I slop sending? Stop sending. 
Have you anything for me? I have 

nothing for you. 
Are you ready? I am ready. 
Shall I inform • • • Chat you are calling 

him on • • • kHz? Please Inform 
••• that I am calling on ••. kHz. 

When will you call me again? I will call 
you again al . . . hour.; (on . • • 

kHz) . 
What is my turn'/ Your tum is number 

Who is calling me? You are being called 
by ••• (on .•. kHz). 

What is the 11renglh of my signals (or 
those of • • • )? The strength of your 
signals ( or those of • • • ) is • • • 
(t. Scarcely perceptible; 2. Weak; 3. 
Fairly good; 4. Good; 5. Very good). 

Are my signals fading'? Your signals are 
fading. 

Are my signals mulilaled? Your signals 
are mulilated. 

Shall I send . . • me,;sagH at a lime? 
Send . . • messages at a time. 

Can you hear me belw.:en your signals 
and If' ao can I break in on your 
uansmission? I can hear you between 
my signals; break in on my transmis
sion. 

Can you acknowledge receipt? I am 
acknowledging receipt. 

Shall I repeal the last message which l 
sent you, or some previous message? 
Repeal lhe last message which you 
sen I me I or message(s) number(s) ... ,. 

Did you hear me (or ••• ) on 
• • • kHi? I did hear you (or • • • ) 

on ••• kHz. 
Can you communicate with . • • direct 

or by relay? I can communicate 

with .•• direct (or by relay 
lhrough ••• ). 

QSP Will you relay to ••• ? I wiU relay 
to •• • 

QSU Shall I send or reply on this frequency (or 
on .• • kHz)? Send or reply on this 
frequency (or on . •. kHz). 

QSV Shall I send a series of Vs on this frequen-
cy (or ••• kHz)? Send a series of Vs 
on this frequency (or ••. kHz). 

QSW Will you send on Ibis frequency (or 
on . . • kHz)? I am going to send on 
this frequency (or on •• • kHz). 

QSX Will you listen lo . • . on . • • kHz? I 
am listening to • • . on . • • kHz. 

QSY Shall I change lo tran1mlsalon on another 
frequency? Change to lran1ml11lon on 
another frequency (or on • • • kHz). 

QSZ Shall I send each word or group more 
than ooce? Send each word or group 
lwice (or .•• times). 

QTA Shall I cancel message number ••• ? 
Cancel message number • • • 

OTB Do you agree wilh my counting of 
words? I do nol agree with your 
counllng of words; I will repeal the 
firsl letter or dlgll of' each word or 
group. 

QTC How many messages have you lo send? I 
have .•• messages for you (or for 
... ). 

QTH Whal is your location? My location 
Is 

QTR What is the correct time? The time 
is 

Special abbreviations adopted by ARRL: 

QST General call preceding a message ad-
dressed lo all amateurs and ARRL 
members. This Is In effect "CQ 
ARRL." 

THE R-S T SYSTEM 
Rf.ADABIUn' 

I - lJnr1r■ d1bl1. 
2-Bar•b tudablo, uccuional ,.o,di dbllnaubhabl•. 
J RHd■hle ""ith considitrablt dirtic-uU)', 
4-Rr■d■ bll' •llh praclicaby no dlfflcalty. 
5-P•rf«lly 1ndabl•. 

SIGNAL STRDiGTlt 

1-Fai■ I 1ip•l• hlff·iy prrcepliblr. 
l-V,ry ..,,1k111"II•. 
3- Wl'■k t.ip ■k. 
.I-Fair 1ip1l1. 
5-Fairly p,od lign ■ I•. 
6-Good •ll"al,. 
7 - Modual•ly ,uona ,lgnab. 
8-Slronj •lan ■ I,. 
9-Elllttmal)' ,1ron1 wanab. 

TONE 

1- Siuy~yc-le ■.C'. a, llru. HI)' ruaah 1.nd broad. 
2-\'ery roup ■..t •• wer, h■ nll and \road. 
] - Rouaf'I LC. 1011e. rectified bal nol flllrnd . 
4 - Roagfl 1101,. Mlffll' lnot pl nl1irnn1-
5-Fll ler~d rl!'clir•d a.c. bill ,uo11&1y npplf'-

mndul11rd. 
6-flllirrtd loar, Jdinill' tratt of ripplr 111o:iuL■ tiun. 
7- Nn.r purr lone. Iran of' ripplr modulation. 
8-Nnr prrfec:I lone , 11,lighl lra.ce of modul■ lion. 
CJ - Perfc,•t 1unt, no Inn of ripple or moduluion of 

any kind. 

Tt,, •--.aQd 0
' rl'S,11rt nefll!:r,,, only lu lhe p1.1rlO 11r lhe 

s11nal, ■nd h111 nu rnnneclinn wilh In ,111blllly nr 
frrednm trom cllclll.l, ur d11irps. r, lhl' •i•nal h ■• lhl' 
ch.-actc-rit,Hc uit■dln..- af c,,.u1 t'l'lnlrol, add X la 
the ttpntl ( f R..~T 464X). It ii Ila• c-111•, •• • .__.., •• 
(etllla an -m1111•- fW 0 lrlrr■••·,. ■ dd CC•·•·· 469'.,. Ir 
i1 ha cUc-111.a nr t11tt.ireable ulbcr U'Jtll& 11am.l•11b. add 
K C•-•·· 469 KJ. Of co1.1rw • 1.ipal could ••-• hath 
chirps at1d clkb, in wlrlkll ea11t bnlb C ■nd k could be 
u.,d I• MRT 460t'KI. 

I 
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one answers and the frequency is still clear, you 
can try again. Short calls and frequent standbys are 
the best way to establish contact with the min
imum QRM. This kind of procedure is easy to use 
when using VOX or keying through your VOX 
relay, or using cw break-in procedure. 

THE aso 
During the contact, be sure to observe the FCC 

identification rulei (see ARRL /.ic,mse Manual) 
Aside from that, there are no legal limiu to what 
yo11 can talk about, although it is recommended 
that controversial subjcch connected with poli tics 
and morality be avoided. Keep everything on a 
friendly and cordial level, remembering that the 
conversation is not private and many others, 
including possibly members of the lay public, may 
be listening. Try to avoid the habitual ullerances, 
procedures and inanities which so often make 
amateur r.1dio contacts boring - things such as the 
drawn out 'ahhhhhh' to keep the VOX relay 
closed, or repeated "double dash" (dahdidididah) 
sign on cw, or hackneyed expressions such as 
"there" (referring to the other fellow) and "here'' 
referring to yourself, or "we" when you mean "I." 
Both on cw and voice it is possible to be informal, 
friendly and conversational, and this is what makes 
an amateur radio QSO enjoyable. During the QSO, 
when you stand by the recommended signal is "go 
only" on voice, m on cw, meaning that you want 
only the contacted station to come back to you. If 
you don't mind someone else breaking in, just 
"go" or K is sufficient. Of course, using VOX or 
break-in the conversation can proceed as it would 
face to face, without ending signals after each 
transmmion; this is more normal in a voice contact 
than in a cw QSO. 

ENDING THE QSO 
When you decide to end the contact, e1rd it. If 

the other fellow indicates a desire to end it, don't 
keep on talking, don't say "l won't hold you," 
then hold him. Express your pleasure at having 
contacted him and sign out, thus 'WIQV from 
W6KW, clear." If you don't want further contacts, 
say "clear and lcnving the air." On cw, it's SK 
WI QV DE W6 KW, and, if leaving the air, CL. 

All these things establish amateur radio as a 
cordial and fraternal hobby at the same lime they 
foster orderliness and denote organization. Most of 
them have no legal standing; FCC regs say little 
about our internal procedures. The procedures we 
ourselves adopt arc even more important than that, 
because they indicate Iha! we are not just a bunch 
of hobbyisl.5 playing around in random fashion. 
but that we arc an established communications 
service with distinct and distinctive procedures 
tailored to our special needs. 

COURTESY 

One thing that is considered the height of ill 
manners and "liddy" procedure in amateur radio is 
to tune up or make any transmission on a fre
quency which is already occupied. In some cases 

OPERATING A STATION 

this is necessary, in others inadvertent; but it 
should always be avoided where possible. For 
example, if you arc committed to a legal one-way 
transmission or schedule with a friend on a certain 
frequency at a certain time, it is 110mctimcs 
unavoidable to cause temporary inconvenience to a 
going contact or even a net. In another situation, 
you may nol hear another station on the frequency 
because of "skip, .. in which case an inquiry "ls the 
frequency in use?" or, on cw, the Mone letter C 
(didit dit) should bring a response if you are 
interfering with a station which you cannot hear. 
Use the same procedure in tuning up your antenna 
(use a dummy antenna for testing your rig} - don't 
ever fire up the rig and start tuning it without first 
turning on the receiver and checking the fre
quency. The amateur bands are crowded; con
sideration for the other guy will make things better 
for everybody, 

ATTY PROCEDURES 

On radioteletype, the methods of transmission 
and reception are somewhat different, so slightly 
different procedures are required. Voice is seldom 
a "written" mode and cw need not be, but RTTY 
always is. You type your transmission on a 
keyboard and it is received at the other end in 
printed form. Thus, most cw abbreviations can be 
used to good effect. In addition, such things as line 
feeds and carriage returns must be considered, as 
well as shifts for "letters" and "figures." 111ese are 
nonprin ting functions nevertheless essential for 
teleprinter operation. 

Because of wide variations in RTTY machines, 
different mechanical procedures can often be used, 
but if you don't know the machine at the other 
end it is best to assume that it has none of the 
refine menu. 

As in other operating, the best thing to do is 
listen. The typical beadle-beadle of RTTY is 
familiar enough that it can be tuned in with an 
ordinary communications receiver, then put 
through the convener to copy on your printer. 
Some typical calls can be identified just by their 
sound, such as RY ( the R l"I Y "lest") and CQ and 
even your own call The procedure Is much the 
same as for cw - zero your vfo while copying and 
call your station on the same frequency. Even 
though he finishes his CQ with a carriage return 
(CR) and line feed (LF), it is a good idea to get 
into the habit of transmitting these functions, to 
"clear the machine." Thus: (2CR) (LF) K6DYX 
K6DYX K6DYX DE WIAW WIAW AR (2CR) 
(LF). 

To initiate a CQ, find an unused point in the 
band, activate your carrier and transmit: (2CR) 
(LF) CQ CQ CQ DE K6DYX K6DYX K6DYX K 
(CR) (LF). 

During the QSO, when you come to the end of 
a line (or the end-of-line indkator on tape equip
ment), send 2CR, LF, 2LTRS. That is, after your 
carriage return and line feed at the end of a line, 
the two nonprinting '"letter'' pulses serve to allow 
sluggish machines to get ready for the next line, 
and take less than a second to send. This is 



RTTY Procedures 

especiaUy important with tape transmissiora at the 
higher machine speeds - 75 and 100 wpm. 

Most stalionE equipped for RTTY are also 
equipped with tape equipment. While RITY can 
be rent manually from a keyboard, the use or tape 
for material which can be prepared ahead of time is 
much preferable, s.ince it allows the machine to run 
at an even speed, faster than it could be typed by 
hand even by an expert typist. The tape is punched 
on a perforator and fed into a transmitter
distributor (TD) which is motor-driven. Thus, CO 
calls or other prepared text (including message 
traffic) can be made up in advance. [ I is also fairly 
common practice to punch tape in ordinary QSOs, 
keeping ahead of the TD with the perforalor. Many 
operators start punching their reply tape white 
they are still receiving from the operator al the 
other end, thus getting ahead far enough so Iha I 
even if their typing speed is below the speed of the 
machine (usually 60 wpm) there is enough leeway 
to allow for the difference. Taped transmissions 
have no pau11e~. whkh can be irksome in manual 
transmissions. 

RITY equipment operates at different speeds 
and with different frequency shifts, depending on 
the sophistication of the equipment. Mo~t ama
teurs, however, operate at a standard 60 wpm and 
850-Hertz shift, and those with 100 wpm and 
170-Hertz shift capability can usually switch to the 
standard. The considerate R•n·y operator will be 
glad to do so whenever called upon, just as a 
considerate cw operator will slow down to the speed 
ufhi.!IQSO. 

REPEATER OPERATING 

Although repeater operation is generally voice 
operation, it has some ramifications that arc not 
present in the type of operation used in direct (i.e. 
not through a repeater) contact on phom:. !\lo~t 
repeaters are of Ille "open" type where anyone 
with appropriate equipment operating on the 
repeater's input and output frequencies can pa.rtid
pate, Such repeaters usually arc accessed ~imply by 
depressing the mike button. Some "machines" 
have limited access, such as by means of a tone, a 
series or tones or pul~es, or some other means to 
prevent their being triggered by a casual signal. 

The primary purpose of repeaters is to extend 
the coverage for mobile and hand-held units. 
Fixed-station operation should be held to a mini
mum. Repeaters lend lbemselves very wdl lo 
public scr,,ice communicatiom such iu highway
accident reporting, and emergency-preparedness 
activities. 

A repeater has to be built or purch3sed by 
somebody. installed by somebody, and maintained 
by somebody, usually at considerable expense and 
trouble. Sometimes this "somebody" is an indi
vidual but more often ii is a group. either 
organized for the purpose or undertaking repeater 
operation 11s an additional club project. So a first 
poin t of repeater operating, not exactly an on-thc
air concept, is to lend some kind of support to the 
group or Individual that sponsors the repeater you 
USC regularly. 
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Here are a few "dos" and "don'ts" put forward 

by repeater groups that may seIVe as useful 
guidelines for repeater operation: 

1) Monitor the repeater you plan to use. Each 
system has its own peculiarities. Don't "key up" a 
repeater until you're familiar with its operation. 

2) Identify properly. When operating mobile, 
you're required to indicate the call area you are in. 
Thus, "This is WAIRDX mobile one" would be 
proper. It is considered poor practice (indeed 
i'.legal) to key a repeater without identifying 
)·ourself. 

3) When desiring to make a contact, all that is 
recessary is to indicate that you are on frequency. 
On some machines this may be accomplished by 
'ih.is is WA I RDX mobile one monitoring." On 
others., standard practice calls for a single CQ 
foUowed by identification. Never send a long CQ; 
any respondent will be listening on frequency and 
kar the short call. 

4) Keep transmi~sions short and thoughtful. 
Don't monopolize lhe repeater. Mos t repeaters go 
off automatically (lime out) after a certain length 
of trammission (usually three minutes or less) and 
must be rekeyed. Remember, what you say may be 
monitored by many tisteneu using public-!lllrvice 
band receiven. Don't give a bad impression of ham 
radio. 

5) During a repeater contact, always pause a 
fow seconds before transmiuing to allow other 
stations access lo the repeater. Someone may have 
an emergency to report or priority traffic. 

6) Don't break into a contact unless you have 
sQmet:hing to add. Interrupting Is no more polite 
on the air than it is in person. 

7) Use simplex (Le. direct contact, not through 
a repeater) operation whenever possible. This frees 
tile repeater for use by stations unable to 
communicate directly. 

8) Use the minimum power necessaJY to main
tain communication~ Nol only is this an FCC 
requirement; it's also common courtesy. 

9) Many repeaters have autopatch facilities, 
which is an interconnection between lhe repeater 
and the telephone system, to provide a public 
service. It Is strictly forbidden to use the autopatch 
for anything that could be construed as business 
communications. Nor should the autop.atch be 
wed to simply avoid a toll call. Do not use an 
autopatch whcrn regular telephone service is avail
able. A buses of au topatch privileges can lead to 
their loss. 

The ARRL makes available an annually revised 
repeater directory listing all repeaters which have 
been registered. For details on how to obtain a 
copy, check recent issues or QST. 

CW PROCEDURE 
Cw operating procedure has been developing 

for over a century, for our present lntema tional 
• .Continental) Code had its beginnings on the 

telegraph wire lines. There is more to talk about in 
cw procedures than any other mode for this 
rea~on. not because it is the most popular mode. 
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Phone many years ago out~tripped cw as the mosl 
popular mode. But cw is far from dead. A listen to 
a raze DX pileup in the cw band~. or the cw section 
of any oonlesl will demonstrate that conclusively 
And it ha, many advantages over any other mode. 
Any alTIJltcur who avoids the use of <::w because he 
is too lazy to become proficient enough in the 
code to realize its full benefits is missing almost 
half of amateur radio pleasure. 

Good Sending 

In many ways. cw cun be compared with the 
spoken word. For the proficient cw man, it is 
indeed equivalent to this. But just as enuncial ior. 
must be precise for best understanding in spei1king, 
proper character formation and spacing is requirec 
in sending the code. And the learning processes are 
also similar . The beginning cw operalor i~ subjec: 
to the same stresses and pressures as the child 
learning to talk, and can learn bad habits. He 
becomes subject to outside innuence~ to his own 
possible detriment in everyday operating 

Actually, it is fllI easier to learn code loday 
th.an it wa~. say. forty years ago when nearly all 
amateur operation was by cw, becau~e there :ire 

more helps available. On the other hand, tl1ere is 
less reason to learn it today th.an there was then. 
True, the licensing requirement still exists, but 
once you have your license if you prefer ( and 
many amateurs do), you can ~pend 100 (M'rrPnl nf 
your amq,tcur operating time on voice or other 
mode~ that require no knowledge of the code . lo 
the 1930s, you needed the code to communicate, 
not just to get your license. There are also, today, 1 

great many gadgets on the market that, while seeming 
to make code easier only serve really to ins1ill bad 
habits on the operator. Some teacheu for 
example, would have you start oul with an 

Voice-Opelllling Hi nts 

I) Lill ten before calling. 
2) Make short calls wllh breaks lo listen. 

Avoid long CQs; do not answer O\'er-long 
CQs . 

3) Use push-to-tolk or voice control. 
Give essenlial data concisely in first lrans
mission. 

4) Make reports honest. Use definilions 
of urenglh and readabtllty for reference. 
Make your reports informative and useful. 
Honest reporls and full word description of 
signals save amateur operators from FCC 
trouble. 

S) Limit transmission length . Two 
minutes or less will convey much inform~
tio11 . When three or more stations converse 
in round tables, brevity is essential. 

6) Display sportsmanship and courtesy. 
Bands are congested . . . make tnnsmis
sions meaningful ... gin others a break. 

7) Check tran s mitter adjust• 
me111 . . . avoid a-m overmoduJation and 
~plaiter . On ssh check carrier balance care
fully. Do no t radiate when moving VFO 
frequency or checking nbfm swing. Use re• 
ce1ver BFO lo check stability of si11nal. 
Complete testing before busy hours! 

OPERATING A STATION 

electronic keyer, but this weds you to ~uch a 
device forever more. The best way to ~tart is with 
an ordinary straight key, learning characters by 
their sound, and striving to imitate muchine 
sending by learning to conlrol the muscles u~d in 
manipulating this key. This makes ""graduating .. to 
a bug or an electronic key much easier at a later 
date. 

In order to make your sending good, you have 
to know whal good ~nding sounds like . The way 
to acquire this is to copy WIAW's bulletins and 
code practice, or other perfect sending. 1hen strive 
to imitate it Sometimes you can get a copy of the 
practice text (it's listed in advance in QST), and try 
to send along with WlAW . Most amateur cw 
operators today have difficulty maintaining proper 
spacing, probably because so much equipment in 
use demands that we key through a VOX relay. On 
cw the control for this relay is usually set for 
minimum delay, so it will close quickly anti open 
just as quickly; but on most equipment it still 
doesn't close quickly enough, so a part of the first 
dit or dah of the first character is cut off. This has 
a tendency to L"ause the operator to run his words 
together so the relay will stay dosed while he is 
sending but open immediately when he stops, 
making his sending very difficult to copy . 

Nobody's ~nding is perfect, and therefore 
every operator should continually strive for im
provement . Watch out for the customary pitfalls as 
your cw proficiency develops. Do you ever ~nd Q 
for MA, or P for AN? Do you have a ·'swing1" Y~. 
even on an electronic key you can develop personal 
idiosyncrasies. Be your own worst critic, and make 
sure your sending, at whatever speed, Is beyond 
reproilch. 

Break-In 

On cw you can have true break-in - the ability 
to he.ir the signal of the other sta tion while you arc 
keying your transminer. Technical considera.tions 
are covered elsewhere in thfa manual. Once this 
part of it has been accomplished, the full ad
vantages and benefits of break-in can be realized. 
Long caUs are unnece:1.."'3ry, because you can hea.r 
immediately if the st..ition being called come~ back 
to someone else. Much ORM is thus eliminated. If 
both stations in a QSO arc using break-in, no 
station transmits unnece~sarily; if the tran~mitting 
station is not being received, the receiving station 
"break~" him and tran~mission stop,. If another 
signal comes on the frequency, it can be heard 
immediately and any appropriate action taken . If 
message or other recorded lraffic is being trans
mitted, any material missed can be filled 
immediately because the transmill.~ion can be in
terrupted just by the tap of a key. You cun even 
call a CQ using break-in, and stop the moment 
someone hears you and starts calling. The cus
tomary procedure is CQ CQ CQ DE W0PAN 
WflPAN BK (pause) CQ CQ CQ . .. , until some
one breaks or until it ~ems obvious no one is go ing 
to. Alternatively, the O signal QS K can be used. 
either in sending CQ or al the beginning of a QSO 
to indicate to the other ~tation that you are 
equipped for break-in and invite him to U'IC it . QSK 
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is the mark of a well-equipped and well-operated 
cw station. 

VOICE OPERATING 
The use of proper procedure to get best results 

is just as imponant as in using code. In telegraphy 
words must be spelled out letter by letter. It is 
therefon: but natural thal abbreviations and 
shortcuts have come into use. In voice work, 
however, abbreviations arc not necessary, and have 
less importance in our operating procedure. 

The letter "K" is used in telegraphic practice so 
thal lhe operator will not have to pound out the 
separate letters. The voice operator can say the 
words "go" or "over." 

One laughs on cw by sending HI. On phone, 
laugh when one is called for. 

The matter of reporting readability and 
strength is as important to phone operators as to 
those using code. With telegraph nomenclature, ii 
is necessary to spell out words to describe signals 
or use abbreviated signal reports. But on voice. we 
have the ability to "say it wilh words." 
"Readability four, strength eight" is the best way 
lo give a quantitative report, but reporting can be 
done so much more meaningfully with ordinary 
words: ·•vou arc weak but I can understand you. 
so JO ahead." or "Your signal is strong but you are 
buried under local interference." 

Voice Equivalents 10 Code Procedure 

Voice Code Meaning 

Over AR Arter call 10 specific sta-
lion 

End of message AR End of tnnsmisslon or 
record message 

W11it; stand by AS Self-explanatory 
Roger R All received correctly 
Go K Any station transmit 
Go only KN Addressed station only 

tr11nsmit 
Clear SK End of contact or 

communication 
Closing station CL Going off the air 

Phone-Operating Practice 

Efficient voice communication, like good cw 
communication, demands good operating. Adher
ence to certain points "on getting re~ults" will go a 
long way toward improving our phone-band 
operating conditions. 

Use VOX or push-to-talk. If you use VOX 
(most home stations do), don't defeat its purpose 
by saying "aaahhh •· to keep the relay closed. If 
you use push-to-talk (common on mobiles so 
traffic noises won't affect transmission), let go of 
the button every so often to make sure you aren't 
"doubling" with the other fellow. Don't be a 
monologuist - a guy who likes to hear himself 
talk. 

Uiten with care. 11'1 natural enough to answer 
the loudest signal who calls, but do a little digging. 
if necessary, lo answer the best signal instead, 
where there is a choice. Every amateur can't run a 
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kilowatt, but tliere is no reason why every amateur 
cannot have a signal of the highest quality. Don't 
reward the guy who cranks up his gain and 
splatters by answering his call If another station is 
calling. 

Interpose your call frequently. Say it often and 
distinctly, in measured tones. Too often, iden
tification is muffled or slurred. The fastest voice 
communication doesn't come from the guy who 
talks fastest; it comes from the operator who 
speaks distinctly. Your call especiaUy is important, 
you can be cited for improper identification if it 
cannot be understood. 

Listen before rrammitting. Make sure the fre
quency isn't being used before you come barging 
onto it. Our voice bands are pretty crowded and 
QRM is inevit.ible. But Ibis is a reason for more 
courtesy, not less. 

Keep modulation constant. By turning your 
gain "wide open" you are subjecting anyone 
listening to all kinds of extraneous noises that 
don't belong on the air. Speak as closely to the 
mike as you can without breath modulation, turn 
your gain down so that only your voice can be 
heard. A good stunt is lo hold the mike at the 
corner of your mouth and talk across it, rather 
than into it. If you use a stationary mike, turn it so 
that your breath goes across it, not into ii; 
otherwise, your "explosives.. will distort your 
speech. 

Have a pencil and paper always handy. Take 
notes on the other guy's conversation while he's 
talking, so you can answer him or comment on the 
things he has said; otherwise he might get the 
wrong impression lhat you are deliberately 
ignoring some of his remarks. 

Avoid repetiticm. Don't repeat back whal the 
other fellow has just said. Just .s:a_v you received 
everything, don't try to prove it. 

Avoid inanities. There are many of them in 
phone operation, and they are contagious. "That's 
a roger." "Yeeeaaah!" "By golly." The phoney 
laugh. The affected q,eech. If you musl parrot, 
parrot lhe polished operator, not the affected or 
idiotic one. 

Steer clear of such controversial or suggestive 
subjects as politics and sex, and of profanities, even 
those considered acceptable in today's permissive 
society. 

Use phonetics on(v as required. When clarifying 
genuinely doubt ful expressions llnd In getting your 
:all identified positively we suggest use of lhe 
lnlernational Telecommunication Union list. 
However. don'I overdo its use. 

The speed of radiotelephone transmission (with 
perfect accuracy) depends almost entirely upon the 
~kill of the two operators involved. One musl learn 
lo speak at a rate aHowing perfect undenlanding as 
weU as pennining the receiving operator to copy 
down the message text, if lhat is necessary. 
Because of the similarity of many English speech 
wunds, the use of word lists has been found 
necessary. All voice-operated &tations should use a 
standard list as needed to identify call signals or 
unfamiliar expressions. 
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A-ALFA 
B-BRAVO 
C-CHARUE 
D-DELTA 
E-ECHO 
F- FOXTROT 
G-GOLF 
H- HOTEL 
I - INDIA 
J - JULIETI 
K- KILO 
L- LIMA 
M- MIKE 

N - NOVEMBER 
O-CliCAR 
P- PAPA 
Q - QUEBEC 
R- ROMEO 
S- SIERRA 
T-TANGO 
U - UNIFORM 
V - VlCTOR 
W- WHISKEY 
X - X-RAY 
Y - YANKEE 
Z - ZULU 

Example: WIAW • 
WIAW 

W I ALF A WJUSKEY • 

Round Tables. The round table has many 
advantages if run properly. It clear.; frequencies of 
in terference, especially if all stations involved are 

DX OPERATING CODE 
(For W/VE Amateurs) 

Some amateurs interested in DX work 
have caused considerable confusion and 
QRM in their efforts to work DX stations. 
The points below, If observed by all W/VE 
■maleun, will go a long way toward making 
DX more enjoyable for everybody. 

I. Call DX only after he calls CQ, 
QRZ'I, sign~ SK, or phone equivalent lhere
of. 

2. Do nor call a DX station: 
1. On the frequency of the station he 

is working until you are n,re the QSO Is 
over. This ii indicated by the ending signal 
SK on cw and any indication that the 
opera I or ls listening. on phone. 

b. Because you hear someone else 
calling him. 

c. When he signs KN. Ml, CL, or 
phone equivalents. 

d. J::uclly on his frequency. 
e. After he calls a directional CQ, 

unless of course you are in the right 
direction or area. 

3. Keep within frequency-band limits. 
Some nx stations op11rnte outside. Perhaps 
they can get away with It, but you cannot. 

4. Observe calling Instructions of DX 
station•. "IOU" means cull ten kHz up from 
his frequency, "15D" means 15 kHz down, 
etc. 

5. Give honest reports. Many foreign 
stations dep,md on W and VE reports for 
adjus1men1 of slatlon and equipment. 

6. Keep your signal clean. Key clicks. 
chirps, hum or splatter give you a bad 
reputation and may get you a citation from 
FCC. 

7. Luten for and call the 1111ion you 
want. Calling CQ DX Is nol the best 
■.~surance Iha! the rare DX will reply. 

8. When there are several W or VE 
stations waiting to work a I) X stalion, avoid 
asking him 10 "Iii ten for a friend." Let your 
friend take his chances with the rest. Also 
avoid engaging DX stations in rag-<=hews 
against their wishes. 

OPERATING A STATION 
on the same frequency, while the enjoyment value 
remains the same, if not greater. By use of 
push-to-talk, or vox, the conversation can be kept 
lively and interesting, giving each station operator 
ample opportunity to participate without waiting 
overlong for his turn. 

Round tables can become very unpopular if 
they are not conducted properly. The monologuist, 
off on a long spiel about nothing in particular, 
cannot be interrupted; make your tra111missions 
short and to the point. "Butting in" is discourteous 
and unsportsmanlike; don't enter a round table, or 
any contact between two other amateurs, unless 
you are invited. It is bad enough trying to copy 
through prevailing interference without the added 
difficulty of poor voice quality; check your 
transmitter ad;ustments frequently. In general, 
foUow the precepts as hercinbeforc outlined for 
the most enjoyment in round tables as well as any 
other fonn of railiotelephone communication. 

WORKING DX 
Most amateuis at one time or another make 

"working DX" a major aim. As in every other 
phase of amateur work, there ;uc righ t and wrong 
ways to go about gelling best results in working 
foreign stations, and it is the intention of this 
section to outline a few of them. 

The ham who has trouble raising DX stations 
readily may fmd that poor transminer efficiency is 
not the reason. He may find that his sending is 
poor, his calli iU timed, or his judgment in error. 
Working DX requires the know-how that comes 
with experience. If you just call CQ DX you may 
get a caU from a foreign station, bu I it isn't likely 
to be a "rare one." On the other hand, unless you 
are experienced enough to know that conditions 
are right, your receiver is !lensilive and selective 
enough and your transmitter and antenna properly 
tuned and oriented. you may gel no calls al all, and 
succeed only in causing some unnece1sary QRM. 

The call CO DX means slightly different things 
to amateurs on different bands: 

a) On vhf, CQ DX is a general cnJI onlinarily 
used only when the band is open, under favor.ible 
"skip" conditions. For vhf work, such a call is used 
for looking for new slate• and coun Irie,, also for 
distances beyond the cuslomazy "line-or-sight" 
range on most vhf bands. 

b) CQ DX on our 7·, 14-, 21-, and 28-Mllz band~ 
may be laken to mean "General cal l to any foreign 
station," The term "foreign station" usually refers 
to any station on a differen I continent. Ir you do 
call CQ DX, remember that it implies you wlll 
answer any DX who calls. If you don't mean 
"general call lo any DX station.'· then listen and 
call the station you do want. 

Snagging the Rare Ones 

Once in a while a CQ DX will result in snagging 
a rare DX contact, if you're lucky. This ~ldom 
happens, however; usually, what you h.ave to do is 
listen - and listen - and then listen some more. 
You gotUJ hear 'em before you can work 'em! lf 
everybody transmits, nobody is going 10 hear 
anything. Be a snooper. Usually, unless you arc 
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lucky enough to be among the first to hear him, a 
rare DX station will be found under a pileup, with 
stations swarming all over him like worker bees 
over a queen. The bedlam will subside when the 
DX station is transmitting (although some stations 
keep right on calling him), and you can hear him. 
Don't immediately join the pack, be a little cagey. 
Listen a while, get an idea of his habits, find out 
where he is listening (if not zero on himM:10, bide 
your time and wait your chance. Sometimes 
"I.iii-ending" works. Th is is the practice of wailing 
until the station your DX is working starts his 
sign-off, then just tran~mi tting your own call. Be 
careful however; this could backfire. If your DX 
station doesn't respond to ~uch tactics, best to 
avoid it. Some of them don't like iL 

Make your calls short. snappy. No need to 
repeat his call (he knows it very well. all he needs 
to know is that you are calling him), but send your 
own call a couple of times. Try to find a time when 
few stations arc calling him and he is not trans
mitting; then get in there! With experienc.?, you'll 
learn all kinds of tricks, some of them clever some 
just plain dirty. You'll have no trouble discerning 
which is which. Learn lo use the clever ones, and 
shun the dirty ones. More than you think depends 
on the impressions we make on our foreign friends! 

Codes and Ethics 

One of the most effective ways to work DX is 
to know the operating habits of the DX stations 
sought , and to abide by the procedures they use. 
Know when and where lo call. and for how lon2. 
and when to remain 5iJent waiting your chance. 
DXing has certain understood codes of ethie5 and 
procedures that will make this popular amateur 
pursuit more fun for everybody if everybody 
follows them. One of the sad lhinir-s about DXjng is 
to listen to some of the vituperation and abuse that 
goes on, mostly by stations on "this" side, as they 
trumplc on each other trying to raise their quarry. 
DX stations have been known to QRT in disgust at 
some of the tactics. 

If W and VE stations will use the procedure in 
the "DX Operating Code" detailed elsewhere on 
these pages. we can all nuke a good impression on 
the air. ARRL has also recommended some 
operating procedures for DX statiom aimed at 
controlling some of the thoughtless practices some
times used by W/VE amateurs A copy of these 
recommendations (Op Aid No. 5) can be obtained 
free of charge from ARRL Headquarters. 

Choosing Yow Band 

If it does nothing else in furthering your 
education, striving lo work DX will certainly teach 
you a few things about propagation. You will find 
that four principal factors determine propHga t ion 
characteristics. ( I ) The frequency of the band in 
which you do your operating. (2) The time of day 
or night. (3) The season of the year (4) The 
sunspot cycle. The proper choice of band depends 
pretty much on the other three factou. for 
e:umple, the 3.5-4.0-MHz band at high noon in the 
summertime at the "node" part of the sunspot 
cycle is the poorest possible choice. while the same 
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b-dnd at midnighl during the wintertime at the 
• null' parl of the cycle might produce !lame very 
exciting DX. Similarly, you will learn by ex
perience when to operate on which band for the 
best DX by juggling the above factors using both 
long-range and other indications of band con· 
ditions. \VWV transmissions can also be helpful in 
indicating both current and immediate-forecast 
band conditions. 

Conditions in the transmission medium often 
make it possible for the signals from low-powered 
tninsmittcrs to be received at great distances. In 
general, the higher the frequency band the less 
important power considerations become, for 
occa.o;ional DX work. This accounts in part for the 
relative popularity of the 14-, 21- and 28-MHz 
bands among amateurs who like to work DX. 

OSL CARDS AND BUREAUS 
Most amateu,s who work another station for 

the first lime, especially a foreign station, will later 
send the station a postcard conftnning the contac t. 
These cards are known as QSLs, taken from the 
international signal meaning, "I acknowledge 
receipt." A number of printing firms specialize in 
producing these postcards, following standard 
designs, or following lhe directions of an individual 
amateur. Advertisements of these printers appear 
each month in QST, ARRL's official journal. 

Since it is ralher expensive, for a foreign station 
especially, to send a QSL separa tcly to each U.S. or 
Canadian station he's worked, ARRL has set up a 
system of QSI. RumAm, manned by amateur 
volunteers in ench call area. The bureaus get 
packages of canls from ovefl!ea~. which are sorted 
by call. Individual amateurs may claim their cams 
by sending a supply of stamped, self-addressed 
envelopes to the QSL manager in their call area. 
QST carries the addresses of these bureaus nearly 
every issue. Or wri te to ARRL Hq. for 
information. 

KEEPING AN AMATEUR STATION LOG 

Although recent FCC rulings have eliminated 
the legal necessity for detailed logging. you 'II still 
want to main ta.in a log to preserve a record of your 
own activity within amateur radio, to be able to 
send QSLs, and to protect yourself. You'll be 
confident of meeting all of lhcse by recording: (1) 
the date and time of each transm ission. ( 2) all calls 
and transmissions made, whether contacts resulted. 
or not., (3) the input power to the last singe of the 
transmitter, (4) the frequency band used. (5) the 
time of ending each contact (QSO), and (6) lhe 
signature of lhe licensed operator. Written 
messages handled in standard form must be in
cluded in the log or kepi on file for a period of at 
least one year. 

But a log can be more than just a legal record of 
station operation. It can be a "dilllY" of your 
amateur experience. Make it a habit to enter 
thoughts and comments, changes in oquipmenl, 
operating experiences and reactions. anything that 
might make enjoyable reminiscences in years to 
come. Your log i.s a reflection or your personal 
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KEEP AN ACCURATE AND COMPLETE STATION LOG AT ALL TIMES. FCC REQUIRES IT. 

A page lrom the official ARAL log is shown abow, answering every FCC requirement in respect to 
station records. Boond logs made up in accord with the above form can be obtained from Headquarte~ 
for a nomlnal sum or you can prepare your own, in which case we offer this form as a suggestion. The 
AR RL log has a special wire binding and lies perfectly flat on the table. 

experience in amateur radio. Make it both neal and 
complete. 

ARRL headquarters ~locks log books and 
message blanks for the convenience of amateurs. 

PUBLIC SERVICE OPERATING 

Amateurs interested in rendering public service 
in operating under ARRL sponsorship have formed 
the Amateur Radio Public Service Corps (ARPSC}. 
This organization has two principal divisions. One 
i~ the Amateur Radio Emc11:ency Corps (AREC), 
an emergency-prepuedness group of approxi
mately 30,000 amateur operators signed up 
voluntarily to keep amateur radio in the forefront 
along preparedness lines. The other is the National 
Traffic System (NTS), a message-handling facility 
which operates daily (including weekends and 
holidays) for systematic handling of third-party 
traffic . 

Also recognized by ARRL as a part of the 
oiganized amateur radio public service effort are 
lhe Radio Amateur Civil Emergency Service 
(RACES), a pa.rt of the amateur service serving civil 
defense under a separate sub-part of the amateur 
regulations ; the Military AIT"iliatc Radio Service, 
~onsorcd by the armed services to provide 

.... 

Here is an example of e plain-language message as it 
would be prepared for de livery. If the message 
were for relay instead of delivery, the information 
at the bottom would be filled in instead of that in 
the box. 

militacy training for amateurs; and numerous 
amateur groups organized into nets by individuals, 
clubs or other amateur entitite5 for public service 
and registered with the League. The detailed 
workings of ARPSC and RACES are covered 
briefly herein and explained in somewhat more 
detail in Public Senice Communications, Opemting 
an Amateur Radio Station, available to interested 
amateurs without charge, and The Radio Ama
teur's Operating Manual. 

MESSAGE HANDLING 
Amateur operators in the United SI.ate~ 3nd a 

few other countries enjoy II privilege nol available 
to amateurs in most countries - that of handling 
tbird-pa.cty message uaflic . In the early hi~tory of 
amateur radio in this country , some amateun who 
were among the first to lake advantage of this 
privilege formed an ex tensive relay organization 
which became the ARRL. 

Thus, amateur message-handling has had a long 
and honorable history, and like most services, hai; 
gone through many periods of development and 
change. Those amateurs who handled tra ffic in 
19 I 4 would hardly recognize it the way some of us 
do it today , just as equipment in those days was f111 
different from that in use now. Progiess hos been 
made and new methods have been developed in 
step with advancement in communication tech
niques of all kinds. Amateurs who handled a lot of 
traffic found that organized operating schedules 
wen: more effective than random relays, and as 
techniques advanced and messages increased in 
number, trunk lines were organized, spot frequen
cies began to be u~ed, and there came into 
~~~aoo~«~~~~hin~~m~ 
stations operated on the same frequency to effect 
wider coverage in less time with fewer relays; but 
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the old methods are still available to the amateur 
who handles only an ocasional message. 

Allhough message hillldling ii as old ■n art ■1 is 
amateur radio itselr. there are ITI.llny amateurs who 
do not lcnow how to handle a formal me11Sage and 
have never done !O. As each alllllleur grows older 
and gain! experience in the amateur service, there 
Is bound to come a time when he will be called 
upon to handle a written message, durins a 
communications emergency. in casual contact with 
one of his many acquaintance~ on the air, or as a 
result of a reque5t from a non-amateur friend. 
Reg~rdless or the occasion, if it comes 10 you, you 
will want to rise to ii! Considerable embamu.sment 
is likely to be experienced by the amateur who 
ftnch he not only does not know lhe fonn in which 
the megage should be prepared, but does not 
know how to go aboul putting it on the air. 

Traffic work need not be a complicated or 
time-consumi"8 activity for the casual or occasion• 
al message-handler. Amaleurs may p111ticipatc in 
traffic work to whatever extent lhey wish, from an 
occllllionll! message now and then to becoming a 
put or organized traffic systems. This chapter 
explains some principles !IO the reader may know 
where lo find out more about the ~bject and may 
exercise the message-handling privilege lo best 
effect as the spirit and opportunity arise. 

Respon&ibili ty 

Am11teurs who originate mesaa,cs for transmis· 
sion or who receive messages for relay or delivery 
should lint consider that in doing !10 they are 
accepting the responslbilily of clearing the message 
from their station on its way to its de~tination in 
the shortest possible time. Forty-eight hou n after 
filing or receipt is the generally-accepted rule 
among lra.mc--handling amateurs, but it is obvious 
that tr CYCJ'}' amateur who relayed the message 
allowed it lo remain in his station this long It might 
be a long time reaching its destination. Traffic 
should be relayed or delivered as qu.lckly as 
possible. 

Message Form 

Once this responsibility i5 realized and accept
ed, handling the message becomes II matter of 
following gcncrally-acceplcd ~tandards of form and 
transmission. For this purpose, each mcssaae Is 
divided into four parts: the preamble, lhc llddress, 
the tex l and the sigru.lure. Some of these parts 
themselves are subdivided. It i~ neceasury in 
preparing the message for transmission and in 
actually transmitting it to know not only what 
each put Is and what ii i:i for. but lo know In what 
ordu it should be transmitted. and lo know lhe 
various proa:dure signals used wilh It when sent by 
cw. tr you a.re going to send a meHage, you may as 
well send it right. 

Standardization is important! There is a great 
deal of room for expressing originlllity and 
individuality in amateur radio, but there ll1C also 
times and places where such expression can only 
cause confusion and inefficiency. Recognizing the 
need for standardization in me~sage fonn and 
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message transmittin11 procedures, ARRL has lor;g 
since recommended mch standards. and mosl 
baff"ac-fotercsted amaleun have followed them. In 
general, these recommendations, and the variow 
changes they have undergone from year to year, 
haVt, been al the request of amateurs panicipating 
in this activity, and they are completely outlined 
and explained in Opt!nu,ng an Amateur Radio 
Station, a copy of which is available upon request 
or by use of lhc coupon at the end of this chapter. 

Clearing ■ Message 

The best way to clear a message is to put it into 
one or the many organized tniffic networks. or to 
give ii lo a station that can do so. Then: are many 
amateurs who make the handling of traffic their 
principal operating activity, and many more still 
who participate in this activity lo a greater or le&5el' 
ell.lent. The result is a traffic system which spreads 
lo all corner~ of the United States and coven most 
U.S. possc115lons and Canada. Once a message gets 
into an organized net, regardless of the net's size or 
coverage. ii is systematically routed toward its 
destination in thi: shortest po~sible ti.me. 

Amateun; nol e,cperienced in message handling 
should depend on the experienced message-handler 
to get a message through, if ii is important; but the 
average amateur can enjoy operating with a 
message to be handled either through a local traffic 
net or by free-lancing. The latter may be 
accomplished by careful listening for an amateur 
nation at desired poinb, directional CQs. use or 
recognized calling and net frequencies, or by 
ma.king and keeping a schedule with another 
amateur for regular work between specified points. 
He may well aim at leamin11 and enjoying through 
doing. The joy and accomplishment in thus 
developing one's operating ~kill to the peak of 
perfection has a reward all ils own. 

If you decide lo "lake the bull by the horns" 
and put the message inlo a traffic net younelf (and 
more power to you if you do!), you will need to 
know something about how ncl! operate, and if oo 
cw, the special Q lignals and procedure they use lo 
dispatch al.I traffic with a maximum of efficiency. 
The frequency and operating lime of the net in 
your section, or of other nets into which your 
message can go, is given in ARRL's Net Directory. 
This ann11ally-revised ('Ublication is available on 
request. Listen1ng for a few minutes at the time 
and rrequency indil-ated should acquaint you with 
enough fundamentah lo enable you to report lnlo 
the net and report your traffic. From that time on 
you follow the instructions or the net control 
station, who will tell you when and to whom (ilDd 
on what rrequency, if different from lhc net 
frequency) to !llend your message. Cw nets use the 
special "'ON- signals, 10 it may be helpful lo have a 
list or these before you (uvallablr from ARRL Rq., 
Operating Afd No. 9). 

Nrtwortt Oprr.alion 

About this time, you may find that you are 
enjoying this type of operating activity and want 
to know more about It and increase your 
proficiency. Many amatours arc happily "addicted" 
to traffic handled after only one or two brief 
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exposum 10 It. Much traffic is al present being 
conducled by cw, since this mode of communiCJr 
tion seems lo be popular for record purposes - but 
this doe~ not mean that high code §peed is a 
necessary pn:.requmle lo working in uaffil· 
networks. There are many oeb organized specific
ally for the slow-speed amateur, and most of' lhe 
1JO-callcd "f35t" nets arc usually glad lo slow down 
to accommodate slower operato~. 

II is a significant operating fact that code speed 
alone does not make for effidency - sometimes 
the contrary! A high-~ oper.ilor who does nol 
know procedure can "foul up" a net much more 
completely and mon: quickly than can a slow 
operator. Cw net operation provides an excellenl 
opporlunily to increase code ~peed. Given a little 
lime your speed will reach the point when: y 011 can 
easily hold your own. Concentrate first on learning 
the net procedures. 

Voice m~s are al!IO ver)' popular for tnfT'ic 
work. Procedure is of paramount importancr on 
phone. jusl H It is on cw. Procedure differ~ in that 
standard phonelics are an important ingredient In 
phone operation and Q and (JN signals are not 
used. However, nets on all modes mare the need 
for concise opcD lion. 

TNmwork i~ the theme or all net operation. 
The net which functioni. mm1 efficiently i~ the net 
in which all participants are lhoroughly familiar 
with the procedure used, and in which operators 
refrain from transmitting except at the dinclion of 
the net control station. and dn not occupy time 
with extraneous comments, even the exchan~ of 
pleasan1nes. There is a time and place ror 
everything. When a net i1 in session ii 1hould 
concentrale on handling traffic until all lramc is 
cleared. Before or after lhe net is the lime for 
r.ig-chewing and disc1nsion. Some further delails of 
nrt opera I inn are included in Operatinl( 011 A ma
reur Radiv Station. mentioned to!.rlier, bu1 there is 
no substilu le for actual p.ulicipation. 

The National Traffic System 

To facllilale and speed the movement of 
menage traffii:, there is in existence an integrated 
national sy~lem by meam of which originated 
traffic c1111 normally n: ■~h its destination arr■ the 
same day the message 11 originared. Thi~ !iystem 
uses the state or section net as a basis. Each section 
net sends II representative to a .. region" net 
(normally covering a call area) and each "region" 
net send~ 11 representative to an "area" ner 
(normally covering a lime zone). After the area net 
has cleared all its traffic. Its members then tro back 
lo their l'l?~pective region nets, where they clear 
traffic lo the various sci:tion net reprcsenrativcs. 
By mcnns of connecting 11Chedules between the 
area nets, traffic can flow both ways so that rraffic 
originated on the West Coast reaches the East 
Coast with a maximum of dispatch. and vice versa. 
In general. evening section nets function at 1900, 
evening region nels al 1945, evening area nets 11 
2030 Knu the same or ulITerenl regional personnel 
again at 2130. Some sec tion nel~ conduct a late 
~on al 2200 lo eITecl traffic delivery the same 
night. Local standard time is referred lo in each 
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case. 
There also exists a !ICgmcnt of NTS lhal meet~ 

during the daytime hours. NTS(D) (ollow• the 
same general sequence :u NTS(E). bul the times ue 
less standard from region to region and area to 
area. Traffic from area lo area is handled in a 
Continental Net. iather 1han by use of a Trani-
continental Corps, as In NTS(E). QST coven 
details of NTS(D) as they unfold. 

The NTS plan somewhul spreads lr.lffic orpor
lunily so Iha! casual lraffic may be reporled into 
nets for efficient handling one or two days or 
nights per week: or the ardent t:r:affic man can 
operate 1n both dJi)·lime and evenin[! ~gmenu to 
roll up impressive totals and speed traffic reliably 
lo its de~lination. Old-time lraffic men who prefer 
a high degree of org-dnizalion and teamwork have 
rctumetl lo lhe traffic game as a result of lhe new 
system. Brginner.; have ihown more Interest in 
becoming part of a syuem nationwide in 11eope. in 
which a11yonr c.an parlicipale. The National Traffic 
System has vast and inlriguing possibililic~ as an 
amateur !lervice. It Is open to any amaleur who 
wishes lo participate. 

The above i~ but the briefest resume of what is 
of ncccS!llty a rather complicate<! amingement of 
nets and 51:hcdules. Complele details or the System 
and ih operation are included in the ARRL Public
St>rviu Communicariom Manual. 

EMERGENCY COMMUNICATION 
One of the most important ways in which the 

amateur ~rves lhe public, thus making his 
existence a national asset. is by his preparation for 
and his panicipation in communicalions emel'J!en• 
cies. Every amateur, regardless of the ex tent of his 
nonnal operating activities, should give some 
thoughl to lhe pos!dbility of his being the only 
mean~ of communication should his community be 
cut orr from the ouuide world. It has happened 
many times, often in lhc most unlikely places; It 
has happened without warning, finding some 
amaleur.. totally unprepared: ii can happen lo you. 
Are you ready? 

There are two principal ways in which any 
amateur can prepare h im11el r for ,uch an 
cvenlualily. One b lo provide himself with 
equipment capable of operating on any type of 
emergency power (i.e., either ac or uc), 1ind 
equipment which can readily be lransported lo the 
scene of disaster. Mobile and hand-held equipment 
is especially desirable in moil emergency 1itu11-
tions. 

Such equipment. regardlcn or how elaborate or 
how modem, is of little use, however, if it is not 
used properly and al the righl times; and so 
anolher way for an amateur to prepare him!!Clf for 
emergencies, by no means less important than the 
first. is lo leam 10 operate efficie11tl_v. Then: are 
many amaleurs who feel that they know how to 
operate efficiently but who find lhcm!!Clves 
conside1ably handicapped 11 lhe crudal lime by 
not knowing proper procedure, by being unable, 
due to years of i:asuaJ amalcur operation, lo adapt 
them1elvn lo snappy, 11bbre\'iated trammisslons. 
and by being unfamiUa, wtlh message fonn and 
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procedures. It is dangerous to ovenate your ability 
in this; it is better lo assume you have things to 
learn. 

In general it can be said that there is more 
emergency equipment available than there are 
operators who know properly how to operate 
during emergency conditions, for such conditions 
requite clipped, terse procedure with complete 
break-in on cw and fast pwh-10-1alk or VOX on 
phone. The casual rag-chewing aspect of amateur 
radio, however enjoyable and worth-while in Its 
place, must be forgotten al such times in favor of 
the business at hand. There is only one way to gain 
experience in this type of operation, and that is by 
practie. During an emergency is no time for 
practice; it should be done beforehand, as often as 
possible, on a regular basis. 

This leads up to the necessity for emergency 
mpni:zation and preparedness. ARR L has long re
cognized this necessity and has provided for it. 
The Section Communications Manager (whose 
address appears on page 6 of every i~sue of Qsn is 
empowered to appoint certain qualified amateurs 
in hi~ section for the purpose of coordinating 
emergency communication organization and pre
paredness in specified areas or communities. This 
appointee is known as an Emergency Coordinator 
for the city or town. One should be specified for 
each community. For coordination and promotion 
al section level a Section Emergency Coordinator 
arranges for and recommends the appoinlmenls of 
various Emergency Coordinators at activity points 
throughout the section. Emergency Coordinators 
oxgauizc lllllttlcw,i i11 their i;ommunitks ~i;i;urtling 
to local needs for emergency communication 
facilities. 

The community amateurs taking part in the 
local organization all! members of the Amateur 
Radio Emergency Corps (AREC). All amateurs are 
invited to register in the AREC, whether they are 
able to play an active pait in their local 
organization or only a supporting role. Application 
blanks are available from your EC, SEC, SCM or 
direct Crom ARRL Headquarters. In the event that 
inquiry reveals no Emergency Coordinator appoint
ed for your community, your SCM would welcome 
a recommendation either from yourself or from a 
radio club of which you are a member. By holding 
an amateur operator license, you have the 
responsibility to your community and to amateur 
radio to uphold the traditions of the service. 

Among the League's publication, is a booklet 
entitled Public Service Communications. lb.is 
booklet, while smaU in size, contains a wealth of 
information on AREC organization and functions 
and i! invaluable to any amateur participating in 
emergency or civil defense work. It i, fice to 
AREC members and should be in every amateur's 
shack. Drop a line to the ARRL Communications 
Department if you want a copy, or use the coupon 
at the end of Ibis chapter. 

The Radio Amateur Civil 
Emeri,:m;y Service 

Following World War II there wa:i established 
within our government the Federal Civil Defense 
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Before Emergency 

PREPARE yourself by providing emer
gency power for your station. 

TEST your emergency egulpmenr and 
oper<illng Kbility in the annunl Simulated 
Emergency Test and Field Day. 

REGISTER with your ARRL Emer
gency Coordinator. If none, offer your 
services to local and civic relief agencies and 
explain whul amateur radio can do during 
disasters. 

In Emergency 

LISTEN before you transmit, always! 
REPORT to your Emergency Coordina 

tor &o he will have latest dal3 on your 
facilities . Offer local civic and relief lll!Cncies 
your 5ervices directly in the absence of an 
EC . 

RESTRICT all on-the-air work in accord
ance with FCC regulations, Sec, 97.107. 
~ is !he International Distress Call for 

a dire emergency. The phone eguivalent is 
MAYDAY. Use these calls for emergency 
only. False distress calls are unlawful. 

RESPECT the fact that success In emer
gency depends on circuit discipline. The net 
control station is Che supreme authority. 

COOPERATE with those we serw. Be 
ready to help, but stay off the air unless 
there is a 1peclfic job to be done that you 
can hAndle more efficiently than any other 
station. 

COPY bulletins from WIAW. During 
emergencies, special bulletins are trans
mitted. 

After Emergency 

REPORT lo ARRL Headquarlers 
promptly and fully so lhnt the Amateur 
Service can receive full credit . 

Administration (FCDA), which, at the behest of 
ARRL and other amateur.;, considered the role of 
the amateur in civil defense communication should 
the U.S. become embroiled in another war. Th»; 
resulted, In 1951, in the establishment at the 
Radio Amateur Civil Emergency Service (RACES) 
with rules promulgated by FCC as a part of the 
Amateur Radio Service. FCDA has evolved into the 
present Defense Civil Preparedne~s Agency, part of 
the Department of Defense, and although the 
RACES rules have undergone several minor 
changes they ~re still e,sen tially the ~ame as 
originally pu I Into effect. 

RACES is intended solely for civil defense 
communicalion during civil emergencies, through 
the medium of amateur radio, and is de~gned to 
continue operation during any exlreme national 
emergency such as war. It shares certain segments 
of frequencies with the regular (i.e., normal) 
Amateur Service on a nonexclusive basis. Its 
regulations are e subpart of the familiar amateur 
regulations (Parl 97) and are included in full in the 
ARRL license Manual. 

U every amateur participated, we would still be 
short of the Iota.I operating per.;onnel required 
properly to implement RACES. As the service 
which belITT the responsibility for the successful 
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implementation of this important function, we 
face not only the task of installing (and in some 
cases builcling) the necessary equipment, but also 
of the training of thousands of additional people. 
Th.is can and should be a function of lhe local unit 
of the Amateur Radio Emergency Corps under its 
EC and his 85sislants, working in close collabora
tion with the local civil defense organization. 

A drastic change in RACES rules effected by 
FCC in February of I 976 greatly simplifies the 
procedures for amateur participation in RACES. 
The average amateur now simply makes himself 
availabk to his local civil defense (or whatever 
name) organization and becomes a part of that 
organization. He then uses his amateur call and 
ob\erve~ regular amateur licensing privileges. 

There is no longer a requirement for such things 
as a communications plan, a radio officer or 
personnel clearances. Local regulations may pro
vide for some of these, but FCC regulations do not. 
Only licensed amateurs may act as control aper-
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ators, and then only within their licensed privi
leges. 

RACES stations are licensed only to civil 
defense organizations, not to individuals. They are 
given a WC prefix, a number corresponding lo the 
cal! area in which they are located, and three 
letters. Application is made on FCC Fann 610-B 
by the dvil defense director or equivalent. 

In the event of war, civil defense will place 
great reliance on RACES for back-up radio 
communication. Even in peacetime, RACES can be 
of great value in natural disaster communications. 
As a part of our total amateur public service effort, 
it deserves our whole-hearted and enthusiastic 
support and will permit us to continue to function 
in the public service, as amateurs, in RACES in 
wartime as we function in AREC and NTS during 
peacetime. If interested, inquire of your local civil 
defense agency and get sighed up with your radio 
officer. 

ARRL OPERATING ORGANIZATION 

Amateur operation must have point and 
constructive purpose to win public respect. Each 
individual amateur is the ambas5ador of the entire 
fraternity in his public relations and attitude 
toward his hobby. ARRL field organization adds 
point and purpose 10 amateur operating. 

The Communications Department of the 
Leagu c is concc:med with the practical operation of 
stations in all branches of amateur ac tivity. 
Appointments or awards are available fur rag
chewer, traffic enthusiast, phone operator, DX 
man and experimenter. 

There are seventy-four A RRL Sections in the 
Leaguc:'s field org-,rnization, which embraces the 
United States, Canada, and certain other territory. 
Operating affairs in each Section are supervised by 
a Section Communications Manager (SCM) elected 
by members in that section for a two-year tem1 of 
office. Organization appointments are made by the 
SCMs, elected as provided in the Rules and 
Regulations of the Communications Department, 
which accompany the League's By-Laws :ind 
Articles of Association-. SCM addresses for all 
sections are given in full in each issue of QST. 
SCMs welcome monthly activity reports from all 
amateurs in their sections, regardless of status. 

Whether your activity em braces phone or 
telegraphy, or both, there is a place for you in the 
League organization. 

LEADERSHIP POSTS 

To advance each type of ~tation work and 
group interest in amateur radio, and to di:velop 
practical communications plans with the greatest 
success, appointments of ARRL members holding 
Conditional Class licenses or better to serve as 
leaders and organizers in particul.lr single-interest 
fields are made by the SCM. Each leadership post is 
important. Each provides activities and assistance 
for appointee groups and individual members along 

the lines of natural interest. Some posts further the 
general ability of amateurs to communicate effi
ciently at all timt:s by pointing activity toward 
networks and round tables; others are aimed 
specifically at establishment of provisions for 
organizing the amateur service as a standby com
munications group to seTVe the public in disaster, 
civil defense need or emergency of any sort. The 
SCM appoints the following in accordance with 
section needs and individual qualificatiom: 
PAM Phone Activitie• Manager. Organizes activi
ties for voice operators in his section. Promotes 
phone nets and recruits Official Phone Station 
appointe..s. The appointment of VHF-PAM is open 
to Technician licensees. 
RM Route Manager. Organizes ~nd coordinah:s 
cw traffic activities. Supervises and promotes nets 
and recruits Official Relay Station appointees. 
SEC Section Emergency Coordinator. Promotes 
and administers section emergency radio organiza
tion. 
EC Emergency Coordinator. Organizes am,teur~ 
of a community or other local areas for .e
mergrncy radio service; maintains lia.iwn with 
officials and agencies served, also with other local 
communicalion facilities. Sponsors tests, recruits 
for AREC and encourage• alignment with RACES. 
A Technician Class licensee may receive this 
appointment if a qualified higher class lirensec is 
not available. 

STATION APPOINTMENTS 

ARRL's field 01ganization has a place for every 
active amateur who has a station. The Communica
tions Department organization exist~ to increase 
individual enjoyment and sution effectiveness in 
amateur radio work, and we extend a cordial 
invitation to every amateur to participate fully in 
the activities, to n:port results monthly, and to 
apply to the SCM for one of the following station 
appointments. ARRL membership and the condi
tional class or higher license or VE equivalent is 
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pn:requisice to all appointments, except where 
otherwise indicated. 
OPS Offlcial Phone Slalion. Secs h11h voice 
opera1ln1 slandard.s and procedures, fun her.< phone 
nels and traffic. 
ORS Official Relay S1a1ion. Trame H,rvice, 
oparaces cw nels; noled for IS wpm and procedure 
abilicy . Open 10 RTTY traffickers. 
ORS JI Same as ORS, for lhe Novice operalon , 
code speed minimum of 10 wpm. 
OBS Offlclal Bulletin Slation. Transmits ARRL 
and FCC bulletin Information to amateurs. Open 
to Technician llceosees. 
OVS Official VHF Stalion. Collect ■ and reports 
vhf-uhf-sht propa1atlon data, may enga1e in 
facsimile. TT, TV, work on SO MHz and/or abovr. 
Takes part ti feasible in vhf traffic work, reports 
same, supporu lrhf nets, observes procedure 
standards. Open to both Novice and Technician 
licensees. 
00 Official Observer. Sends cooperative notices 
lo amateurs lo assist in frequency observance, 
insures hlgh-qualiry signals, and prevenu FCC 
trouble. 

Emblem Colors 

Members may wear the ARRL emblem with 
black-enamel background. A red background will 
indlcace Chai the wearer is or has been SCM. SECs, 
ECs, RM~ and PAMs may wear the emblem with 
green background. Observers and all station 
appointees are entitled to wear blue background 
emblems. 

RADIO CLUB AFFILIATION 

ARRL affiliation is available to any amateur 
society in one of three categories : Category I, all 
"local" radio clubs having at least 51% licensed 
amateun and at least 51 % ARRL membership; 
Category 2. radio club "councils," and sim ilar 
organizations of large geographic area, same 
requirements as category I. Category 3, high 
school, college and youth-group clubs having al 
least one officer or trustee who is a licensed 
amateur and an ARRL member. 

A "Club Kit" is available upon request from the 
Club and Training Department; this kit contains all 
papers necessary for affiliation application plus 
other materials of interest to clubs. Once the 
completed affiliation package is returned the 
affiliation process begins. 

ARRL affiliated clubs receive a quarterly bul
letin from Headquarters and special information at 
intervab for po~ting on club bulletin boards or for 
relay to club members. A travel plan providing 
communications, technical, and legal/regul.atorial 
contact rrom the Headquarten is worked out 
seasonally to give maximum benefits to as many as 
possible of the active affiliated radio dubs. 

Material aimed al training and entertainment of 
club members is available, plus advice on club 
problems such as organization, conducting meetings 
and attracting new members. Training services for 
clubs include films, slide collections, and complete 
lesson plans, available upon request. Watch QST 
und radio club news for details on these items, or 
write the A RR L for the special benefits to 
affiliated clubs. 
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W1AW 

The Maxim Memorial Station, WJAW, ia 
dedicated lo (ralemity and service. Operated by 
the League headquarters, WlAW is located 
adjacent to the Headquarters offices on a 
seven~cre site. The station is on the air daily, 
except holidays, and available time is divided 
between the different bands und modes. Facilities 
for all commonly used amaceur modes are provided 
for all bands from I.ti to 144 MHz. 

Operation is roughly proportional to amateur 
interest in differenl bands and modes with 
maximum legal power on mosl bands. WIAW's 
daily bulletins and code practice aim to give 
operational help to the largest numbe1. 

WJAW was established as a living memorial to 
Hiram Percy Maxim. to carry on the work and 
traditions of amateur radio. The station is on the 
air daily and is open lo visitors at all times it is in 
operalion. The WIAW schedule of operation and 
visiting hour.; i5 printed each month in the 
Operating News section of QST. 

WI AW Code Practice 

Approximate frequencies: 1.820 3.S 8 7 .08 
14.08 21.08 28.08 50.08 and 145.588 MHz. for 
practice purposes the order of words in each line 
may be reversed during the 5-13 wpm uans
missions. Each tape carries checking references. 
Details on Qualifying Runs appear monthly in QST 
Operating Events. 

Speeds EST/EDST 

5-7½-10-13-20-25 
9A.M, MWF 
9:30 P.M. TihSSu 

10-13-15 
4 P.M. M-f 
7:30 P.M. Dy 

35-30-25-20-15 
9:30 P .M. MWF 
9 A.M.1Th 

OPERATING ACTIVITIES 

PST/PDST 

6A.M.MWF 
6:30 P.M. TihSSu 

1 P.M. M-F 
4 :30 P.M. Dy 

6:30 P.M. MWF 
6:00 A.M. ITh 

Within the ARRL field organization there are 
many special activities. For all aj:>pointees and 
offkials quarterly CD (Communications De
par tment) Parties are scheduled to develop 
operating ability and a spirit of fraternalism. 
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In addition, ARRL Rponsors various other 

activities open to all amateurs. The DX-minded 
amateur may participate in the Annual ARRL 
Interna tional DX Competition during February 
and March. This popular contest may bring you the 
thrill of working new countries a.nd building up 
your DXCC totals; certificate awards are offered to 
top scorers In each country and ARRL section (see 
page 6 of any QSn and to club leaders. Then there 
is the very-popular Sweepstakes in November. Of 
domestic scope, the SS affords the opportunity to 
work new states for that WAS award. A Novice 
activity is planned annually. Both a IO- and 
160-Meter Contest are scheduled for early De
cember. The interests of vhf enthusiasts arc also 
piovided for in contests held in January, .lune and 
September of each year. Where enough logs (three) 
are received to constitute minimum "competitionh 
a certificate in spot activities, such as the "SS" and 
vhf party, is awarded the leading newcomer for his 
work considered only in competition with other 
newcomers. 

A~ in all our operating, the idea of having a 
good time is combined in the Annual June Field 
Day with the more serious thought of preparing 
ourselves to render public service in times of 
emergency. A premium is placed on the use of 
equipment without connection to commercial 
power sources. Clubs and individual groups always 
enjoy themselves in the "FD" and learn much 
about the requirements for operating under 
knockabout conditions afield. 

ARRL contest activities are diversified to 
appeal to all operating interest. and will be found 
announced in detail in issues of QST preceding the 
different event~. 

AWARDS 

The League-sponsored operating activities, 
heretofore mentioned, have useful objectives ond 
provide much enjoyment for members of the 
fraternity. Achievement in amateur radio i! also 
recognized by various certificates offered through 
the League and detailed below. 

WAS Award 

WAS means '"Worked AU States." An amateur, 
anywhere in the world, who succeeds in gelling 
confirmed contact~ with all fifty U.S. states and 
sends them in for examination, may receive this 
award from the League. For W/VE members and 
DX stations, there is a $ 3 fee which includes return 
of the cards by registered mail. The fee for W/VE 
non-memben is S6. 

You can make the cont.acts over any period of 
lime and on any or aD amateur bands. If you wish, 
you may have you1 WAS award issued for !lome 
special way in which you made it, such as all cw, 
all phone, all on one band, all with lower power, 
etc. - only providing all cards submitted plainly 
show that a contact took place under the special 
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circumstances for which you wish the awaid 
issued. 

Before you send your cards, dmp the ARRL 
Communications Department a line requesting a 
copy of the roles and an application blank. 

5BWAS 

The Five Band Worked All State~ Award 
became effective January I, 1970. Only contacts 
made after that dale count. Contacts must be 
confinned with all SO stales on each of five 
amateur bands. Rules require applicants in the U.S. 
and possessions, Puerto Rico and Canada, to be a 
fuU member of ARRL. Basic WAS rules apply, 
with the addition of a $1 S fee for W/VE League 
member.i and DX stations which includes return of 
the cards by registered mail and a plaque. The 
award is not available to W/ VE non-membcn. 

DX Century Club Award 

The DXCC is one of the most popular and 
sought-after awards in all of amateur radio, and 
among the more difficult lo acquire. I ts issuance is 
carefully supervised al ARRL headquarten by two 
staff memben who spend full time on this function 
alone. 

To obtain DXCC, an amateur must make 
two-way contact with 100 '"countries" li~ted on 
ARRL Operating Aid No. 7, which also contains 
the complete rules. Written confirmations are 
roouired for proof of i:onlacl. Such confirmations 
must be sent lo ARR'- headquarters, where each 
one is carcfllUy scrutinized to make sure it actually 
confirms a contact with the applying amateur, that 
it was not altered or tampered with, and that the 
.. country" claimed is actually on the ARRL list. 
Further safeguards are applied to maintain the high 
standaids of this award. A handsome king-size 
certificate is sent to each amateur qualifying. 

The term "country" is an arbitrary one not 
necessarily agreeing with the dictionary definition 
of such. For DXCC purpose~, many bodies of land 
not having independent ~tatus politically are 
classified as countries. For example. Alaska 11nd 
Hawaii, while states of the U.S.. are considered 
separate "countrie~" because of their distance from 
the mainland. There arc over 300 such de~ignalions 
on the ARRL list. Once a basic DXCC is issued, the 
certificate can be endorsed, by sticker, for 
additional countries by sending the additional 
cards in lo headquarters for checking. 

Separate DXCC Awards are available for mixed 
mode!!, all phone and all cw. 

There are fees charged for the DXCC award and 
for endorsements. Before applying, familiarize 
yourself with fuU information. Application forms 
(CD 164) and the ARRL Countries Li.st (detailing 
rules/charges) may be obtained from Headquarters 
for a stamped addressed envelope. 

Five-Band DXCC 

Entirely separate from 'DXCC, ARRL 11lso 
offers a Five-Band DXCC (SBDXCC) Award for 
those amateurs who submit written proof of having 
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made two-way contact with 100 or more countries 
on each of five amateur bands since Janua.ry 1, 
1969. Only fuU ARRL members an: eligible in the 
U.S., possessions and Canada; elsewhere, any 
amateur may ipply. 

A charge of S20 (U.S.) is made for application 
forms ; this covers the cost of returning cards by 
first class registered mail and iMuancc of a 
personaliled engraved plaque for those qualifying. 

For a copy of the complete rules, drop a line to 
ARRL Headquarters. 22S Main St., Newington, 
CT 06111. 

WAC AwardJ 

The WAC award, Worked All Continent~. i~ 
issued by the International Amateur Radio Union 
(IARU) upon proof of contact with each of the six 
continents. Amateurs in the U.S.A., Possessions 
and Canada should apply for the award through 
ARRL, headquarters socie ty of the IARU. Those 
elsewhere must submit direct to their own IARU 
member-society. Residents of countries, not repre
sented in the Union may apply directly lo ARRL 
for the award. Two basic types of WAC certificates 
are issued. One contains no endorsements and is 
awarded for cw, or a combination of cw and phone 
contacts; the other is awarded when au work is 
done on phone. There is a special endorsement to 
the phone WAC when all the confirmations 
submitted clearly indicate that the work was done 
on two-way ssh. Special endorsements are also 
available for RTTY and SSTV. The only special 
band endorsements are for 1.8, 3.S. and SO MHi. 

Five• and Six-Band WAC Awards are based on 
contacts made on or artcr January I, 1974. Write 
ARRL Headquarters for details. 

Satellite" I 000" Award 

Contacts made on or artcr Deccm ber 15, I 972. 
via the Oscar communications satellites count for 
this unique "DX Achievement" award. Only one 
contact per station, rcgardlc~s of mode. To earn 
the award you must amass 1000 points. Each 
contact with II new station counts IO points, with a 
new country SO poinU, with a new .:ontinent 250 
point~ The fee for W/VE members and DX 
stations is S2 which includes return of the cards by 
registered mail. W/VE non-members' fee is $3 

Code Proficiency A ward 

Many hams Cllll follow the general Idea of a 
contact "by car" bu I when pressed to "write it 
down" they "mufr' the copy. The Code 
Proficiency Aw-Jrd permits each amateur to prove 
himself as a proficient operator, and sets up a 
system of awards for step-by-step gains in copying 
proficiency. It enables every amateur to check bis 
code proficiency, to better that proficiency, and to 
receive a certification of his receiving ~peed. 

This program is a whale of a lot of run. The 
League wlll give a certificate to any interested 
individual, who demonstrates that he can copy 
perfectly, for at least one minute, plain-language 
Continental code at 10, IS, 20, 25, 30 01 35 words 
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per minute, as transmitted monthly from WlAW 
and W60WP. 

As part or the AR RL Code Proficiency program 
WlAW transmits plain-language practice material 
each evening and week-day morning at speeds from 
S to 35 wpm. octa5ionally in reverse order. All 
amateurs are invited to use these transmissions to 
increase their codc<opying ability. Non-amateurs 
are invited to utilize the lower speeds. :i, 7 I/ 2 and 
JO wpm, which arc transmitted for the benefit of 
persons studying the code in preparation for the 
amateur license examination. Refer 10 any issue of 
QST for details. 

Rag Chewer5 Oub 

The Rag Chewers Club is designed to encourage 
friendly contacts and disi;ouragc the "hcllo-good
byl'" type of QSO. it furthers fratemalism through 
amateur radio. 

Membership certificates arc awarded to ama• 
teurs who report a fraternal-type contact with 
another amateur lasting a half hour or longer. This 
does not mean a half hour spent trying to gel a 
message through or in trying to work a rare DX 
station, but a solid half hour of pleasant "visiting" 
with another amateur discussing subjects of mutual 
interest and getting to know each other. If 
nominating someone for RCC. please send the 
information to the nominee who will (in tum) 
apply to Headquarters for RCC. 

Members sign "RCC" after their caUs to 
indicate that they an: interested in a chat, not just 
a contact. There Is no fee for W/VE members and 
DX, a 2St fee for others. 

Operating Aids 

The following Operating Aids are available free, 
upon request: Emergency Operating. DX Operating 
Code, Contest Duplicate Contact Record, DXCC 
Countries Lisi. WAS Record, ARRL Message 
Form. Ready Reference Information. A composite 
aid Ending Signals. Time Conversion. Phonetic 
Alpl:tabets, RST System and Steps in an 
Emergency, Emergency Referen,:e lnformalion. 

A· I Operator Oub 

The A·I Operator Club should include in Its 
ranks every good operator. To become a member, 
one must be nominated by al least two operato~ 
who ab-eady belong. General keying or voice 
technique, procedure, copying ability , judgment 
and courtesy aU count in rating candidat.:s under 
the club rules detailed at length in Opera tint an 
Amateur Radio Sia/ion. Aim to make yourself a 
fine operator, and one of the~ days you may be 
pleasantly surprised by an invitation to belong to 
the A·l Operator Club, which carries a worthwhile 
certificate in its own right. 

Brau Pounders League 

Every individual reporting more than a 
specified minimum of official monthly traffic 
total.~ is given an honor place in the QST listing 
known as the Brass Poundel'Ti ~ague and a 
certificate to recognize his performance is fur• 
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nished by the SCM. In addition, 11 BPL Traffic 
AWOTd (medallion) i11 given to individual amateurs 
working at their own stations after the third time 
they "make BPL" provided it is duly reported to 
the SCM and recorded in QST. 

Public Service Honor Roll 

A new listing, supplementing the BPL, was 
staned in 1970. ll takes into account the many 
public service functions of amatellil! in addition to 
the handling of record messages. Points can be 
claimed for checking inlo and participating in nets, 
for serving as net control stations, as liaison 
between nets, for handling phone patches, far 
making BPL, for handling real emergency traffic 
and for seIVing as a nel manager. Each such 
function has II maximum number of points per 
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monlb so that nobody can make the PSHR by 
performing a single type of function, except 
handling emergency traffic. Versatility in public 
sen,ice is encouraged and rewarded. Sec QST for 
details. 

Old Timers Club 

The Old Timen aub is open lo anyone who 
holds an amateur call at the pre!ICnt time, and who 
held an amateur license (operator or station) 
20-or-more years ago. Lapsc5 in activity during the 
intervening years are permitted. 

If you can qualify as an "Old Timer," send an 
outline of yo111 ham career. Indicate the date of 
your first amateur license and your present call. If 
eligible for the OTC, you will be added to the 
roster :ind will receive a membership certificate. 

INTERNATIONAL PREFIXES 
AAA-ALZ 
AMA·AOZ 
APA·ASZ 
ATA•AWZ 
AXA·AXZ 
AVA-AZZ 
BAA·BZZ 
CAA-CEZ 
CFA-CKZ 
CLA-CMZ 
CNA-CNZ 
COA·COZ 
CPA-CPZ 
CQA-CRZ 
CSA·CUZ 
CVA-CXZ 
CVA-CZZ 
OAA·DTZ 
OUA-OZZ 
EAA-EHZ 
EIA-EJZ 
EKA-EKZ 
ELA-ELZ 
EMA-EOZ 
EPA-EQZ 
ERA·ERZ 
ESA-ESZ 
ETA•ETZ 
EUA-EWZ 
EXA-EZZ 
FAA-FZZ 
GAA-GZZ 
HAA·HAZ 
HEIA·HBZ 
HCA-HOZ 
HEA·HEZ 
HFA-HFZ 
HGA·HGZ 
HHA-HHZ 
HIA-HIZ 
HJA-HKZ 
HLA·HMZ 
HNA-HNZ 
HOA-HPZ 
HQA·HRZ 
HSA-HSZ 
HTA-HTZ 
HUA-HUZ 
HVA-HVZ 
HWA-HVZ 
HZA·HZZ 
IAA-122 
JAA-JSZ 
JTA•JVZ 
JWA-JXZ 
JVA-JVZ 
JZA-JZZ 
KAA-KZZ 
LAA-LNZ 
LOA-LWZ 
LXA-LXZ 
LYA·LYZ 
LZA-LZZ 
MAA-MZZ 
NAA·NZZ 
OAA-OCZ 
OOA-002 
OEA-OEZ 
OFA-OJZ 

Unltecs States of A merlca 
Spain 
Pakistan 
India 
Commonwealth of Australla 
Argentine Republlc 
Chlnil 
Chlle 
Canadil 
Cuba 
Morocco 
Cuba 
Bollvla 
Portuguese Overseas Provinces 
Portugal 
Uruguay 
Canada 
Qumany 
Republlc of the PhillDDlnes 
Spain 
Ireland 
Union of Soviet Soclalist Rep. 
Liberia 
Union of Soviet Soclallsl Rep. 
Iran 
Union of Soviet Soclallst Rep. 
Estonia 
Ethiopia 
Blelorusslan Soviet Soclallst Rep. 
Union of Soviet Socia l 1st Rep. 
Franca and French Community 
United Kingdom 
Hungarian People's Rapubllc 
Switzerland 
Ecuador 
Switzerland 
People's Republic of Poland 
Hungarian People"s Republlc 
RSDUl>llc of Haiti 
Dominican Republic 
Republlc of Colombia 
Korea 
Iraq 
Republlc of Panama 
Republlc of Honduras 
Thailand 

~~cpa~~?1~aof El Salvador 
Vatican City State 
France and French Community 
Saudi Arabia 
Italy 
Japan 
Mongolian People"s Republlc 
Norway 
Jordan 
Western New Gui naa 
United States of America 
Norway 
Argentine Repu bllc 
Luxembourg 
Lllhuilnla 
People's Republic of Bulgaria 
United Kingdom 
United States of America 
Peru 
Lllbanon 
Austria 
Finland 

OKA-OMZ 
ONA-OTZ 
OUA·OZZ 
PAA-PIZ 
PJA-PJZ 
PKA·POZ 
PPA-PYZ 
PZA-PZZ 
QAA-QZZ 
RAA·RZZ 
SAA-SMZ 
SNA·SRZ 
SSA-SSM 
SSN-STZ 
SUA-SUZ 
SVA-SZZ 
TAA·TCZ 
TDA-TDZ 
TEA-TF7 
TFA·TFZ 
TGA•TGZ 
THA-THZ 
TIA·TIZ 
TJA-TJZ 
TKA-TKZ 
TLA-TLZ 
TMA·TMZ 
TNA-TNZ 
TOA-TQZ 
TRA·TRZ 
TSA·TSZ 
TTA•TTZ 
TUA-TUZ 
TVA-TXZ 
TVA-TVZ 
TZA-TZZ 
UAA·UQZ 
URA-UTZ 
UUA-UZZ 
VAA·VGZ 
VHA-VNZ 
VOA-VOZ 
VPA-VSZ 
VTA-VWZ 
VXA•VVZ 
VZA·VZZ 
WAA-WZZ 
XAA-XIZ 
XJA-XOZ 
XPA-XPZ 
XQA-XRZ 
XSA·XSZ 
XTA-XTZ 
XUA·XUZ 
XVA-XVZ 
XWA-XWZ 
XXA·XXZ 
XYA-XZZ 
VAA-VAZ 
YBA-YHA 
YIA-YIZ 
VJA-YJZ 
VKA-VKZ 
YLA-VLZ 
YMA-YM2 
VNA-YNZ 
YOA-YRZ 
YSA·YSZ 
YTA-VUZ 

Cze<:haslovakia 
Belgium 
Denmark 
Netherlands 
Netherlands Antilles 
Republic of Indonesia 
Brazil 
Surinam 
!Service abbreviations! 
Union of Soviet Socialist Rep. 
Sweden 
People's Republlc of Poland 
United Arab Republic 
Sudan 
Arab Republic of Egypt 
Greece 
Turkey 
Guatemala 
r.nicta Rica 
Iceland 
Gualemala 
France and French Community 
Costa Rica 
Republic of Cameroon 
France an<l Franch Community 
Central African Republic 
France and French Community 
Republic of Congo (Brazzaville) 
France, French l:om mu nlty 
Republic of Gabon 
Tunisia 
Republic al Chad 
Republic of the Ivory Coast 
France and French Community 
Republic of Dahomey 
Republic of Mall 
Union of Soviet Socialist Republics 
Ukrainian Soviet Soclallst Rep. 
Union of Soviet Socialist Re1>ublics 
Canada 
Commonwealth of Australia 
Canada 
British Overseas Territories 
India 
Canada 
Commonwealth of Australia 
United States of America 
Mexico 
Canada 
Denmark 
Chlle 
China 
Republic of the Upper Volta 
Khmer Republic 
Viet Nam 
Laos 
Portuguese Overseas Provinces 
Burma 
Afghanistan 
Republic of I ndonesla 
Iraq 
New Hebrides 
Syria 
Latvia 
Turkey 
Nicaragua 
Roumantan People"s Republic 
Republic of El Salvador 
Yugoslav la 



YVA-VYZ 
VZA-YZZ 
ZAA-ZAZ 
ZBA-ZJZ 
ZKA-ZMZ 
ZNA-ZOZ 
ZPA-ZPZ 
ZQA-ZQZ 
ZRA-ZUZ 
ZVA-ZZZ 
2AA-2ZZ 
3AA-3AZ 
3BA-3BZ 
3CA-3CZ 
3DA-30M 
3DN-30Z 
3EA-3FZ 
JGA-3GZ 
3HA-3UZ 
3VA-3VZ 
3WA-3WZ 
3XA-3XZ 
3VA-3YZ 
3ZA-3ZZ 
4AA-4CZ 
40A-41Z 
4JA-4LZ 
4MA-4MZ 
4NA-40Z 
4PA-4SZ 
4TA-4TZ 
4UA-4UZ 
4VA-4VZ 
4WA-4WZ 
4XA-4XZ 
4YA-4YZ 
4ZA-4ZZ 
5AA-5AZ 
5BA·5BZ 
5CA-5GZ 
5HA-51Z 
5JA-5KZ 
5LA•5MZ 
5NA-50Z 
5PA-5QZ 
5RA·5SZ 
5TA-5TZ 
5UA-5UZ 
5VA-5VZ 
5WA-5WZ 
5XA•SXZ 
5YA-5ZZ 
6AA-6BZ 

Venezuela 
Yugoslavla 
Albanla 
British Overseas Territories 
New Zealand 
British Overseas Terrltorl• 
Paragu,1y 
British Overseas Territories 
Republic of south Africa 
Brazll 
Great Britain 
Monaco 
Mauritius 
Eauatorial Guinea 
Swaziland 
FIJI 
Panama 
Chile 
China 
Tunisia 
Viet Nam 
Guinea 
Norwar, 
Peoples Republic of Poland 
Mexico 
Rapu blic of the Phlll ppl nes 
Union of Soviet Soc:lallst Rep. 
Venezuela 
Yugoslavia 
Ceylon 
Peru 
United Nations 
Republic of Haiti 
Yemen 
State of Israel 
I ntarn,1t1onal Clvll Aviation Org. 
State of Israel 
Libya 
Republic of Cyprus 
Morocco 
Tanzania 
Colombia 
Liberia 
Nlgerl,1 
Denmark 
Malagasy Republic 
lslamlc Republic of Mauritania 
Republic of the Niger 
Togolese Republic 
Western Samoa 
Uganda 
Kanya 
Arilb Republic of Egypt 

6CA-6CZ 
6DA-6JZ 
6KA-6NZ 
60A-60Z 
6PA-6SZ 
6TA-6UZ 
6VA-6WZ 
6XA-6XZ 
6YA-6VZ 
6ZA-6ZZ 
7AA-71Z 
7JA-7NZ 
70A-70Z 
7PA-7PZ 
7QA-7QZ 
7RA-7RZ 
7SA-7SZ 
7TA-7VZ 
72A-7ZZ 
8AA-BIZ 
8JA-8NZ 
80A-80Z 
8PA·8PZ 
BQA-BQZ 
8RA-8RZ 
8SA-BSZ 
8'TA-8YZ 
8ZA-8ZZ 
9AA-9AZ 
9BA·9DZ 
9EA-9FZ 
9GA-9GZ 
9HA-9HZ 
91A-9JZ 
9KA-9KZ 
9LA-9LZ 
9MA-9MZ 
9NA-9NZ 
90A-9TZ 
9UA-9UZ 
9VA-9VZ 
9111A-9WZ 
9XA·9XZ 
9YA-9ZZ 
A2A·A2Z 
A3A-A3Z 
A4A-A4Z 
ASA-ASZ 
A6A-A6Z 
C2A-C2Z 
CJA-CJZ 
L2A-L9Z 
S2A-S3Z 

Syria 
Mexico 
Korea 
Somalia 
Pakistan 
SucUln 
Rap u bllc of I h • sen e,gal 
Malagasy Republic 
Jamaica 
Liberia 
Indonesia 
Japan 
South Yemen Popular Republic 
Lesotho 
Malawi 
Algarla 
Sweden 
Algeria 
Saudi Arabia 
Indonesia 
Japan 
Botswana 
Barbados 
Maldive Islands 
Guyana 
Sw■den 
lndla 
Saudi Arabia 
San Marino 
Iran 
Ethiopia 
Ghana 
Malta 
Zambia 
Kuwait 
Sierra Laona 
Malaysia 
Nepal 
Republic of Zaire 
Burundi 
Sln9apore 
Malaysla 
Rwanda 
Trinidad and Tobago 
Raoublic of Botswana 
Kingdom of Tonga 
Oman 
Bhutan 
United Arab Emirates 
Republlc of Nauru 
Prlnclpallty of Andorra 
Ar11entlna 
Bangladesh 

ABBREVIATIONS FOR CW WORK 
Abbreviations help to cut down unnecessary transmission. However. sarlly when working an operator of unknown experience. 

AA All after NW AB All before OB ABT About OM AOR Address OP-QPR AGN Again OT ANT Antenna PBL BCI Broadcast Interference PSE BCL Broadcast listener PWR BK Break; break me; break In PX BN All between; been A BUG Semi-automatic key RCO C Yes RCVR (RX) CFM Confirm; I confirm REF CK Check RFI CL I am closing my 5tallon1 eall RIG CLO-CLO Called; calling RPT ca Calling any ,talion RTI"V CUD Could SASE CUL SH you later SEO CUM Come SIG CW Continuous wave (I.e., radiotelegraph) SINE OLO·DLVO Delivered SKED DX Distance, foreign countries SRI ES And, & SVC FB Fine business; excellent TFC GA Go ahead (or resume sending) TMW GB GoocJ-by TNX-TKS GBA Give better address TT GE Good ev11nlng TU GG Going TVI GM Good morning TXT GN Good night UR·URS GNO Ground VFO GUO Good VY HI Th• telegraphic laugh; high WA HR Here; hear WB HV Have WD-WDS HW How WKD-WKG LIO A poor operator WL MA MILS MIiiiamperes WUO MSG Mesuge; prefix to radiogram WX N No ><MTR (TX) Ncs Nat control station ><TAL NO Nothing doing ><YL (VF) NIL Nothing; I have nothing for YOU YL NM No more 73 NR Number 88 

make It a rule not to abbreviate unneces

Now; I resume transmission 
Old boy 
Old man 
Operator 
Old tlm11r1 old top 
Preamble 
Please 
Power 
Press 
Received as transmitted; are 
Received 
Receiver 
Refer to1 referring to; reference 
Radio frequency Interference 
Station equipment 
Repeat; I repeat 
Radlotalatype 
Self-addressed, stamped envelope 
Said 
Sl11nature1 signal 
Oparator'1 p■nomtl Initials or nickname 
Schedule 
Sorry 
Service; prefix lo ,ervlce massage 
Traffic 
Tomorrow 
Thanks 
Thll 
Thank YOU 
T•lavlslon Interference 
Text 
Your. you're, yours 
Varlabl•frequency oscillator 
Very 
Word after 
Word before 
Word; words 
:~ri~•!,111worklng 
Would 
Weather 
Transmitter 
Crystal 
Wife 
Young lactv 
Bmt regards 
Love and kisses 
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A Opt!ratinx an Amateur Radio Station covers 1he 
details of practical amateur operating, In it yw 
will find information on Operating Practices, 
Emergency Communication, ARAL Operating 
Activities and Awards, the ARAL Field Organiza
tion, Handling Messages, Network Organization, 
"O" Signals and Abbreviations used in amateur 
operating, and other helpful material. It's a handy 
reference that will serve to answer many of tt,e 
questions concerning operating that arise during 
your activities on the air. 

• Pub/it: Se,vice Communications is the "bible" of 
the Amateur Radio Public Service Corps. Within ill 
pages are contained lhe fundamentals of operation 
of the Amateur Radio Emergency Corps IAREC), 
the National Traffic System (NTSI. and the Radio 
Amateur Civil Emergency Service IRACESI, in• 
eluding diagrams of how each is organized and how 
it operates. The role of the American Red Cross 
and FCC's regulations concerning amateur opera
tion in emergencies also come in for some special 
attention. 

The two publications described above 

• may be obtained without charge by 

any Handbook reader. Either or 

both will be sent upon request. 

AMERICAN RADIO RELAY LEAGUE 

225 Main Street 

Newington, CT 06111 

Please sand me, without charge, the following: 
0 OPERATING AN AMATEUR RADIO STATION 
0 PUBLIC SERVICE COMMUNICATIONS 

Name .......................••.....•••••••.••..•..•................•......• 
(Pl•o•• Prlnl) 

Addrets ............•..•..•.....•..••••••••••••••.•...••..... , , . • • • • . • • • . • , , 

•••••••••••••••••••••• ' •• t ••••••• " ••••••••••••••••••••••••••••••••••••••••• 

Zip 



Chapter 25 

Vacuum Tubes 
and Semiconductors 

For the convenience of the designer, the 
receiving-type tubes listed in this chapter arc 
grouped by fdamenl voltages and construction 
types (glass, metal, miniature, etc.). For example, 
all miniature lubes are listed in Table I, all metal 
tube5 are in Table II, and so on. 

Transmitting tu bes arc divided into triodes and 
telrodes-pcntodcs, then listed according to rated 
plate dissipation. llris pennits direct comparison of 
rating,; of tubes in the same powe1 classification. 

For quick reference, all tubei arc listed in 
numerical-alphabetical order in the index. Types 
having no table reference are either obsolete or of 
little use in amateur equipment. Base diagrams for 
these tu bes are listed. 

Tube Ratingi 

Vacuum tubes He designed to be operated 
within definite maximum (and minimum) ratings. 
These ratin~ are the maximum safe opcrating 
voltages and currents for the electrodes, based on 
inherent limiting factors such as pennissible 
cathode temperature, emis~on, and power dissipa
tion in electrodes. 

In the transmitting-tube table~. maximum 
ratings for electrode voltage, current and dissipa
tion are given separately from the typical operating 
conditions for the recommended classes of 
operation. In the receiving-tube tables, ratings and 
operating data arc combined. Where only one set 
of operating conditions appears, the positive 
electrode voltages shown (plate, screen, etc.)~. in 
general, also the maximum rated voltages. 

r-or certain air-cooled transmitting tubes, there 
are lwo sets of maximum values, one designated as 
CCS (Continuous Commercial Service) ratin!,~. the 
other ICAS (lntcnnittcnt Commercial am.I Amu
teur Service) ratings. Continuous Commercial 
Service is defined a.~ that type of service in which 
long tube life and reliability of perfonnance under 
continuous operating conditions are the prime 
consideration. Intermittent Commercial and Ama
teur Service is defined to include the many 
applicatiollll where the transmitter design factors of 

minimum size, light weight, and maximum power 
outpal are more important than long tube life. 
ICAS ratingli arc considerably higher than CCS 
ratings. They perm.ii Ille handling of grca1er power, 
and although such use involves some sacrifice in 
tube life, the period over which tubes give 
satisfactory performance in lntcnnittent service 
can be extremely long. 

The plllte dissipation values given for transmit
ting tubes should not be exceeded during nonnal 
operation. In plate modulated amplifier applica
tions, the maximum allowable carrier-condition 
plate dissipation is approximately 66 percent of 
the value listed and will risl! lo the ma.ximum value 
under 100 percent sinusoidal modulation. 

Typical Operating Condilions 

The typical opcr.iting condition~ given for 
transmitting tube• rep1cscnl, in i\em:ral, maA.U.1111111 
ICAS ralin~ where such rating5 have been given by 
the manufacturer. They do nol represent the only 
possible method of operation of a particular tube 
type. Other values of plate voltage, plate cum:nt, 
etc., may be used so long as the maximum ratings 
for a particular voltage or current are not 
exceeded. 

Detailed infonnation and characteristic curves 
are available from lube and semiconductor 
manufacutrers, in book~ sold thmugh radio dealers 
or direct from the factory. 

Semiconduc ton 

The semiconductor tablufation in this chapter is 
restricted to some of the more common diodes and 
transistors. The units listed were selected lo 
represent those types that are useful for rnoH 
amateur radio experimental applications. These 
diodes and transistor.; were chosen for their low 
cost and availability. Mo~t of them can be obtained 
from the large mail-order houses or from the local 
manufacturer's distributor. Because then: arc 
thousands of diode and lr.msistor types on today's 
market, this list is by no means complete. 

INDEX TO TUBE TABLES 

I - Miniature Receiving Tubes .. ••.• .•.. 
II - 6.3-Volt Metal Receiving Tubes., , . 
III-6.J-Volt Glass Tubes, Octal Ba~es. 
IV- Control and Regulator Tubes .••.•. 
V - Rectifiers •••••..••••..• , .• , •• , , .. 

V16 
Vl8 
Vl9 
Vl9 
Vl9 

VI - Triode Transmitting Tubes 
VII - Multigrid Transmitting Tubes .. , 
VIII - Semiconductor Diodes ..••••.•. , •• 
IX- Semiconductors , , • , , • , , , •••••.. • •• 

Vl 

V20 
V22 
V24 
V24 

I 
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Base Diagrams vs 
E.I.A. VACUUM-TUBE BASE DIAGRAMS 

S...,,•1111 ••-II•• e•ftW!•pa- I• t .. ·••• -•■--•••• -- I■ 111111 ••••- ........... I ■••- I■ 111111 1l ■11,A111IIII 1111....11111111 1 ■ 11111111. 
l•H•• •••• .. 111■• ■ lh1'■a1 .. •••· T■t•l■al ••111■•11•• ■11 • lall■•• ! 
A - ~ D - D111l111dl■1 Pl■ I• IS - lat111,.al Shiald ■C - R■7-C■a11■I r.1 ... 11■•• 
■ - ••• F - Ptl•--•• X: - C111IIOM ■d - a.AM,., 
■ P - ■•,••• Pia FIi - F■-a■ llett. NC - No C.-1•■ I - s••II 
■s - •••••--- c -cr1o1 • =Pl■ .. 111.""""1 r.1-,_. 
C - Esl. Co■Ua1 B - a •••• , P1 = S1111rtH-.&-..t. U - U.it 
CL - C.IJ111rtal' IC .a::::.a l ■IHn■ I Caa. P■• ~ ••• Pl■••• --= Ga1-Tfpi1 Tat. 

A.lpll ■ belliral 111b.,.rtph D. P. T ••d BX lmtlr■ I•. ,.._..itU••b• diode 111111. P••••h 1111Jt. ltt■ .. 111 unll ar heseda nnh H:11 m11hl 0 

a.all .,,... Sula,..,j .. Cl 1adJ1tale1 1111 ■ .. 1111111 ., IH■lH l■p. 
C..111r■ IIJ •baa tba N111. l pin of • m11t111l•l)'P1 l ■be la Tabla JJ. with 1:he n.-aptJ■n of ■U 1rlotltt11 la 'lhow■ raanerled to Iha 

•••II. 11,. Ne, I •I• la Ille 1lm1 jC • CTI •4ul••l•n1 It Hnna<lod la ■n lnl•m■ I ■ blold, 
• Oa 12AQ. 12AI Hd HCT: iadn = l ■ r■• la■; • c plu nll oil 

tAG 2 2N 2T u lei 

'Ml 3N 4&8 UC: 

4AJ 4.(1' 

•• 488 48C 411.1 480 4BU 

• 

~ o4CI 4011 4CK 40 

CG 4H •J 411 

4P 4S ., 

!!,,I IU MC 



V6 Chapter 25 

TUBE BASE DIAGRAMS 

!!AG 5AK 5AP 

!!AS 5AW 5AY 5AZ 58 

* 511A 5B8 !!BF 

~ 
r>BG aeo 590 &BS 

eeu ,az 5C 5C8 

!!CF SD SE 5F 5J 

11K 51. 5M 50 5R 5S 

!IT 511 5Y 6A 6AA 

IAD 6.AE 



Base Diagrams V7 

TUBE BASE DIAGRAMS 

Bollom rie•• an, 1hawn4 Termlaal deal1111e1lom o.a 1o,rlket1 •"' alnn an pip V&. 

6AR &AU 6AX 

68 6BA 68G 611H 

* 
. 

• 
6 68N 680 fill# &Bl( 

6C 6CA &CB 6CE BCG 

6CH &CK 6CN 60 6E 6f 

6G 611 8J 6K 6L GM 

6Q 6R BRA 65 6T 6W 

6lC ez 711 7AA 7AB 

7AJ 



vs Chapter 2S 

TUIIE BASE DIAOIAMS 

Baltam •Jew■ ■N abewn . Termin■ I drlip■lian, oa ■ ac:k■II ■ r• pnn on P■1r \' 5. 

7AL TAO 

TAU 7AZ 111 

TU 78C 780 

7BH 78J 78k 78M 7BN 

180 785 

TC 7CA 7C8 7CC 7CE 

TCJ 1CL 

1CQ 1CU 7CV 1'0( 10 

101 TDC 70£ 7Df' 7DH 



Base Diagrams V9 

TUBE BASE DIAGRAMS 

7DT 7rNI 7E 7[A 7EG 7EK 

$ I 

(\ 

7EW 7f 71'1! 7'N 

7FP 70 7GA 76K 7GII 

7J 7K 7L 

7S 7T 7U 7V 7W 

8A SAA 8AB BAC HAE BAF 

8AG BAJ BAN 

BAU 8AV BAW BAX 

BB 884 880 88£ 88F 



VlO Chapter 25 

TUIE I.ASE DIAGRAMS 

Balla• wi••• UI! 1.lr.■••· Term6■al d•dp■liam •• ••t•••• an afi'N!n an P•I• VS. 

8BK BBL 88$ 8BU 

8BV eew 88Y 8BZ BC ace 

8C0 ICS 

8CT IOU IE BEX BEZ 

BF 8FP BFV Ill BOS 

8M BJB 8JC 

8K0 BKS BL BN 80 10 

8R .. BT au av IW 

ax .., az IA 9AA 9&8 



Base Diagrams 

MC 94[) 

9AM 

9AZ 

98G 

9110 

98X 9BY 

,co flCf 

9CY !ICZ 

IOP 9DR 

TUBE BASE DIAGRAMS 

... _. 
... ' 

I\ 
9A[ 

9AQ 

98A 

9BJ 

985 

982 

9CG 

90S 

QAG 

988 

99.J 

9C 

IDT 

Vll 

~ 
SAS BAT 

IBC 980 

!Ill. 

98W 

9CA 9C8 

flCT 

90J 

~ 
IIDW !10)( 



V12 Chapter 25 

TUBE BASE DIAGRAMS 

Bottom vlews are shown. Tenninal de.Janatlons on 1odcet:i are glvm, an page V5. 

9DZ 9E 9£C 9ED 9EF 9FG 

9EN 9ER 9ES 9EU 9EW 9F 

9FE 9FG 9FH 9FJ 

!IFN 91'T 9FX 9FZ 9G 9GC 

9GE 9GJ 9CK 9GR 

9H 9HF 9HN 9HR 

9H2 IJ 9JC 9JO 

9 JF 9M 

9KA 9K'T 9KU 9L 



Base Diagrams V13 

TUBE BASE DIAGRAMS 

Bottom vle,111 are 1bown. Teoninal designaliom 1111 sockeb and • meaning am g,veo on page VS. 

9LJ< '9LS 9KV 9M 

, .. s 9NZ 

9PB 9PM 9PU 10 

90L 90P 9R 9S 9T 9U 

9V BX gy 9Z 11A IIB 

nc IIJ llll IIN 

IIT nv 128F 

128J 12B0 128W 12BY 12CA 

12[ l2EU l2f'8 



V14 Chapter 25 

TUBE BASE DIAGRAMS 

Bottnm view• are ahown. Terminal desi;tnanml!I on socketa are Iii._ on page VS. 

12J 12T 10 

148 ME 14G 14 J 14~ 

., 

14R 14S FIG 2 

• 

c~ 

ncu ,U◄ flG.5 -· n;_ 7 nu 

.. 

* IC 

'I 

, ... FIG.IC FI0.13 FIG..14 

-... FIG. Mi 
F18.,;; 

FIG. 18 FIG. Ill FIG.20 

•$, 
FIG, 21 FIG. 22 FIQ,23 FIG.24 FI0.2~ 

• • :m • ◄ 

FIG.U FIG.ZS FIG.29 FIG.30 FIG.31 

, 

ff) .. 
FIB.33 FIG.34 FI0.3!1 FI0.36 ~IG.57 FIG.38 



Base Diagrams 

TUBE BASE DIAGRAMS 

Bottmn views are shown, Terminal di,signatiaru on soclcet:s are glv,,o on page VS. 

FIG.45 

FIG 57 

• 

FIG. 

AG 69 

FI0.75 

FIG.40 

-~"' 

~ 
flQ.46 

FIG.02 

FIG. 58 

¼ , 
FIG. 64 

FlG 7'0 

FIQ.76 

FIG.Bl 

FIG,41 

...... 

FIG.47 

~ , , 
FIG 53 

FIG.59 

.. 
FIG. 65 

FIG. l'1 

-<v· 
P'IG. ?7 

FIG.42 

FIG.40 FIG.49 

·* r ' .. 
FIG. ~ FIG 55 

., 
Fl6.60 FIG. 81 

FIG. 66 FIG. 67 

FIG 72 l'IG. 73 

~ 
• .. .. 

. 
, , ~« 

FIG. 18 ,:"JG. 79 

V15 

FlG. 44 

FIG.50 

. ·m "C. I - 4, 

FIG 56 

FIG. 62 

.. 
flG. 68 

FIG. 74 

FIG. 86 



V16 TABLE 1-MINIAIUIE RECEIVING TUIIS 

Fil. a, Cap■ cll■nlCH - 111 ] Heata, pr > I r,pe N■ ffllll 811H .. 
i~ 11 

0 H \. 0 l!! .;; .... .Ii la t~ ]i V Amp, c,. Cri.1 c,. ~l ... J!::: in ma 
"'iil .. ,. c .. :i::0 

UF41 Ullf - Triodt 
A,,.... 

JDK 53 0.225 2i ~ ll 19 IIO l'.ill' - - 1.6 2.21K ..... 15 - -

°"·!I'll"'"' 100 10~•.J - u . .c• TJ - - - - -
aus Sha1p Cut-olf Prnt. 78D 6.J O.l 6.5 I.a 00.l 

2'ill 180' 150 lD LI 1<n• llDI - - -
I~ :IIO" [1111 1.4 4.!I ~~- 4:s! -

UHi Slarp Cut-at! Pant Amp. 
IU 6.l 0.45 10.0 /.0 o.o; DJ ,..,- l!iCI ·-~ 10 :,w, -u - -

Pen!. lncd, Amp. 15n" (!ij• - - (fl l.6K J,K 40 ·- -
UJI Uhl Triode !RX 6.3 0.125 4.4 0.16 2.4 125 68' - - 16 c.ix ! □ K 42 - -

180 100' 120 2.4 7.1 690K 5100 -- - -
IUI Sharp c,t .. ff !'on! 180 6.l o.m 4.0 1.8 o.oi 150 llO' \4U u I 420K 4300 - -

f,0 m~ 1111 2..1 1., 34!JK 5!nl -
u•I t'Wr. Ame t'an! , .. 6.l 0.1!1 J.6 u 11.11 !Ill - 9 11!11 H I~ n,., ,.u - IO~ u .... D<ill Diodo" IBl 5 .• ~3 - - - Ma1. mnvaltal' -117. M.!ll. i!C!luf utrurr~ -9mA.1 
u■ I Ulrf Tlllld1 SIi Si a.us tA OJ! 2.1 150 100· - - 71 l~K ll.lJ 90 - -
UNI s .. m Pwt. Pont 110 6,_j 0 45 ~-□ u UW!I 120 120' l2ll 12.0 l! 12.5K l!D'.Kl - 2.5K l.l 

UNIII Mi!!l,um-• Triode 101 6.l 0.45 
2.0 'i.1 u 200 -6 - - ll 5.15, llOO - - -

Share [;Uf-Gff P,n, . 17.0 -n u.o~ llll 11ro· 1:,0 2.H 9,5 30K £200 - - -

81D111 Beam Pwr. Pont. 78Z 6.J 0.45 B.3 B.2 0.31 IHD --H.5 l!l;l l / 4 JD' ;!IK JIUU !§I S.5K 2.0 
2511 -12.5 rn (.5// 47 52K 4IOU 49 5K 4.S 

HQI Ou,I Diode - lBT ,.l GJI I.) I.I IZ 
Jill -1 - - OS 6JK mo IU - -

Hi2h -, Tr~ 2111 - 1 - - I 52K i200 IU - -
UAS Pirr.Am, P.n:. &l:C ~. o.~ 7:,U -1!1.5 ,:,u ;.1110 j~• 6~k 24m J,i• 7K l2 - - - 2l0 - ii 2:,U H / 10 Il' al!K ,_, l2' 1.bK l.4 .... SllillJI CUI ·DW Ponl. ICM 6.l o.m 1 ' l 01 12!1 -2 120 J.5 ~ IIDK jllJU - - -
!Ill Duple1 Dicdl- ~iii·• TriO<Je 18T 6i OJ 2.J I.I Z.l 2:,U - J - - I 111K ]2jJ] 10 - -
UUBAI Sharp C•l-clfPonl . 78K n O.l 5.5 5 0.0035 250 68' 150 4.J 10.6 I meg. 51tll - - -
IAY8 Dual D10d,- Hl1h-, Trlofle IBT u 0.3 1.1 O.i 2.0 250 - 1 - - 1,1 625K 1600 lilil - -
WI Medium-. T,iM, 

!ED ~-1 045 2 \1 1.7 700 -6 - - ll 5.ISK 3300 19 -· -
SemiremOI! Cii! -(1!'1 f>@n t 61 u. U.[fl 2W II' l:,U l 95 JWK HUI - - -

1111 P.t?1tu111 un -nn Ptnt. /Bl u 11.l ,., I o:liil51 ,:,u ! • IW ,.2 ll - me-2. -~ 
IHI .-entui:nel [-Cn\l . IC1 6.1 o., I!< lOt.ll 2:,U . IW 10 J.! 1mm. ~:,u -· - -
.. L um W'IN11t.1m-... Tt1odr !OR ,., >I) z.~ □-6 l.i 1;o IC' ·- ,,.s UK IOK JB - -.... Penialllld [A)MY. lCH 6.J D.J I ,~, 101nl 2:,U - .5 100 u 2.9 ln>ef. .15 - - -

18Eilt Med,wn·• Tiiod• 
!EG 6.l 0.45 

2.1 1.5 l.i 150 5£' - - \8 SK Bsal in - -
Sharp Cul-off Ponl. 1.4 2.6 U.04 250 61' IIU J.5 Iv 400K 5200 - .. -

IIFl !leam ""'· AmP. 7H2 6.l i.2 IC 6 U.15 110 -1.5 !JO 4_/] 0.5 w 2K 1500 l6i 1.5K 1.9 .... Dual 1mr.e - ~ti,1ui:-,-_.. Jrio.de Ill l>.J U.l I.B OH I 2,0 - 1 ~-~ g_;K ·"" 16 10K u.3 

'""' Slllrp Cul-0!! Pt,! ICM ol o 1; I \: .t,i: 00035 2:,U -! 1511 2.9 1.4 14 mt&, 4ral - - -

HHI: 
M.~11.1m•w Tno.:lt 

IOI 6J C.6 
i.; 0.38 1.1 150 -5 - - 9,; 51•~ llOO il - -

Slarp CU!-<" t'fllt 7 )l O.Olo 21'.0 r.· 125 .i.4 1; 1:;oK ,ooc - - -
lll11 R:emoui C"l-otf ~nl ICM 6.J 0.1, '5 ;, Dll!.35 '"° -I IW J.3 ,.1 I.J m ... -u 
a,m lriDle U10C11 ... bl o.•; MJI _:a .J rn vel'Sl pl11le vcl!1"e =- J :ti V. Mu. de: tJIJ!t cur~~· ~di C!iOdlll - 1:0 mA. 
111111 uual □redo- Me"um-, lriode BER 6.l 0.6 2.1 O.Jll 26 2511 -9 - - i I.ISK l!IW 2(1 - -..... Dual alcd, ··· Hi,\i., Triode IBT 6:i O.l - ··- - 250 -1 - - 1.2 61.SK 1600 !ill! - -
IBKlB Mmm•• Qu.11 Trloja" IAJ {J 0.4 3 I 1.8 150 56' - - 18 4.6K !JOO iJ - -

HU Triode IDC 6J 0.43 
2.5 1.8 l.S 250 -1.J - - 14 - 5000 10 - -

,...!ad! .., J.l n "" 
2:;o . l.J m , .. l~ ..... ~ 41 - -

IIIU Medit1m-., f1IO(je Jte EJ V.2 l .• l.! I.I flu 710' - - 9 . '" ~ IJ -
l■n1 Gal .. •l!Olm Pnil lDf 6l D..l 4..2 >.l O(c: Ill -1.l H: ) 0 21 - - - ~K -
11■1: IJlDI DIO(lfl- Hi£h- ... T~dt !U .:i D.6 1.6 ~15 Z.5 2"1 -l - - j_; 18K 2500 ID - -
'""' Pwr. i<mQ Pen!, SC~ 5j 0.76 !O.li 6.1 0.5 JOO - 1.l ,OU 10.8 49.5' l!K - - SlK 17' 
nu,A MediLJm-J,t Dual r,m~w 0 BAJ 6.3 0.4 2&5 ,.31 I.I! l!il 220· - - ' ,.!• 6400 l! ·- -

8BR81l 
Medium-, Trlodl 

9FI 6,! 0.45 
l.5 0.4 I.I ]:,0 ~- - - II ;K nu lu - -

Shrlro Cui-en •on!. 5 I.~ o.m 1,0 1111· 11D l.) ID 400K ,,... - - -
IISI Law-Nois! Dull rrlGde 1~ UJ 6] o.: u; DI 1.15 150 210· - - ID SK '"" l6 - -.... Dl.l.11 Tnodt1'" II.I id 04 - - ' LI liS -I - - 9 - 6700 8 - -.... sert111em~lt' C1.11 -on Ptn!. JCII ,.1 O.l 11 1.8 ""- JIil II!!!' :.IO 1.6 II r,o.JK 61 □D - - -
llll M..:_n, lh-.lJual TnCl!t-" Ill u O.l Z.5 iW -c) I~ 2l( - · - 10 5.~• - 13 ·- -.... D"'I Tnod•'• 'Ill • J O.l - - - IZ5 Ill - W' "" -u :s 
IC4 Medium-"' Triodfl IBG b.J 0.1, LB ... I.I "" - ,l - - 10., o~ 7200 iJ - -
,ouAt Sha,n Cul-oil P<nl . •r.M I.J U.l ,., I.~ ouz ,uu 11!1 ' 1511 2.1 9.5 NU • MU - -
BCC5! Rt ~ent. JIU 6.l 0.3 6.l 1.9 O.Dl 200 ]Iii' 150 2.8 u .,,,. DlW - - -
ICO& semlrtmat!I c1.1i.ti1r Plnt. IBK 1:i- 7i:J ! I 0.008 250 -8 ISO 2.l 9 7111~ lllW - - -
Stlir: Mer:l1um-.. ou.11 rrio,fa111 !AJ 6.l O.~ 2.J 11 4 2:,U -8 - - g /JK 2600 ~ - -
ICU P,,.-1. Amp. Pfl!!I UV 6.l 0.65 II ).5 0.:2 2'ill .J :so 1,12 JI' 150K llK • 1500 '.8 .... TrlD<le 1UQ !J O.ll : .1 II O.?Z iD 0 - - s ! HR 12.SK oil - -
ICII Medium-., Triod.~ 

IOI 6.l 0.15 
L1 l'.M 

,. 11<1 150' - - 9.1 8.7! ~ !O - -
si..111 Cut-cl! Pen! • -.I 0.0b 200 lill' 125 ).2 Zl '"" ]DK - - -

ecr, ShatD Cll!-o~ Te!rcda 'CW 63 0.1 4.5 J o.w 12:i .. / !II l.5 10 ,,... 
"'"' - .. 

8uJ• T-Nin Tnode 9AJ 6,J Dl6!> l.l Ce 1.4 !ll - l.l - - I I - l2jK lJ - -
111KB sn,111 c;ut -off t'llnl. ICM s.l O,l 6.J TT 0.02 JOO -6.5 1,0 l.! 12 - ,ow - - -
""'" 1.li!ri-., lrlod11 1210 ~.l o.m u I.I .92 ro 0 a- -tUK 11.SK 61 
OU snarp ClJt-0~ Pefl: JEN !l ~.l 5.8 - UUl ISO S6(!• 1111 Z.1 I.I ISllK 615 - - -
IDW! t.m P-..r. Amo ,cK \.j 1.7 a • ii; 1111 -2 ·" Dll 2 53 15~ nu 

llAll 
, ..... 

I.U \ .l ~.45 
3 ~J ., I -l - - ;! ~- ~ (0 

SilalJI Cw\-Gfl P.nl '-' ~ - l~ ' 1/ o• =m -

l!BI HiRh-~ Trio-J!! 
IDI 6) ~-1'.i 

I .,b J - - - ''" ✓- 100 -
Sfl.irp Cul off eon!. I ,.1 D - - I 5K Jl_.:,,:; - - -

IEHI Power Pe-ntcati /CV o.J l.Z I • ; Ill 10 .l~ ;• - ll\ 1.4 
l!HI Remele Cul-oil !'onl . ~•o s] O.J j "' a 10 4_; "" '" -

1£~1 Triode 
916 6,l 041 

'.! ~u I. - - - ,; - ,, 40 - -
Peffl!liirid C!)nw. hr r, o.~ !2l - 1 115 4 i,g~ M, ·- -

IEJI .... ID,u C11t,.ot1 Pan! HO El Q.l \0 l ~)5 200 -n 21)3 4.1 ~ l511K 5K -
ltll Jeb~ lJH 5.J u.l• u l.~ Q.!i lW - 1.1 a Q JD !K 10.SK 1!11 - -



TAIL! 1-MINATURE RECEIVING TUBES-Continued V17 
FU . or Capacitances i1 j H•atar pF > .. 

Type Name Basa >, " 
,: 8~ 'i. i 0 0 =& .. Q. ... . ii j~ 

.. .! . ~.! Q.£ ., . 
V Atnp. c,. C..., c,. -o. 

~~ -;., .. :: ~ E~ 
.. i! .!! a ii:E ~~ .Sc:! C..v, ""' ..... .. ~ 

!ESB Dual TnDd'i' 9 □ E 6.l 0.)65 l.4 1.1 1.9 TIO -11 - - IS - 12.lK ~ - -
e,u, Twin Tri~de n; 6.3 OJ 1.6 0.2 IS 100 I 0.5 811K '"" 11111 

SEU! 
node 9JF 6.3 0.45 5.0 2.6 0.02 150 - - - 1B 5K 8Sll0 ,n - -

Pentode ' l.0 I o 1.7 125 -I m 4 12 80K 6400 - - -
em T1iple Tnod, No. I 

9KA 6.l 0.45 2.6 1¾ 1.5 330 -4 - - 4.2 !l6K 4100 51 - -Triodr !nodes No 2 & 3 .... :ShUII Cut .oft Tehade IIU 63 , 0.1 4.5 3 O!ll 115 I 30 !.5 IO ""'" "'"' 
•ho. f'Vlr. P,nt. !EU 6.l 1.2 18.0 1.0 0.9 110 I.I 110 4 Sil 13K "'"' 1K 1:1 

ICU: Iriod• IAE 6.3 0.6 3.4 i 1.6 2.6 115 I 13.5 SK i VOJII 411 

I Penb>de 8 2.4 0.36 115 -1 m 4.5 12 !~OK 7500 - - -
IGK5 ; H1Rh•a 1rrode lf~ 63 0.18 5 15 a 52 HS I 11.5 "''" l.lK 18 - -
loKi P0wer Pentad~ .6. 6J 0 76 11J 7.0 0.14 75!! ./J 251] .1.5 4l! Jl!K IT11{ -nK .I.I 
, .... Penlode JCM 63 OA w 2.4 0.036 125 125 : H 14 ,..,. llK 

IGNB 
Hi£h•• Trlod, SOX 6.l 0.75 1.~ 0.36 4.4 250 2 l 2 llK ' ,.,., ]I)() 

sna,p cul-off ""'11. tt tz 0. 1 200 - 150 ' 5.5 25 £,1~ !I.SK - - -
8Hi6 I Power P•Jllode ••• lil 0.76 13 8.0 0. 18 ' 2,0 100· 2,0 ti.2 4l) 21K 2ITK - -
m Grounded-Gnd Troode JBQ 6.3 0.4 7.5 3.~ 0. 12 T5ll loo• - - · 15 4.Sl( m 55 - -
IJ&A: Mediu m•u A, Amp.la 

IBF 6.3 □ .4S 2.2 0.4 1.6 ._I~ so• - - 8.S 7.IK J.11nl J!I - -
Dual Tnode ~ ISD a10• - - 4.8 W1K )90,1 k1sc. petlt. voltai: ,-lV 

IKD8 
sharp Cul-off e.nl 

SAE 6.? 0.4 5.0 26 □ 0!5 f1 l I 110 3.5 9.5 lO•lK ~ 

Med1vm .,w iriOCe \5 . 1.B 1.8 TT5 ' - . -· - 13.5 - ISOJ 4□ - -
IKEI 

Med1t1m -.µ T,iode IDC ilZ c; 2A 2.0 l.l [15 68' 13 SOK 1ml 4□ - -
Sharp Cul-off Penl. 5. □ l.4 .015 f2S Jl• 125 2.8 rn l25K 12K - -

6KRI 
Sl,.,p Cul-off Penl 9DX 63 0.15 13 4.4 0.075 ml E!· IOU IO n-_ 5 6l!R lOK - - -
Medium-" Tucde 4.2 3.0 l.6 121 68" 

' - 15 "'" ' llf.ll< " -
BR Ti wemote c,t-ofl P,n\. !PM li.l 0.3 9.S 3 0.19 115 56' m 4.2 II IRK - - -
IKTI 

11i'1h•i,: Triode 9QP 63 0.6 31 1.6 l□ 250 -2 - - 1.8 1\,5K 31110 Hl/1 - -· 
Sharp Cul-off Pent 1., 1.1 0.0,6 m -I 12; H 11 150K !OK - -

8KZ8 
Sbaip Cul -off Panl. 

9FZ 6.1 0.45 S.5 3.¢ o.m m -t m 4 r, 100K 7500 ·- -
IVINlium •,i Triod! 3.2 1.8 1.6 II.I -l 13.5 ~,rJJ 8500 46 - -

6Ui 
Sha1p Cul-off Prnl. 96F 6.! 0.4 5.5 3.4 □.Oil 125 JJ• m J.5 12 11511 13K - - -
Medium •• Triode 1.4 2.0 1.4 125 sa· I ll SK UH> w -

UYB 
HiRh•" Tuode 9DX 6.3 0.15 

16 2.8 3.8 200 -20 - - 1.0 59K J7M 100 - -· 
Sha1p Col-on Pent. 13.0 ¢.¢ u /) 2IJO - 100 l 19 5 60K 1QK - -

■iiUO 
Medi•m•µ Tnode IAE 6.3 J 2.2 t2 JJO a n.s ' .. 6006 ~ 

Sna1p Clll -off Pent 
u.o 

J3;J □ 150 t2 I~ 1!;5M 9000 - - ·-
SH Uhl Trootte l □ K 6.l 0.215 2.6 C.25 II 80 150" ·- 18 1.~• 'iOM 13 

m-i Triple lllccl.-Jnrh·p Triode ~E 6.3 0.45 1.6 I 2.2 
100 -t - - 0.8 >lK IJUJ_ 70 - -
150 .J I 18K 1200 -i□ -

i08At 
Medi11m-u Triod(I 

SH 6.l 0.45 2.5 0.4 1.8 150 56" tB ~ 8500 ~ - -
Sharp J;ul -off Pen\. s 2.6 0.01 ; 150 68' trn J.~ I □ ""'" 5200 - -

!XIA! 
Medium-,.. Triode 9H 6.l 0.45 

2.0 0.5 t.4 100 100· - - B,5 69~ - 1rr -· -
siarp cul-off Penl. 4.J 0.1 0.l!'l 250 100· ISG 1.6 7.i /SOX - - - -

12AB5 Beam Pwr. Amo ~ 9£0 126 0.2 8 8.5 0.1 250 -f1.S 250 1:.-'7 j]l 9:)k 4100 415 ~Jr 4.5 
AB Amp.' 150 .J; 250 S/ 13 19' 60K 1 J)SIJ 70' 1nx• 10-

1!A05 Be.lm Pwr. Amp. ~ 191 12.6 022! 8.3 Bl 0.35 
150 11.5 llO 4.5/J 41' 51K I llf 455 SK 4.1 

AB Amo,> 250 - 11 150 5/13 19' N,_, 71!' !OK• 10 

12AT7 Hi .,, D1111Triod .. , IA 176 , 0.1~ 2.2' 0.5' 1.5' mo 210• - - 3.7 !SK ir fll - -
,;.3 0.3 ' 2.2' 0.4' 1.5' 15!1 10(]• 1D 10.9K 5' ,o - -

12AU7A Medium-,, Dual Triodett 9A 
ti. 015 1.61 o.;• 1.5' lllO a tl.8 6.25K 31 lq_, - -
6.l 0.3 l.61 ""' t.5' 150 B~ rn:s 1.iK w. 17 - -

12AY7 M~ium•p 1'u.tl T, i(.•Ue"" SA 12.6 o.m 3.1' 0.5' l.~• !00 110' 9 6.IK 6100 31 -
6.3 0.45 3.t • 0.4 ' 1.9' 1.0 56' 18 OK '""" 4! -

12AXII High-• A~~ !A 
IH 0.15 t.6' 0.46 I.I' 250 - 2 I.l fil.5K ,~., 1!!a 

Dusi Triode ~rass 7:j 0.3 1.6' □ 14' 111 ;o:i 0 - - 40' - - w Tl,K• 7.> -
12AY7 M<dium-, A,AmR·-- SA 

12.6 0.15 u 0.6 t.3 
ll/J 4 - J - p~n ~n - -

Oudl Triade10 low-u,,el Amp 6.3 0., ~ 2700• l~ te re•l□ r - ' 1 If( Cri d resistor - 0.1 merr V. u. - 12.5 

12AZ7At Hfgh-u Dool Triade1a !A 11.6 o.ns J.1' o.5' 1.9-' 100 210' 3.7 m< 4000 60 -

6.3 0.45 l l.!' 04 1.9' 110 ,□a· ID I0.9K Sffi 60 

12BHIAl Mcdium •.11 Dual Triade10 9A "6 O.J 32' 0 51 2.6' 250 •. JQ.5 11.5 53K 3100 16.5 
6.3 0.6 31' 0.41 2.01 

- - - -

12BYJAl Sharp Cu1- ofl P,ni. 9RF 12.6 '· 0,3 11.1 3 DOSS 150 68· I.IO 6 15 90K 11K 1100 - -
6.J I 0.6 

1,., 8':lm Pwr. Amp. Tll1 lS 0.15 11 El 0.4 110 -•7.5 11 □ J/1 4J• - 5800 401 1.5K t.5 

Su■ , B••m Pwr. Amp. JBZ SD 0.15 ll 6; 0.5 110 - 7.5 110 4.' 8.5 5,F 14K lSni'i 191 2.5K 1.9 
, ... s Pwr. Pent : JCV 50 0.1 I7 9 0.65 110 61· ll5 11 31 llK P.il - 3K i1 
5616 Beam Pl,r. Pen l. 9G 6J 0.35 6.• 8.5 o.n r-,o .I,; 150 31 27' 45K l}M - ~ 21 

5681 Medium-.., Dual Triode10 9H 
11.6 o,s ~· U.o' 4, 120 ., It 1.7K m l!.5 - -
6.l 0.9 41 o.o• 4' 2:,0 -IU 12.5 3K SSll0 lfi 5 - -

5122 Nois~ Cener~tine: Diode see 63 1.5 2.2 - 100 35 - - - -
442/ Hi.!th-1,1 Trtode IV 6.3 OJ 9.0 1.8 0.55 1511 61' - - 26 t.8K 14K 43 - -
15Bll ,.,, Sharp Cul-oH Pen!. 91D 6.3 0.15 i 2.7 2.4 a.rs 250 .J IOI! 0.4 IJ! '""'· 1000 -.... .,..,um -• Dual Tr>0de" BCJ 6..1 035 ; 1 I.I 1.1 100 100' - - % 4.15K 4000 17 - -... , Dua l D10de UT 6.3 0.2 ! Mai . pEek im·erse 1JIB!e voltaee - 360 V. Max. de plate cvrrent eat'h C:1,3de - ln- ;nl:° 

mi l'lir. P,n"d• 9EJJ 6.3 041 6 6 0.4 1-10 15 300 IJK '"'"' .. 

1mA l'lir. Pen1o1e scv 6.3 U /b l0.8 6.5 0.5 1.IO .7.3 250 5.5 48 40K ll.lK - - -

ma Sharp Cul-off 
90A 11 .6 0.195 1 24 U.I llO 12, l.8 !, I/OK 7800 - -

Mec1um-"' Triode l 0.26 l.l llll .] fi OK l SOO 11 - -
liiti YJedium-1,1 Triode ,,.,, 6.3 0.135 l.1 1.6 2,2 75 100' 10.5 '"'"' 11.5K 35 

"' haJJ) cut-~ff Tel. ,,., 6] 011 65 1.4 0.01 12, 68' Sil 27 10 ,,.,. IC.SK 

'""' IRh-,.. Trlacfo ,,., 6.3 0.:-35 4.2 l.7 0:.1 l!D 0 I _., =••· 6l .. ,. ~edium•• Tilode 1,.,, 6.3 0.135 4.0 J.7 21 12 0 5.B 1.6K .,.., lU 



V18 TABLE I -MINIATURE RECEIVIUG TUBIS-CGntlnued 

Fll. or Capultancu j c~ ~ lteater pf :,, 

"" ..., 
Type Namn Base ~ . 

i.. C ¥" t. 0 :el .II"' H !.!! f .. i a ~fl d.! !J V An,p. c,. c. .. c,. • a. E~ ,~ ;;:J ,)I~ .)IE li:E ii:I ,-..., ..... 
80511 Hi•h·µ Triooe 11cT 6.3 o.m ti.O 0.1)16 l.l IJO 41• - - lC - I JK - - -
1393 Med ium-lo' lriod11 ,_,. IJ.o ,.-, 4.4 I.I 1.4 15 me - - n1.; "'" l l.lK 3; 
812! Hi•h• r"rialle 1210 B.3 □ . ID 10 14 1.7 \50 l.JK' - - 0.3 41K 31, 127 7K -
"' PoWet TriOde ""' 6l 0.1 5 6.0 1.2 - !BO 1.2K' - - 20 3K .. , Ill - LI 
Ulllll Sharp Cul -ott l'llnt Jill 6.J D.15 3.6 3 D.01 2SO -3 100 0.7 2 I mer. II~ - - -
!llll Uhl Triode 1U 03 a. 15 I., I.I 1.4 250 -1 - - 6.3 IIAK uoo 2) - -
!Dal Remole Cul-off Pent JBu 6.3 0. 15 3.4 3 0.1 150 -3 100 2.7 6.7 700K 1800 - - -
~DIii Uh l uoode HH ILl a.1; Ma>. ae ,olrag, - 2/1 111 ... de oulPtJI current - t mA. 

l CM!rn lled hB2ter warm-up cliar,eh!n,.fi< 
u Q5dllator i'idl 11a~ or s.::rean•drcppirig r~islor ollm~. 
• Oalbodl!! resistor otlmt. 

- Spac,-<h•'ll• grid. 

1 Per Plsle. 
1 Mulmum-Si8n.a l turrllnl for full-pawu aulput 
'Values an! 101 two 1obB! in push-pull. 
• UnlfSS o!l!erwlse ooled. 

• No s,gnal plat• mA 
• Elll!Cli,e plate-lo-plat• 
1 Triode No. I. 
'Triode No. 2. 

• Ost1llalo1 ind current mA. 
111 Values fer Bach !ec.tlon. 
11 Micri,m~ns. 
11 Through 33K 

TABLE 11-METAl RICEIYING TUBES 
Charachulatlu ulven In" this table apply to all tulllet ha"ing !ype numbers shown, ln,.:ludlna 

metal tub1H, glass h1be1 wllh " C" suffb, and bantam h.1he1 wllh "GT" 1uffJL 
fat "'G" and "Gl"-tuhea not U1ted (n1111t having metal ,rou.nlerparhl, see 1ahles Ill and V. 

Type Name 

ua Pentagrld Con,. 

IICJ Sl•up Cut-all Pent 1152 ... , Pwr. Amg Pent 
m Dual-Diode - !'l!nl. 

A1 Amp.1.1 

AB1 Amp.1, 1 

IFS f'wr. Alllp. Pent 
A1 Amp.I 

A82 Amp.• 

8J5 Medium-µ Trfod! 

lJ7 Sharp Cul- A1 Amp. 
o~ P!nt !J13ed ri,nAl'lor 

6Kl Va1iabl11-j,I ~ Pent. r 

IK! Triode- Woxod• 
Hnod, Conv. ~ 

A Amp•. 
A1 Amp.• 
s.11 Bias 
A1 Amo.• 
fixed Bias 
Ao Amp.• 

IL8-68' Beem s,11 a .. , 
l'Wf. Amp. A1 Amp.I 

Fixed Bia! 
A~ Amu.• sarr t:l1as 
AB, Amp.1 

fixed Bia, 
AB, Amp.' 
Fl.:ced Biu 

m Psnlagrid - ~ MlmAmp. r 

8N1GT c1 .... e B Amp. 1 

Twin ·r,iocie A AmD." 
!QJ Dual D,odo- Hi~h-• Triode 
IR1 Ou,I Oioll1 - T n"O<le 
ISllCT Pon ta2rod Con,. 

6SB1Y Pentagrid C..v. 

ISCJ HiRh·· Dual Tooele' 
6Sf7 Diode - variable•.a Pent 
8S07 Hf Amp Pent 
UH1 Hf Amo. Pent. .. ,,. Sh!IJl Cul-ill! Peril 
na variable-• l'llnl ...... , Dml u...,, _ High•• T_ri_ode .... , Ou,I D(od1 - I 1iode 

A1 Amp.• 
IV86U Beam Pwr. Amp. -

AB 1 Amp.• 

1120 Sharo cu1-on Pent 
1111 Sl•irp Cul-OH Pent. 

• C2fhod11 res1,tor-ohms. 
1 Scn,en lied to plate. 

Fll. ar 
Healer 

Base 

V Amp. 

8A 6.3 0.3 

IH 6.3 0.45 

BY 6.3 D.65 
IE 6.3 0.3 

JS 6.3 0.7 

6U 6.J U.l 

JR 6.3 0.3 

7R 6.3 0.3 

BK 6.3 0.3 

7AC 6.J 0.9 

TT 6.3 0.3 

18 6.3 0.8 

1'1' 6.3 U.3 
TY' 6.3 0.3 
8A1 6.3 0.3 

IR 6.3 0.3 

8S 6.3 a.3 
JU 6.3 0.3 .... ll 0.3 ... li.3 D.3 
IN 6.3 D.3 
IN t.3 U.J 
80 6.3 0.3 
10 ti.3 U.3 

UC 6.3 0.4! 

JR 6.3 O.l 
IN 6.3 0 3 

1 Na cannedron lo Pin No. I rtrr 61..6G. 60/G. 6RGT /G. 
6Sl'll, 6SA7GT/G and SSFS-OT. 

1 Grid bi•• - 2 volt, If '"'parale oS<illaror mila~an is used. 

C:apaclta11r:.es i1 i::~ j pF > 
" s~ "' . . C .;.ij Cl il! .11a. .. . fc ,. ... ... ' .., . !!= ~ .. c-c,. c.., C., ... "l:~ .!!: !~ 5: !i ·~ a:~ ". ,h ii E ~o .... "'"' r,.,c .. ... 

250 -J 100 27 3; 360K 550 - - -- - - E .. (Csc.) 2,o v IJUDURh m~ Grid , .. i,tar (Os~) 50K. 1, - 4 mA. ~. Q O 4 mA. 

11 ·s 0.15 
300 Jtil' 
JIJJ llilJ' 

13 7.5 D.06 llll 3 
6 9 0.005 250 -3 

2,0 ,u 

350 130• 
]50 -38 

6.5 13 0.2 1;o -16.~ 
1!5 - 10 
375 211 
315 340• 

l.4 J.b J.4 250 -

1 12 0.005 
250 -

. 1lD IK" 

1 12 0.005 2:.u -
1;o -I 
150 -3 - - - 100 51lK• 

'"' -,0 

2511 161' 
300 118' 
150 -14 
350 -18 
150 115" 

11.5 9.li 0.9 
vo 125' 

"'" -16 
110 -17., 
360 170• 
3li0 -zz.~ 
l6U -12.5 
3W -18 
360 -22.5 
2:ill -l - - - 250 -6 
300 D - - - 250 -5 

5 3.8 1.4 250 -3 
48 l8 2.4 250 -9 
9.5 12 O.IJ 250 fl' 

100 -1 
9.6 9.2 0.13 250 -1 

250 22K1 

1 3 2 250 -2 
5.5 6 0.004 250 -1 
u 1 Dllll 2!r0 -Z.5 
B.! 7 0.llll 250 -I 
6 1 0.005 250 -3 
6 7 0.003 2:ill 3 
3.2 3 1.6 250 -2 
3.6 2.8 2.4 250 -9 

lllll B.5 
250 125 

10 II 0.3 315 13 
250 -15 
ID -19 

7 12 0005 250 - J 
5.3 61 0005 250 -3 

'Also tioa 6SJ7V. 
3 Values are for single lt1b11 or sedlon 
• v,1ues are mr two tubes in push-pull. 
' Plate-lo- plate ,alue. 

150 LS IO I meo. !Dil - - -
DOK' is Tu I ml!I~. ~ .. 
150 1/9 JO/JI """ II~ - !DK j 

125 2.3 ID """ 
,..,_, - - -

,u'" - 31/34 2.6K 26111 6.8 4K ll.ll~ 
13211 - 00/0!l - - - lDK 9 
w- - 48/9, b"' 13 
2lll! 6/11 ... , .. l!DK 2500 - IK ,.2 
185 ,, .. 31!/4C ltiK ,ow - 7K l.11 
!!ii 0/LO 34/112 - - 112" 111117 11.5 
2SO 8/18 54/11 - - !14U IUft' IS 
- - • 7.7K 2Wll 10 - -
n 0.5 2 lmll>t. 122, - - -
II ..:era sl;na,I ~1nod1 cumuli • 11.43 mA u.,me. 
Il 2.6 I 10.o IIOOK I 16:ilJ I ,90 I - -
IC use peek ,ollS ~ , 
10 6 2.5 own >lD I - I I 
- - 3.B 1,. rusc.1 • 11.15 mA. 
10" - 4-0/44 1.7K 4/W g ~K 1.4· 

,so 54/7.! 15/18 - - 1411 2.;K 5.; 
200 J/4.b .. ;,, - - 127" UK 6.5 
2;o 511.3 72/79 ,, K 9llfl 141 2.5K 6.li 
~ H/1 !>4/lili 3l" ,200 I!" 4.z• JO.a 
1;() Ill/I~ llUll>U - - 35.611 SK7 13.B 
2/0 11/17 l.!4/145 - - 11.1" SK' l~.5 
2511 10/16 llll/14-0 1A.5' ,,..,, rzu ,~, JU 
21D ll/17 134/155 23.li' !700' 35u 5K' II.!I 
170 >/II 10!/IW - - 40.611 9K' RS 
270 Vil 1!8/1<□ - - 4511 •.BK' lB 
210 ''" 118/132 - - ,,u b6•' lll.5 
225 3.!/ ll 18/141 - - ol!" tiK1 31 
270 6116 811/201 - - ,~II l.BK' 47 

1111 .5 5.3 600K 1100 _ 3u - -
1511 9.1 33 Ima 350 -15" - -
- - 35/70 - - 81 11 81(1 Ju 

- - 6 11.JK 31W - - -
- - I 58K IZJKI 70 - -
- - 9., 8.5K 1900 16 !OK 028 
IIJl 8 3.4 OOOK Gnd No. I resi!1or 2UK. 
100 10.2 3.6 SOK !Ol I - I - -
100 10 3.8 I.,.._ 9511 I - I - -
12K1 IV13 6.J!/6.5 Osc. Sec!l<m in 88-108 MHz. Son Cl!. 

- - ' SJK 
100 3.3 12.l JOOK 
!:ill 3.4 9.1 IIIIOIL 

150 4.1 10.B !IJOK 
100 0.B 3 imea, 
!OIi 2.6 9.2 SOOK 
- - 09 !IK 
- - 95 B.5K 
1811 J/4 29/:IO SOK 
250 •. fl 45/47 SOK 
225 2. 6 34/35 811K 
250 5.' 3 70/79 60K 
135 4/JJ.S 70/92 JOK 
IIIO .5 2 I meo!. 

1111 .&5 3 I me.e: 
'Osc. 1rld leak - Scrn. ,.. 
'i Values fa, two unm. 

,. Peak al grid wolla1• 
n Peak af G·G volbire 

1325 ID - -
2050 - - -
4000 - -
1900 - - -
ltiXJ - -
llW -

IW 100 - -,,... !ti - -
3llll B.5" 5.5K 1 
4100 11.5" 5~ H-ll_50 ll" 8.5~ 
37:ill 3011 IDK' ID 
3BlO 38" 8K7 14 
1225 - - -
1650 - - -

u M1crcmhos. 
n Unless olherwis11 nalrad. 
UG, wol!age. 
11 Unib connected in pa rallel. 



TABLE 111-6.:t.YOI.T GLASS TUBES WITH OCTAL BASIS 
11• ""0 ... ttft-9 "Qt•••typ. tuM11 not ll•1ed here, -. •q11lvale111 lypa 1111 Tabla JI 1111d Vi ~NIINltN,ldln and r.m1NNti01111 will lie 11imll■rl 

V19 
. 

";;! ,,.,. N1111e .!!!I: o-. 
S.!! ·-i: :. 

HURT Elf<lmn• llar I naah>r 

UQlGT Dtr.1luioa1 -
Hi&ll•• Triode 

!U8 !lam Pe•l 

SARJGT Oual Olmle-
R1m011 Pont. 

IASJQI I.ow·· Tro, Triode-
DCAmp.1 

IAUIBT IIAI m !'wr. Amp. 
iIDiff -M~~oirirt,i~• 
IIQl&ll lle■ m ,..,_ Amp. 1 
ICUI 
1n1e, vuJt , .--.e• 
n:ua B~.Amp 
1£-• 1111m ,.,,,_Amp. 
IU4 l.Dw-• lnodt 
ICU !le■m Pwr /Imp 1 

!UHi He.'lm P'WI' l-'Pn!.. 

IDNI Oi!!Jmllar 
Co■ I Trlodo 

~ 
Bum Pwr. Amg.• 

-Bea'" Pw,. AmD.J 
IDZJ !Win f'WI, P,n!,l 
lfl llei:lron Ra - Tfl<l<!a 

IEAJ Oi11lmilar -
0.,.1 Trlod, 

am-- -e"m Pwr. Amo. I .... S.,m Pwr. ,,nt 
h25 -m""1.ns 
.. NO s,.,ii'"l>ii,. l'pl .... Bellll PQWlf lfflt, 

Ul&T Piir Mp Pint = H1th-"' uml 1rit)a,t 

1-~PdiUm-.., IJClal HiOd!! 
BNm Pwr 1mg. 

lnu Hetm Pwr Amp. 
JUI Hitf'I .. DW1l lr1oda 

""' Pawu Pen!ode 
, .... Bqm P'lrr . Amg. 
rn1 Bo•m PVwr Amp. 

• Celhadt m11101-ohm2. 
1 Pe, l«tion. 

,,. .. N■-

IA! V,..hpla!or 1173 
11.U/Hfl VollHt 111t111laLo1 
112 Volllfl RtfUIIIDI IPI 
Ill/HU Volll .. R!llllalor 
Btl Valllo■ Hllf"lillor 
D.CU/¥RUI Vailli! HBiula!or 
ODH/VRIIC Vil.!tu, •-1•1or 
9111 Val.Ila• RHul•lor 
1112 Tli,rilron - fu•• 
1111 H•11v .... Bos Tllymn11 
1m R1l11orWp 
INl Varia11 H■1al1!111 ... Sclll!-l■ttl 

,, ... Name 

az4.e ful l-WiYll ""'°"" 
I 01-0T/ H1H-W1,o Rectifier 111-GT 
1 KI/U! H•ll•Wa,e l!lJclffier 
IVZ H1U-W1Y11 ~iffifie, 
lll-l H1II-Wn1 Recilffm 
m H■ll-llM~OCIIII .. 
,ulBIC H■ll,Wt•J """mil' 

-
-

-

-
-

IO 
-

JI 

-
Zli 
10 
-
~ 

15 

-
24 

I• 
13., 
-

-
-

-
11.• 
-
-
-
-
-
3; 

-
19 

fll. or C.1paclt1nce1 i ~- j HNlllr pr > 
8~ Bn• ~ i; !1 0 0 i!! ., .. ,, I JI !• ~.! a.s ... 

a a. •C :!~ E~ H V Amp. Co, C.., c.. -· am :A: 11:E 11:: .. ..... ,...,, .... •c 
ICH 6.3 O.IS - - - Doter !<Ip of ■ ny ol lllt lhr1t illumin■ l!d ■ rea, displaced 'A, in. min. oomrd ll'ilh .5 

,nits lo ;t, l!lodrodo Slffllt■, 1,11111td d;1p. ,ri1!, -5 wlb. Ho pallffll with -6 ¥GIii 1•d 

ICK 6.3 0.3 2.B 1.2 3 250 -2 - - u .CK 1600 JD -
IIQ e.3 1.2 II j 0.55 250 - 22.5 2!i0 5 JI 21K "4W - -
ICE 6.3 0.3 1.6 7.i 0.00.l 250 -2 JOO I..! ' 1.2 m,1 2500 - -
IBD 6.3 2.5 1.5 t2 1.5 130 1511' - - 125 D.28K 7000 2 -
ICK ff hJr --IU 7 11.5 m - 2D m I.I RI 6K :,ow - -
HD 6J u 44 o., 6 15) - 9 - - GD 2.15K /!Ill 15 -
SAM liJ 1.2 IS 1 0.6 ~ -2Z.5 llC Z.I 51 11..51( 5900 - -
llu ll.l l.!I 5 l.4 u. ""' ,,.. ,1 !.:lK ,~., I □ 
ONU li..3 2.5 ll. ID u., I~ -jiJ IT> ti !II !ill 00W 

Ill 11.J u ZI 9,5 D.I u:, -JO I~ 5.5 15 1.1K IIW - -
Ill 6..3 j-2.5 8 1.8 6.5 5!!l -.5 - - 5, l.OK Olli Ii.I -
l&D 5.3 7.5 20 11.5 u.l m -~ m I 6K ~ 

SIT ..., 2, 22 11.:, O.ll 125 -!• 125 8.J IK 9(l)l - -
IBD 6.J 0.1 -u UI ' J:il -8 - IK l:W 22 -

--11 s.s 550 -!1..5 - - IK /<W 15 -
iJC ff -,r ·r u 175 -15 !2.1 5 JI , ... ID.SK - -
UM 63 1.2 15 1 0.55 250 -2U 15D i• 15 Z'lK -.. 
llf 6.3 -r52 71 -i 0.0 900 ]Z[J' "" lb Bil - - - , .. 
!ft 6.3 UJ - - - 250 - - - - - - - -
IS8 6.3 l.115 + ~~-ti ' ~ -l - - j.:, IH l!l!JI 65 -

1.3 B 5!i0 -25 - - 1111 IIQ .,.., • -
15 6..3 0.9 il.5 9 OJ 250 -IB !!ii) z 5D - ,..., - -
1IC 6.] 0.611 ll5 I 0.1 3!rll -17.5 3!11 J .. ovk -·· 1IC 6.l u.8 g I u.~ Jou _,. 300 3.5 C SOK 1100 

··- ILl 1-2 ;i B o.c i/lJ - u..~ Zlll IJ I'll Ill! -· -... ~ 12 17 I 0.5 2'lll -= ISO 1.1 Ill 1'111 ,..., - -
75 ~ 0.1 ~j 6 0.5 m - 21 2.lll J,j 15.-'28 11'111 2!1lll - !NI 
l1D EJ OJ H J8 u 2:ill -2 - - l.3 .IK !blll ID -
l ■D 6.3 0.b l I 2 t l.:ll -• I /J• :: 211 -
11 ti.:l 1.1 lti 9 o.:, IIJl lllll' llli Z!B.5 . ., 2111 - CR 
IS 6.3 1.2:i IS I U./ 2lll .]t 135 1.71'! ,.. 

IUA /JW 2.oll 
II {l u - - - Dl " - - I 'W - - - !'iii 
15 ti::3 u 14 12 0.11!1 ,m -l&J le II UK :ruw - lK 
IHY 6.l O.! 10 1.5 I.~ 4:ll -:,0 ]jg !~.? - ...., - 6X1 

Illa &j OJ I □ I 0.25 C51J 100' ,oo ll - - - '.I!.' 
I Plalo-lo-plalt valu, 1 Herz. Deftect1an Amp. • M1crcmh01. A 

• V•rt. Don..,H011 mp. 

TABLI IV- CONT110l AND HGUlATO■ TUBH 

~I. Dr Healllr Pll■k M■L ■lftlmum Dpar- Oper-
Grid Bue Calhod• A11od11 A.nod■ r.= ■ lln■ ■Hng Ra1l1lar VOltl Amp. 'a'altag11 "'A Valt.1• "'" 

58D Cdd - - - - 1115 150 5-31 -
Ill ..... - - - - 1111 r., ,..,. -
HD !:.aid - - - - 13:! 1111! i-311 -

4lJ Cdd - - - - 125 !lU ~ -
!HD Colt !Ill ~ ~v, 
Ul Qild - - - - 115 !05 >-4ll -
4,1.J en■ - - - - !95 150 5-40 -
!BD ""'" - - us - 115 81 l.!1-.l.5 -

R&, 78 Htr. 13 u 200' 1, Lo ru■ - IIO Amp., BO CJ<lo, !111-111 .. 
Ill H11. !!_ 1-0.IS 5111' 1 aa.. mn k a,n•l: l>ll'II, ntlHII:. 

JU H1r d a.1 6lll - I I 
4U cam - - Ma.goakla•. IOI • Ill· Pak 111A - !Dl;A,11, mA - 25. 
HG Lllll• - - - I - I na Im I 5155' I -
HD ll!r. 6J 2.4 250 I U5 I - 1lD I 1111 I ~ 

a VtluN 1ft rmcmampea. 

JABLI Y- HCTIFIDS - HCHYING AND TRANSMITTING 

See Also Tabl■ IV- Controls and Rt1gulalar Tube■ 

FIi. ot Heetmr 
lloL DC lll■ L Pu• 
AC °"'""' 11111111~• pt ■tr, 

Ba!ae C.1thad41 Voltag■ Currant I'll•• Curr■nl \lolb Amp. 
Per Pl■te mA Voltag■ mA 

i, IAIG 300 lj l!Pl 100 

3C fll. 1.25 Q.2 - 1.0 33000 :Ill 

JC Al. 115 02 o.:, 2&DJ 50 
IU Fil. o.m DJ - 0.5 l!Dl 10 
,u Htr. Z,Jj l..r.i llilll I.Ji - -
411 Fil. z.s 175 ..... 5.0 - -
41 1- 11. z.:, 1.5 JIii lll - -

i 

I 
I 

-
-
-
-
--
-

--
----

12 

----

-
ff 
--ff 
I 

1nT 
1U 

!II 
ZII 

TUN 
Walt■■■ 

i,.,,, 

-
-
-
-
---,.,. 

--

TJIIII 

''"' 
HV 

HV 
HV 
HY 
H'I 
HV 



5llU:4 Hall-Wa,e R,cUr.er 110 Htr. 50 o.Il ITT IOO 930 1211 HV 
NYlllli I ••1•-•··· fff<bOor 111 tttr, :.0 IL i) IZII II) - - lfV 

141 Fbll-WaV8 Rdltr 41: Fil. 5.0 2.0 = : 1400 375 11V 

113 Foll-W.,e 1(1!('.IDler 111. 5.0 a.o fOO """ 14W BOO r,op 

n-v , 1111,wave =-r ,.. ,.,_ ~.u ZJ1 GaJ lW II.Oil -
IUNJ&T -•r-Trlrllllt AV It, 111 ILll'l UJ I> J!>D ~ 

ru lltlr-V IVI •~mer '" ~. 111 0.04 117 !ll '111 
I H1lf-V "" •-••,r P ~.i 2.D 221111 125 r:,w Sil 
I 11111-4 a,e........, II' tlh, , ;,o - - ,iu1 IIJOO 
I •A-n Klll·Wlvt _,,ff IP ,11. l ,g .tOW iOU J~~• - MV 

I■ t1111• WHB Hl!Chflfl l 4.P r'1J ~ .U - - l'L 1n1 10()'.) MV 

• Jr. Hart-wave t1:111:1Iller • F1 2 -~ 11~ 1~ - - MV 
1ra1111 H811•W'lve Nactnier 4A'T f1. 5 ,:, - 11~1 JClXXl 1JU1 MV 

1 T1pl)td for lilot lamps. 
' l'tf Pl~ wflh cholte 1npul. 

• Clpacltor lnpul 
• Chokulnpul 

I Usina~ one-h,lf of MllrntnL 

TABLE VI - TRIODE TRANSMlfflNG TUBES 

Ma.,Jmum Aatlngt1 Cethade Capeeitence'5 l)'pieel Operation 
., 

a 

..:.~ 
C 

~2 -;;! C C . a " C E -- E E ~ .. 0 E E ~~ o• Type ~31: :,:£ ~ c .. ~ c. .. Base .c _.31: 
QC 

., 
C 

..,. 1!1;; s. f pf pF :~ . . ..,. e =. ,._o .. "C. . o: & :iE .. 11! 'C. ~t $• JI.!! JI • a~ -· :, .. , t, ~ . .. .. _ a.. •t ... :, •"' i~ 
• t 

l!l~ 2-. Ey c E ii.x i? 1:ci ~:i ~~ a.a ~= li::l 
_, 
11.U ...... .. .: > .. Ol> o..u .... ...... 

DlAt1 T.5 :1111 JO 16 2!':! !11 6.3 0.11!! l.2 1.6 0.4 711f C•: 150 - 10 '.!II I.ti 0, ... 3.5 
- 15 

"' 2.0 160 20 a.o 500 17 6.3 0.221 2.0 1.9 0.6 11!R C-T-0 150 550• 20 7.5 0.2 - 18 
2000• 

1ffliW 2.76• 350 1ze 3.5' st 18 6.3 D.3 1.5 1.5 O..!I !A c-T-0 350 -JOO 24 J - - 6Jl 
IA 5,0 ~ -,~. U ' '54 18 6.:. n 1~ I..: u l.1 !BS C•T·O 300 -11 :!5 ]JI llJO - u ---- 5 l~~ j() ~ ' 3Cm '1lf 6.~ o.m n u ~09 flt. 21 G-G-0 IM -8 21, 4 - - o;ui 
1111Gl" 111 360 3()1 511' Jlj . :g '&".3 0.8 111· c.:r-o 150 -100 60 10 - - 14.5 
!C40 TT -.;m 25 500 36 6.! 0.)5 ?. I 1.3 OP.i Fl£. II C,T,O ?lll - 5 20 lJ - 0'7S 

5393 8.0 «IO 40 13 l!XXJ 21 6.0 0.33 2.5 1.75 0.07 fll. 21 
C-1 Wl _ .. ;5 13 :u 6.'l 
C•P 381) -45 J) 12 2.0 - 6.! ..... , 12 500 40 1250 I( 6-3 o.g 2.9 L! 0.05 Flr.11 C-T-0 410 w 91 

25 2000 ~ C-T 2000 llll 63 lt1 4 - Dl 
,C24 II ~ .. .,., 6(J 24 6.3 a.a 1.7 1.6 0.2 20 -r..Jf rr,m - 1/0 5:l Q 3.1 - • ,, - ,!' AB,' 1250 -i 24/130 I Zill' 3,4 2JAK 112 

C-T,fl [OOI) -IJIO 2U 3.1 - 75 
1112:1 30 1000 J[I) 25 60 20 6.3 2.5 S.7 ll IL9 36 l".,1' )151) -125 11)(1 21) 4.1) - !i!i 

8' 1000 40 """00 1 ~ (2' 12K I~ 



V20 

T,-pe Mam.• 

3814 Half-Wave Recliner 

-~ Half-Wave Reclifier 
5Arl Full- WaVe RlictiliU 

SAU ◄ Full-Wave Redmer 

llW4 full-Wav• RE!Clifier 

5R46Y Full-Wa,a Rectifier SRIGYI 
Su,..; Fu ll -Wave Reclifie, 

5U4GA Full-n'lve ~fi•r 

IIM86 F,11-Wa.-. Rectifier IAW. 

5V3A Ful l-Wave Rectifier 

!V ◄ &a Full•W.ilvf Redifiel 
:YJ.G•GT Full-W,w11 F!lc!ifi@r 

Full-Wave Redifier 
I 4 FUR•Weve---
I W4 Full-Wa,e Rect, '" ,_.,, Full-wa,s [eclilier 
I IW◄ f UU•W1ve !":_._.er 
6114 Full-Wa" Rectifior 
ll~G Full-Wave Riiclifier 

a, Full ... ,e Rtdlfier 
tul1-.i&VM R'.:1■1ef 

' 4 
,ull-wave Ke<:li ,er ··~ Ful l.Wave Rectifier 

I '6 1 
11 Ha lf-Wav, RecMer 

ILX4 Full-Wa11e Rectlr1er 

·- n;ar:::Ul-•lmllDlff •r·- lltlf~W•W: 1fflCTl'lllt r 

lt.lff·Wlvt l!Niffl 
Hiilff -'§ave H:«:fll_er 
Ha!r-wave ~ect111er 

TABLE V - RECTIFIERS - RECEIVING AND TRANSMITTING - Continued 

Sea Alsa Tabla IV-Cantrals and Regulafar Tubes 

Fil. or Heater 
Mu. I o.c. Mu-, 

Base Cathode AC 0u1put Inverse 
Voll> Amp. Volta!le C111ren1 Peak 

Per Plate I mA Voltage 

F11. 4S Fil. !.O 3.0 Fil ,nm 

,.'!' 3.0 - :ic 10000 
4P Fil. 2.l 5LII 250 • 10000 
!L ~tr. 5.0 2.25 55-0 800 1550 

JOIJ' 350' 
IT Fil , ~o 4.5 """' 3251 uoo 

IOO ' a2s• 

IT Fil. 5,0 4.0 -~ .. 2501 mo 550• -.. 
5T Fi• 5.!I 2.0 

'lOOI 150' 2800 
=~ 17'' 

5T FIi . s.o ,.o S.m! as Type 523 
3 • 275: 

5T Fil . 5.0 3,0 ' I ~ ·: 1550 
211• 
HI" 

5T Fil, 5.0 3.0 ·~ 1551) 
~ 275' 

H Hlr. 50 3,8 
.,,, 

350 l«Kl 5001 
SL Hlr, 5 0 ,.a 3W m ,~. 
J r,1. ~ a 2.0 :s:ameas ell!I 

Fil. J O 3Jl 500 ~.50 

' Hb. !:O 2:ll 400 125 

I ~ Hlf. E.3 0.3, 90 
I .... 6.3 1.7 4,511 ill 
I J "'· 6.3 0.9 ,:w 11!11 1 
; s lh, 6.3 O.~ 'II ,_, 
ICN tr. 6.l 1.6 )75' l 'l'i ,m, 
llll Ir. 6.3 LO 3:,0, l50 lOOO 
ICG il. 6.3 1,6 - 175 5000 
1111 ~If. f>.3 □.ti ~50 l"J -
JCF 

Hlr. 6J 0.3 325' 70 12SO ,s $' 
tr: FIi. 6.3 O.l :511 f,{J -

58S Hb, 12,6 o.a 650' 70 ,_, 
900' 70 17'11 

Iii lllr. ::, il.l 12', llll -

"''· "' c, 15 1"...5 - l30 

w 111,. •' U,11 25'J 100 700 
HU !!Ir. I)' 0.1 ~ ll~ 60 -
511C Hlf, 6 OJ !ll 7'., J61 

....k 
PlalJt Typ• Current 

mA 

DI 
l!V l'ill 

1000 ~-
1'11 

Kl75 HV 

i'50 w 
650 l!V 

11\1 

900 HV 

1000 HV 

1200 HV 

!ill 71V 
RV 
Ill 

I 

75!) V u, I 

3~ ii 

210 11V 
5l'.i 1111 
.i.,a HY 

1100 HV 
- lf\f 

2\0 11\1 

- HI/ 
,in 

HV '!11 
~ 
600 
600 0 

V 
5:30 rv 



TABLE VI - TRIODE TRANSMITTING lUBEi - Conrinued V21 
Mnlmum Raijng1 

C 

.!.2 ~ .. .. i ea E E ~ .. 
Typo :i:.E ~;i: 

~ c .,_ :r.- -~ QC -c -~ "'. s f .. -• .II• ~~ "'t !~ "'t; 
.!~ .! ~ u~ Ea i:& .... o.u Ou ..... 

811 -A 6, 1500 l75 50 60 160 

112-A 65 1500 175 35 60 19 

100TH 100 3000 225 60 40 40 

!-100.U 100 3000 225 50 40 14 11WTL 

3CX IOOA5'5 
Jro """ 

,,., .. 
50 2500 100 7D 600 100" 

m, !DO 1000 60 40 500 100 

AX9100/ 135 25()() 200 40 1.50 25 !16111 

!llB(Tl!O L 160 mo Z/5 - - 110 

110 175 1500 JOO 15 30 36 

111! zDD 2200 150 - 500 160 

2511TH 250 4000 350 40" CD 37 

256TL 250 4000 350 35" 40 14 

Pl-1568 250 411()(] 300 120 JO 45 

'"' 300 £LOO zr,o - 5CO IW 

IIMT H 300 lOOO 900 60" 40 20 

304TL 300 :!000 900 50" 40 12 

350 3300 30 
!!!A 500 JOO 35 

450" <IOOI" 20" 

i8!4 4 □□ ,,.., 250 500 f60 
] - OU□£ 411J JUUU 40!] 110 100 

Pl-651!/l 400 400011 350 120 - 45 

Blil GOO 3000 400 1(11' 30 350 

3.50oz 500 4000 400 - 11D 160 

i . .... ~z 1000 3000 goo ll0 211D .., 
""" ,uuu 11100 210 l'!lll 

• Cathode resistor m CJhtns. 
1 K£'I TO CLASS-OF -SERVICE ABBRE.1/IATIONS 

A, " Cla,s-A, al modulalor. 
AB 1 = Class-AB, pu,h-pull al mO<lulatm. 
A8 2 = Class-AB.1 push-pull af modulator. 
e - Class-e push -1>11 11 , t modulator. 
C•M c ,:,aquency multiplier. 
C-P - Class,C p~le-modul,fed talaphon,. 
C-T - Class-C tele1uph. 
C-T·D - Class-C a1:1pl1fior-osc. 
G·G·A - Grounded-gnd dus-C amp. 
G-G-B ~ Groondod-gnd class-B amp. (Single Tone~ 

Cathode C.i!lpacltances 

:: 
'l; 
> 

6.l 

6.3 

S.D 

5.0 

6.0 

6.3 

6.3 

6.3 

10 

IU 

5.0 

5.0 

5.0 

°'3 

5.0 

IQ 

5.0 

!O 

JO 

63 
5 

5.0 

5.0 

5 

7.5 
5.0 

e c,. 
~ c. .. 

pF pf 
:. 
E 
"' 

4.0 5.9 5.6 0.7 

4.0 5.4 5..5 0.77 

6.3 1.9 1.0 0.4 

6.l 1.3 2.0 0.4 

1.05 ]J) 1.15 0.035 

I.I 6,5 l.95 O.DJ 

S.4 5.8 s.s 01 

4.0 - - -

4.5 8.1 4.8 12 

J.L "·' 7.u \lUJ 

10.5 4.6 29 0,5 

!0.5 J.I J.O 0.7 

IU 7.6 11 D.1 

3.2 19.5 1.□ 0.03 

25 

13.5 J0.2 0.7 

12.5 

25 

!2.1 u 0.8 

!2.5 

10 12.3 6.3 8.5 

3.2 19.5 ).0 U.03 
IU 7.4 4.1 001 

14.S 7.6 l.9 0.1 

14.I 8.0 ,.□ 03 

14.5 7.4 4.l D.07 

Zl.3 II ~-9 0.12 
10 42 10 0.1 

G·G-0 ~ Grounded -grid osc. 
G•l•C = Grid•iMllatio11 circurt. 
G-M-A - Grid-modulated amD. 

Belie 'l;. 
~~ ". ;:lj 

L·I 

lG C-P 
G-G·B 
AB, 
C-T 

l G C•P 

"' C-T 
2D rcr-

H' 

r+r-20 
G-M•A 
H' 
C-C-A - C•P 

u•h. 
- L·l•U 

C•Y 

C•T 
ng. a i;.p 

I!' 

IS 
C•I 

~-G·".' 
C·T 

lN 
i;.p 
C,M,A 
B' 

"i• " ""' 
C-T-0 

lN 
C-P 

""' 
C-T-0 

lN 
C-P 

A81' 

fl&, I G-G-A 

AB, 

C•T-0 

4BC 
C-P 

AB,' 

C-T-0 
~ 

48C C-P 

AB? 

AB/ 

C-T-0 

Fl1. 41 C,P 

8' 
AB, 

Flf. 3 b·b•O 

5&K G-G,A 

Fig. J G·G·B 

fig! 
G-G,B 
C-T 

Flf. ! G·G-8 
AO, 

1 Twin triode. Values, except intereleclrode capaci-
tance'l, are fer botl'I wttions in push-pull 

1 Outl)Ut al 112 MHL 
• Crid 11::iak resistor in ohms. 
5' Pea k yalues. 
• Pa, section. 
l Values are fo r two tubes in push,pull. 
•Mn.signal value. 

I)~ 

~i 
0.> 

l,w 
mu 
1150 
1251J 
1500 

"'" •= 
m 
3000 

3000 

3000 
3001 
goo 

ow 
ow ,.,,, 
ow 

1500 
2000 
L"-"J 

•= 
1400_ 
1500 
2000 
2250 

l500 
3ll00 
!,W 

= 
s= 
21JJ!l 
CC,W 

"""' 
boo 
15(11) 

•= 
,~ 
4Wl 
£\T.N 

1500 

2 Ill 

I Ill 
1500 
LWU 

~ 
2500 
l,uu 
2500 
l"11 
££,U 

30llll 
ZSIJO 
3000 
.JWU 

£lAA 

o=• 
•= 
,~ 
2ow 
1000 
3500 
, ..... 
,.uu 

Typlcal Operatlcin .. 
C 

·; 119 .. .. .::c 
E E Q• . " 

..,_ ~! .. ~~ J!I f .., ., 
Si ~o .. Uo _, 

U> o.u QU 

- 7u IJ3 4u ,.! 

-!lll 1,a 4, luu 
D Zl/171 18 11 
a 21/175 ll 3.u 

-1211 173 JO "' -Ii> "" J) l.o 
-·• LO/JIU •,u· ,.u 

-200 165 51 18 

-65 40/215 1351 5.01 

-400 165 30 20 

-:aw 60 LU /.U 

-1•5 40/21; 640• 6JJ_-
-ZO 1!11 .l{] • 
-1' 75 4□ 6 

- ' "' I, ;.u 
-<U ,u -

- l:u ·~-- : 
--1\U 200 4 ,6 

-215 121 4 16 _,,, 
"'"'" lSiJ' 14' 

-/U lb> ,, 
' -2.0 90 ·= - l □D 

-!IIO 300 "" IS 

- 350 250 JU JS 
-IOU 100 z.o 4 
-w 70/450 380' 131 
- lli'JW 98' ZI' 

-lw J3/ " ' 
- I"' jjj "1 ' -160 2;u "" ' 
- !Bil 225 ., I 
-200 200 38 _!4 

0 I lLU/70:\ coo• < I 
.21l1J 3!lll 45 22 
·J,U , .. ·~ "' -520 250 29 21 _,,.. ,,, 

'" lb 
-OllJ • llJU IC n 
-40 1001,u J,u' .,.. 
- 70 3IIO as 75" _,, 

JIJII llll 85li 
-UU m ,u .,. 
-ll'l i':IJ ,u /U" 

- 22 /:,oo 98' LI' 

- 125 66~ 115 e 
-200 600 125 39 
-<.LIU 420 55 l! 
- JW .. , 

"" " -j,U 411J "' 
,, 

.,; J,.,,. ,~- ,,. 
- 250 665 :llJ 33 
-300 600 85 3ti 
- ,UU ,,., lll 18 
-:,00 :,00 ,, 52 
-5,:, 200 I• lJ 

-55!1 400 50 _,s 
-ll& 210/57 13,, D 
-230 ]60.1•u 4&1J' 0 

-!!8 111u• 4,u• l,• 
- U~ 415 •5 LJ 

-160 335 70 2u 
-30ll 335 75 30 
-2(0 JJ5 /U ,6 

7□ 100/7~ 400' 20• 

- 22.'>00 9B' 11• 
0 rn ,,Jl 11D 31 

-m 50 91 1D5" 
-IU ,., 95 85 

u l</1111J I•U 35 
- l 0 Ji, JU 
-15 300 Ill LL 

0 !l!/l/670 loo " --3.2 lDOO 57 
' Poa k at grid-lo-gn d volts 

"Platt-pulsed 1000-MHz. est. 

" ~~ ~ 

E c• 
,; ,.:C 

g,.0 e; 
~i a.. ... .. ~ .... 
- ,..., 
- ,,, 
- IJII 
- J~ 
- 190 
- 130 

"·'" ,..., 
- 400 

31X 65(1 

- 400 

- lU 

luX '"' ~1 ,~ 
- zu 
- 40 

- "" - ~ 
15.68K :,OU 

211 

--
-

ll.6~ 7 
505 
4ti4 
150 

-
-

_!,.!_~ 

-
4 
~,; 

'·"" ,OU 

- '" l_!u_ 
au; 

- 8ZU 

-

ol!O, 

- ~w 
, .... 11111 
- , .. 
- :,w 

- 410 

- 1'111 
- .,, 
- M3a ~,.. LOO 

uK DIU 

, ;,SK IIIIJ 
llllJ 

- 800 
- 6.15 
- IIOO ,.,K ,u. 
- ''" 

'" """' """ - _b'IIJ_ 
SK /:,U 

- e~□ 
IJDU 

·~· 
11 Includes bii-; loss, grid dis:sipalion. and feed-

u 1:~~~ r:1ww!~. 
11 Mu. grid dissioation in watts. 
u Mu. calhode current in rnA. 
11 Forced-ail i::ooling required. 
" Plat,-puloed llOO-MHz. os,. 
11 1900-MHz. ,w os:c. 
u No Cfass-8 Uata a11.ailable. 
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........... lb1let• CalhOd■ c-i.- T,rpical o..,,..11o,o 

·" .:i.. • r. i. -S: -~ ,.Ja :I; • C .. -t:: • :::1Z: =i a• : c 1111 c. c.. c..., ii e e 1: c 41 E o. 
Typa a r & c! c • •a e r1 ;, pf 8aH Q5 :. ,. t. ! :. :i = cc 11: .. ~ a.6 i,l! 

!~ i! ;~ 1f 9'= ~ i =i .c!~ J! ~~ ~! .!!~ j·~ ~r [; 1:11 t; 
:, ~ ~ a w • ,. o t :a a E ..!!! • : c 0 ;i a -~ 0 ~ :i :::J li :::i g,,c 4i" e11 a.a 
Ill, D. 1o1.> vi a. &n>o ....... > Ill( U"- 11,,:), ,., Ill> ~-=- Cl.U u wu ca. a...1 ca. 

IZGI I.J 400 - - ~ - 5..1 U lb U 2.1 Ui 12.l~ C-t/ C. T l.1 lC( ""' 21 I Q,l U!> 

6.3 Q1>; C·T 11)) 21lO -, -,ii, lill U U'I - 1-' 
1111' 7.5 275 3 !00 lW • . 6..6 0.15 L~ f1c. t, I C·P 1811 11111 - -ll! ,s 11 5 ./ l.ll - 6 

IZ.li IILH• t'•III 200 190 - "'"' 'Iii nl ~ 0.. - -

1111 12 3111 2 l5ll m 1Z.6 IUII 10 0.15 5.5 ILK t;, I lW Z'lll - - >I al >._I • L~ I - !U 
IHI ILi 1U1 .p ~ 7l0 - - 75 m J..11 .l 1.0 - H 

Ci .rill 1111 ·- - 2i.5 ca.; u .! •~• - 12 
~ 13,5 39] 2 2l0 50 6.3 0.15 9.5 CU 4 5 SIC C-P 300 ~ - --425 :>ii 6 ~• 0.15 - 1D 
"" 12.fi 1·a.,7s ' C'M1 DJ u - _,., CO u - t1 

,.n,• :DJ , - - IW j~ I O.ti - _Jd. 
HD C.. !lUII l - --45 66 J 3 0.17 - 27 
--- 13.5 600 2.5 200 m J:! ~-: 12.5 0.2 I lCK t•P !JUii □ - -lO 54 l,5 u.1~ -

· All', ~ n - - Z) 9/ lb ·1 o O -
c.r 300 o - -t' 100 l ; o ~ - I l 

INI' 14 DJ z 200 200 6.3 0112 6.2 O.I z_g fir, II I C·P ,w 1ru - ""'' '!Ji il j;J 02 - LI 
ll ti UT I c.lllU Dl !ji ·- -100 Ii!! H ill u ~ I - J 

A.II-, Dl Pl - ti.~ J01111l l( UA w• 0.DC ""' .l 
' C-f.() 450 ~ •- - 45 75 I§ U - 4 

ms l5 450 4 2il lZ5 6 D.S 8.5 0.15 6.1 AJ C-P Wl 'Ill - -15 60 12 0.. -
~s.• 450 511 - - 30 4-1 ·""' 11 IC • u.•• 6X 

8J1A1 I! 750 5 250 200 b;J l.b 8 0.Dl l.8 71P t·T r:tJ 100 - - b) 11, ~ ,1 u.i, - ' 
12.C U.8 C•P - -!.> ]6 .b U.lb - II 

1112/ 6' L3 G-T - -&ll 140 2JIJ - -
utt,oo 20 75(1 4 300 300 u:b o.s. 6.5 - 2.5 ff&, 7 C-P - - BO UJO ,.a -:- -

' . 8 - - lli )'J/13 IL ••• ! :• - 20K Z3.l 
lc.T 1 - ~5 100 D.ll - 31 

ISH 15 450 3..1 JOO II 6.l Q.9 JO 0.4 IZ.S 1AC 1,•P 75 l u - - 5D fll H! - lU 
A'!,• ilD ,ou - - ~ "VM ,u• - - JU !ill 

1151 25 5UO , l'OO l2S IL, Lb llJ Ol 85 HY •C•T•U W 1'.11 - - •) UIJ 17 z.: c.U - " 
17.6 D., ' !~, Dll Ill - -J~ 22/12 :fZ' - 0.36' ~• " 

"'"' C.T ~ ,,. - - i<I m • L > ;.2 -
111'1.l 6.l 1.25 l5ll 1111 -· -62 l2ll II J.J 0.1 -
~ C-1'" «xi 1,90 - - 54 l!ill 10.4 U l,O -

1113 25 750 3 250 60 12.6 0 585 13 0.::4 8,5 'ICK c.p I - -II 1l2 .~ ~-- 0.4 -
_ ~-+--l I - -81 llZ IJJ 14 a.4 - S2 

, - --48 281270 _!.2,'211 2' 0.3 SK m 
11s11 2&.S o.3 "8i - --46 "/140 O.l 20 2.6' o., 1.11, w 

AB • I - 50 23/ 21!1 1/ lfi m~ 0 'K 1111 
W4' C-T 1 - - TIii l.7 o.t - !15 
_.--- ~ liW - Jal ltU ~ ~: 1 O.U 1A flt. 11 t;;t 500 l'OO - -El 100 U il.2 - !JJ 

AB, 500 :?:Ii - -~ 211/116 IIJ/ 10 U a:, ,lLIK 411 
1111 i;. , 1!il ou - 100 t l~ 0.22 ~ 

nrw 30 1'l) 3,5 JOO 60 6.J OJI l2 o.2 1 SAW ~ -6i)(I' U:. - -:II 11.11 1U , 0., - Ji 
,W h-.-+--l AB1 rs:J .ltlll -J:J '""' JI! r.,• u -
~ 12.i D.45 Ul 811 75ll •;. 15;!~ ·- ~=• 5.3• 6.li!III I 
-, 30 7lO IO 150 63 1.5 I! 0,1 8 IJ C. T-0 7111 2'ill l12Ji - 60 lW 16 6 0.55 

C, f 750 ?00 - -Tl 160 10 2.1 0.3 -=' 35 150 3 250 60 6-l LIZS 13 D.22 8,5 1CK C:P 600 m - -91! );«) 9.1 lA o,; -
.QI. 750 200 - - Ill 25/l1I' ~.J - - 16K 61 

U • ~ LB = 40 lilOII 7 Z50 750 l2.! 11.!1 6.7 OJI 2.\ fl&, 1 C·T 500 250 - - W 100 !ti 2 0,2 - 80 

ll'H' 6..l 2..25 c-r lllll 1111 - -41 l'!III JZ U 6./ - 13 
JUI' ID r.;o 1 2tO 211:1 "ffff1J:s IU 0.12 1 IIP C.P •~ !!!! - -ill Z!1 D U U - ~, 

• B 500 11111 - -11 Yll-"' - 56• u, UK ~ 

lDU 41 2000 10 400 125 6.J 3 6.5 0.Z 2.4 flt, i, CHI I MIi 3J; - -lllO 90 20 lQ !.O - I~ 
lfill ~n - - JOO 90 t1 10 ,.o - ~ 

1;'.,6 1.6 511 ~W - - JW 240 - II, I.! - 13 
cm 25.2 0.8 "'· 28 N iOO ~"' - - _IDO m IU 1.21 - Ill 
- 511 75!1 14 ,SO 60 I--+--< 28 D.27 I] C p i111 - - - lW '22□ IU 1.25 - 10 
toil 6-3 3.75 Fil, 11 . "1 - - - IW 17'l' 6 u.• - 711 

Ml,' iOJ ?~ - -ZS ,,,.,_,,,,, &' trJ' 0.)51 JI( 125 

1117' 60 751! 1 JOO 115 I~ ~:: lLi l.7 D.09 FJc, 1 1181 &00 250 - - 32.S flJ/111 U/25 - - 1410 16 

.. C,T l!.ll 300 - · - ~ 1511 2t 1.., - l!ll 

.,4 16 1500 10 lOO l0 Ill I.ZS ll.5 Q.I ll.5 Fl .. lM • c-.p 300 _ -~ m 20 O l.Z _ 1)lr 

C,HJ - ~ ISO ,o I Jl 165 
- .JIJU m u u L7 Bl 

4-1111 65 !000 10 600 150 6 1! 8 0.08 2J AP'l C·P - -I& llll 40 ti J:5 - 141J_ 
- -U~ l!U Z Z.ti - ZlO 

AB, ; - - 85 lS/6, - - - 100 
'!t!' 68 IOOII 8 300 175 Y 1,I 61 l.l 0.09 Fl 1 1.-r 7<,11 7&1 - -71 240 .1 U 35 - 12 
• . 17.1 Q.!I I- C,P 600 225 - - 71 ZIii ! o.5 l~ -
CW/ CT 2000 500 60 - 100 llll • H -
_, 7! 4(Q) JI 750 75 5 1.5 11 0.06 6.5 TIM IC-P llOll ~00 611 -1311 135 ! 1.1 -

~• IOO u -TI! 150 I D.8 ; 
Pl·lnA 75 1!lXI Ill !DI 175 6 11 7.5 0.15 ,z fl&, 14 C-T-C.P • U - 11i, 1511 16 I 0.1 

AB, - - I) l)/U5 Wt O ~ ~ 
ma BO l350 _ '25 !75 U lJ B 0.4 0.14 fll. l4 C-T I - - IIJU ffi 1., ~ !O - t 
7111 1 U.l I.ZS ~, - -IIJ Zlll 1! , 10 -
~ 100 22IJO I 4011 500 1115 1.3 16 D.ll a.on Fir. II C-T·O } O - - JIJ JUIJ IU IU I - 85 



TABL! VII - TITIODI AND PENTODE TIANSMITIINO TUBES - Conflnulld 

••••nn,111 111111ftt!I ~amoda Ca1Mclla M H 

~~ i! ,1: ~, ::<.!: . c • 
~ ,..,.,. 

~! ii iJ :j 
2- ! P' -~ I. I!_ "-ii ~i ·- "j E 11::: ,U -=~ .. 

li3 2.1 
BIIP 

115 1000 u 300 400 14 O.OP! an-- 2£.5 0.52 

81311 121 2l00 20 BOIi 30 ID 5 16.3 015 

4-125A 
4021 125 m 211 611) 1211 5 6.! 111..B o.m 
tlU 

4E7TI/ 125 1.5 IU QIJII S-1111 IIDJ llJ ~ r.i 5 

aJ m m JI !1111 20 10 5 11.S D.15 

111!14 125 m 20 400 m 6.3 32 90 0.5 

~ 6 2.6 15.5 0.03 

' 
150' 2000 12 400 500 

2, b.Z~ 21 DDJS 
.,,, l!il ,,.~ B 400 !ill m '7] T6 O.ir 

4-2501 
50Z2 2!11' 1000 35 6Dl1 JID 5 IU 12.l O.IZ 
1151 

1125111 2!l)O ll!llll l2 4111 m 6 2J Ill 0.04 

-,· 01 I 250 2000 12 JID 6 u ,..., 1311 15 O.Ol 
150 2000 12 400 26.S 0.511 411511G 

4CX• 
!001 !00' 21100 11 coo lOO 6 2.76 Z!I.! 0,04 

m, 400 41)(11 25 600 - 5 14.S IS.I D.06 

MGOI cmo 4ml 35 lilll 110 5 14.5 12.5 D.12 

.,,, ,w fflij B 41111 !ill ll.5 I.] lti U.13 

H Iiia !Ill 1000 3S l'ilXI lll I.D w 19 D.10 

11■ 1 11100 6000 15 1000 ,.s ll ll.2 .1t 4-lOOU -

4CIIOOOI 1000 300D 12 400 100 6 12.5 35 DQ5 

UIS/ 1000 lODO 30 600 6 ll2 3.!I .09 m . -

1 Grid-ra111u11. 
I Doai. lo II§ 1111.t 
•Dail, .... v.11 ... !or boll!-· io padl-pall. l•!aro4-

CIOIC'ltlrw'.:M, boM!!M!,. UI! lcr l!ladl s:ediDa .. 
'Tripi,, 111115 IIHt. 
I fila,-1 11 .. lod (0 --oponhan 
1 Vllaes .,. fs two ta1>e1 
'M11.-sl1n11 valul 
1 Pal !nd•ID-1rld Nill. 
• F""91!,all cooling "'lUir<d. 

11 Two IIJbes ln«lt ,annllCl•d, ll, 111 C, "'""'lh 20K D. lnp,110 G,. 
11 Tr/pier lo 200 MHr 
:: ~t~~:'"1ion 1111> MIi.i. 

C.., 
pf 

0.015 

14 

11 

'1 

29 

I.I 

4.S 

4.5 
-0iji1 

4.5 

u 

u 

u 

9.8 

4.J 

UJ1u 

12 

u 

!2 

18 

.... o• 
-.!! 
~~ 

~,Z 
C.T-0 

FIi, 7l 
C·P 
AB,• --~ 
C·l•O 

!IA AB, 

AB11 

C-T-0 

SH AB/ 
AH,' 

' li'.i 

JUI C-

5J 
C-T 
C-P 
vT 

FIi- 12 C·P 
AH1 

Fir. is c-r-o 
C·P 
AB I 

Flt.D c-r-u 

C-T-0 

Ilk C-P 

..... 
~11,• 
C•T•O 

flt. JS C-P 
AB• 
C-1-0 

i;.p 
F11. JS .•.. 

AB 1' 

C•l 
- C·P 

AS 1• 

F11. 81 
C-T•C·P 

AB , 
c-T•C-P 

!BK !iii 

AB, 

f!J. ■ .,.,.., 
C-T - C·T 
AH, 
er 
C-P - AB, 
G~ 

- AB ,• 

C-T 

-
AB 1 

:. 
.!.!l 
ii 
9W 
1111 
HSI 
ll'l(I 

.,~ 
lC/IJ 

l"'1l 

lWIJ ,,.., 
JWl 

""-~ ,,..., 
NU 
nm 

vrn 

HUI 
2IDl 
1600 
1500 

"~' 
llUI 

mu 
1000 
ll!il 
louu 
2~ 
.,., 
,:w 
JIii] 

1lffl 

l:,W 

l'.•.•J 

I~ 
ru:JII 

~ ... 
"'"' ,WU 

""-" 
2000 
l!llll 
7IID 

•wu 
,:w 
2500 
lw, 

2:'al .~ .. 
llW 

....... 
31(11 

"'° 
l!'llll 
~~ 

·-, ..... J 

"""' llW 

Jliij 

2000 
2500 
j(UI 

Jilli -
"'-~ 

TJpltal Opara110• 

I ! C "' C 
E E E 

~: li ~1 i ci i 
.! ~ ~~ "~ !~ ic.._ 
4~ .: ~ cM: 1.1. 11: .. illu OU 

31111 - -JO !IC l ID 
2!11 - -511 llll 10 IO 
llll - -15 801200 U.ilO jQ 

l!D -b ~,~= □11• ••• 
Dl □ -~ ll!ll Jj 12 
4111 0 - ID 22□ 40 lb 
l!ill D --~ 25' 1~5 ll' D 
l!D D -1111 4□,m l.5/58 231J ' 
1!111 0 -95 35; !!m 11/55 ZJ5' 
bl - -11111 Zill :,u 12 
DI - -llll 151 JII 9 
j51i - -:J 93.,,!il o,& 1n11 

600 - -IJ; !D'2l1 U.JillO 1!12' 
u 0 jQ.'OL~• 3:J'' ""' llll ,a - ;uJ ltil 5 • 

1!111 0 -li'l IW Zl 3 
!ro I~ - ~ l~ I~ 11 

400 100 -811 150 IS 2!i 
100 - - lea !di 211 s 
41111 -1.lll Uil 2JJ • 
41lll - -•~ :lll!lllO :rY lill" 
~ - -!iii !Ill 20 10 
29] - -105 2111 2ll 15 
!Ill -44 '11' ll/65 lllll1 

1111 - -!O 311D ID 30 
:QI - -!iii Dl .. 9 
!:111 -ll!ll :in litl l □ 
ffll - - 2111 i!llll 30 g 

IUD - -310 225 30 g 

'"' -~ !WI' ··- 151!' 
Mlll - iiu •N a.,,... :ou-
250 - - !Iii ~ n ll 
250 - -100 2111 2.!i 11 

3511 - -SI !m' JO' llll' 
250 - 1111 D 24 B 
z:;u - Iii ' 23 5 
DI -!ii ID ; :Ill "''" lllb' 
311!1 - - !Ill rn 1UU D/.lli 100 
2!0 - -!ll liO 25 2/ 
2:,, - -11!11 2111 25 11 
!!O - -!la- - sea, 30' 1001 

1111 a - 1.1111 3!111 "' • 
6111 D -1110 3!11 Ill 1 
l!Q - .. 14l ~-uo ·~ D 

Ill - -IIQ 1111 2Z.5 ID 
! - a JIIVilO" .... 1111" 

1511 -u, ~ ' jlf ~·n a 
1111 . 31] 3111 ~ :i,:, 

Sal g Ml Ul 6!i 3:1 
tiu a -]Ja 26ll ~ 15 
150 • - 112 m 25 -
!il!l1 - - 1111 lDl 1-15 l8 

"" - Z. !ill m :!6 ..., -! ~200 "'= 
D 1!i'i/1<I1'• 105" 110" 

m - -: lllll'n•~ -4/111 
!2! - -: lllll'lWI - C/lill --m - -!! !DQIO,w _., .. -
:,OU 35 _jj5 l!ill 42 10 
:,w 3• _, .. ll4ll 40 ID 
911 15 - 1111 llD I! IO 
!i!II l5 -110 200 '100 l!/43 II□' 
:,w Ill - llD ~,- JJ/40 115' 
~ ~ - lli 22ll'lllll 11/JII !IS' 

11 KEY 'TO CUSS-OF-SERVICE A9Bl!EVIAT!ONS 
AB, • Clm-AB, 
18, - Clm-AB, 
B - Claa-B (Ml,-poll al modllla1llf. 
e-.- - r,.q,_, fflllllifllil<. 
C-P - Clall-C p1a1 .. modulamd !lllopbone. 
C-T - Clla-l: lol111r■ a~. 
C-T-0. a.,.,.c ■mi,llfiot-o,c. 

-. ·-.:s: ., 4 .. 
ii .u. 

J 
J 
u 
u.l 
I.I 

• 
D --
D.l' rnr 
u 
2.5 
I.()' 

0 
lti" 
16 
iiti 
2 
5 
( 

3 
u 
a.a 
2 
D19 
5 
1./ 
2.6 
71. 
u 
~ 

D 
2.8 
2.1 
I] 

u 
l 
u.z 
D 

~i 
1.1 
D 
1.4 
1.6 
D 

ID 
31'' 
D 
5 
ll 
ti 

-
11 
IZ 
I! 

Ji'!i 

1r 
ti 
[1 

CG - c .... ndm! arid (and ••I ,.,... Cll!Ul!da! ,,,.,0,11) 
" No Clla B d■!J rwalllblL 
11 HK25J9 120 MHL lull r■ linit
"Slnrl• lone. 

V23 
~ 

i ~I &4 
6: • • ,.o 

l ■ H a.C d ca. 

- ir -
7K !Ill 
j.'ftiK 1lo 

110 - Jl!-

1sr ¾ 
l11t li)O 

- m 
j7j-

22M ;-lllJK m.,, ](5 

3/5 

- ur 
- ZIU 
- l!i!I 

- 5411 
ZCD 

12K 250 
- I~ 
- 140 

••• ·~ - m 
- 5'5 - !Ill) 

m 
- ~ID 

!M nu 
111.IK 625 dn-

- z,o 

8.21K li>II 

- J1II 

11r ~ 
• 16K &Ill 
- ,10 

B.ZtiR K;-
!!60 
lilJI 

- SID 
r,o-

4.H ;w 

- ;--
!Im 

- ·5m-
m_ ,., 

- iBr 
IK ~ 

"" 1i7!-
f.H "TIRI 
3.IK ,.,,. 
~ ~ffia"" 

Tiif" 
- 1110-

-
~ !6~il. 

!:;;-~ 
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TABll VIII - IIMICONDUCTOI DIODHI 
Tbi, Im mrllllm bat 1 11111111 po1..,b11 al II• .,.11,bla fiod1 types. A """PIIII 11111•1 -,c,ld bl impnctlal. 

1-.11.g■nal C.11a-l-Par,:M1 ■• Dtod•■ 

""·· ■a1.J-,,I 
u. Alvaru Vall.Ito al 

.... . ... 
-NI R••••M 

Valb ■u. 111A 111A al ■••· V .-a1111p 
llUIA G Gell!fll Pl'lmUI 

IHI G Gln«al Pu,_ 
IN52A G (ilflltll PlHZIDHI 

INIII C I V1d10 Dotec111r 
11117A G Gfln1t1I Pu•D!!II 
IN&IA G Ge.01111 Purl!P,-
IN!ll s HIBhJ.p"d 
INZ70 G ••nml Pu,001• 
l • -A ~ si1n11 0Jod, g ~ 61J.VOII Vari LOW l 

s s,anal OIOdl 
111m s F.,1 logic HF Doi 
l■:ml s Recltf.m 
11, .. 1 s R«ldm 
lNGl2 s Rtct.d1e1 ··- s Kl'l""luifl 

1NOl9 s ll!tcllher 
RS117lal s 111. ... 1 S~in D'°'1r 

r1er t , = .., 
1 A bar, pl111 IJI", 01 tolcir dot mthfllly denati,s the calhcda end of errstal diode~ 

Oiod1 co10, cod• rlniS ue iroup,d toward u,, c,thoa, .. d. 
1 S • Slllcorr, G - G,rmaoium. 

/'J 
!,() 

g; 

2!> 
11111 
100 
15 

100 

12S 
120 
225 

i5 
llXI 

50 
100 
4111 

:,cJ 

100 

1 Pollnly It ml1 1h11 111a baS! ii lh, anode 1nd lhe bp ii lhl catlledl, R•types hm oppo1i1, pO]arity. 

T AIU IX - &EMICONDUCTOH 

SMALL-SIGNAL TYPES 

Ma:r:lmtn" Ratl u. c11.a,.d1Hidk.1 

Na. Tfpo ..... 01 .... V,;m le ., N111lsa u .. 
.w• (Watb) IYalbj (de) •• -r:., (T)p.) t'lli {TJP,) , __ , .. ~ ~J; - 18 lt ~ii5 Iha - C... 1'11•-,.. __ .,. s u.j• 20 ~mA lll 40C IIH1 rt 

iiiii """ 5 a.; !II I'll! mA 'II lill ■IU 

PNP G O.IJIIO• -311 -IOfflA 11111 - - ........ 
211, .. , """ I, O.l~ 25 D.lA 111 - - Cl!Bll)llltr 
z..,_ NPN C D.15 ~ D.3A till - ~ Clllmm,llr 
z,uu, NPN s I.I 311 IIQOmA 35 2:IOMH1 - Gell. Purpou 
2NZ!ll5 NPN s 02" 25 100 mA 110 !till MH1 28 Gan. PuiD011 
2N!JilA NPN s "-'. 25 !0D mA 2~ IBII MH1 l.9 Audio 
2 NPN s OJI ,i !uu mA ss - Gen t'Utoatfl 

NPN s 0.2 2; :iomA lllll - - -
•r• s O.l till 5111]mA 11'11 lill llHt - -

ZN!ill8 PNP s □.] -25 - 500 ~ 100 no IIHI - -
21:&J NPN s 0.12• 12 ZlmA 20 1110MHz I rl 
21,1111 PNP s OJ I -ZI -ZllO mA 18 !~MHr - 61111. P11s,c111 

211- Nfli s 5 l •!XI mA t U1 ■N1 - &In P01p1 
Zllm,o NPN s 11.11 40 zoo mA al -·"· - Goo. ........ 
ZIIJD NPII C D.15 25 

JUII '"' 
1111 - - C.mpolOI 

lllorn NPN s 1121 311 21!0 ... ~ l50 ■HI - GD. PorlJOSI 
211111 NP~ s D..I ~ 2111111A 1<11 1:111 ■ •1 ~ Aod•HI 
2111121 PNP s D.J -n 211111111 IZII ZIQH, I •-n 
,R■U> ... s 0.211 lo II 
211"111 "'" s ... ,. •• ....... "' 2Xl ■•1 61111. l'&fllJ!II 

211•10 NPN s D.JI" .. 251111A 6l! ~""' &ea. P11....a 
2Nl!l57 PNP s :J. JII :,om• lo ;=: Zti rf AllfD. 
211,959 PNP s JO mA .z rlAmo. 
2N50l! NP• s 2!JmA ■HI .o dAma. 
2N5011 PNP s u. ,.,.. - - :.am• i IIHI rfAmD. 
2NSlll'l PNP ~ 0. IU ~ 'lllfflA ' 11, 11n1 d•m■. 
IN5lll9 NPN • ~ 4 0., A - wht AfflD. 
i ~ll9 NPN I ... .- :.o mA I , .. , 4.~ n-■. 

21!11! NPN • D. I A MH1 Gm Pit ~ 

21152?2 , .. I n_,..,- 111ma ' I ■ I rl-•. 
2N512!1- ~ PIIP s .i ~ 111A ,. ·~ l.l 11-• 
IIIZII """ s I rnA I I I.I AutllO 
Cl! ~- s .. ... I I l.J rt 
iifP!il PNP s ""' I " 
N • ....., "'" lll ~""' ~ "" 
ii i 

... l 20 100 rnA IIHI 
•r• "'"" I~ - 211 21111 ■Hz & llfflD. Qs, 
•r• D.ll II lllOmA l5 JOO ■NI Ga. P'IIJlml 

II• ll .. "'" O.JI 25 100 mi 55 - 6111 . P1111m1 .. ~,,,, NPN 8 0JJ0• 12 - 20 lllll llH1 Amp. 0&r. 
MP-.. NPN s U,Jlu• 45 aD l!OO IIHz ( rf Amp, 
11, .... NPN s DJlO• 45 IDD mo llH1 • rf Amg. 
ifPSSID2 PNP s u.,1 -25 -200 m• -~- 100 IIH1 liln. Purpo,1 
IIP~liir -~PN s D.110' 211 600mA -r1111111Hz II MIii, 

50 !>.O lD 

- - ,,.., 
ll! !>.C 1(iil 
:,a 5.0 jO 

I 4.0 ! 
l.O 4.a 5 
1.0 10.0 s 

!IO - 100 
I lllll Zl 

!il.U 45 
I 400 .05 
I 15 .01! 
LI 150 3'KI 
I I 1000 !O 
I.J lwu !O 
u 1000 !O 
1.0 ·~ ~· 
!.I llll IW 

ld8 
Id 

Otflu Data 

ea .. .. .. ■•1111 -
SIJI• Conn. tacbl,.,. Appllatia11 

TO-I 7 R Gen Pwrpm.e 
10'.[8 I II rl, , ... er.., 
TO-lB B R Swrkllllll 

~~:~5 5 R r111,m 
T0•5 I R 11<£.. A"P· 
TO-! a A □sc., Amp 
TO- I I M w!lAIOp..11!!:. 
- I GE Osc.,rl.l -l,11 
- I C! IJlw·ntldH PJMmDS, 

T0-112 • M Aodlo Amo. 
TU-IINI I - -
Til•lll!I - - -
IU-IU:, - - ..,,cnna 

- I 0[ rlll / ■1110... Mij:lllis. 
TO·!lil I II 11111 [l,c,, IUJp. 
ID•ll9 I II oldAmp., Dk 
rn=~--i • l'frlAa,g.,I& 
ro-, I I ll!ic.. &mD, 
TO.!ll 2 • 1111~.llsc. 
- I II -

2 • - - Switdiln1 
TD:iz I Ill ""' d 1-J.il 
fU·III 2 II Che., rl, i:f .•• 
T0-12 9 II rlA•~.11111.,lloii: 
TO-IZ g Ill rfMlp.,Mi1.,0.:. 
1lf12 9 M t.w·•ai• rf Amg. 
Tu-u • II LOIII-IIGiH rl Amo 
,a;a2 I II law·nalwrlAmg. 
T0-39 • & Wldl•band Amg. 
,u:iz I II aid Amp. Che. Nu. 
T0-111-1 I I •-• u,t., MID 
f6-12 II ■ d Amp., llll. V•dal 1:,--
1!J:n 9 II rf ... , ....... Che. - 7 I ,.,..m111, "d On..., 
Tu - IJII I I 1111/■■ Arnp.lllc..~ 
TD· I ■ """"' IC· i • rf-
ru- 2 II ■ .. -y~. if I ■ • -•,OK. 
k~ 1 ■ I OK.,Alll1. 

Ta.ii I ■ 1111u11a 

TO-~ 2 Ill • Amo..DIC. 

Tu-u 2 ■ :ill ■atAIIO. 

T0-92 I Ill :,OIIINIAfflD. 
T0-92 2 M rftlUst. ~mo. 

T0-!12 2 II At.ldlG A■I 



No. 

■ P5'111 
■P!ISII = l 
■PS15H 
■P5112 
IIPSA55 
TIS.I 
TISSI 
lfXIIIO 

No. 

ZNMI 
ZNU91 
!NIUO = 211221'l 
Znl'IJI 
ln1169 
lNl.lli 

E 
z.,_, 
ZIU!l!l 
zii'All 
lRllSJ 
2Nl11l 
IN!IH 
ZNl'l24 
ZN~ , __ ., 
~-
lhno 
ZIIMll 
2-~•6 

; 
lN!MI 
ZlllMZ 
2 ... o1 
am; 

I 
lllltU 
lNl')CZ 
IN-
lNU!l 
ZN'9'6 
ZN5995 
ZNSffi 
lli&IJ& 
■JCIIO 
■n-UUI 

■O'>-U>I 

Ho. 

INMI! 
ZU417 
"jrffijj 

TABLE IX-SEMICONDUCTORS - Continued 

5MAll•SIONAl TYPES - Continued 

M.&:1in1um R•Un11 Chtr1c1e,IUlc1 

Typo M■ t11- Diu. Vero ,:r., .... ,r'~.) NCIM u .. c ... 
,111 1 IWatu) (Volh) (Min.) 1~&·1 (Typ.J Stylo 

NPN s 3 25 JOOmA 150 4110MH1 ;.JI Au<lio-r1 T0-92 
NPN s O.llll" lO IIOOmA lll l9IJ II Ht - Amp T0-'12 
rnr s omr -10 .f,OOmA 60 260 IIH1 ,hi Amo T0.9Z 
NPN s n 25 2S 7DO ■H1 - I Ult. T0-'11 
NPN s U.310" 2(J - 2ll Dl ■H, I ~f omn. , .. , 
NPN s O.llD" 20 - ~ - - A■dlo omn T0-92 
PNP s 05 -60 -'>llllmA 50 llllllNt - Audia Amp. TO 92 
NPN - 1.2• 40 500 mA 40 !00 MH1 - ff T0-92 
PNP . .,,,. - 12 - !DmA JO DJMH1 - r1 TC-92 
PNr - o.ull' -20 -JO mA 11) 6'1!MH1 ' r1 IU·/l 

LAIGI-SIGNAL TYPl5 

MnimUIII A1bn 'I Ct,,uair.tar11t.ic1 

Type ,. .... Dlu. J~Fn, le ... ,, NIISI! u .. Cue 
rlal' fWalh) Ide) (Min.) (Typ. ) 1,1-, (Typ.) St)I• 

PNP G 1511 -40 -IIA 20 - - Gen. fo'u1p-:11:1 T0-36 
NPN ! l.D' 30 IOU mA ll roo IIHr - rl Amp. f'0'.39 
PNP ,; 110 -511 _,,a ll - - t,e, Purpau 10-36 

NPN • ,; E5 I A 20 IOOMHl I G~ Pi.trQD~fl T0-5 
PRf - Ji.,, -&:! - lllA 4:1 l!I!! >Ill - ,1 TO-lo 
~Pli • 5 l ! - I A ·~ - ~ :.m~ .. ,.,., 
NPW 5 ZJ"J:, ♦ t,<, 1.3A - ZOO IIIH1 - n TO-.H 
p~p - J•.I - 50 -Ji:'A ~ lllUklQ - Gn. P.araon rv-J 
nPN s ll.jj 6!J 1.,a - roll MHI - n J0-6!} 

NPN s ! ill 10\I ... 511 T0-5 
•rN s II> 60 JI A 20- 10 - - Gen. PurpOS! "io-J 

""" s 4i BO ,w ffiA 511 4:tll MH1 - Amp TO-, .. ~ - C ;S :,uumA JO 2511 ll!H1 - ~u~r:-11 -
.t:-, ~ II 411 I• :u ~M~: - ri YO-J'J ,Pli s ~- fl! Z• l•J :a:IIH: - Pl~~.-- t111 10 ,~-Si 
Nl'l'I 5 /J' ~ J• - l:JII mH: - ~ •'!lo ru,._ 
NPR s ;J' 5' JA - .:wr.iw, - r1Am:. 10-iO 
NPh 5 150 ... ;<[IA .,..., K:}iJ IIIHl - p-.,_ ~ ... IU·l 
NPN s 51 30 DC A - !WO MHI - n T0-39 
NPN s 1• I! ~mA - S5Q MH1 - rt Amo. T0-39 
~p~ s ,. 20 :l!!)IIIA 15 IOOMH1 rlAma T0-3'J 
NP1l s 11.•· !O l~• - !t00111Hz - rlAmp. IU·bl ..,., 

5 ,- __:.. I" ~, Wl\1H1 Gen. Pu,;>:IO 11>-5 
,P:i S Ol• !<1 )A fi, . "'"' - ee,.t111·~1 10-J 
NPN s.--n• ,o .l.L!J ffl~ - ~)J !'"' - r1Amr. h:·J"J 

NPN • ,., . 65 ,., A !iQll'IIHl rl Ar.,p 1e-1<1 

••• s ,u, 65 ilA - .liJ 11!~, - Amp . 10-~ 
NP• s IOI 65 J.J A - lfiMM1 - Amp. TO-bl 
NPN ].;f ~ ,oo mA - Zl;Nl uh! Amp. 
NPN ,.s• 35 IA ) - - ,ump -
·"" ll" .I> t.U 5 - - r1Amp. -
fiPh :ic• 35 ;A ) rf -aw. -
nrn J~" 3o I A 5 rl-n 
W'~ ~- ,. >A . - - r9An,~ -
NPN s 11(1' :la ,A ' - - n Amp. -
aPN s J.>t '' :QO mA !10(!MH1 - uM Attig T~-3l 
neN s Ju. I! fl l.~ A - ,.., .,., - uh1 Amp 
nm s JO. Tl n I.) A 11011MH1 - uhl Amp 
NPN s ~· :l!l UA - ~MN1 - all! Amo, -
nrn 5 B Jl 5ll . wm• - 2.J C.H! - u11 Amp. -
:;_,>N , ~j ,; """ l~ !if!""' n Ar.,o .,.,, s J.19 !l l,A 1; !~r,'.H: - r1 A:-"p 
NPN s 5 16 (1 :.a 2;J ,_;_t 1,1c:1, ucl Al'"p 
NPN s 15 16 a..~ 20 4i0 MR1 o!tl Amp. 
NPN s ll.5 16 2.0 A 20 410MH1 ub• Amp 
NPN s JO.I I~ I.I A - JJSMHt ,ht Amo. 
neN s ~I l8 1.0 A - JlollH1 - vlll Amo. -
nPN s "' 11 !U A ZII 410 MH1 utilAma._ 

,-fu'.J NPN s lill Cll I A J0 l MHI - Gt:1t Pu,o.::se 
NPN s 1.0· ;;u t.~ A ,.j ;.J ■Mr al A:np. 
PNP s :--~- -"' ·•-~ .:. '" !>l llH! Ge':l. t"Ill~~ 

FIELD,IPflCl T'IAN51ST015 

EHH. . , ... f P'Vi 
.... T•p 

Ca■o r,P• (mW) v .. ••• 1:-l, F...ci . Style ■ MMCli, IMH1l 
N JFET m 30 -6.0 4000 t 15 450 T0-12 
NfET 111 JO JO 4500 l.l 15 ,oo -
P JFIT JJa 40 1000 ; 5 TQ-'1 

V2S 
Otha, Dab 

Bue M1nu-
Conr,. factu,a,.. Appllcatlnn 

z M al-r1 Amp 
z M unglemen1.1,, Amp 
2 II •--tu-.Amp 
2 II uhi Dsr. 

II M ,1r1 Amp.. v,1110 1-1 
l "' H1Rh·Z Pr1-1mp 
z M Audia Amp. 
l Tl r1, Swi1Chin1 
l it rl, SWIIChlOi 
~ II rl. Praamp. ••I.uh! 

OlNr 0,lta 

Bu• M■ ftU• 
Conn. fadwra,.. 4'ppllco-

H "' 5wittll. Ama. 
I R ,hi Amp, Mll. 
il M Swil!b, Amp. 
I R al, rt Atnp, (L1nll!JI) 

ll M •'· ~, ~mp .• s ... ::h. 
9 R l.cYHIC·!.lfA'Tlp. 

• • Clrn C ~ MID.. lll<. 

ll N .11, ill .. Amp., S••lc.h. 
IZ R ,hr "las.s-c 4mp. 
I R PNr. S...-itch 

11 R Swilch, Roa., Amp 
I R .)witi:h, Pulse Amo, 
I R -
• 11, (I= A. B. C ~ Mall. Amp., ust. 
ll • 1.. a: use... ,t.mo. i:< ura 
l.l " gtr1 P.1_ Amo. 0.. 
l.Z H uhf Pwr Ar,,o. OS<. 
II R ~•• Ami!_~-
8 R Class A, B, C n Mull. ilmp .• 1l<t: 
I M uh! l'wr. Amp. OK. 
a M ulrf f>1tr. Amp. DK 

l.Z R uld Pwr. Amp .• ()ti 
I R i\mp., S•·t1d'l,,il 

li • rt .z, 0.: ... ~r.t~. ~-< Amp 

• " u1nAm11 

12 R uirf ..... n omn. 

l.Z R .!OMHtA'"~-
12 • 50 IIHz A,.p 

- " MicrQWare Osr-., Am11. 
ZI M 4W111Hl. r1Am~ 
23 .. <wMHl. rl Amp. ,. M ,;o)"'~' rl A!!!p. 
ZI ■ ti.JMH~r1AIOO 
ZJ " !\!J MHz. n Amg 
23 .. loo'""~ n Amp 
I ft m MHz Ac:p. 

- R 432 MH• Amp 
- R 432 ll!H1 A__mp 
- • z;Q mHz Amp 

• Mic.10,.,h'e U~C:. ~ffl0 .. 
;a ., .0 MHz~ •"'0 
a II' ,o-~ rl ~...-. 
ll 'II !J?~1H1r1=• 
2} '.'ii !}] MHI rl tmo 
11 ,;J tJl MH1 ff Arnn. 
13 R ,Ill~ Amp 
ll R whl r1 Amp. 
11 :---1 431 MHz~ Amp 
ll '1, ~ /1-Rp .. ~:.e. 

"' M I •u~lu Arn11 
211 ~ I ,i A-nn. 

a. .. .. ,. .... 
Apt:1lle1tlon 

Ccnn f■ct.ure, 

II M ,ht;uhl r1 Amo Ml, .. Osc. 
12 UC ,lrf uh! Amp. 
I! M GPTt Pur~• Audia 



V26 TAILE IX - SEMICONDUCTOIS - Conflnued 

flllD-HFIC1 11AN51110RS - Canffnued 

Din. ., .. c,ss •u. Top ea,., Bn■ Manu-No. Trp• v .. v ... , ... Fr■q. Appflcatia11 (mW) • ■ NOS IP~) (mAl l■Hz) Style Conn. facturar 

2N!iltil eJHT 310 - 40 1500 5 9 - ll).1f1 19 M Gen. Purpose Audie 
2•-· p ,,. 0 ID 1000 5 ~ nm 19 M Gtn. Purpose A11dia 
2NM65 p It! o Ii{] """' ) l6 T0-92 29 M Gen. Purt.1os.e Amp 
2N5ai9 N Jfll o ~ 1.0 lilXI 4./ • - T0-92 I M Aron. Swildiin• 
2N56711 NJm o 25 2.0 ,~., u B T0-92 I M Arnn. Switchi1111 
lNll! ifillil I a 20 - !000 S.B - 200 T0-/2 II R al, ~. 4mp., 1111 ., Osc. 

JNl87 
MOS n-channal l30 20 - 6+6 7000 4 B.5 300 TO.n 16 R Oepl!lion lji Pl -

lNl.llO 
MOS n-dlannol 330 20 -&+6 lfl,000 8 S !iGl T0•/2 16 R uhl rf Amp. Dsplolion lvpl ~ 

40600 
N Dual-Gala 400 20 -8 10.000 5.5 18 250 10-n 16 R ulrf rt Amp. m 

40601 
N Dual-Gita 400 20 -8 l0.000 S.5 18 250 T0-72 IS R ~ht Mixer FIT - N Du,1-Gale 

!DD 20 -8 10.000 55 18 258 T0-/2 ]J; R •hf Amp. FEl 

40603 
N Dual-Gal• 400 20 --8 I0,000 iS 18 T0,72 16 R rf Amp. FIT -

406DI 
N D1181·Galt 100 20 --l! 10,000 5.5 18 T0-72 16 R rt Mix. f[T -

CJli/3 
N Dual-Gal• 

l30 20 -6 llDOII 6 35 400 T0-12 16 R rt Amp. m 
E!OO NHtl 250 I 9000 5.5 30 100 4 SI vtl't Arn n. 
Hfl'lllll N JFn 200 20 - 3000 - g - T0-72 H M af Amp. 
nu...,, NJtt! 200 2S 2000 - 20 ·m-9'2 6 M rfAmp. --·- .... m 30 3(1 3000 4.0 21) 21 M rlAmp.,-Wx. 
lllrPIU< N ,., zoo 2) -2.5 ""'' 0,) zo 2Qlf 10-!12 & M af, nAm p .lfil .. llS< 

;-;a:' N Jffi 310 25 - 25 1000 4.5 5 - T0-92 6 M Gin. Purpose Audio ...... .,., 
N Jffi llQ 25 - 25 1500 4.5 g - f0-92 6 M Gsn Purl)OS9 Audlo W45ll 

;-;;.~';'/ N JFIT 200 25 --U 2000 4.5 16 100 TO-S2 6 M at, rf Amp., Mi,., O,c. 

;-;~, N Jffi 200 25 - 25 251l0 5 30 432 TC-92 6 M al, rf Am11-, Mix., Osc. 

;-;;_1 NJFIT 310 - --25 1000 5 20 400 T0-92 6 M ,hi-uh! rt Amp. 

IIPl1211 
N uu,l,C.I@ 

500 ~ ±20 8000 I.S II 105 - 24 M rl Amp. Mosm 
IIPFl2l 

N Ou,H;at, 
500 25 ±20 10,000 4.5 30 200 - 24 M rt Amp. MOS FIT 

■Pl122 
N D.,l ,\illta 

500 25 .. 20 8000 4.5 ~ 200 - 24 M rt Mix. 110s rn 
• • Ambient T,mp. ol 25"C (No heal ~nii I - c,., f,mp_ ol 25'C (wilh heal ~ni). 
1 S - Silloon. G • G01manlum. ' GE - Ceneral Elec1rk M - Motorola R • RCA. SI - Silloonix. TI - Tem ln,!um1nls. UC - Union D!rbida. 

§ 
E CB ll) 

~ 
CBE 

(2) 

Q 
OGS 

(3) 

B C 

0 
E (10) 

D G2 

s@G £:)GI 
CASE ( 15) S,CASE ( 16) 

~ 
Yo (22) 

Go D • 
s • 

(4) 
8 (5) 

EBCASEC 

llliJ 
GS D 

(6) 

E C 

-0 
B ( II ) 

Q 
C EB 

(17) 

~ 
~ S D 

(24) 

s 

D~G 

CASE (14) 

~ ~~C(TAB)~ L!!!J O s 

G D 
5
(19) (20) G (21) 

EB C 

C 

E c E~B 

~ 0 0 

B E 
(25) C E 

(26) 

.__g_,, 
~ 

B 
The lmds are ma rked C. calledor, B. bo,e, E. emitter. G. gal~ D. dr•in, and S. mare<. 



Some Abbreviations used in Text and Drawings 

A - ampere 
ac - altema1in1 current 
AID - analog-lO-.ligi1al 
al - 1111dio frequency 
afc - auiomatic fnquoncy control 
afsk - audio fn,quency-shifl keying 
•BC - autom ■ lic pin conltol 
ale - aulomallc load (or level) conlrol 
•m - amplitude modulation 
anl - automalic noi., limiter 
ARC - amateur radio dub 
AR.EC - Amaleur Radio Em<1gency 

Corp• 
ARPSC - Amaleur Radio Public 

Service Corp, 
A 1V - amateur television 
ave - automatlc •olume conltol 
be - broadaSl 
BCD - binary-coded decimal 
bci - broad ca., I In u:rfuenc,, 
bcl - broadcasl listener 
BFO - bQl-frequency oscillator 
BPl - Brus Pounden league 
CB - Citizen, band 
CCIR - lnternallonal Radio Consultative 

Commillee 
cc., - counlerclockwi,.. 
C-d. - civil defen .. 
CD - Communk■lioos Department 

(A RRll 
CMOS or COSMOS - complimentary• 

symmetry metal-oxide ,emiconduc101 
coax - coaxial cable. connector 
COR - carrier-operated relay 
CP - Code Proficiency (award) 
CR - cathode ray 
CRT - catbock•ny !Ube 
c1-crn1erup 
CTCSS - continuous tone-controlled 

squelch system 
cw - conlinuou1 wave (code). clockwbe 
D/ A - digital-lo-analog 
dB - decibel 
de - direct current 
OF - direction finder 
DOC - Dcputmenl of Cammunicali.on1 

(Canadian) 
dpdl - double-pole double-throw 
dpst - double-pole single-throw 
dsb - double sideband 
DTl - diode-tran,illor logic 
DX - long di1wce 
DXU: - DX Cenlury Oub 
EC - Emergency Coordinator 
ECO - eJectron<oupled oscillator 
ECL - em I ller-<:ou pied logic 
EME - eartb-moon-<:arth 
emf - eleclromollve force (voltage) 
FAX - faaimile 
FCC - Federal Communication• 

Commission 
PD - Field Day 
FE.T - field-<:ffecl transistor 
PF - Oip-Oop 
fm - frequency modulation 
FMT - frequency measuring test 
fsk - frequency-shlfl keying 
GOO - grid-dip oscillator 
GHz - yjpbert1 
GMT - Grttnwlch Mean Time 
god - ground 
ll - henry 
hf - high frequency 

HFO - heterodyne frequency oscillalor 
Hz - hertz 
IARU - lnl•mational Amalour Radio 

Union 
IC - integnled cln:ull 
ID - i nsid• d i.ame ler 
1-f - intermediate fn,qu ency 
ln.Js - inch per second 
IRC - International Reply Coupon 
ITIJ - International Telecommunic■ lion 

Union 
IW - Intruder Wa1<h 
JFET - junction field-<!ffecl traolistor 
k - kilo 
kc - kilocycle 
kHz - kilohertz 
kW - kilowatt 
LED - llghl..,milliox diode 
If - low t'requency 
UIO - linear masi..r oscillator 
LO - local cMCUlator 
lsb - lower !ldeh■nd 
LSB - least➔IIIJlificanl bit 
LSD - lea,t .. ignincanl digit 
LSI - largo-scale Integration 
luf - lowe!I uqb)e frequency 
mA - milllampore 
MARS - Military Affiliate Radio Syatmn 
Mc - Megacycle 
mf - medium frequency 
MG - motor11enera tor 
mH - millihenry 
MHz - Megahertz 
mic - microphone 
mo - mixer 
MO - masler oscillator 
MOSFET - melal-axide '"miconduclor 

field-effect rnnt111or 
MOX - manually-operated swilchin1 
m, - millisecond 
m.s. - meteor sca uer 
MSB - most ... lgnificant bit 
MSD - most .. i,nlfic■nl digit 
MSI - Dlf!dlum~al• Integral.ion 
mu( - mallimum usable frequency 
MlDC - multiplex 
mV - milll•oll 
mW- mUJJwall 
nbfm - nurow-band frequency 

modulation 
n.c. - no connect.ion 
NC - nonn,.Uy clmed 
NCS - net cantrol slation 
NO - normally open 
npn - negatiwe-posltlve-negative 
NTS - National Tr■tnc Syst•m IA RRl) 
OBS - Official Bulletin Station 
OD - oullide dl•m•t•r 
00 - Official Observer 
op amp - operational amplifier 
OPS - Official Phone SIJltion 
ORS - Official Relay SI.Ilion 
osc - osi:ill ■tor 
OVS - Official VHF S Lotion 
oz - ounce 
PA - power ampllfier 
pc - printed or elched circuit board 
PEP - peak-<:nwolopc powe, 
PEV - pealc-<!n.velopc voltag,: 
pF - picofarad 
PIV - peak-inverse voltage 
pk - peak 
pt-pk - peak-lo-peak 
Pl - priv11e line 

PLL - pha1e-locked loop 
pm - phase modulation 
pnp - positive-neplive-positive 
pol - potentiometer 
PRV - peak-rewene wollag< 
PSHR - Public Service Honor Roll 
PTO - permeabilily-luntd o,cillator 
PTT - push-10-lalk 
RACES - Radio Amateur Civil Emer-

gency Service 
RCC - Ra1 Chewer, Club 
.ICff - n:ceiwer 
rf - nodio frequency 
rfc - radio-frequency choke 
RFI - ndlo-frequency interference 
RM - Route M1n114ier 
RM-(numbor) - FCC rulemakln1 
nm - root-mean-square 
RO - Jladio Officer (c.4.) 
RST - n,adabllity-strengt.b-tone 
Rn - resislor-tr■nlislor logic 
RTTY - radio telerype 
s.a.e. - .. 1t-1ddre,.,d ,nvelope 
s.a.s.•- - stamped 1.1.e. 
SCM - Secllon Communications Manager 
SCR - silicon-controlled recliner 
SEC - Section EmerJ!l!llcy Coordlnalor 
SET - limulared emergency test 
S.M. - silver mica (capacitor) 
SNll - a,,,11-10-noise ralio 
spdl - single-pole double-throw 
spst - singl•1>ole single-throw 
SS - Sweep,1ake1 (contest) 
ssh - single 1ideband 
SSlV - dow-ac■n TV 
SWL - !lborl-wa•e listener 
SWR - standi"I! ..,... ratio 
sy111c - synchro11ou1. synch:ronir.in1 
TCC Tnnscontlnenlal Corps 
TD - tr■n!lmittin1 di1lriburor 
TE - lran5equatorlal (propagation) 
tfc - tnoffic 
lpi - toms per inch 
T-R - lnnmrll-n,ceive 
rn.. or T2l - tranmtm-tramhtor 

logic 
TTY - Te1,1ype 
1V - tele•ilion 
TV! - televislon intorfenmce 
UJT - unljunclion transistor 
usb - upper 1idcband 
ubf - ultra~iah frequency 
V - Yoll 
VCO - ,rollap-controlled osc!Dator 
VCXO - voltage-conlrolled cry,1111 

oscillator 
VFO - nrl■ble frequency oscillator 
vhf - very high frequency 
wlf - •cry low frequency 
VOM - woll-ohm-mllllammetor 
VOX - wolce-opcrated break-in 
VR - •ollqe n,1ulator 
V1VM - YICtJUm-lube 'follmeler 
VXO - ••rlable crystal 01cilla10r 
W- wall 
WAC - Worked All Continenls 
WAS - Worked All Stales 
wbfm - wide-b•nd fm 
wpm - word, per minu le 
ww - wire wound 
w. - world"I! voltage 
xlal - cry,lal 
µ.- micro (I~) 
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AMERICAN RADIO RELAY LEAGUE 
Administrative Headquarters: Newington, ConnecticMt, U.S. A. 06W 

Name 

Addreu 

. .. . . .. .. . . .. . . .. . .. .. .. 19 ..•. 

AMERICAN RADIO RELA y LEAGUE, 

Newington, Conn., U. S. A. 06111 

Being genuinely interested in Amateur Radio, I hereby 

apply for membership* in the American Radio Relay League. 

I enclose remittance ($9.00 in the U. S., $10.00 in Canada, 

$10.50 elsewhere, U.S. funds) in payment of dues for . ... ... . 

. . . . . . . . . . year(s), including subscription to QST for the 

same period. Please begin QST with the ...... ......... .. . 

issue. Amount enclosed: $ .......• .• ••.. ...••...••.•..•. 

The call of my station is .......................... ... ••• 

T he class of my operator's license is ..................... . 

I belong to the following radio societies .................. . 

Send Membership Certificate D or Membership Card D 

C II-. SI.I le, Zip Code 

A bona ftde interest in amateur radio is the only essential requirement, but fMII 
voting membership is granted onlr to licensed radio amateurs of the 

United States and Canada. Therefore, if rou have II license, 
please be sure to indicate it above. 

*Membership is available only to individuals. Life Mcmbcr,,hip is granted to Full Members 
fur S 180 ($200 Canada, $210 elsewhere) . Write the Secretary for detaih. 

Any member of the immediate family, living at the same addrc,s, may ahu become a League 
member, without QST, al the special rate of S2.00 per year. Such family membership must 
run concurrently with that of the member receiving QST. 

1976 Handbook 
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Conductor Size • 
Construction, Hf: 

An End-Fed Hertz 
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. 614 
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Helically-Wound . 606 
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Alternator Noise • 320 
Antinode . • . • . • . . . 569 
ARRL Operating Organization • 658 
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Chokes, Filter 
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Computer-Aidoo Filter Design (CAD) 
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Condenser ••••• 
Conducunce • • • • 
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Construc1ion Practices and Data Tables 
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ContinentaJ (International Morse) Code 
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Coulomb • • • • 
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Coupled Coih 
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Coupler, Economy 
Coupling : 
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Broadband 
Capacitive 
Capacitor 
Coefficient of 
Critical 
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Interstage 
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Resonant Circuit 
Transformer 
Tuned ..•.•. ••• • 
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Cri1ical Couphng 
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Cross Modulation 
Crystal : 

Discriminator 
Filters 
Microphone 
Oscillators 
Oscillators (VhO 
Piezoelecl ric 
Tester , •.•.• 

Current Amplification Factor 
Current Density • 
Current, Electric 
Cut-Off Frequency 

D Region • 
DTL • 
DX Century Club Award 
DX Operating Code 
DX, Working 
D'Arsonval Instrument 
De-Emphasis 
Decay Time, Keying 
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Decibel Chart 
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Deflection, Vertical 
Degenerative Feedback 
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. 523 
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. 592,625 

• 461 
83 

Delta Match 
Demodulator ( RTTY) 
Depiction Region 
Detection and Det~tors 
Detectors: 

.58,235,237 
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Diode • 
Fm 
Grid-Leak 
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Infinite-Im pcdance 
Plate 
PLL 
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Regenerative • • 
Superregenerative 

Deviation, Frequency 
Deviation Linearity • 
Deviation Meter 

, 241 
. 24) 
• 420 
. 426 
. 425 
. 541 
, 421 
. 143 
. 23 

Deviation Meter, Heterodyne 
Deviation Ratio 
Dials, VFO • • • 
Dielectric • • 
Dielectric Constant , 15,23 

.93,101 
• 355 

96 

Differential Amplifiers 
Differential Keying • . • • • 
Digital-Logic Integrated Circuits 
Diodes: 

Color Code, Semiconductor • 556 
Detectors • 237 
Germanium 80 
In Parallel • 113 
In Series • • 11 J 
Junction • . • . • 80 
Light Emitting (LADS) . I 44 
Mixer • • . 294 
Noise Generator . 535 
PIN • .83, 139 
Protection of . 112 
Semiconductor 29,79 
~~n W 
Switching • 139 
Transformer • 251 
Transistor logic (Dn) 99 
Voltage-Variable Capacitor 81 
Zener • • .80,J.21 

Dip Meter • • • 520 
Dipole Antenna • • • • • 590 
Dipole Anlenna, Feeding • 592 
Dipole, Broad-Band . 599 
Dipole, Folded . . . • • 577,592 
Dipole, Open-Wire Folded • 592 

Direct Conversion Receiver . 237 
Direct Current 16 
Direct Wave • 558 
Directional Coupler , 636 
Directly Heated Cathode ; 62 
Director (Antenna) . 609 
Discriminator, -Crystal . 43 I 
Discriminators (Fm) • • 429 
OiJ5ipation, Plate • 149 
Dissipationless Network 45 
Distributed Capacitance 53 
Distributed Inductance • 53 
Divis.iom, ARRL 10 
Dominant Mode • • . . . • , • • • • . 56 
Double-Conversion Superheterodyne Receiver 244 
Double-Sideband Generators . • . . . . • 374 
Doubler . . . . . • I 36 
Down Channel, Fm • 436 
Drift • 140 
Drift Frequency • • 352 
Drift Oscillators • • • 76 
Drill Sizes • 545 
Driver Stage .68,136 
Driver Stages (VhO • 203 
Driven . 146 
Driving Impedance • 151 
Ducting . 563 
Dummy Antennas . 522 
Duplex . . • . • • • 436 
Dynamic Characteristic 64 
Dynamic Microphone • • • • • • 385 
Dynamic Regulation, Power Supply . I 14 
Dynamotors • 331 

E 
EC . 659 

ECL ••• , ••• 
EME •••••• 
Eddy Currents 
Effective Attenuation 
Efficiency 
Efficiency. Transformer 
Efficiency•, Plate 
E Layer • • 
Electret Microphones 
Electric Fields 
Electrical Bandsp[eadinl! . 
Electrical Laws and Circuits 
Electrode • 
Electrolytic Capacitor 
Electromagnetic 1-'ields 
Elect10magnetic Waves 
FJecbomotive Force 
Electron ••••••• , 
Electron-Coupled Oscillator 
Electronic Clock 
Electronic Keyers • 
Electric Field Strength 
Electrostatic Shield 
Elliplic-Function Filter 
Emergency Communication . 
Emergency Coordinator (EC) 
~n,ergency Equipment 
Emf: 

Back Emf 
Delinilion 
induced •••• 

Emitter (Tnnsi&lor) 
Emitter-Coupled Logic (ECL) 
End Effect • • 
End-Fed Hertz Antenna 
Ener)O' •• , • 
Equ1polcnlial • • 
Equivalent Noise Resistance 
Etched Circuit Boards . . 
Exciting Voltage 
Extra Class License 
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• 242 
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Flayer . 559 
Fl and F2 Layers . 559 
FAX . 471 
FCDA . 657 
FET 90 
Fm • • 420 
Fm Adapter • • • 433 
Fm Amplil1er (220) • .SJ2 
Fm Bibliography . 447 
Fm Channel Frequencies . 435 
Fm Communications . . 433 
Fm Touch-Tone Decoder • 440 
Fm Transmitters, Testing . 425 
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Hf Transmittinl! •.....•...•.••..••..•... I 36 
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Horizontal Sweep • , • , , • • •••.•••. •. •.. • . . 5 23 
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TVI • • • . . . . . . . . . . . . . . . . • , • . . . • . 485 
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isotropic Antenna ••..•..••......•...•.. 623 

J 
J-K Flip-Flop ..••.....•••.•...•...•.•... 98 
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Key , Code •••.......•.................. 12 
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Pulling .......... .•.....•......•• ... 353 
Saturated-Diode ......•..••.•.•....••. 460 
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Testing ...•...•...•....•..•...•.•... 358 
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Leakaae Flux .. .•••.•.......•....•.. , ... 38 
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LicenK" 

Licensing. Amateur • • • • • • • • ••. 8 
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Ligh1ning Protection .•....•.........•.. . 643 
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Line Sampler •••.....••..•........ , •... 636 
Line-Voltage Adjustment .. .•..•..••... ... 107 
Linear Amplifiers ......••.•..•.......... . 68 
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Linear Sweep .....•........•.......... . 523 
Linear Transformers .......••...... .... .. 576 
Linearity, Rf ...................•...... 376 
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Lissajous Figures ......•••..•.... • •••... 524 
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Load Resistor .•....••...•....... ••.. .. _ .62 
Log, Station ............ ... ............ 652 
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Logic ICs ...••..•......• • ••..•••.....•. 93 
Long•Witt Antennas ... . . ...•. .. .. •...... 594 
Low.µ Tube •.•••.•....• •••• •••••.• • .•• . 64 
Low-C Circuit ..•....•. •• . • • . . .•. ......•. 45 
Low Band, Fm .•....••.•• •••••••.... . •. 436 
Low Pass Filter •••••••••••••••• 48,141,497 
Low•Pass Filter (TVI) .•..•.••. .. .•.•.•••. 497 
Lower Sideband •••......• ••.• .••..•.••. . 58 

M 
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Mho ...•••.••.•.••.••.•• , •••• • •.• •.. . 19 
MOS .••..•.. ..•.•.. ... •. .•.•. .• . .• . • .. 99 
MOSFET ....•. ...... •.•....• .....•. •. 90 
MOX . ••..... ...•... .• •• •.•• •• , ••••• . 398 
Muf •••••••••.•.•••.•.••••.•..• • • • ... 559 
Machine, Fm •.. ... •............ . •.. •• . 436 
Magnetic Storms •.••....•• , , , , , .. .• . •• .. 560 
Magnetil.ing Current .. •...•••.... . , •. , , . .. 38 
Marine Operation •..•• , •••••• • , , •••• 335 
Masi, 40-Foot . . .•..•.. •..•••... • ...• . .. 619 
Mast Antenna .• •..... ..••••. , • , •• , •• .. . 619 
Matching Network ••••• •••••• , , , • , , . , 53 
Maxim, Hiram Percy ..•. ....•... . . .•. . . .... 7 
Maximally Fial Response •• , •••• • •••.•. . 48 
Maximum Available Power •••••• • • , , •••. 45 
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Medium•Scale Integration (MSI) .•. • . .• ..•... 98 
Mega (M) .•.•••.•..... •.•••.. .. . •. .•... 20 
Message form ...... .......... . , • . . , , , , .653 
Message Handling ..••.. •••• , • , . .•. , , •••. 6S4 
Metal, Cutting and Bending .••..... . . . .•.. 548 
Metal•Oxide Semiconductor (MOS) • .....• ... 99 
Meteor Scatter ... .• . ..•.•••••. .•••. .... 564 
Meter, Field Strength ••.•..•... . • .••. ..•. S31 
Metering ... .•.••..•. ...•...• .••• . • ... . 164 
Metering Circuits . . . . . . • . . • • . • • • • • • . ... 164 
Metric Multiplier Prefixes .•..••• • , • • .... 55S 
Micro U,) ••••••••••••••••••• • • • • •• ••••• 20 
Microammeler . .. •. .... ...•••. ••..• .... 506 
Microfarads (µF) ..... • •.. : • • • . . . . . . .••. 23 
Microhenry (µHJ . . . . . . . . . • . . . • • • • • ••.. 26 
Micromho ....•..•... .•....... •• . . ..•.. 19 
Microphones •••••..•.••.•• , ••. •.••• .... 38S 
Microphones, Carbon ..••..••. , ..•.... ... 386 
Microphones, Dynamic ... . ..... • •.• . • ..... 386 
Microphones, Electrel ...••.•.. • ••..• .... 386 
Microphones. Piezoelectric ........ . ..••. .. 386 
Miller Effect ...• .. . ...••.•.••• .. . , , ••... 70 
Milli Im) ....•..•... ..•. ..... . . .•. ••.• .. 20 
Milliammeter .. .• .. •..•••...••••••• •.. . SOli 
Millihenry (mH) • • .•..•..•..•.•.•.• .•.••. 26 
Milliwatt . . . . • . . • . . . . . . • • • . • . • • • • ..•.. 22 
Mix, Don .•... . . .••.••.•••....• , .• .••... 9 
Mixer ......... •....••••••• 243,246,294•296 
Mixer, Balanced .•. . .•••••••• • , •.•.••.. . 248 
Mixer Circuits. , ...••. •.•.•.. ••••.....• . 295 
Mixer, Diode .. . ... ...•..•. ..•.•...•.•. 294 
Mixer Products ......... . .. . ..•.....•... 244 
Mixer, Ssb ...... . .. •.••. ........•.•.•. 384 
Mixer Stage .•.. .... ... .•. , • .•.••..•.•. 243 
Mixer (VhO .......• .. ..•. •• ......• 246,294 
Mobile and Portable/Emergency Equipment 

and Practices ..• .•• .•.••• , •.....•.•. . 319 
Mobile Antennas .•. . ..•. •...•..... . 322-33 I 

Mobile/Portable ConstructJon : 
Power Supply for Transceiven ..•••.•..•. 333 
Band-Switching Field·Stn:ngth Meter ...• •. 336 
Portable Station for 14 and 7 MHz ••••• 337 
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Operational Amplifiers .•.•............ 93,101 
Organ Interference .•..•••.•...•.•...•.. .488 
Oscar, Project Inc •••••....•••••..•.•• 458 
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Frequency Stability . ••.•.•..........• ; . 76 
Grid-Plate .•.•.... ..••..••...•..•.... 138 
Ground Point .•.•..•..•............... 76 
Hartley ...........•..•••.•..••••. .. . I 39 
High-C .......•••....••.•.•.•........ 76 
High-Frequency ....•................. 248 
Keying •.•...•..•.... •.••.•. ........ 354 
Penneability-Tuned (PTO) .......... 144,242 
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PIN Diodes •........ .•.........• .... 83,139 
PLL ....•.......... .............. 143,431 
Pm ••••.••••.•.•••.•..•••.•••...••... 420 
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Phase Modulator ...•.......•...•...••.. .424 
Phase-Splitter Circuits ....•.••.•••••..... 387 
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Q Section ......•.........••.•.•.•. 576,626 
Q Signals •••...•..........•.•.•....... 64 7 
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Improving Fm .•.•.....•....•...•... . 446 
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Ruistunce, Equivalent Noise .•..•......... 236 
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Color Code .•.•.•.••..••.•........... 553 
Grid ....• .....• ..•....•.......••... . 66 
Plate •.•....•..........•............. 66 
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Voltqe-Controlled Oscillator •.•••••••• ..•. 143 
Voltage Loop •••••••••••••.••••• , •••. .. 569 
Vollqe Node ••••• ••••••••. .••.••.•.• .. 569 
Vollagc Regulalion, Electronic . • •••• , •. ••. 122 
Vollmeter ................. • • • • • ..• .507 
Volume Compression ....... , ........ .. . 391 

w 
WWV ••••••••••••..••.• •••••••.•• ••.. 540 
WWVH •••••••••••••••••• ••• , •••• ••• . 54-0 
WIAW •• ••• •••••••••.• , •••• . 11,659 
Wi111t . • • • • • • • • • • • • . • • • • • • • • •••.••. •... 22 
Watl-Hour • • • • • • • • . • • • • • • . • • • • • • • • •••• 23 
Watlmeter. Low-Power RF • . • • • • . • • •• 539 
Wat1-Second •••••.••••••• •••••••••.•• ••. 23 
Wave Angle • • • • • • • • • • • • • • . • . . • • • • .• ... 559 
Wave Envelope • • • • • • • • • • • • . • • • • . • . .... 374 
Wave•Envelope P111erns • : •• •••.••.••• 392,401 
Wave 1-'illcn ••••••••••• , •••••••. ••• 183 
Wave Front •.••••.•.••..• ••• , •••••. ••. .557 
Wave Gukfes •••••••••••••• •••••• • ••• •••. 55 
Wave Gulde Dimension, ..•• •••.•••••• ••••. S6 
Wave Propaplion ••••••••• •••••••••••• .. 559 
Wavelenath ............... , .• , ......... . 17 
Whealstone Bridge ••••••••.•••.• .•. .•.. . 509 
Wheel and Tire Static . • • • • • • ••• , •••• •... 321 
Whistle On, Fm ••.• •••• •••.•••••• , •. .. 439 
Wire, Color Code for Hookup .•.•• , • , •• .. .555 
Wire Table, Copper ........ .. ...... . ... .. 556 
Wiring • ••••••••••.• ••• ••• ••.••••.. 549,642 

XYZ 

X (Reacl■nce) • • • • • • • • . • • • • • • • • ••.. 32 
Yagi Antenna •••••• •..•••••••••••••• ••. 623 
Yagis, Sborl and Long . . • • • • • • • • • • • • . .•. 627 
Yagis, Stacking • • • • • • • • • • • • • . • • • • . • . ... 627 

, Z (Impedance) ••••••••••••••.••••.•• .... 35 • 
Zener Diodes ... .................... 80,121 
Zero-Bi11 Tube1 •••••.••••••••••••.•• ••. . 68 

-
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	Don Mix, 1TS, at WNP (Wireless North Pole).

	The "shack" for WNP was on the schooner

	A USAF space vehicle going into orbit with Oscar, the first amateur satellite.


	Electrical Laws and Circuits

	Fig. IB — Variation of potential with distance f" the charged sphere of Fig. 1A.

	Fig. IC — Variation of field strength with distance around a sphere charged to 5 volts for spheres of different radii.

	fig- 2-34 — Two common types of transformer construction. Core pieces are interleaved to provide a continuous magnetic path.

	Q

	¿o = An2^in

	‘n " x/ (Rp + Rin)2 + (Xp + Xin)2“

	(A)

	Fig. 2-61 — Methods of tuning coaxial resonant lines.

	Fig. 2-62 — Methods of tuning parallel-type resonant lines.

	Fig. 2-64 — Forms of cavity resonators.

	Fig. 3-13 — Class B amplifier operation.

	Rg. 3-23 — Showing how the plate may be grounded for rf in a typical oscillator circuit (Hartley).



	Semiconductor Devices

	Typical silicon and germanium diodes of the present era. The larger units are designed to handle high current.

	This photo shows various modern-day bipolar and field-effect transistors. Various case styles and power classes are represented here.

	(B)	THERMISTOR BIAS STABILIZATION

	Fig. 4-17 — Examples of bias-stabilization techniques. A text discussion is given.

	Fig. 4-21B—Typical MOSFET characteristic curves.

	A collection of modern ICs. Various case styles of metal and epoxy materials are illustrated.

	(A) *


	AC-Operated

	Power Supplies

	El

	Fig. 5-10 — Methods of suppressing line transients. See text.

	■AAA	

	equalizing resistors. See text for appropriate value.

	Fig. 5—20 — A — Series voltage-dropping resistor. B — Simple voltage divider.

	12 must be assumed.

	C — Multiple divider circuit.

	Fig. 3 — Schematic diagram of the voltage regulator (VR1, Figs. 1 and 2).



	HF Transmitting

	Top view of the transceiver.

	Rear view of the transceiver.

	L1 — 1 -0 mH

	Top view of the 8877 amplifier. The three meters are separated from the rf compartment with an aluminum shield.

	Shown here is the assembled amplifier as originally described in QST for December, 1975.

	The varactor tripler is assembled in a box made from double-sided pc board.

	Designed and built by Dick Stevens, W1QWJ, this amplifier fills the need for a low-drive model usable with 10-watt exciters.

	Top view of the amplifier (note paralleled ceramic capacitors for C4).


	Receiving Systems

	TABLE 1	TABLE 2

	Fig. 8-14 — Chart showing the relative levels of spurious signals generated by a 12AU7A mixer.

	Fig. 8-19 — An IC age system.

	mechanical filter.

	T-NOTCH

	View of the receiver compartment prior to installation of the converter boards.

	Local OsciUator

	Top view of frequency display circuit board. Visible in the foreground are the three shielded input wave-shaping networks.

	As can be seen in the photograph, the bottom end of the coil can be soldered directly to the connector.

	Fig. 10-20 — Diagram of 5/8-wavelength 220 MHz mobile antenna.

	Fig. 2 — Circuit diagram of the whip antenna. C1 is a 3- to 30-pF trimmer.

	Converter Coil and Capacitor Table


	Code Transmission

	TABLE I - INTERCONNECTIONS

	TABLE II - Accu-Memory Parts List

	A Deluxe Keyer Memory	363

	Inside view of the one IC keyer.

	LI - J. W. Miller 4622 or equiv.

	S1 — Spst toggle.

	T2 — See text.

	Fig. 13-1 — Single sideband is the most popular of all the modes for amateur hf communication. 
	Fig. 13-4 — Table showing the forward-to-reverse resistance ratio for the different classes of solid-state diodes.

	(C) CRYSTAL,CERAMIC,OR Hl-Z DYNAMIC

	Fig. 13-15 - Rf filters using LC (A) and RC (B) components, which are used to prevent feedback caused by rf pickup on the microphone lead.

	Fig. 13-18- Typical solid-state compressor circuit.

	The unit shown here was designed and built by W1KLK. It originally appeared in QST for March, 1976.

	Interior view of the transceiver.


	OT) L

	Bandwidth

	Fig. 14-11 — A list of fm-bandwidth filters that are available to amateurs. Manufacturer's addresses are as follows:	3) E. S. Electronic Labs, 301 Augustus, Excelsior

	1) Spectrum International, P. O. Box 87, Tops- Springs, MO 64024.

	Fig, 14-14 — Typical limiter circuits tubes, (Bl transistors, (C) a differential high-gain linear IC.

	using (A) IC, (D) a

	Fig. 14-16 — Typical frequency-discriminator circuit used for fm detection. T1 is a Miller 12-045.

	Antenna transfer relay.

	channels shown.

	Fig. 14-33 — Standard Touch-Tone frequencies for the 12-digit pad.

	Shown here is the decoder built by W1GNP as described in QSTfor January, 1976.

	Fig. 1 — Schematic diagram of the tone and digit decoder. Parts placement is not critical, but standard construction practice should be followed when fabricating these circuits.

	Fig. 14-54 — Parts-layout diagram for the 50-watt amplifier (not to scale). A 4 X 6-inch pc board is used as the base.

	Appendix A

	Fig. 15E-1 — Satellite altitude above earth versus ground station map range (statute miles).

	Fig. 15F-7 — Interconnection diagram for a Bell CDS coupler, representative of connections to unattended interface devices.


	Appendix



	Services

	It’s Up to Us

	Pc board serves as an enclosure for this elliptic- function filter.

	At 8, the representative circuit for the 220- and 432-MHz filters. These filters are also bilaterial.


	Measurements

	Fig. 17-2 — A voltmeter is a current-indicating instrument in series with a high resistance, the "multiplier."

	Inside view of the field strength meter. Most of the components are mounted on a circuit board.

	Fig. 1 — A simple audio oscillator that provides a selectable frequency range. R2 and R3 control the frequency and R1 varies the output level.

	RF IMPEDANCE BRIDGE FOR COAX LINES

	558	CONSTRUCTION PRACTICES

	CHARACTERISTICS OF RADIO WAVES

	"Call, from international table, may not check with actual reception. Locations and frequencies appear to be as given.

	WWV PROPAGATION BULLETIN SERVICE LOST


	573

	Chapter 20

	The three-band quad antenna.

	20 Meters

	(A)72‘ 8"

	(B) 71'3

	(C) 69' 6"

	15

	Meters

	(D) 48’ 654" (E) 47’ 7'6

	(F) 46' 5

	(G) 46' 5'

	10 Meters

	(HI 36' 254" (I) 35' 6"

	(J) 34' 7

	(K) 34'7"

	(L) 34' 7



	Station

	Interior view showing modified transformer.
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