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FOREWORn 

K presenting a wholly revised bovventh edi· 
tion of TIUJ RadiQ Amateur'8 Handbook the 
publishers can only hope that it will be 
found as helpfu! as previous print8 of this 

book and enjoy !LS wholehearted a reception at 
the hands of the amateur fraternity. 

The Handbook is intended both as a reference 
work for member-operators of the American 
Radio Relay lkague and other !drilled amateurs 
and as II. source of information to those wishing 
to participate in amateur r&dio activities hut 
having little or no idea how to g<lt started. The 
choice and SCQuence of material have been planned 
with particular thO\!ght to the needs of the 
Leginning amateur hut e:tch subject has been 
developed to embr&oo the most modern amil.teur 
practice in that particular department of activ
ity. Designed to be a practical rather than a 
thlXlretical work, theoretical discussions hn.vc 
been made as simple and fundamental JUj pos:sible 
and the chief effort directed at practical means for 
seeuring rerul1.8 - which, after all, is the prin
cipal aim of the amateur in radio. 

Tllis book is made available by the American 
Radio Relay League, the radio amateur's own 
org&nization. Written by amateurs, for anyone 
and everyone interesWd in flmateur work, it is 
hoped that it wiU oontinue \.Q be a helpfulmanua! 
to thOlle active in amat.eur work and iIl8trumental 
in assisting beginning and prospective amateurs 
to get in\.Q the game and get the ma):imum of 
enjoyment out of it by direct ing their effor1.8 
along the JinCll that bring resull.$ most quickly, 
surely and inexpensively. 

In 1925 Mr. Francis Edward Handy, for 
many yeaIll the League's communication man
ager, commenced work on a 8Illall manual of 
amateur operating procedure, at the direction of 
the A.R.R.L. Executive Committee. It was 
deemed desirable to include a certain amount of 
"technical" information, since an amateur's 
resnll.8 are so greatly influenced by the disposi
tion and adjustment of his apparatus. When Mr. 
Handy completed his manuscript he had written 
a cousiderable-eized book of great value. It WM 

published in 1926 and enjoyed an instant success. 
l'roduced in the familiar format of the League's 
Inagazine, Q81', unuSlUl1 as that is for a publica
tion of thi~ nature, it was possible to distribute 
for a. vcry modest (:harge a work which in volume 
of eubject-matter !Iond profusity of illustration 
surpassed most available radio texts selling for 
several times il.8 price - and which, beca.uoo it 
was writ.ten by fill eminently practical amateur, 
was of the grea.test possible value as a guide to 
other amateurs. Three successive editions were 
revised by Mr. Handy as reprinting became 
neceasa.ry. 

T hroughout the year 1028 the U!Ioguc con
ducted a technical development program at its 
headquarters laboratory for the purpose of 
developing new apparatus and methods which 
would overcome the handicaps of reduced space 
in the radio spectrum which were to become 
effedive upon the radio !Iomateur at the beginning 
of 1929, by virtue of the then ne<;dy--signed inter· 
national rad io tre(l.ty. This work was under the 
direction of Mr. Ross A. H ull, well-known Aus
tralian amateur !Iond t echnical journalist, and was 
brilliantly successfuL In 1928, then, Mr. Hull 
joined l\fr. Handy as CO--!loutJl.Of of the HandooQk, 
and three additional editions have since appeared 
under their joint authorship. 

To a total of ten printings the fame of the 
IIaru.Jl.,ook h!UI echoed around the world. 11.8 suc
(:eS8 has been really inspiring. Quantity orders 
have come from many a foreign port; sehools and 
technical classes have adopted it as a text; most 
important of aU, it has become the right-hand 
guide of practical amateurs in every country on 
the globe. But amateur radio moves witll amazing 
rapidity and the best practices of yesterday are 
quickly superseded by the developments of 
to-day. Ever since the day the sixth edition 
rolled from the presses another revision has been 
seen to be ne(:essary - the llandbook must keep 
up \.Q date. Now in the headquart~rs csw.blish
ment of the League there are many skilled atna
teurs, each a specialist in his ficld. We have been 
increasingly aW&rc, the last. few editions, that the 
Handbwk wus becoming a family affair, with 
Inore and more of us participating in its com
posi t ion. Wbcn it was t ime to prepare a seventh 
edition we found that (I. natural division of the 
labor brought many membeTll of our establish
ment into the picture, and so tbis edition is 
presented as the work of the headquarters staff 
of tho A.R.R.L. 

The book has !lOW been completely revised, 
with every chapter modernil.eU in the light of 
current amateur practice. Naturally it oontinues 
to be based ou Mr. Handy's earlier work. As our 
communications manager no one is better fitWd 
than he to "''lite the cilapteTll OIl operating a 
etation and on the work of the A.H.H.L. Com
munications Department. Natural to him, too, 
as the member of our staff most interested in the 
early instruction of IlOW operators, is tile author
ship of the chapters on gotting sturted, OIl elec
trical fundamentala, and 011 how our radio 
signals are sent and rC<;eived. The opening chap
ter, a general e~ition of amateur radio, is 
from the pen of Mr. A. L. Budlong, the assilstant 
S<lCretary of the League. The seven bulky chapteTll 
in the central part of t ho book, dealing with the 
coIl8truction and operation of all types of a ppa-



ratus, are the joint work of Mr. J ames J. Lamb, 
the technical editor of QST, and Mr. George 
Grammer, tbe al!8iBtant technical editor of QST. 
In their work on our m&gl'zine tiley are, of course, 
coll8t.&ntly abreast of the lal.e8t thought in ama
teur technical circles, and to them fell the arduous 
tlUlk of oompletely revamping the appa.ratus 
chapters in terma of prceent beet pnwtit-e. As 
before, the production of the book btU! been 

bandied by the pel'8Onnel which produces QST . 
We shall aU feel very happy if the present 

edit ion sucooods in bringing as much assistaneo 
and inspirstion to amateurs and would-be 
amateurs as have its orodCCC8l!Or8. 

K. B. WARNER 
EDITOIt 

n .... RTfORD, October, 1'.'130 

FOREWORD TO EIGHTH EDITION 

T he very gratifying reception of the first prin t 
of the l!event h edition IIIl..! brought us to s o 

unell'peetooly early reprinting. I..c8!l than 8ix 
months old, the "apparatus" chapters remain 
the last word in smateUf practice, bllt we seize 
th is oceasiol) to insert revised text for Chapters 
III and I V, on " l>'undament.al.s" and "How 
RAdio Signal!! Are Sent and Received," which 
h:l.d been prepared in advance against the next. 
revlSlon. Modernized and perhaps Jnltde m OTC 

easy to comprehend, we hope they will aid be
ginner and old-timer aJ ike in undel'lltRnding " how 
radio worh." They are the work of Mr. Roe8 A. 
H IIU, !l.89OCiate editor of QST. 

With no intent of heralding this prin t as 8, 

completely revised ooition, custom obliges us 
1.0 call it tho eighth edition. 

K. B. W. 

WEST H,4.RT~'ORO, April, 1931 
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«be amateur'!) ~obt 
I The Amateur is Genllermmly. He never knowingly 

uses the air for his own amu.sement in such a way as 
to le&lCll the pleasure of others. He abides by the 
pJct.lgcs given by the A.R.R.I •. in his behalf to the 
public and the Government. 

II T he Amateur 18 Doyal. He owes his amateur radio to 
the American Ib.dio Relay teague, lind he oITer!! i i his 
unswerving loyalty. 

In 'l'he A maleur i3 PrQgresrive. He keeps his station 
abreast of science. It is built well and efficiently. His 
operating practice is clean and regular. 

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

V The A malcttr ill BalctlUoo. Radio is his hobby. He 
never allows it to interfere with any of the duties he 
owes to his home, his job, his school, or his com
munity. 

VI 1'/~ A 1U(1/tur i8 PalrWtic. Hi~ knowledge and his 
station are always ready for the service of his country 
and his community. 

PAUL M. SEGAL, WOEEA, 
Director, Rocky Mountain Division, /\ .R.Rf.. 
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A mateur Radio 
MATEUR radio to-day is au established 

inBtitut ion. Thousands of poopJcpul'8ue 
i t as a hobby; a powerful and prosper
ous organization bonds together these 

followers and protee ts their interesta; an inter
nationally-respected radio magazine is published 
!:!O ldy for their benefit. T he Army and Na vy seek 
the cOOperation of the amateur in developing 
communication reserves; the public depends on 
amateur services in major emergencies; the COUD

tries of the world recognize him as one of the 
established branches of the radio un and provide 
space on the alr for him when writing up inter
nat ional radio treaties. 

Thirty odd yeal"6 ago amateur radio did not 
exist - the name, had it been used, would have 
mean t nothing. All the development just men
tioned, Olen, has taken place within the com
parativciy short Lime represented since the open
ing of the present century. 

It is the pur pose of this chapter to trace, 
hriefly, this development. 

W H O WI\.S t he fi rst amateur? 
I.'<)ng familiari ty with the brecd has 

made possible a mo.st likely assumption. It is 
probable that "'ithin a few days of the announce
ment by Marconi of the sliccessful termination of 
hill fi rst experimentll in radio communication, an 
ambitious young Italian with an insatiable curi
osity had wormed himself into the confidence of 
the illust rious Senatore ILlld acquired enough of 
the rudimentll of the new art to attempt 8. dupli
cate of t he origin8.1 apparatus. He was the 
world's first amateur. Our conviction of his ex
istence is ill no wise lessened by the fll.ct that 
hist(l ry neglects to mention him. 

History does come to our aid as soon as we 
turn to the American amateur. Prior to the ad
vent of radio telegraphy there existed a class of 
young fellows whose hobby oenwred around 
"electrical eJr::pcrimcnts." They built electric 
motors and wet cells to r un them; t hey SIlSem
hied Wimshun;t static machincs; they con
structed backyard telegraph linE'll. 

When Marconi ILllllounced that it WILl! possible 
to send messages without wire and proved it by 

tranemitting the let.ter "8" aerOSOl the At.lHlltic 
Ocean, the older heads munnured in awe and 
commlted their Bibles. Our youtliful electrical 
experimenters, on tile other hand, perceived iUl~ 
medi8.tcly that bere was something a hundred-fold 
more engrossing than "electricity." With onc 
voice thcy asked, " How does he do it?" and with 
one purpo.se of mind they proceeded to find out 
for themselves. 

At least one American YOWlgster had a receiv
ing set built at t he time of Marconi's first trans
atl8.utie experiment, nor was his entilU8iasm 
dampened by the fact that he did not have suffi
cient knowledge of the new art t o make his ap
paratus fun ction . 

So early in the radio picture, then, we see the 
beginning of amaleW" radio - the pursui t of 
radio, not a.s 8. business or means of profi t, but 
/LI:I a hobhy to be indulged during one's 'spare time 
for the love of the work and the pleasure it re
turns to the individu8.1. Aside from itll early be
ginnings, the sheer spontaneity of the Iltart of 
Am8.teur Radio is significant. No one said, " Let 
Il!! have Amateur Radio" and then proceeded 
coldly to deVtJlop it. I ns tead, it hlOIlIIOmed inde
pendently in the minds of hundred!! of American 
youths and men who 8!l.W in the new scientific 
marvel a means for personal enjoyment and a new 
agency for personal inter-eommunication. Once 
begun, it grew and grew. Nothing ha.s stopped 
it yet. 

It is d iffieult to e1amp a definite date on t he 
beginning of any widespread movement, but we 
may regard the year 1901 as the onll in which 
Amateur Radio received ih start in this oountry. 

FOR ten ye8.rs progress was slow, crude and 
fraught with difficul ties. There were few 

books 011 the subject, none of a popular nature. 
There were no radio magazines. Much of an 
am8.t eur' s t ransmi t ting and r eceiving equipment 
was homemade, of necessity, the glorious era of 
teo-eent-tltore radio being some twenty years in 
the future. Only a few concerns in the country 
carried radio equipment of any kind. 

But progress wa.e made. The coherer and mi
crophone detector gave way to the crystal, with 
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iu enormously increased senBitivity. The single
mide tuner displaced the straight aerial-to
ground hookup, and WlI8 it.ae1f displaced by the 
more flIDrible three-sl ide t uner. 'JbiB, in t um , 
was superseded by the loose coupler with vari
ablHonden&Cr tuning. There were rumol'8 filler
ing through of a ncw type of dctect-or, the audion 
bulb, invenl.cd by DeForest, which was cvcn 
superior to the crystal and which needed no &d
justment. 

The tran8Dlitters were all Ilpark. The begin
nen used spark coils, Iltraight spark gapl! and 
sometimC8 - a simple kind of antenna tuning. 
Their more wealthy brot hers used high-voltage 
tranafonncl'll. Power was Iimitcd by one' s pocket
book, and 80me pockct-book.8 d id not stop short 
of the five-kilowatt mark. 

Rotary gape were devcioped and were pounced 
upon. 

Wavclengths were to a certain cxtentaccidcntal 
- but thc a im was high. Unfort UMtee with lim
ited antenna faeil it.i611 had to bo content with 
250 or 300 meters; most of the big fellows were 
from 300 up - as likely as not, arouud 1000. 

By 1912 ranges had increased to the point 
where the fellow with several kilowatts was 
sometimes heard three and four hundred milCl!, 
in fa vorable eections of the country. The average 
radio amateur, however, contented himself with 
more moderate d iBtanres, and used hil:lsct for lhe 
mOl!t part in conversing wit h fricnds on the othcr 
aide of the city . 

At this point 'it is wcll to remember that there 
Wall All yet no governmental regulation of auy 
kind whcn it came to "wireless." Anyone who 
wanted to put a radio transmitter 0 11 the nil' 
could do eo. He could use any power he chose, 
amign himself a. call of his own, pick hisown W!l.Vo

length, or ehange it at will, and operate eit her lUI 

an amateur or a commercial when and all he 
pleeeed. 

Th ere were probably in the neighborhood of 
six hundred amateum in activo operation by the 
end of 191 1, with t he toW Navy IWd commercial 
stationa coming to only some 25 per ccnt of t his 
figure. 

T H E law camc for tho first time in 1\:112. Gov
ernment repl'C3ODtativcs returned from an in

ternational radio meeting in London armed with 
detailed regulations to govern the newly-arrived 
industry a nd sundry announcemcnts were im
mediately made to aU amateurll as fol[ows: 
Every amateur operator mUlit hcnceforth take out 
a liccnae for himself and his station. Amaleurt! 
would havc to keep their powcr down to a maxi
mum of one kilowatt. T hey could not operate 
above two hundred metel'll . Commercial and 
Kavy lltations now ha.d definite rights, and their 
t raffic Wall to be aecorded priority. Official cal l 
letters would be issued to each stat ion lind wcre 
to be used by it when transmitting. A few special 

licenses would be illllued to opcrate on 315 and 
425 meten. 

Init.ial alarm in t he amaleur ranks at t hCIIC 
pronouncemen19 was 800n allayed when it was 
found by cxperiment that if t he matters of ob 
taining liccnl!e!l and of showing consideration to 
t he commereial and government stations were 
complied with, observance of the other feat ures 
was not particularly neoesSfl. ry. " Two hundred 
metet!! " would cover anything from 250 to 375. 
"One kilowatt" could be stretched to two with 
out much fear of government admonishment. 
Regulation, in a word, was not accompanied by 
enforccment beyond the bare CMCntials, either 
in t he amateur n.nks or in any othcr branch of 

• 
rsd io, in those first early days .. 

Under t his happy state nf affairs the amateur 
grew a nd pJ'Ollpered, and by the first, part of 19 14 
had increased in number to about 2000. E xcept, 
however, for a slight increase in transmitting 
range to four or five hundred miles for the big 
fellows, and the U 8(l of audion bulbs - non
rcgencmtive - by some of the more advanced 
stations for receiving detectors, the art re
mained in about thc same state. 

IN the early part of H1l4, H irfUD Percy Maxim, 
an ardent amateur in addition to being a 

world authori ty in the field of sound, desired to 
send an amateur rsdiogram from his home in 
Ha rtford, Connecticut, to another station in 
Springfield, l\"lassachuset19. H is own lNLIlSmitter 
not having sufficient range to reach Springfield 
he conceived the idca of having it relayed by an 
intermediate stalion at Windsor Locks, Con
nect icut. 

It Wa.!! dono. 
Now it is not oiaimed that t his in itl!Cif was 

unusual. Shipe were using tho relay principle to 
get mCl!8ll.gea from mid-OOCllon to ahore with t he 
assistance of other ahipe. It is reasonable to M

sume that amateura theDlllClvC8 had previowlly 
relayed messagea beyond the limita of t heir own 
particular seta. 

Thc act itself, t herefore, had no particula r 
significance. The a pplication of t he act, however , 
had aU the significance in t he world. l\Ia.xim had 
for many months thought of starting a national 
amateur organization. He had not carried it 
further than tho idea Ktate because he could 
think of no prime moving force, no basic princi
ple around which to rear the structure. Ameri
cans have always been great " joiners," but if an 
amateur organi:&ation were over to progrcS8 
beyond the paper stage it mullt offer something 
more than ODe's name on the rolls. In short, 
unless he could find 80mething definite for such 
an organi:&ation to do, he could not justify ita 
cxistence. 

Thc morning after the H artford-Springfield 
relay while his thoughte were harking back to 
the previous evening's RUCCOll8, t he old ideas about 
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the national organi1.ation wandered through his 
mind - something clicked - and the problem 
was IIOlved! 

For here, without a doubt, was Ule idea 
around which the organization could be 9UC
cC6Ilfully and strongly built. The missing block 
in the puz~le had been found f:l,nd fitted. The 
organization would be a relay organization. H 
would have as its objeet the developing of relay 
routes over all the count ry among all the a ma
tcUl1l, so that by this means an amateur in one 
part of the country could send a. message hun
dreds of miles to an amateur in another part; 
perhapl even &end a m n age from one coast to 
a nother! 

W ITII IN a week, a name had suggested it
eelf suitable for this new organization, 

and a month later it was decided to start the 
ball rolling. Witness, then, in May, 1914, H. P. 
Maxim and another Hartford amat.eur, C. D. 
TUlIka, sit ting down and writing a letter I.Q each 
one of the amateul1l listed at that time in the 
government call-book, announcing the formation 
of the A mtT«:an Radio Relay Lwg1«!, olltlining 
ita purposes, and soliciting membership. There 
were no dues; membership WaI! free on apl)liea
tion. 

Responae was immediate and enthusiastic. 
Applications came back in every mail. In the 
early summer of 1914 was issued the first pub
lication of the American Radio Relay Leaguo 
/I. lilUe blue-bound call-book listing the nam()£l, 
addresses, calle, power, range, receiving speed 
and operating hours of th ree hundred U!lIgue 
members. This sold for 50 cents. 

By letter and radio the word WII8 spread. 
Membel1lhip increased. rapidly. In January, 
1915, the League waa incorporated under the 
lawl of the State of Connecticut all a non-corn
mercia l organization with no capital 8tock;. In 
Maroh, 1915, a. seeond call-book was issued, 
listing IIOme six hundred membere. I n the mean
time, through radio contacts and corTellpond
enoe, attempts wero being made to build up the 
relay rout.es for which the organization had been 
formed. Some success was being bad in this line. 
In la.te summer of 1915, however, a sorious diffi
culty loomed and demanded attention. It W/l.S 

proving a real task to acquaint the growing mem
bel1lhip with the plans and eehedul08 by means of 
lettore only. Increasingly it became evident thl!.t 
II. bulletin of some kind was nOOC888.ry. The 
League, however, had no funds; membership was 
st iU froo and the call-boob were sold a t cost. 

What 1.0 doT 
Tho answer came in Doocmbcr of 191 5 when 

ea.ch member of the Lesgue received in hia mail 
a sixteen-page magazine called QST. 'fhi&, i~ 
was a.n.nounoed, was being publiahed privately 
80t the expenBB of ~-1axim and Tuska and was 
thenceforth to be the official publication of the 

1 eague. League mewberehip continued to be 
free. Any Les.gufl member who wanted to get the 
magazine could have it by sending in $1.00 fo r I!. 

year's subscript ion. 
Response was again immediate; QST con

tinued, and, except for a period during the War, 
has since been published monthly as the ofiicilll 
organ of the League. Since the War the League 
has owned it. 

H AVING DOW II journsl in which to chronicle 
the IICtivitice of t he membel1lhip, Amateur 

Radio rolled up ita sleeves, hitched its belt and 
setUed down to businl!8ll. A member, discovering 
/lOme new improvement for his apparatus, 
would write an article on the /lubject, and within 
a month everyono was benefiting by it. Manu
facturere, invited \.(l advertillC, fou nd a new and 
responsive field for thei r wal"ffi. Some of them 
began to ml!.nufacturo apparatue peculiarly 
/luited to amateur needs. 

Early in 1916 a plan for an organized relay 
&yst~m was promulgated; by the end of tbl!.t 
year six major Lrunk lines had been established 
and four of them were being actively developed 
under trunk line managers. 

Earlier in the year - February 22,19Hi 
occurred the first attempt st I!. nation-wide relay 
test when Kirwau, 9XE, of Davenport, Iowa, in
lIugurated the first Waahington'/I Birthday Rel80Y 
with 8. me ' wge from Col. W. P. Nicholson, of the 
Rock Island Af8Cnal, addreeeed to the governors 
of every State in tho Union. The Pacific Coaat 
got the me""age fifty-five minutes after it had 
~n started lit 9XE; the Atlantic Coa.st, sixty 
miDutes after ; New OrleallJl had it in twenty 
minutes and Canada. had it in twenty rninutcs. 
The /lueceaa of this teat, Ulough fliT from 100 per 
cent, created the grel!.lest enthusiasm and ted to 
II. prediction in QS'f thllt a tn!.Uscontinental mes
sage would eventually be sent with but two inter
mediate relays. 

It W8.S during the summer of this year, too, thllt 
Chllrles E. Apgar, au amateur at Westfield, N. J ., 
copied on phonograph reeords all the trans
missions of the supposedly neutrality-obscrving 
German radio station at Sayville, and thereby 
provided evidence for the Government \.(l take 
it over. 

As a fittiDg close to the year, two manufac
turers brought out special amateur regenerative 
receivers - instrumc.nt.8 which so marvelowlly 
inerCl:lllcd the sensitivity and range of receiving 
apparntus that a transcoutinental relay W8.S 

immedilltely propcscd. 
Hero, indeed, WAIl high adventure! 

T IlE year 1917 had no more tha.n dawned 
when an 8omll.t.cur message did Cro&J the coun

try. On January 27th three messages were 
started from the station of the Secfred brothers, 
6EA, on the P/l.{Jifio Coast, and passing hy quick: 
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j.L.'nps through 9Zl<', 9ABD Rnd 2AGJ, ended 
up at ~ Iarim's stat.ion, IZlI,L But this accom
plishment was almost immediately ovor-shad
owed by a ~atcr one. On Fehruary (ith a meAAage 
..-ag started from the East Coast, relayed to the 
\\e~t Coast, and !l.Il IUlSWer returned in the record 
'ime of one hour, twenty minutes! Though the 
calls of most of the stations partieipating in this 
epochal event are now ill other hands, mention of 
the routing is nc\'ertheIess justifi ed, Jt was, start 
ing from 2Pll,I on the East Coast, through 8JZ, 
9ARD, and 9ZF tol}EA, on the West Coast , and 
blUlk via. the same stations. 

In thm same month an important clLange took 
pilUle in the A.R.R.TA. For nearly three yearl! 
Maxim and Tush had been a.cting as self
a.ppointed president and secretary, respectively. 
By 1917 the League hAd grown to such all extent 
that a more business-like organization W itS 

deemed advisable. On February 28, H1l7, then, 
a group of amateurs met at the call of Mr. 
r.la:.:im in New York. W'hen thcy dispersed, 
after a two-day session, they had written and 
adopted a constitution that outlined the polieies 
of the teague, specified the machinery for the 
election of officers, divided the country into ~ix 
divisions, to be supervised by division managers 
and assmtants, and had elected by vote twelve 
A.R.n.L. direc tors and four offieers. These offi
cers were: president, Hiram Percy Maxim; vice
president and general manager, A. A. IIebert ; 
secretary, C. D. Tuska; and treasurer, C. R. 
Runyon, Jr. 

With a real organization now behind it, with 
t ranscontinental relays a reality, with manu
facturers at last catering whole-heartedly \.(J 

amateur wants, with the trunk lines beginning 
to move traffie regularly, wi th a report of a west 
COAst st",tion hearing an east cOllSt station direct 
",nd with a League membership of nearly 1000, 
organize<! amateur radio in early 1917 was poised 
for tremendous strides in development. 

IT was two years before those strides were 
taken, however. 

For, coincidentally with its declaration of war 
on Germany in April, 1917, the United States 
Government placed a ban on the operation of all 
amateur apparatus. Amateur antennas were 
lowered ; amateur t.ram;lllitters were aealed; 
amateur receiving apparatus was ordered dis
mantie<!. 

But wait a moment-
A representa tive of the Navy Department met 

with President i\Ia'l:im aud Vice-I'resideut 
Hebert in New York and requested the aid of 
the A.R.R.T •. in cnlisting its skilled relayers as 
radio instructors and operators for the duration 
of the war. The nccd, it was explained, was 
desperate . 

• , How many do you want? " asked ?'lr. Ma:cim. 
"Five hundred !" replied Lt. McCandleSll. 

"How soon do you want them?" 
" Immediately!" 
"Can you put that ill terms of days?" 
" Ycs - we want them within ten days!" 
A last broadcast went out ovcr thc League's 

relay routes. Within ten days the Navy had its 
five hundred operators! 

There:t.fter, deprived of its basis of existence 
Itnd steadily losing members to the armed force3 
of the Uni ted SlaWs, the u ague kept on as best it 
could for the benefi t of those who were too old 
or too young to enlist aud to bring the able
bodied members into the service. Everything 
possible was done w kccp going. Hope was held 
out during the Bummer of till 7 that the war ban 
would not prevent experimental work with 
dummy antennae. It was !l. vain hope. l"urther 
orders were issued, strictly prohibiting the w>o of 
radio app:l.ra.tus [or any purpOMe what:;oevcr. 
The order was a death-blow. QST swpped pub
lication wi th the issue of September, 1917, after 
haying been run for several mont.hs at II loss. 

The League elo.sed its desk, locked the office, 
hung a "Not In " sign on the door knob, and 
went to war. 

Before it was over, t hree thousand additional 
A.R. R.L. members had followed those first five 
hundred pioneers. 

T HE war ended on November II , WI8. 
Eleven days later the old Board of Direc

tion met in New York, authorized President 
Maxim w atlend a hearing on a proposed radio 
bill in Wa.!lhingtolL, !Iond adjoumed after agree
illg to moot again for the JJurpose of getting the 
I . .cague started. 

In Fehruary, Hll9, the Board met again and 
listened to a report I.>y \ 'ico-President Hebert 
on tile condition of the League. This report stated 
that aU membership dues had lapsed, and that 
there was hut $33 in the treasury. It ende<! by 
recommending that if the League were roorglln
ized, a Jmid secre tary should be employed, and 
tbat QST should be bought from its owner, Mr. 
Tuska, and become the property of the League. 

That Board had nerve and detennination. 0 11 
the first of r-.farch it again met, and voted to 
reorganize the League. }'urther, it voted to pur
chase QST for the A.B..R.L. T he fact that there 
was only S33 ill the t reasury and that the pur
chase price of QST, including seveml months' 
unpaid printing bills, was close to $5000, did not 
deter it one whit. I t appointed a committee to 
deville lit financi ng plan, told them to go (.0 it, and 
adjourned. 

Before the month was up, auother meeting 
was held, attended this time by several of !.he old 
members of t.he kaguB temporarily in New 
York. The fi l'!:!t Mtion takeu at this meeting 
was w drnw up a. new oonstitutiou. It was done. 
New oflicers were elected then ItS follows: presi
dent, H. P. Ma.xim; vice-president, R. H. G. 
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~bthew.'J; trea.'Jurcr , C. H. Runyon, Jr.; 9CCretary, 
C. O. Tusks; t raffic m 8ntlg(:r, J. O. Smi th. The 
last-named offiee was a ncw ol\e erellted ullder 
the new constitution. 

It was immediatdy detemlined to ndviso aB 
rUlLny {orlller League mcmbeMi as could be 
reached of the reorganizMion plans. Orders '.vere 
given to the eecletary to print up a miniature 
two.-rlllge QST and !!Cnd it out. When it was 
pointed out that to send out sueh a bulletin 
would eost nearly $100, t he eleven men present 
stopped the meeting tempomrily, dug down in 
their poekets, and in a fell' minutes had placed 
$100 on the table. The men wllO thu9 mude 
pOli6ible the first Htep towlll'(i rcorgsnizat iou were: 
Victor Camp, H. L. Stanley, ./. O. Smith, W. F. 
Urowne, A. A. liebert, K. B. Warner, R. H . G. 
Mathews, C . D. T uska, H. P. l\'1axim, A. F. 
Clough and H. E. N ichols. 

When they met t wo weeks laler, I!.PI>1icatiolill 
were bl.'ginning to collie in. It was voled to re-
6ume publication of QS?', tr.nd 1<' B. Warner, 
formerly of Cairo, Illinoi~, wa.s elected tire ptr.id 
secretary of the League. 

011 )h.y 3, WI!}, the Boord again met to listen 
to a plan proposed by the Finance Committee. 
Brieny, it was to borrow 57500 from former 
League memben, iMluing in return certificates 
of indebtedness payable in two yea.J'3 with inler
cst a~ .5 per cent per annum. The propoSilI WI'Ll! 

approved. It was lIoiao voted to purchlll!e QS1'. 
Secretary Warner W/l.S inalnwted 10 11IoY plans 
immeditr.kly for the nrst issue of the magllozine. 

In J une the fil1lt post-wllr issue of QS 1' was 
printed with money loaned for the purpose by 
the printer himllCif, and the A. lUt.L. bond iMue 
Was advert ised to the mc,nbers. It Was stated 
that if the r~9gue were to continue, S7ijOO must 
lie subscribed by the membership. No *!Curity 
could be offered - the League hfl.d no IU~jets. 
The 10/l.n would be n loon on faith only. 

Amateur spirit is a very wonderful thing. If 
you don't believe it, consider this: as olle man 
the old League members subscribed to t hat bond 
iSlUe. T he League went on. 

T HE A.r..R.L.'8 first job waa to get the bAA 
on tr&n8mitting lifted. Eigllt months had 

Illwed since the terminat ion of hostilit ies but 
transmitting 11'&11 6till Ilrohibited. The League 
seut protcllt.a, appeals and entreaties to Wash
ington, but month dragged li fter weary month 
with no results.. Amat eur mdio fumed , swore and 
turned to building long-wave receivers for diver_ 
sion. It was a poor 8(1), at best. 

October - and the ban was lifted! An im
mediate headlong rWlh to get on the tr.i r took 
place. Manufacturers wcre hard put to 8upply 
IIpparllotu9 fast enough. F~ach night saw IJ.dd i
t iollal dozens of 8tations joyoliRly cl1i~hing out 
over the air. 

GunglOOY! 

KI NG SPARKI Grown now to full maturity, 
it reached itl highcst peak in the succeeding 

eighteen months. We have already sccn l hllot the 
way had been clelJ.~od for this development ju~t 
prior to the war. Thousands of war-trained amlJ.
teurs had re~urned home with the re.opcning of 
the ir s tation8 as their first thought. They hnd 
IOBt none of thei r knowledge. It had, in fact, been 
augmented by experience in the signal acrvicea of 
the Army and Navy, IJ.nd to this had been added 
valuable tnt.illing in discipline and organization. 
The period of enforced wailing immediat~ly 
after the close of the war had simply added 1<1 the 
pressure, and whcn t he btln was Hnally lifted, 
lion unprecedented pcriod of activity resulted. 

Those who opent.ted lIomateur etaUollll during 
this period will never forget it. J<:very evening 
heard scores of distinelive notee booming and 
echoing from one end of the country to we other. 
It was a time of extreme oompetitive effort, 
pitched to the nervous tempo of post-war 
tenmon. 

In all fairnC83, however, it must be chronicled 
that t he interference waa terrible! 

BUT it was an era of Progre8'J. Hecords were 
IIlRde and brokcll, and hroken again. A 

mess~e WIUI relayed from Hartford to J..03 
Angeles and an answer returned in 6% minutes. 
6ZK in California was belJ.rd in New York City. 
9ZN in Chicago was hcard in Panamn. 2RI{ in 
New York was rel)(lrted by a sloi!> operntor at 
Gibralt.ar. Relay routes grew over night; traffic 
mounted higher and higher. I t became nllCeSSll,ry 
to make UlC positioll of Tmlrie Manager a paid 
job, and Fred H. Schnell, of Chicago, came to 
Hartford as the League's traffic official. The 
LellgUe pa.id off ita bonded indebtcduCI!IIJ, and 
begllon to put money in the bauk. An official 
emblem W1lS adoptod - the now-fa miliar dillo
mond. At the request of Canndiau amateurs, 
A.R.R..L. operating territory WILS extended to 
include Canada, and four Canadian div isions 
were created. The Bureau of Standards at Wash
ington requested and secured the cooperation of 
l.et'Igue membera in a Dat ion-wide fadiog teat. 
T he First National Convent ion of the League 
was held ill Chicago (Aug. 30th- Sept. 3d, 1921 ) 
and was attended by four hundred amaleut8 from 
Ill! over t ilt! Uniled States. 

O NE of the principal charactcri8tic8 of ama-
t.eur radio is the rapidity wit h which currcut 

praetiee, regardless of how good i ~ iIlay be, is 
lilrowll aside - lock, sLock and barrcl- for 
something t hat is proved to be better. No more 
oonclusive dClI\onstration of this can be cited 
than the despatch with which tube (C.W.) 
transmission replaced spark transmiSl:lion in thc 
amateur stations of th is country. 

Continuous wave transmi3sion for the amateur 
was an outgrowth of his war exllCritlllce. While 
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serving in the Anny aDd Navy he had aecll fi ve
Wlltt tubes oovering yery l espectable clisl&llce!l. 
Iotert'llting sluff, t his C.W. Something t.o th ink 
about.. 

An undercummt or C .W. experimentation Uc
gall with tho resumption of post-war trll.lISllJi98ion 
in 1911). It WIUI oonfined to 8. small group for one 
very excellent re&jOlI : power tubes wcro not yet 
oommercially available. Ollly a favored few were 
in a polIilioll to acqui re government war-lime 
tubes. The aequiring, it may be 8Ilid, was done by 
devious methods. 

Those experimenters made 80me highly in
l~&ing diaooverie<l. C. W. travcled incredibly 
long distances with low power. It was sllarp. 
It did not create vicious local in terference. It 
Cllt through static. 

Such decided aclvantllgeli oould not be O\'cr
looked. When power t ubes bcetllnc avnilahle 
oommcrcinlly early in 1921, the A.BooH. f., . 
st.ft.rtcd n campaign advo('.JI,tiug tho adoption of 
C.W. for amawur usc. Convc!';lion, Ilt flrilt, 
proved 0. slow I>I'00e88. T he l'lI,llk and tile refused 
to be IItAmpeded by the slide-rule minority, and 
remained loyal w the spark pending whilt it 
considered definite proof of t he BUperiOrity of the 
tube transmitter. 

T hiiJ proof, as we s.ha!l see, was not long 
forthcoming. 

I N Deccmber, 1921, ihirty American nmateur 
stations were heard in Europel It electrified 

the amatcur world - but it Wf\.\Illot an accident. 
AI! but threc of those thirty stations were logged 
with AmericlUl amateur et)uipment operMed by 
an AmeriCAn llmateur who had bct!n sent to 
l<.A!gland at tho e:-:pense of the League 90Iely for 
that purpose. Not that we doubted the ability 
of our British COUJjin6 \.() do p. good job on the 
receiving end, but - ..... ell, safety first. They had 
hAd little experience with 200 melel"8. So Paul 
Godley was eent oyer, and put up an antenna at 
the very edge of the sea on a bleak Inoor in Sea .... 
land. }o' or ten hitter oold f'lliny days he made his 
home in a drahy tent with the ffl<leivi ng equip
meut, while every American amateur who could 
get a YCt on the air shot signals at him. When he 
dismantled his lI]lpa.ratus at the conclUilion of 
the t08ts it hud been demOllstratl't\ for :Ill timc 
that amat~ur signals on 200 meters could Bplln 
the Atlantic. 

Something else had been l\{:compliahed, too. 
M ore than two-third!! of the signals tha.~ got 
ac['()68 wcro from C.W. stations. Here W809 an 
argument that could not be Ia.ughed ofT. The 
81)8rk contingent thought it over, sighed re
signedly, IUld began poring t.hrough eat.aloguCf! 
of C.W. equipmeut. From that time on, Lhe 
fu ture of tube t.ransmission was 8o!!IIUt ed. 

C.W. proved a most accommodating play
mate, lUId immedilLtely started out to justify the 
1,;.::11 placed ill it by the am!lleur world. The 

excitement of the transatlantics had not yet 
died down when a young fellow named Dow 
wrote from H nwali to My that he was having no 
diffieulty at all in copying dozens of AmericlLn 
Sigll lLls . " ' ithin II. few months two-way communi
cation with Ha waii WBJI taking place nightly, and 
in the fall of 1!)2'.! all previous amateur ffl<lords 
were shattered to bits when I\l axim started II. 

message to Hawaii and had !Ul answer back in 
less than four and a half minut~ ! Only one inter
mediate relay station WIlS IIL'CdOO ~ bridge the 
gap from Hartford ~ H awaii. The year c108ed 
wilh another tran8fl.tlantie test. If further proof 
of the merih of C.W. were needed, t his t08t sUI>
plied it. T hree hundred and fifteen American 
CII US were logged in Europe. What was more, one 
French and two Dril.ish sulions were heard on 
this side. Two-wa.y communiCtlotion with Europe 
loomed 80S II. poS'>ibility. 

Hardly had the year 1923 opened when , too, 
New Zealand alllateurs reported logging stations 
from every district. ill the United States. In mid
summer of t he !lame year this news was eclip!loo 
by reports from Auatrnlill. tllat they were hearing 
many American amnleur signals from all but 
the eastern districts, and coincident with th08e 
repo~ word came that !leveral ships in Chinese 
and Japanese wat.crs had logged West. Coa.st 
amateurs. 

I t ..... 809 becoming just a bit bewildering to keep 
up with developments. 

I NE R TIA is more thaH a name in the "hyaics 
text book and a flLCtor in meehaniClL1 problems. 

It is 90mething to be reckOll L'<I with ill mallY lines 
of activi ty - including IUllateur radio . 

\V1len Marconi began his commullication ex
periments he ehose long wavelengths becaUIIC 
spark apparatus was easier ~ handle at long 
wavelengths. 1<0110\\'00 !I. natural inference on 
the part of the radio world : long waves are be.>!t. 
The mistake, of course, I&y in lI&>uming that 
because the apparatus functioned better at a 
IOllg wavelength the wavelength itself ""'80S a 
superior one for communication. T he 1912 Lon
don ConferctlCC fostered this belief by doling 
out the longest waves to thc long-distance 
aorvicCll. As wa\'clongths got down a round 1000 
metel1:l, they were Ilpport ioned \..0 services with 
more limited rungo requirements. When it came 
to our resultillg United Slates law, the amateur, 
being Illore or 10fiII of a nuisance a t the time, WIUI 
limited to a maximum of 200 met.cl"8. It was the 
finn convict ion of m08~ folks lhat t his would 
effectually prevent him from getling out any 
farther than his backyard. 

To a certain extent, then, the amateur must 
he forgiven if fer lhe first twenty years of his 
existence he persisted in II belief t hat t he only 
way w get DX waa to boost the W8\'e 80S high 
as possible. Even after the law made its appear
ance in 1912 the majority continued on the high 
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side of 240 meters. Gr umbling!! and dlU"k glaoces 
greeted moves 00 the part of the Radio Inspec. 
001'll to get amateur stations down 10 a.t iell8t 220 
mewrs in 1921 and 1922. Nor did the over
whelming au~ess of the 1922 transatlantic! 
suggest to the amateur world generally t hat there 
might be a cateh in this matter of wavelength. 
The tran!lD.tlantie sueeees WIUI a success in spite 
of tbe waveleQgt.b, and that WIlIl all there WIl8 to it. 
To-day we filly it was indeed in ~pite of the wave
lengtb, but we mean it di fferent ly. 

Aa is alWJl.YS the caee, however, the eXJXlri
mcntaJly-minded c1aas of amateur WfI.S at work, 
and WM acrioU8ly interested in the bWliocllS of 
determining the real value of the traditionally 
worthle8il wa.velengths below 200 metefll. It 
8ta.rted in to find out. During t he fiflll part o( 
1922, Boyd Phelps, then A88istant editor of QS1', 
wrote an account of 8ucceeef ul communication 
between Boston and H artford on 130 meters. 
Results were excellent. Early in 1923, under the 
leadership of QST's t hen technical editor, H. S. 
Kruse, a systemSltic effort was made to determine 
the communication8 possibilil.ies of wavelengths 
in the vicinity of 100 mewltl. Three acpo.rnte 
transmitters in various parLs of the country 
tranamitted alternately on pre-armnged ached
ules, starting at 200 meteltl and going down in 
jumps of ten meters unt.il90 meters was I"C3Choo. 
Listening statioUil recorded the results at v~rious 
di8t.aneCli. In every case better signa l~ lVer(! 
logged as the wa.velength dropped, 8.IId artic les 
on the po8I:libilities of ahort.-wa.ve transmission 
bega.D to Appear in QST. 

ON November 27, 1923, WM accomplished tho 
first amateur two-wa.y work across the 

Atlantic, when Schnell, IMO, and R.cinartz , 
lXAM, worked for I16veral hours with SAB, 
Deloy, in Franeellt wss a gr(!at IWcomplishmc!tt, 
but the significant fact 1'0'8.8 this: all three sts.-
t iona used a wavelength in the vicinity of ItO 
meters. 

Ther(! was the JXI~bility, of course, that it 
was a " freak" performance, but any suspieion8 
in this direct ion wer(! quickly dispelled when 
a.dditional stations dropped dO"l';n to 100 meters 
Il.ud found that lhey, too, could work easily 
two-way aerosa the Atlantic. Tho exodus from 
the 200-mct.er region started. 

In eMly 1924 tho Hoover RAdio Conference 
assigned sma.teurs ba.nds at 20, 40 a.nd SO meters. 
It lO\IIIt be admitted that the move from 100 to 
SO was wa.de with misgivings by ma.ny. Thero 
Was magic in lOO! It apcedily developed that 
Otero WIlJI just IlJI much magic in 80 - perha.ps 
a little mOr(!. Ma.ny other European eOWltries 
were werked, two-wa.y. 

Thought turned to 40 meters. A p retty low 
wavelength, to be 8ure - but you never could teU 
about th06e shor t wavC8. WhAt ha.d. worked once 
might work again. Forty wa.s given a. whirl, 

a.nd responded in8t.ll.ntJy by ena.bling two-way 
communication with Australis, New Zealand 
and South Africa. 

Surely this must atop somewhere! It stood to 
re8..'lOn that ZO W8.S too low for any use. But - it 
was given a t ry-out. No good? Almost immedi
ately it showed undreamt-<lf possibilit.ietl by 
enabling an east coast stat ion to work a west 
coast station diroot at high noon. The dream of 
amateur radio -Daylight OX! 

This capped the climax. Downward, hot A 
year later, II..B Car as the average amateur Wfl.S 

con~med, II. plugged ccnt would have bought. the 
ent.ire wavelength spectrum ahove 100 meters. 

From this timo to the present represents a. 
period of unparalleled accomplishment. T he 
short waves proved 11. veri table fl;old mine. 
Country after country came on t he air, until the 
confusion beel\me 80 great tbat it was Deelwary 
to devi~ a system of inwmational intermediates 
in order to d istinguish the nationality of caUs. 
The League began iSSlling what are known 8.8 

WAC eertificat<:'8 to t hosc stations proving that 
they had worked all the continent./!. Several 
hlwdred such certificates have been issued. 
RepreJentatives of the A.R.R.L. went to Paris 
several yealtl ago and deliberat-cd with t he ama
teur represen tatives of twenty-two other nations. 
On April 17, H)'.!5, t his conference formed .. he 
International Amateur Radio Union - II. union 
of national amateur societies. We have d iscovered 
that t he amateur as a ty pe is the SlIme the world 
over. 

IT is usually diflieult to conceive of iloprove
ment ou the lat(lst developments. The per

spective, of course, is too dOlle. Wherefore, each 
year in ama.tcur radio ItCeS some who are COD

vineed that at Jaet the ultimate hllJl ~D reached, 
and that fu rther improvement or develol)ment is 
impossible. 

It ws..s this elll.Sll tha.t dC{lided there wcra no 
more world~ to conquer after ~park had attained 
its peak of development in 1921. Yet, within a 
year, the introduclion of tube trnnsmi88ion had 
opened unlimited fields for endeavor. C.W. 
development on 200 meters represented an " ulti
mate " until we uncovered the lOO-meter region, 
and that in turn was regardcd s..s a stopping 
JXlin t by the pcseimisl.a! until the majority had 
shown what could be done with 80 meters, and 
40, and ZO. Twenty meters, at the prescot time, 
represenl.a! the lowest of the amatcuT wavelength 
assignmenlll t hat is useful for communication 
purpoaes with any degree of dependability, but 
this has not kept euterprising; a.mateu1"8 from ex
ploring the still higher frequencies. At the ama
teurs' own request, the iniernll tiona.l radio 
treaty of 1927 assigned them nurrow bands in 
the vicinity of five and ten meters. Both regions 
have since been subjected to experiment and 
scrutiny, the ten-weter region in particu.lar 
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having ~n giVCll detailed study lind made the 
buj_ of world-wide cOOperative testa with very 
intcM!8ting relrullJl. 

When it became possible for lUI amllleUf to 
communicate nil over the world on i!hort waves 
with nothing more than !I. 7.!+watt tube, the 
ultimate element cried that here at Inst WlUI Il. 

stopping point. 
Well, there is more to amnteur rndio than DX. 

]t is true that we have reached the ultimate when 
it cornell 10 distance - earthly distance, that is. 
Yet at no time in the history of IlInateUt radio 
have we mllde greater strides, or hIli.! broader 
horizons ahead of lliI, than at present. We are 
learning to work our world-wide communication 
with [e88 power and equipment, both through 
f.ransmillcr development and perfcction of re
ceiver dCBign. New t Ubell and equipment emerge 
from the iaoorllUlry, and we devise wllys to 
utilite th~m to maximum benefit ill 1\Inaleur 
eX])Crimentalion, No sooner du we Jearn how to 
permit the satisfactory operation of two 8tations 
where only one eQuid operate before, tha.n we 
make four work where the two did, and t hen sh, 
or eight where the four transmitted. The relative 
values of given wavelengt hs were cAt.alogued 
only to oblierve that these valuell are changing 
from year to year due, prffiumably, to varialiona 
in sunspot activity. Amateuf'8, 8a never before, 
are turning to the apparatue that has donc 80 
much for them, finding out what makes it" tid:," 
and aceking to make it tick better. Greater sl.tlbili
zation of transmitter frequency is being a U,llined; 
morc accurate sI,IIndards of measurement for that 
frequ ency Rre constnnUy being developed . 

A belief thf\t there are no more fieldJ:l 10 conquer 
is ulel'f!ly proof of mental stagnation on the par t 
of the believer. HiBtory alolle furnishes us sufli
eient assurance of the fact that there will never be 
an "ultimate. " 

I ~ClSLATJOX has always been the arch en.:-my 
of the amateur. We have already seen t hat 

but for human erring on the part of the e:lrly law
makers ill 1912, the first encounter with this 
formidable antagonist would very likely have 
ended in virtual extinction. 

Due to the illwnrcntion of the Grent W!ll', no 
furthe r internationtll threat Wa.!! to be made until 
1927. Meanwhile, however, plenty of trouble of 
this kind made itself fclt wi thin the borden of Out 
own country. As the state of the lut advMced, 
more and more attempts at radio legialation wece 
f06terl'd in Congress. MOfIt of these in their 
original form were detrimental to the welfare of 
t he ama!.euc. T o list the various bills and outline 
their historie$ would tire the reader and accom
plish no useful end. Let this statement suffice: 
since the orgRnitation of the A,R.H..L. in I\H4 
there hu never been preeentOO in either House of 
Congrei!!l a single bill pertaining to radio legisla
tion without the amateur cause being personally 

represented. by one or more offieef'8 of the 
League. 

A menace of another kind put in ita appearance 
during 1926 and 1927. There appeared a tendency 
on the part of municipalities to ereate city ordi
nances n'Iltricting locnl amateur operation. For 
six months the League waged a battle in two 
States against the constitutionality of such ordi
nances, and in 1927 ob tained a court opinion 
denying the right of municipalities to regulate or 
restrict amateur operation. 

Perhaps the greatest legislative crisis in all 
a mnteur history came in the fall of 1927. At that 
time, world delegates &.iJSCmbled in Wat;hington 
foc another internlltionaJ radio conference - the 
first since the London Conference of 1912. Such 
in ternational meetings were IJUpposed to be held 
every five yeal'll, hut the Great War had caused. 
their postponement. The Washington Conference 
waa a critical olle for the nmateur. In 1012 he did 
!lot cxist in sufficient numbers to be given con
sideratioll, from a world stll.lldpoint. In 1927 he 
did, but unfortunately our Government was prac
tically the only one in the world that had actively 
sponsored amateur radio during the 15 years 
which had elapsed since London. Amateur repre
sentatives at the 1927 gathcring, then, faced an 
overwhelming majorily of hootile delegations 
nations wbicl\ not on1y did llOt wish to reooguize 
the amateur but who, in many instances, wanted 
to flee him forever ruled off t he facc of the eartIl . 
The short waVQ3 he had pioneel'ed were produg 
very valuahle for other purpoocs. Only sustained 
effor t on the part of Lcllgue representatives, 
backed by ~be consistent and splendid support of 
the United States and /I. few other friendly dele
gations, made it possible to emerge from that 
eQnference wi th the lilllateur privileges we enjoy 
t<Klay, 

It must flO t be assumed that amateur radio is 
now past all legislative perils. It probably never 
will be. But the fact above all others t hat is 
strt5Sed with ~peet to the Washington Confcr
ence ia that it reault.ed in the amateur, for the fint 
I.ime in history, being officially written into an 
international dooument a nd recognized as ().lIe of 
the classes entitled to space in the radio spectrum. 
FutUre international conferences may seek to re
strict the amateur, but they cannot any longer 
d elly his existence. 

AMATEUR radio is one of the finest of hob
biCl!, but this fact alone would hardly merit 

such wholehearted aUI)!>ort as was given it by the 
Uni ted SUites delegation at recent international 
conferencca. There must be other rea80ns to jus
tify such backing. There are. One of them is a 
thorough appreciation by the Army and Na.vy of 
the value of the Ilmateur a.s a. 80urce of skilled 
radio personnel ill time of war. The other is bel!t 
described by the words " public service." 

We have already seen 3500 amateurs eontribut-
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ing thei r skiJI and ability to the AlIleriwn cause in 
the GTtllt W/IT. After the war it Wll6 only nalural 
that cordial relations 6hould prevllil between the 
Army and 1\""a\'y and the amateur. Several things 
occurred in the next few yeaM:! to strengthen these 
relationlj, In 192·1, when the U. S. dirigiblo 
Shenandoah made a lour of the country, a mnteurs 
provided con tinuous contact between the big ship 
and the ground. In 1925, when tile Duited SlatC3 
battle fioot made a cruise to Australia and the 
l\""a vy wished to le8t out short-wave apparatus 
for futu ro communication purp0!!e8, it WIUI the 
Lesgue's T raffic l\1.anager, Fred Schnell, who WIl8 

in complete charge of an experimental high. fre
quency flCt on Ule U. S. S. SeoUle, 

Definite friendly relations between t he allll\ leur 
and the anned forees of t he Government were 
C<'mcnled in 1925. Tn this year both the Anny alld 
the Navy came to the League \li th proposal~ for 
amateur cooperation. The radio Navnl Reserve 
and the Army-Amateur Kct are the outgrowth of 
these propo8!l 1~. 

One of the mOfjt brilliant examples of AIDawur 
cooperation with the military W&.8 fUMlishe<l in 
Jaml&.ryof 1930 when, at the reques~ of the War 
Department, League operators organized 0. com
munieation net for contact wit.b the " Arct ic 
Palrol " fl ight of the Army's First Pursuit Group 
from l'>'l ichigan to Spokane, Waall ington, and re
t urn. Amateur stations all over the country c0-

operated to maintain communication wit h t be 
lI~ompanying transport plano when it WIl8 in the 
lI ir, nnd with tbe flight pl)r80nnel at the variou~ 
stopping placell. The service furnished elicited tho 
highe8t pl'tlise from War Departmcnt and Air 
Service officials. 

The public service record of the lunateur is a 
brilliant one. These services cun be TOughly 
divided into two classes: emergeneicsand expedi
tions. It is regn;ttable that sptt.C(l limitations 
preclude detailed mention of a maleur work in 
both theac c11UlSe8, for t be stories constitUle some 
of tbe bigh-lights of amateur accomplishment. 
As it is, only a gencral outline enn be given , 

Since 1919, amateur radio has been the prin
cipal, and in many cases the only, meaus of out
sido communication in more than eighteen stonn 
and flood cmergencies in this country. The most 
Ilot.eworthy wcre the Florida hurricane of 1920, 
the ~'Ii Il6i8l:lippi and New England Hoods of 1927, 
Ilnd the California dam break and scoond .Florida 
hUrriC8.ll0 in 1928, In all of these alllaleur radio 
played a major ~Ie in the rescue work, and allls
teun earned nstion wide oommendlltion for their 
reeouroefulnC1!8 in effecting communicat ion where 
all other mean8 fa iled . 

It is inlCree:ting to note that ODe of the 
principal fun ctions of the Army-Amateur net
work is to furn ish orgnnize<l IUId coordinated 
amaleur assistance in the event of 8torm and 
other emergencies in thi8 country. In addition, 
Red C ro8l:l centers in various part.s of the United 

Ststes are now furuillhed with lists of lI.IIUIt.eur 
statioDs in lite vicinity as a regular part. of their 
emergency measures program. 

In 1!)23 the American Ila ilway Association sent 
a representative to the A.R .R. L. National Con
ventioll at Chicago to tnlk over plans for amateur 
coOperation in railroad emergencies. In 1\)24, 
1025 and 1926 the l .(laguc maintained an emer
gency network of some cighty stations for the 
benefit of a large eastern railroad , Five times this 
network rendered IlCl'vioo when wires went down. 

Amateur cooperation with cxpeditiona started 
in 1!)2J, when a League member, Don Mill', of 
Bris tol, Conn ., accompanied MacMillan to tbe 
Arctic on the flChooncr IJUUJdoin in charge of an 
amateur IlCt. Amateurs in Canada. and the United 
States provided the home contact. The sueccss of 
this venture WIlS such that :\lacMilIsn has DC\'er 
since made a trip \lithout carrying sbort-wave 
equipment and an !unnteur to operate it. 

Other eXplurel'll noted th is SUCCCllll Ilnd made 
inquiries t o tbe LeaguCl regarding mmilar arrang'.l
ments for thei r journeys, In 1 !l',24 another expedi
Hou secured amalcur cooperation ; in 1925 three 
benefited by amat.ellr AAl!istanoo, and by 1928 the 
figure had risen to nine for that year alone. To
day practically no c.xploring trip sta.rts from thi8 
country to remOle part.'l of t he world without 
making 9rrnngemen1.8 lo keep in ooutact through 
the medium of amlltcur radio. 

When the Byrd ExpeditiOll went to t he Antarc
tic, three of its fOllr operators were amaleuni, IUId 
IImateur station8 ill the United States furnished a 
great part of the communication with this coun
try. 

E\'cn in aviation the nm!l.U!ur contribu~ his 
services. Byrd utilized it in both hi~ Arct ic and 
Antarctic trip;!; Wilkina took along an amateur 
operator to the pow regious when he made his 
flights over the great wastes north of the Ameri
CIW continent, and 011 bolh thia and his Antarctic 
trip utilized communication with amateUM:! for 
tbe handling of traffic. When the ill-fated Dallaa 
Spirit went out over the PacifiCl searclllng for lost 
Hawaiian Hyers, amateur s tations 011 the West 
COIl8t copied it./! transmisaions right up to the 
fatal tailspin which !!Cut the plane plunging into 
the sea. Service of a Iliightly different nature was 
furnillhcd lor the NMional Air HacC/! both at Los 
Angeles and Cleveland, wllcn umatcurs installed 
and operated t he entire equipment ueoossary to 
maintain instant.aneous oomlDuuication betwoon 
the judges' stand and the outly ing pylol\lj, chock
ing planes in the t8CCI!I, reporting " down " plance, 
and furnishing immedist.e detail8 of all fouls, etc. 
So succuJuI WlUI this work, p!lrtieularly at Cleva
land, that it is probablo similar cOOperation will 
be sought by Nationnl Air Race omews in every 
future meet, 

Emergcncy relief, cxpeditiontLry contact, and 
OOllntless instan~'C8 of other forms of public serv
ice, rendered a8 they always have bcen and always 
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will be, without hope or eXpectAtion of ffillteriai 
reward, have made amateur radio one of the 
integral pattl! of our complex nationailife. 

SO ends th is Ilt<Jry of amateur radio. It has been 
the a.im to make it an accurate story, wilh no 

attempts to glorify the mllateue beyond his just 
due, Dor any effort to smooth over rough spot8 in 
amateur progress. 

To-day the amateur's position i.'I fixed forever 
in the l'lldio world. He has a Dame for being a 
progressive, resouTC<'fu\ and capable type. He has 
a growing list of glorious accomplishments to his 
l-redit. He is, t.o-day, law-abiding to the extreme; 
the quickest critics of amateur otT-wave operation 
are amawms themselves. 

The sOOry liS related hilS necessarily been brid. 
Many Btirring incidents have gone unmcntiom .. '11 
entirely, through Jack of space; such incidents as 
have been included have been acco rd~-d only a 
Bent~nce or two, where a chapter would be neces
sary to fC<:ord aU the absorbing details. Yet we 
hope tbat through it all tlle reader has glimpsed 
that indefinite and elusive soulcthing which al
ways has been and for all time will bc an integral 
part of amateur radio, prized as one of its most 
cherished possessions - a something which cru;ts 
aside all mal·kg of rank, cllste or creed and binds 
togethcr amateurs the world over - a something 
which, for want of a better name, we call Amateur 
Spirit. 

TII)O; AM.:ruCAN 11..1.010 m:LAY L.I::AOO.o; 

The American RAdio Relay League is k1-day 
not only the spokesman for amateur radio in t.his 
country but is the largest amateur orgaui1.ation in 
the world. It is strictly of, by and for amateurs, is 
non-commerc,iaJ aud has no st(l(:kholders. The 
members of the U:!aguc are the owners of the 
A.R.R.L. and QST. 

T he League is organized w represent ~he ama
teur in legislative matters. It is pledged w pro
mote interest in two-way amatcur commnnica.
tion and experiment,ation. It is interested in the 
relaying of messages by amateur radio. It is con
(,'erned with the advancement of the radio art. Jt 
stands for the maintenance of fraternalism and a 
high standard of conduct. One of its principal 
purposc!l i~ to keep amateur activities so well 
conducted t hat the amateur will continue to 
justify hiB existence. As an c:>:amp!e of this might 
be cited the action of the Leagtle in sponsoring the 
establishment of a number of St.nlldard Frequency 
Stations throughout the Unit.ed States; installa
lions equipped with the most modern available 
type of precision measuring equipment, and 
transmitting "marker " signals on yca.r-'round 
schedules to enable amateurs everywhere kI accu
rately calibrate their apparatus. 

The operating terriklry of the kngue is 
divided into thir/.e(,'n United States and six Cana
dian divisions. You can find out what division 

you are in by oonsulting QST or the Handbook. 
The affairs of the Lca.guc are managed by a 
Board of Dirccklrs. One director is elected every 
two years by the membership of each United 
States division, a.nd a Canadian General Manager 
is elected every two years by the Canadian mem
bership. These directors then choose the pres
ident and vice--president, who are also direc_ 
tors, of course. No one commereially engaged in 
selling or manufacturing radio apparatus can be 
a member of the Board or an officer of the 
League. 

T he presidcnt, vice-president, ~ecretary, ttca8-
urer a nd communications manager of the 'League 
are elected or appointed by thc Board of Direc
tors. These officCJ"l! constitutc an Exccutive Com
mittee to act in handling matters that come up 
betwC(!n meetings of the Board, their authority 
subjed to certain restrictions. 

The U:!ague owns and publishes the magazine 
QST. QST goes to all members of the League 
each month. It acta as a monthly bulletin of 
the League's organiw:! activities. It serves as a 
medium for the exchange of ideas_ It fosters ama
teur spirit . Its technical articles a.re renowned. 
QS1' has grown to be the "amateur·s bible" as 
well as one of the foremost radio magazines in the 
world. The profits QST makes are used in sup
porting League activities. Membership dues w 
the League include a subscription to QST for the 
same period. 

The extensive field organization of the Com
munica.tions Department eo0rdillfites practical 
station operation throughout North America. 

HEAnQUA~TY.I\S 

From the humble beginning/; recounted in the 
story of amateur radio, T.eague lleadquarters has 
grown until now it occupies an entire floor in a 
new office building and employs morc than two 
dozen people. Work at H eadquarters is divided 
into the following departments: executive and 
secretarial; communications; advertising; edi
torial and technical ; aecounting; informatiOIl; 
Slid circulat ion. It is interesting to note that with 
t wo exceptions every ma.n in the headquarters 
establishment is a licensed amateur; and one of 
the two exceptions is a. new olfico boy who is even 
now studying to become an amateur! 

Members of the Leaguc aTC entitled to write to 
HelO<lquarters for information of a.ny kind, 
whcther it concerns membership, legislation, or 
general qUCl:!tions on the constnletion or opera
tion of amateur apparatus. If you don't find the 
information you want in QST or the Handbook, 
write kI A.RRL. Headquarters, Hartford, 
Connecticut, telling us your problem. All replica 
are directly by letter; no charge is made for the 
service. 

If you come to Hartford, drop out to Head
qu!lrlers. Visitof8 are always welcome. 
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WhlK 

f<'or many years it was the dream of the 
League's officers that some dll,y H eadquarters 
would be lIbie to boast a real "he-..station" ll,nd a 
permanent operator to run it. In 1928 this dream 
became an actuality, and the League to-day 
owns and operates thc station shown in the 
frontispiece, operating under the call WI MK 
The sole duties of one of the members of Head
quarters nrc to operate thkJ station day and 
night. 

W1MK has two transmitters. A tuned-plate 
tuned-grid transmitter uMing two UV-2Q.l-A's is 
employed for 3575-ke. operation, and when de
sired can be used on 7100 kc. with equal facility. 
During the summer of 1930 a erystal-r:ontroUod 
transmitter with a Type '6 1 output stage was 
installed, working equally well on 7150 kc. or 
14,300 kc. Til is is used on 7150 kc. when both 
transmitters a.re keyed simultaneously in sending 
Official Broadca.sts to League members on the 
achooules announced monthly in QST. It is ex
pected that this equipment will be modifie<l w 
permit transmitting standard frequency or 
"marker " signals in connection with A.RR.L. 
standards. 

Powcr 8upply to tbe two transmitters is ob
tained from a motor-generator and a mercury 
vapor (Type '72) tube rectifier and filter system. 
A mercury arc is available for usc in cmergcncy. 

The shielded r(X:eiver employs SCtct',n-gdd r.f. 
amplificat.ion, and in addition the operator can 
utili1.c " peak " a udio selectivity if desired. 

A dynatron-oseilla tor frequency meter is pro
vided in addi tion to crystal and t~bsorption-typc 
atandards to facil itate a.ecurate checking of the 
frequcncy of received signala. It might be pointt.>d 
out, too, that every dot and dush transmitted by 
the station is monitored, so that troubles in ad
justment or apparatus are thus quickly apparent 
t-o the operator. 

Two horizontal H ertzian antennas (half-wave 
and cithcr one-wavc or two-wave) are used . 
Zeppelin feed IinCll from the transmitters excite 
these antennas at thc proper frequency. A scpa
rate receiving antenna is provided to facilitate 
break-in operation. 

Tbe current operating schedules of \VIMK 
may be obtained by writing the Communications 
Department at Headquarters or by consulting 
the t."tlrrent iBl;ue of QST. While much of tbe 
opern.ting time is devoted to pre-arranged sched
uies, the station is always ready for a call from 
any amateur . 

TU.\P1TiO:iS 

As thc League haB come down through the 
years, certain traditiolls have become a part of 
amateur radio. Developments in radio have al
tered the appara tus used by amateurs a great deal 
in the last decade but through all the changes 

some personnlitiCli have stood out a.bove thc rCllt, 
typifying the spirit of the amateur. 

The OW Man with his humorous storie.!! on 
" rotten radio " hM become one of awa teur 
radio's principal figures . His pictures of radio and 
radio amateurs a re characteristic and inimitable. 
The Old Man sits in his shack a nd reflects on I.he 
" rottenness" of everything. H e glarcs at" Kitty," 
spitting out his grouch to ali who care to listen . 
There is much specuia.tion in amateur circles 
concerning the identity of T.O.l\t , but in fifteen 
years of writing he has not once given a clue w 
bis real namc or call. 

1'he IV ()ujJ-[hmg is amateur radio's most IlII.croo 
symbol and stands for the enforcement of law ll, nd 
order in amateur operation. It came into being 

Till! WOIJI'P-HONG AND TlIB RETT1-SNITCIl 
(P~pf.. aU 'WI to II" .am •• ook) 

originally in a s tory by T .O.M . For some time it 
was not known just what the WoulT-Hong looked 
like, but in 1919 The Old Man himself :mpplied 
t he answcr by send ing in to League Headquarters 
t hc one and oll ly original Wouff-H ong, shown 
here. It is now fmmed and hang!:! on the wall 
oi the Secretary's office at A.R.R.L . Head
quarters . 

The Reuy,mitch, snother weird instrument of 
similar origin, is used t-o enforce the principles of 
dCCClICY in opornting work. 

J{)fNIXG 'I1IE L E.\QUE 

The best way to get started in tbe amateur 
game is \.0 join the League and strut reading 
Q8T . Inquiries regarding membership should be 
addressed 1.0 the Secretary, or you can use the 
convenicnt application blank in the rear of this 
book. An interest in amateur radio is the only 
qualification necessary in bocoming a member of 
the A.R.R. L. Ownership of It station and knowl
edge of the code are rnlt prerequisites. They can 
come later. 

Learn to let the League help you. It is or·gan
izcd solely for that purpose, and its entire llead
quarters personnel is trained to rendcr tlle best 
assistance it ean to you in solving your amateur 
problems. H, as a beginner, you should fmd it 
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difficul t to ulld~rstalld some of the matter eOIl
ta ined in succeeding chapters of lhi~ book, do not 
h€f:!itate to write the Information Service stating 
~'our trouble. Perhaps, in such a case, it would be 
profitable for you to send for a copy of a booklet 
published by the League especially fOf the be
ginner and ent iUed "How to Become a Radio 
Amateur. " T his is wriuen in simple, straight
forward language, and describes from start to 

finish the building of a single simple amateur 
installation. The price is 10 cents, postpaid. 

Every amateur should read QS1' each month. 
It is filled \\ith the Latest ama teur app:natus 
deveiopmenl.ll, "dope" on current expeditions 
which US<J short-wave radio for COlltact with this 
country , and the latest " ham" news from your 
particular section of the country. A sample copy 
will be gladly sent you 011 request. 



CHAPTER II 

Getting Started 
IOH points in the history of amateur 
r!ldio have been chronicled briofly for 
the benefit of the newcomer. Armuour 
radio ill 0. tremendously fnscinating 

hobby, There is Ill.!Itillg enjoyment in illl many 
varied angles nnd worth-while poMibilitiee. There 
is the enduring S!l.tisractioll that cornea from doing 
thinga with the apparatus pu t. together by our 
own skill. With II. low-power 8tation it i8 l>O!!I'Iible 
to communicate aU over t he WOI'M and to keep in 
much 1\;th the hundreds of fclloll'B who have 
equillmcnt similar to your own. Amateur mdio 
IlllI boon said to be the only medium which Iw\kea 
it pOfl8ible to communicatc beyond the mnge of 
the spcnking voioo wi.thout puying triuuUl to 
!!Ome commercial communications organization. 

To undcrstt\nd lind profit from radio fully we 
must undorstll.nd all that takes pinco. !liMt peo
ple know about broadcasting and \.JroadC(LlJt 
reception \.Jut have Iilight oonception of whilt is 
going on in the whole radio spectrum of fre
quencies. T he broadcast listenet hILS seilrocly 
touched 011 the ~bmties of radio enjoyment 
and his interest in the no\'elty of bearing mu.sienl 
programs lind 8p00Ches soon palls or woors off in 
a matter of monlhs. The grcntest diirtnllccs that 
8Omet.imC1l thriJi new bro.'I.dcn.st listeners with 
faint muaie are jUllt beginning dist.aneea w high. 
frequency receivers. The high frequencies eon· 
stitute a new but now quite weU.developed Held of 
interest that insure!! any individ unl n. wealth of 
new experiences unknown in the narrower fie ld of 
hroadcJl.8t listening or one-way rudio. If lillUlniug 
only is oonsidered it will be found that the many 
different th i~ going on in the high.frequency 
bands are more interesting than those in the rest 
of t he radio spectrum. But the joy of the feUow 
who builds a station a nd is at once in touch with 
lhe t hrobbing !)\U!!e of t wo-way I"'9.dio is diffcrent 
from t hat of a mere listener. I t is the difference of 
being a participAnt at II. banquet and not a mere 
onlooker. 

T he low frequencies (below the broadclU!t 
band) bring UII a honIe of fl ute-like eignalll if wo 
care to !iatell. Prc.ss mCSSAges, storm warnings, 
weather reporU!, radio beacons and ship-shore 
tramc t<:ll a awry to whoever will listen. Some 
stAtiOIl8 eeud slowly and leisurely. Even t he be
ginner can re:,d them. Others race aloug furiously 
so that whole sentences become meaninglcse 
huzzes. Ship stations opernte just ouUlide the 
broadcast band, reporting their positions daily. 
IIWldreds of hllman-inierest messages are acnt to 
and from t he shore statioll! every day. 

T he high frequencies (above t he broadcast 
hand) cont.ain even a greater number and vnriety 

of radio senricos. ~ umoorlcss amateur tWO-WilY 

conversations in voice and code, t.rans-oeean 
commercial radiotelephone aod telegraph meso 
Bllgcs, high.frequency international broadcasting 
of voice ond music, tm.nsmiSilions from govern. 
ment and experimental stations including 
facsimile picture tl"'9.nsmission and television !!erv· 
ices, airplaue dispAtdung, police radio broad· 
C:l8I.8.. and signals from private yacht/! and ex· 
peditions (l.'(ploring t he remote parts of the eart}, 
are among other attractions that lie here. !l.e
ccally 9. number of t he long distance and trRn&
ocean fliers have taken high.frequency redio 
equipment n.ud rcliable operat() \"il along. With 
elut.able but simple appMat us one can listen and 
follow the progress or t.'I.ke down the story of t he 
flight far in advance of t he ne wHpaper rumors and 
official report.!!. 

The proce&s of designing and constructing radio 
equipment develope real engineering ability. 
Ope!"ating an amateur station with e~'en the 
!limplest equipment likewise develops operating 
proficiency and abilit y. ~bny an engineer, op
erator or executive in the commercial radio field 
got his proetical backgroulld fLnd much of his 
treining from his a mateur work. So, io addition to 
the advantages of amateur radio !Ill i\ hobby, t he 
value of systematic amateur work to a student of 
almost every branch of radio C!~lInot Willi be over
looked. An increasing number of rad io 8Crvices, 
each e>Cp80uding in iteclf, requiro additional per
sonnel, technicians, opcrntorlJ, inspectors, engi
neers, exooutives, and in every field :I. background 
of amateur experience is regarded aa valuable. 

Amateur radio makes it poilsible to develop 
rriendshipa .... ith other men who have stationa in 
every part or the U. S. A. and Canada, or for that 
matter it wa)' be said that. friendshipa in every 
part of the world follow two-wa.y communication. 
We do not mcan to say t hat t he rust. coutacte are 
going 00 be wi th foreign lun:l. teurs. Experience in 
adjusting the aimple transmitter, in using the 
right frequency band at tho right time of day 
when foreign stations arc on the a ir, and practice 
in operating that wlU make it !!Ccond nature for 
you 00 do tho right tlung at t he right time will 
lead up tc the day when you oommunicate with 
the first foreign station . There is oot.bing hard 
about it . High power is unnecessary. No conti· 
nental limita confine the DX possibilities of 
high·frequeney work. 

A high..frequeucy receiver alono brings the 
ll\m08t endless poesibilitics tc light. A low
powered and inexpensive radio tdepbooe may be 
built to use in talking with other stations over 
oonsiderable distances. H owever, all ama.teurs 
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mueL learn the Continenl3.l. telegraph code (eo
called lx!e1l.U8C it is used on the European conti· 
nent for both wire services and ra.dio, Rnd to 
distinguish it from the Morse code used on land 
\\ires in lilis country), Most amaleur stillion 
owncl1I prefer to use tclegmphy for mo~t of their 
contacts, although there has been some growth of 
interest in voice communication in cerUlin sec
tions of Ole country. There are two reasons in the 
ma.in for the preference for mdiotclcgraphy. The 
appamtU8 is far lesa expensive and complicated /.(I 
adjust. JA)1!8 equipment and power are requi red 
and fewer tubes are used. Code signals will easily 
cover four or five times the distance poMibJc for 
t he aamc or more complicated mdiopoono equip
mont. TIle reliability of mdiotelcgrnph com
munication iIlI far better tlut.n that of voice work, 
Telcgmphy is lCSII susceptible to inl.crfcI'ClJ(:e, 
fading, distortion and the like. I.D all communicn.
t ion accuracy oomee first and wJcgmphy of course 
avoids misunderstanding and confusion due to tho 
e<lccntrieitiC!l of speech and the eimihui ty of cer
tuin pllonetic8. 

There is nothing difficult about building a re
ceiver and tmnamitter. The pam arc ine)[pensivcj 
the construction is simple. I n "getting started " 
the first step is to spend some evellings patiently 
learning t he code. Before doing any operating it. is 
neeeseary to obtain a station li~nse from the 
Federal Radio Commission and an operal.or·s 
license from the ludio Division of the Depar~ 
ment of Commerce. Thel!e licensee are supplied 
free of eharge IUld both are obtainod through t he 
offioo of t he Supervisor of Hadio of the Depart
ment of Commerce located in your inspection 
disllict. The addrc51:!C8 of tho ditTorcn t Super
visors ",-ill be given law)" in this ciUJ.ptcr. Before 
we are ready to apply for liceIl5C6 we llIust build 
the station, get the transmitt er ready t o opemte, 
and learn the code. 

Don' t let any of these things worry you. T ake 
one t hing at a time. First purohaae or build a 
simple receiver. There are plenty of high-fre
q uency roceh ·ers maDufactured or available in 
ki t form but it 's not a bad plan to put one to
gether fro m some of the data given in Chapter V 
of this book. Building the first receiver often 
T"ClIuits not only in a. more satisfactory job but in 
dispcl!ing t h!l.t h8lJty find faise conclusion that 
amateur NlCeivers and transmitters o.re COm
plicll.t.ed and e)[pcruive. You can gain confidence 
and such elementary technical knowledge as nllloY 
be f"C(Juired 8.8 you go along. Of eoUI"110 thero are 
advanced forms of a mateur equipmcnt that are 
intricate, complicated to build, hard to under
sLand a nd adjust, and it wiU be bettt to avoid 
t heee until t he mdimenta of the game have been 
learned. Such e1cmcntary theory as i8 required to 
get your government liccnOO6 i8 fully e)[plaincd 
right in this book. Anyone can aS80mble the few 
picces of apparatus required in our simplest re
ceiver which is recommended for beginners, or the 

transmitter which hAs becomo mOilt popular for 
atart.er&-in. 

Tho A.R.R I~. has available II. little booklet 
describing just the simplest kind of a station wit h 
the detail!! of getting the first station on t he air 
sepamtoo from all the advanced appamtus 
descriptions. If you would like to have this or 
want t.he information 8Cnt 1.0 a friend that you 
believe would benefit thercfrom, send tell cents 
to coycr printing and m!l.iling costs and the 
pamphlet " How to Become a Radio Amateur " 
will go fOTW1Lrd direct from H cadq l18rte1'8. 

lo.ll:~ ORIZL~O TilE CODE 

While the receiver is under construction it is 
well 1.0 alart memori~ng t he oode. A few letters a 
day can be memorized, en.ch da)' reviewing the 
four or fivc studiod t he previous day. I n two 
weeks you C-'\Il know the whole alphabet. Then it 
is necessary to keep going ovor the letters and 
Continental ebamcteNl lO increa.se familiarity and 
proficiency until the chara.cWrs ean be put to-

A .- N _. 
6 _ ... 0 ---C -._. P '--' 0 _ . • Q -_o-
f • R ._. 
F .'_0 S ••• 
G -_. T -H •••• u ..-
r •• , . .. -
J ._-- W .--K _.- K _ .. -
" ._ .. V _._-
M -- Z -_ .. 

1 . _--- • _ .... 
2 "--- 1 -_ ... 
J " '-- 8 --_ .. 
4 .... - 9 

____ 0 

5 • • • • • 0 -----l.ETTERS A.ND nOURRS OP TUB CONTlN E.VTA l. 
COOK 

gether quickly till received or sent, just III! we use 
groups of letters in reading and writing to make 
words and express thoughts. 

The easie!lt way to learn the code is for two 
people to praeti~ together or ill connection with 
the work of a. larger group. Two individuals ean 
lliIC a. key and buzzer to lfend to eu.ch other. A 
single individ u:J.i can also use a buzzer to see how 
signals should /IOund. Anothcr method, learning 
by listening, is uacful for an individual learner 
and 80 both methods arc ouuinet! bere. 

I n the Appendix are the Continental Code 
eharacteNl. There are also Ilhonclie symbols to 
help in learning quickly. T he Cont.ineutal Code ill 
a dot and dash system uaed all over t bo world by 
radio operators. 

In receiving code signals each letter lOust be 
associated diT"OCtl!/ with the .round heard. The 
code mug! fird be memorized. Learn the code, pro
nouncing t he symbols " dit darr " rather than 
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"dot dash. " Do not visualize the letter A as a dot 
and a dash. HCi:ognize the 80uOO "dit darr" as 
A directly. Learn a few letters every day until the 
alphabet and fi gures have been mastered. Have 
a friend ask you the leiters in non-alphabetical 
order. Repeat them in terms of "dit-darr" lan
guage unti l familiar with them alL Practice until 
you know the 81)1.1003 118leUtr8 without pausing to 
think of them in terms of dot3 and dashes. 

Th:m't expect to learn it all in a day. Take 
things easi ly. Learn a few symbols at a time. Re
view each day the letters learned the previous 
day. Be optimistic. You will bc surprised at your 
p rogress, 

Here is one way to memorize code character~ 
which may prove helpful to !lOme. Several dozen 
small cards are procured. At the bottom of each 
card a letter of the alphabet, It figure, mark of 
punctuatiou or phrnse that is much used in radio 
work is written. On tbe sarno sido of each card 
and at t he top edgo is given the corresponding 
code symbol in dots and dashes. In use the cards 
are shuffled and reviewed by the individual who 
is learning Continenwl while ei ther the top or 
bottom edge of the card is kept covered wi th the 
thumb or a blank card . Such cards may be readily 
carried. about and used at odd intenrals. 

As soon as the code has been memorized, ac
tual practice in using it (receiving) should be at
tempted. P roficiency in code speed is gained, as in 
othcr things, by constant practice. Good sending 
at moderate speeds iB harder to learn than rC(leiv~ 

3 DI"yCdls 

A BUZZER COD~: PRAC1'1CE 
TELEPIlONJ<J liEAD 8rn· 

1·10. .>IImo\"tv 0/ tM ""nal ca .. 0. "",.d w changing U .. 
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iug. It is best not to usc a key or try to scud much 
unt il ten or twelvc words a minuie ean be read 
and copied. 

PlUCTICI!W WITH A BUZZER 

A buzzer practice set is one aid to learning code, 
es~iaUy if someone who is a good operator can 

help by sending to you. A bu~zer, a telcgrajJiJ kcy 
and a d ry cell oonneded as ShOWIl in t he dingram 
ma.ke a bu~?er practice set . Vsing a head-8flt will 
give more nearly t he conditions tha.t obtain ill 
actual radio receiving. I t will keep out outside 
noises. A variable condenser of about .001 /Afd . 
max. shunted by another small fixed capacity 

SEC 

Ok/ Audtc 
rn1nsmrmer 

"""lat 

CONNECTING AN AUDIO OSCILLATOR 
( flARTLRY ) FOR CODe PRACTICE WORK 

(determine this value experimentally) can be 
used to control the audibility if desired. A high
pitched buzzer signal is helpful in learning the 
code. T he small sum of money any apparatus for 
learning the code costa is a good investment. 

AYO"rIl E Il. GOOO COOF.: PIIACTICE OUT~'IT 

T he chap in crampoo quarters whose room· 
mate objects to bmzcr practice for learning the 
code can usc a. Type '99 or OI~A t ube connected 
as an audio oscillator. An old audio amplifying 
transformer with good windings, a. pair of 2000-
ohm headphones, a telegrapb key, t hreA No.6 
dry cclls, a. Type '99 tube and socket, a.nd a 20-
to 5()..ohm filament rheostat are all the equipment 
required. A diagram explnilll! the connections. 
(The cireuit is a Hartley. ) T he "B" supp!y comes 
from the plus A terminal as shown. This means 
that it is important that the A-battery polarity 
be just as shown or t he outfit will not work . The 
lead from the key can be conneded to a point of 
lower pooitive potential on the A-bat lery or 
rheostat with About as good results. If nothing is 
heard in the 'phonCl! with the key depressed after 
everything has been connected, reverse the leads 
going to the two binding POl:!ts at either trans-
former winding. Reversing both sets of leads will 
have no effC(lt. Keying gives a fine signal in the 
'phonf'l! without making any noise in the room. 

I n picking out a key for a practice set some 
care ~hould be taken to get a well-balanced, 
smooth-ac tion key. A fairly "heavy" key with 
large contacts is best to use right from the start.. 
It will save buying another key for the station 
later on. Good sending depends partly on the key. 
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(lSINO A KI,:Y 

The corrtd lVlIoy to grasp the key is imporl.a.nt. 
The knob of the key should be about eighteen 
inches from the edge of the operating table and 
about on a line \\ith the operator's rigM shoulder, 
al lowing room for the elbow to ree:t on tho ta.ble. 
A table about thirty inches in height is best. The 
spring tension of the key varies wi th different 
operators. A fairly heavy spring a t tile start is 
desirable. The bR(lk ad justment of tho koy should 
be changed until there is a vertical. movement of 
about ono-sixteenth inch a.t the knob. After a n 
operator baa mastered the U9(l of the M ud key the 
lenSOD should be changed and caD be reduced to 
the minimum IIpring tension that wi!! calise tho 
key to open immediately when the pre!t'! ure ie 
released. More spring t.ension t han n\J000883ry 
l!aUBC8 the expenditure of unneccMary energy. 
The oontMts should be llpa<.-OO by the rest I«:rew 
011 the key only and not by allowing play in the 
!!ide screw8, which arc provided merely for align
ing the contact pointll . Thcee side I!Crew~ should 
be IICrel\·ed up to a scUing I\'hieh prevents ap
preciable side play but not adjusted 80 tightly 
that binding is caused. The gap betwreu tile oon
taCts should always be a~ least a thirty-~ond of 
s n inch, since a loo-finely spaced contact will 
cultivate II. nervous style of sending which is 
highly undCllil'llbJe. On the other hllnd t.oo-wide 
epacing (much ovcr one-6ixteentb inch) may re
sult in unduly hellvy or " muddy " &cnding. 

Do not hold the key tightly. Let tho hllnd reat 
ligbtly on the key. The thumb should be agaill8t 
the left side of t he key. The first a nd l!(l(:ond 
fingers should be bent R little. They should hold 
the middle a nd right !!ides of the knob , rc!!poc
t ively. T he fingers are partly on top II.nd partly 
over the sid!! of the knob. T he other two fingenl 
should be free of t he key. The sketch shows the 
correct way to hold 8. key. 

A wrillt motion should be used in &cnding. The 
wholo arm should not be used. Ono should not 

Dryt:t!//s 

CONNECTIONS OF BUZZ.ER 
KEY, BATTERIES AND THE CATlIN GRIP 

send "nervously" but wi th a steady flexing of the 
wrist. The grasp on the key !!hould be fum not 
tight, or jerky sending will result. Noue of the 
::!lu!Cles should be teosc but they should all be 
~:. :er control. The ann would l'C:Il~ lightly on the 

operating table with the wrist beld above the 
table. An up-and-down motion without any sidll
ways action is beat. Tho lingers should never leave 
the key knob. 

The code ill made up of di lTeren ~ combinatioll.'l 
of dou and d!lllhes. The !lending of intelligible 
signals depondl! on proper keying by the trans
mitting operator. T be dota and da.sh~ must be of 
the p roper relative length. Suitable spaces must 
be left betwccn letters and words. A dash is equal 
in length to th roe dots. The spaoo betwccn parts 
of the same letter ia equal to one dot . T he !pace 
between t wo word!! is equal to five dotll. The 
exact lime interv4lsdepend on the rate of 8Onding. 
Begi!illcrs key a bit stiffly, waking a C like t wo 
N'IJ. 11u.!!Cle (lQntrol improves wi t h a few hours' 
daily Ilrac tiee. 

RECE IVL'IO 

Now tha t we have memorized tho code we 
must begin to practice !lellding and receiving u& 
iug the code prnetice set. Someone who is already 
a. good operator sbould be enlisted to send the 
fitllt signala. 

Go over the code IUId Il8me t he different letters 
as they are acnt on the buzzer. The letters .mould 
be &cnt while you name them_ Don't t ry to com
pare different letters. Learn each by ita own in
dividual sound. Each letter com bination should 
be sent in a snappy W:'1y . A slow rate of 80nding 
sbould be .secured by leaving long spaces between 
letters, not by dragging out the ehamcWI'll. Prac
tice on leI t.e nl and then on groups of lel.teTtl. Write 
down what you reeeivo to better coOrdinate the 
JlI'O<:es3 of re.::eiving and reconling ~ignals. Do 
not try to write down the do\.8 and d ashcs; put 
down the ulllJT6. 

Code groupe Ilre more valuable for ordinary 
proetiee than straight English text.. The fre
quency with which certain letters appear in com
mon writing gives more practice on IiOme letters 
tha n 00 othel'll. Concontrate on t he praetice work 
and be pat ient. All the elTort you spend in learn
ing tbe code will repay you fifty-fold. 

Always have the lettel'll &cnt yon for practice a 
litlle faster tban you can comfortably receive. 
Do not stoll to t-bink too long about a letter or 
word that hu been missed. Go rigM 011 to the 
next one or eacb "miss" will causo you t o lose 
several charactel'll. When the sonding is so fast 
that you can eopy just two out of every tbree 
letters, your mind "ill be I!pceded up and you 
\I·m try to get t hat other letter. 

IIE NOINO 

When sending do not try to speed things up too 
8OOn. A slow, even rate of .eending is t he msrk of a 
good opemtor. Speed will come with time alone. 
Leave freak key! alone unt il you have mastered 
the knaek of llroporly band ling tbe stll.ndard-typo 
telegraph key. Bocs.uso radio t1'8namissioll.'l are 
IICid0m froe from interferenee a "heavier" styla of 



Gb"I'T lNG STARTED 17 

sending is beet to develop for radio work, A 
ruggOO key of hea\'y COfllltruclion will help in thia. 

When signsls ClIn be copied "l!Olid " at a rate of 
ten words a minute it is time to start praelieing 
with a key in earncst. While leanling to receive, 
you have become fairly familiar with good send
ing. Try to imitate the m!Whine or lapO sending 
that you have heard. This givcs a good c:«Impio of 
proper spacing values. 

When beginning to handle a key do not try to 
&ond more than l!ix or seven worda II. minute. A 
dot resulta from a short depression of the key. A 
d9sh comes from the same motion but lhe contact 
is held three times as long as when making a dot. 
A common mistake of beginnCfll is to make it 
several times too long. There is no great. sp&CO be
tween the parts of a letter. An S is made by three 
down-and-up motions of the key in regula r 
oiIequcnce. The letter G is made by holding t he finlt 
two col.ltaets and making thc third one without 
any pause at the conlact. Key Jlrllcti<.:e should not 
be e:c.wnded over too long periods at first, Tho 
control of the museles in the wrist and fOl"OllTili 
should be developed gradually for beat rei!uits. 

Indh'iduality in sending should be SUPllreaeed 
rathor than cultivated. Sending is somothing like 
writing. howe ver. Individuality is bound to show 
iu all hand-gending. UnlClll! t he spacing ia oven 
and regular. recepuou beoomca gU668-work. The 
operator who practices on a buzzet until he has 
developed a good " fist" is nppreciat.OO by ovory
olle he "works. " His sending is legible nnd gets 
favorable attention. 

A good rulo ill nllver to send fa&tcr than you can 
receive. Thcll you CKn tell what your !lignnl.l:l80und 
like to t.he opcrator who must copy them. Speed 
needs to bo held in cheek. "Copinbility " is what 
we want. Repenu. waste valuable time. When you 
fi nd that you are sending too fast for the other 
fellow, 8l0w dowD to his speed. Attempt ing to 
send dota nervously in lUI rapid sucoossion as 
po8Sible is t he til'l!t step in acquiring a "gIA.ss 
atm." 

A word may be said about the " Vibrople:c. " 
a nd " doubl&-action" keys. The "Vibrople:ot " 
makCl!l do\.a automatically. T he rate of making 
dots is regulated by changing the position of a 
weight on n swinging armature. Dota a n) IDAde by 
pressin~ a lever to the right. Dashes are made by 
holding it to t ho left for the proper in terval. A 
Rido motion i8 used in both types of keY8. 

These keYB are useful mainly for operators who 
ha\'B lots of traffic to hlllldle in a short time and 
for operators who have ruined their 8euding aml . 
Such keys sre motion S/Lvel'l3 . However, a great 
deal of practice is necessary before re3dable code 
can be IICnt. The average novice who U8e8 a " bug" 
t riCl!l to seud too fast and ruins hia IICndiug alto
gether . The beginner should keep away from 
such keys. After he has become very good a t 
handling a regulation telegraph key, he may 
practice on a " bug " to ad\'antage. 

Gt:tod IlCDding IUIM easier than receiving, but 
don't be deceived. A beginner shouldn't send {&lit 
OD ""Y type of key. Keep your trn.llsmitting I!pCCd 
down to the reoeiving speed, and rather bend your 
effort to sending well, remembering to space be
twoon charaetcl'3 with more spa.cc octween word!, 
but lcaving no disVropor1.ioMte I!paces ocLweon 
part.s of a ch!uacter. 

LF.A Il.~INO DY LISTESlSG 

Another method of learning the code will ap
peal to some individu!U.8. We a ll want to try our 
skill on some real mc!!ag08 when we have pro
gn:ssed this far, The ne:c.t step after memorizing 
t he lettellJ ill to put into practice on an actual 
receiving set what you have learned. 

A number of high-!>ower stations enn be heard 
in every part of tho world. i\'bny commeroia l 
high-frequency stations &Ond on frcquellcieg 
above 3,000 kilocycles (3,000,000 cycles) and can 
be copied with the simple receivcl'il described in 
this book. A one-tube or two-tube receiver can 
be quickly and chooply put together for oodc 
practice. F onnerly it W/Ul considered necessary to 
ooDBtruct special low-frequency receivers to get 
code practice. To-<by, however, there are power
ful tnt.ns-ooean statiOflll in operation on high 
frequeneie8 . Ma ny of them U9C tape transmission. 
The sending is penect.iy regula r. Often words are 
repented twice. Both undcflltandable English and 
secret code (mOilt e:oc:ccUeut for code practice) are 
used in the teltt of the mes88gC3, These stations 
send at speeds depending on the reception condi
tions a t the time of transmission. It is usually 
possible to pick a 8tH.tion going a.t about the . 
detlimd speed for code prac tice. 

After building a roociver and gcttiug it in 
operation, t ho first stop in · 'learnil.lg by listening" 
will be to hunt for a station sending slowly. LiJrten 
to see if you cannot recognize ilOme individual 
lett.en. Use paper and pencil and write down the 
letters as you hoor them. Try to oopy as IlUlny 
lett.e1'3 ILS you can. 

Whenever you hear a let ter that you know, 
wri te i t down. K eep ovcrla8tingly a.t it. Twenty 
minutes or half an hour is long enough for one 
lICIlSion. This prnctice should be repeated three or 
four times a. day. Don't become discouraged. 
Soon you will copy wit hout missing so many 
letters. Then you will begin to get can s, which are 
repeated severnl t imes, and whole words like 
"aud " and "the," AIler words will come BCn
tel.lllCS. You now know !.he code and your speed 
will improve slowly wi t h practice. Learning by 
this method may eeem harder to some folk.a than 
learning with UlI'l buzzer. ] I. ill t he opinion 01 the 
writer, who le:utled in thi8 way, that the practice 
in copying actual Jlignala and having real diffi
culties wit h interforence, static, and fading, is far 
superior tQ that obtained by routine buzzer prac
tice. Of course tho use of" buzzer ill of great value 
at firat in getting familiar wit h the alphabet. 



18 THE RADIO AMATEUR'S H ANDBOOK 

Many short. cuts have been proposed for 
quickly memorizing tho code 0 1' increasing speed 
of rC<Jcption. Mos~ of them have some good 
pointJ3. Learning the code is ffiQljtly Ii matter of 
getting pfll.Cuce, however. An omnigraph is of 
some assistance if II, large number of records can 
be obtained. It is an expense that few can afford. 
Unless many different sets of "copy" are ava!l
able one soon be<lomes familiar with t he 
materia! and it is of no more value. Phonograph 
records of code signals can be obtained hut have 
similar dmwbaek.g. Examinations for operator's 
licenses are conducted using some form of ma
chine sending. Therefore it is d .. ..sirablc to become 
familiar with t ll,PC or omnigra ph sending to insure 
easily passing the examination. "Mn.chine send
ing " on low or Iligh frequencies is about as good 
as an omnigraph except t hat the spood cannut be 
controlloo at will . 

"Tape" or "ma.(:hine" transmis:;.iun and re
ception is used to speed up tr(l.ffic handling ~ the 
limit fixed by relays and atmospheric conditions. 
Most beginners are pUlIzled by certain abbl'evill
j,ions which are used, r.-Iany code groups are sent 
by different commereial Ol'ganjzations to shorkn 
the messages and to reduce t he expense of sending 
mess'>ges which ofkn runs as high as 25 cen\.<:! a 
word, Unless one has a code book it is impossible 
to inkrpret such messages, Five- and ten-let ter 
cypher groups are quik common and makc excel
leut praetice signals. Occasionally, a blur of eode 
will be hell.rd which result<;; when tape is speeded 
up to 100 woros per minute and photographic 
meaus Il.rQ used to record the signals. 

In "learning by liskning" try to pick stations 
sending just a bit faster then your limit. In writ
ing, t ry to make thc IloCparation betwecn words 
definite. Try to copy the wholo of short words 
before starting to writo t.hem down. Do the writ
ing while listening to the first part of the next 
word. Praetice and patience will soon make it easy 
to listen and write at· the same timc. Good opera
tors can often copy several words "behind" thc 
incoming signals. 

A word of caution: the U.S. mdio communica
tion lal'.">1 prescribc heavy peIlll.lties for divulging 
the COIltents of any radiogram to other than the 
addressee . You may copy anything you hear for 
pmctiee but yO\l must preserve its secrecy. 

VOLU;o,'TEER CODE PlU.C'I"lCE S'I"A'I"[ONS 

If our new receiver is adjU8ted first to the 
1715- to ZOOO-kc. amateur band \Ve may be able to 
pick up amakur stations voluntarily transmitting 
codc practice to help beginners. They also assist 
newcomcrI! to gain proficieney by working with 
them on the air as soon aa thcy get licenses. Each 
fall and winter season the A.RR.L. solicits 
volunteers, amat"ufS using code only, or often a 
combination of voice and code transmission, who 
will send transmissions especially ealculated to 

assist beginnCr;(!. These transmissions go on t.he 
air at spooified hOUr;(! on oerlJl.in days of the week 
and may bl! picked up wilhin a rwilli! of several 
hundred miles under favorable conditions. Words 
and senknces are sent at different speeds and 
repeated by voice, or checked by mail for correct
ness if you write tile stations making the t rans
missions and enclose a stamped addIW!.'led 
cnvelope for reply, 

The schedules of the score or more volunteer 
code-practiee stations are [ig/.;)d regularly in QS7' 
during the fall and winkr. Information a t other 
times may be secured by writing Headquarters. 
Some of the stations have been highly succCllSful 
in reaching both coasts with eode-practice 
trallllJllissions from the central part of the 
country. 

INTEarJU:TIXG WHAT WE lIGAf! 

As soon as we fi nish oW" receiver and hook it up 
we shall begin to pick up different high-frequency 
stations, some of them perhnps in the bauds of 
frequency a.ssigned to amateurs, others perhaps 
commcrcial stations b<llonging to different serv
ices. 'fhe loudest signals will not neccssarily 
be those from near-by stations. Depending on 
transmitting conditions which vary with the fre
quency, the distance and the time of day, remote 
stations may or may not be louder than relatively 
near-by stations. 

The first letwrs we identify probably will be the 
calt signals identifying the stations called 
and the ca!ting stations, if the stations !lore in thc 
amatellr bands. Station caUs are assigned by the 
government, prefixed by a letter (W in t he 
United Stat.es, VE in Canada, G in England, etc.) 
indicating the country. 111 this country calls will 
be madc up of such combinations as W9CYQ, 
W8CMP, W3BZ, W I MK, etc., the fig ure or dis
trict number indicating the radio inspection 
dis t ric t and giving a general idea of the part of 
the country in which the station heard is located, 
The reader La referred to the chapwr on "Operat
ing a Station" for complek information on the 
procedure amateurs use in calling, handling 
messages, and the like. l\"lany abbreviations are 
used which will be made clear by reference to t hc 
tables of Q Code, miscellaneous abbreviations, 
and "ham " abbreviations included in t he 
Appendill:. The table of inte rnational prefixes, also 
in the back of t he book, \'ri ll help to identify the 
country where s mawur and commercial ~ta.tions 
are located. 

T he commercial stations use a procedure differ
ing in fIOme respects from amateur procedure, and 
to some clI: tent thc procedure of Army, Navy and 
government stations is d ifferent fro m this, each 
service having a modifi(.'(] procedure meeting il.<! 
own requirement!!. On the other hand, the Inter
national Radioklegraph Convention haa specified 
eertain regulations, abbreviations and proce
dures which govern all services and insure basic 
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uniformity of methods and wide understanding 
betwoon stations of all nations, regardless of 

• servICes. 
LCO and LCD in the prefix of commercial 

messsges refer to the text as being "language 
of country of origin" or "language of coun
try of delivery." RP means "reply prepaid." 
Also the prefix often shows the class of traffic and 
the station to whom the message is going. The 
low-frequency commercial stations number mes
sages periodically. Ship nnd shore 8M.lions start a 
new aeries of message numbers each day and with 
each new station worked. The commercial sta.
tions use "de" for an intermediate. Army and 
Navy stations will be observed to use "v" in 
place of the "de." 

The communication laws specify that a 
call shall be made by sending the cail letters of 
the station C80lJed three times, the intermediate 
"de" (meaning from) once, and following this 
with the call letters of the {'~lIing station three 
times. The full form of a call is like the following, 
"OBR OBR OBR de CKA CKA CKA." The 
answer, "CKA CKA de OBR K," signifies that 
OBR is ready for traffic. 

High-speed automatic telegraphy, television 
and faeaimile or picture transmission. all involve 
rapid rllWs of modulation and each form of 
ttl!.nsmission sounds somewhat similar to the 
others, even to the experienced ear, although 
good operators will bc able to distinguish the 
telegraphy from t he others if the speed is 'Jnly 
moderately high. To the beginner, each will 
sound like a steady bu:f,7. and be quite meaning-
1= 

Commeroial traffic is classed as "ordinary"; 
"deferred"; "urgent"; and "rush." "Ordinary" 
messages have a straight profix. l' in the prefix of 
n. message indicates that it is "paid" or "per
sonal" traffic rath er lhtLIl business falling under 
some other classification. TR is the prefix to a 
position report. BVC shows that a service 
message is coming. The letters GOVT indicate 
that a government messnge will be sent. GOVT 
S B, GOVT W B, or GOVT HYDRO in the 
preamble indicate that the meesage to follow con
tains official business of the U.S. Shipping 
Board or Weather Bureau. GOVT is also truns
mitted as t.he first word in the address and is 
eounted as one word. Other signs in the IJreamble 
indicate different classes of radiograms. A collated 
radiogram is indicated by 7'C sent in the pre
amble and as the first item of the address, and 
such messages must always be repeated back to 
the sending station for verification. The number is 
sent first in a commercial radiogram. lV, WDS, 
CK, or GR refers to the number of words or the 
check of the message. A short commereial mes
sage ~ith a "radio" check might be sent from 
WAX to RXC (P anama) as follows: 

RXC WAX P 36 wll MIAMI FLA 317p 30 'l'O 

FRANK CLARK CARE BS HARBINGER BALBOA 

- - - - - AnVISE NEW MACH INERY RP,QUlR~;D 

- - - - - PA'lvl'1m5()N All 

When the receiving operator is uncertain of a 
word or part of a message be['~use of poor recep
tion of automatic transmission he asks a repeat 
from the transmitting station at the first oppor
t unity. RQ is !.he prefix that tells what is meant. 
RQ is used when the receiver questions the meso 
sage. "li\Q WAX 3G CLARK TIllRD" means, "What 
is the thlrd word in the text of WAX's number 36 
addressed to Clark?" The answer to an RQ is a 
BQ and in this case might be, "SQ WAX 36 
THn~D :\IAClllNERY." 

WEAl'lIEIl UJllPQli\'I'8 

A number of stations regularly transmit marine 
weather, aviation weather' and upper air 
reports, navy press, time signals, etc., on high 
frequency and since the detailed reports are !!Cot 
at moderate speed, amateurs have found them 
useful for code·prnctiee purposes as well as inter
esting for their own sake. A 12- to 15--word per 
minute code speed is employed. Arlington, N AA, 
for example, sends such information simultane
ously on 4015, 8030, and 12,045 koso daily at 1315 
G.C.T.t and at other times on these llnd other 
frequencies. 

LEAGUE O.B.S. SYSTEM 

Official Broadcasting Stations of the A.RR L. 
send the latest Headquarters' information ad
dressed to members on al"lWietlr frequenci l!$ . 
The messages are often interesting and many of 
them are sent slowly enough for code prMtice 
hetwoon 15 and 20 words a minute. Lists and 
schedules appear frequently in the membership 
copics of QST. 

The latest officicl and specW.1 broadCWl/$ are 
sent simultaneously (m 7150 and 3575 ke. (41.9 
and 83.8 meters) from Headquarters Radio 
Station WIMK at the foUO\\ing t imes (E.S.T.): 
8 p. m. Sunday, Monday, Tuesday, Thursday, 
and Friday; 10 p. m. Monday and Friday; mid· 
night Sunday, Tuesday and Thursday. 

LEARY BY DO'NO 

Many amateurs have asked, "Will a corres
pondence school course help me in learning code 
and studying the tochnicalitiea of radio? " Per
haps. You may find a radio course with or without 
personal instruction helpful or a source of valu
able information. It depends on the individual's 
ability to absorb by mail. Good books are valuable 

I Th_ broadCMW a", mad" in the re,,,1ar W""th~r 
nW"<Oll" wO<d 0000. whieh can be eMily I •• nelated by m""". 
of W...o..". 11' ........ CoM. lOU, IV. B. Na. 814. oopieo of 
whieh m&y be proeu...,d from til" Snperin~ndon~ of Do.m
mento. Government P rintlna: Office, Washln&t" .. , D. C .. M 
51.25. TheN broad".",to are mo.de ror tbe benefit of Army. 
Navy and eommerci"l aviatien field_, fer marine .,.tvi""". 
~~ organ i."I;i""" and "" a genera! public eervi~. 

t s... i!lda ror reference t.o "t.ime oonvc~"n" t.o lrans· 
!~te tbillnto your loeal time. 
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for study aDd reference. U6(l this manual which 
OOVCI"I! practically everything pertaining to ama
teur station and operating work - thcn jump in 

T he map shows how the country ie: divided int.o 
inspection districts, nine in number. The addresst')! 
of the different Supervi90TIl, and the terriwry in 

Sub-T""",ury B1d,;. , Wall, N_u 
.nd Pine St.., New York, N. Y. 

Ft. McHenry, Baltimore, Md. 

Fourth ,.:-- -
'U,,'"O, Gw<~'" Florida and Federal BId;" Atlanta, Ga. 

Fifth .. '" 
Seventh 

hli""i .. ippi, LouW8nB. 'l'u"", Arko."...", Oklahoma and N~ ... M.,..ioo. CllAt<>mbo~, N~ ... Orlea!l$, lao 
eu.tomhou ... San Fr.nci~co. Calif. 
1012 EIchaDII:C \l1rl~ .. Seattle, Waoh. 

California, Nevada, Ubh. Ari.oru. and the Tenitory of n ... ·ai.i . 
OreJlOn. W ... hi"1lton. Idaho, MontRIUO., Wyoming, and the TerritMY of 

AIa~h. 
New York (all eQunties not included in the """,,nd diotriet ), Pennoy]vaniR 

(all counti ... not inoluded in the third district), W .. t VitRiniA. Ohio and 
1.0,,'.' Pcnino"t5 of Michipn. 

30th l100r. David Stott Dldl! .. 
Oetroit. Mich. 

Ninth lndiarut., Illinoio, W,"""ulliu, 'Michipn (upper peniIllula ), Minn....,to., j_tn_ 
tucky. Mi@Aouri, KaIl@Jl8. Colorado, Iowa. Ncbr ... h. South Dakota "<1(1 
North Dakot •. 

2022 The Engineering Illdg., Chi_ 
eo.go, Ill. 

and enjoy the experience of operating a station 
and "being an amateur" Learn by doing! 

OBTATh"lNQ GOVERNMI;""NT UCEl'>SES 

Ai!, soon as you are able to copy tcn words per 
minute and have mastered the elementary theory 
you are ready to think ahou~ obl.llining your 
amatcur operat.or's license. It is well to be able to 
copy one or two word~ faster than ten-per, per
haps, to make up for the effect of any nervousness 

U. s. INSpeCTION DISTRICTS 

whieh may handicap you as it does m08t of li S 

during any sort of ex . ."l.miuation. Willie you will 
need no license in the United States to operate 
any kind of a receivcr, both an operator's and a 
station lieenae are required before you can law_ 
fully send a !ringle dot or dash over the air. 
Happily. neither license eos!.s f1.nything to obtain. 
The fl!"l!t step toward getting them is to write to 
or call on your governmcnt Supervisor of Hadio 
at the main or a branch office in your inspection 
district, requesting application blanks for ama
teur station and operator's licenses. 

each of the nine districts, are indieated in the 
t.abulation above. 

OPERA'l"OflS' LICENSES 

Alll8wur operators' licenses are issued in t.hree 
grades. Amawur Extra First Class Radio Opera
tor, Radio Operotor Amateur Clasa, and Tem
porary Amateur Operator's Certifieate are the 
names by which these licenses arc known. 

The Temporary Amateur Ccrtijirote is given 
amateurs who do not live neaT thc Supervisor's 
offiec and eannot conveniently present them
!!elves for examination, after they have pasaed a 
brief examination by maiL Temporary Amateur 
Operator' ~ Certificatcl:! are issued w be effective 
only until the applicant can appear w be e:tam
ined in pel"!lOD, which is required within 8 reason
able distance of the pointll where examinations 
are regularly given. When you havc studied the 
eode and are properly qualified, you can readily 
get one or ~wo liccnsed operators in your vicini ty 
to make affidavit to the fact that you call send 
and receive at 10 words per minute as required 
by the Secretary of Commerce. Jt is to be Doted 
that this temporary Certificate will authorize its 
holder to operate only a particldar station, also 
that such certifir.atca arc i~ued for periods nat 
exceeding ())U yew. You should bc ready for 
eXll.mination at any time for it is probable that in 
a few mouths from the time a "wmporary" is 
issued the Supervisor will be making a periodic 
inspection trip t.hrough the diijtrict, and will 
notify you where to_appear in your own locality 
for examina tion for a full-grade Amawur C lass 
" ticket ." 

The regulations are quoted as follows with re
gard to the lieense issued for Radio Operaror, 
.4m.(1te«r Cla88: 

" Allplieants for t his class of license must pass a 
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code teet in tmll8mil!Eion and reception at a spaod 
of at leMt ten words per minute in Continental 
Morae Code (five characters to the word). An 
applicant must. PftS8 an examination which will 
develop knowledge of the adjustment lInd opcra
tion of the appamtus which. he deaires to 1I9C and 
of the I ntematiolUll Regulations and Acta of Con
gl"CSl! insofar fU! they relate to interference with 
other radio eommuniCll.t iOlli! and impose duty on 
aU dftWa of operntors. A percentage of 9Cventy 
will constitute a passing ma.rk. Thia license is valid 
for the opemtion of licensed amateur radio sta
tiOD!! only." 

To be eligible for the examination for an 
Amateur Exlra PirA Clau Rwlw O~tor'8 U
et'l" the applicant must ha.l'c had at leAst two 
years' cxperience lUI II. licensed radio opemtor IUId 
must not have hoen penalized for violation of the 
radio la.ws. '11le code epe(;d requirement i.e 20 
worda pcr minute receiving and transmitting 
plain l/mguage and a speed of Il. t lesst 10 words 
per minuto in hundling coded groups. Applicants 
must pa$S n special examination in which 75 per 
cent will constitute a passing mark. T hc po5t!e9-
Irion of ODC of these "extra first" opemtor's Ii
CCIlJlCIJ is a special mark of d illtinct..ion and 
proficiency. The superior grade of IicenlJO is a 
stimulus to better operating and should be t he 
goal of e\'ery operator. It is a mark of IIchievo
menhnd every aJIU\teur is urged to IIpply for thiB 
fonn of operator's " ticket " till IIOOn aa he enn 
qualify. 

l'M.S L"a 'nUl !JXAM 

Tlle i"Cquirements for passing the anl!l.teur 
operator'! IiOODIlC cxnminalion are not difficult in 
Any way. A written examinatien is neee888ry n9 

proof of thc IIbili ty of the operator Ilnd assurance 
of his understanding the equipment he prnposetl 
to operate. All amateurs are required to know the 
Continentnl code. Special attention /lnd Bludy 
should be givcn to the regulations which concern 
!I.lIlatcur stations, to the importan~ interna tional 
I"@gUlatioDll, and to a. number of tbe moat-ulled 
"Q" llignal!. The full !.ext of tbe regulat iona for 
aJIU\t(lur stations, and extracts frem the radio 
law, t he Hadio Act of 1927, which explain tho 
administration of t he regulat..ioD/J and the penal_ 
ties for certain violations, are induded in the 
Appendix. Know the regulations fer Rma\.eUr 
s tlllions and the various penalties p reBCribOO in 
the Radio Act thoroughly. Be ablo to draw a 
complete flChelDatic diagram of your transmitter 
and receiver and expl.o..in their operation brieny. 
All the information noceasary to get an smateur 
lieenee i8 right in thia book. 

Apillicants are c:'l:pcetcd to be fnmiliar wit b 
afIl3teur rece.i"ing and tronsmittiDg equipment.. 
The construction and {U DCtiOlt of each part of the 
apparatu8 &bould be studied to make it easy to 
explain the operation and elementary theory. 

I n the examination t he applicant is required 

to tell "What apparatua he expect.s to usn, to draw 
a simple diagfllm of connections, and to explain 
the operation. The diagram 5hould show swit.che8 
IUId ground conn~liODS jUlJt 118 they are in t.he 
etation . The applicant nlust be able to ident ify It. 

dist-reM signal (SOS) fLnd to understand t he 
signal used telling him to stop 8Cnding (QRT) 
when he is causing interference (QB.~I ) . 

R efer to lile following chapters for explanations 
of i10w a vacuum tube o!!CilJal.cl! in the receiver 
and transmit ter, what migM prevent oscillation 
(eevernl real!Ons), 8Chematie diagra~ showing 
circuits similar to your ewn, including the source 
of power, the filter, OI!ICilL,tor, receiver, IUltewm 
and ground, etc. Be able to explain how regcnc.m-
tion is controlled a nd what other methods could 
be used, how the receiver is tuned and what is 
meant hy tuning, i10w /I, VacUU ID tube detects and 
a mplifies, how you determine whet her you r trans
mitter i.s operating in the a mateur frequency 
hands, what frequency 8tability i~ a nd how it lIl9.y 
be affected by different nd justmeaU!, types of 
power supply, elc. Then know t he reguintions 
regarding quiet houf/J, the powers of the F ederal 
Badio Commission, the in ternational regulations 
relative to the excha nge of communicatioll9 be
t",,-een the !I.lIlftteur stations of different count ries, 
reg:lrding superfluoua signnls, eecrecy of mes
!!agel!!, con8tancy of frequency and freedom from 
ronnonics, m~ning of SOS, CQ, QRT, etc., a nd 
the penalties for dilferen t viola tions. 

Applicants who fail to qualify may be re
examined ruter three months from the da te of 
taking their unsucooMfui examination. 

When existing opCl1ltor' s licenses expire, a 
renewal must be Il.pplic<i for and will be issued to 
all classes of opemtol1l (except commercial cxtm 
first. clll.6S) without examination provided the 
operator hall had three month8' &'Iti!factory serv
ice in the la.9t!lilt months of the lioonse term. One 
year of such service out of t he iwo-yes.r licenae 
term may be accepted at the discretion of the 
examining officer. 

All of this 80unds feariu1ly complieated but it 
really isn 't - 8.8 mnoy te08 of thousands of 
liccn5Cd amateUMJ have p roved. Progress is 
anuuingly f!lSt once you st$r~. 

ST~TiO:iI LICE:ilSJ';S 

It ia easy enough to givo the m$ttcr a little 
study and pl1.SS the operator'8l ieensc examina tion . 
A8 for the ~tation license, there is no CXlI.lDinlllioll 
in connection wit h that. It i.e ncce8!!!lry to fill Oll t 
the application bl:lOkI! the Superv isor acnds you 
quite completely, however, I Il8'\\"eri ng a ll ques
tions and returning the forms to t he Supervi80r' e 
office. 

In a(hli tion to entering the main fnets concern· 
ing your proposed station, such a.s the location, 
power, etc., thell8me, age, and citizenship or the 
station owner are required. Alieus may not, obtnin 
station lioonse8. It will be noted in the ama~ur 
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regulatiollll that the F.R.C. hill! ruled that nma
teul" etations, a8 a genera.l daM, are in the public 
interest 80 thlLt detailed explanation on tbi~ point 
ie not required . The station license allows the 
etation to be operated. Tho man who holds the 
Liceose i.e responsible for the proper operation of 
the station under the t.crmsof the license. 

The Feders1 Radio Commi.esion licenses ama.
teur telegraph ststions to work in any or ail of 
6eVeral frequency bands. If voice is to be used, 
tho station must be built to work in tho 1715-
2000,3500-3550, or 56,000-60,000 kc. (150- 175, 
84.5-85.7, or 5-5.36 meter) bands, except t.hat the 
holders of Extra. Pint Cla.ss operator's licenses 
may now ali'O receive, upon !!p(lCiai application, 
authority to opemw 'phone in the additional 
band 14,100-1<1,300 ke. (20.08-21.28 melers). 

Applic3.tions for renewru of station lieell8C8 
must be filed 110 lUI to be received at the officee of 
the Supervisors of Radio in charge of the distriot 
in which the station is looMed 8t len.st thirty daye 
prior to the expiration date of the license sought 
to be renewed, and failing t his it is neeesso.ry for 
the licensee to cell.8C operating lultH action hlUJ 
been taken on the Il.pplicalion in due COUrtlC. 

POSTIXG OF LICDI"SE3 

It i.e uil'lO ordered by the Fedel"81 R adio Com
mission that every station lice~ shall he poeted 
by the lieeme<! in a conspicuous place in tho room 
in Il"hicb the transmitter is located, nnd the 
lic~ of every station operaror shall be posted 
in a ooll@picuous place in the room occupied by 
eaid opC!"8ror while on duty, 

All..tTEt:R R!:GULATIOX8 

The full text of the amateur reguIRUOD.s i.e given 
in the Appendix including the basic definitiOIlS of 
an amateur and what coustitutes commcrcial 
corl"Cllpondence. I n general the te.""t of the regula-
tioll8 is self~xplanal()ry but some of the more 
important points to be obl:lerved should be men
tioned and di~ussed at this point. 

" An amateur is a pereon interested in radio 
technique 80lely with a personal aim and without 
pecuniary interest." Only individuals who can 
qualiry as an amnteur will be licensed. T he right 
to usc the nmateur frequencies is extended only to 
amntcurB and then only for amnteur purpost!S. 
'niB provision p rotects us from the attempts of 
commercial cntcrprillCB to make use of nmateur 
frequencie.;l. Bono. fid~ amatlmr clubs or organir.a
tiona will have no difficulty in obtaining station 
licen8C8, providing IlJl official individually 800001)18 

f ulllcgll.l responsibility for operation of the 8t./l tion. 
"Amateur stations shall not transmit or receive 

meS!!agC8 for hire nor engage in communication 
for mll.lerinl compensfltion, direct or indirec t., paid 
or I)romised." This provi!lO gives further protec
tion against commercial Cll tcrpril'JC8 mMquerading 
as a mateurs, and defiuCl the test of commcrciru 
t·nftic lUI that involving any sort of "compensa.-

t ion" for the handling thereof. Accordingly, 
iosofll.r 9.'1 this country i.e concerned, lUI amateur 
may handle any t raffic he sees fit to hrmdlc, 80 
long /is he rec€ivc8 no compensation of nny kind. 
It must be remembcred, however, that the 
International Convention restricts tbo exchange 
of eommunications between di!Terent countriCl! 
(int.enut.tionally) 110 that mesB!lges must be in 
I)lain hnguage relating to uperiIDents in prog
ress. or remarks must be limited to th~ of a 
personui na ture and of such unimportance that 
thoy would not normally be tmnsmitted by way 
of commercial telcgralJh, radio or cable, 

Portable amateur stations will be licensed but 
must confine operation to definite points for which 
an itinerary hall been filed. in advance of trips 
wi th t be Hsdio Supervisor . Note that portable 
statioll3 may not be used while in motion under 
which condi tion they fall under tho claSlJifiea tion 
of mobile stations. Amateur mohile stations are 
not at preeent licensed. 

"The licensee of an Il.mateur station shall keep 
8n accurale log of station operation, in which shall 
be recorded the time of each tl"lUl.9miflSion, the 
5wtion called, the input power to the IlUJt BI.age 
of the tmD..SlDit.ter, and the frequency blind used." 
Amateur stations fire 8uthorized to use a maxi
mum power input into the last stage of a trans
mitter of one kilowatt. The R adio Act requires 
that the records of Il. station must be aVll ilflble to 
the radio authorities on dcmand. Such logs thcn 
Resist tho Supervi90r in investigating interlcrence 
cases, alleged off-frequency opera tion or other 
violations, determining when changes in fre
quency find po,,'er were made, which conditions 
interfere and which do not, ele. The A.n..n..L . 
has designed a log-book eepecinlly to take care 
of this government requirement which will be 
deeeribed when we come to the discussion of 
"Operll.ting a Station." An accuraw and com
plete station log is compulsory. 

" Amateur statiOIllj must U9C adequately 
filtered direct current power supply or arrange
ments that produce cquivruenteffccta to minimize 
frequency modulation a nd prevent tho emission 
of broad signals." The intent is to do tt.way with 
fl. c. signals and to prohibit transmitters with 
inherent frequency instability from producing 
" wobbly " ~nfl.ls on the nir, using a n unfair 
amount of t.he frequency tcrritory to olTect 
trulll!lIlission. Thi.e parallels the regulation d ULt 
requires that the minimum alnount of power 
necelll8.l")' to effect communication over 8. cerlAin 
distance be UlJed. As will be J!(lCn in subaequcnt 
chapter3, variations in plnte voltage e!Tect lhe 
frequency of an Qll(:iIlator, 90 that it takes a d.c. 
power supply to comply with the regulations in 
every eXAmple of a. 9Clf-controlled. Ol!!CiUat() r. 
Only oscillator-amplifier trnnsmittertl (c rystal
eon trolled or eelr~xcit.ed o9Cilla.tore) ett.n be 
pennitled to use a .e. plate supply, and even they 
only under the previsions (1) thl\t they have a 
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buffer stage I!O that the changing plate voltage 
on the amplifier hM no opportunity to get back 
into the osdllator and affect iUs frequency and 
(2) that the oscillat()f and bulTer stago are, of 
course, fed wi th d.c. In ham language, modulated 
signals are still pcnnitted but "wobbulated" 
signals are prohibited. 

In general it is evident throughout the regul~ 
tions that amateur stat.ions should be judged by 
their external effe<Jts. Whenever general inter
ference with broadcast reception on receiving 
apparatus of modern design e)(ists, the Commis
sion regulations regarding quiet bours must be 
observed, and these will continue in efTect until 
it can be shown that adjustment./! or altemtion of 
the trnnsmitting arrangement or methods of 
treatment of the receivers to do away with the 
trouble have eliminated the difficulty. T he quiet 
houn> shall be eight to ten thirty p. m. local time, 
daily, and, in addition, quid hours shall be ob
served on Sunday morning from 10:30 a. m. until 
1 p . m. It should be noted thnt if use of one 
frequency band causes local interference but 
another band does not, the sUition remains free 
to operate on the bands that do not give rise to 
this difficulty. Evell operation on a different fre
quency in the same bflDd m:l.y be tlsed for opera
lien if it can be shown that it overcomes the 
trouble. 

.-illlateur stations are not permitted to com
municate with commercial or government sta-
l ions unless Rutilorized by the licensing authority 
except in an emergency or for te3ting purposes. 
This restlietion does not H.pply to <'.ommuuicat.i.on 
with small plen.sure craft such as yachta H.ndmotor 
boats holding limited commercial st.ation licenses 
which may have difFIcul ty in establishing com
munication wit.h commercia.! or government 
sta.tions. 

Ama.teur stations are not aut·horized to b road
cast news, music, lectures or any other form of 
en terta.inment. 

No person, firm, company or corporation 
wi thin the jurisdiction of the United States shall 
knowingly utter or transmit, or cause to be 
uttered or transmitted, any false or fraudulent 
signal of dilltress, or communication relating 
thereto. 

All persons who may have knowledge of the text 
or simply of the exilltcnce of radio telegrnms, or of 
any information whatever, obtained by menns of 
the radio seniee, shall be bound to maintain and 
in~ ll re the secrecy of correspondence. 

All amateurs should bl) familiar with t he laws 
and regulations, especially t hose provisions and 
penalties respecting violation of ternls 9Ct forth 
in station and operaton>' li~nses, secrecy of 
messages and malicious interference. A penalty of 
8500 fine for each and every offense is stipulated 
(in addition to otller pcnaltie./! provided by law) 
for conviction of a violation of any provision of 
the Radio Act or regulations made Ullder that 

Act or of the provisions of treaties ratified and 
adhered t o by the Uni ted Stat.cs. 

The Radio Act of 19"17 provides for tbe licensing 
of rnillo opemtor~!'hy t he Secretary of Commerce. 
OperntoTlJ' licenses may be suspended by the 
Secretary of C<:lmmeree for a period of not more 
than two years upon satisfactory proof that the 
licensee (a) has violated any provision of any 
Act or treaty (or regillatiollil made under such 
Act or treaty) binding on the United States 
which the Secretary of C<:lmmerce or the Com
mission is autllorized by thia Act to administer; 
or . . . (d) has transmitted BUporAuous radio 
communications or signals or rad io communi
c.'l.tions containing p rofane or obsccne words or 
langu1l.gej or (e) has wilfully or maliciously inter
fered with any other radio communications or 
sig!1!l.ls. 

OUR AIoIATE lm BANOS 

The am.'l.teur has accustomed himself to many 
changes of different kinds in the last seven or 
eight years. }'ollowing each change in regulations 
there has been a readjustment t o meet the new 
conditions. The number of stations \\'orking in 
our different amateur bands depends on the 
individual purpose, convenience and enjoyment 
each man finds in using a certain territory, The 
reliability of communication on a given frequency 
(l,t a given time of day, the suitability of a given 
band l or traffic or DX, the desires or tIle illdi
vidual amateur ill choosing his circle of fricnds 
with whom he e)(pects to make contact on sched
ulc, thc amount of interference to be expeL-ted at 
certain hours, and the time of day available for 
operating-aU infl uence the choice of an operating 
frequency. Many amateurs can usc anyone of the 
sc\'eral available frequency bands n.t will. 

All our banda arc in approxima.te harmonic 
relation, although t he graphical representation 
shows that somc bands are "wider" than others 
and that t his relation is not exact and holds t rue 
for only certain sections of some bands. The 
bands are commonly referred to by amatcurs as 
thc 1750-kc., 3500-kc., 7000-kc., 14,OOO-kc., 
28-mc., and 5O-lOC. bands, so named fOf t he 
portion common to each in this harmonic rela
tionship. 

T he sketch showil the several amateur bfinds. 
The d ensit y of t he shading indicates the relative 
amoun~ of amateur operatiou or amateur COlll

munieation going on in each different band in the 
spring of 1930. The amount of room in the bands 
is roughly proportional, for amateur purposes, 
to the width of the bands in kilocycles. The num
ber of point-to-point services that could be ac
commodated without interference in the same 
amount of frequency territory iii limited by t he 
frequency Btability poi>8ible to obtain by present 
methods, whicll of course are subject to constant 
improvement, but sinee amateurs work in bands 
and expect interference the consideration from 
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the standpoint of the number of station!; that can 
operate without interference docs not strictly 
hold. A rating of our bands by "commcrcial 
channels" available shows 60, 52, 18, 13, 33, and 
25 channels available, starting ..,iith the 1750-kc. 
(HiD-meter) band. By our own communication 
methods and practice a great many more contacts 
than this can be managed, however. The eOIll
mercial-channel rating is baaed on the fact that 

A 

IS<><> 1"/.0 JOOO 

tanocs in daylight. At night IIUl,ny records have 
iJ<:x!n made using frequencies of 17fiO kc., 3500 ke., 
7000 ke., and 14,000 I.e. The 28-mc. band opened 
for amtloteur work by the f edcrnl Radio Commis
sion at the request of the A.R.R.L. catly in Hl28 
has proved it.'lelf very useful for long and moder
ate distanoo communication on different occa
sions. It is still too early to predict its ultimate 
field of usefulness. Our experimcnters have ob-

, 

1 .... 000 

REU.TIVE P051T10N AND WIDTH OF THE AMATEUR BANDS IN TliE HIGH FREQUENC.Y SPECTRUM 
(Then:. ir Q!J" a.h4"d F""In 4C(J t..4'" He. I1(It shown in thi# d,..,,.,;~) 

tlot twice the frequency a signal takl..'S twice the 
space in the spectrum or at least that it ap
proaches this as a limit, depending on frequcncy 
stability. Of course this is not exactly true but the 
figures are presented as of possible interest since 
t he F.R.C. follows the plan of al10cating point
to-point chamlels, allowing a certain small per
centage of the frequency as 80 channel width, and 
using a convenient even number of kc. which 
approximates this value for assignments in 
different portions of the high-frequency spectrum. 

The amateur bands are usually talked about in 
amateur circles by reference to the frequency in 
kilocycles or megacycles that is indicated below 
each band shown on the charlo Most of tllese arc 
in round numbers and in harmonic relation. The 
bands may be expressed in tenIlS of either fre
quency or wavelength as shown in the following 
table: 

Kilocycin 
400,000 to <1.01,000 

56,000 toO 00,000 
28,000 to 30,000 
14,000 to 14,400 
7,000 toO 7,300 
3,500 to 4,000 
1,715 to 2,000 

Meters 
0.7496 to 0.7477 
5. 00 to 5.36 

10.00 to 10 .71 
20.8:1 to 21.43 
41.1 to 42.9 
75.0 to 85.7 

150.0 to 175.0 

The four last menwoned frequcncy bands have 
proved most useful in carrying on actual com
munication over great distances. The purpose of 
the Government in assigning many bands to ama_ 
teurs is to give the amateur the freedom which 
has always ~n his due. Only thus can knowledge 
of the behavior of the high frequencies incident.al 
to actual communication be developed most fully. 
The experimenUT is most interestcd in tbe two 
or three first mentiouod frequency band! about 
which least is known. 

The 7000- and 14,OOO-ke. bands have proved 
most generally useful for low-power work over 
long distanoes bot.h day and night. 14,000 kc. 
is the beat frequency to usc to cover great dis-

tained good traIJll..-oCean communication on tilli! 
frequency on !jCveral oceasions and fmd it similar 
to 14,000 kc. in some of its elIccts. We must look 
to them for information which will make this 
band of increasing practical use. 

The 3500-kc. frequency is regarded as best for 
all consistent domestic communication. I t is good 
for ooast-to-coast work at night aU the year except 
for a few summer months. I t is recommended for 
all amateur message-handling over medium dis
t.ance! (1,000 miles for example). Much of the 
friendly human conta ct. between amateurs is in 
the 35(X)-kc. band. It; is the band from which we 
make excu",ions to the higher frequencies on 
occasions when we desire foreign cont-IWts. 

The libO-kc. hand contains many beginning 
amateurs, practicing code by listening to trans
missions arranged for their benefit. l\·In.ny begin
ners may also be heard here making their first 
two-way c.ontfi.Cts with each other. In addition to 
this, 1750 kc. is a popular band for the radiophone 
men, and to a few traffic pushers who keep sched
ules on this frequency. It is also open to amateur 
television a.od picture-transmission. 

Using the higher frequencies, there is often 
di fficulty in talking with stations within three or 
four hundred miles, while greuter distances t.han 
this and also very short distancCll of ten or 
twent.y miles can be covered with ease. 

In summcr, transcontinental and foreign 
daylight work is best accomplished using 28,000 
kc. and 14,000 kc.; 11,000 kc. and 7000 kc. also 
may be used at night for the same purpose. 17m 
ke. is good at night for moderate distances. 
Amateurs once oonducted a great deal of foreign 
oontllet work on 3500 kc. in addition to the do
mestic work on this frequency, but this has been 
for the moot part abandoned with the rnsh to the 
higher frequencies. The 1750-ke. frequency has 
the advantage that it is best for working with 
stations one or two hundred miles away. This 
band offers some excellent advantages to the chap 
who is getting started, due to less congestion and 
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interference from other amateur stations, al
though there are lot~ of good thing~ to listen to 
on the otherfrequenci~-s. 

C.\ N..I,Dl..l,!oI I(£OULA.TIONS 

Canadiall IHlla.teura wishing operators' Iicense~ 
must pasa an examination before a mdio inspector 
in trafl8Illission and reception at a speed of ten 
words per minute or more. They must also pass 
a verbal examination in the operation of amateur 
apparatus of usual types, must have a working 
kllowledge of procedure, and must have a little 
operating ability prior to taking the examination. 
Nothing is likely to be asked which is not covered 

in this Hawlbook. The foo for examillation a8 

operator is 50 C(!nts and is payable to the Radio 
IlJ.llpector who examinos the candidate. 

The form for applicat.ion for station license 
may be obtained cither from a local Radio I n
speetor's office or direct from the Department of 
Marine and Fisheries, Radio Branch, Ottawa. 
This consistB of a blank form with spaces. for 
details regarding the station equipment and t he 
uses to which it is to be put. The applicant must 
also sign a declaration of secrecy which, as a 
matter of fact, is exccuWd at the Hme of- obtain
ing the operator's license. The annual fee for 
station lioenses for Amateur werk in Canadf\ is 
$2.50. 



CHAPTE R In 

Fundamentals 
T i~ possible for the amateur to builJ and 

operate a stat ion successfully even though 
hili knowledge of the fundamental electrical 
principles may be of a low order . But by so 

operating, he sulIcfS a severe handicap. Almost 
everything that happens in any radio receiver OJ' 

transmitter can be expla ined in teons of funda
mental electrical principles and an understanding 
of thCS(l principlCll i.~ naturally of genuine prac
t ical value in pt'.rmitting him to coustnu;t lind 
IIUl.nipuiate radio apparatu:; intuiHgcntly. In 
t«.!dition to its real value in practical radio work, 
the /{ailling of II. concept of elementary elect.rical 
phcnon-:enn is really a most absorbing diversioll 
- much ~lIore absorbing than the seanning of 
some text-lJooka would lead one to believe. 

JIl t he limited spru:e of one chapter it is, of 
course, utterly impossible t o present a complete 
outline of elwtrical principles. And it is equaUy 
impo!>Sihle to treat these principles in simple, 
direct language sti!l retaining the degree of 
accuracy which would be CQnsidered essential by 
the advanced student. In the present instance, 
however , the aim is to treat the suhject partieu" 
larly for those prospective amat.curs whose knowl" 
edge of electricit), is limited to thc fact that it 
hites whcn the wrong wires Rrc touehed nt the 
wrong time. 

TlU: BASIS Of' IT M.t. 

Science, with its modr:m concept of matter, 
t.ells us that clectricity is probably t he only thing 
which exis ts in t he universe. E very ~ubstance is 
known to consist of atoms - the slOa!lest par_ 
ticles wilh which t he chemist hll.ll to deal. Thp)le 
atoms, nccording to the present view, are com
posed of II. great mally smaller particles, called 
clwtrolls, in constlUlt motion around a eentfnl 
portion or nucleus. The electron hw; been proven 
to be a partic le of negative elcetricity and the 
nucleus a l>06it ive charb'e, so establishlng that 
the ultimate particle of matter is the ultimate 
particle of electricity also. \\'bole volumes have 
been written in the attempt t.o provide a concept 
of t he electron and its behavior and we can only 
suggest a st urly of them to the individunl who 
wishes to carry in his mind n complete picture of 
i t.~ supposed clmractetislies. The chi!'f thing to 
rememocr is that all c1ectrieal phenomena result 
from the cxiEltcnoo and movement of these elec
trons. When an elwt rie JI'IOlp is switched Oil, it 
lights beeause thc nonnnl rotntion of electrons 
around thcir nucleuses in t he wires from tile 
power house and in t he lamp has beo.ln upset 
sufficient ly to cause some of the elwtrons to 
break out of t.heir own family circle and mo,'e 
alon!!: I he wire-s. 

HOW 8 1G 18 nn) HLF.C'!'IiO"'? 

T he electronll Rre astonishingly small . It ha~ 
been computed, for inllhmce, that if an ordinaf.v 
l6-eandle power carbon-filament larn p wer!' 
switched on for one second and that if al l the 
eJwtrons passing through the filament were in 
!!Orne manner collwted they could be couuted in 
16,700 yea!"s only if 3,000,000 people were on the 
job constantly counting them at the ratc of two 
each ~01\(1. Notwithstanding their ext remely 
small size, t hese elwtrona aro extraordinarily 
energetic. A further statement mny aid in the 
fo rma.tion of some 80rt of mental picture. It, 
has been estimated that if it were possible to 
CQlloot 2 grams of pure electrollll amI t.o form them 
into two spheres of equal size held I centimeter 
apart., they would repel each other with a force 
of 320 million, million, mill ion, million tOllB. And 
this leads us to ~he fact that electrons or negative 
particles of electridty mutually repel each other 
while negati\'e and posit ive particles have a very 
st rong mutual attraction. 

In praetical work, of course, we do not den! 
wi th individual elwt,rona but with the enormous 
clouds of them which eOrl.Stitute matter as we 
know it. T he number of electrons and their ar· 
rangement around t he nllcleus of each atom de· 
termine the charaeteristit-s of t.he material they 
constitute. But t he electrolls nrc exactly simila r 
regardless of the kind of atoms from which t.hey 
Rre obtained, and they all behave in exaetly the 
Mme manner. III t.he atoms of wme malerinls, 
t.he auangemell t of clectrous seems \.() be a stable 
one, but in others, the motion of electrons is 
irregular and some electrons are constanUy 
leaving one atom and attaching t hemselves to 
another. When the eiootrons are held ill a !$table 
conrl ition arotlnd the nucleus, the atom - or the 
material of which t·he atoms are a part - is snid 
1.0 be neutral. Should there be an excess of e!w
t rollS, the material will have a negative elwtrical 
charge whereas an irurufllcieney of electrons for 
the neutral state will give t he materia l a positive 
charge. 

When we rub a cat's fur , or scrape our feet 
along a dry carpet, or brUi3h rubber or amber wi t h 
a picee of !!ilk, we act ually caUlle electrons to 
detach themselves from one material and attach 
t hemselves to the Ol her - thus charging one of 
them negatively ,.nd the other positively to the 
same degree. The condi tion is then au unstable 
one and should the two objwts be t ouched agaill, 
the excess elwtrons on the negat ively charged 
materia! will pass to the positively charged body, 
producing an elw tric current in th", process. When 
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we m~ke use of electric ligbta, electric hea ters, 
telepholles, fI!I8hlight.'!, rlrecl. CIU'8 aud udio in 
flU iUl forms, it is th is movement or electrons 
from one Mom to another which ill ae1.ually tC-

81)()nsible for everything thllt happens. And we 
have mllde great progress when we have re&liuxl 
that any electric current is actually the re~ult 
of fI, (Jow of electrons in Il body. 

OONtm crou.s AND INSULAT0 1 ~'1 

The easo with which electrons Ilrc able to be 
transferred from one atolll to another is a lIlef\8l1r(l 
of the conductivity of t he materiaL Wh en the 
electrons li re IIble to flow readily, we say that 
the material is a "good" conductor. If they lire 
not able to chll8e off to another atom quite t!O 

readily, we My thllt the sui)l!tance offen more 
"rC8istllnce." Should it be a lmost impossible for 
the dcctrons to break from their normlll Ilath 
around their own nucleus, the material is whllt we 
term " an insulator: ' Col>per, silver /lnd most 
other l0etals fire reilltively good conductors of 
electricit y while such substallces liS gJILSS, mica, 
rubber, dry wood, porcelain find she!tac arc 
relativcly good insulators. 

T he "resistance" of most 8ubstaocCB variee 
wit.1i changc!! in temperature. Sometimes the 
vllriation is flO great that a body oniinll rily con
sidered an insulator becomes a conductor &t high 
ternpcratur('8. T he resistance of metals usually 
increasctl with an incres.se in temperature while 
the rctlistanoo of liquids and of carbon ill decrClI!lOO 
with inoreRSing temperatnre. 

)l OW l'.:1.l:C'l'RlCITY Ii! PllQlll1C1tD 

The ordinary electric cell lind the elect ric gen
erator arc the sources of current uscd ill ordinary 
practice. TIle eloctric ecl! may take the form of a 
!IO-Cal\ed d ry toe!!, a wet cell or perhap6 Ii atorage 
eeU. In IIny CIUle, the eurcent is derived by II 
chcmiCllI lI(1tion within the cell. In the first two 
forms mentioned, the !letian of the fluid (there is 
a fl uid even in a " dry " ceU) tears down the atruc
ture of one of the elements oc "poles" of the cell , 
producing lin excess of elect ron! in ooe clement 
and II deficiency in the other. Thus, when the 
elements are connected by a couductor, this lm
bal"'llce of electrons results in a flow of electrons 
from one element. to the other !l.nd the etTect of 
tI .e flow is what we know 1\$ an electrio current. 
h i the storage oell, the chemical change is re
versible and the cell can be ;' recloarged." The 
manner ill which the electric generator produces Ii 
current is lo be di!!Cusscd at II later !!tage. 

' "111;; \'orlT; TIlE AlrN: lIt: 

.ltillt UtI !jO()n 11.8 elecLTOIls a re remov~1 f rol ll hue 

hody and hcoome altll<,hed to IIl!(l('()fh l one, t ) ... rc 
;3 c re~w..J " tirm desire un the part of the ell

Irauged electrons to return l{) their normal posi
t ion. T his desire results in whllt we know lUI 
electriclll l)ce8flure. TJw exees~ electrons on t.he 

negatively charged pole of a batlery, attempting 
to return to the positively charged pole. create an 
electrical pTCll!Ure between the two tenninills 
connected to these poles. This pressure is tenned 
electromotive force (lnd the unit of mCllsurement, 
widely used in our rlldio work, is t he volt. In the 
ordinary dry cell (when freah ) the electromotivc 
force between the two terminals is of the order of 
1.5 or 1.6 volts. Should we have t wo such cell~, 
and should we oountd the negatively charged 
terminal of one to tho posit ively charged ter. 
minal of tlle second ccll we would then have twice 
the voltage of one eeU between the remaining two 
free terminal~. In tl1i1J example we hllve connected 
t he cells in "!!Cries" and the combinat..ion of the 
two ce1ls beoomCiJ whllt we kllOw lUI a baUery. 
In the oo,nlnon " 8 " battery, which has been 110 

widely used with rlldio rcceiven, a great many 
small cells are !lO oonnt'Cted in series to provide 
a celatively high clectromotive forco or voltRge 
!.lCtwcen the outer temlinllis. Another method of 
connocting a battery of cell~ together is to join 1111 
1 he positively chargt.od te rminals and all t he nega
tively charged terminals. T he voltage between 
the two set.'! of tcn nin/Ja will then be just t he 
Slime as that of Ii single cell hut it wit! be possible 
to lake a gre.'\tcr 1IIIIOU1lt of current from the 
bllttery than would have been possible from the 
8.ingle cell. The IlIcRlltlring unit of the amount of 
current flowing in II. conductor is the ampere. 

In practical work wo usc meters to measure 
voltRge or current. The vol tmeter ill connected 
across the points between which the unknown 
voltage exists while the flmmolcr is connected ill 
" series" with the Condllclor in which the current 
Hows. With this II rrrlllgemont, the ammeter be
comes Ii part of the conductor itself. III both 
cfISCS, the reading in volts or IImpcTeS will be 
indir.at~ directly on the scale of the instrument. 

DIRt:cT'lO!,{ OF F1.Q W 

T here is one point in connection with curren t 
How which is likely to eause confUl:!ion in the 
reader's mind if particular attention is not paid 
10 it. The dnn of electrons along :l conductor 
(which oonstitutes a curren~ 110w) is always from 
the negative to the positive terminal. On the other 
hruld, the usual conceptioll is that of electrici ty 
flowing from the positive to the negative tenninal. 
The discrepll.ncy rC8ults from the faGot that the 
pioneer electric,,1 eJ(perimellte~, having no 
accurate understanding of the nature of elec
tricit y, assumed the d irection to be from posi tive 
to negative. It is unfortunate that we must still 
My that a current flows from positive to negative 
when t ile OppOl!!ilc ill lI.Ctually the CIISC. However, 
j U;\t 80 IOIl~:\.!I l ire flU'!1t fl f(· rN'IJKni7.('1 1 rJCJ1.rly, 
no ..... l1lrIL~io" neetl N':I1l1IL. 

Uf course, all elect ric cu rrents do not Row COIl

tinuously in t he ~ame (lirecl ion alon/!: a condllr.-



28 T lJ J:; ItADlO A:'. IATEUR'S l L\N DDOOK 

tor. The currents produced by batleries and by 
some genemtQI"Il flow in this mQ,nner, and are 
termed direct currenl.8. Should the current, for 
some reason or other, increll6e and decrease at 
periodic iTltervals or .li!hould i~ etop and rtart f reo 
qucntiy it is 8till s direct current though it would 
be a fluct uating or intermittent one. 

The type of current most generally used for 
t he supply of power in our homes dOl'"B not flow 
in one direction only, but revel'"l!C8 its direction 
mlLlly time8 each ~coond. The electron drift or 
flow in a conductor carrying sueb .f!. current first 
incrr ·ses to s maximum, falls to 7.ero, rev{'rse8 
it@direction, again rigel! to a mf\..~illlum and again 
falls to zero to reverse it.s direction again Imd 
continue t he J)r0ce88. In most of t he power cir
cuits, the current flows in one direction for 
1/ I2Oth of s second. reverses find flows in the 
oppoeit-e direction (or· another 1/ I20tb of a atcond 
and so on. In other words, t he complete cyele of 
reversal l.lCeupies l/roth of a second. The number 
of oomplete cyclCll of Ilow in one second is termed 
the frequency of the current. In tbe instance 
under diseUl!Sion we would say that t he frequency 
of tbe current is 60 cycle;; per seoond. All currents 
which reverae thei r direction in this manner are 
known 11.8 alternating currell!S. We are to find 
tha~ they arc not by allY mel!,!lS limited to the 
cirl;Ulh which supply power W Ollr homes. Tele
I)hone and radio circuits, for il\8tlince, are vir
tually riddled with a lternating currents having 
a \I-·ide variety of frequendes. The curren ts which 
:lee produood by the voioo in a t.dephone line may 
have frequencies betweeu abou~ 100 Rud 5,000 
cycles per second while the alternatiu.ll; curren ts 
which we are to hlmdle in the circuits of a rlldio 
transmitter may llave a frO!({UCIl C~' I\.lI hi,l!;h fI.S 1·1 
or evcn 28 million cycles. lleocaUlle of t he high 
frequencies used in radio work the practil;C of 
speaking in terms of eydes per second is an 
awkward one. I t is customary, instl;ad, to nile 
kilOCl/chs - the kilocycle being one thousand 
cycles. Yet another widely used term is the 
me(J(lC1Jde - a million cycles. 

Alternating current, unl ike direct curren t, CIUI
not be generated by batteries. FOr the supply of 
eommercial power it is almO!lt alwaYI! produced 
hy rotating machiues driven by steam turbines. 
In radio work we make usc of this curreut for the 
sU llplyof power to our radio flpjJltrRlus but the 
very hill:h frequen cy alternat ing currents in the 
radio tnl.ll8mitter are a lmO!lt invariauly produced 
hy vacuum who! connectOO in apptOllriat.e 
circuits. 

HEl! 1 8·I 'ANC~: ANI) H i": S i S1 ·011o'l 

Now t hat we hlive some L'Ollooplion of what. [til 
elcctric current reJilly is and of Lhe different forms 
in which elect rici~y is to be fOUlld , we lDl<y pro
L"ted to examine it.!! effects in the appa.rntus which 
illt-Q be used in radio work. 

The most common equipment used in radio 

work is the conductor. We havc alrcady men
tioned t hat any substllllcc in whieh an electric 
current can flow ill a conductor and we hllve al!!O 
pointed out that somc substlLllt'C!l oonduct more 
readily than others - they have ICll8 TC8i~t&!lI;C. 
Most of thc oondul;tors in radio apparatUl! are 
required to have the great-est conductivity or thc 
least resi.l!tltnoo possible. They a.re of melal , 
usually oopper . But many of the conductors are 
actually plaoed in the circuit to offer somc defi 
nite amount of resistance. They are known under 
t he general tenu of rui8lora and t he lWIOunt of 
resistance they (or any oonducwr) offer is mea&
w·ed in ohm". 

When l!. currcnt flows in any elt'Ct.ric circui t , t. he 
size or amplitude of the current is determined by 
the clectromotivc force in the ci rcuit and the re
sistAnce of the circuit . T he relations whil;h deWr
mine just what current flows are known 11.8 Ohm's 
Law. It is an utterly simple law but onc of such 
great value that it should be s~udicd with par· 
t icular care. With i t.!! formula , earrying terms fOI" 

cur rent, electromotive force and resistance, we are 
ablc to find the actual conditions in many cir_ 
cuit.s, providing two of t he three qUll.lltitiC8 are 
known. When I is the current in a.mperes, E is the 
electromotive force in volt.s and Il is the circuit 
resistance in ohms, t he formulll.8 of Ohm·s Law 
a re: 

E 
R-I 

E 
I --I' E _ Rl 

The resistance of the circuit can Lberefore l>e 
fou nd hy dividing the voltage by the CUl"n-ntj th~ 
current can be found hy dividing the voltage by 
t he resist-aneej t he olectrornotivo force or e.m.f. 
is 6<.[u1\1 to the product of U16 n-sistance find the 
currcnt. At a later stage it will be showil jU8~ how 
va.J.uable may 00 the practical application of t his 
law to the ordinary probletll6 of our rndio work. 

A good alll!.!ogy eau be made by con8ide rin~ 
for a moment some fluid acting in a mechanical 
circuit. In C tho pump has IL similar functiO!l to 
that of the battery. A shu/....(Iff valw oontrols 
the current flow in the pipo simi larly to that 
of the· key in the electric circuit, The walls of 
the pipe offer ., resistanl;C" to tho flo"' of fluid 
just as thc atomic structure of the oonnecting 
wi res and resistor holds back the flo w of electric 
cur rent in the electric cireuit. A waler pressurc 
meter and a " rato-of-flow" meter have the same 
uses in such a cireuit that I.he voltmeter alltl 
ammeter have in measuring t he electrical pres
sure and rs te of current flow in the electric circuit. 

The highcr the " pressure " the more fluid 
wil! flow through the pipc. The smallcr the 
pipe the I/: re"tCJ" itll "r('sisl!l.nce·· :llld the leAA 
! lte ('·urten! l'e rmir teo.l to flo\\". 

"£ K I~;" ,,"xu I'\UAt.t.t:I. COX.\ E ..... J 11.1.""" 

T he resistors u!!ed in electrical ci~uiu to in
t roduce a known 3.lllount of resist!l.nce are made 
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up in II variety o[ [ortn!'. The lll(lSt common con
Ilis t!> of wire, of 80Ule high resistance metal, wound 
011 II pon;:elaiu fonner. To obtain very high valut'1! 
of resistance the wire m ust. be extremely fille . 
Becauso this introduces manufacturing di fficul· 
til't!, earne of the high value reIlistors which are no~ 
required to carry heavy current are made up of 

R 

, 
A - SCHEMA TIC OI AGRAM 

'" Am",/!t<tr 
(1i> m<tawl'<! ~ CUrl'<!:tt) 

B • PICTURE DIAGRAM 

C - MECHANICAL AN ALOGY 

THE ELECTRIC CIRCUIT ANO 
MEASURI NG INSTRUMENTS 

smllil n:!6Ist.ors of !!Orne carbon compound o r 
s imilar high Te!l:istaDce m aterial. Rc$stONl, like 
eells, may be connected in series, in parallel or in 
.series-parallel. When two or more TCfIistors are 
connected ill series, the total lll8i.<Jtanoo of the 
group is higher thall that of any of the unitl!. 
Should two o r more resiswrs be connooted in 
parallel, the total resistance is decret\l!l,'(\. The 
rhart Oil 1 hc uext i)tlgc shows how thc VH.luc of II 

Imu k of resistors in series, paral lel or scriCII-parnl1cl 
r:lll.y I.>c computed . 

US ING OIU\ ' S LAW 

Every part of an electric cireuii, hM !lOme 
retUstance. We ha\'c shown how eells can be 
conncc\.c(t in series !Iontl how roolll"nccs call I)OJ 
comlcctQd ill seri~. DifTcrcnL etect riCflt in8tnl
menl_' call I)OJ connected. in series in t.he elo:etric 
cireuit. hI the diagram, t he tube', the rheostat, 
nnd t he three cells of t.he storage bat t,ery mllke up 
r,he series cireuit. The two vacuum tuhellll.TC ~-on· 

neet.OO in parallel, but they an.' in ecries "'it h 
reepeet to the rest of the cireuit. The rheostat is a 
vsriable resistance and is used to change the cur
rent flowing ill the cireuit hy changing a part of 
the resistance of t he whole circuit and therefore 
in effect chauging the whol~ rcsi!'lt.ance which is 
the !'Ium of all the partli. The rheostat has part of 
t he circuit reeistancc, the CXlWt value depcndin~ 
on the posi tion of the rhOOlltat arlll and the 
IImolint of resistance wire thllt it includes in the 
ci rcuit. T he cells thcmselves have some in te rnal 
resistance, depending on thcir condition. The 
filllOlent.8 have lUI increasing nlIIistAAce with in
crease in temperature. This in tum depends 011 

the current. through the tubes. T he circuit re· 
sistanCCII of t he lead wi rCli are 110 small that lhey 
can be neglccted fo r practical computations. If 
the lead wiTCII are of coppCr and ha\'e a large 
cross sectional area (the kind of wire alld the si ~e 
wire used detennine the " conductivity " 1mhos) 
which is the reciprocal of the lX'@istance in slich II 

circuit ) their tel!iIlt~nee is !IQ ~maJi th~t we need 
not conlloider it. If d ry celt9 ur(J lIscd, their resj ~t
ance may be neglected if they are new. StQfSgC 
cells al WIl.¥S have a very low internal resistance 
if thcy lire caret.! for and kept charged. 

\ 'OI,TAGr. ulIOr'S 

\ \lJen ctlrretlt noli's through 1\ resistanee we 
have what ill called a " \-olblge drop " across the 
resistance. The \-oltage drop is always equllI to 
the voltage which C~Ul!C8 the current to /tow 
1 hrough t he rc!!istanee. The voltage d rop acro!l8 
the fi lament of a vacuum tube can a1waye be 
foun d hy Ohm's Lllw rwd is the resistance (of 
the fil ament ) time~ t he current /lowing t hrough 
it. The sum of all the voil age drops across the 
variOll1l pioocs of appnrll.tus in II. scries circuit is 
alwa~·8 equal to the voJt~e of the I!OllTOC (or t he 
sum of the voltllges in the e ireuit if t here be more 
than one lIOUrce). This law is kno\ol.'Il as KireholT'a 
Law. & the combined \'o llage drop across the 
rb_tat and the parollefed fr.la menU! will alway! 
be equal to the voltage of the storage battery 
(si.t \'olt-8) . 

Keeping these relations in mind we can find 
the remtance of IIny p~rt of the cireuit. For 
example, we have n detedor alld one stage 
Iludio amplifie r using t wo UX-201-A i ubes. 
What resistanco (fix ) should we connect in 
the circuit to use a 8i.~ ·volt baUery with thig 
outfif! 

0 11 the box in which the iube CIlme we fi ud 
that the mauufacturers specify fl (e rminal volt~gc 
of 5 volts nnd a filament cu.rrent of .25 U:4") alll
pere for CRCh tube. T his, then, will be the voltage 
dmp or te rmirm.l voltage of tile tube under op
crllting coodiliur ~. \\'tl hll. \'c Lwt> tuhes each re
'luiring .25 lI.m pere.:r, 80 ollr storage huttl:ry will 
have to slipply 2 X .2.5 o r .5 (~) ampere. U p0s
sible, always fin d the cu rrCllt lind volt.age (or 
t he effect ivc re!!istsllce) of the portions of t he 
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circuit ill parallel before trying to find out about 
the series brllnchC!! of t he cirC\lit. 

llec!t.llse t he summ/ltion of the volta..gc drops 
eqlla l~ the voltage of the S()uree, the drop across 
the rheostat equals 6 volts minus 5 volts or 1 
volt. We have assumoo t hat t he drops in tiw 

SElVES 

, R, R, R, R, 

" " . , , R • R, R, 

varies with its tcml}Crfllurc but fo r rat~,J vvlt tl),(c 
and current can be deterrnineJ elosely by Uhm 's 
Law and the infonnation supplied by t he manu
facturer. A five-volt tube having a fi la ment eur
rent of one-fourth ampere, for example, has a 
resi~ta[lee of 5 dhril1ed by ).1, or 20 ohms. When 

A 

B 

A 

B 

RESISTANCES CONNECTED IN SERIES, PARALLEL,AND SERI ES
PARALLEL 

baUery and lead.., are neglh,ihle, which is nearly 
true. 

Now we know two things about the rheostat. 
The voltage drop acl"QSS it must he 1 volt . The 
rurrcn(. th rough it is .5 ampere. By Ohm's Law 
t.he resi~ l ance is: 

11' I 
1(. -7 "" Y2'" 2 oh.ns_ 

A eix-ohlll rhoo.stat, gi ving !l.OOllt t1lf(~e times 
th is resistance, should be chosen for this ])UrpOIW, 
a.!:'Surillg the full necessary variat ion and mll.kin~ 
it poseible to compcnsntc for ll,ny excess voltage 
after the oaUny has been on chllrge, or t o rpducc 
t he voltage below five volts if desired . 

The resis tanee of a vacuum-tube filament 

E. 
E. 

" 

, f- loObms I , , 
, R+~20Ohms, , , , , , , 
• , 
• , 

R,·20Ohms 

• ---~ ", ~ - , , Qlms - ~ R. -
~ ="1/ - __ oS • , , 

two tubes are eonnected io psrallel the rl'siMlam:c 
of the oombination is : 

1 N,R, 2{)X20 
R- 1 I ""R, +H!-20+20- l oohm~ 

R, +7i: 
We can check t he accufacy of our pl"o hl(1111 

solution by using uur answers and tho c.m ,f. iJ) 
the circuit and solving for t he curreut: 

g fI volt<; 
I = - - _. = !1 alll perc 

!~ 10 ohms+2 ohm8 
[{..,combined resistance of t ll bes plus 
resis tance of rheo~t:~t at proprr set ting 

For practical purposes the illwrnlOl rcsish,u(: .. 
of storage cells in good condition can bc neg!l·cted, 

7i7~ hatt~r'l. ,.h~cstat 
Qf!a tv~sarl! c""'necud 
m seri~S 

SERIES, PARALLEL CONNECTION SHOW!NG HOW TO SOLVE FOR TH E TOTAL RESISTANCE 
IN THE CIRCUIT 
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siu ... ~ th ..... .se n).';istanC(l8 arc smull iu comparison 
with vacuum-tunc and r heostat rusi~tarJce. Thus 
it i~ th:<t ill the va{,uu\J\-tuh., circui t "hown in 
the laIl(e diav;mrll, the ",ir iuJ!; li ne! R" I,', and H~ 

are neglected . 

HEATING E FFEC'I' AN I) 1'0WE~ 

The heating effect of the electric current is due 
to m()lecular {rictiun in the wire caused by the 
flo w of eleetricity through it.. This effoot depends 
on t he resist" noo of the wire; for a given time 
(seconds) and current (amperes) thc heat gen
crated will be proportional to the resist ance 
through whieh the current flows. The power used 
in he"ting or t he heat dissipat-ed in t he circuit 
(which ma~' be considered 80metimes as an un
desired power loss) C!!.11 be determined hy sub
sti t ution in the follow ing equations. 

Power (watts) ~ RJ 
We already know that R=lU 
Therefore P",lIl Xl -l'R 

It will be noted that if the current in a resistor 
and the resistance value a re known, we mn 
readily find i he power. Or if the voltage across II 
resistance and the current t hrough it are known 
or measured by a suitable voltmeter and am
Ineter, t he product of volts and amperes will 
give t he instantaneous power_ Knowing the ap
proximate \' a!ue of a resistor (ohms) and the ap
pl ied voltage across it, t he WRtts power d i$.~ipa
tioJl in that resistor will be ElIR. 

Just as we can measure power di&ipation in " 
resistance we can determine the plate power 
illput to a vacuum-tube tranamitter, oscillator 
or amplifier by t he product of the measured plate 
voltage and plate current. Since the plate cur
rent is usually measured in milliamperes or 
t housandths of amperes, it is necessary to divide 
the produet of plat ...... volts and IniJliarnperes by 
lOOO tn give the result directly in watts. 

Part C of the diagram showing thc variation 
of outpnt of a generator wit h different resistance 
10lKis suggests how a voltme(;er and ammetef 
may be connected for measuring the power out~ 
put of tile generator or t he power dissipated in 
t he resistor. The power will be EX! in all cases, 
but this product will be zero in either A or n 
whcre either I Of E is WfO. As shown by the sketch 
t he maximuIll powcr in the load is obtained when 
the load resistance equals the in teruH ! re,;ista.noo 
of the battery or gcnerat.or. 

"LTERNATI NG (:URHEN·j· "'LO W 

In all of these examples we have been assuming 
that direct eU rJ"cnts arc being considered. When 
we impress an alternating voltRge on ci rcuits such 
as (,hosc di.se1!sSoo we will cause fin alterna ting 
current to flow, but t his curfent may not be of 
the same value as it would be with direct curren t. 
In many instances, such as that of a vacuum t llbc 
fil!1.ment connected to a source of a lternating cur-

rent by shori. wires, the IJ{"havior· of tiIt) circui t, 
wonld follo w Ohm's Law as it hlis been give!! lind 
if aJternat.ill!= current llIctf"rs wcre u~ed to rcw! 
tlU\ currr-nt and vo!t.ag<) lIt) could compute the 
">Rista.uce of the circuit with sullicient accuracy 
for all ordinary practical purposes. Should the~ 
be a coil of wire in the circuit, however, Qr any 
electrical apparatUB which is not a pnre resistance, 
it would not necessarily be possible to apply our 
simple formula with satisfactory rcsults. All 
e.>:planation of the rcll.-..-"OII for this involves an 
understanding of the characteristics of other 
electr ical apparatus, particularly of coils and 
eondensers, which have very important plOTts to 
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play in nil radio circuits . We shall proceed to I,rent. 
t hem. 

ELECTROMAGN~;TISM 

\Vhen any elccttic current is passed through Ii 
conductor, magnetic ctTcct8 are produced. Litt.le 
is known of the exact nature of the forc es which 
come into play but for convenience it is assumcd 
that they are in the {onn of lines surroundilll( the 
wire; they are ter med lines of magnetic force. It 
is known tha t these lines of force, in t he fOfm of 
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"ma'cniri" 6,.d<'11 Il.,.ollml the conductor, lie in 
"I ~ n(>~ at. right :l.1l.:it!!! t {) t.he axis of the <'(lllduct n,. . 

Th" rnl'lltncti(; lield (', 'n~1 It.lI t ('(I h~' I h('1S(J [in('~ of 
f"J"('e <, • .xi.~1.~ onl\' wlrl' lI '\Uncut. i .. llowinl{ t.hrou.c:h 
Ihe wire. When the current. is Bladed throu~h the 
wire, we may t.hink of the IJlagnetic lield as com
ing into being o.nd sweeping outward from Ihe 
a.xis of the wirc. And on the cessation of the cur
!'ent flow, the field collapses toward the wire again 
lind disappears. When a conductor is wound into 
the form of a coil of many turns, th!! magnet ic 
Held becomes stronger hecause there are mol"<' 
lines of foree. The force is cxprf1lSe<1 in terlW! of 
magneto-motive force (m.mJ.) which depends on 
the numoer of turns of wire, the si~e of the coil 
and the amount of current flowing t.hrough it. 
TIHlllame magnetizing effect. can be secured with 
a Kreat many turns and a weak current or with 
fewe r turns and II stronger current, If ten tlmp!'"res 
flow in one turn of wire, the m~l\etizing effect is 
10 ampe re-turns. Should one !unpetc flow in ten 
turns of wi re, the majUlcfizing elToot is also 10 
ampere-turns. 

The length of the magnetic ci rcuit, the material 
of which it is made and the cross-sectional area, 
determine what " magnetic" current or ./lllZ (,t> l 
wi!! be present. Jast lIJj the resistance of the wire 
\1f.'"Ulrmines what current will flow in t.he electric 
drcuit, the relllciallu (p) of the magneti \: circuiT. 
(. lepending on length, area and mat!'ri:,]) II.rts 
similarly in the magnetic r ire"it,. 

" J _ /( in Ihe elet't ric eir\:uit; w 

m.m.L 
<1> = i" the magnetic /!iroui!.. 

The magnet ic field about wil"Cl'l and coils may 
he traced with a COlllpaas needlc or hy sprinkling 
iron filings Oil a sheet of paper held about the coil 
throup::h which current is passing. \\-ben there i.s 
an iron core the increased magnetic force and the 
eOllcentr~tion of the field about the iron is readily 
, Iiscernihle. 

Pei'lileabilily is the ratio hetween the flu x 
dt'llsit.v produced by Il. certain m,rn.f . and the 
flux density that the Slime m.mJ. will produce 
in ai r. Iron and Ilickel have higher permeability 
thall air. lron has quite high penneability, is of 
low cost, and is therefore very commonly used in 
magnetic circuits of electrical devices. 

T he p.ermeability of iron variC!! somewhat 
depending on the t reatment it receiVe<! d urin!!; 
mallufacture. Soft iron has low reluctivity, 
another 'I'ay of saying that it.s permeability is 
ext remely high. The molecules of soft iron a re 
readily turned end to end by bl"inging a current.
carrying wire or a permanent magnet near. When 
the influence ill removed they jUllt as q uickly 
resume their former positions. When curren t 
tlows around a soft iron har we have a magnet. 
\\ hen the dreuit is broken so the eurrent cannot 
Hull' , t.he mor('('ule.~ u.gain assume their hi t-or-

miss positions. Litt Ie or no mngllelie eITed re
mains. Whcn a ~II'I' I har i~ ~ othj e(' l ed tn t he Ml."," 

"'H.J:ne!')-lHnt ive force ill j ! ,,~ s~rne 11"1(.\', it. hi~~ 

I~ m"J..'!letic C!rL~it, r ["wever, wlwn the <,u r rent. 
is removed, the molecules !(~l l d 1.<) hold t. heir end
ttH'nd posit.ions and we have produced a 1>ermfl-

~ 
........ 
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'L-,...::,,--'-,=.,-'--'-O-1. 

liagndiud 
StedBar. 
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11ent magnet, Compass needles are made in this 
way. l'ermanent. magnets losc thei r maj.(tl('lism 
only when suhjected to a reversed m.m J .. "'!WI] 
healed verv hot or when jarrC<"1 violent )\". - . 

' !I:"DUC'J""NC.; 

The thoughl. to be kept. constantly in mind is 
t. ha t. whenevcr a current passes throul{h a coil it 
sets IIp a magnetic field around thc coil; that I.he 
strength of the field varies as the currcnt varies; 
!Iud I.htlt the direction of the field is reversed if the 
dirreHon of eurrcnt flow is reversed. 1t is of inter
est now to find that t he converse holds truc 
that if a magnetic field pl'Sses through a coil, an 
elect ro-motive force is i,wtl(:ed ill the coil; that if 
the applied field varies, the induced volt.age 
varies; alld that if the di rection of the field is 
reversed, the di rection of the current produced h.I' 
the induced volt·age is reversed . T his phellomentln 
provides us with an explanation of many elef't.ri
cal elfect.!!. It serves in t he present instanc~ 10 

)i!ive us some understo.nding of that valuable 
proPCI't.y of coils - - ulf-indudll/lCC, Should we 
[)II.SS an alternat ing current. through a coil of 
many turns of wi re, the field around lhe coil ..... ill 
increase and decrease lirst ill one direction and 
then in the other direction . T he vllfyin).i; field 
tlround the coil, however , will induce a vnryinj( 
voltage in the coil and the current. produ!1cd b~' 
this ind uC«i voltage will always be in the oppo
sit.e di rection to tl,at of thc current. originally 
,:>assed through the wire. The resul t, therr'fore, i.s 
that because of its property of self-induct.ion, the 
coil tends constantly to prevent any chan/{C in 
the current flow ing through it aIHI hence to lim:' 
the amOI]!lt. of alt.ematin@; ('.u rr~nt llowinJ( . 'I'll(' 
eIT('(' t {'fin he consideM'f1 ,\.~ fl!f'rlri,·!\l in('r lia. 
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:-O:h" ul<.l " '(' 1'&;;1 a l"O<ltinuous ami steady direct 
i'u rrt'nt t hmu~h such a coil we wouk! build up II. 
1II1'J,t1lC1.ic field 118 the current st.&rtcd to flow bUL 
sinN) the strength and direct ion of the field would 
he unchanging, the only effect on t he current 
woulJ 00 that due to the resistance of t he wire in 
t he wil. A varyi n,ll: or a ll alternaling current is , 
however, ddinitely chRnJ(Cd in character h~' 
pas.sinl( t.hroull: h the coil. I t is fo r this rcn.aon that 
Ohlll 's Lilli', as we have outlined it 80 faT, Clj.Jlnot 
he ImOO to determine aceurately the conditions in 
I he ci rcuil. 

Coils, because of t heir propert.y of self-indu<;
lion or inductance are te rmed illduetancea or 
inJuetOI"8. They are very widel .v used in radio 
work. Tho6e used in the power eireuitlJ of tranll
mil lers, where low frequency alternaling currenl. 
i.~ Ii/lCd, usually consist of several t houl:IllnJ t urns 
of wire wound 011 lUI iron core. In other poe.itioAA 
in tranSlIlitte rs and receivers, where the alternM· 
ill,ll: i)UTl"(!ll la are of a very hi.'(h f req ueney, !'he coils 
1l~lJall ~' cOlUlist of tu rns of wire wOlllld on a formcr 
of I;!Onle insulating material but wi thout any core 
u!hN t.hnn the air inside the former . In 'lOme 
,·AAetI, 1 ~ 1J8 11.1'<' t il ken from t he windinJt l3() tha t 1 111' 
arnoun~ of in<.l uel Ilnce in t he ci rcuit may he vari{'(\ 
h.v sltcring 1 he number of t urns in usc. 

lo\luctaooo is mell8ured in " henrys:' T he In
(Iucllmoo of a coil depends on the numher of it .. 
In n IS, l he d iameter IllId shape of the coil and on 
lIlt' pe.rmeahiJit.y of the core. T he eo i l~ used with 
very hi,ll:h frequency curren ts lI1Iually have an in· 
iluc tllllCC w<,!lJ..M:>low one henry" For this ri:lIson 
!he more convenient terms miUiJII:m y II.nd lIIi· 
crQ/'enry lOre used . The millihenry is one one
!.hou$IOrl(l th of a henr.v, the microhenry one mi l
lionth of a henry. 

TflA:O;.~.·OIl.\t!;R.-; A:<JJ G!; )\f.kA'H)Il." 

""c hll.ve stated. t ha t if a magnetic field IJII.SI!C" 
1 h rou,;;h s coil , all elect ro-mot ive force is ind uCf:<1 
in t.he roil. Not only does ~his phenomenon pro· 
vide us wilh an explanation of self.induelance in 
('oilll l)\\t it permit.s an understanding o( how 
!ransfonners and genera.t.ors opera te. T rafUlform· 
('I'ij arc very widely used ill radio work - t heir 
('!!t'Cntial purpose being t o eon vert a ll alternat ing 
('UTren t supply to ooe of higher or lower voltage. 
In t ransmittel'll, for inst ance, there will be one o r 
morc t rnllsforrners serving to stell down the 110-
volt supply voltllge II! 7.5, 10 or 11 voltl! for the 
filament of the t ransmitti n!-!; tu~. T hen there 
will be another transformer to slep UI) the ll ().. 
"olt HU PPl.y 10500, 1000 or perhaps severlll t hou· 
I!-8 nd vollS (Of the plate supply of the l ransmitting 
1 uOOs. These t r8.llsformers will oonsi3t of windings 
on a lIqullre CO" of thin iron st ri ps" The I I ()..vol ~ 
~up]>l .\" ""mllow l·hrnu.u;h a I,r;mary windifl,ll: ami 
!lit' n 'otJ(flet i(: \icJd w ""t <.'< l hy 11,;'" curnmt· fl u\\", 
tlt'l.·IHISt' it i~ .... onunoll t o all witldin~s 011 t he (-ore, 
wi ll induee voltl\!(cs in "J] the windings. Should 
"III' of lhe 8e(.-omr~ry windin~ have I.wicl' the 

number of Iurll8 on t he Jl rirn!lr~' ",·jn<.l ing, l he I!CC
ondary voltage develo]led will be approximately 
t wice thllt of the pri mary voltage. S hould one of 
the secondary windin/l:8 have one third of t he 
])rimary turns, the volta.'(c developed across the 
secondary will be one th ird the primary voltage. 
Direct current flowing in t hc primary of such a 
transform would build up II magnet ic field a.s t he 
I'urrent st arted to flow hut rhe field would he It 

fixed one. So long Il.S the primary current remained 
steady there would he no vohages dcveloped in 
the secondaries. This is t he reason why trans
formers cannot be oJX'r:.ted fro m a continuous 
source of dirCl:t eurrent. 

.:\. somewhat simila r a rranKement is to be found 
in the altemat ing eurren~ Kenera tor - a SimI)!'" 
tied diagram of which iii! shown. In one com mon 
form of altemator, the l\lagnewe field is fixed and 
voltages are induced in the coil by its rotation in 
the field. The TCIIult is exactly similar to t hat 
which would be obtained if thf' coil were fixed and 
t he field rotated around it. A~ the coil t urns from 
the horhontal position it is cut by an increa8in)..( 
number of magnetic Jines of force and the induned 
voltage increases \Jntil it t~'ome!! It maximum 
""hen the coil is vertical. As the coil continues! o 
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rotate towan.ls the horizonta.l poeilion ihe in_ 
duced voltage decreases until it beeonl{'fl zero 
when t h(' ('oil is ~ain in tlr(' h" ri zouta l pillne. 
\\"hen tht" c"il i"Out inuC!< it~ r"tn ti"" frum thi." 
pusition, tllc diroc tiufl of tile lield with respect I. .. 
the tu rns of the coil hili! !lOW heen revcl"lJed "ud 
t he voltage!! hetwftlll t he ends of the eoil has 
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therefore been reversed. As the coil continues ita 
rotation, the voltage again climbs to a ma.ximUID 
and fall!; to ~el'() when the coil reache\! its original 
horizontal po.'lition. In tho a<;tual generator, of 
CQurse, the rotation of the coil (the annature) ill 
very mllid. The speed of rotation in the elemen
tary machine shown in the diagram would di
foetly govern the frequency of the alternating 
voltage produced. In the practical alternator, or 
OOUl'8e, the arrangement is much morc complex 
lind the eleet.ro-magnet which produces the field 
mlli), have many pairs of poles. A eimilllor machine 
is used to generate direct current. The cbief 
differenoo in it is t.hat a commutator is provided 
on i1.6 shaft to rectify the output of the armature. 
T his proce.."8 in volves changing the direction of 
every alternate hlOlf-cyde - so causing nil the 
pulses of voltlOge gf'.nerated to he in the same 
dircetion. 

T il l: 11!::A(;"rANCll Of· con.'! 

As we have said, a coil tends to limit the 
amount of current which an alternating voltage 
can send through it. A further very important 
fact is that a given coil with a fixed amount of 
inductance will impedc thc flow of a high fre~ 
queuey alternating current much more than a low 
frequency current . \\'e know, then, that the 
characteristic of a coil in impeding fl D alternat ing 
current flow depends both on the inductance of 
the coil and on the frequency of the current. This 
combined effect of frequency and inductance is 
termed 'f,{!cWnce, or induciive reactance. The rc
aetanee of a coil is cOlOputed with the aid of 
the formull\ Xl, - 2,.. fl.. when XL i~ the induc
tive reactance; .... = 3.1416;f is t he frequency in 
cycles per sc<:ond and L is the inductance of the 
coil in henrys. 

CNWENSF.IlS 

In radio cinuits condensers play just as im
portant a part as coils. Coudensers and coils, 
in fact , are almost always used together. The 
condenser consists essentially of two or more 
metal plates separated by a thin layer of somc 
illllulating medium from a second similar plate or 
set of plates. The insulating medium between the 
metal elements of t he condenser is termed the 
dielectric. Unva.rying direct current cannot flow 
through a condCl1ller because of the insulation 
between the plates. nut a steady voltage applied 
to the terminals of such a condel1ller will cause it 
to \)c()ome charged. The clTect, to return to a dis
cU$Sioll of eledrons, is simply that one elemellt 
of the condenser is provided with an excess of 
ele<:trons - thlill becoming negatively charged -
while t he other plate suffel"ll a deficiency of elec
trons and is therefore positivdy charged. Should 
the charging voltage be removed now and the two 
dements of the condenser joined with a oonduc
tm, a flow of electrons would take place from the 
negative to the positive plate. In other worda, a. 
current would flow. 

The charReteristie which permitl> II condeH~cr 
to be charged in th is manlier is termed capacity 
or capacitance. The capacity of a condenser de
pends on the number of plates in each clement., 
t he area of the plates, the distance by which they 
are SCp.'l ra.ted by the dielectric and the nature of 
the dielectric. Glass or mica lIS the dielectric in a 
condenser would give a greater capacity than air 
- other th ings bcing equal. The "dielectric 
constanta " for different materials and the formula 
used for computing t.he capacity of condensers arc 
to be foun d in t he Appendix. 

The wlity of capacity is the falad. A condenser 
of one farad, however, would be so large that iv; 
construction would be impractical. A mon com
mon term in practical work i~ the microfarad 
(abbreviated ~fd. ) woile another (used. particu
larly for l he small condensers in high-frequency 
RPPlll"Rtllll) is the micro-microfarad (abbrevi
atoo ~I-'fd. ) . The first is one millionth of a farad ; 
the second is onc milliOll.th of a microfarad. 

A oonsjderable variety of types of condensers is 
used in radio work. Perhaps the most commonly 
known type is the variable condenser - Ii unit 
comprising two seUl of metal plates, one capable 
of being rotated and thc ot·her fixed and with the 
two groups of plates interleaving. In this CaBe, t he 
dielectric is almost. invariably air. The fixed con
denser is also \~idely used. Often it eonsista of two 
sets of metal foil plates separated by thin sheets 
of mica, the whole unit being enclosed in molded 
bakelite. Yet another type - uSllally of high 
c..1pM:ity - oonsmUl of two or more long strips of 
tin foil se,Jarated by thin Wflxed paper, thc whole 

ihno6/", Ov>.it:fUt:f:S 
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thing being rollC<.i into compact form and en
closed in a metal can. Common units of this 
t.ype have capacities between one and fOll r 
microfarads. 

ALTERNA'flN(l COJIIl.-"l:\"T IN A COND':NS!:lII 

\Ve can readily undeI1ltand )IO W very different 
will be t he performance of an v condenser whcn 
direct or alternating voltages ·are applied tn it .. 
The direct voltages will eHuae H sudden chll, rging 
current, but that is all. The !l.lternating voltages 
will result in the condenser becoming ch!l.rged 
first in one dire<ltion and then the other - t his 
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ra pi.lly changillJ,;: e1u~rging current "ctually being 
11l(! cquivaJcnt of lUI ~ltc\'lll!.t ing current t.h rou~h 
t he cOlldenser. i', l l!.uy of I,he c()IIdensers in radio 
circuit-/; arc USN jUllt oo:aw;e of thi~ cffect.. They 
serve /.Q allow an alternating current to flow 
t.hrough some portion of t,he circuit, at the 
same time preventillg the flow of any direct 
current. 

Of course, condenllem do not permit alternating 
currents to flow through them with perfect eliSe. 
They impede an alternating current jUllt fill an 
inductance does. The term capacitive readance is 
used to describe t his elIect in the case of con
densen>. Un like the performance of inductances, 
condeTlSf'.rIl haye a reactaw.:c which is illversely pro
portional to the condenser capacity "nd the 
ireqllency of the applicd voltage. The fonnula 

I 
for its COml)lltation is therefore XC - 21f"fC where 

Xc is the capacitive rell(!tance; ... _3.1416; f is 
the fre<juency in cycles per second l~Tld C is the 
capacity of the condenser in farads. 

CONDE~SER CONr..""EC'TIONS 

Capacitances can be connected in series 01' 
in parallel like ru;istances or iuductances. How
evcr, conne<Jtiug condensem in parallel makes the 
total eapacitance greawr. In the casc of resistancc 
and inductance, the valuc is lessened by making a 
pam!lel conncction. 

The equivalent capacity of condensers COll~ 
necte<:1 in parallel is the sum of the capacities of 
the several condeasers so connccted: 

C-C,+C, + C, 

The equivalent eapacity of condensers con
nected in !!Cries is expresscd by tho following 
formula which can be simplified as shown when 
but two eondensem lite considcred: 

1 1 1 1 
-~-~-+ce, 'c. c, 

It is somet.imes nccessary to connect filter 
condensers in series, as this increases the break
down voltage of the combination wIllie it of course 
decrel.lse.'l t ile capll(!it y available. Condcnsers of 
just the same size a re most effe<JtiYely connected 
in series for this purpo&e. Voltage tends to divide 
across series condensem in inverse proportion to 
the capacity, so that the smaller of two serilll! 
condensers will break down fi rst if the condensem 
are of equal voltage rating. High-resilltance units 
are often used il, such applications /.Q equalizo 
the voltagc drops alld protect condenser banks 
from unequal yoltage distribution. As the re
sistors are placed dircctly across th6 terminals of 
each conden9('r and across the high~voltage line, 
th6Y are necessarily wasteful of power. Before 
selecting filtcr condensers the operating con~ 
ditions, voltage peaks and r.ln.ll. values should 
he carefully considered. For CQmplete information 

on such Uli l'b'"O, refcrence t.o the chaptcr of thi;; 
J[andbook on Powcr Supply is s\l~es!,ed . 

h 1wrll ll) un~ n 'Nl"rC1'ANC~; , CM·,\Crl" · liN " 

1(E8ISTA..,",Ct; 

So fa r we have considered th re<J very important 
propert ies of electrical circuits and apparatus: 
Registance, inductance and capll(!ity. Resistors, 
coii.s and condensers are all built to have as much 
of olle of these proper ties as possible without 
having a great deal of the other two. These 
" lumped" properties can then be utilized in !I. 

circuit to produce thc required cffect on the cur
rent and voltage dist ribution. In every 90rt of 
coil !ind condenser, howevcr, we find not the onc 
property for which the inst rumcnt was UBOO but 
a combination of all the electrical properties we 
have mentioned. An(\ for this reason most design 
work is IlOmewhat of a eompromise. Every coil 
and transfonncr winding has resistance and dis
tributed c!ipacity between thc turns in addition 
to t he inductance that makes it a UBeftii device. 
Then, every condenser introduces resistance 
losses also. Resiston>, as another example, quite 
often have considerable inductanC6 and dis
t·ribllted capacity between t he turns of wire with 
which it ma y be wound . 

()lUI'S LAW F OIt A LTEK."ATING CURRENT 

We start to realize the importance of these 
" accidental" charactcristics just as soon liS we 
endcayor to apply Ohm '8 T,uw /.Q circuits in 
which al lenmting current fl ows. 1f inductances 
did not have any resist ance we could MSume that 
the cur rent throu,!!.:h the coil would bo equal W 
l he voltage dividcd by the reactance. Bnt the 
coil will have resistance, and thi!:! re.nstance will 
act with the reactance in lilniting the currelli 
flow. The combined elIect of the resistance and 
rcactance is te rmed the impOOallcc in the CflllC of 
both coils and eondensem. The symbol for im
pedance is Z and it is computed from this formula: 

Z=V/~+X' 
where R is t.he resist.ance of t he coil and where X 
is the reactance of the coil. The t.erms Z, Rand 
X are all expresocd in ohms. Ohm·" Law for a1ter
MUng eurrent cireuits then becomes 

E 
I - Z 

E z _
I 

In finding the curren t flow through a condenscr 
in an alternating eurrent circuit. we can Oft.f'll 

E 
assume that. 1= X c (Xc being the capacitive re-

actance of the condenser). The use of the tent} 
Z (impedance) is, in such cases, made unneces
sary becaUli6 the "accidental" resistance of the 
usual good condenser is not high cnough to 
warrant consideration. Wllen there is a resist.anee 
in series with thc condenser, however, it can be 
laken into account in exactly the smne manncr as 
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\"' ~ tl ... rf ... j;;;\IlI1N;> of the roi l in Lhe cxarupic just 
I:iv('u . Tht' impf'(hu lf"c of t h,' f'(lndcrll!C r-rf'jOi~llI n r-c 

, ... " nloi'11lIioll iii t hl'll ''f''''pul,t ... lllr"IIl;;<~l " " ,10 ... 7-
Icrtn in lin: ()hm '~ La'" rm rn"hs. 

TII~ S INE W A VJ;;. 

In the diagram illustrating the action of the 
ulttrll ll.\o r in generating an a lte rll atinj;( voltll/oW 
\\,,' g~.ve a tlIl ryC indicating t he Yoltage develo pe·.! 
by the alte rnator J uring one compll!te cycle. 
Thill curve, as obtained with !I tht'Orct iCAlIy per
feeL alternator, is known a.s II. ri,,~ curve. All the 
fo rmulas given fo r alternat ing currcnl ci rellits 
h:I\'c been derived wit h t he I\.'i.!!urn])tion that s ny 
,,!ternnlin.l; voltage under consideration would 
foll\lll' such a curve. It is evident that both the 
vo[tnge and current are swinging continuously 
between their pOl!itive ml!.ximum /lnd neg!ltive 
nmximullI vII.!uel! and the beginner must wonder 
hoI\' oue cnll speak of 80 many ampcre8 of !l.lter
!lating cu rrent ",hE'll the value is elu~nging "on
liuIIOUl,ly. T he pro lolcm is s implified in pmct icnl 
work by conside ring t hat a n a ltcrna ting currCIl1 
haa a value of one ampere "'hell it produces heat 
ti t the same average rate as one alllperc of con
t inuous di rect currcnt flowing th rough 110 given 
/'(!'I!isto r. This effective value of an altcn Ult inl! 
current. if it follows a sine eurve o r h ... s II f inu_ 
wid(ll 1£f1V6 form, is equal to the mllxim um or 
l)esk current dh'idcd by t he !l(IUIlJ'e root of 2. In 
the BAme way t he effective value of an /llternatiuj! 
voltllgc is ilS peak value d ivided by the 8(!lltIre 
root of 2. The 1Il1\lal a lte rnating current amllle!l' r 
or voltmcter giveil a direct reading of this ctfeo-'
live or root 1I1f.(H1 ~qU(lre currcnt or voltage. 

rtcrcr ring a,!;!lin to the diagram ill us tra t ing !.I1f' 

action of un ILlterna tor we note t hat the point. of 
maximUIll voltage on each alternat ion corre;;ponds 
to t he point of m:.xinllun current . T l,il:i, we Ul li@t 
lea rn , is actually not a " cry commou condition . 
It has been mentioned tha~ in a eircuit conta ining 
induclance t he rise of current is dclayoo uy the 
cflcct of electrical inertia presented by t he in
,lu('18I1oo. Both increases and decreasos of current 
nrc similarly dela~·al. I t is also t rue that a current 
must flow into a condeIlSt'r before its clementa can 
be cha~C(1 aud so pro \'lde II. volt.age di fference 
between its terminala. Booaw;e of theae facts, we 
say t hat a current "lag;l " behind the voltage in 
II circu it which ha.6a preponderuncc of ind uctllncc 
and t hat the current " leads " t he voltage in a 
('i reui~ where capacity predominalCli. T he th ree 
dillj{rIUllS @how three po.."8ible conditions in 1111 

IIllcmuling current circuit. In tl,e first . when t h ... 
load is a I>ure rCilistanee, both voltagc $I.d current. 
ri!ll'l 10 the mAximum values simultaneously. I n 
t hill case the voltage a.nd current are said to be 
ill plw~. In the 50c0nd instanee, t he C'.xistence of 
inductnnce in the circuii hll8 caused the current 
to !:I.I( hehiud the volt ll.ge. In the d ia.g rum, t he 
,'IITrE'1i1 i~ lagginl( one qU(l rte r ('.\·cJc l'It'hind the 
v"h:li£t' . Thf' f'lIfl't'nt i~ tlwl'('f,,1'(> Mil! to 10{' 00 

.1e<,..:I'«'!! out of phll~ wit II t hc vuh "JOt! (3f~J ,It·~ " ,·.·", 
Iwinl:!: tllIl oom plcle ('~· ... If'). In the t hird """'''1'1<-, 
wilh a ,·lt l'llcili,'e 10, .. 1. ,I". ""It:I)1;" i .~ hlt!!;")1; "" •. 
'lHlIJ"tcr cycle l .. ·hiud lilt! curren\.. T ht! ph:.:\<.' 
difTereuoo is flJl:llin 90 .legrces. Tht'i>e, of OOU J'lie. 

are theoretical examples in which it is assumed 
t hat the inductance Rnd the condenser llave n" 
re,:istanee. Actua lly, the angle of lag depends Oil 
the m t io of reactance to resistance in t he cif()ui l . 

In a d ircct current circui t the powcr C:Ul he 
ohta ined readi!.\' by mult iplying the voltage I,." 
t he (' urrcnt. However. it i& obviously imp(l;'!;ihk 
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to adopt the ~I\lne 1)l'Q(.'('(!urc in ,d tcrnu tinJ(' I'm· 
rent work ",hell the current mlly be 111 Ii mill iuHlm 
when tbe voltagE' is at a maximum. III oompntin'! 
the power ill fin a ltenlatin,l( current circuit "-e 
m ust take into e.coount IIny phase d ilferi'll.·.· 
l)(ltween eurren t and voltil~e. This is ma.lE' II{).~· 
sible by the use of il num ber repn>~fl1illg 
ihe IxHt>er /t.d or of the circuit. It. {'an I,,, 11 .. -
sc;ribed 3Ij the number with whielJ it. is nece~sary 
to m ultiply the product of volts and amperes in 
order to get t he effective power in the ci l'r ui t. In 
the ell.SC of ,. (' ircui! with J'e",i~litn Ce on 1.'" wltt n 
the curre llt. and yoltnKe lire in phasc. !ltc ]lower 
factor would be I. The flower fneto r in most 01 her 
ca..."eiI lies between zero II.nd one. Allyone fami linl' 
with t he terminology of ! rigonomelr.,· IIlfly Ul 
aidC(i by the stnlement thllt the power fuctol' i~ 
equal to the eo,ine o)f the phl\SC IlnJde. 

I t is ob" ioul! thll t in a lteMlating current ei r
cui l ll containing inductance, capaci ty and N"

sistanoe in various amounts, hoth " lumped" 1\1Ifi 
" distrihuted," t he E'leclrical oonditions in tl ... 
circuit ~re HkE'ly to be extremely eOHlIlI"x. Corn
pUUI.tion of t h!' power in "ueh a r ireu i( all,l ,,( t I", 
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'~"'Ildi , iom; in each CUmll<)llCllt of the clrcuit 
Itl\'olvf'~ !L c(OmIU(lhcn.~iv(l kllow j(~dgc of alte rnat
iUI( Cllrrell t theory tl.nd a thorou,I('h understand ing 
of simple tr igonomctrie funclions. Should a 
knowledge of such procC!;oos be desircd, we can 
~uggest ~tudy of t hose text-books to which ref
erence is made in the Appendix, or to anyone 
of the many text-books dcvoted to alternat.ing 
curren t t hcory. It is generally agreed, however, 
tlll. t the planning, building and effective opera
lion of most amateur equipment is not US llally 
made unduly difficult by an inability on the part 
of the operator to undertake the mathematical 
analysis of altcrnatiug cur'rent circuit networks. 

At the samc time, it is vcry necessary that the 
amateur should have a sufficient understanding 
of the characterist ics of resistol'll, indiletanCC8 
and capacities to efltl.ble him to carry a meutal 
picture of thcir performance in a circuit. In the 
chapter which follows, wc arc to c..xplain how the 
combinat ion of inductance, capacity and re-
s.ist ant'e provides us with tunoc\ or oacillatory 
cireuits, without which all of our radio equip
ment would be of no practieal use. To understand 
the eJement.s of radio principles without an exact 
appreciation of the work accomplished by thcse 
tuned circuits would be quite impossible. Tn the 
meantime, let lIS see hOII' these fundamentals 
which we have discU58Cd may be put to very real 
service in the planning of equipment [or our 
receivers and transmit.tet'S. 

WOflRING I'UAC'J'ICAL I'IIOBLI>;U ':; 

I t is surprising holl' Tlmny practical uses mtl.y 
he found for the fundamenU1l information and 
formu las set forth in t his chapter. A brief study 
of the equations and explanations with t he fcw 
exarn ple.s that will now follow will cnable you 
to apply Ohm's Law '1nd other electrical relatiou~ 
to determining practical things that arise in 
pla.llni.ng, building and operating evon the simplest 
amateur station equipment. The problems which 
follow will serve as examples of some of t he dif. 
fe l'ent things taken up in t.his chapter. 

elate Power Inp!l/ 

A certain t.ransmitter has all output stagc in 
which a single 203- A t ube is employed. A high
voltage voltmeter is connected across the plate 
supply ci rcuit tl.nd a milliammeter of suitable 
range \LSetJ in the circuit so a<! to measure t he cur
rcn t of this tube only . We have seen that p _ 
RXI. Therefore, Ill18uming t hat the metet'S read 
1125 volts Ilnd 125 milliampef('S, the plate input 

. 125 
power will be I t2SX 1000 = 14.0.6 waHs. 

Retmronoe of a Grid Leak 

It is Ilecessary to determine whether a rel!ister 
has a !'esistanee of five, ten or fift.een thousand 
ohm ... which would make it. Ruitahlc for a grid 

letl.k for a Type ' 10 transmitter, either used 
l!elltl.u tely or ill CO'UlL~tion WiOI other ret>.istOr!i 
<!f tJoe samc t.ype. A OO-volt B-hatiery and a 0--50 
mil seale milliammeter are available. The bat
tery is connected to the unknown resistor through 
the meter which is oooecved to read 10 milliam
peres. The resistance is !lext calculated from 
Ohm's La",: R=E / I. 90 + .010 =9000 ohms. 

M e(lS!lring Grid Bias 

When the grid-leak resistance is known, the 
current through t he grid leak measured by a 
milliammetcr of suitable range enables us to cal
culate the voltage drop across the resistor, which 
is the same as the bias between grid and filament. 
For extl.lIlple, two 5()()()..Qhm resiswtS are used. in 
series as tl. bia.sing resistor to a Type ' 10 tube used 
a.s thc r .f. amplifier stage in II small oscillator
amplifier trlOnsmitt.er. A mill iammeter connected 
in series with the rOllistors rcads 21 milliamperes. 
Calculating the voltage drop hy Ohm's J,aw 
(b' - Hi ) we have the bias as (2 X 50(0) times 
.021, which equa!~ 210 volts . 

Capacil,i&1 

A fixed condenser of 250 micro-microfarads 
is connected in parallel with two variable air con
densers having a maximum capacitance of 140 
micro-microfarads and .0005 "fd. respectively. 
What is t he tot al capacitance obtainable for any 
adjustmcnt or setting of the condensers? First 
it is necCSSllry to change the ratings to eilher mi
crofarads or micro-microfarads to get the threc 
units on t he same basis. T he a.nswer will be either: 
250 + 140 + 500 - 890 ""fd. (micro-microfarads or 

picofarads) or 
.00025 + .(0)1 4 + .0005 - .OOOS\.l "fd. (micro-

farads). 

Assumc t hc three capacities to be connected 
in series. Let us dete rmine the equivalcnt lumped 
capacit.y: 

1111ll! 
-~-+-+- "'-+-+-= C C, C, C1 250 140 500 

JI04. + .0(l7lS + .002 = .01315 
.01315 C - I 

C - 76.1 ... "rd. (micro-microfarads or pico
iarads). 

CI)'II(/cnser lleacwtlU 

A high-voltage powcr-!lupply transformer may, 
under cert tl.in e011ditions, require protfl<!Lion of 
lhe windings from voltagCil built up due to leak
age of high·frequency currents back through d. 
choke.s and the filtcr, or due to r.f. induced in 
power-!juppiy leads located in the field of the 
high-power slage of a t ransmitter. The same 
ci rcurustances can cause break-down of insulation 
in fi lament t ran.sIormers. At any rate it will be 
lll'I8umed that we have a 7200-ke. t ransmitter 
!l.ud t ha t it, is desired to connect a Rmall (londen~er 
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s.cr(W!ll the high~voltRll;o windiulI;. H.cmemiJ.erin~ 
that the higha the IrequerlC>j iN, the 100;'1:" ljUl re
adance vJ II wnde/lur, we judge that a IIlnllll <.:01>
denSoet will IJUfficicntly by-J)SI!I'I the radio-f~ 
quency current, preventing tho ulidesirod d. 
voltage {rom building up acro1l6 Ollr t ransformer 
winding (or a choke coil, milliammeter or other 
pieee of appamtU8 could be protected similarly). 

Finding a .02-ruicrofarK.d mica.-insulated trans
mitting oondenaer a.vailablc, rated to withBtand 
2000 volts, we decide to coneidcr what may hap
pen if we connect it I\.Cf'06S the high-voltage alter
nating current source. 

First of all to flee if it will he practical and &c

complish the rMul t we \l'A.nt, let'll &et! (a ) wbllt 
the re/I.C\.a.noo of the condenser to the 7200-kc. 
( 7,200,~ycle) voltage which 11l~8 8tr11.) 'OO into 
the cireuit will 00 ; and (b) what the react!l.!l.Ctl 
will be to the fiO..cycle sourec. In the formula the 
unitaare cycles find farads 80 we must remember 
to use the proper oonversion flWwl'8. 

(a) x.. - I +2 '/tIC 
.. 1 + 6.28 X 7,200,000 X .02 X 10 .... 
.. I + 6.28 X 7.2 X .0:2 
-1 /.005 
-1.l05 ohms 

reactance at this frequency. This is an extremely 
low value whieh will t't'a.dily bY-Jla.;,s d. lind 
prevent any harmful volt&gCfJ bui lding up across 
tm inductance. 

(IJ) X. - I +2 .. N 
- 1+ 6.28 X 60 X .02 X \()""1 

-132,800 ohms 
reactllnce a.t 60 cycles. 

ClIlTtm ThrOWJh a RMt:Wnce 

The tranafonuer i.e: s, small one and 80 we call
not be sure until we figure it out whether t he 
!!eC()udary current taken by the protective oon
detuIeI IUld the set combined will be likely to 
overheat t.he trallsformer or not. The plate t rans
fonnc-r we happen to htwc has n ratio of 10:1 
and delivers 1100 volts (effective value) when 
run nonns,lIy. The ~yele current through the 
oondcnscr will be: 

E 1100 
1 _ X~ - 132,800 - .OOS3 amperes - 8.3 1I1f1 . 

'J"ruIllIjurmer Oulpld Currwllo /(C.it$l(lllCl! /,!)WI 

The trfl".sfonD~f Us fated at. 100 Wlltll! (VA) 
which means that it will deliver 

Rui3tanu ValWJJur Dropping l~klte VlJiUlgc 

The tra.rLSfonuer output goes to a tube rectifier 
t hrough a filter whieh has a 70-henry choke in 
one lead. After keying in the negat ive le:u:l the 
curreut pPE?,eS through a 3-henry " keying" 
filt.er ehoke to the platce of two T ype '10 tuOO6. 
There is some voltAge drop in the rectifier t ubell 
a.nd in the resist.a.nce of the two ehoke-ooil wind
ings. In addition to this, a resistor III"Y be added 
in series ",-ith thekeyiug choke winding w further 
drop the voltage Ii'O our tube will operate normally 
with about 400 volts d.c. ill ita plate circuit. 
The proper size of this rullstor is quiokly fou nd 
by using Ohm' s Law. [ f it is desired to pl'O(h!(lE~ Ii 
drop in voUage of u.bouJ. 100 volts, uivid(l thia 
value .by the C!!timated plate current, let liS ~ay 
100 mlls or.1 ampere. (R-R/l) 

100 -:T - 1,000 oillna. 

Size IluUlnr /0 Ha'ldk a Given. CUlTcnt 

In purchW!ing resistol"ll, be sure thov are of 
ample size to dissipate the heat that.' will be 
produced by the eurrent they will have to carry. 
Tbe power that muat be diSllips,t«l in heating is 
11' .. HI' (watta). 

1000 X , IOCP -10 watts, which mu~t Ue dis
sipat-ed by the resistor for dropping t he plate 
\'oltage to t he two Type ' 10 tu!Jca, COflsidcred 
above. h'xamini..ng manufacturers' lists , this ~:U! 
can be used, but a 2O-watt resistor is reoom
mended to give long life and keep the ma.~imum 
temperatures low. It is beet to allow 40 per cent 
or 50 per cent factor of safety, since ruistors are 
rated for their maximum aUolVft.blo dissi)>ation 
mounted in free Space. Actually tho heat radiation 
is limited by mounting rcsistors lIear other ap
paratus. This heat should be kept aw,,"y from 
filler eondenSCI"lj or Rppamtus whose life vlI.rieli 
inversely with tCllllJerature. 



CHAPTER IV 

H ow Radio Signals Are Sent and Received 
K oun discussion of Fundamental principlCIJ, 
we have seen how a 110w of el~ctrons 

through a wire constitutes all cl(!ctric uur
rent, and how this current, under certain 

conditions, giv(lII rise to electric aud magnetio 
cITed.s lUI changCll in the current flow take ]lIMe. 
In addit ion to the effect which resiatfl.llce pro.:i ut'Cli 
in direct And alternating curren t circuits, we have 
[earned how an inductance or coil tends to I>I'C
vent any chauge in t he curreu t flow ing through it 
be<'aUlle of the existencc, lU'Ound the ooil ,or II. IIlag 
netic field, which varie8 in strength with every 
vllrial.ion in the eurrent flow. We hll.ve alllO 8«'11 
how thislicld around a ooil can link with the turns 
of a aeoond coil, 110 inducing voltagefl in iL 
VO!t8gC6 which \'nry in accordance with the 
chllngc.s in the original current fl ow. Further, we 
have seen how a. l'Ondenser can he ChlHgOO by 
an applied vol tage and how the energy repro
SMt.ed by thia charge can cause a cUm)nt t.o flow in 
j/,ny conductor which is connected I!.croas the oon
dcnllCt terminals. Lastly, we have lea rned that in 
an alternating current circuit, inductanoo eau~ 
t hecurrent t.o lag behind the voltage while capacity 
causes the voltage to lag behind the current. 

'l'IUl COlolPO:-'".II:NTS COMIJ INIlD 

With an understanding of these principles it 
ill not difficuk to follow the oporation of the 
" tuned " or "OdCillatory" circuit - th!l.t com
bination of inductance, capacity and te@istnnce 
which is Buell a cornwoll and extremely impor
tant fell t-ure of every radio receiver and t rans
mi tter. !n the wiring diagram of !lny radio equip
ment examination is almo&t certain to !"(lve81 
0110 or more tuned circuit.<>,msde up of a condenser 
and an inductance together with their distributed 
resistance. The wi ring of such an oscillatory cir
cuit is given on the next page. It will be 800Il 
that the reeistanoe of the components, though 
really distributed throughout the cireuit, is shOlnl 
as a separate unit" R." This resistance is the one 
undesirable characteristic of the circuit and a ll 
drort is usually mfide to reduee it to t he lOW ell!. 
lJO&Iib le value. 

'fll!; 'fUN !;!) C IHl.'UIT; Hf.'SO:O<AN CE 

Let us &88ume that a condenser and So coil are 
connccted together, lind review brieHy the I,rooeaq 

of flCtting up oscillations in this simille circuit. 
Since no vacuum tube or lI.uxilin.ry allpatlltus iii 
provided to supply \·oli..ll.gc6 we mus t. alilO l\..'I8ume 
that the condenser is already clnlrged tIO t.hllt 1\ 

voltage iii impressed in the circui ~. At a given in· 
"taut one of the condenseI' plates will have a JlO6i. 
li ve charge with rospeet to the other, and the 

moment the coil 8nd condenser are connected 
together the current will flow from this positively 
charged piate, tending to equalize the potontial 
difference of the condenser. This current has to 
make its way through the coil (inductance) and 
here it encountens olectriclII inertia. The induc
tance tend!! to prevenl the flow of current by 
changing the energy into the eleetromagnct ic 
field ,,"hieu opposes the current 00"1' . All the en
ergy in the condenlJCr is finally chllnged into elec-
trom8.fl:lletic lines of forue around the coil, IIU 

longer existing &II elootroelAtic linel:l of force be
t ween the condenacr plates. The current (low 
from the oonden*!r, at tin t prevented from build
ing up due to the i nerti ,~ of the induct..ll.nce pre
sented by the coil, haa 1I0W re3choo iis maxi
Illum valuo an(l the voltage of the condonscr haa 
dropped to zero. At this point the magnetic field 
about the coil oollapac:s, returning energy to the 
cireuit in the form of current, which cont inues to 
flow ill the same direction (inductance-inertia 
prevent.s change), ch8rginp: the condeuBer to op· 
posite polarity. Filially when 1I.1I the ellergy l1 aa 
been rostored to the eleetI"Oiltat.ic field of the con
denaet (now charged in the oppoOlite direction) 
lhe current fails to Wf'O, II.n\1 the acooOlpli llyinu; 
magnetic field is also ~ero. The voltage is maxi
mum and is now excrt.el.l in the opposite direction, 
causing the current to reverse in another attempt 
to equfl li7.e the potential d ifiel1)noo of the oon
denser. Thc SIIome cycle t.u.ke~ plMe again, a rna/{
netic field being created aa n real/It of the oPl108i· 
tion of the coil to the current (low. This Mtion 
would continue indefinit.ely except for the re
sistance (which is 1I.Iways an clement in pract ical 
circuits) tending to reduce the IlIternating current 
to ~f'O, and which we overcome by meaIll! of the 
vacuum tube, addillg energy to the circuit to 
make up for iu 10lI8oC@ due to J"e9istance, s.nd 80 
that t he O!!CilI8tionJ! can Uc continuous. 

OSC IL L ... T10S I'IU:QUESCV 

It should be clear that if the coil (inductance) 
is made larger it will take the current longer to 
fl ow out of the condCIl8Cr in a given direction, 
because Lhe inertia will be greater. Likewise if 
we have a largCl" cllp!I.City it will take it longer to 
become charged to the IllltXi m UIIl voltage (just 
II!I it takes II longer t ime to fill ll iarger tank with 
water). As hal! boon stated, the velocity of ~he 
electric current clln b4- ooll .. ,.jd"re<llo be constant. 
I t j~ nt 01100 clent that ~he l:ircui t with larger 
('Oils or oon{\elUlCI"3 ill going to take 8 longer 
period to go through 110 complete cycle of oscilla.
tion as explained in the lut pnra.gra.ph than II. 

circuit wllere the inducta nce Ilnd Cftpacity are 



'" 
kept $ 1IU1iJ, &l the smaller the coil and cun
denser used ill t he circuit, the faster the oscilllt
tion~ will Lake place, the lower will be the til\le 
oonstant, and the higher the frequency (cycles
per-second or kcs.-per-sec.). 

TUE .·UNV.~)!BNTA,LS OF TU~I:\"G 

T be important point, behind all this explana
tion j" thut with lOlly combination of iudlidallt:C 
"lid capacity, providing the rcfristance i~ ~llm-
• -i,'utly low, II. sudden impulse introduced ink. the 
ci rcuit \l'iI! CIHk'<e an alternating or osdlbt01'}' 
"urrcnt to flow in the circuit at a frequency which 
is dcwrmined uy the "alu('~ of t he inductanr~ and 
the (·apacity. It is equally importnnl to know 
tha t for !lny oombination of induct.am;e and ea
padty there is some particular frequcney of an 
applied alternating voltage) at which cum'llt wj]] 
flow in the circuit with the greatest easf' . If we 
ihink hack on the explafl1ltion of tile reactllncp of 
a l'Ondenscr a.nd coil t his fact will be more readi l ~' 
understood. T hc reactancc of a. l'Qndensu; it 
wi)/ be remembered, diminishes with an increase 
of the frequency whilc thc reactancc of an in
ductance increases with the fre(jucncy. In an~' 
comoination of the two, therefore, there must 
!.It' soille particular frequency at which the 
cal'adtive and indul'tive reactances are ('x
act ly pqual. Since thcse reactances act again~t 
('ach other, they will cancel out at thls frequen"y 
alld t he only fH.ctor which thcli remains to illl
pcd(> t he current flow is the resistancc, Til(; par
ticular frf'qucncy at which this OCCUI'!; is known a" 
thc r ei;l";fllmtjrequC11Cy of the drcuit while the ci r
cui t i ~ said to he in rCS07UlIIce at t1mt frequc1I('Y. 
In more common tcrms, the circui t is &!oid to ],p 
"tuned " to that freqm>ncy . 

CIIICII I"I" !;O:'STA.N'r:', 

In all udio work I:!uch tuned circuits arc wscd 
a great deal. Radio receivers and trausmitters 
alike make use of tuned circuitl:!, " T uning" a 
transmitter simply means changing the values of 
inductance and capacitance so that the "res
omloUt " frequency or the circuit is thc desi red 
value. A transmitter is usually tuned to one fre
quency and the circuit adjusted for ma:'i:imum 
effectiveness. If more than one frequency is UlIed , 
the adjusting is carefully done for each and t.he 
size of coils and scttings of c!)IlJensers carefully 
not.oo in the malion record or log. 

" Tuning" a receive!' simply tefetli to the 
changing of the variable element (usually cll.paei
lance, but which may be either inductance or 
('apaeitanee) to change the resouant frequency 
of thc rf'ceiver to that, of t.hc st.ation it is dCll.irl'u 
to hear. 

There is a very detini te relalio/J thaI. _",II he 
f'''pTCll&'{I hctweell til!:' ~i~e uf the coil ami con
denser, and t he frequeucy at, which thc {'om hi 
Mtiou win OIlciliate. Simple calculations clln he 
made directl." from the formula : 

f _ 159:0 
v/,C 

(I. - 1885v,.(') 

'Yhcll /, is I.he inductanec in IllkrulwHries, 
( ' is the eapacitanec in mi"rofara, ts, 
j is the frequency in kilocycles per sec,,"d . 
I. is t he wavclength in mei.ern. 

Till': IMPonTA;>ICt; O F RI; S tSTANCF, 

The "shllJ'pness" of t uning and the " ~'ilp li
tude " of electrical oseillationll are greatest whell 
the "resistJ).ncc " of a circuit cont.aining a '"0"
denser Ilnd coi! is lowest . The diagrlilIl shows 1I 

tuned circuit which has a variable resistauoo t~~ 
well a.~ a certain amOl.lllt of inductance IIIU! 

capacity. The high-frequency generator a im
presses a constant voltage in the ci rcuit. The 
currents that flow vary in broadness and a mpli
tude depending on the amount of resi8t.ancR ill 

HOW RESISTANCE IN A CIRCUIT BROAOENS TUNING 

the circuit, 'Ve get the loudell/; signals with It 

~iver haviug low resistance circuit s and we 
get t he highest efficiency in a transmittu wheu 
the resistance of the t.uned circuit!; is at a mini
mum, other th ings being eq ual. 

In our pl'ae tical amatellr fraI\Slllit.tcr~ and 
rC(leivel"S we will find that bol.h t he inductllu"('~ 
and rotlden~er3 lIsed in tht' tuned drcuit.; l\r'~ 
qui te small . The induclan(."('8, for inst.ance wi!! 
usually have ~tween one and 50 turns of wil~' 
while the condeusers will rarcly have capaciti,:~ 
highcr than 500 micro-microfarads. These \'a!uc'~ 
are small, of course, because they a~ llscd ill 
eireuits which resonate at fr~quenci('s bctw" .. n 
17 1.5 and 30,000 kilocycles (pos8i loly higlwl"). 
It is wi th such vel')' high frequency alternatinl!; 
currf'n ts that we are so f'OllC!!roed in amah'la' 
trl,nsmission 11.1](1 reception . 

'1"1 1' "fllA:'S .IlIT"U:HS !lAOIX,''': 

'I'll<' ,'OIll!IUOIl 101\" freqU\'lwy ('\lrn'nt~ whit'h w(' 

u .. ;.' fUI" light :md pow.'r aI"<' ,""mlll('t!>'\ with high 
dticil.'ltcy along wires from till' ultcrn;.tors at the 
1-'0\\"1.'1" l>tation to the poin i.~ whcre t hl:: current is 
10 I){' put into service, T Ilf' qmductors constitute 
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till !'SIICtlfial feat.ure of the !Jylltem. Magnetic and 
<'h.'C~ri(: field.'! rxiijt IlI'ound the "'ir<'<> carrying 
such a low frequency current but these field.'! 
are I'('~trictcd to the immediate Yidnit.y of the 
Wll'f'l!. 

An electric current M frequell(:ies of 15,000 i.o 
M,OOO,OOO or more cyciCII per IIOOOnd creates 
magnetic and electric effects (lines of force) far 
more di fficult to confinc to lhe immediate vicinity 
of the wire cireuitS. In facJ. when such II current 
i8 caused to flow in a oonductor or network of 
eOllductol'8, resonant at the fre<luency of the 
<'IITrent and arranged favora.bly in free space (llot 
~(:reeneJ or shielded by surrounding objects to 
Ally extent) the rapidly II.lter1l8ting clectric, 
lllagnetic, 8.ild radiat.ion fields (collstit.utinll: radio 
waves) have an effect which may extend a lonl( 
dilltance from the sending station, which lifter all 
is jUlst an a.ssembl.v of aprarntus designed to 
crcate and control the high-frequency alternating 
current. The choice of the high frequency, the 
power, and the conditions in the transmittin.l.:; 
medium which vary somewhat from day i.o Ilay, 
and season to season , will det(>rmine thc exteflt of 
the effect at different. distlln/Jell from the sending 
station. 

TIll: A!'<'TIl:/'INA 

Antennas, as the IJpedal systern.s of wires 
desigued to radiate the encrgy supplied by the 
high-frequency alterna.ting current are called, 
Are of different types, the efficiency with which 
~hey OI)(! r8.te and the directional properties of the 
radiation varying with the design. Having dis
tributed. inductance and capacit ance, an antcnna 
structure has a natursl period or respon~ fre
quency, and can be tuned by addition of ooils 
and oondenscrs whoee constanta can he varied. 
Antennas can be arranged in different patterns 
for di rectional transmission. Adding coils aud 
condensers makes it possible to operate ll.ntennall 
above or below the na.tural eleetricll1 period 
determined by the physical dimensions. T hey e&U 
he operated readily on thei r natural frequency or 
on harmonic irequencies, deriving t.hei r alter
nating current supply direct from the &ending 
apparatWl or via a single- or two-wire tranl+
mission line designed to have low copper aud 
radiation losses. The whole subject is so im
portant that antennas will rereive detailed e~
I'ls.nation elsewhere. For the moment it may lie 
cnough 1.0 sa.y that lin antenna can be oonsidered 
elect.rical!y as simple as II. circuit oonf.ll.ining a 
rondetlscr, a ooil and a te!listor connected to
/:ether, these " lumped " circuit clements being 
subetituted for the distrihutcd capacitllncc, 
inrluctance and rCllistance. 

Antennas l()('.ate.-l weU in ~he HI"'u lind of r'oll
.~ ir ler!l.b [c Vhysical l>J'Up,u'!-io1l1S work I .... s~ itt 
Ketting up a "radiat.ion ficld ,. cllpable of cz"taling 
a ., potential gradient " as the lines of force sweep 
acf06ll a remote receiving antenna. " Lumped " 

circuit elements and well-balanced pto]lCrly
coupled feeder lines show desi rably poor radiatiolJ 
characteristics. Diseontinuitiell in any electric 
circuit, feeder lines whose impedance is not 
properly matched to t he load, etc., for eXAmple, 
give rise to radialion eIToots and losses from that 
circuit, depending on t he extent of the reflections 
that take place ft.nd the amplitude of the II('r 

caUed standing wavC!l that are set up on the 
conductors. T he radiation field or direction of 
wave prop&glltion from a simple anten na is at 
right angles to hoth t he electric and magnetie 
fields of the IUltenna. These latter fiel ds doorease 
in intensity i.o a negligihle value within a fell' 
wavelengths of thc lUltellna, beyond which point 
the radiation field is the only one that can he 
detected by its cffects. 

Summarizing our view of t ransmitting, thetl , 
we use appara tu.s that generates radio-frequency 
alternating curretlt.B from a high-voltage com
mercial 8Ource. '111(! radio-frequency energy i~ 
coupled ini.o all /Ultcnna or radiating sy~t,em. 
Here it sets up linea of force that radiate in all 
directiona. 

In receiving radio signals we use apparatus 
similar to the sending equipment and reverse thc 
procedure. The IinC6 of force from the sending 
antenna sweep a Cf068 our receiving antenna, 
induce radio-frequency potentials in it, and these 
cause currents aimila.r to those in the sendinJl: 
antenna to noll' back and forth . These of CO\II'8C 

a.re vcry feeble im lml.\ICI:I compared to t hose at. t.he 
sending IItation. It is merely uecC!ll!flry to det.ecl 
these impulsea and magnify their effect 8Qmewhat 
80 that the impulllell can be turned off and on 
or varied in more oomplicated ways, depend
ing on the nature of the communication 
desired. 

W'" n;u:sO'fU; >'In:QUKN(:Y 

_For a few puq )Q.'!(l8 it is convenicnt to regard 
the propagation of t he radiat ion field to a. d istan(:e 
from the viewpoint of wave-molion , the WILV~ 
e&rrying energy and sprendinp: outward from the 
sending sl.ation or aource with a defin ite speed 
and frequency 8Omewha.t like water wavc@ and, 
like other waves, ~ubject to re!1ection and re
fraction. Howcver, the velocity i8 not known 
exactly. Frequency can I>e sl,a ted, checked. or 
measured exactly against a stsndard time interva l 
determined by Mtronomical mCl\na. For this 
reason, all radio l188ignments are made in ter~ 
of frequency, primarily. 

The approximate velocity of light wave<s. 
electricity and radio waves throllglt space m9.y be 
M8umed to be 300,000,000 meter!! (J86,OOO miles) 
per second, or a. figure based on lhe latest rcien
T.ine measurcnu:mt. Mn he US<'«(. The velocity of 
propa.gat ion in it giYCIl medium ill !lQn~ t.a1\t, ILnd 
t he fixed relation bctwccn t he velocity, length. 
and frequency of radio waves can be expressed b~' 
tbe formula on the following page. 
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'\"e shaH be concenled a great deal with the 
way this high-frequency energy can be generated, 
con t.roHed and received. In some cases the 
l()wer rndio frequencies arc produced by rotating 
machinery (AleX311dcrson a.lWnlator) made pos· 
sible by refinements in equipment like that used 
in power stations for generating 25-- lUld 6O-eycie 
current. However, d r<.:uits containing condensers 
and L-oils, chosen to have a ccrtain natural period 
or frequency, are most often used in converting 
direct current (or IIlternRting current of !'lOm
mercial freq uency) to high.frequency II.ltenlating 
current useful for radio communication. In pr!I.C
t.ice, the electric are, the spark gap, and the 
vacuum tube have all been used with tuned 
circuits for t his purpose. The older methods of 
creating radio--frequency power have be<:!n grad
ual.ly supplanted and the equipment retired from 
service until to-<lay the more convenient and 
versatile vacuum tube reigns practically supreme. 
All of t he transmission lIpparatus described in 
t.he following chapters is designed to make usc of 
the vacuum t ube as the generator of rad io
frequency power . 

CQUPLINO 

How do we get t he radio frequency energy into 
our antenna, does someone ask? The energy 
trll.usfer is accomplished by thc use of coupled 
and tuned cireuit.'l. 

(3) Whell the common link in two elect rical 

CONTINUOUS R.F. OSCILLATIONS 

circuits is a condenser, Wil refer to the coupling 
a;s "capll.Citive" coupling. (b) When a resistor is 
used, we speak of " resistance " coupling. (e) 
When a coil is used, the coupling is "inductive " 
coupling. T hese three types of direct coupling are 

sometimes called "collductive," !I.EI shown in the 
diogram . 

The "voltage drop" ael"OSll t he common link 
(e, R, or L ) caused by current circulating ill 
L. C, is effeclive in producing current/:! in t he 

Ie. He. Me, Ie. Ie. Ie. 

i" ±, ~" ~4 G ~" ~" ~ , ~ " 
A • C 

/Jlr«t eotrpIi'o/ will/, wna'~~r,,..ris/J:N;orcoil 

n:n f }t t 
'filii"",! v¥"dj',"" CN;p'", ~CovpIilUJ 

L, C. circuit. The L. C, current and the value of 
C, Il, or L determine what takes place in t.he 
C, L. circuits. 

The circuits may also be coupled le»-s direr t.l.v 
as shown in the second diagram . 

These mcthods of coupling are known as in
direct capacit ive coupling find magnetic coupling. 
respectively. 

Most amateur stations using short wave
lengths usc "magnetic " coupling. In such fin ar
rangement the coupling value may he changed 
by chauging the number of active turns in either 
coil or by chlUlging the rdative position of the 
eoii1l (distance or angle between them). The ar
rangement then perforlllll in a similHr manner to 
the tralU!former described III the prevIous 
chapter. 

The value of the condensers and coils u.sed for 
coupling and the value of high.frequency currents 
(causing a voltage drop across the first circuit ) 

·determine t·he power transfer between the two 
circui ts. Whet.her the coupling is "inductive " or 
" capacit ive " is determined by whether the two 
circuit.'l are linked by a magnetic or an electro-
static field . Sometimes both kinde of coupling 
exist and tl.is is known as complex coupling. 

AU of the above coupling schrmes mfly ue 
c1"-SSified as either tight or loose. Coupling t.:an
not, as is commonly supposed, be measured in 
"inchea " separation of coils. The separation 
between the coils (distance and angle between 
I\xes) and the number of turns in each determines 
the coefficient of coupling. Many ttlrns in two 
coils very close together give WI tight coupling 
and a big transfer of power . Few turJUI at right 
angles or far apart give 118 loose coupling with 
little actual cnergy t r aJUlfer. 
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Whllu the ooupling betwilen two circuits is very 
~l1)ItH t he two circuiu. can he tUllfl<.1 readily to 
he rellOn9.n!. to the ""'Il') frequency. As we j". 
erel\Se or "ligh~ .. " the c('upling", the mutual 
inductance increase<:!. The qUlllltity of power 
t ransferred is greater and grenter as the coupling 
gets tighter and t ighter. With most transmitters 
there is a ccr tain critical value of coupling that 
;:ives best results. With a tube set, too close 
(tight) coupling often e9.uses instability. The 
transmitting frequency becomes unst.able or 
., wobbly" and in extreme eases the tube may stop 
OS<li1l9.ting. T oo cloge coupling gives a big reading 
on tha 9.ntenn9. ammeter but the signal is hard to 
hold. It urcaks or becomes un~teady due to fre-
quency variations and inherent iIllj!.nbility. To 
improve "copiability" and eliminattJ inexcusable 
interferencc the an tenna circuit must be detuned, 
or the coupling reduced, when a selr-oontfolled 
oscillator is used directly for traflljmission. 

T ilE VACUUM T UBE 

The l.I.8eful.ness of the vacuum tube is known to 
most· of us. Its action as II rectifie r or detector, as 
an amplilier, and as ail oscillator is known but 
not so well understood. 

A vacuum tube is familiar to mest folks as an 
evacuated glass vcstICl containing three or four 
elements, filament, plate, control grid and some
times a screen grid. Small vacuum tubes are l.I.8ed 
for radio reception. Large tubes are lli!Cd as 
amplifiers of speech ur of weak radio-frequency 
signals. E very time we IUflke a long distancc 
telephone call hllndreds of V.T. amplifiers lire Pllt 
into use for our benefit. Still larger tllbea arc IlSCd 
in milking powerful radio-frequenr,y (mrnmts for 
sending out radio waves of long and short 
length. Tho biggest tllbes handle many kilowatts 
of energy. Thcy someti nlCB have water jackets 
for cooling the plate<> which waste some power 

I,w 
_.L_-'--IIIIIIIII + 

DETECTOR CIRCUIT 

as heat. Any throo-elell\ent vacuum tube e"n 
perform fill three kinds of action if we use it 
properly. 

AU substances, as we have learned, are mllde of 
eledrons. When most mctals are heated some ef 
the electrons in their make-up "boil" off. T he 
IJllrpose of the fi lament in our Vll-cuum tube is to 
!(:ive off electrofllj. Any light that it gives is simply 
incidental to t he heating process. A tungsten fila
ment has to be heated very het before it gives 

up it.'> deciro())!. lL Lflkl'Jl 10l~ of ene,"!,:y to do thia 
"'1,1 lIIu~.h light i.~ ~i l'c'l off in the proCCB<!. 
Thorifl t~\1 " lame" l,,; aft' I(J,!C<.! ill mmii1rn tu hi1~ 
sill t'c llel te r c\edron emi.."Siull ><11(1 fihllneJlt life 
are ohtained with thori"ted tungRten. A coating 
of barium aud sl romi(Un oxides on a filament also 
parts readily with electrons. Such lubes do not 
take so much powcr fo r filament heating. Plenty 
of elect rons are available and but little light is 
thrown off, as the temperature is net vllry high. 

In a tube full of some fluid like air, electrons 
given off will fall back into the fIlament. Wllen 
there is a vacuum around tho filament t he heated 
parts fife protected from oxidation and the elec
trofllj ea.~ily boil out and fill this tube. The grid is 
next to t he filament and if it is weli insulated so 
the electrons cannot leak away it will collect 
eleClrons until it is negatively charged. Like 
charge::! rcpel and iUost of the new electrons com
ing oII t.he filament will then fail back into it. Ollt 
beyond the grid is tho piaU!. If we connect a bat
tery between the filament and plate with the 
positive terminal next the plate, the positil'e 
plate wilt attract the negative electrons. As fast 
as the electrons come off the filame.nt they fly 
over to t he plate. Elect rons in motion make an 
clectric cllrrent. The amollnt of current depends 
011 the size and temperature of the filament, the 
voltage of t he battery and the resistll,nce in t he 
different parts of the circuit. The potential of the 
grid has a marked influence on the eurrent, t.oo. 
An ammeter or miliiamme~r anywherc in the 
eircuit wi!! measure the current that flo"'s. A 
change in the voltagc of thc plate hat. tery does 
not change the plate curl'l',.Ilt exactly in accord
ancc with Ohm's Law. The t-emperaturc of t he 
filamf".ut plays a part in limiting the electron 
emi&lion and possible current flow. The electrons 
oome from the he9.ted filament. The g"id and 
plate are seldom hot enough to give off electrons 
under nonnal conditions. The current can only 
flow one way through the tube. If alternating 
current is applied in t he plate of our direct cur
rent B-battery, the electrons will only be at
trru:ted to the plate dming the parts of an alter
nating eurrent cycle when the plate is posiUve. 
T he tube is acting as a " rectifier." 

The grid is the COIl t rolling clement of the 
vacuum t ube. A two-element vacuum tube is a 
good rectifier. It can act as a "vnlvo " in tiw cir
cuit, allowing the cmlllut to fl ow in but one direc
tioll. It is good for little else, however. The grid i~ 
of open OOflljtruction alld it. is placed ne.llr thc 
filament. A battery (C ) Cll-n be connected ill the 
grid cireuit (bctwel',.Il the grid and fUamcnt ) which 
,uakes the grid either poI!itivc with respect to the 
filament or negMil'e with l"QSpect to the filament. 

When the grid is positive, the negative elec
trons are attracted more and thcy get started 
awlloY from the filament with more velocity so 
that more of t hem reach the plate. A plate current 
meter shows that the plate curNnt has increased. 
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\ YhC'1l the I-\",-id is ru:;ra I i ve, the negative clect I"()n~ 
arc repelled and the ]lla1c current is ,!ct,:rclIllCd. 
T he grid is near the filanwnt and any chan~e in 
grid pott!tltiai has a large effect Oil the plate cur
rent. If the grid potential is varied while the fila-

ment current and plate voltage remains constant, 
the effeci on the 1}It. te Cllrrent varies as shown 
m t he diagram. The filament temperature limits 
in the emission of eleetrons causing the bend at 
the top of the curves, as saturatioll is approache<l. 
TIle hends (A, B, C, D in the CLlrves of amplifilJr 
operation) can be us..,,<] for detection. The straight 
sect ion of the ehRl'lJ.Ctcristic Cllrve is useful for 
non-distorted amplification. 

BOW A V ACUUId TU8E .J DP.TKC'l'S" 

l'or simple detection the circuit shown is 
usually WlW. A tuned eireuit i.s coupled to the 
antenna "nd connected t.hrough a small conderurer 
which is shunted by a high resistance w the grid 
and filalllcnt of a vacuum tube. The whole connec
tion is called the illPIU circuit to our tube. The 
filament currcni. is provided by a !ow-voltl>ge 
Ilattery (the A-battery). The helldpholles and a 
higher-volt:.ge Imttery I>re conllected between the 
filament and plate of the VlWUUIll tube. This is the 
Qutput circuit of our tube. The B-battery, as it is 
called, usually has a voltage between 15 I>lld 25 
volts. 

Thc electric ann ma!l;nctic field from I> sending 
stalion sct up voltagfl!! in the antenna eausin" 
oscillating high-frequency curl'ellts in the antenna 
(:<IiI. T he resulting field about this coil liuks the 
coil in the input circuit to our lube. This circuit 
is luned to te!lQnaJlee, fi t. which point there is a 
maximum \'oltage acl"OllS the condenser and C(lil. 
One of the terminal~ of the grid condenlSer con
nects to oue side of the condel18er and C(lil. This 
point becomes first positive and then negative at 
radio frequency. At a given instant let us say that 
th is terminal of the grid condenser is positive. 
T he ot her plnte of the condenser takfl!! on a nega-

live ehar)!:e of e(loal value l>y ml>l)ing the :,::rid or 
S()me ()f its df'etl"OHl;. This kavf'}; the grid il-,< • .-Jr 
posit.ive with f('Ilpect to ti lament .. The rC6i~la"r,,, 
of the grid leak iR so hi!!:ll that practically no 
charge is lost t ll'rough lcab,ge in the very 
small time required for a half-oseiUatJon. The 
positive grid attract.'l more electrons from the 
filamen t through a momentary increase in the 
plate current. As soon as the negative half of 
the radio-frequency cycle comes along, the other 
plate of t.he grid condenser bet"Omes positive and 
the grid it.l;cU haa a charge of electrons. The 
negath -e grid repels further electrons but holds 
aU that it 11<18 received. H continues to gain elec
trollS daring each positive part of the radio-fre
quency cycles that occur. The result of a con
t inuoo modulated groUjJ of oscillations is to make 
the F\:rid more or less ncg"tiv(!. This eau.ses a dip 
in t he plate eurl'{')lt. l3etwflen every group of 
oscillations the negative eharge has time to 
" lcak ,. off the grid through the high resistallcc of 
the grid leak, nllowing the plate current to in
crease again. When receiving modulated speech 
the process becomes C(ln tinuous !Lnd the varia
tions in telephone current are therefore at speech 
frequencies. 

A tube can detect without the grid C(llll!enser 
and leak b.y adjusting it to work on t-he " bend" 
in the CIIT\'e. Radio-frequency changes in grid 
potential will make radio-frequency challges in 
plate current. The dcerease in plate (mrrent 
when the grid is negative will \xl greater than 
the increase in plstc CILrrent when the grid 
is positivfl (at that "bend" ill the plate-eurrcnt. 
grid-volt9.~ curve which comes just before 
saturat ion) . 

Jf we wish, we Clln lcave (HIt the grid leak and 
grid C(lndcnscr, substituting a C-battery to put 
a ncgative bias on the grid of Ollr detector tubc. 
Just the right bias must be UlIed so that the tuhe 
will detect 1.>11 the WU'eT bend of the plate-eurrent 
grid-vol tl>ge characteristic curve. The set )'0-
covers quickly from static crashes when this is 
done. It is quieter in operation than a set. with a 
poor grid leak. 

Grid-oondcnser-and-leak detection !rives su
perior sensitivity to weak signals when it is 
C(lffiprued wit·h plate detection or !!I)-{'.l>l1ed 
"power detection" ~I though the lattcr oilers 
SUp(Jrior tidelity when handling a received voltage 
of relat ivel)' high ampli tude, 

Please note that ill explaining det.ection sim
ply and in our subsequent account of a rnpli
fieation, the st.atements made apply only fOI" 
extremely !llllall signals. A flllIlily of" curves " and 
much detailed tJ"pianalion is required io show 
" d ynamic vacuum tube chara(;teri~tir~'!" or the 
behavior of the tubes 1mder acloo/ 11'orking 00"
diliQWI. 

Take our grid-voltage piat.e-current curves for 
exumllle, the relldings shown applying for u ~on 
~lntlt plat.e volt.age. Aduall .v when the grid of fIn 
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a"' I' I;(;\',' ur det.cctor IJC<]omc morc positivc the 
pl»t.<- "ur rcnt ill<]rCAAe8 nnd ti le phl.le volt.,,~e dc
,·rr·a.'j(·s, hCI:auHo t.h<' 1'111.t<:-filaumlit. n",i"l.all(·,
i;; lowered ami t.ho ex!.ol"Hal plate resisf.>Ilwe be
come;; a J!:rcater proportion of t he total pJate
circuit resi.slance, t l.u8 I>l>sorbing more of the 
applied B-\"O[ta~e. With several "stl>tie ehara<J
T .. ristie eurve;;'- lfIkell at· different plute volta)l;es 
we eouM follow the tube action (dynamic) by 
hopping about from curve to curve to account for 
("hanging tube conditions. 

Don't get the idea. that t he static characteris
t ics are unimportant, for that is not the r,ase. 
While I he Ilction may not he explained eXllctly 
for working condit iolls, this type of curve is basic 
and all nnderstand ing of this IS prHe!quisit.e to 
any more II.dvanccd study_ 

HOW A \'A1;UUM nIB); "AMJ> LI"'I~S" 

A small chl>lIge in grid potential always makes 
quite a large change in plate current. This makes 
it possible to apply currents of ally frequeney to 
ollr grid and to use the effect of the varying plate 
currellt ill a transformer or " coupler" of some 
sort to produce greater voltages and currents at 
the same! frequency. The ]lOwer of courSe comes 
from the local B-batteries aud the grid simpl.\" 
cont rols t.hat local power supply. 

Several t ubes can be used one after another in 
an amplifier. They are coupled by any of t he 
methods we mentioned under the subject of 
coupling. Magnet ic coupling is perhapij mosl. 
commonly usoo. Radio and iludio frequency 
t ransformers are Ihe simplest examples of mag. 
net.ie coupling for amplifyin.c: volf.!\ges of different. 
f requcneies. 

The act ion of amplificat ion is qui te similar to 
detector act ion. No grid condellser or leak is 
necessary. To give undisWrted amplification the 
tnbe must be connected in a circuit 80 that it 
operates on the straight port ion of its plate-<:lur· 
rent grid-voltage curve. The grid voltage mUllt be 
kept down below certain limits, and a C-hatlery 
(Jr bias potential to shift the a..'l:is of the input. 
voltages will often jJrevent, distortion and save 
bat tery consumption, although not necessarily 
giving Illore amplification. The figure shows how 
undistorted amplification is secured. 

Maxi.IlIum voltage ampliticll tiol! is desired 
between tube!!. Bet.wecn I he l!l.st. ~tep of an ampli
tier and 'phones or loud speaker we want. lllID<i
mum power transfer. This is ohtained by mat.ch. 
iug the t ube impedance to 1 he primary impedance 
of t he output t ransformer. T Ile se ... ..ondary im
pedance of the output. t.ransformer is made! equlI I 
to t he impedancc of t he winding on ' phones 01" 
speaker to give ht.-st result s. Just II.S in the case of 
the dry cell or generator, t he maximum power is 
trllnsferred when the load and int.e rnal impedance 
eha racteristiCll are matched. To give most power 
output. without harmonic dist.ortioll, a more 
t (.rnplic:l.te<i condit ion must he satL~fiet!, and thc 

cxtern,ll impedance must. he t.wice the tuhc 
i IIlpl."(II" ' c(:. 

!H'W A V~ (; \I \ IM "l"l l " ~: ""c;(; IJ.I.~Tt:" " 

We ha.ve mentionoo that vacuum tubes can 
and are used to generate undamped. high-fre
quency eurrenil;l . T he prOi ludion of undllrnped 

: : : A., • .,f'''puf .. l/;o9c· ' : n/u""_ iyrod ~~$ 
: " (C Batt_,,) 

AMPt!fTER OPERATIO N 

oscillations is acoomplished by adding energy in 
"timed pushes" to each Ollcillation. A tube 
can be made to oscillate hy coupling the input. 
alld output (grid and plate) ciJ"Cuitl!. The in
dud ancr /Ond capacitance in the grid ciJ"{)uit 

SIf'9/e 
C<il 

Battery 

HQ.llmllm jJ(JWI!T IS dl.S
s'pakd atth .. had when 

R;"t . .. RI.-i 
CO.\'Dl1"lON FOR MA X I MUM l'OIVF.II TN .{ 

Cl1WU rT 

UJlually determine the rrcllueney of oscillnt ion, ,,1-
though the values of induct:J.nce and capacit!l.ur,e 
in other parts of the circuit lIlay control I,his. A 
coil in t he plate circuit (t ickler coil) sometimCll 
couplCI:I a part or t he plate circuit energy m~.c:
netic ally to the grid circuit, thu~ keeping the 
amplitude of oscillations unchanged despite the 
losses t.hat tend to make them decrease. Every 
tube has BOllie capacitance between the elements. 
When there is a coil in the plate circtti\. there is 
hound to he a " reactance yolt.age drop" across 
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I his r~lil. T his voltage COUI)Jes some enr l'gy 
hack 1,0 l he grid circuit t.hrnup:l, the grid-phdl; 
rlljlltc.:ihLn(" ) (If the tubr. Often flo t."hP whjl"! , 
refuses to 08,:iIlIlLe c.:1111 lm brought inj.o oscillaliou 
by adding a slIIall condeIlSer between t he grid and 
plate. A few inches of il\8ulated wire connected to 
each and tv.isted together will serve this purpose. 
Increasing the size of the coi l in the plate circuit, 
will do the SAme thing. 

JllllBIONICS 

Just as a violin string may be made to vibrate 
giving overtones or llannonics in addition to the 
fundamemat vibr ation, all antellllll cireuit lIIlIy 
be mllode to resonate at a number of hArmonic 
frequeneies. The fundamental frequency is the 
lowest frequency for which the current Oeoomes a 
maximum. The harmonics are always higher fre
quencies Imd exact multiplcs of the fundamental. 
In radio llrlUltice, tbc fundamcntal itself is called 
the fiI'8t harmonie, the next higher frequency ihe 
second harmonic, etc. (differing from musical 
pradice in which the next higher multiple fre
quency would be termed the first harmonie or 
overt<lne). F or example, an antenna having Ii 

fundumcntal (first harmonic) of 1790 kc. per 
seoond aJ.so will oscillate or operate on its higher 
harmonics at the following frequencies: 3580, 
5370, 7160, 8950, 10,740, 12,530, H,320 aud 
16,1 JO kc. / sec. as the 2nd, 3rd, 4th, 5th, 6t h, 7th, 
8th and 9th harmonics, respectively. The higher 
harmonies usaalJy give a wcaker response, LuI, 
pi{;:7.0-eJeetric qunrtz erystal oscillators often 

a· Cur",nt /'faxima (antl.~t>«ks) 
!>,c.d.e.f. - Cummt N"<f<!s 

CURRENT AMPLtTUD£ O' Isr. 2 ••• ~"D "'" H"RIllON ItS 
(lbc/I/ati""s ," a haJf'·_~ "'''k"na) 

f 

have useful harmonics a.'l high DS t he three 
hundredth. 

A coil-(:ondenser circuit having low resistHnce 
reBOnatcs only at a single frequency. Circuits 
(such 8Il antennas) containing much stray dis
t ributed capadty and inductance and having 
effective changes in n.'sistance, capacity and in
ductance with frequency more rendily respond lit, 
harmonic frequencies. A free antenna (Her tz) 
llIay be operated at the fundamental or any har
monic frequency, while an antenna of the 
grounded (Marconi) type will respond only at the 
(),ld multiples such as the t hird, fifth, seventh 
harmonic, etc. 

! 'I!t)I)UC'l"h)N ._w II AltMoi'/ IC'8 

I )i ~ I " 'ti,, n in va,;\l lIm tube amplifiere vfl~n 
':all.':ICI:I har monics and we purposely adju~t vac
uum t ube circuits to give u.s maximum distortion 
wheu we desire a ll output at cither radio or audio 
frequendes ihat is rich in hannonica or has 
st rong hannonies. The amplitude of harmonie~ 
depends on t he grid bilLS and upon the difference 
het wccn the average fl uctuating current and the 
steady value of t he plate current. High inpllt 
volt·age amplitudes or grid swing and high llegll.
tive bias are favorable for the production of 
harmonics. Dlle to curvature in the plat~lIrrent 
plate-voltage charll.cteri$tic ellrves tlnd the fact 
that there is a different plate-voltage !llate-<lur
reli t (static characteristic) for each v:lluP of 
impressed grid voltage, the current wa ve-form in 

1,)\ 
'. / 

~ 

71' 
------- A --------,.,., 

~ 

'. / 
fMd",,#e - - -- -- --- -- -- -- _., 
~ 
"~l%~" 

!,V/ ~i!'C,"1 

[ , - J,M' '''''''' i"l"'t Imprurr:d ()"folif 
1, - f)i,flvu.! ~tf"'t fl4k currMl ""'.e 
I, _ grid ~,,~"l __ " 'Jdif hr::omu p .. d,"~ 

6«""'-;1>1 tU ""I>< ti_ ,."t~"""" Ie 3et 
vf ~~ I"'~I~ 

I. - Th At;""""k ~t'" t.U iWt,o<-t <u"''''! 

~w !llsrO~tED WAVE rot'IM; CAUSE ~MMONKS 

t he plate circuit becomes distorted, resulting in 
i lle generation of harmonic frequencies. A poRi
live swing of the grid may, for example, call~e an 
increase from t he aver age value of the plate cur
rent of 45 milliamperes, while an equal negative 
swing Idn cause a decrease of only 15 milliam
peres from the aver age value. A low plate-Ioa,l 
(external) re.sistll.nee or impedance wil! emphasize 
such dist<lrtion. Even with a. high grid bias, large 
inputs to the grid eireuit will also cause the grid 
to become positive d uring part of the input 
cycle, causing grid eurrr,nt to flow, thu~ decrcll.-'!
ing the grid-fila.ment resistance of t he tube. This 
l"C!!ultl! in an u neven load and produces further 
dist<lrtion and harmonics. The way in which dis
tort ion in the output waveform introduces a 
harmonic imp\llse or component is indicated in 
ollr diagram. 

:\' otc t hat harmonics cannot be gelleratcd at 
frequencies below the fundamental but always oc
cur fit higher frequencies. Nevertheless it is possi
hie somet imes t o pick up a radio si)l:nal when lis
ten ing on half the frequency of a transmit.ting 
st,alion if ilOme t ube in our receiver is oscillating 
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.Ulel :l. harmonic is present in 1M receiver. In this 
CAA\! the harmonic in the receiver may be bcatiflJ!: 
with t he fundamental fll)(]ucncy of the t ralll!
mi tter. 

In working wilh t ransmitteq careful distinc
tion muat be made betw()('n "frequeney dOli
hling" and harmonics. That is, if we l:i.rrRnge "
distortion amplifier to double the 1700 ko./I:IOO. 
frequency of our example, we may Hecure 3580 
kc. / I<CC. nlternawng current in the output (which 
happenll to be the same as thc 2ud harmonic). 
H owcver, if we double frequency again we IlIrrivc 
lit 7160 kc. in the output of this stage. A t hird 
doubler would give us 14,32Q kc. in the output. 
By llroperly hiasing tubes an(i t uning t he output 
d rcuit to a de!lired frequency, II. vacuum lube 
may be operated as a frequency doubler or 
frequency tripier, etc 

H.:GF.NF.l'{,\. '1"10)11 

T here is alll'l<)'s some feed-blOck through the 
t ube intcr-electrode capacity. Uaulilly detec t,ion 
and amplification are accomplished in one tube. 
OscillBtion takes place only when t her'e ia enough 
feed -back from the output to the input circuit.'! SO 
that the action is continuous a1l long 1\8 power is 
supplied and the coupling is aufficient, and \\'hcre 
the feed-back ~ sufficient to compensate for the 
10MCll in the cireuii. Whenever nny cnergy ia 
"fed back" to the in put of the t\loo we refer to 
the process!l.ll "regeneration." A signnl impleoJaed 
in the grid circuit (SC) prodUce8 changet! in the 
plate circuit (T ) at the samc frequency. T hCIIC 
changes have greater magnitude thlln t.be im
prCMed signal \.Jeelluse they take po ..... er from thc 
plRte bntlcry. Whencver IBOme of tho energy is 
coupled back to the grid circuit we have " re
generat ion." The response to wellk lI igru.t.s is 
greatly increlll!ed by Ul!mg regenerll~ion because 
t be origina.l voltage i lllpre8~ed 011 tbe grid is much 
inereAACd by the feed-back. When there is suffi
cient regeneration we have "(NIeil1ntion," n~· 
varying the tickler coupling, the piate cll rrent, 
the caplLCitance BCl'illI!:! g rid aud plate, or the 
turns ill ally coils that may be in t he plate cirellit, 
we CBn control the amount of regenerfLtion and 
the ease with which the set goes in a.nd out of 
usciJIatioll. ill receiving ' phone signals we Wllllt 
our tube to be adjusted for maximUIll regenera
tion u;i/lwul o.sciJlal ion . To receive II continuous 
"'ave signBI we wtlnt thc set jUf;t oseilll:i.ting. 

in a.ul'OlIdCMt rwciver we alwllyl4 want to prc
vent oseillatioll. ;' Neutralization" refcl'>! t.o any 
of the various methods by which OIIcillation is 
]Jrevented. The coupling between grid and plate 
through tbe inteN!lectrode capaci~y of ihe Lube 
alw~y8 feeds b.:I.ck 80me h~b-frcq\lellcy "ollage to 
111(' grid rircllit. or .. neUlralize the errect of t his WI' 

,,\I(ll'~ !\Orne me/hod to feed back anolh('r equal 
lim.! opposite voltage (a voltage equal Ilne! lSif 
out of pha.se) to our input cireuit. To get some 
regenera tion is desirable, so we usually do not 

neutralize completely - t he neu~ral illinll voll.agc 
is opposite but Ilot quite equal. 

K~1"£ItODYS£ ASD AUl'ODYN .: c. w, n~CE I'TW:S 

The best and most common way to receive COll

tinuous WBVes is to use a vacuum tube to produce 
weak O$Cil!ations of 'IJ!(lrfy the samo freqUellcy as 
the incoming con1inumrs W(ive (c.w.). The local 
OiIcillations and the incornin.cr oscillations are 

A REGENERATIVE 
DETECTOR CIRCUIT 

added togeiher in the input cirnuit to one v:;r.l1um 
tube. 

1'",,0 tUlling forks of slightly diffen>nt frequency 
" beat " upon each other, IIolternately addi ng to 
and ueutra.lizing each other. The "beats" are of 
low freq uency (the difference of the frequencies 
of e.a.ch t uning forlr. ) and the amplit udes of the 
two fork~ IIodd !J() thM the beat has first the sum of 
the amplitudcs, the" the diffe rence (~cro). 

In radio work, the high-froquency alternating 
currell t illJllu\aet! are ordinarily r,-'CCived hy the 
" beat" method. Inf\udible high frequencies Rre 
COlllbined to produce nil fl.udible beat note. M il
lions of cycles caD be general,cd locally in a slIltlli 
vacuum-tube O$Cillator. This 08CilIator is coupled 
to the grid circuit of a \'aeUUIIl tube. The incom
ing OIICillations IIore also coupled to this same cir
cuit. The beats be~ween the two frequencies are 
presen~ in the output . T he beat frequency equals 
the differelloo of the two frequencies. " Hetero
dyne" comes from two Greek words meaning 
" other force:· \\llen a. tube i!r used e<rpecill.lIy to 
generate the local frequenc.v. serving no other 
purpose but this, \l"e have thc heterodyne method 
of c.w. reception. 

"Aulo_dyne " mearus ·'~If-foree." The stand
lInl amateur regl:nerlOt ive t uner employs the 
autodyne method of reception. One vacuum tubc 
gencratcs oscillations. Incoming signals tlrc cou
pled into the grid cireui~ of t his same tube diJl){'t 
or often through one or more stages of tuned or 
1IlitUIled rBdio-frequcnc.v Iltnillificaliou. A single 
tuhe thus acts M (l8("ilblfor , delect(lr , and am
I'lifit'r. The ~iIIlIlio"8 lit the natllr!!.l period of 
the circuit will bellt wit h ! he frequencies of re
ceived signals to produce lilldihle effects. AllIo 
harmonic oscillations in a reoeiver, although 
weaker, can beat wi th other incoming frequen cies 
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arid .'!QlUctim('8 CRuse ~piion of tl'.'Q frcquenciCII 
simuit llnoollsly or other unusual effecta. 

R&Ct:PTtON - Ot: .... t:KA I,. 

In ",J] nllJio work. whether the 1I111)8rntU8 is for 
sending out, rauio-fn>qlU'ncy energy or whether i t, 
ill fo r receiving weRk impulses (0 amplify and 

RfCfPl lOH OF ( QNI INOOU$ W~YE T£UGU.PH SJ6NAI,5 
(811 ~*ter<><l~ (Jr<Jufi><l'f"" O!IUfkttv) 

oonvert ink> understandable characters, the busi
ness of t uning ill important. TWling is the I)rocea 
of adjusting the coiI!! or condensers 80 that the 
ci rcuit will respond to certain frequcnciCl> which 
oorJ'('8poud to certain slat ionJI that we want to 
receive. WJlen signals arc to be received, tho 
sending (IIlU receiving 8tation~ !Oust 11Il.VC their 
1I.]lllarat uII II.nd c;r<.'uits tIJIlOO to the same fn:
quency. 

Our antenna has distributed inductance and 
capacitance. It therefore t WH'S to 8. certain fre
quency. We can add lumped induct ance Ilnd 
cl!.pacilance to tune it i f we please. T he maximum 
rctIponse oeeurs when the antenna ci rcuit is tuneJ 
to the incoming frequency. The small pot.elllial 
induced by the advancing eleet ric wavea Clll~ 
oseillatioU!~ to take place ill the antenna circuit. 
The radio-frequency voltages in this circuit call 
be applied directly or indirectly to t.he grid of fl 

vacuum t ube used WI a sdf-heterodyne or MIlo
dyne for b<:flt-note reception. Of course an rJ. 
/l.mplificr call be used to magnify weak ai"'l"" 
hdore recciving thcm by the se]{-hetcrod yne 
method. 

Usually sending stations IIlJ(l some fixed fre
« ueney while receiving atat iolUl " t une " for the 
slation that i8 wanted. Either t heoondenser or the 
coi l may be t he varia ble element ill t he rooeiving 
circuit. Someti lllN! hoth li re madf' variable. ' [bn 
proper ratio of ,·aJl<u~ita.nce to indlll·tli llce in a 
circuit h811 long l..een t.he ~ubjeet of c()n troveN!~·. 
Good rt'Ceiving result8 are obtained over quite 
wide limits. Therefore, for simplicity of control 

jll8t the coil or just t he condenllCr is made Illl
justable. 

Using II. coil with a small variable condenSl' r 
fll \d a number of fixed condelllll.'f'8 make<! it po&

sible to cover a wide r an/l:e of freq uencies witb tbe 
desired nicety of adjustment. WlICu a hlCge con
denser is used a vernier knob or dial help!! to give 
easy control. By using one 8mall . variable con
denser s nd a number of removable coi ls it is JlOil
sih[e t o design a I>ractical and efficient "tuncr " 
t hat will cover any or l!.[J the frequencie<! used hy 
tl malA"UN! to-day. 

Tuning oontro[a s hould boe few in number ami 
easy to opernte. Adjustments should stay pllt antI 
body capacity clTcct& lIIust boe llVoided, e<!pecially 
60 in a high.frequency recei ver. 

Almost ever~'one who reads this Ha ndbook hill! 
seen, used, and perhaps constru(:ted a receiver of 
sollie sort for broadcast or IIoffi liteur frequenciee. 
There is litile difTerl)nce in tllc procedure fo l
lowed in llIaking a one- or two-lube bro!).dc a..~t 
receiver a nd in buildiuj( a good high-frequelley 
tuner except t hat the laUer is usually a simpler, 
more straightforward design than the modem 
broadcaat receiver. The fundamental change that 
must be made is eimp!y to reduce the Si,.e of both 
the coils and eondell8Cf'8 used. 

In broadcast reception we are careful to lIlIC 
ltmplif}IDg tra nsformer& that do not amplify cer
t ain frequencies in the muaica l scale much more 
than ol heN!. In code reception I .. e can use t he 
same instruments if we please or we can pick Ollt 
!IOmc so-eallcd "distortion " t ransformer!! to givc 
Ulj more ampliHcation on some one frequeuey. ll.v 
hete rodyning or autOOYllill!;: the incoming signal 
to give fI beat note or the desired rrequency we 
can readily get maximum amplification from such 
fI transformer. Stlltic and signals of differen t fre· 
qucncy from that of t he tmllllformer "peak ,. 
will not be amplified to the IIllme extent 8.11 the 
m!{na[ we WRllt to read. T he signal will stand out 
clearly against a bflCkground of Iilt le noise. 

Reception of high..frcquency signals is (lallally 
acoomplished by t he autodyne method. Our looal 
receiver oscillates. Our adjU.!!tment of t he oon
denser--coil circuit dete rmi nes the frequency of 
oscillation. T he antenna ci rcuit is coupled to the 
condenser-<:oi[ circui t . Oscillations are set up in 
t he antenna circuit by lhc changing field from 
the transmitter . The field about the an ten na 
coupling eoi! (if one is IISed )' link!! the coil in till' 
tube circuit. The ICrid of the vacuum tube hlUl 
impressed on it voltal!:cs of two frequencies. The 
output circuit of t he vacuum tube contains the 
difference between these two grid-ei rcui t fre
quencics. When the two frequenciC8 (oue from t he 
antenna lind onc loctl ll ~· ICcnerlltcd ) fire e~actly 

' Wh.", \1.., M" t<!',,' a "' "",,,.,..,,,,,,1 d i ..... tly 10 II,~ arid N" l 
• .1 the ""nden""""""! cir'(:uil l h." ""h • 8,,,.11 fin<:! conde,ae" 
Ihe OI\cil!&lion. of the ."tenn. ci,,,,it take I>l~ a. ""u~ l 
"nd Ihe volw..;;e d,op • ....o. th~ coil .",d conden .. , i. apptio.d 
directly to the I:.id of Ihe deLtolo, tube. 
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the SIlo IrW , we have" >,f'ro heat ,. and 110 souud in the 
'phonel' l"lIM~ the in.-:orning 8i)(11al is modulated. 

In n'('{'ivillJ!: oodc ;;i)nl:l.b t.hf'. regtJllI::ra tioTl eOll
trvl is OCl &'l tJo"j. t he roeclvtJr oscinMe.! over lite 
whole rangc of frequcncies that can he covered by 
the set. The tuning dial of the condeuser-coil cir
cuit is turned slowly while the regeneration con
trol is moved just the little necessary to keep the 
tuner 011 the wye o/oocillation. When the ampli-
1,urle of the Io<:al oscillations is just equal to that 
of the incoming sigm;ls, . the beat note will bc 
strongest. 11l receiving signals the cnergy f!'Om 
the antcnna circuit ia always very weak. The best 
results (lIi llximum ocnsitivity) are obtained with 
thc regeneratioll ~>()n trol not far beyond the point 
whcre OllCilllltiolls begin in the local circuil,. 

Most vacuulll-tube n>t.:civcrs to-day utilize 
the principle of regeneration. Part of the energ.v 
in the output cireuit (plate circuit) of the detector 
tube is coupled back to the input circuit iJl;rid 
circuit ). The fredback voltage may be applied to 
the grid either through the plate-grid ill tra-tube 
capacity or by an inductive feed-hack obtained 
hy using a " t ickl!'r" coi l. 

)IODULA'I'IO:f 

When something that we do varies the ampli
tude of the current in It circuit, we have modu
lated the current. Speech moduIfltion il:I usually 
accomplished by speaking into a microphone. 
Microphonei'! for speech only arc quite satisfac
tory when made of a strotche<lmet.a! diaphragm 
in frout of some carbon granul!'.8 whose resista.nee 
varies, depending 011 the position of the dia
phragm. ,For musical reproduction the condenser 
microphone and the pa!lophotopbone are quite 
useful even thou)I;h they must work through a 
laege amplifier before there is energy enough tu 
cOlltrollarge amoun~ nf power. 

Microphones and modullltors vary currents by 
varying the resis tance or impedance of the cir
cuiu of which they are a part. In modern radio
phone transmitters the microphone works into a 
number of amplifiers, cascaded and coupled to
)(ether to produce uniform amplification ove!' the 
desired audio range. Sometimes part of the ampli
f.ers are right at the microphone. The speech or 
music goes over telephone lilIes for some distance 
to the point where the station is located and there 
more amplil iers are used. The amount of power 
t.hat can be controlled din>t.:tly by a microphone is 
very ~mali. Thus oombinat ions of vacuum tubes 
used as amplifier!:! al'(! necCIl!lary to build up the 
energy to a value which wi!! permit Mmplet,e 
" modulalion" of the radio-frequency output of a 
large transmitter. 

'''loile a certain amount of rnoUulation can be 
i,btll i.ned by a numbtJr of erude methods, the radio 
regulations to-day require high frequency stabil~ 
ity, and since the power wasted by incomplete 
n,odulatiou is considerable, it is profitable to 
i'n n~ider uS{" of ouly certain type.'l of equipment 

that are nCCCl;S.'lry to produr.e adequate rcsult/! . 
T hcrefore the use of microphones directly con
nected to speech input cin:uits, IIsed in "lIhsorh
i",I( " nu.lio-frequelH:Y circuits 0" in the antemm 
itself, will not be discuSdCd . In~t.ead, a whole 
eillipter of modern radiophone practice has been 
included . 

FADING A~D SKIP DIS'l'ANCr. 

No discllfssion of amateur radio or of high
freqllency phenomena call be complet.e without 
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SPEWi E/j~£I..OPE Si MILAR I ~ 
FOflM TO VOICE CUQ.R. (I'I T 

mentioning the commonly accepted theury ad
vanced ill explanation of the tiliug8 that have 
been observed in oonn~lion with high-frequency 
translnission. It appear!:! that just as light waves 
can be reflected (by a mirror) and refracted 
(when passing into a medium of different density 
such as water) so it is with radio waves. The be
havior of radio waves or radiations set up by dif
ferent altcfllat.ing current frequencies is harder to 
understand because these waYes arc not visible or 
audible except by artificial means of detection. 
The frequency spectrum used for radio com
munication is .'I. wide one and t.he determination 
of what. ha.ppens is further complicated by the 
continuous variations taking pla~'e in the mediunl 
traversed by t.he radio wavcs. The bending oj' 
refraction or radio waves is attributed to the 
presence of free electrons in the ionized portions 
of the earth's upper atlllo~phere . The ionizat iun 
passes through a daily nnd seasonal variation 
depending on liunlight and changes in barometric 
pressure. 

Changing reflecting and refracting properties 
of the Kennelly-Heavi~ide layer' are sometimes 
supposed to ar.count for the minute-t,o-minut.e 
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ehanl,,'1"<'1 in the illtcJlsit,je.s of reeeived signals 
\fading). Changes in tlJ() "'Tl1'llgtl) (If "f'rri(,ai anrl 
lwrizontal componf'u ts of r~"io W1l,V"", dw! J" 
varying JlOlarizatioll ' ,,1;«) I>CCOl1llt fur r"djJl~. 

A diagram explain~ what is <.;O)llll1onl y referred 
to as the " skip" distance, that distance whie!i sig· 
nals skill over. T he signal decreases in intensity 
as we leave the transmitter due to spreading out 
and to energy absorption. It finally drops below 
a useful value, remaining out until we reach 
II great distance hom the transmitter, after which 
it unexpectedly gets strong again, gradually drop
ping in intensity at still greater distanccs. As· 
RHming radiat ion from a transmitter at a great 
many diffCN!nt angles, the first diagram shows the 
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T •• ....-tical and Mo'! ..... .,.Iicat roy. Pffl<lrat. lA, """ md 
lay.,. "nd "",nd ... a_yo II'I"m On. rtach"" Ih. "I;",ilin" angl.·' 
II .. my ju.c ~ fld btnl .no .. "h 10 bt ktpl /tom _M""n,, 
"'''''N. /luI 11 (:(Inlin"'" to ,"'/loU Ih' lal/<" and". ajl.,. all "",110· 
I .... lldow llIi. ,,""I ..... ""., prOfjr •• oiN! rt/ltdi.<m (ol1" ... jroc
I"",) and I~. rol/ r ,hun. to ""rln. A. tlu a""I. ~f d.""rt_ 
froM 110. Ira"""itt ... ... <i",un }!aU.,. and fiatt.,. tAt ''''''''1/ 
u.rikt. '" 1M alOOy <U /Q ....... Ih' .arth. pQtoibili g<>itlll ""II<> 
tIu .:.mind Ic.y" ago;n, n~d Ptt"ha". """" being "j/ecud down 
a .",<>n</ nom ij i/ It". en"gy "'l>I<Qh 1./1. 

different dircctions il) which radiation takes place. 
The signal may of course be reccived near the 
tr!lllsmitter due to the ground Wllve and algo in 

' TI,e Kenneny_Hea.vi.ide layer;" "" flllm"'" for t he in
v ... til;:ato .. wlta fi .. t .uggest"'" the ~reMe of an ioni_l 
~gi"n ab<>ve t he ""nit· •• uda.e which ll,ight have all in· 
nuen"" "" the proP"l;&t.ion of rndio "",·e •. It ,,",n he . hown 
",.tloemMi~ t bat .uch ionized layer. oan traD.ruit gn 
tl""tI"o-magnet..io wa"" with ~ high~r ,·~loeity thn" it would 
have when tn",·dling through u,,-;oni,ed spaoe. Tbc .... ;" " 
H'''''' Or Ie.... in""",,,in, , tate of ;oni.l\\ion in t b;, l~hp.r level$ 
of th e ,,",cl b·s Kt",,,"phc«l. };'I>laining ionization we might 
oay that it must be tl'ought of ... t he broakin\l: np 01 Mnt .... l 
11""" mol"'mleo. ;"to poo;tive and ntlOl&t..ive oon. t..ituen!.os by 
ullr .... violet ligh t /..,.m t he sun "nd by direct oombaT(l",ellt 
of the outer Ia)· ..... <>f I h~ "",th '. "t'uoophere hy el~tT()n. 
thrown c>If /1'{l!n the .un - notably from .nn ",>o;>t • . 

PolMi .. tion nole .. to , change I>r<>dueed by the medium 
Ibroultt which t be cadio "av~ tn. ... d by which the tean.
ve ...... vib ... tion. in the medium are limilOO to" . ingle I>l!t.lle . 
t-;:e&r any Il"~".mitrer the vibratio"" take I>hwe mote or 1_ 
i"diffe .... nlly in any plane "bout t he line of prOP"ll>'t.ion 
d~pendinK , to "orne extent, on the type "I rn<li~Wr " ,M . 

thc are,,- be~ween the "two dil'('ct. rlLyS" sholl'lI. 
T he skilll.,oo dis{.n1l(:e at night is mu<,h grcat",!' 
thall in the (In.\" time. It grMunlly illcrf'f\S('~ up to 
about. midnight. The ~kippcd distA.llcP nlso is 
known t<) be grent.er in ",iuter than in summer 
which seems reagonA.blc because the ionization 

"""NU "''''I' 
i~~~Ui ~ ~ 

.4PP!WXI M ATE ArERAGE TIIANSMISSION PEIl
FOII.'.f..tNCE OP DIPPBRENT WA!'BL8NGT{{S A T 

DIFPBfll>·NT DISTANCES 
Th r",.;.«1 .... nal i. , ... "m<d 10 h""" a jiW1-.,.."gtA oj II) 

",u.-"",ll, »<r m.<I<r al lAo .",.i"inq point. Tho I'~n"",;tt<r i. 
a .... "'M to 4.0 "" WOO lOOn. i .. iii. a~kn"a. Tk. c.\,,,';' milo," 
Nnj", ... ~~ b>i1 ""'U be ap/a;"M tu lolk,,,,. To Ih. /_/1 oj llu 
li~. mark<'d ·'Ii,,,it of Q""mrl "",,,,'. U .h.uld "0 "" • .wl. I. 
r~"" tU "II Ii ..... . ifl<>" llIal. ""0 "'''''/ pick a pair 0/ c"ro~ • 
oj lilt "" ..... _I (1.1101 i. JQT u., ""om lime) and if/h" d;oIanu i. 
b.ol"",.,. tAo CUrod om. ,koldd .""r IA •• ign"j. Th. , a IJl)..maler 
""'u .~ould be ,diablo,./ ..ali ..... to II) mil •• Jor th. OClndd':"'~. 
"""/,:",,,M. I'ro'" /4 ... to 40Q mil« iI. daylight perjM""'''''" 
trill probai>lu be u"«r"lain ",Aile jrom J,{)I) om ;1 will vron.J4li111 
di. d""", " .. 11:1 a/ 4600 i l will a""i .. b< ~o .. /Q mi""""'l. 1'Y 
me/.,.. Tiur. ar" oj """'I', .. " ..... ro, .. 'z<;<I1f;':m. whor, on_ 
do .. h"". it wll<n d .1u>1dd be "bunt. Th t "" ..... ,,'" mai .. 11I 
from d<,1a by A . 1/ . TaylM . 

should be less then , due to shorter periods of 
sunlight. 

It CtIJl be seen readily from the charts that the 
skip distance is very definitely influenced hy thp 
transmitted frequency, 

Till.' N.4.TURE OP "!SKlrPlW DISTANCW· 
T - Tra,......;ttin~ point. 
X - IhOaI. tiunal dra 10 "".u.-loor",d 6" ~rlJ u,.d ""' ... 
Z - II41Wn oj .. Iracted or .-.JI«ld ~,,) . 
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Fading is reporte<lles.<; violent at very long dia
l anCf')I due to thc faet that radiation call arrive by 
mlUlY routes, thus averaging conditiollsand giving 
a fll,i r signal in spite of fading along some paths. 
Right· at the edge of the skip diatnnce interfer
ence cffect~ may oecur with very severe fading, 
while beyond this point the rays of high-angle 
radiation die out, giving a better chance for a 
steady signal. In general high-frequency com
munication results go to prove that the skip dis
tance for any given time decreases with de
creasing frequency_ While skip-distaliCtl cffects 
are important on our high frequencies they are 
not. as noticeaUie on the broadcast band and less 
important still on low frequencies. 

There is nothing absolute about any of the 
ndes that dilTerent investigaklrs have devised for 
determining whether s. signAl from a certain 
t mngmittcr cnn be heard at a given point. How
evr.r, some charts nnd ruk-s are useful when 
studying the subject of trau!lmissioll phcnomena, 
even though they are approximate. Such a chart 
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is ~ I ,ow lt rcprinted from (,,!8 1' wi t h some cxpla" .... -
\.ion of what it lllCSOd. It shows roughly what may 
1;H;l expected of diffcrent frequencies or the cor
r(lI!ponding wavelengt hs in radio communication. 

Amateur experience seems kI jndiCllte that tbe 
power of 11 t.ransm;! I.e .. iH one of the less imporia"t, 
eon~i(kratio"s in ),igh-fre4«{,Il \)Y work. Exl,nnne 
distnnCffl al"l.: cuvereJ day all<i nigllt wilh les.~ 
than ten watta in the antenna using 14,000- and 
iOOO-kc. frequencieA, and the signal strength of 
hil!;h and low power stations is milch the glOme. 

The conditions which obtain in the mcdi (lIll i(.self 
are undoubtedly the most important factor ill 
<iete rmining the resuit.s. 

READING nIAGI\AMS 

Schematic dingralus show the different parts 
of a eireuit in skeleton form. Pictures show tlw 
apparatus as it actually appears in the station or 
labor atory. A little st udy of the symbo[OI used in 
schematic diagrama will be helpful in understand
ing the circuits that appear in QST and in Illost 
radio books. The diagrall1.S an'! easy to understand 
once we have rubbed shoulders with some real 
apparat us IIJld read II,bout it . Schematic diagrams 
are used in 1111 cloctrical work because they lIave 
so much space and t ime when discussing the 
various cireuiu; . Photographs of appl;ratus show 
t he act ua.l arrangement used better, but the wir_ 
in:: is not as clear iI./:I in t he schematic diagrams. 
In buiJdinll: most a pparatus s. schematic diagram 
arll l a phot.ograph will make everyt.hing clear. It. 
is suggested that the tJegiuoer carefully compare a 
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fe w pid ure l\lJd SCherUMic diagrams if not ell ti 1"<;11' 
famil iar with the latter. 

Tho symbols \!S6Ii in schematic diagrallls 
t hroughout this book will be easily understood at 
once by reference t<) t he illustration on this page. 
Most. of the diagr:l.rns ~ howJj a re Jllainly labelled 
or \\"(ortk"t l 'IV t hut it is "nly nect>.'l..'lary 1,0 know the 
general schelue whkh differentiates ooiL~, eon
rlensers, Wld re;;Lstors t() read the d iagram. Ref· 
erencc kI the text will help in understanding fully 
what. is intended, since diagrams and text havo 
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been prcpareJ t o complement each other. In 
general , coils are indicated by a few loops of wire, 
resistances by a jagged line, and variable elcmcnts 
in t he circuit by arrowheads. If a device has an 
iron core it i..'1 Ulmally ~hown by a fc"' rmrallellines 
opposite the loops iudieatiug ~'Oils or windings. 

When you t.:a.n draw aud talk about circui t.s 
in terms of the vario~ oonvcntiOllal symlxol~ you 
are on what is familiar ground to every amat,cur 
and experimenter . Then you call meeL the dyed
in-tlu ... -wool expert and understand wh1l,t he tll lk~ 
about. 



CHAPTER V 

Receivers 

And an Inll'oductolJ' Discussion or Station Assembly 

o get the greatest fun IIlId benefit from 
amateur radio work you will wallt t-o 
get int.o the game with" eomplct.c st.a.
tion. Perhaps some res ders of thia 

Hondbook wish to "experiment" and to build 
eq,uipmcnt for t.csting purposes only. Some in
dividuals get their chief plelUmre in making meU8-
urementJl compariDg the performnuoo of apl)3 m
t U8 by labomt.ory methods. Some arc never happy 
unlCSll they are continuaUy examining different 
circuita, I)()ooming fam il iar with !..heir operation 
and lcaring them down again. Advanced clI"pcri
mentcra enjoy making II serics of actunl tmlls
mitting tcete to find out morc about l'1\uio wave 
propagation lUI it variee with frequency , distl\nce, 
Rnd time-of-dny. H owever, if you nre liko moat 
a mateurs, you probably will prefer to put to
gether u complctc but inexpensive stalion nnd ge~ 
your enjoyment from it.s operation . 

Perhups you think that building a ai.at ion in
\·01\·08 IIlfI,ny eomplicated pieces of apparatus. II. 

special building, eeparate power supply, intricate 
circuits and, 1!l8t. but not lea.s!., !\ considerable 
invll8tment of funds. Such fin idl'S is quito erro
neous. While a station (llay involve all these 
t hings if a n individual is wealthy. it menns noth
ing of tho kind lUI a rulc. Not morc than <I or 5 
percent of the thousands of active radio a ll1atellr~ 
in th~ country boast a quarter-kilowatt tmns
milling lube, not to mention the othel' equip
ment. The (Il'f:rogc amatcur carriu 011 both local 
Ilnd internatioual communication wi th a solitary 
7~watt tralll!mitting tube and rurely with any· 
thing larger than a i~watter. 

A "stalion " iIJ nOlhing more nor 1es13 th:m a 
tmnsmiUcr and receiver, correlated by suitable 
control8. Do not get the impression from a baa!.y 
glance at the amount of material in the next few 
chapters that a lot of C{lmpliC!lte<1 equipment is 
necessnry. In the firs t part of each ehapter de
scription8 of the eimplcst equipment will be found . 
At the 8tart one should pick out one of the simple 
receivers described in t.his chapter, build n moni· 
tor I_nd frequency met()r IlCC{lrding W instrucliollH 
in Chapler VI, construct one of the low-power 
tran~m i ttcl'8 in the first part of Chapter VI I, a nd 
get information on powcr supply, keying, stAtion 
arrangement and adjustment from the proper 
chapters. Then the equipment may be I)roller!y 
installed on Il lable or desk in nny convenient 
part of t he Ilome. T h:_t's really nil lhe~ is to 
lw ilding n eLution. 

There ia, of evursc, sollie constructional nnd 
experimental work to do. There is a great deal of 
satisfaction in the act of building, considered 

just by itsclf. The good station must ha ve a good 
trnnsmittcr and an equally good reeeiver. The 
mechanical and electrical details of these inst.ru
menta oller interesting problems to the beginning 
IImateur. It. is the purpose of this book to ms.ke 
the path smoother for him. 

Altbough we dcseribe receivers a nd trn ns
mittel'S in detail, it i8 not necessary to follow our 
mechanical arrnngements exactly to get good 
results. A few purll!: and tools, a li ttle ingenuity, 
some planning with pencil and paper (mixed with 
a little common sellllC) !'e$ult in the beet station at 
the loweat cost. A few hounlspent in looking over 
the Sugge8tions given here will save money I\ nd 
enable oue to gd eturted righ t. 

After the planning i8 done, the mate rial~ should 
be ordered. Your locnl defl.ler will have some I:lUp

plies but probl\bly will not have them aIL Con
densers, coil!!, nleteT8, inauluoors, transformel1!, 
batteries, tubes or whatever is needed are carried 
by advertisers in QST. 

QST rerusea ndvertisemenlll containing fa lse 
claims. ~ew II.ppnratu8 is examined by the B ead· 
quarters' staff. Editorial ment ion is only given 
when it appears that the appumtus is really 
worth calling W the attention of t he members. 
" Ham-ads " alwaY8 contain a vll.riety of uS('(1 
apparatus for sale or exchange . Once in a while 
eomplcte receivors and tmn~lIlittcrs !U'O olTered 
for sale in thcso columns, but to get just whut 
one wnnts nnd to eave money, mOllt alllfl,teUnl 
prefer to "build their own." 

While it i8 poasible to put 11. act togetller will} 
the aid of only the proverbial j:J.ekknife, a few 
good tools of the proper 8011. will be found in
valuable in saving t ime and helping to make a 
good job mechanically. The following list. is 
typieal of the tools whicb most amateurs coD!!ider 
highly desirable, if not ind~pelllmble: 

Soldering iron (preferably electric) 
Large and small Ride-cutting plicrs 
Large and small serewdriverl! 
Hand drill stock with II. few drills of ditTcN'lIt. 

sizes (Nos. 11, 18 and 2S will be most useful) 
Hie (not too In.rgc) 
Knife (Boy-Soout kind) 
Hammer 
Vise (the small 4" size will do) 
Sl.eel rule (6" or 12" ) 

Willi t hese toolll it i.i p08(!ible to con~truct pmc
ti""lIy uny of the a lll )Urntu~ ordinMily built at 
home. Othenl will be fOlwd UBeful at time8, how
ever. A small b l>-hoJder, a die-holder and threc or 
four taps and dies covering the 6-32, 8-32 and 
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10-3:1 sizes can be obtained from a hardware store 
at reasonable C()ljt. With the dies you can thread 
brass rod and fun over threads that become 
"bunged-up" on machine screws. With the taps 
you can thread the holes you drill so that they 

TOOLS POR CONSTRUCTION 

.411 ar~ """"''';'''/ but twt ."lirclu nect .. a..",. A .. / of "'1<111 
taIM a,1d (/iu, a <;rd. catle" ro OJ" in mounting mew. om 
pano/., a bit bra"" and" ~rl of ~ "'r<'!O"~3 will b. useful 
in addit;<>n, if r"",lar ..,.,...tru.,i"" w(}t"k i. lJlanowi. 

will take machine screws to hold the apparatus 
you wish to mount. A hacksaw, ren.mer, center
punch, scriber, tweezers, square and some other 
inexpensive tools are also desirable but not en
tirely neCCS'll\ry. 

In building equipment for experimental pllr
poses and for temporary uoo it is just as desirable 
to use system in laying out the apparllotus and in 
wiring up as when the more pennanent panel job 
is built. Some square "breadboards," a bunch of 
Ceneral Radio plugs and jacks, Fahnestock clips, 
some scrap bakelite pieces for building terminal 
boards, angles for supports and an assortment of 
different sized brass machine screws, wood serews, 
nuta, and washers will make it easy t() build up 
and try out new circuits or t() wire up auxiliary 
apparatus t() go with the transmitter. It is a g()()(} 
idea w keep some bus wire on hand, and various 
sized spools of magnet wire will prove useful in 
doing temporary wiring if you are an experi
menter . 

A table of drill sizes giving the proper num
I>ered drill to use for passing a serew through a 
panel or for tapping w take a certain size of ma.
chine screw is included in the Appendix. Only the 
sizes most used in radio constructional work are 
given. 'Vood screws also come in various sizes and 
lengths. Usually the numbers colTCspond to the 
drill--size numbers, the diameter given being that 
of the screw just below the head , Wood screws are 
stocked by most hardware stores in lengths to the 
nearest quarter inch of what you want. Round
head sere"''!! look best. Whether blued or nickf1led 
screws :<re lISO"d is maillly a m:ltlpr of eiloicc. 

SOL IH:KlNO AND WlItiNO 

In wiring different pieces of apparatus a neAtly 
soldered job will repay the builder in good appear
ance and reliable operation. G()()(} connect.ions 

may be made without solder, but a well-soldered 
job has low contact resistances. A soldered outfit 
works quietly and uniformly over long periods of 
time. Soldering is deddeclJy worthwhile when 
properly done. 

Making soldered jointa is a quite simple matter, 
A few pointa should be kept in mind for best rc
sutta. A hot well-tinned soldering iron, clean, 
bright surfaces, a Itmall amount of rosin-oore 
solder or rosin and "half-and-half" soft solder 
will do the triek. Tinning the parts to be soldered 
before completing a joint will be helpful. 

Soldering flux keeps the clean surlace from be· 
ooming oxidized when beat is applied. Acid 
fluxes or soldering p8.8tes made by the action of 
hydrochloric add on zinc and supported in a low
melting base should especially be avoided. They 
are good for mending tin pans and gutter pipes 
but cause corrosion of electrical connections, The 
melted "paste" can cause a set to operate poorly 
or to become inoperative by adding leakage paths 
across coils and condensers. Use lump or JXIwdered 
rosin that can be obtained for a dime from any 
drug store, or buy "rosin-core " solder. 

"Half-and-half" simply means that the solder 
ill an alloy, half tin and half lead. "Tinning" the 
soldering iron is done by filing the point bright 
and clean and rubbing it in hot solder with a little 
flux until the point is oovered with clean soldcr. 
Scrape oonnections with a knife or file before 
soldering, to save time and make a. joint good 
electrically and mechanically. The soldering iron 
must be re-tinned oeeru>iona.lly if it becomes over
heated. It should always be used when very hot 
but not allowed to beoome red hot. A hot iron 
makes soldering ea.sy. 

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

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

The antenna lead and all the connections from 
the condenser and coil should be kept away from 
other wiring. The wiring in the audio amplifier 
ean be spaeeJ, and short leads are good, but they 
are not nearly 00 important here as in the detector 
and antenna circuita. To avoid undesirable feed
b!Wk the plnte and grid leads should be kept well 
separated. 

The transmitter should he wired with the same 
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points in milld fUI ill receiver wiring_ At the &lUlle 

lime, the power supply I\lId high-vQltilge wirilll' 
Illilst be well in~ulated lind sllffic.ient ly I;epMatr.l 
from ut.her 6(luipmcnt to i!1~lIrc ~Hfc!.y to lifo lind 
property. The insulal iOI1 of lead-in Rnd high 
voltage conductors ghould t'Omply with under
writers' rules. 

In Ole pages thAt follow we are going to dc
f'lC.ribo in detail some suooessful short-wa.ve t UIlCI'lI . 

Construct iooa.l " dope " for model'lltely-priood 
tl'l\ll.lll)1 itteril with world-wide range ill also given . 
We have dis<:usood some fund&rnentals of elec
tricity. The diagrams nnd COllskuctional inform,').
tion fire qui te eomplcte. We suggest that the COl)
structor study the books m()lltioned in thl: 
Appendix for more complete theory and general 
information. The descripliou8 of stationg ill QS7' 
frequently give good ide!18 on station nrrauge
meot. QST itself kecplI you informed a.bout new 
deveiopmenta t hat are u.soeful a nd noteworthy. 

STATION AIIIlANOE M'JNTS 

A complete station consists of II. transmitter, a 
reeciver, a monitor and frequency meter, and 
suitable antennas for transmitting and ~iviog . 
T he exact tu'J'angemcnt of these units is not 
\l8\1ally of great importance fill far IL6 their elec
trica l effectiveness ill ooncemed, but the mstt(l.r iii 
worthy of careful coosidera.tion 80 tha~ the atation 
rnlly be operated with the grcateBt convenience 
and comfort to t he operator. 

The items which arc handled most frcquont ly 
MC the receiver, power swit.ehca, key, frequ ency 
meter and monitor. It is well, therefore, to group 
the.te I!IO that they can be operated OOIl\'enienUy. 
Pcrhaps the IDOIIt popul1&!' practice is to plllce tho 
recei \'er towards the leCt of the table on wbich the 
app.'\ratus is to be mounted. The monitor is lo
cated alongside the receiver on tho righ t (where it 
is neM enough to give II. good signal in t he re
ceiver) and the key is 8()rewed to the table slightly 
to the right of this &nd far enough back to give a 
good support for the opcmtor 's aMn. 

Since the filamenla of the tf8JU!mitting t ubes 
should be lighted before the high volttlge is ap
pl ied, t wo switches are neco-tary - one in the 
primary of t he filament transformer and one in 
t ho supply circuit to the plate IlUpply app!l.ratus. 
These sl"itches can 'be mounted under the front 
todge of the table in a position convenient for 
rigbt-h!l.nd operation. With low-power tl"lUllI
mi tters the filllJllCllt !l.nd plate power lU"C Oftt'll 
supplied by one tl1lnsformer; in such a C9.i!oe only 
one power-line switch will be n~ry. 

Since the t.ransrnittcr i8 left a t one adjustment 
for much longer periods Ulan the reed ver , it is IL8 
"'ell to mount it c1esr of t he other apparntua 
where it will not be inftllencod by the "bod y
eapl!.City" of the operlltor or the vibration of 
keying. One possible scheme is to mount it on II 
shelf above the right -h!l.nd side of the operatillg 
tflble. The t Mlll6mittf'r oIhould be near the antcnl1a 

or feedcr 1611.(1$, however, l'IuJ in some cascs II 

difJf'.rent 1)lncemCl1t milo)" be Il<.h-i;<ahle. 111 oro kr tn 
rl1(llJ(:e l,hp v;hrat i(lIls rf'N'hill!(" t h", trHll~m i tter il. 
ill often mountool Oil four n)hhl'r ~Jl"lI ~')" or sus
pended on he/l.vy r1lbber stripll. 

It should not be ncce!lSllI"y to give the plate
supply apparatu9 frequell~ attent ion; therefore it 
can be on a 8helf ncar the floor or, p3Ctieulariy if 
it ill a gC.Ilera.tor, call be rigged in the 1)9.i!oewcnt. 
III the latter elL9C, of COUl"l!C, partieulfLl' aU.ention 
lUU8t be given to t he insulation or the h igh
voltage leMa betwt)en t he supply system ",nd the 
~ransm i tter . 

There "'re SCOTCi> of possible arrlUlgemcnts tor 
t he station Slid t hey will be varied in individual 
C8iIeII by the arrallgement of the room, tho siw of 
the table or bclleh IUId the type of apJ)lU'"&tlllI. [ t 
lDay be a good Illan for tho amateur tosrl'tlllge the 
appamtus in temporary flL6bion at 6rst 80 t hat he 
e&n ohange things around whell he lw gained 
some experienoo in the operation of t he eta tiOIl . 

UN IHllI " ' IHT£R.S' RilL!!:!! 

T he specific rules covering radio equipment are 
given in Article 37 of t he Na.tional Elcetrie Code, 
under t he heading of " Radio Equipment ." Some 
~t.atetl ha.ve adopte<l this code or a rnore strict 
version of it. Certain eilies have adopted it, too, 
and they enforce their regulations through muniei
PILI in~pectol'll. Before making an inat.allation it 
18 well to find Ollt if the apparatus and wiring are 
8ubjcet to II. state and ci ty inspection f\.9 wen as 
to inspection by inslirlUloo interests. 

" Approved" rcfel'll to devices designed for the 
purpose used. in acoordance with recognized 
pra.ctiee. The Jevice mllflt be acceptable to the 
inspection department lmving jurisdiction (there 
may he a city or lltate inspector in addition to the 
insurance rating or inspection bureau). When 
there is no inspootof for the city or ~ta.t(), ineur
anee interests inspoct th rough t heir rating organi
Za.tiODS, one of which covers each part of the 
United St-atea. Your local insurlUloo agent can 
advise you in WllOeC territory you are located .so 
you call get in tolleh wilh the proper authOl"ity. 

A conference with t be inspection delwtmcnt 
OOj&re making an installation or change will save 
inconvenience and expense later . Your own in
terests a.nd tho!!C of feJlow citizellil will be best 
protected from an in ~llranee !l.nd fi ro-hll1.ard 
standpoint by hllving 8uch a conference. 

The wiring must follow the requirement.tl ob
IICrvoo in your part iculBr community. III .some 
instances a separate power Iioe must he run di
rectly to the watt-hoW' meter. A few fOOL of 
" OX " from t he nearest outlet to a " Squa.rc-D '· 
switch box, properly fused at the switch, will 
U9Uo.Ily be satisfactory . The installa tiO Il of high
voltage appa.ratus alld wiring must be done in 
approved fash ion. High-tension cable, supported 
on porcelain pilla r ill8ulo.toril, koopil"l3 the high 
voltage a wav from fin woodwork find lI~iJ{h hiif'" 



5,1 THE RADIO AMATEUR'S HANDnOOI\ 

"' j:: oondueIOr1<, ;1; :l. f!.,'l{e t.ype of (,()!Ull ruC'lion . 
• \ r"CI..~jv ing Il lltcnlla ".all he ()(IIlIlCtltco.l to 

)!"",ulld before it gets to the I!C~ th rOUII:1, ei t her t hI' 
in-door or t)ukioor type of liJl:htnillJ! lI rre<tl'r. 

AN1'BNNA. AND FEEDER GROUNDING "'WI'1I0DS 
1'011 LIGU TNlNO PROTECTION 

1,~ht~ i"" ~"""'~.M. ".0 "UJ Q" /I.e m",u"ui"" ""10m"" 
r",uI· i .. .... It~ • . A. U"h1n;ng QrT .. '''' ;. M1/;<!tu:WrJJ!qr /~o 
.-fflnllf/lI>1l ......... 

Sevcml 31>I)roved ~ypes 3re sold by looal u(,IlI('1"!! 
with complete i08truetiolUi for inBUIlla tion. These 
arresters usually are simply 8p3rk..gll.psl!(!llled in 
fL vacuum to lower the vol tage break..<fown. Th(' 
ground can be made by llCreping 3 wllte r pipe or 
ground rod deall and bright with I/, file. 1\ l~cnt 
ground-d amp willllluke a good connection to the 
pipe. A yellr ly inspection will insure 11 good 
ground . An llpproved lightning arrester operating 
at a potential of 000 volt!> or lellS in !"Cqllired fOI· 
eneh lead-in conductor o[ a receiving aUi tion. 
T here are no requiremcnts for indoor nntcnn!\8, 
howe\·cr. 

Tmnswittillg antenn!\8 or feeders m ust he 
grounded by meu.ns of lightning ~witchea. T he 
switch should be of the single-pole double-t hrow 
!'.n>e having a minimum bre.ak disuU100 of 4 
inehea and a. blade of at least .0625 square inch 
cTOtllHlOOtion. T he switch should he in the moat 
direct line hetween lead-in and ground but can 
be located ei t her outside or inside t he station. 
Live pArI.!! of the switch must clear the waU (or 
o t hcr conductoTII) by 3 inches. The switch Ulu~t 
he eonnectcd to the ground wire whenever the 
station is not in operation. 

Antenll!\il for receiving and low-power tran.,.. 
mi t ting stalions should be supported !\.lId i nl!!u~ 

lated liirniifl rly to public gel"vice communication 
liuetl, while for medium- and high-power 8tationij 
t he requircmenl.ll for coostrucling supply lines for 
Lransmitt ing electrical energy in like lIi.tuntiolls 
must be mct. Amcnn!\il should not el"Ol!8 ov('r or 
under supply line;! or telephone and t elegmph 
",irf'!! nor should tht'y run .above and p8.r.alld to 
norm in BHCh fI, Wfl.)" that a fallin!!: lIn t.e nn a might 

COllle in oont8.C~ with a Ii \'06 wire. An\.CIma.8 l!!hould 
nut CI"QiIS railroad tracks or pulllic t ho roughfaf"CS . 
Th('y :;boufd not. I,.. lIltachcd to poles owned lind 
Illlllfltaiued by local puhl ic utilitiCl! for «upporl illl: 
power linC!! or communicat ion Cl:lbles or wire8. In 
most cases local Ordin llJICCI> forbid 8uch construe· 
tion !\8 a menace to the public welCnre. When an· 
tcnn!\8 are put up in &\lo ll hnzardous locations 
special precautiolla should Oc taken to have ample 
strength in the antennn wire and its supports, as 
well as ample c!caranee8. Antcnnal:l should not he 
supponoo on chimncy8. When a tree is Uged t here 
should be some provision for keeping the antenna 
from snapping when die !.roe 8"·ays in the wind. 

Any size of wirc can be U8Cd for a reooiving 
antenna. Probably No. H 8 . & S. (American 
Wire Gauge) hard-dmWJ"l copper wire, enameled 
to pre .... enL corrosion, " 'ill have the best balance of 
electrical conductivity and mechanical strellgLh 
for t hat purpolll(l. Trnllsmitting antenna wires for 
medium or high power a mateur station8 IIhoulJ 
have II. strength not IC1III t han that of No. 10 hard~ 
drawn copper wire and IIhould J>e insulated with 
insulators having a minimum creepage distanct1 
of 10 inches. 

The lead-in wirl'ij must be brought into t he SUi

tion through approved Icsd--in bushings. A good 
but cheap way to bring in the antenna lead is to 
drill a hole in the eenier of a large windowpa.ne. 
A brsss machine screw wi t h rubher gaskets will 

"h+.tr.r 

TWO GOOD MI!TIIOOS 0 1' RIlJNGI NO TilE TIlAN.~· 
MITTINO ANTENNA LI~A[)"IN TII/WUGU .... 

WINOOW 

go through this and rca.ke an ext:ellellt lead";n . 
The lead-in hl&\lla\.()r must. have a 3·inch cleat 
ance beyond the wall or t he structure. Antennil 
leada must nevcr collie within 5 inches of supply 
wires. A wooden board at t he top or hottom of 11 

window will rnnko n good S\Jpport [or lead-in 
bushin~,'s under most circumstanCe!!. Pyre..,,; bowl~ 
make good bushing!:!. Lead-in hushings or tube>! 
IIlIUit he rigid, noncombustible, nonah$orptive, 
and have good insulating properties. 

Everyone who owns an amateur s tation or who 
plans to have one should Bend ten Cf:!Its (not in 
8l8mpiS) to the Superintendent of Documcnt.&, 
Govemmcnt Printing Office, Washington, D. C., 
for the booklet f)llf~Y 1~ llf~/J for RMio ( u$lalla
lioll4, Handbook of t.he Bureau of Standards No. 
9. This gives a llumher of rule!! f()r in ~f.a lli!lg 
amateur radio equipment . 
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DESIONtNG 'rilE HECEIVE It 

The flrS~ apparatus to be built for the station 
should be a receiving set. Fortunately the short
wave rt!eeiver is not a complicated affair like the 
broadcast receiver. In its most practical fonn it 
Illay consist of two, three or four tubes, but even 
a single tube can serve to rt!ceive amateur signals 
over long distances. The first requirement in tbc 
receiver is a detector tube connected to a tuned 
circuit and provided with a tickler coil 80 that it 
mll.y osci!late. A regeneration control must be 
provided so that the detector can be maintained 
in a condition of weak oscillation for tbe reception 
of telegraph signals or beld at the point just below 
oscillation for 'phone reception. Most amateurs 
prefer louder signals than a single tube can give, 
and thereIore additional tubes are used to provide 
amplifil;ation. Radio-frequency amplification is 
used between the antenna and the detector to 
makc the receiver sensitive to weak signals, and 
audio-frequency aml)Jification follows the detec
tor to make all signals louder. Mort! than one 
stage of radio-frt!queney amplification is rarely 
necessary at amateur frequencies, and a single 
stage of audio is usually sufficient for good head
set reception, although two audio stages are oftcn 
~d. 

The arrangement of the parts in t he receiver 
and the wiring of them are important mattel"!!. 
ro.bny amateurs screw the apparatus on a wooden 
baseboard, but this scheme has the disadvantnge 
that dust and dirt soon collect on the condensers 
and coils and noisy operation results. A panel
mounted receiver fitted in II. cabine~ is really 
much preferable and need not be much more ex
pensive. The panel and cabinet will afford pro
tection to the apparatus and will give a much 
more pleasing appearance than the baseboard 
covered with apparatus and wires. In addition, 
the panel will usually pennit a more convenient 
arrangement of the controls. 

It is as well to spend 80me time in considering 
the lay~ut of the parts so that the leads in the 
detector circuit may be reasonably short without 
cramping the apparatus, and 80 that the tuning 
coil is convenient to the tuning condenser and the 
detector tube without being too close to any 
large metal par ts. It is difficult to specify defi
nitely the separation that should be maintained, 
but an approximate idea of suitablc spacing c.a.n 
be obtained by studying the photographs of the 
receivers. The wiring in the detector circuits 
should be made with bus-bar or enamelled copper 
wire of about 14 or 16 gauge 80 that it will not 
vibrate or shake and so "shimmy" the signals. 
In the audio-frequency amplifier, the wiring can 
be done with rubber-covered flexible wire and the 
difficulties of bus·bar wiring avoided. Bus-bar 
can be used throughout, of course, if a neat ap
pearllJlCC is desired. If the receiver is to be reliable 
and quiet in operation it is essential that all joiuts 
in the "'iring be well soldered. When the wiring 

has been completed it should be checked over 
cnrefully before connecting any batteries. Before 
connecting the B battery, the A battery should 
be hooked up to make sure that the filament~ can 
be lighted and controlled by the rheostat or 
switch. If all the tubes do not light the trouble 
should be found before proceeding any further. 
It is a good plan to connect Il. flash-lamp bulb in 
series with the lead to the negative terminal of the 
n battery 80 that any fault in the wiring which 
ordinarily would result ill buming out the tubes 
will merely blow the bulb. 1f the bulb is blown 
when the n battery is connected, thc wiring 
should be checked with care and the fault located 
before another attempt is made. Thc en.~e with 
which wires can be misplaced in such a way as to 
connect the B battery to the tube filaments is 
surprising. Even thc more experienced amateurs 
make mistakes of this kind and the protection of 
the flash ·lamp bulb should not be disregarded. 
When connecting batteries to a receiver always 
connect the wires to the sct before hooking on the 
batteries. Shocks and inMvertent short-circuiting 
of the batteries will then be avoided. When the 
' phones are plugged in, a loud click should be 
heard and a similar or louder click should be ob
tained when any of the connections to the 13 
battery are made or broken . At this st..'lge it 
should be possible to make the set oocillaw byad
justmcnt of the regcnemtion control. If this con
trol is moved gradually the detector should go 
into oscillation with a soft thud. A rustling sound 
p roduced by st."\Uc and miscellaneollS clectrical 
noises will show that the tube is 08Cillating. If 
thcre is any doubt whether oscillation is being 
obtained, the terminal of the grid condenser 
which is connected to the tuning coil can be 
touchcd with the finger. If the tube is oscillating a 
thump will be heard as the finger touches the 
terminal and another t.hump as it is removed. 

TUNING ARRANGEMENTS AND BAND SPREADING 

Since the a mateur frequency-bands comprise 
narrow slic:lS of territory widely separated, it is 

TYPICAL COIL CONSTRUCTION WITH MANU
FACTURED FORMS 

not possible to cover them all effectively with one 
coil and condell.ller in the tuner. Many schcmes 
have been evolved to provide suitable coils and 
coil sockets, the present trend being towardM the 
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Ule of a tube bMe or a special form of larger size 
plugging into II. tube socket. A manufactured 
fonn of this type is illustrated on page 37, while 
otheM!l are pictured later on with the construc
tion&! dot.ails of the receivel"8 in wluch t hey were 
uaed. Larger coils with a horizontal row of plugs 
fitting into a amilarly-a.rnmged row of sockets 
are also used in some cases. The important re
quirements are that the coils should be readi ly 
intercl!angeable; the cont~ts should be poeitivo; 
the coila should be mechanically strong 80 they 
will not be deformed in handling; and they 
should be small in diameter in order to avoid the 
existence of an extensive IlULgnetic field around 
them. 

Tuning oondeIUlefll !llled in high-frequency re
ceivers differ grea.tly in size from lhoec employed 
for the broadcast band and lower frequencies. 
The usual 350- or 250-,ul'fd. condenser will , at 
high frequencies, cover so much territory that 
tuning becomes extremely difficult, and the a.ma
Leur banda O<lcupy only a few divi~iolla on the 
uaual l()()..ecaJe dial . Many a mateurs remove 
pla t.es from at.&ndard-size condensers to reduce 
the maximum capacity, or U!lC midget condcnl!lel1l 
rated at 50 $I$1fd. or less. If the re«iver is to cover 
all frequencies between 20,000 and 3000 kc. , 
common practice ill to use a tuning cooocn9Cr 
rated at 150 .I'Io'fd. with three plug-in coils, hut 
even this al11lllgeIllent crowds the amateur bands 
in a very small proportion of the dial scale. MOIlt 
amateul'l'l prefer to spread the bands over II. large 

T IIB ·'SLIDING RO'1'OW· CONDENSER 
TA • .,...,. toJIi<o\ .ad l>tmd """"pia .... u.. diol ..... /wo 
~ low do..,;.., 1M .pac;:.., ~..-.-. t.\c _ .,M ... tor -. 
part. of the dial, and to effect this a number of 
methode have heen devised. 

UnfortUnAtely our bands are not en tirely in 
harmonic relation, IUId therefore a conden8Cr 

which spreads one band satWactorily will not 
give the Bame spread on othera. In order to make 
each band cover t he 8lI.ffi6 number of dial divi
sions, the ratio of maximum to minimum capa.eity 
must be different for each band. One method of 
making the change ie to uee p lug-in midget tuning 
colldellscra, such 118 are described in connection 
with the four-tube rooeiver farther aJong in this 
chapter. The sta.ndn.rd midget condensers will not 

TWO SEPARATB STAroR ASUMBL1&S ARK USBO 
IN Til l S CONDIfNSHR 

0"., alaU>r """' ...... ""'l' N ... <d 010 .... or !>.XJt ....... /wo __ 
".rIed ... parull.rl 6~ 1M clip. TIw 1_ .ltJUJr. ar. i"",I0'"" 
from <ado. o(/wr. I" lAu J!<lI"I"""a.r OI)...u.....". ...... 101",. i. 
""",nttd on <!<WI of 1M ..... IOl<>!i.., piecu at 1M MIIh. T M __ 
a. ...... V<~. h"" ""J><ICi!~ "''',,"' ICitMullA • ...., ... il>! for t.\c 
dip ",h ... """,...,1"; (U .h~ ,." th. l'-Itt" D.c. r...n .. r. 

always work satisfactorily, and plates must there
fore be removed until each ba.nd is spread a.8 

much as desired. Another successful arrangement 
is to reconstruct 1\ regular 250-$I$1fd . cond enser, 
removing all pl4les except one st.a.tor and one 
rotor, and arrange the rotor plate 80 it can be 
moved toward or away from the st.a.tor plate, 
t hus changing the cs.pacity ratio. The iIlwltrat.ion 
shows how such a condenser may be COU8truCted. 
Notches may be filed or drilled in the rotor shaft 
after the proper settings of the rotor plate for 
different bands have been determined, so that the 
set screw can be fitted into a notch with the H<!8ur
ance that the plate has been returned to the exact 
position desired. Still anothcr system is to use 
two tuning condensers in ecries, the second con
den!lCr allowing the maximum capacity in the 
circuit to be set to any desired value within com
paratively wide Iimita. If both oondensel1l are of 
about 100 .I'Io'fd., each band C9.ll be spread all much 
or all little all desired, and the spread may be 
changed at will. 

The amount of spread to use will vary with the 
preferences of Ule individual. A full d..i:t.1 range of 
750 kc. will be ample for easy tuning in most 
Cfl.ge8. and will allow plenty of clearance on each 
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side of the various bands. If one is willing to com
promise a little, however, the same tuning ca.
pscity can be made to serve for both thc 1715-
and 35OO-kc. bands, and a second value for the 
7000- and 14,OOO-kc. bands. Only two cspacity 
ranges are required in this C!U!e. Any of the 
schemes mentioned above may be used in this 
way, and yet another method is permissible. T he 
st.'\tor plates of a [,uge condenser may be divided 
into two sections, insulated from each other, and 
the number of plates in each section adjusted 
until the t\\"O cnpacity ranges are obtained. An
other illustration shows such a condenser. 

himself. The best plan is to construct the sets a.s 
described and thcn add or subtract tu rns on the 
coils and make adjustments to the tuning con
densers with the aid of a frequency meter or by 
listening to commercial stations whose operating 
frequencies are neat the amateur bands. The 
" Radio Amateur Call Book" lists commercial 
stations by frequency, and will prove invaluable 
in adjusting the tuning of a receiver. 

ItJ;;OENJ;;ltATION CONTROL 

The regeneration control is the next most im· 
portant item in the reeeiver. Almost any arrange-

A TUNING UNIT rt'IIICIf COI'ERS FROM 3000 TO 16//()() KC. rt'ITUOUT INTER
CFlANGEABLE COILS 

A dial .",<nJ of J500 kc. ""''I N oO!aiowi a! a .. ~ par! oj lhi. range. Thi. ;. a ",,,nt<j,,m,.,,J 
!un .... , and iu ron.lTud;"" in 1/,. hom. worhhoV» ;m",adical. 

A new type of tuning unit haa recently been 
developed by HolTman and Mix of the C. F . 
Burgess Laboratories, which has a continuous 
tuning range from 15,000 to 3000 kc., and permits 
full-seale tuning over a band 1500 kc. wide at any 
part of the range. It comprises a variometer and 
two variable condensers, one with plates cut to a 
special design, all being ganged toge ther. The 
unit may be used in place of the usual plug-in 
coils and condensers in any of the circuita shown 
in the following pages. An illustration of this 
tuner, which is manufactured by Aero Products, 
Inc., is shown. 

The exact adjustment of condensers for bo.nd
spreading is not a matter for close specificatioll.6 or 
calculation, but must be determined by experi
ment. The same is true of the construction of 
tuning coils. In the pages which foliow approxi
mate specifications will be given for coils and 
condensers, but it must be understood that these 
values may not be exact in all cases, and that the 
}iIWI adjm/menta must be made by the aet , builder 

ment of the tickler coil and feed-back control can 
be depended upon to give similarly loud signals, 
but some of them have the advantage of being 
more convenient and of permitting adjustment of 
regeneration without detuning the signaL It is 
also a great advantage if the regeneration control 
is absolutely quiet in action; if it permits a 
gradual adjustment up to and past t he point of 
oscillation; and if it pennits the tube to oscillate 
gently all across the frequency band on which the 
receiver is working without the necessity of touch
ing anything but the tuning control. 

Several methods of controlling regenerat ion are 
shown in the diagrams. Those at "B" and" D " 
are the most commonly used, the la tter being 
probably more popular than any other. R esist
ance control is used in the receivers deseribed in 
this chapter, and is strongly recommended, since 
it gives smooth control of oscillation wi t h a mini
mum of detuning. I t is important, however, t ha t 
the resistor be of good qual ity if noisy operation 
is to be avoided, Even with the best resistol"ll it is 
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advisable to COllnect 11 fh,ed (,'Ondenser of I pfd or 
more aeroM its t.ermi.mls to reduce the possibility 
of Doises I.Jeing causod by poor conttlet betl\'ccn 
the movi!.ble contact and t he resil!.lanee element. 
The e:ubon-eompression resistors seem to be t he 
best for this purpose, :tlthough the tyre" ueing a 
movable contact on a resistnnce strip arl) in most 
ca8(.'9 quite wtisfactory . Wire·wound reeistors 
ordinarily give poor results for this purpO!re. 

It is usually desirable to make t he tickler much 
smaller in dillmeter thall the tuning coil to reduce 
t he tuning effect of the regeneration (''Olltroi, 
partieul:\rly when the thrott le-condenser method 
is u!led. In all methods it is essent ial that t he 
tickler be mounted or wound at the Iilamcnt end 
aDd not t he grid end of the tuning coil. In the in
terestll of smooth control it will be found advis
able to usc just 8S few turns on the tickler l\.8 will 
allow the tube to oscil!:l.te easily all over the 
tuning range. If the tube SLUts oscillating wit.h a 
suddcn thump instead of a smooth rushing noise, 
a lower vnlue of grid lenk resistnnL'e should he 
used . 

A regcner:ltivc d eteeto!" followt'(l by Il. st.a.ge or 
t wo of audio ampl ifiention will bring ill signals 

,.) ,b) 

/lO W A SCIIHf:N..(mm .H"TENNA COUPUNG 
TUBE MAY JIB CIlANGIW IN1'0 A T UNI!O 

R.I'. STAGl< 
A , .. ,,«1 .,·moil ( ... r ....... g'M. &0,'''' band D/ /r<fltKoodu .... ,A. 

<ttI_ circooil) U ",bot.hilrd lor Ih. ,.,.nll~ or c/t,,4;e ordj· 
""n11' '''P''Io.tI ill ,A. a"'eft .... ci,,,,,il. Th. ani .............. lI' "" _"'*" '" , •• Iw"'" ri"",il bll' ~IMT <if Ih JJO(tMU do""'N. 
A, {<oJ .. pri"""1l' <if a 1_ 'tuna U .... <d • ..... ile a, (hJ"""pliftil 
;~ "....';4«1 61''' ."",11 otmJ"",:r ('''. Imw anql.eo '~ri"ll "",I. 
..a ... ). 

from all over the world 011 high freq uencies, b ut 
many amateurs like to have the additional aensi
tivity and selectivity which ll. stage of rad io-. 
frequency amplifica.tion will provide. Screen-grid 
tubes are well suited to d . amplification, al
though thlee element tubes are almOllt useless. 
A tuned rad io-frequency amplifier can be added 
to any of the receivens described. in this cha]lt.cr 
willi very li ttle change in the IICta themllel \'cs. 
Thoec equipped wi~h a scteen-grid antenna. 
coupling ~ube are easily :u:lnpted to tuned d . 
amplification, hy simply Sllb~titu ti ng a coil and 
COlIdcnllCr of the proper values for the various 
b:lllds instead of the resistor or d . choke eon
nected between grid and filament of the coupling 

Uufw,,
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luue. The coils and condcnsers will ue appro.xi
matdy the !)1I.me as those uiled in the dctector 
cireuits of the !;.."lme ret~ivers. The antenna should 
not bc COZll1ccteJ dircctly to the grid of the first 

, , , , 
L_ 

ADDING A T UNt:D R.P. ST,WE TO A Tl/>(;ENEII
.. I TI VE DETECTOfl 

TM 1~M<1 cirehil /.,. Ct. ",ill hart the .. ,mo "mot",,,. ", L.. 
C. , tho d./.w>r roil m04 oonJ, ....... C •• h",,/d •• " j,,;rly la'r~~ 

(.1JQ6 ,.jd. or ".",.. ) b_ .. ro"den",. C •• .IiOC"j,L;, "" . .1 10 
",",",,,,, '~"'I-<:;,=il;"v 11,< pial, . • .J~'lI< . Th. orid leak. R, 
'~W'I be omnulttl """"" .. f!'";d o"d fila "''''"'/ oj th. <kucl<lt" t,,("', 
a' ./wtm, a~d ""I ~"'. lho ~rjd <.on ,I,",,,,". N o Q/h<r chany .. 
""ttl". mad<! in IA~ r«<1·' cr. T" ~ parI oj 1M circuit .hij1en in 
.1il/lM /i,,,, • • lwuld ". liwrouvhly . Mdd,.1 and Ih' . hid,1 
g,..,,,ndrd . 

tube, but should be coupled either through a 
small oondenser, such as C, ill the two-tube re
ceiver, or by a primary coil o[!l [ew turns. The 
diagrams show both methods. It is always 
advisable and sometimes neOOSilary w place the 
r.r. amplifier tube a nd its associated coils and 
condenSt!tS within a grounded shield to ptcW'nt 
[eedbaek from other pnrts of the circuit, which 
would reduce its elfectiveness. 

A radio-frequency amplifier can be added to 
I'eeeivers in which the regenerative dctee toz· is 
coupled w the :mtenua by:l. few simple changes in 
lhe se t. These fi re indicated in another diagnl,lu. 
A.e. (hcuwr type) tubes may he used, the heater 
lind cathode connections being madc in the CHR
I.mnary manner for such tubes. 

A UDIO-FHllQU I>NC \" A~' I'LlI'I f:I\S 

The proUlem of sellsitivity is tuken cflre of by 
the regenera tive dHector find r.f. flmplifiers, but 
in order to oht-'1i" "eomfortnble" signal strength 
audio amplification is required. Audio-frequency 
ampliflro tion for high-frequency receivers is, in no 
great many cnses, no diffe rent from that used for· 
broadcast reception, nnd the usual connections 
for tl"!lnsformer or resistance couplillg may be 
employed. 

For reception o[ amateur code signals, it is un
nl'CCt;S:try and even undesirable to have the dis
tortionless amplification which is the a im of 
designers of broadcast receivers. EX/Xlllsive audio 
transformers w1lh excellent frequency charaeteris
Hes are therefore not required. Tn fact, a trnn~-

former which has a decided " hump" at somc 
portion of its frequellcy curve is l're-ferabic, par
ticul:lrly if the hump is in the neighborhood of 
1000 cycles. Such a transformer wiU provide 
" audio-[requency selC()tivi ty," sinec it amplifies 
one frequency a great deal morc than others. 
This is dC()idedly helpful in receiving signals in the 
more crowded amateur bands, because two signals 
nre rsrely on exactly the same frequency, and the 
beat notes between the oseilhting recei ver and 
the reeeived signals are usually sufIiciently far 
apart in the audio scale to a llow select ion of the 
desired sigll!i! at the audio transformcr " peak" 
frequency, wi th the result that th!:re is greater 
amplification of the desired sigoul than of the 
unwanted ones. 

A dilTcrent method of obt.aining malin-[re
queney select ivity is incorporated in the four-tube 
receiver dC!;Cribed Il little farther on. A large "'A)il 
j~ tuncJ by means of s'nal! fixlxl condensers to 
1000 cycles, and the OOlubination forms a coupling 
impedanec which acts as a rejector circuit . Beat 
notes at about 1000 cycles cannot pa..., t hrough 
this tuned circuit and are, therefore, p."lBsed on to 
the grid of the lle:"{ t tube, while those of higher or 
lower frequency arc by-p~ed to a large cxtcnt. 
Impedances o[ this type are obtainable from at 
least one mUllufll.(!turer. 

For 'phone reception the same prineiplcs should 
be applied as for ordinary high-quality ampli fi ca
tion. Plate voltage and C bi."IJ! on thc amplifier 
tubes Ilre important, an(1 should be those recom
mended in the instruction ~het!ls accomp:~"ying 
t he tubes or may be taken from thc t:lb lfl in 
Chapter VII under "Chl.'l3 A" amplifiers. T he 
a udio transfonnel"S should be sui ted to unifo '·111 
amillifirotion over a wide ran"e o[ ilUdio f,"Co 
qU CIICIf':S. 

SCHKES-GHlD Dl:TI>C"I'O!!S 

l\bny ~mahmrs hu\'c found that screen-grid 
tubes used as regenera tive detcctors are much 
superior in sem;itivity to the three-eledrod(j 
tubes. l~i the r d.c. or n.e . t uws may be used. Usual 
practice is to pbce the tickler in the pbte cireuit 
in the same manner as it is used with the lriode, 
but the r('generation control is often placed ill tlte 
le"d to the sereen-grid . For best 1\'Sults the pia Ie 
volwge shoulJ be the maxilJlum reeommclld('{l 
for the type of tube being used, but the screen· 
grid voltage ahould be appro~inr'ltely 10 vohs. 
The usual sil,cS of grid condenser and leak for the 
eontrol-grid eireuit are sll ti ~factory. 

[ t must be remembered that t lte output of n. 
screen-grid tube either as a detector or audio 
Illnp!ifier e~nnot be satisfactorily ft"l into n pair 
of 'phones or the primary of all :ludio t rn.nsfOl"m er 
of customary design. The phte impedance of 
screcu-grid tubes is so much higher than that of 
ordinal·y triodes that the usc of equipment de
signed for thc phie circuits of the btter tubes 
will result in t.he loss of ncarly all the awplifica-
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Lion which tbe screeo-grid tube provides. fo' or th is 
rea80n resistance or resistance-impedance coup
ling is ordinarily UlIE!d. When using the Type '24 
tube as a detector the resist/moo in the plate cir
cuit should be of the order of 200,000 ohms for 
maximum reaulta. With the Type '22, 400,000 to 
500,000 ohms will be about right. 

l\Iore detailed discussion of the advantages of 
t.his type of detector will be found in QST for 
April, 1930, and Sept-ember, W30. 

SOME PRACI'ICAL RECEIVERS 

The receiver descriptioRS which follow sre in
tended to iIIustrnte the points just discu88ed. 
The various arrangements need not be followed 
slavishly by the oonst roctor, providing principles 

TffE PANRL I.AY-OUT 01' THE TWO-T U BE 
RRCBII'BR 

T" _"i .. dial"" 110. 1. /1 i. IA. _in IImi"" ..... IT"'. Ihal 
"" Ih. ri~M'Mnd .id. M"IIIM r~;"" OO,U.<>I . TA.IIM/, 
in th. ""nl .. conlr<>l_ 1M fila""",' rh«>flat. 

of goocl dcaign are not violated. For instance, any 
of the various band-apreading schemes may bo 
~ubstituted for the one in the particular set in 
which you are interested, if such substitution 
should be desirable. If you prefer to use manu
factured coil fonna in a set in which the preecribed 
coils were wound on old tube t>an'lS, by a ll mean~ 
do 80, but at the same t ime remember that. 80me 
modification of the coil sizes given will be nece&
SIlry if the forms differ in diameter very much 
from the tube bases. Audio systems may be inter
changed, likewise. A li ttle common sense applied 
to moat of the problems you may encounter will 
solve ncarly all difficulties. 

A TWo-TUBE RECEIVER 

The t wo-t ube receiver illMtrated is one of the 
simplest types that can be built. It is, however, a 
thoroughly practical ooe whicb can be depended 
upon to give readable signsls, when conditions 
permit , over even the longest distances. The 
wooden bue board mea.suree 11" J[ G" x 'Ji" 
thick and upon it is mounted all of the apparatus 
with the exception of one of the variable con
densers, the rheostat, and the variable resistor 
used 11.1 A regeneration control These elements 

are mounted on all aluminum panel II " x 6}i" x 
;i" thick. Aluminum of t bis thickness call be 
obtained at moet tin shoplS and hardware storel 
and should be cut to shape by the heavy sheal"9 
with which thcee shops are uaually equipped . 
The panel can be given a pleasing finish by 
stripping it i.n a Btrong 8Olution of washing soda . 
When removed from the 80lution the aluminum 
will have a cloon matt 8urface which can be 
preserved, after the panel has boon well washed in 
clean water, by giving it a thin coat of cleaT 
lacquer. A metal panel of this type is useful in 
reducing the effcct8 of " hand~pacity." A panel 
of bakelite or hard-rubber, which is preferred by 
some amateurs, can be used. 10 any event the 
panel can be seeured to tbe baae by three or more 
round-head wood screws in the manner shown in 
tbe front view of the set. 

When a metal panel is used it is neces8ll.ry to 
insulate the frame of the variahle resistor and the 
telephone jack from it. Thi8 can be accomplished 
by drilling holea large enough to give clearance 
between the panel and the resist.or shaft and the 
jack and by uaing washers of thin card or othcr 
insulating material between the panel R.Dd the 
frame of t he apparatus mounted 00 it. 

From the circui t diagram it can be seen that 
two variable condensers are used in series R.CT08H 
t he tllning coil ~. The condenser C, is the main 
tuning control and is a high-grade condenser of 50 
""fda. capacity. It is made from s lItandard 200-
""rd. condenser by removing an except thl"'fle 

THB SIMPLB lVIRING 01' TilE TWO-T UBB SBT 
Appovaho.l r<qu iT.: 
T_ Ttl ... 'QI-A ... '99 I"lo .... nd . odd • . 
c- h.Jd. l>s/-po.a. """"-. 
C, - 6O-,t.Nd. 1I. " i llq roM ...... (.lnJiglii Ii"" !r«lU<1lQl). 
C. -IOO-l'wd. "'~I ... riMI. roM ....... 
C. - 1()().l'wd. jl:ud grid "'-"'<I ......... . 
C. - AntmM. cwp/i"g ......t ........ - II<>Q ~""lIU<'r. lor .... 

pl.uu ,,00..1 ~"a»arl. 
C. - !QOO.l'l'ld. Mid bl'-pa.l1 cond. n .... 
Il - IO-.o~". ,~",,·tat . 
HI - f - <>r .-_b, grid~NJ:. 
R. - 6O,(J()Q-Qh. _ w.w. ~Iillor. 

R. - Q.Hnq,oJo ... jIr.., qrid-lcJ: I¥PI rui.wr. 
L,., L,. - r" bo & ... <»ill dt .... ;~.d "nd .. ~""'. 
0... ~ .. "" ..... fr_ rr.n.I"'"~. 
B . .. &"rd --...illq II " K (1" . AI" ... i""", or lIahIik "",..,I 

II" K BJ.i". 
·Pllotwjad. "';0C<lk0 __ ooood .... __ • .....mi"" ........ , ",.... 

ob"iP. ao. 

stator and two rotor plates, and is controlled by 
the dial on the left of the panel. The midget con
denser Ct is of 100 i'"fd. capacity and is mounted 
just behind the tuning condenser. It is used jn 
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aeries with the mtlin tuning condenser to reduce 
the capacity range or the latter /10 that almost full 
ecale coverage can be obtained on any of the ama
teur banda. Wben the receiver ill operated on the 
1715- or 3500-kc. banda this midget is eet ncar ita 
maximum capacity, the exact position being de
termined experimentally, so that the cflpo.eity 
range of the tuning condenser will be limited to 

rrrp: Tum~-nASE COILS USED IN THK TWO-TUf1E 
HECEIl'ER 

BoUt. (fri,l oOOil. a .. d liddu. i .. IMu .... 1. "r, 1f'Q1lnd ""IA., 
""_ d .•.•. ....: .... TA • .... ~ibtt", "I,.. ............... ""' I~: 

8,,",1 Gri4 T....... riJ:ier r ....... 
1716 Ix. .w 8 
M()() " S3 7 
7000" 16 , 

14.000 .. 6 6 
I'/XIO " :! 8 

Nd '-'no i, .. onll><l ....... luru u«pI. i"iM vrid ....,.tIl. 
18.000 U .• ",Iw,1M 'P<l<"ino u W'. A' ..... " wtA, Irw 1716· 
i •. coil ... _ .. nd.,..." r'-d':"",oI .. bobh"l. /uN .......... 1. <>II a 
, ...... 1><>"'. 

the value neccBSRry to give full-scale covcrnge on 
th09C bands. For the 7000-,14,000- Ilond 2S,OOO-kc. 
bands the midget condenser is set at lower valuCll 
-each vnJue being prcdetennined experimentally 

-/10 that the effective capncity range or t he 
tuning condenser i8 progrpdvely lower for the 
higher frequency banda. An undel1ltanding of the 
reason why a lower !!letting or the seriCil midget 
condCIUlCr redueee the capacity range of t he t un
ing condenllCr can be obtained by studying tbe 
explanation of the action nf condensers in saria 
in Chapter Ill. The methods of band spreading 
used in the other rooeiver8 described in the chap
ter could be incorporated in this two-tube set. 

The tuning coile are wound on bakelite bn8C8 
taken off burnt-out tubes. The approximate 
number of turns needed for the various banda is 
given under the illustration of tbe coila. The e.'<aet 
number of turn8 needed will del)Clld to some ex
tent 00 tbe placement of the apparatus and the 
armngement of the wiring. I ~ ill a good pla.n fil'Ht 
to wind tbe coils with the number of turns given. 
Exact adjustment of the inductance can then be 
made by spreading out one or two of the end 
turns. \Then the correct adjustment has been 
found the turna can be held in place with 9. few 
spots of Dueo ccment or other Rdhesive. The coils 
plug into an ordillary tube socket which can be 
_II in the plan view of the eet ncar the center of 
the baseboard. 

T he antellna ill coupled to the receiver through 
a very small capacity indicated 011 the diagram at 
C •. It consiau of two pieces of brass about ~" 
eQuare separated ~". The two bllU!8 pieces fire in 
the fnnn of SIllslI sngle pieces held with machine 
screw! to the ba.acboard. Jt is important that this 
condenser be mounted clo8e to the lead from the 
end of the tuning coil to the grid condenser C. or 
the stator plates of CI , and that its capacity be 
kept small. Some adjustment of its capacity may 
be found advantageous after the receiver has boon 
put into operation. 'Oli8 can be accomplished by 
bending one of the bllU!8 piece8 away from nr 

towarde the other. 
The tickler coil 1'1 is fixed in ita 

poeition with T(!iJpect w coil L, 8.Ild is 
wound on the ISRme tube base about 
un from the filament end of [.,. The 
number of turns u9Cd in this coil is 
not very critical but if the number 
sj)4)Cificd ill the list of windings doel! 
not cau!!le the dete<:tor to oscilla te 
with the regenemtioll-control resistor 
H, at about the h3lf-wlI.Y position, ex
periment with othl'r valUe!! will be 
advisable. 

A PLAN "YI B'W 0' f'RB' f'WO-f'UBB' RB'CBI VBR 

CondeDIICr C. is the radio-frequency 
hy-p888 condenllCr acro8!I the audio
frequency transformer. Its use is very 
important though ita capacity is not 
critical. Without it the detector could 
be made to oeciJLate only by using an 
abnonnaIly large tickler or very high 
plate voltage. The W08t satisfactory 
plate voltage for the detector is about 
22~, It miJl:ht be thoulZht from the 

1'14 "",i .. ,~ .. I"" """"""er a"" tlo ... Wl,.1 ... "d .... er (_>OIm .... " 
I>r<Iu lIr<JdMj ..... IN ...... <dIM 141 '" W .......... To tIw /ell '" lAo ""'I"" 
_"""_ ;, u, ..... ""' .... ...... pl .. "" ... nd'Ner ,,,,<I Wi"" 110, ........ "" au 
IA. ~....,.tI, u.. grid """" ....... 0"" ItoIE ,,"" 1Ji. IkUclor I,,". 0.. 1Ji. ,,,,,"'·10,,,, ,id. ..... 1Ji ..... ri<>ble-fo .. i,f<>l' rtgfll"o'':'''' _1,01 0"" ill dia'. 
IDiIJi lA, ,,\OdiQ ITa""."' .... ampli/ifr "'" 0"" boll ••• .... '_i<>ll ...u.1 
NMnJ 1M ... . 
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dingrnn) that 4.5 volu is used in this set. 
This is not SO, however, since the resistance .of 
R:ut a.bout half-scale setting is sufficient tQ drop 
the voltage tQ the point where .only about Z2~ 
voll.B are plnced on the dctcetor plato_ 

The fixed resistor R, i.s connec:ted across the 
scoondury .of the audio-frequency transformer to 
diminatc 1l; howl or "squawk" which is often 
produced at the point where the detector 8wrts 
oscillating. Experiment with the value of this 
resistor i~ dcsirrtblc since in some receivers a very 
high resistance is all that is necessary. The higher 
this resistance is the less will be its effect on the 

, , , , 

Af)VlNG AN07'IIEII AUDIO AJ/PLlFlh'R 7'0 TilE 
7'WO_TUlJE IIHCEII'EN 

Tn< primary ~J 1M addil;""'" ""dio tran'f(}!"m~ i. c<mrw:cUd 
i" tho plato ",rwi' 4th. o<e<>",lt .. ",. in pl"ce ol!h. jMk ./wv,.,. 
in rh o Nh" dWurom. 

volume of the signals. In some e8.SCS it may not 
be needed. The resistor R is a 2O-ohm filament 
rheostat. 

The UY-t:ype tube socket (5-terminal), to be 
seBlI at the extreme right-hand corner 
of the base-board, is used to provide 
conneetions to the A and D batteries. 
!\. st.andard battery enble (which cnn 
be obtained in most radio stores) is 
used, its wires, at the receiver end, 
being soldered to the prongs of Ii. Uy-
type tube base. A battery plug of this 
type is very useful in permitting all 
batteries to be disconnected in a mo-
ment for el'periment with tlle receiver 
without any danger of burning out 
the tubes. 

In addition to the parts in the list 
given under the diagram it will be 
neeess..'lry to have an A batt.ery and 

A reoond nudio stage may be adued to this re
ceiver by u~ing the connections shown in the 
diagram. The primary of the additional auuio 
transformer is connected in t he plate cireuit of the 
present amplifier in place of the 'phone jack. The 
bfl8(!board may be made a little larger to accom
modate the extra apparatus. 

A 1'HR~E-TUIIE A. C. Rf,C!:;[VE U 

i\1any am."lWurs prefer tQ eliminate batteries 
and obtain power for the receiver directly from 
the a.c. house mains, and the dcvelopment of 
heater.type tubes has made such operation en
tirely practical and satisfaetory. The receiver 
illustrated here is onc of a number of different 
arrnngements which may be employed, and in
corporates an untuned rJ. coupling amplifier, a. 
screen-grid det.ector, and a single stage of impe
dance-coupled audio amplification. 

For the amatcur interested in obtaining elJec
tive communication ovcr long distances tbe 
screen-grid antennlL coupling tube or untuned 
r.f. amplifier offers sevefal advantages. This tube 
gives an appreciable increase in sensitivity and 
elimioates any influence of the antenna dimen
sions on the calibration of the detector tuning 
eircuit. It also eliminates radiation from the os
cillating detector. In a receiver to be used for 
'phone reception such a radio-frequency amplifier 
is a distinct advantage, sillce it greatly improves 
the sensitivity of the receiver when the detector 
is in a llon-oscillating conditioll. The screen-grid 
detector is likewise more sensitive than the triodc 
detector, furt her increasing the over-all sensi
t ivity of the receiver. The single stage of audio 

, 
a D battery. T he A or filament ba t
tery can be Ii. storage battery of be
tween 00 and 100 ampcro-hours capac
ity for the Type 'O l-A tubes, but 
should Type 'gIJ tubes be used instead, 

PANEl, l'I EW OF TIfE TIIREK-TUBE A.C. RECK1VEit 
Th. hminu dWl i. in !h. ~!er. TI .. ,mal! knob a! tJo. !</I i, !h, rw.n ... a

/,-.". rontroJ, and th •• wi!ch allh, r;unt i. in rM fiLa"'rnl circuil. 

the filament battery can well consist of three dry 
cells. I t is not necessn.ry to use a heavy duty B 
batte ry for a. receiver of this type since the drain 
from it is ouly of the orucr of a few millinmpcres. 

T he operation nnu nujustment of this and other 
receiver!! will be described later in this chapter. 

amplification will, therefore, genemlly give ample 
signal strengt.h for reception with the headphones, 
although a second stage may be used if desired. 
Additional audio amplification is likely w lead to 
hum difficulties with a.c. supply unless reecpt.ioll 
is to be entirely by loud-speaker. 



H.ECRI VEHS 

T he top view of the set show~ clearly how the 
plUta aTe arrange<l on the L:lscboon1. Scparnt.e 
shields have been jJrovided for the COIl piing tuLc, 
detecwr, and .'Ill(lio a mplifier and t.heir llIISOeiated 
equipment, a lthough the shielding can be umitted 
without de triment to the operation of the re-

elearly how thClle changes tHe made. The tlctcclor 
coil socket is a 5-prong tube socket, and the con
nect iou from the larger st."ltor seClion got's t.o t.he 
c!\ thodc post, that from the smaller statUI" section 
tu t he grid poilt, and the rotor is connected to the 
ftlament post neares t t.he c.. ... thode. 

TIlB CIRCUIT OF TilE A.C. Rlicnn;1I 
,-, _.4 ,,1 • ..,10 CQuplin~ indu<!anc<. Sa lui ~na I<.,U, f,;, il"~,,I., 
,,- T"ninu i"ducumc<. S .. In, lubl, for <i,luil., 
L . - - R~<><£f"ali"" em/. :; .. Ih' laM. J", .i,ttli!. . 
C, -10-,..4d. 1I",;nq ""na." .... 
C. -l{)()-~.4d. 1"";tlU ,ond", ,,,,.. 
C, - 1OQ-~.4d. ,,,,,a<7l"'. 
C. - 1-.4d. CM\d.n ••• . 
C. - O,OI-,./d. fiud cmod",.". 
II, - t_n~ohm a.id /Nk. 
R. _ IOO,(J()(}-ohm Tog"" ... "I;"" c"~I.~/ ... i.l"... 
II. - t50lJ{)()-<;hm ,,1M, .""pling ... it/".._ 

$ - Filam'f1I _il<;h. 
RPC - ll<>di<>-Jr<qlUncv chok. ""i/. 
A FC - _4 udi""!Tt~utn.~ "'''pl..-. Sali'JIl<!urU ,,, ... 1<.,,,1. !(W Ih • ••• istonc<. inclue/im", a~" "'f"1ci-

1",\«" ....... p«lirclu: II •• tMJ,OO(J ohnl,; J •• SO I,,,,,,, .. ; C , 0_01 ,.jd, 

~iver. T be lead betwcen the plate of the first 'U 
and the grid end of L. is carried from the first 
shiel tl to the scoolld through a piece of copper 
tubing . Thc regeneration control resistor, R., the 
fi1~ment switch, and the tuning condCllscr dial 
are the only parts mountcd on the p(lllel. 

The tuning condenser is a rebuilt 17-pln.te Na
tional girder-type condenser with the stawT 
divided \nw two sections, silnilar to the one 
iIlustr:l.ted earlier in this chapter. One section has 
one plr. te and the other two. P lates are also re
moved froln the roto r to correspond with the 
st.ator sections. T he top view of the receiver shows 

.. I I'WOX; m"l, 
F"'IIU"'U C,,""aU' N o. oj Tum. 

C"i/ N9. "' Kllooudtl L, ]., 

The coil data for this receive !" are given in tll() 
following table. Coil No. 1 is a commerciul brund
east-band choke coil mounted on an old 5-prung 
tube base for convenience in plugging in. Nos. 2 
and 3 are wouud on Silver-i\ Iarshall plug-ill 
forms, white .j and 5 a rc wound on old 5-prong 
tube bases, No. 25 J.s c. wire ~hOll ld be used for 
1-" and the same or smaller sizes for 1,1_ It is 
probable that t he vallies given will wurk out only 
approximately with dilierent 1ayout~, tubes, etc., 
SO that each of t he coils should he adjusted in
dividually unt il the desired spre:l.u over cach bund 
is ob tained_ 1,1 in t he dirJ.g,·(un is ~imply cue of the 

I ___ . __ . r.f. <h~k~ ~il J(W an~"" cm:uil Jvr ,..-
"pli"" i" 176()'k" ba .. d_ 

t 17(1)---£060 CO II; JY' R<>/h I""i, ... CM\dtt>.o .... " •• d. 
S 81/JO--4JOO .tl /(j 1, /;" Boll! I~"i"g <ondtl..s..-I ... <d. T"rn' att .pac. """, .. d. 
4 695f.1-7450 14 7 /"~76" S"",U I,,"inq tooa...... .... ".<d. 
~ 1'.1100-14,$00 C b 1.,'7~ " S""'III1< .. ' .... """"." ... 1<",1. 

Unl ... O!Aor",'" ;ndi«lI"I, all e<>i/.~,. "<1"". IWIInd."· 
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unused detector coils. In general, best reeeption 
will result when the coil next lower in number to 
the detector coil is used at £... For instance, if 
Coil No.3 is in the detector socket Coil No.2 
should be used in the antenna, and so on. Coil 
~o. I is nn antenna ooil only. A lO,OOO-ohm re
sistor may be substituted for I." but interference 

cc .... ec.rIO .. s F<J~ 
.. .ooo~ .~., 7000 ~a.o,.os 

• 
c.DNNECTIO,.S FO~ »OO·"e 

AMD "SO >Ie 8A .. .,5 

• 
COIL CONNECTIONS IN THE A.C. RECEn·ER 

from local broadcast sbtions will generally be 
less if the antenna ooils are used. 

The drawing shows how the coil connections 
are madc in the pins. With the oonnections from 
the condenser to the coil socket made a.s described 
above, the oorrect tuning cap.'lcity is automati
cally connected in the circuit when the coil is 
plugged in. 

oontrol resistor should be one which gives smooth 
control of oscillation, and is by;passed by C, to 
prevent noise. 

The filaments may be operated on either a.c. or 
d.c. The diagram shows them oonnected in series, 
but they will operate equally well connected in 
parallel, in whicb case the heating source may be 
a 2.5-volt transformer. Ordinarily no difficulty 
will be experienced with hum when the heater 
supply is a.c., but if objectionable hum appears 
it may be reduced by connecting one side of the 
heater wiring to ground through n I-pfd. oon
denser in the case of series wiring, or grounding 
the midpoint of a center-tapped resistor of about 
50 ohms connected across the heater supply in the 
case of parallel wiring. B-battery substitutes are 
productive of more hum th.-to the heater wiring in 
most cases, a.nd unless the output of tho substi
tute is extremely well-fIltered it may be advisable 
to use batteries for B supply. Eliminators de
signed especially for high-frequency receivef8 
have recently appeared on the m:J.rket and should 
obviate this difficulty. 

If the filaments are to be operated from a.c. it is 
important to use twisted-pair leads in the receiver 
to minimize the possibility of hum pickup. The 

heater wiring should be kept 
as far from other Hiring 11.'1 

possible, and should cross 
other wires at right angles. 
Never pnrallel he.'1ter leads 
with other wiring. 

A FOUR-TUBE RECEIVER 

This receiver further illus
trates some of the principles 
proviously discussed, Ilnd in
corpora tes a stage of untuned 
r.f. amplification, regenera
tive detector and an audio 
amplifier deSigned to give 
maximum response at a 
frequency of approximately 
1000 cycles, greatly increas
ing the sensitivity and selec
tivity over the commoner 
arrangements . 

TOP l'lEW OF A .C. RECEH'ER WITH SHIELD COI'EBS REMOI·ED 

. From the diagram it will 
be seen that the antenna is 
coupled to the grid circuit 
of the first tube by means of 
the resistor R, which replaces 
the coils used in the three
tube a.c. receiver. The latter 
method will function equally 
well if preferred by the con

Th. r<Qmerolio-n ""ntrol r •• i.tor and il~ 1Jv-pa .. """den .... or. in th'/efl Jor<l/J"01Jnd. 
Th. I.Jt-ha",J. .hidd co"tai". 110. anlonna choko coil ~nd 1/,. co .. plinll h.w. Th. /Ued 
c<>ndtn ........ -ith thi. "au. oro .. ndernrolh II •• roil . ""k.t. In tAo unl ... • M.ld ar. th. 
.ptCial tuning """den .... , rM delector 'ml, {/rid """d ........ and I."k, and tho detedor lub •. 
Tho a .. di<l """pli"", imptdanu and tho amph]l ... lub. ar. in tM r>ant-hand .hi"ld. Th. 
C batl<rll fit. in tM .""u bet ... on /holMt tICO .hidM. "" .w.. alao lho r.j.oAoko. NoW 
1M ttd. ted pair hrol.,. ",irina. Th. pand wrilch al tM ri~ht " in tho h""ler cirCl4it. 

The ooupling impedance (AFe in the diagram) 
may be made up of the values shown or may be 
purchMed complete from a num~r of manufac
turers advertising in this flandbook or QST. Bias 
for the amplifiers is provided by the 4.5-volt C 
battery .. hQWD in the diagram. The regeneration-

structor. A tuned circuit could be used in place 
of the resistor but it<> use would mean the addi
tion of a second major tuning control, which to 
some amateurs is a disadvantage for rapid and 
easy tuning. 

The plate of the first Type '22 goes directly to 
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the end of the tuning coil in the grid cirouit of the 
detector tube. The plate voltage is fed to the tube 
through this coil and consequently it is nCC(ysary 
to insuia.te it from the filament circuit with a fixed 
condcnser C,. The detector circuit i.s armnged in 

THE ~'OU~TUBE PEAKIW_AMPLIFIER RECEIVf.'R 
Th. drum dial ;n tho con'''' ;" 0/ COU." , ,h. ma;n tuni"" 

""";"'01. Tho!""'" "" Ihe ltlt i. the 00/" ..... <>m!roI ",Mlt 'ha' 
"" tAt. , iIlltt ;. lor adj ... lmom 0/ .~_i<>n. Tho . phan. jM! 
it mottnW on II. • • a .. bo,<Td n_ ,,,. rro. I~/t cor ..... in.lwd 
0/ on 'ho pa.ul. 

much the same way as in the previous receivel1l 
but an alwrnative scheme is used to provide 
different capacity ranges for the tuning condellilCf 
C, so that all the bands will have full-scale cover
age. I n this receiver, C, consists of plug_in midget 
condcnscI1l which have had some of their plates 
removed until they are of a capacity suited to the 

A CLOSE- UP SHOWING TilE M OUNTING FOR TilE 
PLUG-IN TUNING CONDENSERS 

Thot"", (J.R .• ock". a" """,n/ed in a 1)1."" 0/ luud .uN>..-. 
0 ... 0/ tAt.!n ........ t<J '''''''T' tAt. ""."""~ '0 the fra"" 0/ the 
dial mid at the la"" U"" maJ:e C<lntact Mh<,un tAt. rotor of the 
ron<kn . ... and ,"'/.a_. The /ra .... , 0/ "",,' ,e, maJ:e. <On/a<:i 
wi/ll Ihe pa.ul and th;.; •• ""nected t<J the <»1'_ .1."" on lho 
"nder 'UU 0/ the wooden balO!boa.-d. Thi. ""f>P"'" .heel/or"" ..... 
oi<U 0/ ,Ito fila_ circuit and i. ;ndi ... W in tAt. diacl>" .. rn 
""' a ground. 

TUE CONNECTIONS OF TilE FOUR_ T UBE RECEIVER 

A ppara/UI r"'l"irod: 
Two TVI><' Ol-A and t_ T~I><' 'If t.w.. and 'hoi • • ock.t,. 
C - t-,4d. ",,"pat. rondem ... (5 ''''Iui.w). 
C,- PI"IMn ",idqd tun;"" "oma.not" (au vlwl<J(l,.aph). 
C. - ¥iOO-l'I4d. ftud """"'em ... . 
C. - l00-l'I4d. I/I"id ronden,.,.. 
C. - ~l'I4d. b.,..J>a" """do' ..... 
C. - 6000-,.,.rd. audio grid co-nden.t .... 
C. - .01-l'/d. audio 'u .. ino ",ndtn,.. (ezp;,nm.mi _.a.~) . 

R - 10,000...,hm grUiJ.w!-'~p< . .. i,tor. 
R. - 10000m jized fila_ ...... /ar. 
If, - 5+<>hm jized J\la-..t ,. .. i./ar. 
R. - 6-m1llOAm grid I,d,. 
R. - 1i0,()()()-ohm ,,,,..;.wlt r .. i.eor. 
H, - toOlJOQ-oh". .ariaMe ..... wr /or .oiwtu Mntroi. 
R. - 6-n"",,ohm grid I<ak. 
Rl - F ilam"", balunt r",i./ar lor .75 Ilmpor ... 
L,. Lo - PI"",,'n coilr. Su ~aph.. 
~ - Swmda'll windi"" 0/ Ford ,g"itUm, coil . 
R .F.C. - Rtui ...... 11/po .lwrt-wa •• radio-fr_ chou. Alum'num pan.! U" ~ 7~". 

oo.oboard If" % 6", drum dial. "". a"d'o-/r<fJU""'II Im .... / ......... , '1'''''''' j~"t. a~d" 
t'ari.t~ 0/ .eu".,. wi ••. dc . 
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band on which they are used. Some idea of the 
arrangement of the sockets for these condensers 
call he obtained from the close-up of the receiver, 

CON_CONDENSER COMBINATIONS FOR THREE 
BAN,DS 

A "purat< "wi"" "" .. d ..... "" i. "Mil Wllh ""ch ( .. dUCl<lnc. 
it! Ih.'<I",""UN r.eti, ... III oi"O julwwU di.1 co,,',.,,~. lor tad. 
bond. Th. grid C<J;!.t ar. wound with iO U""II' d .• _c. ,,·ire. A. a 
r~"Qh quid<!;1 ""n ~ ,"id that 6 h,,.,,. a .. ... .,j fur 1M 14,QOQ-kc. 
b<JnJ; [., lur", rvr th. lOOO-kc. Ixlrn/; $! t~ j", th. 8600-J:c. 
b<md. Th. /;""' .... found n.itabl. ar< of SO q""",' d .• _c. triT<, 
6 !tiT,.. b<inq ".ed Jm' 14.000 4 .• 7 lurn, for 7()()() kc .• a,,01 0 
It"., •• /", 5600 fo . It i . a/""'" ceTU!in ,ha, 0" •• /igur.. "';11 
"" ... in indi'idual r_i .. r~ . 

The two G .R. sockets are mounted on a pie(lc of 
hard rubber which il:! held to the frame of the 
drum dml by one of these sockets. It is important 
that the sockets be spaced accurately so that the 
condensers will plug in firmly and not 
rock as the dial is rotated. The fitting 
of the G.R. pins to the midget will de
pend upon the type of condensers used. 
With the Pilot condensers illustrated, 
the pin connected to the rotor plate is 
inserted in the bakelite end pilloW in 
place of the machine screw which or
dinarily holds the spring contact. For 
the stator connection a G.R pin, tIle 
threaded portion of which has been 
sawed otT, is soldered to the head of the 
machine screw whieh supports the 
stator plates of the condenser. When 
it is desired to chn.nge from one band 
1.0 another thc coils [lre first changed . 
Then the dial is set at lOO degrees, 
the set serew on the d ial loosened and 
the condenser removed. The condenser 

eeiver is a Type '22 screen-grid tube. I t is used in 
this position since it is rmrtieularly suited to give 
highly-peaked amplification when a tuned audio 
circuit is connected to its plate. The filament of 
this tube, as well as the r.f. amplifier, operatea at 
3.3 volts, and if the other tubes in the set are 5-
volt tubes the resistances R, and HI will be re
Quired to drop the filament voltage to the correct 
value. The grid returns of both tube8 are made t.o 
the junction between R, and R; in order to pro
vide suitable bias. 

The inductance 4 can be the secondary wind
ing of II. Ford ignition coil with the primary and 
core removed. Such a coil, shunted by a condenser 
C, of about .01 pfd., will tune to approximaWly 
1000 cycles and will make the amplifier peak at 
this frequency. Since such coils differ considerably 
in characteristiC1l, the exact capacity at C. to give 
the peak at a suitable frequency had beat be 
determined by experiment. Several condensers in 
parallel make it easier to arrive at the correct 
value. The final audio amplifier is a Type 'Ol-A 
tube. It is not needed to give additionnl amplifica
tion but its use is essential since the 'phones 
could not be operated satisf1l(ltorily in the plate 
circuit of the '22. 

The peak to be obtained with a Fnrd coil 
secondary R-S the coil of the tuned audio circuit is 
not by any means the sharpest peak that can be 
produced. In fact a :Ford coil is used simply be
cause its rcslstance is high enough to natten the 

THE FOUR-TUBE RECElI'ER IN PLAN 
to be used is then set at its maximum 
capacity and plugged into place, the 
set screw being tightened to hold the 
shaft securely. The battery cable plug 
should be removed before changing 
condensers. 

Behind II,. d .... m dial i. tM audi<>-/",qtun<1I I",,,./,,nnc-. B •• id" t"" 
Irmu,/","",,,"," and la ,,,. rio!'1 a,il i. tho ."uen-qrid a,,'.nna wupling l.wo. 
In /ront oj lhi. Ium. ;. tho 1"";110 coil aM tAt detedor I"b • . TAt pluu-in 
tu n;ng rondeBI .. can k ••• n projuiino fro'" th •• hajt 0/ tJu, drum dial. 
TAt " .... mUV /" II,. 1</1 <o",pri~ .. lh. I"", audio /u/o«, lhe For-d...a ... ,"">/
aTIl (.""1",,,<1 in "" aluminu'" /"". 'hidd) and tho jiud tuning C<»Jd<n . ... 
/or tM. roil. 

The coils for this receiver are wound 
Oil 8pecial coil forms which can be obtained at 
most radio stores. Tube bases could be used for 
the coil forms, or other types of wils could be 
substituted. 

The fi rst audio.frequency amplifier in this re-

peak to a sufficien~ degree. With a very sharply 
peaked amplifier it is difficult and sometimes im
possible to copy signals which are not steady. 
Greater selectivity and a consequent reduction in 
interference between stations can be obtained by 
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using a more pronounced peal.:: . This ma.y mC!ln 
t he sacrifice of some of Lhc unst.e:w.ly signals, 
howcver. T o obtain a sharper peal.:: the Ford eoil 
BCCondary should be replaced by a eoi l of lower 
resistance. One suitable type of eoil cnn be wound 
with 3000 turns of No. 30 gauge S.B.C. lIire 
" scmmble"-wound in fi.,c 34""-lKtUIl.r<l ~lot8 
turned in:1. wooden former of 2" outside Ji.'"lIneter. 
Approxima tely .07 "fd. will be required MroM 
t his coil to tunc it to 1000 cycles. E :tpcrimcnt 
wit h other forms of coi ls will be found of interest 
nod villuc. A commercial peaked coupling device, 
such as the Aero Hi-Peak, can be used in plnce of 
thc borne-made coil and condellscr eombina.tion . 

T il E: 6UPEI!.1IF."f'Y. ltOOI"N .; 

AmatCUIlJ who de$re !.he utmost in sensitivity 
and !lClcetivity will do well w build a super
heterodyne receiver. 1·'or ordina ry c. w. reception 
tho Rddi tional advantages of this type of roocive r 
are generally outweightcd by its greller OO!rt lind 
increll8Cd difficulty of conlltruction, but for high
frequency 'I)hono reception it.s p<lrforru(lI1 ce is 
unequ :1.l!ed. No other receiver of t he types com
monly employed for high frequencies can compare 
wi th it in selectivity on 'phone signnls, and the 
disadvantages of reception by me ns of a re
genemtive Jet«wr a re eliminated. 

Since a comparatively small nwnber of ama
teurs arc interested in building thia type of re
ceiver no conatruetional details will be included in 
this llmuIbook. neadenl who wish complete in
formation on Buch reeeivenl are refcr red to the 
March J929, September 1929, fl.ud June t930 
ialme8 of QS'1'. 

T il E SUP"E I!III,:T CO:"\lVJ::II.Tt.;1\ 

If one has I!. modern broadcast receiver it is 
pOSllib!e 10 obt:tin the rr.JV1i.lll.agt'tl or super-

heterodyue perlonnlitlce £or 'phODe reception 
wit hout the necessity for e:tpensive or oompli-

'. 
." 

" " 
'. 

WI RlNG 01' TUB CONI·ERTER 
C,~500NJld. 

C.~ $()-NJld . ....... """,Imur. 
C.~ 100 """d. 
C.~ 100 AAld. 
C. - 6().AAld. "'ili9<1 .....ae ........ 
C. ~ t:QO(J ~"'d. 
n, - .75 ..ugDAm. 
R.- 60,000 oh"". 
R.-.s "'4/M". 
R. - 5O,()()(J.<Jh ... ....-iuhk .. ,i.tor. 

" 

• 
" , 

'. 

RFC- R<u1io-Jr~""JI ~ .~i~.w. lIN iJrude .... MM. 
Coil Da:a: 

Dded", O.ciIlalnr 
A p".....i.....u R",.(ItI J." J." L. L. 
filJQ(i-7(I()()u • •.. ••...•..•• U Ii} «I 9 
1OOO-13'OOOu............. 7 8 9 ~ 
1:J"OOO-19'OOO"........... Ii Ii Ii 3 
~ MM... .......... . 16 3f) 30 10 
1(1(1(1-,\:(:.!>a .. d............ 1 11 13 8 

AU -.....d",;u. No.~.! d .• ..,. ""'''' .... IM;...:Au i .. dio_ 
la, wi ... "" .pad"" loa,"""" .U ...... TAo! 'wei"" boj .. uoo ""i/o 
on 1M .... _ I",'" i, GhoUl !{". 

C!}too receiver construction. The bro!l.dclI ~t 
receiver supplies tile in(.(;rmedio.te frequency 
amplifier, secoud detector :md audio amplifier; 
the only units which the constructor need furnish 

are the finlt dctector lind oscillator. The 
photographs show one form of con,·erter 
for tbis purpo8C which bllB proved Oll
tirely &:ltisfMtory, 

While i~ is possible to so oonstrue~ 
the converter that its pla te and fiLunen~ 
supplies can be obtnincd from the broad
CB8t nx:eiver by inserting a plug in the 
fil"llt d. t ube !lOCket, this method is IlOt 
recommellded if maximum performance 
is desired. The plnte and £lament power 
should be provided either by soparote 
batteries (or substitul.e3) or else taken 
dir(lCtly from the receiver power-pack . 
With sepRrate power iIIlpply for the oon
l'erler, ei ~hcr a.c. or d .c. tubes may be 
usOO in it, whether or not the broadCB8~ 
receiver i! a.c. operated. 

'-= -
It Sf)PBRIlBT CONI' ERTBR rOR A.C. Ql'EHATION 

The diH+,'l"IIms show how theconver ler 
is wired for both :I..e. and d.c. tubes. 
The ~t8 marked Ii aod G are con
nected to the anteJlna aDd ground posts, 
respec tively, on t he broadcast receiver. 

TAo! ,m<IIl .1;l1<li> "I u... 1./1 i . 0 •• dm<lor 11"';"0 untl,«. IA. dUd in 0.. 
UtIlI!" III. ",eillal.,.. ", .. ing. and rho b,ob at Ih. r igAllM r"'ffl..-ali"" ronlTol. 
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The antenna is transferred to the com 'erter, while 
the ground remains pcmnanently connected to the 
broadcast receiver. The fil'8~ detecwr is a screen
grid tube, arranged for "splWc-{lharge " detection. 

,-
, " 
i 

-II -4"~ 

THESE CONNECTIONS ARE USED WITH D.C. 

R. - IOoh .... . 
R.-6 ohm •• 
H, - to-ohm TMo./.{U. 

TUBES 

All <>thor con.tantt ."me at in <>iller dWcr""'_ Th. ntgaIi ... 
B-b<uIOfll _I i. not ... «1 i" ,...,./ _u a. t/li. """n.ction i. 
Uouallil mad. in !>roadro<t '_'",n. 

The oscillator circuit is the usual tickler circuit, 
with the reBistor R4 controlling regeneration. R, 
serves as a coupling link between the oscillator 
and detector, and also regulates the bias for the 
inner grid of the detector. Condenser C, is in
cluded in the circuit to prevent short-cirouiting 
the plate supply when the converter is booked up 
to the antenna coil of the broadcast receiver. 

In this outfit no attempt haa boon made at 
spreading the bands over a large portion of the 

THE CONVERTER PROU .. WOVE 
On 0.. p!lnd ar. , from !'fl to right, tho tkUdor tu";",, con-

d .... ", ".cill<U<w / .. ,,;ng cond .... er, and '~"""'ah.,m conlrol 
r ..... IoI'. 1" III. C<'>!I ... an Ih. ~id e<m<kn ..... and lea.b for u.. 
<kl«l<>t" and ""cillator. In 1M .oar, from Io/t /0 riohl, ar. 1M 
d<l«1oI' "";/, d<wcW< lub.o, _illol", tub< a"d Qldlhd", M. 

dial S<'.ale, becaUlle the tuning is done largely on 
the broadcaat receiver itoolf. The intennediate 
frequency will lie betwcen 550 and 1500 kc., de
pending on the frequency to which the broadcast 
receiver lll,ppens to be set, and the oscillawr will 

therefore be tuned to a frequency between 550 
and 1500 kc. above or below the frequency of the 
incoming signal. The coils have been so pro
portioned that the setting of the detector knob 
will be approximately the same (as judged by 
eye, since there is no scale on this knob) as the 
setting of the oscillator dial. 

The method of winding coils on the fonns 
and making connections to the pins are shown in 
a drawing. In making the oscillator ooils the same 
principles which apply w ooils for an oocillating 
detedor should be followed, and the tickler coil 
should be adjusted, if necessary, to obtain smooth 
oscillation at all points on the oscillator dial. The 
values given will usually work out satisfactorily. 

To gct the set working, tune the broadcast re
ceiver w about 600 kc., and set the detector knob 

."' ""CTO~ 

ARRANGEMENT OF TI1E COILS AND COlL 
SOCKETS IN THE CONVERTER 

Onl\! 1M .""""'/i"". "" Ih. , ocJceu marked u:ilh th. ,<>lid 
M>d.: ci<cU' (Ire ... ed. 

to about half scale. Then turn the oscillawr dial 
slowly until a signal is picked up, and reset the 
detect-or knob for maximum volume. Further 
tuning over IL l()()()"kc. band can be done entirely 
on the broadcast receiver, with possibly a slight 
readjustment. of tbe detector knob now and then 
for maximum volume. The coilB will oover ap
proximately the ranges shown in the t.9.ble, and 
most of the high-frequency broadcasting can be 
picked up on thc first three sets of coils. The 
3500-kc. coils will cover amateur 'phone stations 
in that hand. The 7000-kc. coils are given for the 
benefit of those amateurs who may wish to listen 
to code signals on that band. After a little explor
ing and experimenting with different dial settings 
it will be possible to identify the various 'phone 
and broadcasting bands and log the dial settings 
80 they can be returned to at any time. The con
verter is not entirely satisfacwry for the reception 
of unmoduhl.ted c. w. signals because no beat note 
will be heard unless the second detecwr is made 
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to oecillate, whieh ordinarily callnot be done witb 
a modern broadCllSt receiver . A separate ollCilIator 

UNDER TilE SUB-PANEL 
TA. C<>\<plinu ."i~I"". Rt. i, in ,II ..... u.,r. with tAo r./. dIoJ:. 

j ... , NMnd it Th~ ji;<<<1 ""nd~n' ... I~ 1M riahl of,h cllIJk. i , 
C. in tlw diagram. Th~ ""h~. find c<md<n ..... i . OJ. 

ea.n be hooked up to cover the broadcast band 
and coupled to the receiver, but this adds another 
control. A more COml)lete deseriptioll of tile con
verter and its operation Il.I)pesred in the J uly, 
19 .. 10, is'lue of QS T. 

OPERATINO THE RECEIVERS 

When the receiver has been completely wired 
and the wiring haa been checked, the bat.teries 
should be connected as shown in whatever difVo 
gram is being followed . A flasb-Iamp bulb should 
a lways be connected in tile negative B-bat tery 
lead to /lCt as a fuse to prevent the t ubes from 
burning out should a ny thing be connected in
corre<: tly. When t he antenna hill! been connected, 
t he filaments lighted alld the 'phones plugged 
into t be jack, the regeneration control should be 
t urned toward its maximulII position until the 
" live" sound of oscillation is obtained, For the 
reception of telegraph signals it will be found tbat 
the greatefJt !lensitivity will be had at the point 
where oscillation begins. I lenoo for t he reception 
of very weak sigIlIlls it is usually advisable to 
"back off" the regenerAtion control until the 
dctcctor is just about to stop oacillating. This 
critical adjustment is, of course, necessary only 
for the reception of the weakest signals. If thc 
tickler coil haa the correct number of turns in the 
receivers using r.f. amplifiers or coupling tube15. it 
will be found t hat the receiver can be oper.ded 
for an entire evening on IIny one band for medium 
dUJtanoo work without the necessity of touching 
the regeneration oont rol. [n the other receive"" 
which have the antenna couploo to t he tuning coil 
through a condellllCr or primary coil, some trouble 
mlly be had from "dead spots" on certain por
tiora of the banda. Sometimes they can be 
eli mi.uted by reducioa the capncity of the cou-

pling condenser or adding or subtracting turns on 
t he primary, but in other eases it is ncocuory to 
plaoo a ooi1 or condenser in t he anten"", lead. 

Possibly it will be fo und that the receiver howls 
just as the detector Btarts to ollCiUnt,e and that 
reception at this point is impoJlllible. This "fringe
howl," as it is termed, can be cured by reducing 
tbe value of the resistance connected MT08S t he 
8ecOndllry of the first audio transformer. A reo 
sistance not lower than .1 megohm should cure 
the trouble completely. but it should be kept in 
mind that tho lower t his resistanoo the greater 
will be the reduction in amplification caused by it, 

When the r&'eivcr has been made to oacilla te 
quietly, attention should be given to il8 cnlibra
tion. If the coil.s have been wound according to 
the details given it probably will tune somewhere 
near tbe sfM;!(lified bands. However, it is ulm08t 
certain tbat a final adjustment of t he roils will be 
necessary to ma.ke the edges of the bands coDie 
near the top and the bottom of the dial ecale. 
One simple method or adjusting the coils i~ to 
make them slightly larger than neceJlllUry in the 
first plaoo, afterward~ spacing one or two or the 
end turns Wltil the correct value of inductaDoo is 
obtained. It is not e8semial that the bands be 
l uned in /lC1'08S the entire dial , but time spent in 
careful adjustment of t he pl"lrt ieular tuning sys
tem used, 110 thAt ~he band is spread between at 
ieal! t l 5 degrees and 85 degrees, will be well 
worthwhile. The edges of the bands ' will not be 

SET seT 

= -• • 

TWO WAYS OF SHIFTING THE"OEAD SPOT·ON A 
TUNER. 

hard to find. During the evening, when a mateurs 
are busiest, the place on the dial where t he ama
teur statiolUl lea.ve 01I and the commercinl sta
tions begin should be quile well defined. At most 
times the commercial ltations 10000ted at edges of 
the amateur bands should be operating a nd 
~ould !lerve as a guide. 

Just as 800n as the t uning ~y8tem haa been ad
justed, attention ea.n be paid to the a udio-rre
quency amplifier to ma.ke certain that it is 
opera ting correctly. If audio transformers are 
used in a " broadca.st.-receiver" type amplifier, 
there is very little t ha.t QaO be out 0( adjuet.w.e,, '. 
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In the peak{'tl a mplifier, however, it is quite 
possible thnt the t uned Iludio circuit of tI.e 8Cre<:.n
grid :unplifier is not tuned to a Iluitllble frequen cy. 
A cheek can be made by tuning in a stc:tdy signal 
"ith n. pure note. As the beat note is v"ricd from 
the lowest to the highest audible frequency - by 
tuning the receiver - the signal should inel"i'a.&C 
in strength shnrply at one point and then fill! ofT 
Ilh ::l rl)ly DS t his point ill pB.llSCd. The frequeney Itt 
which this sudden incretl.se in signal strength is 
obtained should be at about 1000 cyclcll or some 
other frequency that is oomfortnble to rend. rr the 
peak occurs at a higher frequency than th is, more 
capacity should be connected ncr08/! the Ford 
coil eecondary or the psrticui:n induetnnoo used. 
If the pen!.: frequen cy is too low the eal'neity 
acl"OSl!l the coilllbould be reduced. 

In the operation of any receiver it should be 
remembered that batteries must always be in 
good condition and tll1lt poor rcsults are often 
caused by poor tulles. The bnttcri('S lind tIle 
tubell should be given iirst consideration if the re
ceiver becomes noisy or sluggish in oJ)erntion. Jf 
!I II joints in the wiring have been carefully sol
dered, llOiscs in the receiver will be caused by poor 
halteri('l! IlOd by poor contacts between the tube 
pillS and the aoekets. If t he noiac occurs only 
when the oondenser is turned it is probably the 
re8u1t of dust between the pb.le8 or of poor con
t:let between the rotor assembly and the lead to 
it. ] 11 some ClUJeS a noise of this type is eau8e<i by 
the shnft or the dial, if it is motal, rubbing ngllinst 
the pnncl or some other metal object. Yet another 
source of noise is tlle nnU!nna system or outdoor 
wiring nenr tlle antennn. Any two wires in poor 
COli tact in or DCH.r the antenna CRn caU86 serious 
noi8Cll when they are hlown about by the wind. 

Quiet oper~~t ion in the short-wave receiver is of 
extreme irnlMlrt lmce. It is well to aim at sonsi
t1\'ity aud open scale tuning, but the value of 
t bese characteristics is nullified very grea.tly if 
there is not freedom from e:drancous noise. 

U IDo""'TIN"O J-"Oft TROUBLE 

A pllir of ' phones, a. dry cell, and a d .e. volt.
meter nre the most WlCful instrumenta for locating 
fault.s in the set. if the tube doea not light. it 
Ilhould be tested for an open filnment. Then the 
filament or hellter circuit wiring should be traced 
carefull y. The rheostat should he examined for 
nn open wire, the socket for n. sprung prong. With 
the B hntteries disconnected, trace the fiI:llllent 
\\iring from the A battery (or heater trnnsformer) 
to the !lOCket, using either the click in the ' phone! 
or the volt meter across the linc. Wit h s.c. fr.Ia
ment supply sn a .c. voltmeter should be \J.SICd 
eillcc the d .e. , ·oltmeter "\\-ill give no indication. 
A couple of pill.!l on tbe ends of t he \'oltmeter 
reads will make it possible to pierce the insulntion 
for testing purposes. 

1f n regul.3.r clicking sound iB hcned in the 
'phones when they nre connected U) the set as in 

regular o~ration , it pro!.>:lbly means t ha t the 
grid leak i;s open or of too high v::ll ue. A lower
resietancc le."lk will remedy this oouditioll. A 
pencil mark between grid a nd filament (or grid 
nnd ca.thode) termin_'l.ls Oil the bottom of t he 
tube (or a line of I lldi:\ ink) will serye in an emer
gency. Two brass rn!l.chine screws in a small piece 
of hard rubber or bakelite lI'ith the "leak" draWIl 
between them will be !l. he tter nrrangement. 

If the fil ament lights but t here is no sound in 
the 'phones, trAce the pl:lte circuit wiring C:l.re
fully, paying attention to the jack to sec lhnt the 
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LOCATING rA UlTS 

'phones lU"e not shorted t here. If the re is a by-pIlss 
condenser Il.CZ"(fflS the 'phones, this should be 
checked "\lith 'phones or voltmeter and baUery w 
see that it is not shorted inside or by some solder 
aeross the tennin:\ls. The grid a nd plate terminala 
of the socket lIl!l.y be OOnt. 

An opeu secoudary coil or grid circuit lend rnn )' 
cause a clicking similM to that when t here is no 
grid leak. The winding may be tested with the 
voltmeter or ' phonee for an open circuit. If no 
signals come through and there is no " tuning." 
probably t he variable condenser is not solid ly 
connected ACross tbe IICOOndary coil. Decren.se<.1 
signal strength may indic:l te that t he a ntenna. coil 
is open or that the sntennn. or ground is off. ,\ 
shorted grid oondenacr msy give the s-'tme effect. 
If no "clicking· ' is henrd wil h the grid lCllk re
moved from the IlCt there may be a shorted grid 
condenser, a lIOldenng paste "Ienk" WiUlin the 
socket or across the grid condenser, or a IJoor 
tube (open grid ). T ry n new tube, test the grid 
condenser lI·ith Ole ·!1honu o r \'oit'neter or c1enn 
Up ally ie.'tky paths that nrc found between grid 
Rnd filament. 

TIlE R&Ct: IVISG A"''T£X,.,A 

A good a ntenna is desirnhle for thQ shon-waye 
receiver, though it will be found surrri~ing how 
simple nnd cnlde t he Alllenn.'l enn be witi'ollt 
greatly hampering the oper:;.t ioll of the receiver. 
Many !\mateurs use s rcceidng antenna eonsillt 
ing of iIOme fine coHo n-oovered wire run alolll; 
one aide !"Ind end of the room ou the picture mold-
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ing. Au antenna of th is type is completely cffec
live with (l, sensitive rceciv~r such lIS the four
t uhe outfit described in this chapter. With tho 
simpler receivers, however, au outdoor antenna is 
recommended. If t he receiver is used in conjunc
tion with a transmitter, the transmitting antenna 
can be employed by fitting an antenna S\ritch to 
connect the rlXleiver to some point on the leaM 
from the transmitter to the antenna or feeder 
wires. If it is desired to work the statiOil "break
in," a separate receiving an tenna is necessary. 
With such an arrangement both the receiver and 
transmitter are in operating condition at t he 
same time and all that is necessary to transmit is 
to press the transmitter key. To receive, not hing 
more is neeCS8l1ry than to release t he trnnsmitting 
key. 

A sl\tisfactory outdoor antenna may be made 
wi th a length of 14 to lG gauge enameled copper 
wire strung horizontally between insulators at a 
height of between 10 and 50 feet above ground. 
The length of the wire in the antenna is not a very 
important consideration hUL the longer the an-

leima, up to a cert:!.!!! poi!! t, the louder tlw signab. 
Some iIomat.eurs find a very long low nntennilo, even 
800 feet, of distinct. adviIont.."l.ge in obtaining a 
beUer ratio betwceJ\ the streugth of the signals 
and the strength of static and oLiwr extranl'{/U8 
noises. Whell separate antennas arc used fo r re
ceiving and t ransmitting they should be kept as 
far apilor t as possible and preferably :!.t right 
angles to each other. This is necessary to reduce 
the amount of energy ab90rb<>d from the tnms
mitter by the receiving antenn1t. 

And now, when the receiver h:t.'! been buil t, 
adjusted, and phced ill sa tisfactory working 
condition it will be pelmissible to sit back and 
take a long btenth. I"or the rcc(::ivcr is one of the 
essential parts of an ama teu r Stillion. If it hM 
been correctly built and if the location of the sirl· 
lion is satilSlactory it will receive as br as a ny 
transmi t.lcr can send . If it has open t uning scales; 
if i t hns lots of sensitivity and ampli ficat ion; and 
if it is smooth and quie t in operation, it. will he a 
very grea t comfort and IL lIOurcc of splendid 
plr-:Isu t1'. 



CHAPTER VI 

Frequency Meters and Monitors 
NE might 8Uppol!e that, baving finished 

the receiver, the next piece of equip
ment to be built would be the trans
mitter, It is 7Wt. Before the transmitter 

can go on the air the station must be provided 
with !lOme means of checking the frequency II.nd 
quality of the emitted signals; and this is beyond 
the scope of the receiver itself. 

The amateur may be gui lty of failing to adjust 
hill lrarusmitter to give the cleanest lIignal, 80 
causing unnecessary interferenoo; he may fail to 
observe regular operating procedure and taWJe 
annoyance to all with whom he communicates 
and for theee actions he may be IIOOnlcd by thoee 
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fellow amateWll who hear him. There is one t.biIIg , 
however, which constitutes an unforgivable sin 
in amateur radio. It is that of operating the tran&
mitter outside the boundaries of the amateur 
frequency bands. Without the fadlitiea to d~ 
~rmine definitely whether the frequency of his 

tnmsmitter is within the Iimit.ll of the band in 
which it is to work, the amateur haa no right in 
the world to !!Cnd even a single dot. 

It is fortunate ihM when the station has been 
equipped with a monitor - the shielded oscil
lator which is indiapensn.ble in ndjUBting the tr8.llll
mitter eorrootJy - it is also provided with what is 
probably the cheapeat snd most effective ap
paratUB for aetting the trnnsmitter frequency 
within the band. Truly, the monitor is an _n
tinl part of the atation equipment. Without it 
the amateur is about M handicapped as a blind
folded motorist would be if someone had run off 
with the steering wheel. 

BUII.nINO A MONITOR 

The monitor need not be 1\ C06tly or ciabomte 
alTair. JlliIt how simple it can be is shoWll b y the 
examplc illustrated, The constructional work 
probably would not occupy more than a Satur
day afternoon. 

The chief requirements of t he monitor are 
that it oscillate steadily over the banda on 
which the IJfAtion is to be active; that the bands 
be at least fairly well spread across the dia l 80 

that tuning will not be excessively critical; and 
that the pick-up of the headphone cords be 
sufficiently nullified and the shielding complete 
cnough to permit the monitor to sit near the 
transmit ter and to beat with its fundamental fre
qucncy without producing more than a good 
readable signal. The parl.B used in it should be of 
goOO quality, and the construction of the monitor 
should be such that it will "hold calibration" 
(return to the JIIlme frequency at a given point on 
the dial with a given coil) regardless of the han
dling to which it is subjeeted in ordinary use in 
the station. 

The circuit used in the monitor illustrated is 
given. III it a Type ' 09 lube is connected in a 
!:!plit..eoilseries-feed llartley circuit, the filament 
being IlUpplied from a a.volt dry-battery source 
and the plate from a small 22~volt unit. 

The monitor shown is built in an aluminum 
shicld. This shield is built up of I / Hl"-thick 
aluminum, the bottom and front being of onc 
piece folded, the sides and back of another piece 
folded and the top of t wo pieees, one of them 
hinged to provide an opening to change the coila, 
tube Of batteries. The apparatus is assembled on 
the piece coWltituting lhe fron t and bottom and, 
wben the OlICillator is in running condition, the 
sides, back and top are fixed in place with small 
machine .screWII. 

The tuning condenser for t.hil! monitor is built 
from an eleven-plate Cardwell condenser, platea 
being removed until one stator and two rotor 
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lllatCil are left. The rotor plates are t l1!ble-spaced 
in order to give just sufficient capadty range to 
bring the 350()..ke. band within the limit!; of the 
dinl . ~o arrangement is made to reduce the ea.
pacity range of the condenser for the iQO().ke. or 
higher frequency bauds and tuning on these 
bands is therefore eMher critical. The coil!!, 
wound on tube basea, are de!)Cribed under the 
photograph. To reduce the effect of the pick-up 
from the 'phone cords a receiver-type radio-fre--
quency choke is inserted in one of the 'phone leads 
a t tile point shown on the circuit diagram. With
out this choke the monitoring of the transmitter 
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during adjustment is made difficult by t he f~t 
tha t t he t uning of t he moniwr und the strength 
of signal produced by it vary greatly in accord
ance with any movement of the operator's body 
in the vicinity of the transmi tter. 

I II building the monitor it may help to con
sider it simply iUj a single-tube receiver - a.nd 
ad juat the coils and tuning condcoser for band
spreading in jllSt the same way iUj with the re
ceiver. T he data under t he diagram should be 
used simply as a guide, because it will p robably 
be found that slight challge~ in t he number of 
turns on grid and plate coils will be rpquired to 
spread the band ]lroperly and maintain smooth 
oscillation over the entire dial scale. The latter 
muat be secured by proper proportioning of the 
plnte-coil turns, since t he monil.(lr has no regen-

emtion control- nor can oue be used if t he fro
queney calibra tion is to hold. 

fN S'fALl-\ 'fION AND ADJUS'I'MEN'I' 

In order to m:;ke full use of the monitor 
it must be placed carefully with respec t to the 
receiver and transmit ter so that the signal in i t 
from the transmitter is not too loud and so t hat 
the signal produeed by it in the !"eceive!" also is of 
rca...<onable strength. If !.he receiver is located 
several feet from the transmitter a satisfactory 
location for the monitor will be found alongside 
the receiver on the side farthest from the trans
mitter. If the transmitt.cr is a low-powered one it 
may be fO\lnd nOOellSa ry to place the monitor on 
t.he transmitter side of the receiver in ordcr 1.<J 
get enough pick-up. I n any case it is essential 
that the monitor be 80 placed t hat it is in the im
mediate vicinity of t he receiver and preferably so 
that its 'phollcs can be worn whenever the controls 
of the transmitter are adju/Stcd withoui the ne
cessity of movillg it from ita normal place in the 
atation . If the receiver is across t.he room from t be 
trnnsmitter it will be necessary to move the mon
iwr to to spot conveniell t to the transmitter when
ever adjustments are to be made. Of course, the 
monitor can be placed alongside t.he receiver for 
frequency setting and monitoring of the trans
mitter during tmnsmissions. It may be found 
tlmt the pick-up with the lid of t he shield closed 
is not enough to give II, pleasantly loud signal. 
In such 9. case the lid can be opened until the re
quired siglllli strength is obtained a nd left in that 
position for monitoring. 

It is a very wor thwhile jllan to fit the receiver 
with a small double-pole double-throw swjt.ch !j{) 

that the 'phoncs can be t hrown from the receiver 
to the monitor. In tWs way it is possible to moni
lor aU tronlllnLo,sions simply by flipping over the 
swiu:h when a ehRllge is made from the trans
mitter w the receiver. Ordinarily the transmitter 
makCll II. tremendous and very uneomfort.able 
t.hump in the receiver 'phoncs during operation . 
If it is JX>Ssible w throw the 'phones over to the 
moniwr this thump is t hen rephced by a moder
ate signal which will be almOJ:lt a replica of the 
signal that the other fellow has to copy. This 
lllIlkcs for much snappier and more readable send
ing and provides a continuous check on the sig
nal. Should anything go wrong with t he tran~
mitter or II.llUmOa to cause the frequency to 
C~'lnge, t he t rouble is immediately appl\rent. 
For continuous monitoring iu this way i t would be 
!I.S weli to make the monitor large enough to ac
commodate at:l.ndard~1.e dry celis for fi !ilillcnt 
supply. Such eell.s should give months of opera
tioll wit hout renewal. 

CHECKIN(J THE T RA..'1S.ld!1"TER FREQUE~CY 

The simplest method of using t he moui tDr for 
frequency setting is fil"ll t to find a suitable place 
in t he band with the receiver, t.ransferring this 
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r requency to the monitor by beating Lhe rceciver 
""ith the monitor lind Ulen puLling t he t rnllillnilr 
ter t11ere by ulllin~ it unt.il it is hord in the 01011-

itor. This metJlod does not provide the menns for 
seuing the transmitter on allY defin ite frequency 
unlesatherc is a knowll station there to murk it, 
but it docs enable the transmitter to be tuned to, 
lOllY, the center of the blind, to II spot 1\ qUllr ter of 
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the way from t he top, or to IlOY roughly esti
mated point. It is not often th.'lo~ the a rrmteur 
finds it CSSCll tial to tune his trnn£lllitter 10 within 
a. kilooycle or so of It given frequency but if such 
i~ the e(lse titel'e a. re means involvitJ!I; ;rrc;'lter 
diJlieult ieB wll ieh ca n be used. They will be de
tailed !:Iter. The IJrime requisite llsurLlly is to 
have the traru;mitter within the limits of t he 
hand aud perhaps iu some particul:1r sc-clioll of 
it. For th is work the smple moni t.or i8 1111 (hut is 
necessary. 

The fil1Jt slel' i.a to detenniue as :u .. 1.:ura(.cly a3 
,Kl6I!iblc the frc<lueney limits of the Ixlnd or 
banda on which tbe t.mlll!lllilter is to operate. 
Tbe approxiru9.te limits can be found easily by 
listening to the congregatiODs of a mateurs in 
cach of the bands, but it is not safe to assume tlu.t 
all of th€'!le stntioll8 a re inside tbe band. A good 

way of gelling lUI npproxim u.te calibration of the 
monitor or receiver is to identify commercillllllld 
gO"ermnent stalions of known frequl'ncy which 
are operating ncar the edges of the banilil. Such 
stntioll8, which hu\'c been a ptly called " mnrkf'r " 
stations, are listed in the " Rmlio Amateur Call 
nook," in t he ecction which lists commerc ial 
stntions of the world by thei r frequency a&lign
menw, 

K 0 specific examples will 00 givcn here because 
the assignmcnts are often changed, and the lait!st 
clill book should be consulted for accurate in· 
fonnation, Suppoec, however, that a sl..1.tion in 
Ilca ro whose frequency, as shown by the list, is 
i,\)SO kc. Thill is only 20 kc. outside the 7000-kc. 
band, and therefore sc.rVe!l as un npprOldmute 
m:ukel" for the iOOO-kc. cnd . On the high-fre
lluene)" cnd of the bnnd we might find n station 
listed at i 300 ke. which will helll in locsting the 
i300-kc. limi t. Obvioualy the transmitter cannot 
be tuned to all frequenci(ls between these two 
m~rkers, because both lite somewhat removed 
from the actual limits of the band, and it would 
be CIIsily Ilossibie for t ho tr,ulsmittcr to be set t o 
some frequency !lot o.asign<.'(i to amateurs. Due 
:lllownnoo must be mnde tberefore for the fad 
that marker stat ions arc never actual ma rkers of 
t be band limi ts, but are ou~ide Lhe bands by 11.1' 

nppreciable 1I1ll01lnt. 
TIle receiver may be caliur.l leJ roughly

prmidoo its construetiou is such tlmt it will hold 
calibration - by Ilieking UI) n numlJcr of such 
marker statiolls lit l 'U riOUS frcquencics near the 
a mateur bands and plotting the iuning-dial rend
ing for CIIch frequency, in the fa~hioll sholl'n ill 
t he drawing. The geneml shape of (he ClU ve r,un 
be determined from the plotted point.s uad drawn 
in . In the illustration shown the a.ctual limits of 
the band would be a t 4·' lind 83 01.1 t he tuning 
disl, nltbough the nem'est marker stalions nre 
outside th~ limita . .. \ curve 1)loUoo in tills " "ny 
is uot entirely accurate, but is good enough to 
sbotv apprmdmntely II'here the band lies. 

\Yllen making up such II. curve, be sure !.he re
ceker tuning will not ch~ nse appreciably from 
day to day. Hecei\"l!11J with antenna coupling 
tubes are particularly good ill this respect, be
cause the effec t of tL swinging anteU!la - or even 
.1 change in IInlenn:lS - on the tuning of the ro
ccivcr is eliminated . He sure also tbat t1U.l regoll
era tion control is set a t 11 ti.'l:cd valuc which will 
allow OI;Cillatioll over t he clitiro band when t.he 
..-un·e isploltcd, or tbnt the l\.'Ceivcr i~ just on the 
..-dge of osci!lation at each reading. An <>sciUIl
lion control which has negligible elTcct on luning 
- :>.II mentioned in the recch 'er cbapter - is do
simblc in t his respect. fortunate.ly the curve can 
be ehcekoo at J)raclically any t ime if there is 
rt'aSOn to suspect that the rccciv('r Wiling has 
c1Ul.nged. 

H the monitor h.'i8 00c1l carefully eOllstructed 
alld a good condell8Cr is used, it m.'loy be calibrated 
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direc t ly from the marker stations in the same 
wa~'. The monitm, as luI.'! been mentioned pre
\" i o\l ~ly, should he plllccd un thc opcrnting Iltblc 
Ilear t he rceeh'er so that., when listening on the 
receiver, the uscillations can be detected on the 
latter in the sa me way us ordinalY signals. In or
.let to get the monitor oscillating, of course, a 
plug must be inserted in the j:wk which controls 
.. he lilmnent current S\) the tube will heat, a nd the 
1,IMe cir(;uii of the lllonitor tube lllust be closed 
also. In ordina ry opcrntion of the monitor the 
'phones do both of these things automatically 
when plugged in the jack. If all extra pair of 
' phone~ is handy they sllOllld be u.~ed for this 
purpose, listening Ucing donc on another pair on 
t.he reeci,'e t. If no extra pair of 'phones is avail
able, a ::!QOO-ohm resistor (or resistor equal to the 
resistllnce of the 'phones ordinarily used WI th 
the mOll itor) ~hould be connectcd to t.he monitor 
jack. The resistor will alltomatkally IJIIl.ce O,e 
&une voltage on the plate of the monitor tube as 
it gets when the 'phones are used, and thus avoid 
changes in calibrntjoll due to plate voltage 
changes. 

Whell thc signal from the mOllitor is audible, 
the marker stations should be tuned in a nd the 
moniior frequency adjllsted to zero beat wilh the 
marker signals. The monitor dial rca.dings shollid 
be plotted 011 a piece of croSS-lIeetion paper all 
showll in the drowillg. Whell calibrating the 
monitor be sure tha t it will be used for checking 
I r:lnsmitter freq uency under Qxalltly the samecoll
dit ions - that ia, be .~ure the lid is closed t ightly 
IJecause the position of the lid is quite likely to 
ch:l.llge the luning of the monitor more or ICISa 
seriously . If it is n~'lr'y to open the lid slightly 
to get a good signal in the receiyer tho Cll libra
lion may change considnllhly when it is closed. 
In such a case it would be better to put a few 
!;mall hol<:s in the shield in preferencc LeI opeuing 
the lid, and nsc the monitor:"lt a greater dist,'mce 
from the transmiitcr for checking the frequency 
and Quality of the sib'llaJ. 

When :l calibration curve has heen drawn lip 
for either ihe receh 'er or monitor it should be 
cheeked at every opportunity. Battery voltages 
are JXlrt ;cubrl~' important, because even a small 
('hangeiu the"'-\ " or "H" battery voltages, par
licularly the former, can change the c~Jibration 
by:. fairly large percentage . Battcl';es should be 
d,ed'l:d c\"l:ry week or so, particularly those used 
in t he monitor, because t hey a re usun.lJy t 1m small
est, size obtainable and their life is short_ Tl,c 
accuracy ill frequency lllca<!llI"ClllCllt, with a cn.ii
b"ated receiver or rnOlli t()r is ncver 3S good ns that 
wi lh thc frC<llleney meter de$(;ribed later in this 
dmpter, and Il\lch a calibration shollid be de
pended upon ouly for approximately locating the 
limits of tile bands. The calibration should be 
checked against commercial marker stations 
every time the station is in operation. Such a 
cheek takes only a fe w seconds alld will show im-

mediately whether the calibration hll.s change<J. 
In order to put the transrnitter frequency in 

itl'l place it is first nct:e!lS:lry to 'switch on the I'e
N~iver and e:I:plore the band on which operation 
is desired to find a compm-ati vely clear spot 
inside the IXl.Ild limits as shown by t.he curve, of 
course, Do not t ry to work 1.00 close to the limits, 
becanse the calibration curve lIlay be " off" by 
8CVel'lJ.l kilocycles even though extreme care is 
used in making it up. Always be on the safe side 
and kecp well \\; thin the band so that there is no 
l>OO<libility of working off freqlleney . When the 
spot has been decided upon the receiver is left 
mnning at tlmt !iCtting and the moni tor tuning 
eondcn!iCr is adjusted until the beat note be
twcel) t he Dlonit{]f anti receiver' is heard . This 
bea t. ca.n then be set at the 7.ern-beat or silent 
point. The 'phones arc now plugged iuto or 
~witehed onto the monitor, wiUlOut disturbing 
its tuning condenser setling. Then thc tral)smit
ter is switched 011 and its freq ucncy adjusted un
W t he bent nOle betw('{'n the trallSmitter a"d 
mOll itor is heard. When this heat has been tuned 
to the si len t point the t ransmitter frequeue)' 
w:ill be the same as that on whieh the receiver is 
sct. At tlus stage the adjustment. of the transmi t.
ter C::l n be completed to give the eleanest and 
steadiest signal, t}le 1lI0ni tor heing left at the 
aame adjustmelll, and the tmnsmitter frequene)' 
being held to beat with it aU the time. With prac
tice it will be found that thc frequency varia
tiollS e.:.lused by certain amounts of dial movoment 
on the monitor can be cstimat~d with fair ac
curacy a.nd \lmt slight adju~tments of the trans
miller frequency call be made without difficulty 
when the request is made to QSV to avoid inter
ference. 

Of r,OUtSC, thc opposite procedure C:"lll be fol
lowed to find the approximate fTl'qllency of the 
t ransmitter. In thie case the lrJ.nsmitter fl'e
queJlCy is fOllOd in the monitor ::md t.heu, with 
the transmitter switched ofT, trnnsferred from 
the monitor to thc receiver where it can be deter
milled approximately from its relation to known 
poil)ts on the receiyer dial. It might be explained 
that the usual reCl':iver, eyen if it is shielded, can
not be used fot t his monitoring work since t.he 
pick-up of the battery leads aud ext.ernal wiring 
is so great that the signal from the t ransmitter is 
noUling more thnn n heavy rumble acl"QSS mOllt of 
the dial. In some {.'asc.s where both the rcceivcr 
and its batteries are shielded the 1'Cl:el"cr c:.n te
plaCl': the monitor but even then the :lntennli lead 
to the receiver would have to be removed when 
the transmitter is chocked, so disturbing any 
sett ings m:"ldc from received ~ignals of known frc
q ueney. 

If lin oS(.'illatiug r.rystal is available, the fU lJda
mental frequency or harmonics of wWeb fall 
wit-hin the bands ill which the trnnsmitter is to 
be operated, it can be used with a Type 'Ol -A or 
Type '99 tube to provide a splendid moni tor, 
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With auch all arrangement one can avoid thccom
plications of crystal-controlling the trangmitter, 
yet maintain an ~lmost perfect check on the 
frequency. Of course, if the tran.emitter is COll

tro lled by an llccuratcly calibrated crystal the 
transmi tter frequency-settillg problem is lit once 
solved . T he monitor, however, is still a necessity 
for signal checking, since even the crystal-con
t rolled transmitter can misbehave. 

In adjusting the transmitter it will be found 
advantageous to use an amplifier and loud
speaker with the monitor so that it will not be 

• 0 

Oil/put of Oekctor o"tput of Monifor 
o 

HOlY THE MONITOR OUTPUT MAY BE CON
NECTED TO TilE RECEIVER 

Th. doubh_PIII. doYbk_U"ow ,wild! Ih.""" th. primar~ cJ 
th. jiril " udi. trU'/Of'ffl(!r ,,. tho T.""i ..... '" lhe p/4U ",,,,,,.it 
oj nth .. th. m""ilor .... tho d,!.«I", in tho ,«,"vi"" ~.f. Th. 
,;~ql~"":' oinqle-lIIrQw .wiI<:h d<>o.., Ilw p/41. ci"""t Qj th4 
",,,,,iror 1II"",.,h tho t()()(J..ohM ''''',t ... ~Q tir.at ,II • .."..., fr6r., 
tho "' .... ,1<11' ""' .. be picktd up in II~ ,«t:i .... ",h<~ th4 "udi~ 
" m"Ufi" ;. ,,,,,".cUd to 1M <101_. 

nC(lcssary to WCl\r the ' phoncs, particularly when 
the tranamitwr is located nt some distance from 
the receiving t able on which the moniwr is usu~ 
ally placed. A separate audio amplifier for the 
monitor is not a lways required; most nmateur 
rC(leivers have suffi cient audio amplifica tion 
for loud-epeaker reception, and the output of the 
monitor can be connected to t he input of t he 
audio amplifier on the receiver, preferably 
through a double-pole double-throw s",itch, so 
that the amplifier can be used on either t he re
ceiver or monitor at will . The diagram shows how 
this can be aecomplished. T he extm resistor is 
plaood in the monitor plate circui t when the 
single-pole single-throw switch is closed, and is 
used only when t he audio amplifier is connected 
to the rccei v~ r und it ill desired to listen to the 
monitor signal for frequency-checking purposes. 

MORK I'Rl:CISE M~lTIlODS 

00 far we have outlined the simple procedure 
nC(lCSllaty to determine definitely wbether the 
tran.smitWr frequency is within t he limits of ~he 
band and roughly in what part of the band it is 
located. Mostamateurswill he interested in know
ing bow a transmitter can be tuned to within a 
few kilocycles of a given frequCllcy. For this 
work some calibm ted sumdard ",i ll be n«:essary 
against which to compare the frequency of t.he 

t ransmitter. I"or approximate work the staudard 
may be nothing more than tue siwple monitor 
which we have describc..t. Indeed, if the monitor 
is solidly conatructed it may we!! he used for 
quite accurate work providing the tuning COD
denser used is of a type likely to retain it.'! c8.li~ 
bration, and the dial can be read closely and 
accurately. The condenser in ~he monitor already 
described can be used, but it Illay be that the con
structor ",ill prefer to spread each of the bands 
over lI.S much of t he dial as possible. One type of 
condenser which is particularly sui ted to band 
spreading is that illustrated. It is made from a 
500-""fd . Card well taper-pln.tc condenser so as 
to provide a condenser which ha.a three capacity 
rangca. 

Tn order to build such a condenser, all e/(cept 
two stator and two rotor plates are removed. 
Then the hrllll8 mounting of t.he stator plates is 
cut as shown on the diagram BO as to iBOlate the 
two stator plates. The unit then reruly consists 
of two condensers, t he capaeitica of which can be 
altered by varying the spacing of plates Band 
C IUld by moving them on t he shaft nearer to the 
stawr p la te A or D. When the coil is connected 
between the terminals 2 and 3 the C&paeity be
tween the plates C and D is used. When the coil 
ill conD«:ted from 1 to 3 the larger condenser con
stituted by pJntcs A and B is used. If one end of 
the coil is conn«:ted to both I and 2 and the other 
end of the coil t4) 3, the two condensers are in 
parallel and a still larger capacity is obtained. 

In t he next monitor illustrated, this type of 
condenser is used so that each band ca ll be sprend 
out to occupy a large segm("nt of the dift/. A small 

1 3 

All hut 
zrctor 
plateS"d 
remove 

S!awrn7lwnlmq cut awfi.Ij to Insulate 
the t wo remaining stator f't'ates 

S HOWING TIlE RERUIJ'.'f CONDENSER US IOD IN 
TilE CAL18R ATfW MONITOR 

swi t.ch i9 provided as shown in the diagram BO 
that the different..capacities provided by the eOD~ 
denser caD be connected when required. For the 
171.')- and 3"'OO-ke . bands tbe t.wo condensers in 
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pan\llel are U8ed. For the 7000-kc. band the ca~ 
pacity bet\\'oon plates A and B is connected to 
t he ooil. On tltc 14,000- and 2S,QOO-kc. bands the 
plates C and D nre brought into use. 

A weJl~bui1t monitor such &8 thia wilt hold cali
bration quite well if the ooils are handled care
fully and the windings are securely fllStenoo with 
coil "dope" to the forms. The coil5 may be wound 
on tube b:l!1()8 or preferably regula r plug-in coil 
fonne, and the specifications ",-ill be npproxi
mately those of the previous monitor. The spn~
ing between the condenser plate8 and t he 0011 

turns must be proportIoned by experiment 80 
th.at each of t he ba l\ds is covered "nd spread 
prol)Crly ovcr the dial. This mny be done by 
checking Ilgflillst mnrker stations. till deecribed 
previously. 

A good monitor is worthy of a better eal ibm
tion than can be obtained from marker stations 
alone. Sooner or hter every nnlll.teur wishes to 
know his frequency as dosely rus possible, a nd 
while the type of calibration curve obtainable 
from wul'kel" stations ",ill indicate whether the 

A MONITOR WfflCff IS "'ELL SUITED TO CAU
BR.~TION POR FAIRLY ACCURATE IVORK 

I I .. _, bc_ .... tI<I'od ... 111. fr..,ou;>OC/I _or d ..... ;Nd 
1<IIn; .. u.. dlapUr III pru:ix ....... "'._'" ~I frtqlU"C!J. 

traIl8mitt.e:r is in the Mnd or not - provided no 
a t tempt is mMie to work too near either edge 
Q better calibration is necessary if frequency is to 
be mCllBured with any degree of aCCurMly. It. is 
for the purpose of supplying titis need that the 
A.H..R.L. Standard Frequency Syst.em hna been 
built up. 

The A.llRL. Standard Frequency SYI!tem 
consiats of a group of three Standard Frequency 
Stations located in different sectiOIl8 of the coun
try which transmi t calibration signals for the use 
of amateW1l. F.e.ch of the mtioM is provided 
with a freq uency standard which ill accurate to 
better t han one part in 10,000 or om %. These 
standards have been calibrated against the na
tionalstandard, located in the labortl.tory of the 
Bureau of Standards at Washington. The cali-

bration signala tralllJlll itted for amateurs are 
therefore b'8"'J on \.be national frequency stand-

PLAN VIEW 0/1 TIfM CALIBRATED MONITOR 

I>t Ill ... ,..,.~ .... '" ,....,ic"'"" ........... ",.1:.-.. iii obi .. ;,. _ 
dmoiml .-.)idilv aM II<' ... ,,,II~ .... btlBJlJW CoJJtslJ"OI<'Iio". Tilo 
...u.o."", ........ """_'" f<w 1Novi .. ~ 'It UII of tIoe Ill ..... _":111. 
"'poeM¥ w_ ..... 1M _ ~"" W IMM .. ...t u.. ""il. Tit. 
.Joiad t>j Ill .. """,it ..... -.t. ~I ..... " CD,.,,,, plto/c ""ill "P ... 
,",un."" ... ~pi«u. 
ard. Current IM:hedules and infonnation about the 
transmissions are given in every issue of QST. 

It is the aim of th06C CIl.rrying on the wOl'k of 
the Standard Frequency System to huve at lerus!. 
one tmnsmission of calibration signals every 
"'eek, and e\'ery amateur is urged to make the 
fullest pos;rible use of the t ransmission.s. In gen. 
eral, they consist of sigllnls which mark accu
rately t he limits of ench of the amateur bands
usuaUy one night is devoted to each band 
with intermediate points 100 kiloeyeles apart and 
such additional poin18 fill may be desirable. For 
instance, the 3500-kc. band Standard Frequem;y 
1'ransmissions cover t he foUowing frequencies: 
3.500, 3550 (tQmark the upper limit of the 'phone 
band), 3600, 3700, 3800, 3900 and 4000 kc. 
From these point8 an excellent calibration curve 
for the monitor or frequency metel' can be mMic. 
The exact form of the transmission is indieuted in 
eacb issue of QST, and generally takes the form 
of an eight-minute period for each frequency, the 
first part of which is devoted to a QST - gen
ersl cali to aU A.R.R. L. etations - then a series 
of long dashes followed by an announcement of 
the ClI:sct frequency, and a final abort period in 
which the frequency of the transmission to follow 
in a few minutes is announced. 

The same procedure should be followed in cali
brating the receiver or monitor from Standard 
Frequency Tranilliliaeion. as in calibrating from 
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mnrker stations. It is a good plan t.o mako up a 
preliminary calibration from marker stations as 
described and URC it M a guide for lor.ating the 
Stand3rd Frequency Tfflllsmissions. If the mOlli+ 

Wirinq of coli and setti/Jil of switch for 
the /.(ooo-X.c.band. 

Wiring of coli ofld settJng of switch to 
Connect larger .uction of CiJndenser 
ocn:Jss ,rM (oi/ for the 7ooo-k.c. bond. 

fviring of cOJ! which connects both sections 
of CQndenser in pamllel for the 3..fo.> K.C. 
band. The swit .. h conbeineither~sit;(Jfl. 
In other n:sputs the wirin9''-' similar 
to that of the other monitors. 

TIII1 !fIRING OP T1IE CA U BRATED MONI TOR 

oh=ing I~~ rw;l<hi!l~ d.,iu f~T <""n«tinll a .. u Of u""" po .. ibh 
",,,,,,,illl M IWt-O 10 I~. wil . l'M "",./ pluU8 m!o 0 6.},0/. uy_ 
IjJp, rub< 'IXket. 1·"", of Ih. l<1'mi""" pro ,;'/. for Ih. Iicl:! ... 
",i,l<ii'IQ. 0"44 the Dliln • .. the fi/o""'" ... d of the urid <oil. 
The grid ""I of 'hio roil io <>m''''"Ud 10 "ne or the Dlha Df Ihe 
"",a in;"" ttw "'-""1/' "" r~ ""i/-f"''''. depondi,." llpon which 
",padlll TO ~"" i . duir<d in """''',Iion with iI_ 1'h. IWD ropaci_ 
I~~< .. ar . """"cd",/ I ~ Ih . corr •• pondint/ rami",," "" 0 .. """k
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<n<h eo .. ~i .. u, '}"""IIh !ke ""ilell, wi,1I II .. pr0l'<"" capad
/a"e._ Wllm Ih • ... mbo"nod ",pari/,""" of both ""va<i!~ Ta,,,," 
i. d .. iToJ. Ih. (/"\4 .1Id of 11>. C<JiI i. ",m"'<ltd M oolh of Ih ... 
pt"""', ralM>- Iha,. /0" partieuior e"e, and th,.. bol.h rnpac;_ 
la_ are in <;,.",il ,egardlt •• of which In . , wilch i. <<In
nut.d. 

tor is to be calibrated the di3.l readillgs for some 
of the marker statiollil should be checked at tbe 
time of calibration from Stand[l.rd }'requency 

Transmisaious 90 that it will be pOSlJible to tell 
afterwards whether the calibration is holding or 
not. If the marker st1\t.ions are found t.o shift 
apprceiably from the dial settings logged. the 
monitor should be re<lalibrated at the next Stand
ard Frequency Transmission. 

With such a calibrated monitor the frequency 
of the tmrunnitter can be found by locating it on 
the dial and finding from the calibration cun'e 
the frequenc)" oor~ponding to this dial reading_ 
Conversely, the dial setting for some definite 
freqllency can be foun d from the CUFVe, the dial 
left at this setting, and the transmitter tuned un~ 
til ita beat-note is heard in the monitor. 

Aside from the more c.'lref ul and solid construc
tion employed in this second monitor, ita limit{t~ 
lions in frequency measurement are the same as 
those of the first monitor. The cahbration is sure 
to change as the batteri~'S run down I', itb use, 
a rid will be found to vary from day to day from 
various causes, one of which is the temperature 
of lhe tube. The frequency drift as the tube 
warms up is quite noticeable with any circu i ~ of 
thia kind, and may amount to several kilocycles. 
For this reason the calibration should be checked 
against marker st.:l tions every time the monitor 
is to he used for frequency checking, and the bat
teries should be che<lked regularly. When the 
baueties or t-ube are replaced the monitor must 
he recalibrated. 

The dial must he one which can be reud accu
rately to at least half a S!lu le division, and the 
clllibra t.ion curves must be cmdully drawn if any 
IIccurac)" in frequency measurement is to he at
tained. A SCp.'lrnte curve sheet should be used for 
each band to avoid confusion in rending. The 
plug~in coils must also be Iw.ndlcJ carefully, be
cause even a minute shift in one of the turns will 
change the calibrat ion eonl!iderably. 1f all these 
precaut.ions are observed and the calibration is 
che<lked regularly from Standttrd Freq\lency 
Trausmissions the frequency measuremen l8 can 
be depended upon within 0 .25% of the actual 
frequency. When greater accuracy is to be ob
tained a good frequency meter of the type now 
to be described must be constructed. 

THE FRE QUIlNcr METER 

To obtain gre:J.ter precision in measuriag fl'C' 
qucncy it is ncee8S:lry to use n device desiglleJ 
especially for the purpose. While a sirnple moni_ 
tor and rougllly C!llibrated receiver or a cali
brated mOl.lilQr are good enough for approxi
m:ltc mCllSurement when thero is no necessity 
for knowing the exact frequency on which t.he 
t ransmitter is working, it is iOlpossible to Il]l+ 

proach very d Ol:lCly the edges of the bands witb 
any assurauee ihat the tmnsmitter is actulllly 
" inside," The chart shows d early holl' this lVorks 
out for difierent percentages of error in frequency 
measurement. For instance, if the meusurement 
of frequency can only Oe depended upon to 
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0.5% , the transmitter can be set only to fre
quencies between 14,OiO and 14,328 kc. on the 
14,OOO-kc. band, because between the band 
limits and thC6C frequencies the error is large 
enough to allow the transmitter frequency to be 
outside the band, even though the frequency is 
inside the band nccording to the receiver or 
monitor. This effect becomes increasingly im~ 
portant at the higher frequencies, 80 it is wcll 
worth while to have an accuratc frequeney meter 
in the station . The meter to be described will, 
when carefully calibrated from Standard Fre
qucncy Transmissions, maintain !Ill accuracy 
within 0.1 % with reasonable care in use. The 
rough calibration from marker stations pre
viously described will ordinarily be within 0.5%, 

HOIV TRANSllflTTER TUNING I S RESTRICTED BY 
ERROR IN FREQUENCY MEASUREMENT 

TI" C'Ornomitttl" ",wI N tun«! IQ frfqutrlCiu ( .... • hmcn bu 
IiIc Ir~~ ",01 ... ) lCWIill lAo ohadbi bllJ<u in ",doT W k 
_14;" IIwlt u.. />"a1U .... .wn.. ..... ...x outet"d. liuo band. TIM 
.maUer th_ "","un""", oj OIT," ill fr<qUDII;JI ...... ""~_ 11M 
_or Ih. odqu QJ th, band. 1M /T<""milt... can "" .a. Al"",~. 
~/ay oaf. in '<IIi"ll/>"a"'millt1 freq".",,~. 

while the more carefully oonstructed calibrated 
monitor will be within 0.25% if calibrated from 
Standard Frequency Transmissions. 

There are several points of difference between 

the frequency meter and the 100nitor. The fre
quency meLer is not used all a miniature receiver 
at a1l, but is simply an oscillator whose signal is 
picked up by the receiver in the same way that 
the signal from the monitor is picked up when 

TIlE DYNATRON ,REQUENCY METER 
7'"," ()-/O mill",,,,,,.., ... Jor , .... U"II tpvco currml .. i,. 1M 

up,,", It/M.and <<>mor. 111.0 poUnno"..W M"II i .,m.ediCltolv 
beLo .. il. TM .... ni ... dial .. uu-; J",. T>r""" r<li1ding. 

setting the transmitLer to a pre-dctermined 
point in the band .. Furtbennore, the oscillator 
used in the frequency metcr must be very stable; 
tha t is, the frequency of oscillation at a given 
dial setting must be practicnlly the same under 
any conditions. No plug~in coils are used in the 
fnxtuency~meter; one solidly built and firmly 
mounted coil is permanently installed in it, and 
the oscillator covers one band only. A low~fre
quency band is used for this purpose, and when 
the meter is to be used 011 the higher~frequency 
bands it.<! harmonics instead of the fundamen tal 
oscillation are picked up by the receiver. With 
no plllg~in coils, one of the worst sources of loss 
of calibra.tion is eliminated. The single coil can 
be mounted in a much more solid fashioll, and 
since it is not subject to continual handling such 
fUI plug~in coils receive, the t.urns will not be 
loosened or pulled out of place. 

The frequcncy meter must possess a dial which 
can be read precisely to fractions of divisions. 
'1'0 obtain an accuracy within 0.1 % it is neces~ 
sary to read to at least a fifth of a dial division, 
:lond ordinary dials such as are used for receivers 
are inadequate. The 4" Nation8l Type N dial 
illustrated is provided with a vernicr scale for 
reading to a tenth of a scale division, and is ex· 
ecllent for this purpose. T here are a few other 
dials on .the market which are suitable, but care 
must be used in selecting one which has fine lines 
for division marks, and in which the indicator is 
very close to the dial scale il.8elf 80 that the 
readings will not be dilIerent when the dial is 
viewed from different angles. 

It should be pointed Ollt here that, although 
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the frequency meter is vlI.8tly superior to t1 cali
bnllOO monitor for measuring frequendce, it does 
not lupereede the moni tor in IU original function 
of providing a mean" for oonstantly checking 
the qualit.y of the signal from one'. own tran&-

• 

form of feed-back, and no grid condeosel'8 and 
leaks are required. But mOBt important of all, 
the changes in calibmtion accompanying loss of 
voltage in batteries and aging of the tube can 
be eliminated it a milliammeter is connected 

in the cireuit 80 that it reads the 
total "8" current taken by the tube 
anll t his curren t is maintained at a the<! 
value when the frequency meter is cali
brated and whenever it is used. r·'re
quency variationll of ordinary oscilla
tors cannot be checked in this simple 
fullion. 

THE DYNATRON 'REQUENCY METER 

Either II. Type '22, '32 or '2-1 tube 
mlly be used lUI the cecillRtor. With the 
Type '22 and '32 a separate fill1ment 
supply from thnt used for the receiver 
mugt be provided, although the "B" 
battel'iCl! may be the same ones used 
on the receiver - in fa.ct, the use of the 
same ;' B " batteriC!! ill recommended, 
bc<-HUIi!C they furnish nil Ihe cou
pling necessary between the frequency 
meter and receiver to enable the signal 
from the meter to be he.'1rd in the re
ceiver. With the Type '24 tube the 
same heater 8ullply may be used on 
both frequency meter and receiver, lUI 
well lUI the same "B" lupply. TM tptaO.I I ....... COJIdcRur. wit/!. l4c , .... , ..,..JItOd Qrt 4. _i .... to ... 

Qrt u.. k/l WiM IMal .... i .... '" a.Ud. TM I~IN io ....... lOitd "" .. moall ~ 
oj bdft,u...-;"' .... oJuI./. Trw plau~ .. u .. d_ io "'OImUd 0 .. tIu! """'" ,M/, 01 I.h 1Id1, 11M tIu! __ -gri4 b,..po.u ~ .. pgrtir ..... 

The frequency meter mWltrated is 
del!igned to spread the 3500-kc. band 
over about. 75 degrees on the dial, the 
size of the coil and the spacing between 
the two rear circular condenser plat.es 
being adjueted until the desired spreud 
is obw.ined. This adjustment may be 
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mitter. The modcrn station should have both II. 

monitor nnd a. frequency meter, scparlloo in t heir 
functionl. The monitor is sWI needed, particu
larly a8 a device for reproducing what t he lrans
miUer BOunds like at the distant poin tof receillion, 
80 that BUlbiJity, tone and all the other qualitiCfl 
of the signal mill' be under constant observation. 

/\. frequency meter which meets the require
m~nts is shown in the photographs. The sim
IJlicity of eonstrUClion is IlJlpment from thCIIC 
views :mJ the wiring ding rams. /\. screen-grid 
luUo is used U8 the OIlci!lator, and when 0011-
neeted up in the fRShioll shown is s/lid to be op
erating 1\8 a "plilXiynlltron" or, more simply, 
" dynatron " oecillator. A frequency meier of this 
type is known lUI II. dynatron frequency meter. 
The dynalroll oeeillator is the best type of oe
cillator availnble for frequency-meter work at the 
preaent t ime, 11.1 it P05S=SStl8 a number of advan
(ages over tbe other forma of vl\Cuum-tube 
oeeillatofl. In stabil.ity it approaches the crystal
controlled oacillator when used in a properly
designed circu it. It is OIUIy to construct - the 
O8Cillntory circuit consists simply of II. coil and 
condenllCr, with no necessity for ticklera or any 

made with the aid of marker stations, 
Il.S described previously. T he frequency meter 
may be considered limply 8.1! an OIlCillating moni_ 
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tor, t he signal from which 
incomi n!l,: marker eigllnl. 

/8 beat l\~ainst the 
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The conden8er is a General Badio Type 557, 
which is designed especially for IIraawur fre
quency-meter work. The two cireular rotary 
plates lit tbe rear are held to the shnft by act 
sere"",, making it possible to change the Mpocing 
between thcm slightly to oht-ain proper band 
spreading. In tlUs particular frequoDQy metor 
these plates are both moved toward tho stationary 
plate between t hem so that the IICpamtion is 
about 1/ 16". TIle aluminum plate on the back 
of the pAnel ill used to prevent h:Uld-capocit.y at 
the tuning dial. 

When the frequency meter hM been con
structed and oonneeted up, the roeciver is 
operated on the 3fJOO-ke. band a nd the signal 
from thc frequency meter tnned in. Then the 
receh'cr should be placed on the iOOO-ke. band 
and the strength of the IICOOnd harmonic of (hf) 
frequency meter notOO. The h.armonic can be 
picked up ca.<rily by setting the l"C()eiver at some 
point inlJide the band and slowly turning the 
frequen cy-meter dia l until the u~ual wbisUe ill 
heard. T he same procedure is then followed with 
the receiver on the 14,OOO-kc. band. The poten
tiometer on the frequency meter should thell be 
adjusted until the 14,OOO-kc. signal i~ strong 
enough to be useful. It is an advanwge to keep 
the millinmmeler reading at the lowest possible 
point consistent .. ·iih good !!ignal strength, to 
prolong the hfe of the tube. 

With the luillialllmet.er reading set at 1\ sal is
fact(lry wllue tor good signal strength on a ll 
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bands. the value of current indicated should be 
jotted down or memorized, because tho meter 
should be Mlibmled and alwRye used .. ith the 
reading at the &awe value. If the 8Cttiog is not 
at the SIlme value at which the meter is calibrated 
the dial reading!! will not 00 corl"C()t, nnd the 
accuracy of t he frequency meter will 00 implI.ired . 

The meter should be cali brtlt.OO from Stlilldard 
f'requeney Tmnllmissioll.8 in the same manner 
as the Cl\ librated monitor d escribed previou.sly. 
Before calibrating. however, the t ube should be 
allowed to warm up for about hal f lUI. hour to 

• 

• 

• 

• 

o 

HOo- '!.' 
H5(>_lJ J -
3U<> - J'~ 
U(I(I - ~ll 

l6<lo - 11.1 

-+-

~ 
j2t I I 

." ,- ,- ~. ,,~ 

1<><>0 1100 1>00 noo 
......... <4:00 04.000 

~R~QuCNC"I/V/VC 

-
-

f--

T-
". -

TYPICAl. CAr. rBUATJQN CUU VE FOR TilE 
YREQUKNCY ,IJItTER 

each of / ... ....ul w..d:1 r,p'''''''' a iIalN.w. bio<I: 0 .. .,... 
di""'ll "" ...... eeI"' .. paver. Th4 <lIarl ,~",t b. ""ri/O .no"u~ 
.~ i;h(ll knlJ" 0/ d;nno", "'''' bot .... d =""'I.I~ "" lAo di<ll 
road;"" "",I., aM /104 Jr"'lU411q1 ."". m ... ' be .,,,.<»<1 ""I .~ffi· 
<i.,d/l/ t4' aUDIO .... 1/ , .. di"" I~ ....:ill; .. .. /~ I:iI0000cU" 

reach II stable operating lempemture, since the 
frequency \lill drift slightly as t he t ube elements 
expand. This is porticu13rly import.ant with the 
Type '24 tube, since the filament operntC3 at a 
r:uber high t.empersture. This effect is minimized 
by the U8e of a tuning oonJell.'lCr which lUI.'J tI 

small alllount of fixed c&p:u:ity in pamlle1 with the 
vtlrinble capacity . The condenlJer ilJU!!irated 
provides this fea t ure through the medium of the 
two circular rot.'l.ry plates. If there is no fixed 
capacity in t he cireuit the drift will bil grl.'!l.t 
enough to chnnge the calibration by u few 
kilocyelCil - R change wh.ich becomes important 
in accurate frequen cy measurement. 

Ii is unueceS9ary to shield the frequency meter 
if it is pbceJ by itself in So oompa.rnth ·ely clear 
81)llOO. Other objects, particularly of metal, 
should not be brought c10ee enough to tbe 
frequency meter to affect the calibl"!ltion. U {-be 
frequency meter must be pla.ced clo.se to other 
apparatus it is better to shield it. 

Tbe frequeuey of incoming signals ma.y be 
melUmred , once the meter is calibrated, by 



TIlE RADIO AMATEUR"S HAN DBOOK 

ndjusting the frequ('ncy meter dinl unti l the 
ijigu:ll (eith<'r thtl fundamental or olle of the 
lmrmouiCll) from it is fit zero bent with the mgMI 
whose frequency is t o be meusured. The frc· 
quency sllown on the chart for t lus dial TCllding 
will then be t he freQuency of the signal. To 
('heck the traru!miller frequency, tlle sigllnl 
from the transmitter should first. be picked up 
on a monitor of the \'3rieLy previousJy described ; 
then thc tr:lllsmit.ter is tu rned otT and the 
sigMI from the monitor - keepillg thc Slime 
dial setting on the monitor - is tuned in on tho 
receiver, and the frequency meter adjusted to 
l.cro be:tt "'ith the moni tor signal as with any 
other incoming signnl. In making such meaSllt'C-
menl.8 it will be helpful to hnve the receiver just 
out of oseill!ltion I!O tllat the signal from the 
frequency meter elln be beat directly agninst 
the monitor or incoming signal, t hus rea lly 
using the frequency meter all a separate he«!r· 
odyno. 

Deforo calibrating t.ho frequency meter from 
St.'mdard Frequency 'l'ransmis .. "ions a rough 
cnlibration from I1ln rkcr statione should be 
obtained. This will nid in loca ting the \'arious 
freq uencies which nre sent by the Standard 
l·'requeney Station. When using t he S tnndnrd 
l' requency T ransmisllion8, be sure to adjust tho 
frequency meter accurately to zero beat with 
the calibr.ttion signala. lind no«! the dial readings 
1\11 closely as possible - to the nClIreI!t temh of 
!I division if po!i.'!ible. It is IlOt nL'CCSSUry to wllit 
fo r a lransmission whicil covers the 3WO·kc. 
b:md if other Standard Frequency T r!lIIsmiseions 
are Il\'lI i[ lIble in the mcantime. lJ.ec'iUSC tllO meter 
t'tl ll be ea[ibmted cqu:llly well on its Ilannonics 
nnd the calibration will be just :ls :lCOlrate for the 
fu ndamental, although only t.he low.frcqucncy 

end of the scale clln be oovcre.:1 in thia manner. 
Afte r the dial readings for va rious frOl:IUenciee 

have l)(~n 1IOO1Ired, they shollid be plotted care
fully on a curve sheet . The curve should not be 
"cram ped" - that is, the !!Calo should not be 
80 small that accurate readings of frequency from 
the curve cannot be made. The illustration shows 
a satisfactory WAy of miling up such n curve. 
The paper used is standard cress section paper 
(20 lines to the inch), lind each of t he block!! 
shown in the drawing represents a h.'1lf·ineh block 
on the p.'l.pcr. It may be necessary to usc t wo 
sheets to draw the cntire curve, one fo r the low
fn.>quency half of the hand /IIld the other fo r tlH~ 
high.frequency half. The h~rmonie frequencies 
I!hould be numbered in ns well as the fu ndamental. 
The dial readings will he the same for each b:md. 
e.xcept. that on the iOl)()..kc. band the fu nda
mental frcq uency will be multiplied by 2 lind on 
the 1..J ,()()C)..kc. band tbe fundamental freq uency 
will be multiplied by 4. 

In using :I. calibrated monit.or or freq uency 
meter always play &lfe when seLting the traIlS
mitter frequcocy. Make allolVance for all poll. 

sible errors in frequency mensuremenL lind then 
IIC~ the t ransmiUe r well inside the limits of t he 
band. Take every opportuni ty to check the moni
tor or frequency Iileter to make sure t h.'\t nothing 
has happened to the calibration . KMW whether 
you are in tho band or not - that pllrt is co.~y if 
no attcmpt iH made to crowd t he edges. Accurate 
determinat ion of frequcncy is becoming in
crClU!ingly importa nt, but tho amateur who fol
lo\\'s the simple directions given cftrlier in tl1i3 
elmptcr can at le:llt be certain th.'1L he isopemtiug 
in his legally • ...ngned territory, even t hough 110 

ebborale methods are used fo r nctllal men~lIre
menl of frequ('nc.~·. 



CHAPTER VII 

Transmitters 
liE t ransmitter is truly the most im
portant piece of equipment in the ama· 
wur station . It is the station's mouth· 
piece through which tho operator 

conveys hiB thoughts to other amateurs the world 
over. Distnnt amateurs must therefore judge the 
8t8tioo by the quality of the lrsnsmitter 's (llltimt 
and by tho way it is open.ted. The amateur is 
judged by Uu~ signal he owns. A llteady signal 
with a clean " pure d.c." note is the finest testi· 
mOllialan amateur station c&n have and is well 
worth attaining, not only becaulIC it indiclllCII 
poslJE'ssion of a good transmitter intelligently 
operated but /1150 because it ~hOW8 that the sta
tion's operator is not "hogging" more than his 
share of t he a.matcur bands - as he would with 
a rough, wobbly, creeping signal. Moreover, the 
steady pure d.c. signal is acknowledged to be far 
superior to all other types for tommunicating 
under adverse conditions. Although it mAy not be 
the grosaly loudest signal heard at the reooiving 
end, the " POC" signal wi t h its penetrating 
/lute-like whiBtle will be easiest to copy through 
interference of &II kinds. This i!! parlitul&rly true 
when a receiver having a selective "~ked" 
audio-frequency amplifier is used at the other end. 
Therefore, t he transmitters de&::ribcd in this 
ch&pter &re designed to deliver 8tetLdy clean-eut 
d.c. signals when built and used according to 
~peci tlcation6. 

now TRANs.\Urn:;ns WORK 

All modern high-frequency t ra.JUlmittera are of 
t he -vacuum·tube type and an understanding of 
the vacuum tube as a generator of high.frequency 
alternating current is essential to the under· 
standing of transmitter operat ion. Al though 
there are many vacuum· tube oscillator circuits, 
all function on the same general principle. 

Thc capability of a vacuum tube t o oscillate 
t omes from its Amplifying propertics. When the 
tuned output circuit of a vacuum· tube amplifier 
is properly coupled to its input circuit, a varia
tion of the output current will cau9C a voltug~ 
change in t he input circuit which - by virtuo of 
the amplifying action of the tube - will cause a 
current variat.ion of greater amplitude in the out.
put circuit. In turn, thls augmcnted vAriation 
will be imprcseod on thc input circuit - nnd I!O 

the oscillation builds itseU up. The input circuit 
of t he oseilJlltor is the grid and the out put is the 
plate circuit. 

The maximum amplitude to which oacil1ations 
will build up depends on a number of factors. 
T heae involve the characteristics of the tube, the 

circuit constants and mean electrode voltages 
(negative grid-biM nnd positive plate voltages). 
The frequenty of O!ICiI1ation will be detennined 
largely by the circuit constants, principally by 
tbe inductance and cl!.p!\city v&lues in the tuned 
circuit. The coupling between tile grid and plate 
circuits may be inductive (coupling between 
coils) or capacitive (through a condenser). 
Resi.st.'IlIoo coupling is sometimes u9Cd for very 
low frequencies. The carll'lcity between tho grid 
and plate \vithin the tube itl!eif i~ utilized for t he 
feed-back coupling in many amateur transmitters 
and may be considcrable even where other 
coupling methods are in tended. 

For satiafMtory ol!cillntor operation t he ampli
t ude of the grid e:occita.tion vol tage should be 
sufficient to C!l.U!IC large amplitudes of plate cur
rent to flow during a small part (t.he peak) of tho 
c.'(citatiQn's positive half-eyclc. Since no plate 
current flows during the negstive hnlf-eycle of the 
excitation voltage, tho plate tank circuit reooives 
a "kick" on alternate half-eyeles only. T heee 
timed impulses are sufficient to maintllin oscilla
tion in the plate t!Ulk circuit, beea.u.'!e of it.-J "fly
wheel" effeet, and the output is csscntinlly 
sinusoidal even though tbe energi!ing iml)ulsCll 
nre qui te distorted. 

Grid bias is usually obtained by means of a 
grid leak. During thc pO;jitive half -eyde of excita..
t ion voltage t hcre is a considerAble flow of cIec
trons from the grid to the fi lamcnt through th~ 
external circuit. By (.'O!lllccting n. blocking con
denser between tho grid llnd its cxcitation circuit, 
this rectified current may be lOMe to flow through 
9. resistance connected ncross the blocking COD
denser or between the grid and filament. T he 
resulting voltage drop acroes th is resistor will 
maintain the grid a~ a lOelLn potenti9.1 negative 
\Iith respcct to t hCl filament, and so provide t he 
necessary grid bias. The resistance of the leak and 
the mean value of the J'C(.' l ified grid current will 
detennine the IOcan grid.biM voltage. Thc value 
of grid-leak resistance is not. very critical, wmal!y 
being between 5000 and 20,000 ohms. A resistance 
of 10,000 ohms will be sntisfnctory for moat oscil
lators. Battery hiM or a combination of battery 
and leak bi.9.3 may be used, but the leak &lone is 
generally most satisfactory with oseiUators. 
When leak bias is used it must be remembered 
that grid current nows only when the tube is 
oacillating. When O8CillaLion CCII8C8 there is no 
grid current and oonaequentIy the tube loses its 
bias. The plate current under this condition be
comes excessive and is limited only by the pJate 
resistance of lhe tube. If the tube is of low plato:: 
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n:sislanoo, it may ~ sufficieut to wreck the tube. 
Therefore, cautioll ~hould be exercised to a void 
loss of bias. 

PRACTICAL OSCILJ.ATO n CIRCUITS 

Fundamentally there are two general divisions 
of oscillating cireuits: those employing capacitive 
coupling «(xlDdcnsers) to feed back energy from 
the plate to the grid cirouit, and those using 
inductive coupling (coils) for the same purpose. 
All circuits are modificatioll8 of these two general 
classes. 

The choice of a transmitting circuit is no t of 
great importance, for if t he circuit is arranged t.o 
suit the particular tube or tubcs used, and is 
adjust.c<:l prQperly, sbuilar results can be obtained 
with any of them. In every transmitter provision 

Harllq 
CLASSES OF OSCILLATI NG CIRCUITS 

is made to tUlle ihe condenoor-coil circuits to the 
required frequency, to tune t he antenna circuit 
substantially to resontlJlce with the platc circuit, 
an d to va!y the amount of energy fed into the 
grid circui t from the plate circuit (the grid excita
tion). Other means are provided to adjust the 
grid bias, to mawh the impedance of tIle tube, and 
to adjust the antenna load to that value which 
.... 111 allow the most efficient trnnafer of energy 
frorn the plate circuit. Some method of making 
all of these adjustments is to be found in every 
satisfactory circuit. I n fact II circuit is nothing 
more thall a oombina tion of t he necessities for 
making !ruch n<ijustments, the object in mnking 
them being t o get the largest output into the 
ant"una. .... 'ithout exceeding the input rating of the 
tube and always maintaining a steady clean-cut 
signal. 

The circuits in most generlll use are the Hart
ley, Annstrong or t une<1-grid tuned-plate, Col
pitts and Ultrnudion, Also there is the oacillator
ampli fier circuit (which is an oacillator using one 
of the above circuit.<; and feeding a radio-fre
quency amplifier), The cryswl-controlled circuit 
(a crystal o;;cillator feeding one or mom radio
frequency amplifiers) is a special type of oscilla
tor-amplifier circuit. 

In the Hartley oscillator the tank circuit, which 
is a featllre of all of the circuits, bus its ends eOIl
nectOO to the grid and plaw of the tube. The 
filament circuit of the tube L'I also connected to 
the coil at a point ueurer the grid end of the coil 
than the plate end. I n this way the coil is really 
divide<1 into two ao::tions, one in the grid circuit 
and a larger one in the plate circuit. Oscillations 
are maintained beeo.U-':!e of the inductive coupling 
ootween these two sections, 

I n the tUlled-grid tuned-plate circuit there are 
two tank circuits, one connccred betwccn the 
grid and the filament of the tub!.! and the other 
between the plate and filament. In the high-fre
quency t!1Ul.'!mittcr these two circuits are not 
coupled inductively nnd the capacity of the tube 
itoolf is utilized t o provide the coupling between 
the grid and plate cireuits which is neceSBary to 
cause oscillation, 

The Colpitts circuit is arranged so that the 
filament is connect ed to the junction of two con
densen which are in oories across the coil. In this 
way the grid and plate circuits share the voltage 
drop across t he condensers, and O!!ICillation is 
produced in this manner. 

A great many variations of thcse fundamentnl 
cinmits have been evolved and it is not surprising 
t hat the newcomer is often confused by them. It 
is well to remember that however complex or 
Illlusual the cireuit may appea r, it can without 
doubt be " boiled down " to one of t he fundamen
tal arrangementll, Aud, what is more important, 
when it ha.s been adjusted cn.refull y it will provide 
almost an identical performance to that of any 
other circuit. 

FREQUE~'CY STAB I LITY AND EFJi'lC{ENCY 

The factors affec ting frequeucy stabilit.y and 
efficiency are generally iuterdePl'lIdent, although 
the conditiona for best frequency stability are no t 
always those giving the highest efficiency with 
allY ollCiliator circuit. Frequency stability is evcr 
t he fir~t considcr9.tion and factors affecting it are 
therefore of utmO<:lt importance. 

The C.IlUSCS of freQuency instabili ty can be 
roughly divided into two groups, tho~ which are 
"mechanical " in nature and those which are 
" dynamic ." ~-Jcchanical instability results from 
variations in the circuit constauts due to me
chanical vibration and t.hermal effects. Mechani
cal vibration will cause rapid fluctuations in 
frequency by varying the spacing lMtwecu cou
denser plates, the separation lMtween coil turns 
or the distance ootwcen the tube elements. These 
are avoided largely by rigid construction and by 
reducing the vibl'alion, Frequency fluctuation 
(" creeping ") due to thermal effects rtlIlult/> from 
variation in spacing of ~he tube elements (varia.
t.ion in inwr-clcment capacity) with changes in 
lemPCTll.tUTC. Creeping can be minimized by keep
ing tho power dissipated in the tube at or below 
its normal rating, by choosing t.ubes having inter
nal construction particularly inwnded to reduce 
frequcncy-crceping, and by using circllit.s which 
have larg!.! capacities in pnrallcl with t he tnbe's 
ioput and output C'.JI.pacities. Such circuits are 
popularly known as " High-C" ci rcuits . The use 
of a large shunting capacity in the plate circuit is 
particularly effective. 

" Dynamic " ill8t.ability is c.9.used by anything 
which affects Ole tube' s characteristics, cspecially 
it/> plate impedance, during operation, Any varia-
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000 in plat.e i/llpedauC1l ffillll't CIlIlBC a change in 
frequen cy. The priucipal cause of dynamic fre
quency instability - sometimes called "fre
quency flutter " - is the variation in Illate voltage 
which n'Sults when a poorly-filtered Illate eupply 
is used. I t is IDost pronounced when tbe tube hlUl 
insuffieien~ grid billS and is over- or under
excited. It is therefore essential that the plate 
supply he the best " pure d.c." obtain1l.ble nod 
t ha t the grid bias - or glid leak - be sufficiently 
high in value. Moreover, too much care cannot 
be exerci.'JCd in a.djusting the grid c.'witation. 
Dyl1:l.mic inst'lbility C!Ul be reduced by careful 
circuit design Ilnd here again the use of II. lJ igh-C 
plate tank is very effective. Such a tank circuit 
is cllptlble of reducing the amplitude of fre 
quency fl uctuations with variations in p\9.te im. 
pedance. 

The chll.flwlcristiC3 of the load circuit (which 
include the plate tank circuit and t he ant.enna ci r
cuit) find the 1000000s in the grid circui t flffeet. the 
oscillator 's plnte efficiency. The plate efficiency is 
the rntio of radio-frequency power output to 
plate power input, although power consumed in 
lhe fila.nlent should be oonsidered also in deter
mining the true over-all efficiency. Tbe 1068CI'I in 
the grid circui t are largely the power dissipated 
by the grid leak and tbe losses due to radio-fre
quency displacement currents bet~'een the grid 
and filament. The latter Olay be considerable at 
high frequencies wilh tubes baving luge grid. 
fila ment capacity. 

Thero is no sim ple method of a.ccurately deter
mining the plate efficiency of a high-frequency 
O!!cillator . If the tubc is opcra.ted at normal plate 
diSl!ipatioll , USlIally iudica.ten hy dull r{.'(\ ooioring 
of t he pitlte, the power output will he !l.pp!'oxi
malely the difference between tot~l phile input 
(d.e. plate voltnj,,'C mul tiplied by the plate current 
in nmperes) and ihe rntcd. plate dissipation in 
watts. For a more cxact deierminat ion, t he power 
dissipated in the grid leak should be subtracted 
a\50. The power dissipated in the grid leak is the 
resistnn«- of the ll'ak in ohms mul t iplied by t he 
square of the grid current in amperes. 

TIUNS1JTl"T INO 'fUB):£! 

Thc t)'J1e of tube to he used should be given 
consitieration before a sta.rt is made with the 
construc1.iOl\ of /l.ny of thc apparatus for the 
trnnsmitter . The desigu of almost every item in 
the transmitter wilt be influenced by the tube 
with which it i8 W be operll.t(ld . The mHng of thc 
transformers, thc eurrcnt.-<larrying capacity of the 
filter. the rn~ing of the fi xed condcnsers, t.he type 
of variable condensers and the dCl3ign of the in
ductancee, all will dcpend upon t he power and 
voltage rating of the tube. 

Fortunately there'is s. splendid arrtly of tmn&
mitt.ing tubes from which to choose. \\-1lat is 
more, the tubes :I.\'tl.i1able are of high quality 
with ~atisIactory characteristics. If they II.T@ 

handled CBrefully a nd operal(ld correctly they 
will give wonderful !lervice. 

The amateur usually u_ t he lowest-powcr 
trsnsmitting tube, the Type ' to - or (lvcn II. 

receiving tube - for his firs t. transmitter . This 
practice is a good one. The use of low power en
ables t he transmitter to be built cheaply s.nd yet 
provides full opportunity for thc amateur t o gain 
a knowledge of the opera.tion a.nd handling of a 
t ransmitter . Jl.hllY of the mOllt experienced ama
teu!"!:! actually prefer a low-power transmitter of 
t his type, knowing that thoy elll) readily com
municate oVl'r ma.ny thoueands of miles under 
good conditions. Tho distanoo tha.t can be cov
ered by a t ransmi tter is, in fact, not veey much 
dependent upon t he JlO"·er of the tran8lTlitter. 
Even a receiving tube ill the hands of an ell
perieneed amateur can !lend acrOll6 the world 
when condit ions are yery ~ood . T he higher
powered transmitters can send no farther than 
th is but t hey have the advautllll;e of being able 
to put signals into far diatnnt countries with 
greater reliability and readabil ity. 

i\Inny amateurs usc tubes Ilaving a highcr 
power output ruing t.han the 7.Ji-wat t T ype ' 10. 
Such tube!; are listed in the table which is a part 
of this chapter. Screen-grid power tube>; are in
cluded also but tiK'Se nre more applicable to the 
amplifier trt.ages of oscillator-amplifier t ransmi t
te!"!:! than a.B oscills.tors in self-excited transmi~ 
tell!. The explana.tion of the Class A, B and C 
designations is gh'en in the following chapter on 
radiotelephony. 

The type dl'signalion of transmitting and re
ceiving t ubea ill this table, a.B well as of the rec· 
t.ifier t ubeij in Chapter LX nnd lhe modulator 
tubes of ChilptCI· VII I, are genernlly a.pplicablc 
to standard tubea of American manufacture. The 
designation consists of the lnat two figures of the 
manufactul'Cll ' type num ber preceded by 5n apo!!
trophe and the word "Type." The only e"ccp· 
tions are for tubes which are made 6.'l:ciuaiw ly by 
one concern or whcre two entirely different type;! 
of tubes happen to have tIle iasL two ligures of 
t heir type number!! in common , a.B with the UX-
2-lS and UV...s4d 

Of course the tUUt trnuJ!mittcr i~ not the whole 
of the transmitter nssembly, and the cit~uit looks 
much more complicated when the power-supply 
system, the filter, ILnd the keying anangement arc 
added. The usunl complete transmitter may be 
divided into five sect ions. The first section is t he 
powcr supply of (generally) liD-volt UO-cycle 
alternating current supplying the plaie and fila
ment tnl.nsformers. The phte transformcr steps 
the alternating current up W a voltage between 
4.00 and 2,000 (depending on the tube used in thc 
transmitter) willie the filament transformer steps 
down the voltsge w tho ra ted value of t he tube 
fihment. Any variation of the high volt.a.ge 
uaually is obtained by changing tap!! on thc 
8eCQudary winding. Adjustment of the output of 



88 THE RADIO AMATEUR'S HANDBOOK 

RECEIVING AND TRANSMITTING TUBES 
------

I TYl'i~al Charattel'i . Oic Vo.lu~ I 
N1rtiv~ 

Output. Plate S .• G. ".'W cid Fi!. } ' i l. ""'- Mut.".! 
T y pe UM ' (WMt.I!) Voir..' Volts M.a. m .... Vult" Am].Olll. Amp. 

lmped,t.n"" Conduct-(E. ) (go) (10 ) (E.) (E,) (l f ) Fr."''''' ~. ) .. nce Volts' "' o JU" . (g .. ) 
Micl0mh"" 

----- - ~ ~ ~ - - _. - - - - -
'00 (J 

" '" t f, • , 3 ;\ "'" " n . .500 '" .... ----~ - ~-- -- -- . ------- - -------- -
'W , . liO 1 :\6 "' n_ ~ " " 13Z "' '''' t,n 

----- ---- , ~ , - ~ 
~ 

'3:) U . I'. DO 2 .0 , , 2 . 0 "" "' 12.500 '00 _ .... -... - ~ - - - _ . . - - -
'", ., '" 135 '" 22.6 " . 130 , , 

'""" '" - ---- --~ - - - --- --_ ... _- --- - -
'32 V. D 135 ''" " " 

, , 
" "'" 440. 0 ,"",""" 5~ O - .. -~ ._._------- - ~- --, -

'01·,\ G. l' _ 1 ~ .~ , , 
" 5 .0 .2M "' 10,000 ""' - -- --- - -------- - -

, 12·'\ G, \' .,A . 260 ." " 13 ;; " '" 31} "'" 1700 - -_.- - ._--- - -- --
'71-.\ • ,ro ISIl 20 0 " " "" 3 0 leW 16Z0 

- --- ~ ~- --- - -
'<0 V '" '" 

, , ," "" '" 1;:;0,000 "" ~ --_ ... --- -
'22 V, D \.13 67.5 ~ 3 , 

" 3 .3 .132 2(lOO OOO,COO '" 135 4~O " 
, , 

" . 132 300 .0 850,000 'W - - --- --
'''' V ,\ , '"' '" 

, 
" " 

, J . !> (".c.) • "' " noo lI2!> 
- --

'," G . P . . 165 .W " " 
, 2 .1; (& .e.) • " ,,' ''''' WOO 

- -
'24 V D , ." " " " Z.!>(,..o.) 1. 1f> '00 , 400,(10(1 1000 

_._-- - -
'", A, M 4 .6 'W 55. (I S~ .0 7 .6 (".c.) • " " 'M ~100 

~~-
._-_ .. --- ~ . 

'45· , , , 
'"' U .O "'" 2.5 (".0) , .W .1.5 175(1 "OO 

B 50 2.'50 ,~.O 90.0 
C " 250 60.0 180 ,0 

- ---- ~- ,_._._ . 
~- -', ... A '" 425 ISO 39 0 7 t; (a .c. ) 1- 25 " '''''' ."'" B , , .~.~O 30 .0 "'0 

C '-' ,,,, 00 , ' 100 ,0 
- --- ~- - - - - - -

'" V '" '-' " " • 2~ 30 0 ZI,hOO "00 
-~- - -

8,12 A. M 30 '" 280 100 .0 1 .5(a e. ) • " 30 ,"00 1200 
C 7 ,5 "" 00.0 2.'50 .0 - - -

'85* B " WO '" 30 ,0 40 .0 7 . ~(" 0 . ) " 160 .0 200,000 n, 
C " 000 In "'" 1)00 

-_._._- ' - -
'OO-A B '" BOO s.~ 0 W .O 10.0 (a, c,) .l,n 25. 0 """ "'" C 75 .0 WOO 17 .~ 0 112.0 

---- - ,-

1m '" A 10.0 n,o M .O 10 .0 ( .. ,0.) 3 ,\'5 12 .0 '"00 3~30 
B 75 ,0 85 .0 ]00,0 
C 7;'; ,0 175. 0 200 .0 

" '"" 70,0 
- -- -

813 .-\ , ;-'f 20 .0 woo 75.0 IWO 10 ,0 ( • . 0.) 3 ,25 " "00 2380 ._--- - -
'5~' B 7" .0 "'" 50 .0 150 0 100 (R.c) 3 . 25 120 0000 "'" C 7!>. O """ 100 .0 300,0 

- -
'60· B 7;'; ,0 "'" '00 w, n ,o 10 ,0 (a.e ,) 3,25 """ 150,000 1350 

C 7~. 0 ,.., WI> 100,0 15{),0 -- ,,- - -
'(14-'\ n 250 0 "'" 140,0 100,0 " 0 (&.(.) 3 .8[, 25 0 woo WOO 

C 250. 0 "'" 27~ 0 200 .0 _._- - ~ - -, --
'," A. M 100. 0 

I!~ 
100 .0 132 , 11 .0(a~. ) ,, 0 IQ,O 3200 "'" 0 3.50 .0 17~.0 100 0 

C 350. 0 350 .0 200 .0 -- - ~ -
'0 l ' B 000.0 ''''''' "" 175 .0 100 .0 " o (ao) 10 ,0 300 0 133 ,000 2250 

C "'" , "'" 'W 350.0 
"" 0 

* l'nr tieulo.rly ,uiWi W u.e tt$ II.fi <)Acillo.tor or radi""freq uency po,,-er &mplifier at frequenti"" abon 3000 .,~ 

(w .. vdenstb. below 100 meter. ). 
, A - Audi""h::luen~y output amplifier. /J - Ro.dio, f';3;:eney power amplifier, partieulMly ... a linur Rmplifler 

for m<><lul:!.ted r i""frequene), . C - O.cilla \<>r or lnoo Wi radi""lr"'luooney power amplifier. D - Detedor. 
O. P . _ General pur_ rooolvinl;: t ubs. Jf - Pl"te (Hei~i~ ) ""dio-{reqUeMY modultr.wr. V - Audi""lr~uency 
voltqe amplifier. A more detailed ""planation of !-.be tr"n ... utting t-ube d.wgnationl will be found in tbe c apter 
R"", ioult"h"" I/ . 

' P ial<! volta.ol. oped6ed for re~iving tube!! ~ m!IX;mum. Pl~te vol~e for B and C use i. ma.<imum for modulated 
OP<'r~"otl . Unmod"l~ted, velUM may bs .ligbtly bigber. 

' BiM ru ... ured from fihlinent ~ntet_t...p or c .. tbode witb a ,e. 6! .. ment IUPP!Y. 
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the Ii lament tnwsl'onner is obtained by the UIIC of 
a rheoatnt or variable reactor in the primary 
circuit of thc t r&llSfonner. 

From the secondary of t he high-volt&b'C trans
former the alternating current is led to the reeti
fier - the I!6OOnd division - where it is changed 
into pui98.ting direct current. This current then 
goes through th", third section - the filter 
where the pulsations are smoothed out 80 that 
the current bet;omea a steady diroct current. This 
d.c. SUPI)ly ill then leJ to the tube transmitter 
proper which converl,ij the direct curront into 
radio-frequency power. The fifth SC(ltion of the 
transmitter is the antenna ayslem. his tWIOO to 
the frequency of the t ransmitter and takCfl iu 
power from t he plato circuit of t he tube. In thia 
ch"pter lI'e will consider chiefly the transmitter
the allPftratus in the fourth IICCtion. The power 
supply, l"C(ltifier, filter, keying and antonna sys
temB "·ill be diacusaed SC!parately. 

l'I. ... NNINO THE 'fl\"'NS~I'l'Tl':R 

The low-powered transmit!.<lr really can be con
sidered lUI an oversize oscillating receiver. There 
are fow e8BCntial differences in il,ij arrangement 
and not much more difficulty involved in ita 
construction. Tho chief thing to remember is 
that, whereM oxtremely minute currents 80w ill 
the tuning eircuits of the receiver, very heavy 
currents flow in even the low-power traJUlmitter. 
This means that the first eonst.ruetional difference 
bet-ween the transmitter and roeeiver is ill t he 
size of conductors used for the t uning coil.!! and 
the leads connecting them to the tuning condenl!
ers. HeILvy wiring is required in moat other pnrl-a 
of t.he trallsmitter but it is of grcatcBt importanee 
in the tuning tireuit..s, whcre the currents ob
t/Lined nre many times greater thll.n t.hose in any 
othCl" portions of the circuit. 

Another essentisJ difference between tbe re
ceiver and tran&nitter is that the fields around 
the coil8 and condensers of the trnnsmitter are 
very milch more intense than in the receiver. 
Conaequently greater spacing between the coils 
lind ot her apparatus is desirable and the elimina
tion of unnecessary heavy insulating material 
8UJlpotl,ij inside the coils is importllnt. 

Yet another prime difTerence is that tho volt~ 
agCII in tho t ransmitter are of n. much higher 
order t han iu the receiver. lnsu\ution throughout 
the trtln!mitter must therefore be given pllrticu
larly ell-reful consideration. 

There is a splendid field for the exercise of 
thought and originality in the arrlUlgement of the 
apparatus of the tmnsmitter. T he shortnCt!8 of 
leadn nnd the placement of the coile and con
densers with respect to the other apPfttatlil! fire 

matters of such importanoo that the am:\tcur 
will always be rewtlrded for tiule spent ill con
sideration of the problem. In the pages that fol
low eome examples of satisfactory layout.s wi!! be 
given. These will serve w give s ~eneral idea of 

how the transmitter can be ILIT!:Inged. However, 
they are not tbe acme of perfection. Neither lire 
they applicable to all typea of apPftratus. The U8C 

of even a different. variable condenser than thai 
shown in aoy one of the elCamplcs - a oondenscr 
with ita terminala in a different place - may 
make some entirely different lay-out preferable. 
The amateur should not allow this discussion to 
dishearten him, however, for it cannot be denied 
t hat excellent rcsult-s are being obtained every 
day in amateur stations all OVCl" the world with 
the apparatus !U"rRngcd in quiw different faah_ 
iOIl8. 

M05t of the transmitters to be described are 
baacboard-mounted with all t he apparatus elC
posed and rctdily a.cccsaibio for lIodjustmcnt or 
elCperiment. If dosired, the IIpparatus can be 
mounted on a bascbo&rd and a vertical panel in a 
manner eomewhat similar to the receiver. UnlC8!l 
the apparntua is arranged with great care, how
ever, twa type of construction is likcly to mean II. 
sacrifice of convenience in making alterations and 
acljll8tmell ts. 

THE SL'\"OLl:-(;ONTROL T.RA,NSlIl"I"TER 

The con.struction of a simple transmitter can 
be accomplished in the shortc5t time and with the 
least difficulty by mounting tbe apparatus on a 
ba.seboard in eomewhat the manner ah01>-"fi in the 
illustrations. We will use this transmitter 113 an 
e.u.mple and deseribe it in detail. If tlle reader 
studies the circllit diagrMl, the photographs and 
the de6Cription carefully he will find that the 
transmitter is even simpler than it lookll. If he 
understands just what it is uti about he will find 
it easier to modify the tlrrangemcnt to suit the 
particular appllT!Ltus at his dispoaal. 

This transmitter is perhaps the simplCl;t and 
most nearly fool-prool ever der;ignoo . It contains 
tho very minimum of partti and is therefore elC
tremely low in cost. The collilt.ruction is in no 
way complex and the adjustment is ea.sily ac
complished by even the inelCperienced operator. 
The eireui~ is a modification of the popular 
tllned-grid tllDed-p[ate, with hut one tuning 
control. Despite it.s simpliCity, the set has exceJ
lcnt frequency stability and officieney, comparing 
favorably with more complicated arrangementa. 

The frequeney is determined by the t uning of 
the plate ta.nk circuit I;!.lld the elCeitation is depend
ent on the constanta of the grid circuit. Since OIlC 
excitation adjustment i8 satisfactory over II. con
siderable range of pll\te-tank tuning, it is possible 
to use a fixed coil in the grid circuit for each ama
teur band. Tbe noocsaity of a separaw tUlling 
colltrol for the antenna eireuit is eliminated by 
using a single-wire untuned feeder for connecting 
Lhe plate cireuit to the IIntenna. The SC!t is de
signed to use a Type ' 10 tube with a 500-volt d .e. 
plate supply and a 7.5-volt a.e. fi lament supply, 
or a 1)1>6 'Ol-A tube with a 135-\"0It d.c . plate 
supply and a 6-volt d .e. filament supply. 
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CO!olSTliUCTIO:i OF T IlE 8 I:T 

The schematic wiring diagram is given, to
gether with the constants, nnd the photQgraphs 
show how the sct. looks when constructed. The 
layout chosen is one which allows short d. leads. 

The grid coils L., are wound with No. 30 d.c.c. 
wire on 27i-inch length of I-inch tubing, which 
may be of bakelite, paper. wood or a ny other of 

Cardwell, is mounted 011 small brass angles of the 
same type U90d (or mounting the grid coiL Con
nections between the condenser and the coil are 
made by pieces of copper tubing, sinee tho leads 
in the tank cireuit must be as heavy &.II the in
ductance itaclf. The connection to the insulator 
at the front of lhe b!!.llCboo.rd should be from the 
rotary plal.e8 (the condenser frame), that to the 

renr insulator going to the stationary 
plates. 'flUs puts the " hot" end of the 
coil a t the back of the eet and reduces 
the effect of hand capacity. 

TIlB SlNGLE-CONTROL LOW_POWER TRANSMITTER 

The platc by-pass condenser, C" is 
mOllnted close to the tuning condenser 
on t ho baseboard. The radio-frequency 
choke, L" is just behind it. The filament 
by-pnsa condenaers. CI, ILt'C directly be
hind the tube aoeket, The p urpose of 
these oondeo!lel1l is to provide an easy 
path for radio-frequency currents flowing 
to the filamcnt of the tube which would 
otherwise have to go through the re
sistor Il,. When the filament of the 
tube is heated from alternating current 
these "cent.ertap " resistors are 1l00e8-

BUry to avoid having tho alternating 
TI.. vI"'_ laRl: cir .... il i, (1/ 1M /.tJI. TAl vrid ",iI.lM!- a"'/ ,..id e<t>uJewc 

p," IG u.. rif1~ .., tJo. 7'~ '10 loW.. 

tho common ill8Ulat ing materirus. The coils should 
be given a coat of collodion or clear Duoo varnish 
to maintain their characteristics. Two small hrtlS8 
anglcs, obtainable from any hardware store, 
serve both aa connootiOIlJJ and support.s for theae 
coils, the ends of the winding l>eing brought out 
to small machine 8C!'(!ws inserted at the ends of 
the coil forms. 

The bruteboard itself is a. bread-board 13M 
inchea long by 10 inches wide. Two General Radio 
atand-off insulators a re TIlOWlled at ono end, M 
sbown in the photographs, and serve as a support 
for the plate coil, L1• These insulators should be 
placed 47'2 inehes a.part betwoon centers. This 
mounting is very solid mochanically, and allows 
ea..ay changing of coil.a. If changes from one band 
to another are frequent, it might be advis:l.blo to 
use wing-nuts to tastco tbe coils down instead of 
t he hexlIgonaJouts furnished with the insulators, 

The plate coils tbemeelvee are ~-incb soft 
copper tubing, wound around a pipe 2~ inchea 
outside diameter. The ends of the coils are flat
tened in a vise and drilled to fit over tho mlWhine 
screws in tile G. R. insulaton. The 3500-kc. coil 
.should have the turns !IO spaced that when 
finished it will just fit on the iosulators without 
having the ends bent out, 118 is done on the coils 
for the higher-frequency bands. The spa.eing be
tween turns on the 7000-kc. coil is about 3/ 16-
inch, and on the 14,OOO-kc. coil about Ji-inch. 
Alter the coils are finished t hoy should be polished 
with fine steel wool, thoroughly cleaned with 
alcohol, and given a coat of clear Duco, greatly 
diluted with " thinuer," to keep them bright. 

The tuning condenser C., in this case a 21-plll.te 

vol tllgcs on t ho filament reach the 

IJX·210 

." 
THB CIRCUIT OF THE SINOLE-CO.\'TROL 

TRANSMI TTER 
L, .. ..J Lt - Plale IInd,..id a>ih. T ,.. '~C<1li~~. "". gi .... 

"nd.,. the m ... tr'di .... 01 IA • • ail •. 
, •• - .{ a>",m.,.<i~1 .. '~OTI·wa ... " r<"iling. IV,," .adio

/rtll"~ncv e~ok. 1OiI! do or 0"" run b. mud, bU ICindi>lil 
at"""';""" h"Qlh 01 Ioall"'.uh lubi"" (>!" ,.<>o£h-n do"'" 
"""" Np. 69 d.''''. Of" d .•. e. "";ro • 

C, - zooo.,.".!d. (.00' ,.rd. ) ....... {<ud~. ru"'_I~po. 
C, - !QQ{)-JII4d. (.001 ",,,.) .. icu {<ud C#!Id._ .. « d .... l~po. 

if piaU 0\1 fI"" ""'" "'" <Tore i 500. 
C. - ~d. (.OO6",d. ) ",ictofi.z«l~. ,_ i • .,.11IPf. 
C.-~d. (.lXJOU "'d.) ",i<:a flZA4......u..u.-• • .mN7 

I~po. 

C. - JOO·"...Jd. (.IJOO6 ",d.) ..".i<lblo C<1...to ....... A .. ~ QH4 
'''''''''nq <OOfId,n, ... wil/ bd oat.i.ladoru. 

R, - C...ur-I<I"""d ...... Ior. 16 10 100 oh ... I~lal ,,,i.Ia...,., 
R. - Orid kak rtt;t!Or. IQ.OOO oh"",. A .. ~ . ..... 11 r.,illor raud 

al 6 ...,U, .... ....... , ",ill do. 
T"", Genual Radio or ...... Iar .lIlnd-off ;"",""Ior • ..,,:/1 bd 

·0< .... 111 .... <DIll ""' 1 F",,~ .. I<>ek di".. "'_ ,"'O«lt..-.. , 
.OR<LII mado.'noo ocr .... a"" ~"". alld a I . .. l.d.1 6 .......... 
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grid, for this would cause modulation or "ripple" 
00 the transmitted signal. The voltage at the 
leads to the filament is constantly changing at 
the l.iO-eycle supply frequency but the voltage at 
the center point of the resistor R, is constant. 
Another method of accomplisiling the Sl1me result 
is to use a center tap on the filament-supply wind-

piing to a Hertz antenna by a single-wire feeder, 
other types of antenna or feeder systems may be 
inductively coupled to the plate-tank circuit by 
adding an antenna coupling coil and a tuning 
condenser. Such coupling arrangements are 
shown with the other transmitters in this chap
ter. In rw Ca3C alwuld the an/elllL(.l (radialar) uuif 

ing of the transformer. The center-tap r----------:=======:::;:::;;~-resistor arrangement is sometimes pref- I 
crable, however, since it permits the 
use of a filament rheostat in the second
ary of the filament transformer instead 
of the primary. Rheostats for the sec
ondary winding are mote rendilyavail
able than the other type. In place of the 
resistors, Christmall--tree lamps or auto
mobile headlight lamps can be used. 
They are equally elTeetive. 

PLAN VIEW OF TilE TRANSMITTER 

The grid condenser, C" and leak, R
" are to the right of the filament by-pass 

condensers. The condensers in this set, 
which are Sangamo, are mounted flat 
by means of machine screws running 
up through the baseboard. Tbe antenna 
insulating or blocking condenser, C" is 
mounted on the left rear corner of the 
board, one side going to a Fahnestock 
clip for the antenna connection, the 
other to a piece of fie.'l:ible wire 8 inches 
long terminating in a small spring clip 
which fastens on the pi.<!.te coil. Tbe fit'l
ment center-tap resistor, R" is mounted 

Th. "nU,.na-Mocki"o ..,.,..j"" ... C, i. 10 Ih. rMr oJ Ih. v/at. induc/< ... u. 
Th. fizw """d ........ C •. and liu rt.I4i<>-f,O'I""""u ","0/:0 ar. ".hind Ih.lu"'·"9 
,omlonu" C •. That"", fir. d ,ond. "", ... !>fAind u. • • ""k.t a .. th. fit"",,,,,, 
b ..... ""'. ""...u..-. C •• 1'Ao filam01ll ",""Itr-Jap . .. .-" ..... R, • i •. ,,,,,,nud O~ 
lop of th.4 c.md ........ Th. vrid cond ....... C •. and ""id-loaJ.: ..... " ..... 
Il" ar< M Ih. ';OM oJ 1M ,ock.,. Th. grid induclanco. L.. i. i ,. /rant o/Ih. 
""id cond.,. ... and loak. Th. <""'''''etio''' 10 Ih. Pah"". ,oc/, I .. ",iOlal. art 
.:tplai""d in Ih. un 

directly on top of the filament by-pass con
densers. 

All eonnections Ilre run to the rear of the board 
where they terminllte in Fahnestock clips. From 

METHODS OF CONNECTING TO THE 
• ELECTRICAL CENTER" OF THE FILAMENT CiRCUIT 

right to left in the photograph, the first two clips 
are for the key, the second two for fliament sup
ply, and the last two !\re for "minus" and "plus" 
high voltage, respectively. The wiring of the 
whole set is quite simple, and in case it is to be 
duplicated no difficul ty should be experienced in 
following the diagram and photographs. 

The 500-volt power supply described in Chap
ter IX is an excellent one to use with this tranlto 
mitter when tJIC t ransmitter tube is a Type' 10. 
If a Type 'Ol-A receiving tube is used, the plate 
supply can be a I3S-volt " 8 " substitute or 135 
volts of "B" batteries. Filament supply can be 
from a 6-volt battery, through ll. 6-ohm rheostat. 

Although the transmitter is intended for eou-

IJe oonnecled directly 10 Iht plaie roil. Such coupling 
arrangements are illegal in the U. S. A. Complete 
instructions for designing lI,ud constructing the 
single-wire-fed Hertz antenna will be found in 
Chapter XI. 

TUN I N'O TilE TRANSMITI'En 

These instruetion.s for tuning this transmitter 
are for its use with an antenna which is fed by a 
single-wire feeder. They are also applicable to 
other antenna systems except that tuning of the 
antenna system will also be necessary. Such 
tuning adjustments are deseribed in connection 
with other transmitters in this chapter. 

Since the current in the single-wire fceder is 
extremely small, a radio-frequency ammeter in 
the fecder is of little utility as a resonance indica
tor. If a plate milliammeter is connected in the 
negative high-voltage lcad, a sharp rise in its 
reading may be taken as an indication of res0-

nance when t he plate tank condenser is tUlled 
through rCSQnanee, but the simplest indicator is 
the flash-light bulb connected in 1I. single turn of 
wire, shown in front of the set in the ilIustratioll. 
Its use will be described later. 

Disconnect the feeder clip from the plate coil 
and set the plate tank tuning condenser for about 
the middle of the band on which operation is to 
take place. If the constructional specifications 
have been followed closely this settiog will be 
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with the rotor pll!.tea about four-fifths meshed for 
the 3500-kc. baud; about three-quarters meshed 
tor the i OOO-kc. band; and aoout half meshed for 
the 14,OOO-kc. band. The antenna system should 

" 
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have been constructed to specifications for a 
frequency in the middle of one of the bands, pref
erably for about 3575 kc. in the 3500..kc. band. 
This will permit opera.tion in all three bands, the 
antenna working at its second and fourth har_ 
monics on 7150 and 14,300 kc., respectively. 

Tuning for operation on the 35O(}.kc. band 
(with the 12-tum plate coi!), set the condenser 
with the rotor plates four-fifths in, tum on the 
powcr supply and close the key. If the resonance 
indicator is now held near the front end of the 
plate coil the bulb should glow, indicating that 
the set is oacillating. The loop should not be held 
too close to the coil, however, because the bulb is 
likely to burn out. The frequency should now be 
checked with tbe frequency meter following the 
method described in the preceding chapter. If 
the frequency is outside the band, the transmitter 
should be retuned w a frequency inside the band. 

The antenna clip sllOuld now be put on the 

plate coil four or five tUrilS from the front end 
(the end connected w the rowr of the condenser ). 
Hold the loop steady a few inches from the coil, 
and swing the tuning condenser over the upper 
portion of the scale. As tbe dial is turned the lamp 
will get dimmer, and if the loop is held far enough 
from tbe inductance a point will be found where 
it will go out. Moving the condenser beyond this 
point will make the lamp get brighter again. The 
1Jml'lt at which the lamp goe8 om i8 the point aJ. 
t('hich the O8Ci.llolw U tuned /Q Ihe antenna. Check 
the frequency with the frequency meter. 

Now move the antenna clip toward the front 
end of the coil one turn at a time, swinging the 
tuning condenser, as before, each time a change is 
made. The dip will always occur at about the 
same place on the condenser, but as the clip is 
moved toward the front of the coil it will be less 
pronounced. Continue this until the dip is just 
perccptible. Then move the clip back wward the 
plate cnd of the coil one turn, tune as before and, 
as a final adjustment, set the condenser at slightly 
{e88 capacity than the point at which the dip 
occurs. The signal should be cheeked at this point 
by means of a moniwr, since the final adjustment 
of the tuning condenser sometimes has a very 
noticeable effect on the tone. There should be 
just enough detuning to make the frequency 
stable and th.e note clear . 

The tuning for the 7000- and 14,OOO-ke. bands 
is done in a similar manner, except that the clip 
should be moved only a fraction of a tum at a 
time. The number of coupling turns will vary 
somewhat, depending on the frequency used and 
whether the antenna is being operated on its 
fundamental or on a harmonic. In general, about 
3 turns will be sufficient on the 3500-kc. band, 1 
on the 7000-kc. band, and 7:1 to ~ turn on the 
14,OOO-kc. band. 

Since a Hertz antenna will work quite well 
within a narrow band of frequencies about its 
fundamental, tuning over a small range of fre
quency is permissible. 

The resonallce. peaks, as shown by the indica
tor, will not be so sharp on the bands which are 
harmonics of the antenna.'s fundament.al fre
quency. Careful checking of the frequency with 
the frequency meter and monitor is therefore 
even more important on the higher-frequency 
bands. 

After a further check of the frequency, teats 
can be made to see whether the keying is clean 
and whether keying chirps exist. The various 
methods by which keying can be accomplished, 
and their adjustment, are treated in another 
chapter so we will not touch upon them here. At 
this stage of the adjustment proCCllll, however, the 
checking of keying is all that is necessary before 
the first CQ can be called. 

Successful tUlling is greatly a matter of experi
ence and t.he amateur will900n find that many im
provements in the signal can be made by slight 



adjuetmcDta hcre and thcre. JlIlIt so long as thc 
signal is observed continually in thc monitor, 
these adjustments and their effect will soon be 
found. When he has had some experience the 
amateur win find that he can anticipate the effect 
on the signal of every adjustment he makes. 

Summed up in a few words, the aim in all 
transmitter tuning is to get the steadiest and 
cleanest signal consistent with rcrsrmable antenna 
power at the rated input w the tube. 

A HARTLEY TRANSMI'ITER 

Like the Single-Control transmitter, this set is 
built up on a breadboard although its mechanical 
construction is somewhat more complicated. It 
also differs from the simpler transmitter in that 
it uses the Hartley circuit, with magnetic coupling 
between the grid and plate, and has a separate 
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The tube is a Type '10 and the 6O()..volt power 
supply deacribed in Chapter IX is well suited {or 
use with this transmitter. 

The baseboard measures 10" x 12". The ap
paratus on it is grouped in two units - the tube 
and ita associated equipment on the left, and, 
the antenna coupling coil, antenna condell8Cr and 
ammeter on the right. Every effort has been made 
to make the leads in the oscillator circuit as short 
as possible, at the same time permitting the coil 
to be iu a clear space by it.self. The condenser C1 

in the circuit diagram is that at the left of the 
baseboard, and on which the tube is mounted. 
The tube base is supported from the condenser 
by two small bra.ss angles, well insulated from tbe 
socket terminals, one of which can be seen in the 
first illustration of the set. The tube is placed in 
thi~ position so that the terminals on the !lOCket 

TIlE LOW-POWER HARTLEY TRANSMITTER 
Th.tuf>4 ooxk<l i . ",,'"mWi' bll~' anylu '"' 1M rwr 6/ th. tank condenur. Th • • iJCket 1M'

""nld • • ~0Idd f>4 offli """,loUd ""'" th • ... """"It. 

adjustment for excitation. In addition, it incor
porates a tuned antenna circuit inductively 
coupled w the plate circuit, adapting it w alm06t 
any type of antenna system. The plate power is 
fed w the plate through a radio-frequency choke 
shunting the tuned circuit, instead of through the 
plate inductance a.s in the firat transmitter. The 
shunt--feed arrangement is fully as satisfacwry as 
the series feed, providing the radio-frequency 
choke has a sufficiently high impedance a~ the 
operating frequency. It doel! introduce an ele
ment of uncertainty, however, because it is dif
ficult to get a radio-frequency choke having suf
ficiently high impedance over II wide ba.nd of 
frequencies. 

are convenient to the apparatus to which they 
are connected and 90 that the tube itself is out in 
the open where the heat developed can be mdiated 
rapidly. 

In the dose-up of the tl'8JlSlllitter the condens
ers C1 and C, can be seen connected w the grid 
and plate terminals of the tube llOCket with 
small angle-pieces of br8$8 strip. Below these are 
the two filament by-paM condensei'll indicated as 
C, on the diagram. 

The most important item of all is the tank cir
cuit consisting of the coil L. and the condenser 
C1• It is this tuned circuit that sets the frequency 
of the transmitter snd it is the resistance of this 
circuit that influences to a very great extent the 
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efficiency and general perrormunce of the tran&
mitter. Even with a 7.5-watt tube the radio
frequency current circulating in this circuit can 
be flS high as 5 amperes, and the avoidance or 
clips or other poor contacts, Of thc use of small 
conductors, is thcrefore essential. The truns
mitter can take very high plate currents, can 
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CIRCUIT OF THE HARTLEY TRANSMtTTRR 
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operate unstably Of can fail to oscillate at all just 
because there is a poor contact in this circuit or 
because the conductor is too small. In this trans
mitter the coils are wound of U"-diameter 90ft 
copper tubing which can be obtained at most 
hardware stores or automobile supply houses_ 

The coils can be wound on a piece of 2.%" out
side diameter iron water pipe or on a wooden 
former of the same size. 

The wing*nutl! and the connector strips can be 
seen in the close--up view of the transmitter. The 
connector strips are of %"*wide heavy copper. 
The lead from the coil to the center*tap of the 
filament circuit carries relatively little cUlTent. 
It is therefore possible te use a clip on the coil to 
permit adjustment. The grid leak Rl can be seen 
in the illustrations standing vertically alongside 
the variable condenser C •. It is pushed over a 
wooden rod which in tum is pushed into a hole in 
the baseboard. The radio-frequency choke is the 
unly other item in the oscillater circuit. It C!Ul be 

seen on the oppoaite side of the variable condenser 
from the grid leak. This choke !)efves W prevent 
the radio--frequency current generated by tile tube 
from getting back inw the power supply, The 
operation of the transmitter is greatly dependent 
upon its effectiveness. The dimensions given un
der the diagram should make a satisfactery choke 
but it is advisable to experimcnt with slightly dif* 
ferent values. A noon bulb is very useful in check* 
ing up on the performance of radio-frequency 
chokes. If it is held by the glass portion and one 
of its contacts is held on a wire carrying radio· 
frequency current, the lamp will glow brightly. 

A "CY)SE· UP" SHOWING THE HE.{VY "TANK" 
LEADS AND SOUD CONSTRUCTION 

Tho plat. "nd grid /Iud <"M..,. .. ", aT' "".""I.d 1m", .. 
diaW1/ "ndOT 11 •• I"b< ."cku. Btlo ... IMm a •• til. I ..... jilamonl 
b!M><Ut co...un. .... .... d Ih. ""nl ... ·/apped filament ,.,.;./",. On 
/he la, ..:4. ,,1 II •• lub< _hi i . tho 1,u,U chok. <up"",ud /rom 
tho pl/lk Wminal. On /he ... ar .iM it the udd Uak "".htJ 
0..". a W<>Odtn lMJl in tho bo .. /,oord. 1l.a.~ )fa;b!. ''''TO il 
uud 1M tl<t filam •• u I.ad lolA. indUe/a" .. , U eU" 1><1"IJ por. 
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When such a lamp is touched on the lead from 
the choke w the tube plate it will therefore light. 
If the choke is operating properly there will be 
only a slight trace of radio--frequency current at 
the other end of the choke and when the lamp is 
put in contact with the lead from this end it will 
light very dimly or not IIot alL III 110 low*powered 
transmitter of this type the choke would not be 
considered effective if the neon tube lighted 
brightly enough to be visible in daylight. A 
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wooden bandied flCrewdriver can be used in a 
80mewhat similar maDner. When tho flCrew
driver is held by the wooden handle and ita metal 
end touched on a wire carrying radio-frequency 
eurrcDt a spark will be seen as the contact is made 
or broken. An appreciable spark sh.ould be ob
tained at. the plate end of the radio-frequency 
choke and none at all at the opposite end. 

The !!Ceond section in the transmitter ill the 
linteuU:l. coupling and tuning unit. It conl:list..s of 
the variable eondeuecr C, which &ita alongside 
condenflCr C1; the 0-1 ampere thermocouple 0 111-

meter, which is mounted above the condenser C,; 
Rnd t he antcnna coil L., which can be 800n resting 
on the two glll88 towcl bars which run the length 
of the baseboard at the rear. ThC:!lC gla811 rods fire 
u8ed to prevent the coils from vibrating, to insu
late them from the baseboard, and to permit the 
flntenDa coil to be moved away from or ncar to 
the plate coil, thus varying the antenna coupling. 

In the illustration of the coils for this trans
mitter, coila for five frequency bauds are shown. 
T his does not mean that all of them must be built. 
T hough there nre six fr equency bands availn\.lle to 
the amnteur, it ill beat for thcnewcomer toattempt 
operation on one of them only until he h38 mas
tered the adjustment and operation of the 
equipment. One rcason for this ill that the antenna 
system ill quite a simple affair for anyone band 
but becomes complex and difficult. to adjust when 
an attempt is made to make it operate on several 
bands. Then, it is a little difficult to adjust. the 
transmitter for maximum performance on any 
one baud, let tllone adjusting it for several. Any 
of the four lower-frequency bands are satisfa.ctory 
for the first attemp~ though of these the two 
higher-rrequency bands - the 7000-ke. and 
14,OOO-kc. bands - will permit or communication 
over the greater distances. 

This transmitter is designod for use with fI 

Type ' 10 tube and it. should be clearly under
stood that it will not prove ~lisfaclory wilh n 
tube of higher power rating or widely different 
characteristics. 

TUNING THE HARTLEY 

The tuning of any transmitter is a mMlcr of the 
greatest possible importance. The J)Crformance of 
even the \.Jest transmitter can be 8]>oilod \.Iy the 
slightest misadjustment, and on tho other hnnd 
almoet any transmitter can be made to perform 
well by an a mateur experienced in the work. 
Even the rn08t. experienced Il.mateur, however, 
cannot tune the transmitter effectively unlC118 he 
ill able to liaten to it as he adjusta the controls. 
The use of tIOme sort of monitor to listen to the 
signal as the transmitter is tuned is essential. A 
detailed dcscription of simple monitors will be 
found in Chapter VI. It should be studied and a 
monitor built. before any attempt is run-de to tune 
the transmitter. 

Wben the tran8IIlitter has been a88Cwbled; 

when lhe antenna and its leads or fcedeT3 have 
been tightened; wh.en it has been found that the 
leads and coil, or the transmitter it.self, will not 
vibrate, the filament supply should be switched 
on and the filament volt3ge ndjusted to the rated 
value -7.5 volts. Now th.e filament clip should 
be adjusted to about the position shown in the il
lustrations where the ratio of grid to plate turns 
is about I to" or I to Ii. A low plate voltage should 
00 used for the first test, noout. 2,jO or 300 volts 
being a suitable \/alue. Tho antcnn:I cuil should he 
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taken ofT or coupled very loosely to thc plate coil 
when this pla.te voltage is switched on, a nd the 
filament clip sh.ould be rcadjust.cd to give a plate 
current of a.bout 20 or Z5 milliamps. The plate 
current should be switched off before any read
justmenl.8 a.re a.ttempt.cd, since a serious, perhaps 
fatal, shock would rcault from contact with wir
ing connected to the plate 8Upply. Contact with 
other metal parta of the set while it is running 
probably would mean a bad radio-frequency 
burn. The frequency should now be cheeked by 
one of the methods deaeribed in the ehapter on 
frequency mensurement, and when it has been 
made certain thflt it is within the baud the ad
justment can I)roceed. The plale voltage can now 
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be increased to normal. T he antCJllla coil at this 
time can be coupled more closely and the antenllil 
tuning varied until maximum current is indicated. 
The antenna coupling can be increased until the 
greatest possible flnt<.loua current is obtained. 
T his value should be noted carefully f\$ oome
thing to Rv{;id using at aU costs. Without delay 
the antenna. coupling should now be backed off, 
retuning the condenser as each adj ustment of 
coupling is made, until the current is about 85% 
of the highest value. Now the antenna should be 
detuned until the current ha.s dropped w about 
85% of the last value. Particular notice should 
he ta ken of the signal in the monitor a.s Lhis de
tuning is done, since the signal probably will bll 
much clearer with the antenna detuncd on olle 
side of rCfl()nance tha n on the othor. 

OT""R Cll\CUI'!'8 - 1'11-'" COLI'I'l"I'S 

T here are seveml other circuits in which the 
apparatus described could have heen arranged. 
The p('rformance obtained with all of thcm would 
be almost identical once the adjustment had been 

-

SIMPLEST FORM OF COLPITTS 

mliSt.crcd. Though it is impossible to describe in 
detail a transmitter with each circuit available, 
we wiU mention their different features so that 
their use will be understood. 

In the Hartley cireuit a magnetic feedback 
from plate to grid causes oscillation. In the 
t uned-plate tUlled-grid arrangement a capacitive 
feedback from plate to grid is responsible for the 
action that t akes pln.ce. The ColpiU..s circuit ac
lion i.s baood similarly on a capacitive or eledric 
feedback, though not t hrough the inter-demcnt 
caTJacil y of the vacuum tube itself. 

In the Hartley circuit the g"id connects to onc 
end of the coil, the plate connects to t he other 
end and the filament goes in between the two. 
With rJ. currents flowing in the coil-condenser 
circuit thcre is a " voltage drop" across each 9C(l

tion of t.he coil (due to its inductive reactance). 
Tltis "voltage drop" always acts so that the grid 
voltage is exactly opposite to the plate voltage. 
When the r.f. grid voltage swings up, ~he rJ. 
plate voltage swings down. The filameot. i~ h~ 

tween the grid And plM-e in potential. 

1n the ColpitW! cireuit, coils and condcnsers 
ha.ve been swapped around SO that in effect the 
fila.ment is tapped to the center of a condenser 
with the grid and plate connections at tho outside 
terminals. With r.t. currents flowing in the coil~ 
condonser circuit there is a "voltage drop" RCrO<!ll 
each section of the condcnser (due to its capaci
tive reactance). T his acts as above explained. T he 
"voltBoge drops" of plate and grid circuits are 
exactly opposit-e in phase, with the fihunent in 
between the plate and grid as far as voltage is 
conccrned. H artley ,"cHon is dependent on vol
tage drops across different parts of a coil. The 
Colpitts action is dependent similll.rly on voltage 
drups across diffcrcnt sections of a condcn!lCr. 

The dilTerences in aU circuits are principally in 
eliOO of adjustment and control. The Colpitts con
t.rols somewhat differently than the others. Out
put and efficicncy will remain about the same, 
however . rn looking at t llc cll'cuit diagram thc 
fil'ilt t hing we notice is that t he grid leak connects 
from the grid directly to the filament with R small 
choke in series t o keep r.f. leakage currents down_ 
While we had some choice in the matter in the 
H artl ey and t .p. t.g. circuits, this connection of 
t he grid Jeak is quite ncce88ary in the Colpitts 
cireuit. A leak connected across C, would be use
less liS C'c would not afford a l~turn path (the 
filament C. act ing liS a blocking conden!lCf with 
infinite impedance as far as d.c. is concerncd). 
Increasing the capacity of Cp raises the wave
length and iocreases t he grid feedbaek . Increas
ing C. also lowers the frequency but reduccs the 
grid excihltion. It is aimply a matter of adjusting 
t hc proportion of voltage drops across the two 
condcnsers by changing their size (and therefore 
~heir reactance). A frequency change is nlso 
caused, because changing either condenser 
chang(]8 the c/Tcclive capn.city across the coil. To 
keep t hc grid excitation constant and change the 
frequency, Cc a nti Cp can be increased or de~ 
creased togethcr. A separate control of grid 
e:'(citation CRn be bad by making grid condenser 
C. variable (lr by adding a clip connection to L 
so {.hat the lead [rom C, dOOB not necessarily 
connect to the extreme end of the L--C circuit. 

I n u.sing a practical form of the Colpitts circuit 
for lransmitting, the controls must be kept down 
to a reasonable munber and so it may be de
!limble to forego separate clip conncctions for 
conl rol of grid c.'(citation , particularlY as extra 
leads hung on a circuit at different po~nts tend to 
hring ill dou ble tuning effects at the higher 
frequencies. 

Dy using a balanood arrangement and modify
ing our simplest form a little we can get rid of the 
nccessity of using plate and grid rJ. chokes. This 
ie '" splcndid idea for u.."El in an outfit for work on 
di fferent frequcncies becll.use one doesn·t have to 
worry about plug-in chokes for t he highest 
cfficicncy - a pr actical necessity if "'e plan to 
chau!(e onT frequency over ll. ver~' ,,·irle range. The 
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CoJpitt~ circuit u.s shown goes dowo to our short
est waves "ith CI\.SC. As soon as C& Bnd C~ have 
been put on t he srune shllJt or othcfwll;c coupled 
together mcchanicslly, the adjustments are l\.S 

easy as with the other circuits and the wave
length can be changed with the grid excitation 
constant. 

In the first paragraphs of our discuS/J.ion of the 
Colpitts circuit attention was called to the fact 
that there is always a point of zero voltf4:;e be
tween plate and grid, both between tIle two ends 
of t he coil :lnd between the two condensE'l'8. 
That means that t here is no d. voltage hetween 
poinu x and y (even though there is the entire 
d.c. plate potential between thell'l). Skeh:h " A" 
discloses that the plate blocking condenser C, 
hal! boon taken out and that the plate supply is 
being fed to the center of ooil L,-£.. T he high 
voltage is !loll over the coil and stator plates of 
both tuning condenSCfl:l - bllt we have elimi· 
nated the neceS8i ty for a plate choke coil. 

If C& and Cp have the same capacity, L, and L, 
will be about equal in tums, but if C& is larger, 
as it sometimes is, the Rrl'ft-llgement will be in 
balance again wIlen t he voltage fC€d point B is 
moved down IlO toot L, is smaller. The voltage 
node (zcI'o) moves down thc coil sonlewhat as the 
grid excitation is decreased by using a larger 
cspacity at C, without It prl)portionatc increase 
in Ihe capadty I)f Cpo 

A good way to find t he nodal point is to put an 
d. choke in the B-plus lead find to hunt r.f. 
voltage over the whole coil with a noon+tube 
indicator or insulated metal I)bject. Insulation 
i~ important here W! the Goil is alive and danger
ous. H ands off! The connedil)n for the plaw feed 
should be made to the zero point on the coil when 
it is located. If it's not exactly right, leavo t he 
d. choke in the plus leRd to keep what li t tle 
voltage il;! p resent where it belollg!!. The choke is 
relieved of t he major part, of its regular job, at 
any rate. 

If a large capm:ity be placed at C" as shown in 
sketch "B," it will have very little effect on the 
distribution of d. voltages over the coil. 1t will 
give us two points at about t he same d. voltage 
and insulated " i th respect to d.c. voltub'Cll. Thl.s 
oondellscr should be capable of withstanding the 
plate voltage and handling the circulating cur
rent and should be at le(l$t wn times the capacity 
of the t uning condcnsers. The grid lenkandB-plUll 
leads may DOW be connccu:d as diagrammed. 
No chokes of Rny description am left in our cir-
cuit. Keither is a grid condenser absolutely 
needed. C1 keeps high-voltage d.c. off the grid. 

C. and Cp bot h carry the circulating current 
~nd must be lrnnsmitting condensers or at IClUlt 
double-sps.ced reteiving condensers if much power 
is used . Remember that condcnsers ill series 
have a smaller effective cRpacity than eithcr 
condenser taken by itself. Two 500-""fd . COndellIY 
en OD the SRme shaft in series will behave like a 

ISingle tuning conden8C~ with It maximum of 250 
"",fd. Use the effective capaeiLy value when deter
mining coil sizee in designing a transmitter. 

c, 

l'~--C-,---r-~~~~ 
,-

c, 

SOME VAR,IATIONS OF THE 
HOFfMAN BALA NCED COLPI rrs CtRCU I T 

C& should h ave twice the capadty of C~ to make 
the grid excitation have the optimum value un
less a small grid condenser is used to limit the 
d. grid voltage. 

Having determiued the equivahmt capacity 
neceSAAry to cover a certain frequency mnge, a 
trial value for C. or C~ may be lrubl!tituted in t he 
formula for series capacities (sec chapter on 
" Fundamentals") and the value for Cp (If C. 
accumtely determined. 

Tin; ULT RAUIIlOS 

One popular arrangemcnt is shown in thc dia
gmm referred to as the ult raudiotl circuit. The 

c, 

..t SHUNr-l'E1?/) UL TR..tUlJlON CIRCUIT 

tuned circuit eomrists of the tnnk between the 
plate and grid . T he freqllency can be incrcased 
by lhe simple process of cutting down the size 
of the coil. When the coil is cut down to a mere 
oonnecting lead, tubes may be wade tl) oscillate 
uicely on frequenciee as high as 300,000 kc., the 
limit depending on the size of the grid-plate tube 
C!\pacity which is differen t in different tubes. 

The distributed capacity in the plate choke 
very likely by-p" sse$ sollle r.r. ellergy to the fila-
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meat by way of UIC power supply (filter con
denser). This is avoided in the practical and final 
arrangement of apparatus by moving the plate 
choke connection to the grid end of the tuned 

c, 

c, -
$BRIES-PEIW ULTRAUDlO,V 

condenser-(!oii circuit as shown ill UIC next dia,
gram. This is in reality a change (rom shunt or 
parallel plate feed to series feed. The harmful 
distributed capacity is now in shunt with C, 
where it does some good. There is also less d. 
voltage at the choke using the series arrangement, 
which is better. A variable high-resistance leak 
of 10,000 or 15,000 ohms will permit adjustment 
of the bias to the best operating value. 

The plug-in coils for a practical ultmudion set 
are construcWd just like the coils described in the 
first part of this chapter. 

POSH-PULL OSCILLATO&S 

Push-pull transmitting circuits are becoming 
increasingly popular among amateurs because 

in series across the tuned circuits, Ulereby effec
tively halving the total effec~ of shunting tube 
capacities. T lus raises the upper frequency limit 
at which the cireuit can oscillate, increases 
efficiency by reducing the losses due w high inter
electrode capacity, and improves frequency 
stability. The second commendable property is 
that the plate tank circuit receives an energizing 
impulse on each half cycle of its resonant fre
quency il1Jjtead of on alternate half cycles, ss 
with the single-ended types of circuits. A further 
advantage is that each tube is across but half 
of the tuned circuit, thereby permitting the real
iZlltion of exceptionally good frequency stability 
with a lower capacity-inductance ratio than with 
singl~nded circuit arrangements. 

All of the "standard" circuita are adaptable w 
convcrsion to push-pull but some are better qual
ified than others. The essential difference between 
the set-up of a push-pull circuit and a single
ended circuit is that in the push-pull circuit the 
plates of the tubes are connected w opposite ends 
of the output circuit and the grids are connected 
to opposite ends of the input cireuit. A study of 
the various H artley, Colpitts, Ultraudion anu 
tuned-grid tuned-plate arrangements immedi
ately shows that their push-pull versions are of 
various degrees of complication in construction 
and adiustment. The push-pull tuned-grid tuned· 
plate circuit is out8tandingly the simplest and 
most straightforward. It actually requires fewer 
part8 than a single-ended set of the same circuit, 
with the exception of the additional tube. Recent 
investigations made by thc QST TC<Jhnical Stfl.fT 

TilE loo-WATT PUSH·PULL TRANSMITTEn 
Tn, tuntd-grid "'l"CIlil", to Ik .ioN of tlu tubu "nd !h. !umd-plai. ",,,,,,o! i. !o !Mr It/I. Tiu "n.trn"" am .... !..,. u ouppor!td 

Ity bra.u .tri". bolud!o th. tDOll ...... ulotor' on ~hicA 11u!"", ud,,,,,, of th. " .. ! ... "" ..... pl''''' .. ..alICIa .. "" ",.., """mled. l'iko-
", ... !. and p/ate-o"ppI~ ""',...! ..... '" <Cdl <U !A. itl/""jocl: " •• 0" " !.,.", .... al ./rip at 1M back. 1'h. "nl ... "" .~.I.m ""'Mel. !o 
th.!IDO wall iruU/atOT, at!M al>".m"</! 0/ tho ",,~~. 

they have numeroUB advantages over "single
ended" circuits at amateur frequencies. These 
advantages become particularly noticefl.ble on 
the 14,OOO-kc. and higher frequency bands. 
The improvement is attributable to severnl 
properties of the push-pnllarrangement. The ~t 
is that tbe input and output tube capacities are 

have shown that this type transmittcr requirell 
no filament by-p:l&':l condensers, no plate-blocking 
condenser and no grid condenser. I n fact the 
operation of the transmitter is more satisfactory 
without these components 1han with them be
caU!C anything not essential to the proper working 
of a high-frequency transmitter i.a better out of 
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the set than in it. As an additional attr3.Ction of 
this circuit, radio-frequency chokes in the grid 
return and plate feed either m ... y be omitted en
tirely or used without doubt as to their efficacy, 
sinee both the plate-feed and grid-return con
nections are made at zero radio-frequency po
tential points of the output and input circuits. 

A PIl.H:"l"ICAI, I'USH- P IJi,L TItANSM[·!'1'EI1 

The set sllown in the illustrations uses two 
i5-watt Type '52 tubes. Although intended 
primarily for opemtion in the 14,OOO-kc. and 

The National trallijmitting CQudenser, originally 
a single-section affair, requires some remodeling 
to convert it to a two-sootion type. This is 
easily done, however, since changes in the stator 
IloS'lCIUbly only are necessary. The stator is re
moved by t:l.king off the nuts on the supporting 
rods and then unhstening the supporting Crolit.e 
insulators. Tne stator is completely disaSI>Cmblcd 
and the rods are each cut in the center. Copper 
washcrs are soldered to the unthrea.ded enda 
of the six half-rods and the stat.or is reassembled 
wi th the center plate left out. The result is two 

ALL TUNED CIRCUITS ARl:;" SYMMln·IIICAl, 
7·/u air-did.clrio Uocki"Q """d' .... , i. bet"' .... Ill. h.l> .. and tho pjat<>-latlk «,.,ukn,,,. Th. i,..lucta".,.. .h..,,,·,, "'. for th. 

t8,(}()()"k band. 

28,OOO-ke. bands, it is easily n.dapted to the 
lower frequencies by making ll. few additions 
to the equipment. It requi["\:ls a plate supply cap
able of delivering 1500 to 2000 volts d .c. at about 
250 rna. for rated output. The filament supply 
should be 10 volts a .c. The antenna coupling 
arrangement is for use with a two-wire feed sys
tCEn. Thc coupling might be modified to make it 
suitablc for use with a single-wire feed system 
but the two-wire system is better for coupling 
to a push-pull output circuit. 

The simplicity and straightforwardness charac
terizing the layout of the transmitter are graphi
cally brought out in the illustrations. The founda
tion for the a.ssembly is a skeleton frame made of 
printers' "furniture." The wood is cherry im
pregnated with linseed oil and is obtainable 
at printers' supply houtiCS and at most large 
printing plants. it comes in 36-ineh lengthB with 
one cross-sectional dimension of appro:dmately 
% inch and the other ranging from approxi
mately % inch to I % inches. The side-rails in the 
transmitter are two piC(lcs each 36" long and 1%" 
wide. The overall depth is 6711". The grid- and 
plate-tank condensers are mounted on angle
brackets bolted to the side rails, the grid con
denser being a Cardwell "multiple," type 156-B, 
and the plate condeDscr a rebuilt National type 
TI:II-450, the latter having Crolite insulation. 

The Cardwell condenser is a standard multiple
type receiving condenser and needs no remodeling. 

separate stntors, each supportcd by three rod>; 
held fast to the insulators by hex nuts. In re
fl.SSCmbllng the condenser, care should be taken 
to get identical spacing between the plates lind 
proper alignmcnt of the two sections. This Clin he 
done quite accurately by "sighting" across the 
plates lind along the rods. Wben fmally lined up, 
the plates should be tightened carefully. Too 
much tension will pull the rods out of the washers 
soldered to the ends but insufficient tightenillg 
will cause high resistance contacts between ad
jacentstator plates. Long brass bolts of the proper 
length, diameter, and thread would be better 
than the revamped rods, if they could be obtained. 

A ready-made multiple-type condenser may 
be used if rebuilding is distasteful. The Cardwell 
type 157-B and the General Radio type 33-1-1: 
have approximately the same chameteristks 
as the rebuilt National used in this transmitter 
and may be substituted in its place. 

The fb:ed air blocking condenser, C., is made up 
from the surplus stator plates of a National 
straigh.t-line capacity reeciving condenser which 
had been double-spaced. These plates are 
stacked up triple-apaood wi th the same washers 
used as separators in the variable condenser 
of which they are relics. The end plates are pieces 
of bakelite and the supporting ~creW8 are G-32 
brass fiat-heads. The total n.umber of plates is 8 
and the capacity is approximately 75 j.(j.(fd. 
Its breakdown voltage is approximately 3000 
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\'olls at tiO cycles. A good view of the condcn,;er 
i~ shown in one of the illustrations. 

The spacing between the variolllj pieces or 
npparatus Cll.n be determined with sufficient 
accurllcy by studying the illustrations. The spae-

, 
• I 
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ing need /lot be followed exaetly, of cour~, but 
adherence to the layout in general is recom
mended. 

An in teresting feature of this transmitter is 
that t he leads from th e grids to the gJid tank are 
much longer than the leads from the plates to the 
plate tank. Thls high ratio of grid-lead length 
to platt-'-Iead length elimiua\.eJl the possib il ity 
of the spurious or parasitic ultrll.-high-frequeney 
oscillations which usually !'elOult wlien the grid 
and plate leads are of nearly equal length. The 
elimination of parasitic oaeillat-ions is Ii ~onsider· 
able problem in hlgh.frequency transmitters 
haviog more than one tube and is especially 
important in push-pull circuits. 

The plate leads go directly to the plate tank 
circuit t uning condenser and each le.'\d is 3.5 
io(' he~ long, T hn grid tnok d rruil, fifl'll.nl(o'ment 

is 1. bit ditrel"en~ fmrn l,he u~u"l in that the in
ductance is mounted ootween the tubes and the 
tuning condellllCr. Thia allolVl;! sufficient length 
ill the leads from tho grids to the tuning con
denser terminals without overly stringing out the 
assembly. T he totn.l length of cael) grid lead 
measured from t he tube envelope to the con
denser terminal- is 13,5 inches_ The connections 
within Mch tank circuit (betwecn condenser and 
coil terminals) are necessarily short, direct, nn,l 
lwavy. The cQllIloolions within any tank circuit 
should alwuys be sllOrt, of course, because it is 
in these circuits t hat large d. currents flow and 
losses must he kept down to the very minimum . 

The grid aud plate inductances are supported 
on General Radio wall insulators and are fastened 
in place by bolting through holes drilled in the 
fl a ttened ends of the copper tubing of which the 
coils are made, Clips are not used for making the 
center-tap connectiona to the coil~ but leads are 
permanently soldeI'\,'{] to the indllctanl;CS at their 
eXf>Ct ccnters (as estimated by inspection). 
:\fost of the dips available are made of steel, 
and become very hot in t.he in tenf!e field about a 
tmnsmitler inductance. This heating is good evi
dence of losses. The clip is therefore put on the 
other end of the lead, where it will be out of the 
tank-inductance field. Specifications for the in
ductances are given under the circuit diagram_ 

The grid leak is an Allen-Bradley type E -210 
Radioleak, and is fastened to a small bakelite 
pauel on the front rail of the frame. A variable 
leak is used becaUf!e it has been found that ad
just',ble grid biM! is adVltntageous in getting 
thc bcst signal qU-"lity and cfficiency at very high 
frequcncies. AdjUIIlment of tile grid bias is the 
final opemtion in tuning the tr:msmitter and. 
3.lthough it is not ext remely critical, as a tuning 
refinement it i.'J well worth having. 

The radio-frequency chokes arc designed for 
t he 2S-mc. hand and are all alike. Each con
sists of 48 turns of No. 30 d.c ,c. wire wound over 
a 2-iuch length of wooden dowel % inch in diam
eter, T he method of .... inding is to mcs.sure off 2 
inches on the form and wind 24 turns per inch 
over t,he t wo inches, estimating the spacing at 
~light1y more than the diameter of the wire. 
.. Utcr the winding is completed, it should be 
doped \dth acet-one or coUodion to prevent thc 
wire from slipping. Wood--screws t hrough holes 
d rilled in the forms hold the chokes in place on 
the t ransmitter. 

Although the transmitter ' lO plate circuit is not 
symmetrical with rcspec t to t he grid circuit, the 
plate circuit of one t ube must be s.l'mmetrica\ 
with Il.'8pect to the plate circuit of the other II.S 

must, also be the grid circuit of Qno t ube with reo 
I!pect t-o t he grid circui t of the othcr. The two grid 
connootioIl.ll to the grid tank must be of identical 
length and so must be the t wo plate connections 
to t he plate tauk. 

I II arldi tion t-o s~'Ull))etrjcll.l cOllnectiOllR bel,ween 
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the tubes Il.lld the respective tank circuit.'l, the tank 
circuits themselves must be symmetrical about 
their respective electrical "centers." T his require
ment calls for not only an exact ceuter tap on the 
tank inductance but also for tuning oonden!Jers 
which have symmetrical electrical properties. 
Tuning condensers of the double stator and single 

specified for the higher frequencies and should 
have 8 and 18 turns, respectively, both coils being 
3 inches in diameter. Quarter-inch spacing be
tween turns will be satisCa.ctory. The grid coil 
for each band Ill..9.y be the same as the corre
sponding plate coiL 

Like the grid- and plate-tank circuits. the an-

D.C. AND WW-PRE'QUENCY A.C. WIRING [S RUN BENEATIl TilE PlU .. MIl: 
Th~ ,orminal alri". bV"1'<'3' ""ndm,o ... lor t.V, IIrid-Udk and r./. oMk .. "". q>"ou)Moi ~lIh u.. 
lub • • ;" 1M ""ulral """" 01 J/uI rlUii .... froq""""1I fWd. 

rotor type have this featuI'e and such condensers 
are used for tuning the tank circuits in the trans
mitter. 

The two sections of such a condenser are in 
series across the tank circuit and the rotor is 
grounded. Since the rotor is at zero d. and d.e. 
potential to ground, the danger of shock as well 
as the serious detuning of the IlCt when the dials 
are touched is eliminated. Moreover, the insula
tion of one section of the condenser is in series 
with the insulation of the other (across the high 
d. potential ends of the inductance) and the 
insulation is thereby made doubly effective. 
Since the two sections are in parallel with respect 
to the d .c., the d .c. flash-over voltage is the same 
as if a single-section condenser of the same plate 
spacing were used. It is usually r.L voltage rather 
than d.c. voltage that breaks down condenscr 
insulation, however, and a fixed insulating con
denser hetween the rotor and negative high vol
tage will be adequate insurance agaiust d.c. 
flashover with standard types of tuning con
densers. 

The total capacity across the tank circuit is 
approximately half the capacity of one section 
(since the two sections are in series) and a con
denser of comparatively high capacity per sec
tion is necessary for "lligh-C" at the lower 
amateur frequencies. Since the balancing of the 
tank circuit.e is not 90 critical at the lower fre
quencies a 200-wJ'd. single-section variable con
denser having the saroe spacing between plates 
(same voltage rating) as the double-scction 
condenser may be mounted on top of the plate
tank condenser and connected in parallel with it 
to give the necessary High-C for frequency sta· 
bility on the 7lXlO-kc. and 3500-kc. ba.nds. The 
grid tuning condenser specified has a sufficiently 
high maximum capacity for these bands. 

The plate ooils for the 7lXlO-kc. and 3500-kc. 
bauds may be of lhe Sllme ~ize tubing as the ~oil~ 

tenna coupling circuit is symmetrical. The in
ductance is in two identical sections (both wound 
in the same direction) one on each side of the 
plate coil. The r.f. ammeter is connected between 
them. This places tho ammeter at the point 
of maximum current in the feeder system. The 
current value may be quite high and a 5-ampere 
meter is recommended. If a meter of lower current 
capacity is used, it should be shunted by piece 
of No. \2 or J.l copper wire. The antenna coiis 
are mounted on General Radio wall insulators 
and to loosen coupling are swung out from the 
plate coil, with flexible leads equipped with clips 
connecting the coupling ooils to the tuning 
condensers. 

TUNINO ADJUS'l'MENTS 

P reliminary tuning should be done with the 
plate voltage reduced to about 1000 volts. This 
will preclude the possibility of blowing things 
up at the start. The grid leak should be set at 
approximately half resistance and the antenna 
coils should be lool3Cly coupled to the plate coil. 
The antenna tuning condensers are set at maxi
mum. Set the plate tank condenser at near full 
capacity and switch on the power supply. Hold
ing thc key down with one hand, slowly tum the 
grid tuning condenser with the other while wat-ch
ing the plate-current milliammeter. At one setting 
of the grid condenl3Cr the plate curren~ will t ake 
a sudden dip. The grid tUDing condenser capacity 
should be set at a value slightly greaUr than that 
at which the dip occurs. Now check the fre· 
quency with the frequency meter and monitor. 
If it is outside the band, retune the plate-tank 
condenser and repeat the whole proceas. 

After the set has been tuned to a frequency 
within the band, the plate voltage can be raised 
to normal and the antenna circuit tuned 10 res0-
nance. The antenna tuning condensel'8 are both 
vl\ried at once, tuning from maximum capacity 
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"down." A setting should be found where the 
current indicated by the meter is a ma. .. dOlUln. 
The capacity of the condensers should be in
creased from this setting until the antenna cur
rent drops about 20%. If the set should atop 
oscillating during the tuning process, slightly 
increase the capacity of the grid tank condenser. 
When the antenna draws power from the plate 
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tank the excitation available for the grid circuit 
drops and oft~n n~essitates readjustment of the 
grid tuning. Increasing the capacity of the grid 
tuning condenser increascs grid excita
tion. 

AIter the antenna circuit has been 
properly tuned, another check on the 
frequency should be made. If it has 
changed appreciably, slight retuning 
a.djustments should be made all around. 
If the monitor shows that the note is 
rough, detune the antenna coupling 
circuit a little more, adjust the grid 
excitation slightly by tuning the grid 
tank and increase the resistance of the 
grid leak by turning its knob to the 
left. When these adjustments have 
been completed. and the signal is 
" steady d .c.," t he traDSmitter is ready 

w supply the grid excitation and the grid i0BSC8 
of the amplifier which follows and its load is very 
nearly constant, even with variations in antenna 
tuning. The frequency stability can be further 
improved by using oscillawr circuits of extremely 
stable charactcristics and the low-power require
ment makes possible a sacrifice of oscillawr 
efficiency in the interest of better frequency 
stability. 

The oscillawrs used in modern oscillator
amplifier traIll!Illitter are of two general classes. 
The first is the sclf-<:ontrolled type, using one of 
the standard Higb-C oscillator circuits, in which 
the frequency of ooeilJation is determined largely 
by the inductance and cap:wity values in the 
tuned circuits. The second is thecrysto.1-conuolled 
I,ype in which thc frequency of oscillation is 
determined by the natural vibration frequcncy 
of a quartz plat.e connected in the oscillator grid 
circui t. 

SELF-(:ONTIlOLLED OSCILLA TOll-'\' MPLIFI Ell 

nu.NSMITTEf!S 

The low-power transmitter shown in the illus
trations is a good example of sclf-controlled 
oscillator-amplifier set construction. The oscil· 
Iator has a High-C Hartley circuit with a Type 
' 10 tube, operated at reduced power, and excites 
a neutralized amplifier using a Type ' 10 tube 
worked at full power. T he rated output of the 
transmitter is about 7.5 wutts. The oscillator 
unit i.s mounted on the righ t side of the ba.scboard 
on an aluminum disk andin operation it isenc!oscd 
in a shield consisting of an inverted aluminum 

for operation. 1'H8 LOW-PO WER OSCJ{.LATOR-AMPUPIER TRANSMITTER 

OBCILLATOR-llI.PLU'lER 
TlI.I.NSIIITrERS 

1'~ ... ojllatoT;. ;nrnu the i~_1td aluminu m bilk at tho right with tho 
n-eulTali .. d ampliti.,. and "ntm.......,.,upli"" oj,ctlit to i/.o kll. Tho. unit 
mal' bo uud 10 ~rojk" hiDIM>o""" ampl;jj.,.. 

The oscillator-amplifier circuit i.s so 
named because the oscillator, instead of feeding 
the antenna circuit as in the foregoing self-excited 
sets, excites one or more amplifier stages which in 
t urn supply power to the antenna circuit. The 
oecillawr amplifier set therefore is capable of 
greater frequency stability than the self-excited 
Bet since it has to fu rnish only sufficient power 

keltle. This shield avoids changes of frequency 
which otherwise would be caused by the "body 
capacity" of the operawr moving near the Bet 
and alBo serves to isolate the oscillator more 
thoroughly from stray fields about the amplifier, 
therehy contributing to freq uency stability. 

The use of such a shield, however, hinders the 
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ventilation of tile tube and it is nocessary to driU 
several !i" holes around its edge near the baBe 
and several in the top to obtain a circulation 
of air. Without theBe holes the tube would heat 
badly and the frequency would creep in conse
quence. 

The tank condenser is support.ed. by bakelite 

ampLifiO!r would oscillate as a tuned-grid tunc,l
plate circuit if no provision were made to prevellt 
it. Neutralizing the amplifier grid-plate capacity 
effectively predudcs any possibility of Buch oscil
lation. The neutralizing circuit includes the lower 
portion of the amplifier pbte coil and the con
denser C, in the diagram. To mnke this arrange-

TflE TR:4.NSMITTEIe WITH THE OSClLLA TOR SIlIELD RE.lIOVED 

Th • .... pI .. jJ ... ,_i ... udtali .... ("'''''Ilk tko I«Jd lapped on til. otc'llat.>r induda""". A ""~~io" 
i. mado b~ a clip <SI lko unlor of til. amp/iM' lank ind""' .. """. Tko ,...mrn!i ... "lI .ond<~ .... •• """_ 
"ocIe" b<1<D<"~ 1M fir'" of 1M .. mpl'}ler ("I>< atld !h'/rrmJ. lorm'''''! of Ih. /<"Ink 'ndwclaflCO. 

strip" bolted to the base with angle brackets. 
The frame of the condenser must be insulnted 
from the metal shield. 

The tube socket is mounted on the aluminum 
disk. The fixed grid a.nd plate condensers a.re 
supported in a vertical position from the grid and 
plate terminals of the tube socket; these condens
ers, in turn, hold the heavy copper strips that 
form the connections to the tuning condenser. 
At the center of theoo strips G.R. jacks are fitted 
and into theae the tuning coils are plugged. 
The mounting of the apparatU8 and all the wiring 
should be perfedly stiff, since any vibration will 
make a steady frequency output impolJ:lible. 

The grid of the amplifier receives il£ e.xcitation 
through a coupling condenser CT from the oscil
lator coil. The lead is mnde to a clip on the coil 
and this clip is varied in its position to control the 
amount of grid excitation. The amplifier tube, 
which is of the same type fIB the oscillator, is 
mounted on small brass brackets from the ampli
fier plate tuning condenser. The plate tank of this 
tube has a smaller condenser and more turns 
than that of the oscillator, in order to get the 
highest possible efficiency. A high vo.lue of 
capacity is not necessary to stabili1.e the fre
quency, since this has already ~n effected in 
the oseillator. 

Since both the grid and plate circuits of the 
amplifier IHe tuned to the same frequency, the 

ment possible, the d.c. plate voltage is fed to the 
plate coil at its center as shown in the diagram. 
This puts the point of low radio-frequency poten
tial at the center of the coil. The radio-frequency 
potential at the plate end of the coil is opposite 
in phase to the potential at the end to which the 
neutralizing condenser is connected. If the roil 
is tapped exactly at its center, the circuit will be 
neutralized when the capacity of the neutralizing 
condenser equals the grid-plate capadty of the 
amplifier tube. The method of adjusting for this 
condition will be explained later. 

T he placement of this neutro.lizing condenser 
and the apparatus in the amplifier can be seen 
in the plan view. The full plate voltage in series 
with the grid bias is across the neutralizing con
denser and to avoid the possibility of shook and 
to reduce difficulties in ndjustment introduced by 
" hand capacity," it is fitted with an insulating 
extension handle. 

The amplifier plate coils, like those in the oscil
lator, are fitted with G.R. plugs which fit into 
jacks mounted in copper strip extensions from 
the condenser terminals. The plate coils rest on 
two gla&'! rods 80 that vibration is eliminated. On 
these same rods the antenna coil rests. Antenna. 
coupling is varied by sliding the antenna coil with 
respect to the plate coil. The antennn tuning con
denser nnd ammeter are mounted on the extreme 
left end of the baseboard. The grid of the amplifier 
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tube is maintained A~ a suitable operating \'ollnge 
by a bins batlery which is connected to the grid 
t hrough A rndio-rrequeney choke. Thit! choke is 
under the lunplifier tube socket. The choke in the 
positive high-voltsge le:u:l to the amplifier is 
behind the tube. 
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the neutraliz ing cotlderlser should be adjusted 
until no Rueh indicntion is obtained . After t he 
neutralizing oonden8er hM boon ooiwted to the 
point 1\'here the flash.lamp bulb sbows no glow, 
the amplifier t-:wk tuning condeDscr should be re
adjusted. I t is quite probable that the bulb will 

indic:u.c r.f. in the tllnk circuit at some 
other &cHing of the tsnk tuning con
denser. Again II.djust the neutraliz ing 
condenser until the bulb goes out. Keep 
adjusting the neutralizing conden5Cr 
1Il1U! there is no sign of d. in the t{lnk 
for any setting of the lank luning cOIulcn s
cr. A more exact neutnlliz.ing adjust
ment elln be obwned by continuing to 
ru.l iust the neulrslizing eondenscr fur
ther ulllil !mother setting is found where 
the bulb glows. The best setting wiU be 
h3lf way between the two liettinge: at 
which the lamp indiclI.tor shows d. in 
the tank circuit. 

TilE CIJICUI1· 01' 1'I/E OSC[L',ATOfl -.~ . \II'/,[~'H.'R TRANS_ 

Even mote necurnte neutr:1.lil,!ltion 
can be obt nillOO by connecting a small 
thermo-<:oUjJ1e galvanomet.er or milliam
meter Ilcrol'S a lew tUniS of the Iliate in-MJTTEII 

App" ........ ttqU ... d: 
T .... 1·1/"" '10 IUOcl , .. "I.i1d:~I>. 
C •. C. - S5l) ....Jd. r.....-_-I!IP<' fdriabl. """,,0"""'. 
CI _ 60Q ....!d. d-itu.. 
C. - I()().AAfd . ........ ~, ~,...ood. 
C. - 1,000 I'I'Id, fa~4 ~I .."..,u ....... 
c.- 1..000 ,../d. JIlo_ bt-Jxo.u ~ •. 
C. - I ()() AAfd. jlz.J. ",,",,"';"11 <»rOd ......... 
C. - tliO Hid. ~ru. Neil""",. vMJ <>Ond.n_. 
C. -I,(XJO "",d. ftz#d .-ilia,,,,. "opvi"" DOA<It""'V. 
RI - 100-.10", . ""'~~" ...... ,or. ltr Ch'''I''lIu4ru I"m".. 

ductance !l.nd using it !l.8 au indicator of 
r.f. in the tflnk circuit . The method of 
neutralizing i.s the /!Arne Wi with the 
flash.i:nup and 10(1) indicator. Be 8Un ro 
r£lIIO!.·e the maer before lurlling on t/ie 
1,wie IIOlWge. OUu~rwi!le it is likely 10 
burn out. 

If, -/IIO-v>all IO.OOI'J-<>hm gMd lC<1k l~ d...,,, "' .... ,''',_ J",. ... CIlI./or. 
R. - I O./JOiJ-oAm vrid 1 ... 10 lor ~KiIl<J/.r (I(J. or .f~_ ..... I1""'). 

This met.hod or making ueutrnli~illg 
adjll.~tm ent8 is the best for all neut.ml
he<! nmplifiel1l and the operuwr of 
uuy tmnsmitter COlltaining an amplifier 
which is RUPl)08()d to be neut ralized 
should prllet ice the procedure until he 
is completely fflmilitl.r \vith it_ The lim 
plifier is ne\·cr completely neutrlllizeJ 
until there is no indication of rJ. ill 
the tank circuit. 

RYC - R<tdi .... fr~ClI <hO«. «1<:/' "''' .... Ii''''' 01 lAta ."Ii"", 01 60 
l~rn • • / ~ U<I~ d.c.c. 1D"ir~ u'o,md ' n ~"-flOI' in .. l"-diam4!u 
.. ~de .. /or", .. ..... d "",~.oI.d in •• ri ••. 1'h. t~b .. la. cJoI>I; .. d._ 
' (>"'Wd IH/or • • h....td N <q .. aU~ "'I;.j"a<lor~. 

L •• I". L. _ An' ........ pial. a"d DKiII,,/or."to dU<>"ibod 11,><1(>" i1/uOlralw.. , 
AII'''''n ..... btll. and diU I", "";/1<11"" .hwld, Ioauboatd ' }i" :z t2". 
" •• """""coU .,. Pah ... lI<><l; diftl. ",O</d «1"<1 .... ond ...., ..... ", .......... Wi<d 
Iw-, aM '04 ' W< "'_" lor "''''', ~. ",,0/ .. , oopl'fT ,'rip, ,,114 14 
U<lIOU<' ...... /",. '""""nom ....... 

With ncutralin.Uon of the amplifier Tu "... ...... ..",~, allln"" ""d Uri..., IlIIUHU ar, "",tM ." wier 
. 1uJ/litT' . 

completed, Ule plate voltage can be con
Ileeted to the amplifier and the key closed. T he 
amplifier tank circuit shoulJ bc tuned until the 
plate milli3mmct.er or the amplifier illdicatcs 
1IIiniJJl!IJn plate current. 

't"O:.'I:-IG A~D NEUTRALIZ INO 

In tuning the oscillator of this tmnsmiucr the 
s:lme process will apply as that outlined for thc 
ot her trllnemitt.erll. H is well to have the grid lead 
to the amplifier at tached when the tuning is done 
but the plMe supply to tho amplifier should be 
di9Conlleeted . .lust as soon as the oseilllltor hil S 

been tuned to give the steadiest signal on the 
required frequency (lUI cheeked uy the frequcllc~'
meter lind monitor) the preliminary neut raliring 
elln be undCl·takcn, For this work a ~wo-l\lrn coil 
connected to .. flllBbligbt bulb should be coupled 
elO6Cly to the nmplifier plate coil. With the plate 
supply dilK;onntdild from thc amplifier but lI'ith 
the oeci1l&lQr running, the neutrnliling condenser 
should now be set at zero aDd tbe :l.mplifier plate 
tuning condenser rotated until the maximum 
indication i~ ohtnineU in the bulb. ,\t t.hill stage 

It may be that the frequency of the oscillator 
hlU! been changed somc\\'lmt during the neutl'll,liz
iug process and it ghould be cnrefully cheeked 
with tile frequency meter before the antenna is 
tuned to resonance. The frequency may be cor· 
rected by retuning the OilCiIlator and :l.Inplifier 
lank cireuiLS. No furt her adjustment of the ncu
tralizing: should be required. After the freq uency 
h.'IS been given a final check the antenna circuit 
ill tuned to reson.ance. L"nlike the snlcona t Ulling 
v.ith a seU-excited t~nsmi(ter, the antenna con
denser should be nciju_ted for maxi mum !Ultenn9 
current. The coupling; between the antenna coil 
and the output ta.nk coil shollld not be 1.00 closo. 
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OTHER OOMBLNATIO!'iS 

In high-power tl1LIlsnllttertl of the oecillll.tol'
aml)lificr t.ype a similar lay-out Rnd COllstruCtiOD 
can be used with modifications to accommodate 

, 

OSCII.l.ATOR. AMPLIFIER AND ANTENNA COILS 
roR FOUR BANDS 
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more powerful tubes. An additional amplifier 
might be added to the transmitter just described, 
for instance. T his amplifier might conaist of two 
Type ' 10 t ubes in push-pull or a single T ype '03-A 
or Type '52. 

A satisfactory stage of push-pull amplification 
is illustratOO, togcther with ita circuit diagram . 
The tuning method for the push-pull stage would 
be similar to that just given. The neutralizing 
pTOCe88 ill the same eJ[ccpt tbat both neutralizing 
oondcn/JC11I should be adjusted simultaneously. 
The coils for the push-pull stage are identical 
with the coils for tbe amplifier stage. Their 
spooifications are given beneath the illustration 
of the coils for the o!lcilIator-runplifie r traDsmitter. 

If an additionsl amplifier using tL single 5()..WtLtt 

or 7,').watt tube sbould be added, the circuit 
would be identical witb that of the first flmplifier 

and the coils should be of the aa.me size but should 
be made of %"-inch copper tubing. The plate tank 
conden ..... r should have spacing between adjacent 
plates of at ICIlI!t 3/16 incb and bave a maJ';mum 
capacity of approl.imately 350 ""rd. The neutral
izing condenser should have the 8IlIIle spacing 
and a maximum capacity of at lell.!:lt 50 ",,£d. The 
fixed by-pasa condenser in the plate circuit 
should have a voltage rating of 5000 voll.8. 

In connecting the input of the push-pull am
plifier to the plnte circuit of the singlc-ended 

I'LAN VIEW 01' TIIP. l.QII'_POII'HR PUSII_PUI.L 
AMPUI'IElI 
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amplifier, the grid lermimus of the push-puilstage 
are oonnected to the two ends of tbe first am])li
fier·s plate inductance (the dotted lines). The 
antenna coupling circuit of the first etage i.s not 
used. Coupling to t he 5O-watt stage would be 
similar to that between the OI!ciIlator and first 
amplifier. 

In any tranamitter of this type the prime con
siderations are that the oscillator must be worked 
below t he rated power of the tube used and the 
plnte supply for the oscillator must be pure direct 
current. Wben using a Type ' 10 II.!:I the oscillator 
t ube ita plate voltage sbould not be over 250 
volta. The oacillll.tor determines tbe frequency 
stability for the whole transmitter and every 
precaution should be taken to make it the bellI 
possible. 

CflTSTAL CO~"'flOL 

In eacb of tbe preceding lran&nitters the fre
Quency of oscillation is determined by a self
controlled OBCillator. The mnny factors which can 
infl uence t he frequency of oscillation have been 
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rt>peatedly pointffi out (m c! i t is evident t hat they 
,Ire Hot ouly of I'onsiderable number but ulso 
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difficult to overcomc. It is because the crystal
cont rollcd oscillator almost entirely 6urmoullt~ 
Ill! these d ifficultics that its popula rit,y is con
tinUlioHy inCl"ensing. The frequency-controlling 
element in the crystal conirollcd oscillator is a 
~mall slab of quartz crystal wl,ich, because of it s 
('\ectrQ-lJIcchanical ])ropert ies, will oscillate at a 
f~fjucncy , lc tcrmined almost entire ly by its 
, !im!'n~ i on ~ W I,('n it. i ~ properly ,·onnect.ed in the 
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controlling oscillawr circuit., the Ilntenna ca ll 
~wing, the line vol tuge call vary and t he tubes co n 
hcat without seriously affecting the output fr<>
queney of the transmitter. It is almost impervious 
to the usual cuuses of dynamic frequen cy flut ter 
Ilnd a bad ripplc in tbe plat e-supply voltage may 

eause amplituJe mod ulfl.tio" of tl,e output but 
can cause prflelic:dly no fl"Cfj ltt;ncy flutter. For 
this reason the note produced by fi properly 
ad justed crystal-controlled tnlnsmilter is a lways 
of n pierdng m usical character. 

CR~'STAL CUTS AND GRINDING 

Good act ive quartz plates a re no longer the 
!!Carec and expensive artiele; t hey were a few 
years ago and the better understanding of crystals 
and their operation now !l\'llilable ha.s era.scd the 
formerly prevalent idea that, crystal control was 
something for ouly experienced amateurs to phy 
with. Even thc inexperienced can now be ul!8urcd 
of success with crystaJ-cont roHed transmitters. 
In !!Ollie ways the use of crystal control actually 
simplifies transmitter construction and adjust
ment . 

Al though !!Orne amateurs, experiencIJd in 
crystallogra phy llIh.l posscssiug the llc<:eSSft ,·y 
Cfjuipment, cut active slabs [rom chunks of· ' raw" 
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quartz, it is more economical to purchase a 
ground crystal or unfinished "blank," purtieu
It"rly if only one or two cryst.als nre wanted. 
Finished crystals are now so reasonably priced 
that it is hard ly worth while even to buy an un
finished blank and fi nish thc grinding. The ex
perience to be gained h om t he grindi ng process is 
vnluable, howev('f , and many amateurs do buy 
partially ground blanks a nd finish the plates 
t bemselves . 

A quartz crystu l l,as three major a xes, desig
nated X, )' and Z. T he Z axis is the optic axis. 
The Y axis is the mechanical axis. The X axis is 
t he elect ric axis and is the one used as (l reference 
in designflting the cut of the plates used in oscil
lators. A plate cut with its major surfsces per
pendicular to fi n X axis is known as fin X-cut 
plate. This cut is nlso referred to all Ihe "pcr
pendicular " and "Curie" cut. Pllttes cut with 
their ma jor surfaces p~lml!cL to an X a.tis are 
known as " Y," " pomJlc!," and " 30-degree ,. cuts. 
The most accepted wrms for these tWO cuts are 
X-cut and parallel or 3O-degrt,,>e cut. 

I~nch of these cuts has char:tcte ristics of its 
OWIl and these ehar:u:teristics determine it.s 
sui tahility for different services. For a gh'en fre
quency, an X-cut phte is thicker than a 30-
degree-cut plate. The X-Cltt plate hos but one 
major frequency of oscillatilln wilieh is a function 
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of its l hicknCllll llll t a ;jO-(legre~ cut plate some
times h:\!! t wo, generally a kilocycle or SO apart. 
The 3Q.degrec cut plate is usually t hc UlOI'C rcady 
oscillator alt hough properly ground and mountOO 
plates of eit.her cut oscillate quite persistently in 
well-deeigncd power circnita. The X-cut plate is 
more !,'eneraUy used in power oscillators, although 
m:my amateurs have a preference for t he 30-
degretl cut. 

Whcn a finished cr:ystal or ungl'ound blank is 
j>tltcha.scd, a statemcnt of the cut should be 
obtained from the seller. This is particularly im
port.:lilt when a blank is purchased because thc 
grinding cannot be done so easily if the ratio of 
thickness to frequcncy is not known. "For X-cui 
plates! X t~ 11'2.G and for 30-dcgree-cut pla\.csf X 
1_ i 'i .0, wherc! is the frequency in kilocycles lmd 
I is the thickness in inches. From thClle relations 
the thickness for a desin.'<I. frequency of a crystal 
of kllOWIi cut can be determined quite accuratcly 
by measuremcnt with a good micromcter such as 
the Starrett No. 218-C, Yz inch. This tool also 
can be used to make sure that the crystal is the 
sume thickness at all points and that bumps or 
hollows are not being ground in. The best crystals 
are about 1" square, perfectly fiat, and the two 
m:ljor surfacCll are parallel. 

Since the thickness of an oscillating crystal is 
inversciy proportional to its frequency, the plates 
becomc very thin and fragile nt frequencies 
above those in the lI.Illateuf 3500-kc. band, For 
t his reason the most sati!!l'actory amateur crys
tals are those ground for the 17[;(}-kc. and 3500-
kc, bands. If the transmitter is to be opcrat.ed. on 
the 35OJ-ko. and higher frequency bands only, a 
crystal baving a suitable frequency in thc 3500-
ko. Ixtnd will be best. The higher frequencies arc 
obtainoo from such a crystal hy lDeans of the 
harrnonic generators or frequency doublers to 
be described furt her on. Some carefully-ground 
i())o-kc. crystals arc uow being used in amateur 
t ransmitters bu~ they require very careful han
dling. There are evcn instances of successful opera· 
tion of 14,OOO-ko. crystals but they are exceptional. 

Grinding is usually done by rotaling the crystal 
in irregular spirals on a piecc of plate glass 
smeared with a mixture of No. I~O carborundum 
and wawr or kerosene. It is better to Lave the 
crystal st uck w a perfectly lIat piece of thin brass 
or a glaBs microscope slide than to bear down on 
the surface of the crystal with the fingers, Even 
prcssure over the whole area of the crystal is 
e>l9Cut inl for flat grinding. The crystal will stick 
w the flat brass plate or slide if the top of the 
crystal is moistened with kerO!lCne. The crystal 
should bc frequently tested for oscillation in n teat 
circuit such as that shown in the diagram. If 
the crystal should stop oscillating during the 
grinding process the edges should be grouud 
as indicated in the illustration of an X-cut plate. 
The frequency also can be checked by listening 
to the agna! in (l. recciver find measuring the 

frequency:\s Jescribcd in CllIlpter VI. When I.he 
frequency is within Il. few l.:ilocyclcs of the desired 
va.luc it is well to use a liner grade of carborundum 
powder for finishing. The FF nnd F FF gradcs are 
suitable for the final grinding. 

CRYSTAL MOUN'rING5 

To make use of the piezo-electrie oscillation of a 
q uartz crystal, it must be mounted between Lwo 
metal electrodes. There a.re two t.ypes of mount
ings, one in which there is a n air-gap of about 
one-thOU8.'\ndth inch between the top plate and 
the crystal and the other in which both plates are 
in contact with the crystul. The latter type i~ 
~impler to COll.'ltruct and is generally ul>Cd by 
amateurs. It is essentbl tllA.t t he surfa.ces of the 
mctal plates in contact with t he crystal he per
fcctly fl at . Satisfactory mountin!!:H ~an be pur-

BIi!4SS PLATE 
2 OZ. 

" TOGRfD 

Till:: W4.n: CRl'ST . .\f, IlO['DBn 
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chased from most dealers in cryet(1.1s or nan be 
madc up by the amateur. 

The simplest way for the amateur to rig hi~ Ol.-D 

mounting is to make up two fla.t. brass plll.tcs, 
the crystal being placed ou one of them and the 
othel' being arranged to rest on tlw crystal witb 
no more pressure than thnt provided by tho weight 
of the brass. A crystal mounting of this t ype is 
iUustrated . The plate~ preferably should be 
turned fl at in a lathe and then ground W a fi ne 
fin ish, SuccC&Sful plates can bc madc, howcvcr, 
by cutting thcm with a hack-saw from Ys"-thick 
brass plate, then grinding them in much the same 
way as the crystal would be ground. A suitable 
size for the plates is about I" square. 

T hough it is possible to operatc the crystal bc
tween such plaws mcrely by arranging the plaw.s 
and the crystal in the form of a Hsndv.1ch on a 
I)ieee of insulating material or on the table lOp, 
it is a very much better plan to make up some 
form of holdcr out of which t he crystal or plat.cl< 
cannot be jarred. The arrangement illu!!tratcd is 
one suitable t ype. Connoction to the upper platc 
can be made by means of :1 very light leaf of 
~pritlg brtlSl! bu t a small spiru.l of very fino copper 
wire usually is more sut.isflWtory. This wire can 
be soldcred to the plate if care is taken to usc an 
abllOluie minimum of heat ill the soldering 
process to avoid warping tho pla ~!l . 

rOWER OSCILl,ATOIt C1RCurr 

The best crystal oscillator circuit for tr:ms
mitters is that kDown as the Pierce drcuit. [ t is 
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similli f to ~he ~uned-grid umed-plste except that 
the <:ry8w replaee6 the grid tank cireui~. Ita ac
lion i~ identical wilh that of the t.g.t .p. eireuit. 
When the plale tank circuit is tuned t.o a fre
(IUency alightly higher t han tbe natural frequency 
of the cryata.l, the fecd-baek lhrougll the tube 
excites tho grid circuit and the crystal, due to its 
piczo..clcctl'io properties, oscillates at its nsturn1 
frequency - 00(/ iU tliat jTequuu;y only , A vcry 
good power oscillator M"rangemcnt is that IIhown 
in the uccumpnnying illustration. Tho tMlk cir
cuit for l\ :1(jOO-kc. 06CilIator !1m)' consist of \1$ 
turn~ of No. J.\ wire 0 1' smllll (loppcr t uhing on (l. 

-< .~,v, 

T HII I'OW10l. CIIYS1'.H. OSCILLA 'I'OR ClIICUJ1 ' 
TM pkote t.1.p .~ lit. la .. k i nduda_ I'<'"",i,. ~'r'" Q! IA. 

".14 -'tan-. 

3-inch dia meter lind a 250-~",fd . receiving-type 
variable condenser. The plate oonne<:tion to the 
osciUator tube should be made 80t about the center 
of the inductaoce rind t he excitation tap for the 
amplifier t80ken directly from the plate of the 
oscillator tube. This connection is shown in the 
t ransmitter clrclut which folloWIJ. 

The T(!lI.SOn for making the plate connection 
near the eeuler of the coil i8 to limit the grid 
excitat ion and to secure maximum power output 
from the oscillator. Since t hcfced-bllCk i8 through 
the grid-plate c80pacity of the tube, its value wiU 
be set by the amount of plate-tank induet.nuee 
between tbe plate connection and the fi l:unent of 
the tube. T he t ube may draw moro plate current 
80nd work at reduced cffieiency but the power out
put will be greater a nd the OIJcillator will operate 
moce stably. Another advantage of keeping the 
grid excitation down to the minimum required is 
that t he frequency stability of the oscillator is 
improvp.d. E)[cessi~'e grid excitation heats the 
cryata l, because of the radio-frequency current 
through the crystal circuit, and cnuses the fre
quency to creep. This is because all cryatals have 
a temperat ure-frequency coefficient. The temper
ature coclficient of X-cut platea is negative, t hat 
is, tile frequency goes down wit h rising tempera
tUTe. The temperature coefficient for 3O-degrce 
cut plates is positive, the frequency inCreasing 
with rising temperature. To oompletely over
oome creeping with change in tempcratUN!, crys
tals are operated at constant tcmpcratUN!. This 
is accomplished hy mounting lhe crystal in a 
{·omj):.rhncnt equippi."fl with el l'C t.r ie he!! tin~ uniL.q 

controlled by a therlll08tat. T hiJ:l arraugemenL 
is t he be!!t for maintaining the frequency constant 
but is Dot C!!geDtial in !lmateur tra nsmitters. 

The tube moat generally used in the oscilla.tor 
is the Type ' 10. Low-impedtlnce t ube!! such as thc 
Type '45 and T ype '42 arc also very satisfactory 
as crystal oscillatOr!!. The plate voltage should be 
of cOlilparatively low value, preferably Dot over 
250 volts. I n no cw;e ! hould the plnte voltage be 
greater than 400 volta. Low lliate voltage pre
cludea possibility of wre<:king t.hc crystal from 
over-excitation and gives t he best irequcucy 
stability. Grid biM for t he oscillator is supplied 
through a cholr.e shun ting the crystal and is 
usually obtained frolll & tlry "1\" baUery. The 
biaa for a Type' 10 t uoo is usually 22.5 voha. 
13i1Ul for low-impedtlocc tubes will be greater. 
The T ype ' ~5 and Type '·12 will operate 83.tls
rac torily with negative hiM of 67.b or 90 volts. 
Grid-leak biM! may be used also, the \'alue of the 
grid-leak rC!listance heing about 50,000 ohms. 

Grit or an oily filtn on the surface of a crystal 
will .'I.!Teet it.! oltCrntion 4nd wiJl sometimes pre
vent oscillation. The crysll\\ ~hould be cleaned 
whenever crratie behavior or stoppage of 08Cil
Jation gives evidence of a dirty condition. 
Carbon tetrachloride (Carbona) or grain alcohol 
are the best cleaning fluids. iI.'I.odliog of the 
crystal is especially likely to give it an oily surface, 
and t he crystal should alway! be cleaned after 
it hal! been touched by the hands. 

AMI'LlrlERS 

Becausc the power output of the crystal oscil
lator is compara tively arnall, one or more sttl.gcs 
of amplification :Ire neOOw\ry to realize \IsP-ful 
power output from tho transmitter. TIIP».\ ampli
fiers arc identicnl Ivith th080 of thc oscillator· 
amplifier t ralll!wit.ter, since a crys t-al-controlled 
traDl!(oitter is ~othing morc t.han 3D oscillator
amplificr traIU!wittcr using a c\'ysta l-controlled 
OIiCilJator. I n addition to increasing the power 
output from t he OllCiliator, the aml)lifiers lIlay be 
used also to iDCI ' 8C the frequency of t he crystal 
O!ICilJator hy integral multiples of the crystal 
frequency. Such amplifiers are clllled "frequency 
multipliers." The plate-tank cireuit of a he
quencY-lilultiplyilig amplifier is tuned to a fre
quency which is harmonic of the exciting fre
quency. If the out.put of tho amplifier is tuned 
to twice the exciting frequency the amplifier ie 
known 88 a " douhler." This doubling action ia 
caused partly by exciw.tioo from the second 
harmonic output of the oscillator (or preceding 
amplifier) and partly by dilltortion in the ampli
fier it8eif. Although it is poISIlible to triple fre
quency wit h frequency multipliers, doubling 
is most generally apl)licable in amateur traD&
mitters because the amateur bands are in eveD 
harmonic relation and grealcr output can be ob
tained from 0.0 IImpli ficr by doubling thnn by 
tripling. 
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When an 1\mpli jier'~ ouLpuL is ~uucJ to the exci
tation frequency the o.mplificr is known as a 
"straight" amplifier o.nd the circui t must be 
neutralized unless a screen-grid tube is used. 

lllitter with the exception of t he oscillator adjust
ment. The tank condenser is adjusted to a slightly 
lower eapa.eity (higher frequency) t hun that at 
which the oscillator tube draws minimum plate 

A CRY8TAI~CONTROU.ED TRA N8MITTER WIT" TWO PRF.QUENCY DOUBl.P.R8 

1',," p .... h_p ... 1 aml~iJi.,. i. 1M Oil< P'""o~"jy .... ",iMd. Th •• ""illa/o," tU tho ...,Ium. ,."hl w.th Ih. frcquwclI 
doubkT. 10 it; uf! . .. Midgd" 111/1' "",,,,W. <»"-<1 • ..-. "" ... ed for 1"""10 th. o""ill<>lor aM l/oubJ~, "''Ik "" ... i/ •. 

J~requency-doubling amplifiers should not be neu
traii:l;ed, however, and three-element t ubes are 
better doublers than screen-grid tubes. Low
impedance tubes (such as the Type '45) are not 
satisfactory as frequency mUltipliers. The high
impedance type (such as the UX-84l) and the 
medium-impedance Type '10 are more sui table. 
Frequency doublers require comparatively high 
bias and ample excitation. A doubler is very in-

..... 
'" 

~ . ., 

current. The push-pull ampli ficr may be added, 
the connections to its.grid circuit being made to 
the plate tank of the first amplifier llS indicated 
by the dotred lines. 

The first amplifier may be operated as a fre
quency doubler by setting the neutralizing con
denser at zero capM:ity and using the 7000-kc. 
inductance in its tank circuit, assuming that a 
3500·ke. cryst.al is being used. The bias on the 

tube should be increased to about 67.5 
volts. When the plate cireui!. is tuned, 
resonance will be indicated by mini
mum plate current or maximum bril-
liance of the lamp indicator loosely 
coupled to the tank inductance. The 
push-pull amplifier also should be tuned 
to 7000kc. When the push-pull amplifier 
has been neutralized for one band, no 
readjUlltment of the neutralizing con
densers is required when ch.'l.nging to 
coils for the other bands. 

CIRCUIT 01' 1'/IE LOIV.POlVr.R OSCIU •. 11'OR-.UfPUPIER 
SE'/' 1VI1'Jf C/~Y8rAl.. CONJ"ROL 

Push-pull amplifiers are very poor 
frequency doublers beeausc the even 
harmonics cancel in the output circuit 
and further doubling in the push-pull 
stage of this set (to get 14,OOO-kc. out
p ut, for instance) would be impractical. 
For 14,!XXl-kc. output it would be bet ter 

Th •• P«""ifill<llion.o 0'. Ih. ""M ... thou lor tho ull--c<mlr"zWi ........ it. 
Modifi""'i~,, of th. omlllll'" "rcuil onl~ i. '~i,ed to ",,", .. , tM .. 1 to 
","~.lal "">W<>I. 

efficient at bes~ however, and is not satiafactory 
ae the final output amplifier of a transmitter. 
The final amplifier should always be a neutralized 
or screen-grid stage operating on the same fre
quency as the p receding doubler . 

l'MCTICA,L 'fRANSM I'ITERS 

The oscillator-llIIlplifier t ransmitter described 
ill the preceding pages is readily convertible to 
crystal control, the only changes being in the 
oscillator cireuit. The modifications are shown in 
the accompanying circuit diagram. The tuning 
is identiCAl wi th thflt for the f'('lr-(';()Otro!!oo trnn9-

to usc an arrangement such as that 
illustrated in the photographs. This uses the 
same push-pull amplifier previously described, 
preceded by a 3500-kc. oscillator and two fre
quency-doubling amplifiers. The scI. may be 
operated on the 7!XXl-kc. band by plugging 
in center-tapped 7000-kc. roils ill the push-pull 
and last doublillg stages, removing the tube from 
the first doubler, and connecting a jumper from 
the grid to the plate of the first doubler. Tliere 
should ~ no coil in tht platt wnk 0/ the first 
doubler. Otherwise the plate and grid-billS sup
plies will be shortod. 

For :l!iOO-h. out put It will be nC{!f'!<.'l.'l.rY to add 
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a neutralizing cormeclion on the second stage. 
This conlle<lUOn would be identical to that of 
the amplifier in the low-power oscillator-ampli
fier transmitter. Then the 3500-kc. coils would be 

controlled by plugging in 8. fixed-tune inductance 
in place of the crystal. The specifications for this 
grid coil will be approximately the same as for 
the 3500-kc. grid coil of the singic-(lontroi trans--

Tiff.' OSCnL.1TOn AND FREQUHNC}'.IJOUBLEU CIRCUIT 
L, -S3 h.,.,. .• Nd. 14 d, •. ~. on tub. 1.5" di'''''''Ur (SSOO-k •. ) 
1,.-18 IIIMlI No. 14 d.~.c. 0111,,1.0.1.5" diametlT (7000-k •. ) 
L. - 6 ,,,,.,... No. I ~ d.c.c. PtI ud ... t.fj" diamtltT (14,o(x)'kc.) 
C, - 10001'1'fd. midg41 "",mat.r !ulling C<mde>lU>' . 
C.-l00-"I'Id. midge/ luning ...,11<1 ....... 
C. - 60-",./d. m,dgd tuni"" c<md.,,_. l00-,.14d. migh! b. ."". 
C, - .(m'14d. cru.l<ll-drcuil W<><ki1l/l ~.,,_. 
C, - looo-,.,.Jd., 1000· •• 11 b~._ "",d.n • .,. •. 
C. - 10001'p/d •• lQQO..wl/ ..... pli"" .......u..ur •. 
C.- 1(}/)(hJp/d. fi/o. lHfflt bv-pou e<>rnlt"".,. •. 
H, -75...mm filam<1lj C<1Il«r-lap r .... lo ... 

put in the push-pull and sc<:ollli doubicfIj. Au 
extra 3.'i00-ke. coil, equipped with a ccnter-tap, 
would be ncceSll3.ry for the single-cnded amplifier. 
This coil may consist of 36 tUrDS of No. 2-1 d .e.c. 
wi re on 1\ t.S-inch diamctcr t ube, tapped at the 
center. T he first doubler would be omitted, fIS 

for 7OCXJ-kc. opcration. By these modificatiolLS 

J, - .Plal. mm .... m~.- jad •. 
H FC, - lladio-frUi"e",,~ chotu; tach IVO /,...... N.. S8 

d.c.e. on J.i" jorm. 
Rf'C.-Radio jr<Q.!UQC1I chok .. ; '"-Gh 100 n ....... No. S8 

d .•.•. on )1" jor,n. 
X - S50fJ.k • • "'1I.,aI and "",,,nlinll. 

Modifirolion. jM o~i01\ on <>/h.r jrt(jlUf'lci •• ..,.. '1'/7-
0 .. 10<1 in 1M ,..". Th. 1>/,,1. miJ/iammo/.- .h<>IiJd 114M" ""'C. oj 
0-100 ma. Mtt!.a.:t. j", I:tui"" a ... ui_ in Ch4J>kr X. 

Conn.dion. joTl" n""lraU=i"lI th ... cond .Iaq. aU .ho"",, in 
dolud Unu. C. iJ oj M -I'I4J. capari/il (JOO-wifd. "'':dull 
d<>Uble-."..,,&J) . 

mittel" described in t he first part of tillS chapter. 
The constructional de(.a.iis of this transmitter arc 
shown by the iIlustro.tions and the circuit dio.gram. 

llIGlI-POWER AMPLlrlEns 

T],e output of t he push-pull stage of the 
transmit.ter just described may be usOO to feed a 

Tlfb· OSCILlATO R AND DOUBl,1<·lI ST.-lGES WI TH TilE 7"fJLJ/!.'S 
Jl. EMOVED 

1·h. "'~ttal mounti"" i . 10 th. right oj th. a.cillal", I"bo-. I I ""'~ bo- rep/a«d b~ ~ 
f .... od..t .. n. Q";d coil jor .t1j-ronlroll.d o_ali .... Th. l>1a1. c; .. cuil OJ/-va'' cond." .... 
and ,·(uJ; •. jr«j".nCl/ cho./:., are benealh I"" br~rd ba ... 

operation on three amateur bands is made possi
ble with hut a. few minutes time required \.Q 
change from one w the other. 

The oscillator of t his set can be operated self-

still more powerful amplifier instead of being 
coupled to the antenna circuit. Sufficient excit~ 
tion should be available to excite a pl\ir of Type 
'52 75-watt tube!! in push-pull operating on thc 
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lJIIme frequency, as one instance. With careful 
adjuatment and efficient opcrntion it is quite 
possible that even a pair of 250-wattera in push. 
pull could be excitOO to full output. One sali~ 
f3etory arrangement of such an aml)lificr i8 
iIlualrated. It is designed for use as either the 
output amplifier of a telegraph set or the linear 
amplifier of n. radiotelephone trnnsmitte r. Its 
use for the latler service will be la).;en up in the 
follow ing chapter. 

The a mplifier consists of two Type '52 tubell 
in push-pull and is a rt::lnged for coupling to the 
M CClilia tuning circui t of the low-power push.pull 

A IIlGII. I'()WER .Utl'LInEN. OP TUE PUSII-PULL 
1'YP8 

1·M .... "ld .....u an U<:<!lkm h~""",,_ .,- I~ /011,.. /h. 
I ..... ". ..... ,........~I .... pli)k>-. II .. duiqIwd /_ ....... oWl .. 
/h_ IH_ ... "li,Jl# "f .. tcI .. , .. pA rn. ...... o:u., _ rio_ Ii ..... 
... pit. of .. T"'U·,."pA_ MI. 

stage. I t may be coupled inductively to lhe output 
circui t of any amplifier Cllpahle of aufficicnt 
power output, of course. The apparatus is ar
ranged on a verticaL panel which may be placed 
behind the exciting n.mplifier on tIle opert!.liog 

table or mount.OO on the wall. The circuit is 
similar to that of a push-pull tuned-grid tuned· 
plnte transmitter wilh the exception that pro-

TflE 16o..lY.~ TT PUSfI-I'Ul,L AMPLIE'lER CI RcmT 
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vision is mnde to neutrnlize the grid-plate capac
ity of t he tubell. The inductances are plug-in 
find although specifications are given for the 
3500-kc. band only, inductances for the lligher 
frequency bands may be Bubatituted. Spedfica
t ions for other inductances will correspond 
with thOlMl previoualy given for othcr tralU~
witters. 

Neutralizing Type '52 tubes introduces one 
difficulty. The grid-I)iate capacity of these tubes 
is IlO small that neutralizing condeIlllC1"8 of vcr~' 
low minimum capacity are necetl8lLry if they are 
to be connected grid-plate plnte-grid in the usual 
push-pul! neutralizing circuit. Most v~riable con
densers have !\ minimum cltpacity of about l.'i 
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""Id., which is too great. For thiB reason, the 
neutralizing condensers in this amplifier are 
tapped in on the plate inductance. Condensers 
with a minimum capacity of about 5 l'I'fd. and a 
break-down voltage rating of GOOO volts would 
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,tDDITIONAL SUGGESTIONS POU TUBE COM
IJ1NA TIONS IN CRYSTATr-CONTIIOI.LED TRANS_ 

MITTERS 

eliminate this difficulty. The neutralizing COII 

densel'll of this amplifier are mOWlted behind the 
panel and are operated by insulated shafts ex
tending out in front. The adjustment of this 
amplifier will be given in the following chapter. 

OTHER CO;UBINATIONS 

It is obviously impossible to describe in one 
chapter all the possible tube combinations which 
can be built into amateur trll.llsmitters. It would 
be difficult to cover the subject adequately in a 
book even larger than this one. New arrange
ments are constantly appearing in QST, however, 
and the latest developments in trsnsmitter con
struct ion are chronicled there. To stimulate the 
imagination of the experimenter II. few additional 
tube and circuit combinations are outlined in the 
block-diagrams of the accompanying illustration. 
By studying these suggested 8.JTlI.llgementa II.lld 
incorporating the principles and constructional 

details which have boon given in this chapt~r, the 
ingenious amateur should be able to work out the 
combination which best suits his own needs and 
stock of equipment. 

RADIQ-I!'JU:QU£:s"CY CIIOR;ES 

Radio-frequency chokc coils should be con
structed to work beat on the particular wave
length to which the transmitter is tuned. OHen 
one choke will work in the set for several fre
quency bands. 

Every radio-frequency choke coil hILS a nat_ 
ural period of its own due to its inductance and 
distributed capacitance. ·When conneeted in a 
tube circuit the choke-period is changed. For 
every apparatus layout and tube equipment there 
will be a "best" choke. The best we can do is to 

Tl'1If."N .1 WOODEN DOWEL IS USED AS TflA' 
Jarm 101' Ih~ .ad;Q-lrequenq d>.Ok~, ;I ""'~ N mal",l.d on " 
wood-,."..", held in th. chuck oj a hand drill. Th. Mad oj Ih • 
• ""od· • ."._ .hauld b. cuI oJ!. 

specify what works best for our particular set. 
l\ lount the choke at right II.llgles to the main coil 
3,Ild at a distance from it and everything else. 
l{eeping coils away from each other and isolated 

WINDING CIlOKES 

KnO"·;'I{IIh~ ,,,Iio of CTa"", 10 chud< ... r<>I..n", ... the numoo
of tum. wound on 0<4 chot.,..,. I>< ,ul.,.",ined "";11/ I>lI count''IlI the .".an.!: tum •. T1<4 fra_ oj Ih. arm i, c/a..,pM in a 
,mall!ornch ...... 

lUI much as possible makes their losses lower and 
keeps induced voltages out of the argument. 

For a short-wave transmitter the best chokes 
appear to be those that tune more sharply to II. 

given frequcncy. lnve3tigation usually proves 
that the chokes have standing waves on them 
under operating conditions. Single-layer coilll, 
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spa.cc-wound, not over two inches in diamet.er, 
seem to make the best ehokes. Spacing the wind
ing!! deereases the distributed capacity and, what 
is more important, raises the voltage brcak-down 
VlIolues at the end tuTUS where t.he voltage-per
turn is allvays high in a sending set of any power. 

, 
LENGTH Or-COILIN/NO,ES 

WIND/ NO D.ioTA eTlAn?' FOil IU'. ClfOK/)·S 

f,l .. ment., the life of t he tube may be much 
~hortcned by impropcr operation. An indicating 
device for t he f,lRment is, therefore, a matter of 
economy. Next we need an anWIlIln ammcWr. 
The antenna llllllllcter can be placed nt t.he point 
in the antenna circuit where the antenna current 

is greatest (at the volt!\ge node or cur
rent loop) but its indication IViJI be use
ful wherever it is and thc e.~act locntion 
is not extremely important. 1f we can 
afford it we should have a plat() milliam
meter of the proper range. All meter~ 
should be selected with regard to the 
t ubes employed and the currcnt and 
voltage that we (llay expect in the ditTer
ent circui ts of the transmitter. With 
these three meters we can get along very 
well indeed in opern.ting our trailsmiU.()I". 
A plate voltmeter cr.n be nsed if it is 
avo.ilable but is not vcry useful !)f{.Cr the 
circuit is once adjusted. Another mil
liammeter for the grid-leak circuit way 
be purchao;ed after rill the above have 
hcen obtained. 

CO I L CO:><STRUCTION 

.4 ..... ,\ i . 1M a",,,,,ximat ..... <ful /r"JI~nOll ,a"l1~ /rw </wk.. ~/ 3i" 
d",,,,.I.,.. Ikt h¥l1l1l Ii,.. .h01£;"" !he rtM""" .. /r<q ... "OII /rw windi7ll/' 0/ 
........... I<nglh, (",,,..,,rtd alo"ll th4 form). A"". TI and (.' art frw cholet! 
"""'>I<l On ~" and Z" d .... "'tIOr> ... >p«Ii.du . Al! dow a" /rw No. 38 d .•. c. 
",iTO """urn! in" .i .... k lay..,. without opad"" btt"' . ... IUr,,'. (appro..-imate!v 
ZOO II""" p<T ;nch). 1"kt plalo curr.nt/or hi~li-p<>"",r Iran. mitte .. "'''' bt 

The tuning coils of the transmitter 
are ext remely important items. Modern 
self-excitcd trallsmitters have large val· 
lies of capacity across the coils to a.id in 
ohtaining a steady output frequency and 
in eonsequcnce tbe currents in the coils 
are of a high order. H the coils are made 
with a conductor which is too small, 
their resistance will cause serious losses 
in t he circuit which will makc themselves 
evident in t he form of heat. J u even :'l. 

low-powered t ransmitter the coils cau 
become too hot to toucb if thc coils are 
made wi th wire, tubing or strip which i:; 

h"dkd btl .. ......, ~. in p<lrallel. th. conn •• lion> bmeun Ikt'" b .. .... 
""'" wilh No. 3.~ wi .. anJ 1M tMk •• /)tim, .pacod u-dl apMI. f)~la '" ... ~ 
do nol apply 10 a~1I .;u of wi,.. Woor I/.a .. No. '8 d .•. c. 

M Ii:'{" E II.B 

T he meters shown in the diagrams that we 
have diooussed so frn are really necessary to 

"f11/II1"'md~" at 
lew potenl,al el>d 

LOCATI NG THE GR IO MILlIAM M(f£R IN 
A rAAN$MITTER TO AVO IO BURNOUT 

adjust t he circuit properly for best efficiency. 
After the set is once ndjusted and in operation, 
metel1! are uSt->{ul but not necessary. We should 
have WI many meters in t.he set as we feel we can 
afford . A fiiB.men t voltmeter is of first import.ance. 
If we do not· use a filament voltmeter or some 
indication of t he operating temperature of t he 

too small. I n such cases the transmitter 
usurll1y oscillatc!:! unstably unless excessive grid 
excitation is used. It is q uite common to hear 
the complaint thn.t the plate current of the 
transmitt er cannot be kept down w the rated 
v .... lue without the tube going out of osc.il
lalion. Almost invariably lhis is due to 10s.'>C.~ 
in coils which are not suflicienUy he .... vy, or· 
in high-resistance cOl.lnC<l tioDs between the eoib, 
and their tuning condensers. In the transmit
ters dcooribcd, heavy copper tubing was \lsed 
for the coils but this docs not me.<ln th3.L it is 
the only satisfactory conductor. It is, however, 
readily available, easy to wind, and it en:..bles the 
eonstruetiQn of coils without t.he need of wooden, 
bakelite or hard-rubber insulating support.s for 
the turns. It is flbsolutely essential that the coils 
be mech3.nieallv subst.antiRi ~ that they do not 
vibrate - since the slightest movement of their 
tu rns will mellon variation in the output fre
quency of the trllIlSmitter. Coils made of copper 
or brass !>trip usus.lIy will vibrat.e unless the 
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atrip i.s \'cry heavy or unless a. supporting frame 
is used, 

One satisfactory type of coil using strip is 
that illustrated , Copper strip Ys" wide can be 
used for low-powered transmitters but Yl"-wido 
strip is preferable for a power of about 50 watts. 
For a t ransmitter of 250 watts or more the self-

WI ND I N G .4 CO PPER-T URING INDUCTA ,Y CP

Ut" <1W "I th. tubi'l/! i. held ill 1M "Of a»4 1M ~Ih., i. 
/lawm.d <>ul ",0<1 IJoilro /& tI,. pip< ...,«1 .u a windi"l7 I~'''' , 
!',olling an 1M tubing and I .. mi,,{} Ih. vir'" in 1M ham/. , th. 
op<rolor !Nih lo"",rd. th • ..... TM 114''''' . h" ulJ N """md "" 
d ou lli /OtJ</h ... '" I"",' bl. and . f"Z«'I I->I .... 

supporting st rip inductnnce could be used. In this 
CMC ~"-widc st rip Ys" thick is used. 

C ONOENSl:HS 

The performa nce of any tmllsmittcr CEl n be 
impaired seriously if the insulation btJtween 

T llE TURNS A 1lFJ SPACED TI'l'ENT,Y by r"" al'''II '' 
,.t"'" wovd~ ... r ",,'al .Iw./r Ihr.'«Ih rho .oi/. T Ao . pa.ci ..... will cl.,...,d ... Ih_ d .... "'.ur 0' !h. to.z " .. d. 

points of high voltage is poor. A common location 
for trouble of this type is in the condcnsers. 
Without any external indication, there can be 
radio-frequency leaks through the insulation 
which will make it impossible to obtain a clean 
note from the tranBlIlitter. I n some ca.scs the 
signal emi tted under such conditions is a rough 
" hash " and no amount of tuning will improve it. 

A great deal of trouble will be avoided if the best 
condensers available arc built into the set at the 
start. 

The variable condensers for transmi tters 
operating from a plate supply of 500 volts or 
less may be of high-grade receiver type. l~or 

transmitters oper/iting from higher voltages 
than these, special transmitting condensers are 
desirable. Several makes of such condensers arc 
well advertised. T hey are :wailable in many 
cnpacities and voltage ratings. 

I t is not nccellAAry that the cOlldcnsers specified 
for the transmitters described 6hould be variable 
over the cutirc ra nge, since they will he operated 

/'/. ,1,1"1; T ANK I N DUC TAN Cf:S fo, a hiqh_T" .... e. 
Ira ... milier ron ~ mad. i .. 11,; . f""hi.,.,. Th. cop"". llrip i . }i" 
u.ick "Old W' wid_. 

chiefly at valucs between ZOO and 500 ""Cds. 
Variable condenscrs of 200 or 250 I'l'fds. can be 
connected in parallel with fixed air-dielectric 
condensen! of about the same capacity. Such 
fixed condensers can be bought but the resource
ful amateur will find that they can be built up 
from coppcr shcd or aluminum dish pans sup
ported with glaS!! rods or glazed porcelain. :Many 
possible constructional methods present them
selves, the chief considerations being to keep 
down the size of the unit so that its field will not 
be too cxtensive, to reduce the supportll to a 
minimum without sacrificing solidity, and to 
provide good contact between the plates Rnd 
heavy conductors to them. 

The fIXed condensers in other parts of the scI. 
also are important. Mica or gla.ss dielectric is 
satisfactory for these, a nd several types of 
sui table condensers are available. Receiver
type condensers, providing they are rated at 
not less than 500 volts, caD be used in trans
mitters employing the UX-210 tube but special 
transmitting condensers will be necessary when 
higher plate voltagcs are used. 

TRANSMITTER ASSEMBLIES 

As we have already mentioned, it is by no 
meall8 necessary to arrange the apparatus in 
the transmitter in the ma nner shown in the 
illustration. r.,·fany other excellent schemes a re 
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possible . The boaI'd on which the apparatus is 
mounted can, for instancc, be arranged in a 
vertical position, with the wiring, transfonncrs, 
chokes, etc., behind it and the remaining appara
tus in front. Alternatively the apparatus can be 
mounted chieHy on a baseboard, with the meters 
and cont rols on a vertical panel in front of it. 
T he pn,nel could be of bakeliw or hard-rubber or 
may bc madc of wcll-dried wood. The important 
points to watch in arranging the apparntus are to 
make sure that the leads, particularly in the 
tuning circuits, are short; to see that the coils are 
well clear of the condensers or other hrge meW 
lJ.odics; and to nrrnnge the parts in such a way 
that thc controls are convenient and all apparatu~ 
is accessible. 

1II0!l- IMl'EDANCE TUllES 

T he transmitters deecribed in this chapler 
wcre all designed for use with the tubes specified 
and they will not operate with the same efficiency 
if tubes of widely different chnrncteristics are 
employed. Many of the European tubes and 
some manufactured in this country havc a very 
high plate impedance and the circuit.s in which 
they operate most effectively may be dilTerent 
from t hose given. III the firs~ place the high im
pedance of t he tube makes it necessary to have a 
radio-frequency choke of very high reactance in 
shunt-feed circui ts (such as that given for the 
low-powered H artlcy transmitter) to attflin 
reru;onablc efFicicncy. In pract ice, due to the 
,Iiffic ulty of making high-reactflnce ra,iio
frequency chokcs, the shunt-feed circuits are 
OfU!ll almost inoperative when ulled with t he 
high-impedance tubes. No such difficulty is 
experienced when series feed circuits (such as 
that gh-en for the high-powered transmitter) are 
employed. T he large valuce of capacity specified 
for the tank circuits of the transmittp.1'S in this 
ch3.pter also would result in low efficiency if used 
with high-impedance tubcs. A greater nu mber of 
t urns and less capacity would bc de.sirable. In 
addition, much higher-resistance grid IMks w:il1 
be necessary. Some of the Europe3.u tubes 
operaw cffectil'ely with values even a.~ high flS 

:-..0,000 ohms. 

1'.\ UA.~IT I(.' OSCILLA TlO:fl! 

ParlL.'li tic oscillations usually occur when tubc~ 
are operated in parallel or push-pull, especially in 
high-frequency o:;cil1utors and Rmplifiers. The 
parasitic oeci!lat ions are of ultra-high frequency 
and llre due to the t ubc capacit ies and stray 
inductance and capacity of the circuit ",-iring. 
T hey are usually indicated by excessive heating 
of the t ube, part icularly of the grid and pla te 
leads inside the envelope. They cause poor 
eflicicncy, a rough not.e and sometimes "singing" 
of the tube. An amplifier affiicted wi th parasitics 
is almost impossible to neutralize. They may bc 
prevented by proper proportioning of the grid 

and plate leads, as in the push-pul! osci llator 
delj(;ribed in this chaptcr, or by inserting small 
resistors or chokes in each grid lead at the tuhe 
te rminals. The resistors should be of abOllt 100 
ohlllS each Rnd should be non-inductive. If 
chokes are used, each may consist of about 20 
turns of fine .... ire on a ~ineh diameter. 

UNSTEADY StG.\'ALS 

One of t he chief problems in transmitters 
other than tbose of the crystnl-control typc 
is to maintain a steady frequency. F irst tbere 
is the frequency creep duc to heating of the 
t ubtl or other apparatus in tho set. This can 
be reduced to a minimum by tuning the set for 
greatc:!t efficiency. Thc greater the antenna 
power for a given input the lcss will bc the heat
ing of the tube. l 11e aim is, therefore, to keep 
the input at or bclow the rated vahlA and to 
tune the set unt il t hc t ube operotcs wi th the 
lcast heating. With a good antenna most tubcs 
can be operated st the rated input without the 
plate showing any color. With any tube tbe plate 
should never be alloll'ed to get hotter than a dull 
red. This is most likely to happen during: t.he 
preliminary adjustmcnt when the tube stops 
oscillating or is operating in an incfficient man
ner. leor this reason, during adjustment, it is 
advisablc to have the key or a convenient s\\itch 
so arranged .'l!:! to permit shutting off the pbte 
power quickly when necessary. 

The deMming of t he antenna ci rcuit mentioned 
in the paragraphs on t uning docs not result ill 
appreciably lowered efficiency in tho tube. When 
it. is said that the greatel!t antenna current should 
bc ohtained for a given input to keep the tube 
<:oolest it is meant that the greatest antenna 
current with the antenna detuned in the manner 
described should be obtained. When the antcnna 
is det uned the platc current drops. Thc grid 
excitation should therefore be adjusted so that 
the normal plate current will be obtained with the 
antenna circuit in the detuDed condition. 

Another common cause of frequency instabili ty 
is vibration or swinging of thc an tenna or feeders. 
The effect of such vibration or swinging is reduced 
considerably by the detuDing of the antenna 
circuit but it is essential that the antenna be 
~upported in such a way t hat it is steady even in a 
high wind. T his point will be givcn consideration 
ill the chapter on antennlUl . 

Leaky insulation also is oficn a scriOlli! offender 
in t his regard. Not only can a leak dest roy thc 
character of the note but it can be responsihle fo r 
a wobbly frequency. Trouble of this t ype often 
can be detected. by removing the antenna circuit 
and listening to t he t ransmi t.ter in the monitor. 
Sometimes tho leak is visible in the form of a thin 
arc. If the leak is through bakelite a swelling on 
the surface of t he inS\llation often will be noticed. 

Perhaps the most common cause of all is vib ra~ 
t ioll of the coils or wiring. A vibration which 
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results in seriOliS r req ucncy illl!tahility oftcn is too 
alight to be notieable. Thc ooils and wiricg should 
be watched vcry careful!y during operation to 
make sure that the movements of hying, the 
hummin, of a. transformer or the vibration of a 
generator are not trlUlsmitted to the set. The 
mounting of the set on rubber sponge~ often will 
aid in the elimination of the t rouhle. 

It is only by ea.refulluJd prolonged attention to 
such detail8 that the perform!Ulce of the trans
mitter can be maintained at a high standard. 
It is fine to aim at a neat station, all elaborate 
Ia.y~ut, or an imposing antenna. Of infinitely 
greater importance tho.n these things, however, is 
the signal - the only I)art of the station that the 
whole world eau e)(amine. 



CHAPTER Vlll 

Radiotelephony 
ECA USE the radiotelephone tmnsmitwr 

is something more than just a c.w. 
outfit equipped with a modulatiug sys
tem, the technic of 'phone transmission is 

considerably morc complex than that of C,W. 

trllnamiwon, for t he ' phone set contains not only 
all the radio-frequency equipment of II very 
good c,w. transmitter but also incorporates the 
cOOrdina.ted audio-fr~lIency equipment neces
Mry to supply voice modulation. Moreover, the 
demands made by voice modulation on the raJio+ 
frequency clemen~ of the 'phone t rilllsmitter 
are greatly different from those made by hand 
keying on the c.w. transmitWr. With a good c.w. 
transmitter the wave emitted is of II single 
frequency and constant amplitude while the key 
is closed, or of zero amplitude while the key is 
open. The plate voltage and power input to the 
transmitting tubes are constant while a signal is 
being transmitted aud slight imperfections in the 
emitted wave do not seriously affect the utility of 
the signal. Cont rast these simple circumstauces 
with those which surround the 'phone transmit
ter, Primarily, the carrier radio frequency must 
remain constant with modulation as well as 
without modulation. TIle most practicable modu
lation methods require rclntivdy tremendous 
swings in the plate voltage and power input to 
the radio-frequency power tubes during modula
tion - but the ClI rricr frequency must remain 
constant in spite of thfl/le large variations. i\Iore
over, imperfectiolUl in the traJlll:mitted carrier 
which might be m.ogligible for code transmission 
become intolerable for voice transmission. This 
means that all except intended modulation of the 
carrier must be eliminated - the plate supply 
must be real continuous direct current and the 
transmitter adjustment must be well nigh perfect. 

Fortunately, the attainment of this idesLism 
in ra.cliotelephone Pl'actice is realized by following 
well-defined rules and without trusting to hit-or
miss guessing. Several years' experienee with 
amateur 'phone t ransmitters has tried the 
definite principles which are given iu th is chap.
terj and the:;e rules and principles are a.lso tJ,ose 
on whlch the most modern commercial trans
mitters are designed. The amateur can profit 
by following them closely. 

MODUI,A'{"JOS 

The process of voice modulation consists of 
varying the amplitude of the radio-frequency 
current in the antl'mn!!. in exact accordanr.e wi th 
the voice-frequency vibmtions affecting the 
microphone. If the modulating tone is a single 
frequency the variations in antenna current am-

pli tude will be as shown in the iUustrnt ion. Here 
thrce degrees of modulation are shown. 1n A 
the current amplitude varies hetween twice the 
unmooulnted carrier amplitude and zero, Imd 
the modulation fa.ctor is unity or 100%. B 
shows less than 100% modulation fi nd C illus
tra tes over 100% modulation. SincE' t he variation 

._---' ------

A -,007< MODULATED 

~~----=--=:=:-

=,=~_:~~~==c=.==-c 
S- LESS TIlAN 'OOfO MODULATED 

C - OVER I00}(o MODULATE.D 

in field intensity is proportionate to the percent;. 
age of modulation, it is desirable to make the 
mod\llation fact(lr as grea.t as possible wi thout 
exceeding complete modulation and running into 
the distorting condition shown by C. A high 
modulation f&et(lf (above 70%) is especially de
sirable for amateur work because the carrier inter
ference range is less in proportion to the signaling 
range and, correspondingly, the ~igllal range witl, 
a high modulation f&etor is greater for a. given 
carrier output. As a specific instance, a to-watt 
carrier modulated 100% is practically as effective 
as a 4O-watt ('..arrier modulated 50%; the carrier 
power required for a given value of field intensity 
varia.tion is inversely proportiOllal to the square 
of the modulation factor : 

P, M,' 
- = -
P, .11,' 



1l'3 TIT!': RAD IO MI'iATF. U R·~ HANDBOO K 

I', and P, repre;;cnt two carrier J.iOwer \'!llues 
in walts, nn,l M, nnd M. represent i he respective 
modulation factors expressed os decimals. Thi~ 
!"('btion might be used to compare approximately 

t he elT •. .'d h ·cness of two transmitters at various 
values of cnrricr power lind modulation hctor. 

When high , 'alues of modulation factor are 
used p:lrticular tlire must be exercised to guard 
against the frequency instability t ondemned in 
the preceding chapter. It bas been shown that 
frequency" wobbulal ion" is a serious defect inc.w. 
transmission and it muatberealized tba tfrequeney 
modulat ion is flir more objectionable in 'phone 
t ransmi!lSion. It not only causes unnecessary 
interfercnce with other sta.tions working on 
adjflCent frequ encies in the same blUld but also 
("an cause int erference with scrvices operating on 
greatly different frequencies. An amateur 'phoue 
wotking on the 3500-kt. band is even likely to 
eause interference 0 11 the broadcast band, as B 

result of the frequency "wobl.llllation" accom
panying modulation of an oscillator find ihe 
conscqw:mt radiation of spurious frequencies over 
Il. band of hundreds of kilocycles. Frequency 
modulation is also Il. likcly ca use of distorted 
recep tion becflul!C the waves mdiatcd on different 
freq uencies travel over ~parate paths and arrive 
a t the receiver out of phase with each other. 
i\Iodulation of the oscillator in an amateur trons
mitt er is therdore poor practice and is not 
re<:ommended becflllse any pfll.cticable method of 

modulation applied to nil osciUator is bOllnd to 
~a \l se frequency modulntion liS well as :unplitude 
modulation, cven though the modulntion faewr 
be low. E ven when a radi(}-froquelley amplifier 
foUowing an oacillawr is modulated, precnutions 
are necessary to insure against affecting the 
oscillator·s frequency. An extremely stable os
ci llator circui t is necessary, preferably isolated 
fr om the modulated stage by a bllffer am plifier . 

~IETI!oDS o}' .\10DULATION 

A great many methods of modulliting t he high. 
freq uency outpu t of a t ransmitter have been 
suggested, all of whieh may be grouped into two 
general classes. One is the modulation of the 
high-frequency output current directly and t he 
other is the modulation of t he d.t. input power to 
the transmit ter. Any form of moduilltion oper
ating on t he high.frequeney <1 i rClli t~ of the trans
mitter is bound to affec t. scriollsly the cIectriCll1 
charactcristies of the tuned t ircuits and usuall ',' 
iut roduces unavoidahle distortion . All such meth· 
ods are now ohsolete and are not recommended. 

Modulation methods alTeeting the powcr input 
to the transmitter ean ope!llte on either the r.f. 
tube's grid (grid modulation) or il<; platc cireui!. 
(plate modulation). Grid modulation opefll.tcs to 
vary the menll grid bias on the tubc, thereby 
affecting its plate resistance and power input. 
T he audio-frequency power required is rebtively 
smull , but the relation between grid-bias varia· 
t ion and rJ. output is linear over but ll. small part 
of the t ransmitting t.ube's characteristic with the 
resul t t hat distortionless modulnwon is limited to 
about. 20% in pratticable circuita. 

One fonn of plate input. modnb.tion utilizes a 
modulator tube with its plate circuit cunnc<'l.<::d 
in series with the d .t. phte supply to t he rJ. 
tube, the power input to t he f.f. tube varying 
with the <1h!Ulgcs in plate resistance of the modu· 
Iator caused by audio-frequency variation of ilB 
grid voltage. T he necessity for having the fib.
ment of the modulator t ube at the same d.c. 
potential as the plate of the d. tube is a scl·ious 
handicap to this system and complet.e undistortcd 
modulation of t.he d . output is impossible be
eause of the Don-linear plate ehar~.cterist.ir s or 
the modulator tubes available. 

Parnllel pla te modulation, also known as 
constant current lind H eising modldation, is 
most sui table for completely modulating the 
radio-frequcncy out put of a tr.l.nsminer .~nd is 
used in nil modcrn transmitters of high morlul9.· 
lion capability. Threc simple sthcmatic nrrangc-
menta for H eising modulation are showl) in t he 
ftceomp!Ulying illustrations. 

T he simplCllt. nrrangement is that shown in 
diagram A. rn this system the modulator tube 
may be considered as an fl udio·frequency line:>r 
power amplifie r, impedanee-COllpled to the plate 
cireuit of t he modulated radio-frequency ampli
fier, the Slime v;l lue of d .c. plaie voltage being 
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!l.ppJit'<:\ to buth lubes. The modu ll.!or t.ube is 
hiaseJ t(l operate on t.he linear purtion of its 
J!:rid-vlate charae\{)ristic while the d. tubo is 
hiAsed lind exdtoo so that its power output vilriea 
~s its plate power input., the Antenna current 
varying di reet.ly AS the plate voltage. The modu
la tor tube t herefore operntcs (l,.'j a ClaSll A audio
fl'ft] uency Iinc:J r amplifier and the d . tube oper
ates as a ClaSll C Il.mplifier. A Class A Il.mpJifier 
oper!l.tcs so t1mt t he plate output wave sh~pes 
ha\·e essen tially the same form !\lj those of the 
excitation volt!l.ge fi nd the output is therefore 
practically undistorted, particularly when the 
output IOilu is n puro l"csi~tHouce of proper \"nlue. 
T he operating characteristiCA of a ClnSll A ampli
r,cr ur modulator tube are shown in the figure 

CLASS A AMPLIFIER OR MODULATOR 

here"" ill,, awl the cOITcsponding characteristics 
of a. CIMls U amplifier are illustrated fa rther on. 

The choke Ch must have extremely high re
aclMl"C at speech frequencies (100 to WOO cycles) 
so that the full audio-frequency plate swing of 
Ihe modulator tube will be applicu to thl.l plate 
circuit of the d. amplifier. The plate circuit of 
the Class C amplifier being the plate load for the 
modulator, the mean value of its resisw.nce is 
determined by the d.e. plate voltage and plnte 
cur rent to the rJ. tube. It is just as neces.sary for 
the modulator to work into a load resistance of 
proper vllolue for maximum uudislorted modula
t ion liS it is for an audio output t.ube to work 
into t he proper load resistnnce fOf maximum 
undistortcd power output. Therefore, there is a 
definitely proper l'alue of Class C amplifier phte 
current. for a uy modulator-awplifler combination 
and the amplifier must be operated at this value 
of phte CIlHent if maximum undistortl'<i modula
tion is to be obtained. A fault with many amateur 
transmitters (and some commercial transmitters) 
i. to operate t he Class C modulat.ed amplifier 
or oscillator with excesslvn plate current. T his 
iO"l"l"ers the effective load resistance into which t he 
~odulatol" tube must work and makes impossible 
~h~ attainment of anything but a low value of 
D"Jddation factor without. dist.ortion. This " over-

loading·· of Ihe modulatur elluses tht'" kind of 
distortion sometimes caned "over moduhtioll." 

To obtain 100% mooul!l.tion of the CIW:l.'l C 
amplifier·s output it is neecss.ary to swing its 
plate voltage from zero to twice the mean value. 
This is impossible when the modulator and CJaSll 
C amplifier arc operated. at the same value of 
mean plate voltage, because the modulator plate 
voltage cannot. swing from zero to twice its mean 
nlue without introducing scrious distortion in 
the output. To obtain 100% modulation it is 
llC('essnry, therefore, to operate the modubtor at. 
a lligher mean pbte voltage tllan that of the 
Class C amplifier. T wo metllods of accomplishing 
Ihis are ~howll at Band C. In B 11 resistor of 
proper value to give t he desired urop in d.c. 
voltage is oonnootcd. in the supply lead t.o the 
Class C amplifier plate. This resistor is by-pas;,'t!d 
by a large eondeIl.9Cr to provide a IU\V-I"()actaJlec 
path between the two plates for audio-frequency 
power . Anll.ngement C operates in the same way 
but sepllrate ehoke8 are used for the modulatur 
and the Class C amplifier supply circuits, with 
the dropping resistor on the supply side of the 
amplifier choke. The coupling eondenscr C, 
should be capable of withstanding the maximum 
a.f. pla te voltage swing of the modulator tube. 
In both arrangements C, must be of low reactance 
for the lowest modulation frequency to be trans-
mi tted; in broadcast transmitters a capacity of 
8 " fd. is deemed none too large although 1 or 
2 .-fd. will be sufficient in amateur transmitter$ 
where only voice frequencies need be considered. 

:UOPOLA.TOI~ T UllES 

The best modulator tubes are thotoC falling in 
the classification of audio output power amplifiers. 
They arc generally of comparatively low impe
da.nce Rnd amplificatioo [Hoclor. These chnraetcris
tics are /lot eJitircly rel!t,ble lIS indicat.ing a. good 
modula tor, however, and the plate-curren t. 
pla te-voliage eharaet.eristics of the tube must be 
consulted for t he whole story. The tubes most 
satisfactory as modulators, together with thcir 
proper operating voltages and loads, nrc listed in 
the modulator-amplifier table, and the method 
of d etermining t he capability of any tube as a 
modulator by mea.IlS of it/l plate eharaet{)ristic 
cur~·es is explained at the end of the chapter. 
Many popular tubes are very poor modnlators 
anu should never be used as such. T heSt;l!He tI ,e 
Type '1 0, T ype '03-A, Type '52, anu Type 'O-1--A. 
T he tubes des.igll."lted 1\1! modulatol·s in the ac
companying table and t he tubc table of Chapter 
VII arc greatly superior and should be used in 
lhcirstel«l. 

It has previously been mentioned that t.here is 
one proper value of Clasa C amplifier plate 
current for a given modulfltor and set of opera t
ing conditions and th i$ /wMs true regardless of U,e 
type of tube WHlll as a Class C modulate.! amplifier . 
l'IIoreover, t he proper value of plate eurrent wiil 
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be the Il8 me whether ODC or more tubes are lL'!ed 
in the modulated amplifier_ If the amplifier plate 
current is gretl.ter thAn that specified for a cer
ta in type moduL'Iwr tube operating at SIM!Cified 

tubes (grid swings up to 100 \'01U!) will require 
ODe stage of transl'ormer--oouploo speech amplifi
cation - using a T ype 'OI-A, ' 12 or '27 tube 
with a. single-hutton carbon microphone. A 

nJ::CO~ I MENDED MODUL.."-TOR-Al\IP£.lflEn CO:".[B1:'1OATION-S FOIt IIIOU MODUL ,\.TiON - - - - - -

M "'lulu"" ezo ... C A mp/iff" 

NeK. Car_ 
S~I, Gtid U"t.d D.C. D,C.' Grid ' D.C. D.C. ";er ' Per-

T ]>bt~ l'ln!c I'1M .. 
G. ;,\ 

6wina DrWr,ojng' Type 1'10'" 1'1~le m ... Output ~"' ,~ 

Tube 0;";1" \'0 1 ... M .A. Bi,.., \ 'oh .• lC ... &tor To"" Vol\41 :,\1.,\. E. W.t~ Moo-
\\ au. .. .. 

" 
v_. 

I;;" o,~ .. 
" 

('~ ,,~ ,,"'!.ion 

'" prox. ) 
Volt.o --, 

- -
'" " '" n '''' " ""'" -10 "'" " " 

, 
" ~Z~ ~2 '''' " "'" -" "'" " ". , 
" ... " .. , ... "'" -10 "'" " " 

, '''' ... " '" '" "'" -" 300 " '50 , 
'''' -

--'" ~ ,~ WO '" , .. " """ -10 30) " '" " " ... '" '''' -,. "'" -" ". " '''' " " 
-.. " , "" " " " l4.5 -1-

15,000 ' II · 000 " '10 10 ' 00 
~ .. , " ,~ " "" ,,,. '11- 000 " .." " '00 

1200 00 '" '" 3~7Q '()3..A """ " '" '" 00 
12.50 W '" '" 31i70 -.. """ ;0 ". '" 

., 
-" 800 = '" " " 11 ,100 '03_.-\ H"" " '" 00 '''' "'" 125 ,-, " 11. 100 -.. """ " '''' " ' 00 ... '00 132 121 10,000 ·~Z ""'" '00 "" '" '00 

"'" '00 1 3~ '" 10.000 'o.I_A = '''' ". "" '00 

, Plate eur~nt per modulator t ube. 
' A,c. fibment supply wilh .,;d .... turn to fl.l~melll ""our-tap. 
' l)iv~ by 2 j f mod uh.tor. in po.ral~l "'" ,IMd with CI .. C amplifier drawillil t";«l.~ifi~ amplifier plate ourren t . 
• Amplifiu ptate efficient ,. MOUrned ... 70% . 
• On~ T YIOG "0 'ni Kh! be ~I but i. li~ble to b rellk-<lown on modulation ,cab . 
•• Two 1')'1'" '10 (u!>eo migM be u!!ed in pu.lI -pull 0' pa r. llel but a,. liable to b'''''k-do .... n 011 ,nooulMion peak •. 

valUe! of plate voltage lind bius, additional 
modula tor tuh{'3 must be conn~ted in pArA-liel t() 
~uppJy the IOI\d. The mtings specified in the 
Iltble should be closely ohl>erved. 

8PE~C II A.\lPLlrll;R ANI) J40DIlI,AT(lIt CONST RUe

T IO:-

The d~~n and construct ion of a speech am· 
plifier and modulator uni~ i8 quite similar to that 
of (l. good fiudio-fl'equency power amplifier a nd 
t he Mille practice should be fo11owoo. The speech 
umplifie r ~lio!l should be capablc of delivering 
1 he neccssury grid ~wing to the modulntor with· 
ou~ ovcrloading or distortion, and since the 
speech amplifier is really 11 voltage amplifier 
land not" power a mplifier, it should use tubes 
IlIn-ing fairly high a mlllificaJ.ion factor in order 
to give the grealest poasible voltage Ilmplifica. 
tion per s tage. The value of voltage amplifica
tion nCeE!Eary is.set by t he grid !$Wing required by 
the modulator and the volUlge swing generRted 
acroM the !IeCOndary of the microphone tron&
former. The lat ter, in t urn, is determined hugely 
by the type of microphone used. As 8. genera l 
rule, Type '1)0. T ype '11. or UX.J;..I:! rnod ulntor 

double-butwn microphone willllcCe8Ilit.'lte au ad· 
ditioIUl [ t ransformer--«luplcd stage. Higher-power 
modulators 5Uch as tlle Type. '·19 and UV-845 
(peak grid swing:a up to 190 voIu ) will need 
two StAgeS of speech amplification for single-but
ton micropbones, the 8CCOnd stage using a Type ' 10 
tube witJI 350 volta on ita plate nnd the finrt.stage 
being t he snme 8.S the aingle-stage amplifier for 
lower-power modulllotol'8. A lhree-tltagc amplifier 
using t ubes BUch 1108 the Type '27 or ' 12 in t he fil'"St 
two stages and a Type ' 10 in the la.st stage will bc 
necessary for high-power modulators when using a 
double-button microphone. Condenscrtypemicro
phoncswhicb incorporRt e a s/.Jlgc or twoof aIilplifi
cation will operate s. ... tisfll.ctorily with the 8(1)))6 

type of speech amplifier used for double-button 
carbon microphofietl. 

When a Type "0 lube is used in the fina l 
stage of a 6pCCCh amplifier ita output prefe/'ll.bly 
should be impedance coupled or impedance-re
sistance coupled to the grid of the modulator, 
although t here is no practical objection to trail&
former coupling if a suitable transformer is em· 
ployed. The tubee of the speech amplifier are 
operated as lineM alldio-fr~<]lrenc~' amplifieJ"ll 
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aDd the electrOOe voltagell given iu the tube 
table of Chapter VI I should be followed . The 
peak grid swing to the modulator call be limited 
to the Wl.lue where distortion begins by adjust
ment of the gain control across t he secondary 
of the microphone transformer. 

Resistance-eouplcd amplifiers are also suit able 
but the gain per stage is less than when trallil
former coupling is used unless high-,u ampl ifier 
tubes (such as the Type '40 and UX-841) are 
employed. It will be necessary, therefore, to use 
at least one more stage of amplification with 
resistance coupling than with tran sformer coup
ling to realize the same ovcr-atl voltnge amplifica
tion. The resistance-coupled amplifier is of 110 

res.ladvantage in amatcur work, however, since 
only voi~"C frequcncies nrc to be amplified aud 
t he excellent frequency characteristic obtldnahle 
witha resislflollCC-couplcd amplifieris not necessary. 

When two or more stnges of speech amplifica
tion are uSC(1 particui:J.r care must be taken to 
prevent '·motor-boating" and distortion rC8ult
ing from intcr-stage fced-back. The coupling 
transformcrs should be isolated from each other 
aud aU supply circuits should be adequately 
by-pa.ssed. It is advisable to keep the modulation 
reactor well away from the other audio equip
ment when more than one stage of speech am
plification is use.:! since the strong magnetic 
field aoout the choke is quite likely to induee 
feed-back in nearby audio transformers. AI! a 
further precaution aU transfornwr (~s ~holl!d 
be coun(:<:ted to tlill negative !lide of the plate 
Buppl}" and grounded. One lead of the microphoue 
circuit should aho be grounded and a shielded 
microphone cable is advantagrou~, parli(:u!arly 
for eliminating radio-frequcncy pick-up in the 
microphone leads. ltJ. overloading of t.he grid 
circuits of the speech amplifier and modulator is 
one commo!} cause of "singing" and every pr<:-"
caution to eliminate it will prove worthwhile. 
Liberal use of radio-frequency chokes in the 
power and bias supply leads, particularly the 
high-voltage leads between the modulawr and 
Class C amplifier, together with removal of the 
lIudio-frequency equipment from t he vkini ty of 
the radio-frequency wlit-s, can go a long way 
towards eliminating troubles from radio-fre
quency ow~rloa.ding. Complete shielding of the 
speech amplifier and modulator ullit is decidedly 
good pra<: lk"C hut should not bl! demanded in any 
but exll"~llle eascll, such as where it might be 
nee<.'SSIlry to place the audio equipment right 
next to the mdio-frcquency unit<!. 

When modulator or speech-amplifier tubes are 
operated in paraU,,1 01" push-pull, II non-indllctiv~ 
rC$istor of about 100 ohms should be connc<:ted 
in the grid lead io each tube to prevent parru;itic 
ultra-high freqllency oscillat ion and consequent 
overloading of the grids. Such resistors are also 
helpful in reducing grid overloading from in
duced r.f . 

)UCR01'UOSJ;8 Asn ·1"IIUI> CARE 

A good microphone is a dedded fl$!J{:t to IIny 
amateur 'phone transmitter although the posses
sion of even the best microphone obtainnble is no 
guarantee of perfect. t ransmission. t\ny micro
phone capable of t ransmitting i he frequencies 
of the speaking voice with good fidelity should 
be adequate and the outlay for an expensive 
microphone is a waste of moncy if the trans
mitter itself is not capablc or nearly distor
tionlese transmission. Inexpensive single-button 

SH'GLE-SUTrCN MICJWPHOf' E 

l>CueU-8uTTCN MKROPI10NE 

CAI/JlON J)UTTON JllClWPllONH8 OF TWO 
Trn.'s 

Th. diav/iN{l"'" "'. d<,~nm~ b~ /) a"d ,h. b .. Uo". b~ R. 
II, ""'U !>< 400 uhm . and the vain ClmlT~1 fl, a /OO.I)(J(J.uh,n 
poiem'o",el". 1"~. mi<.-ovh<>"" I'M'" . hQuld ~ ,..,.0",,<1.<1 and 
II,. It(Id • .Jw"ld ". ,h,tllkd 10 ",""""nt'.f. p;r,k_up. 

caroon-grn.in microphoneR, similar to those 
used for wire telephony, arc used sllcccssfully 
by mn.uy am.'loteUfS and are capable of trans
mitt ing very in telligibly whe-n uged with a 
properly adjusted out fit.. The microphone trans
former for this type Ehould have a primary im
pedance of 100 ohms and is quite reasonable in 
cost . E. ... celleDt double-button carbon-grain micro
phones admirably suited to amateur usc arc now 
avn.i1able at ~sonable priccs and n.re generally 
used in the bett('r amateur stations. Thl! double
button microphone transformer should have It. 

cenier-tapped pl·imary of 200 ohmll impedance. 
The double-button microphone is considerably 
Jess sensitive Umn lhe single-button type and 
t herefore requires a speech amplir,er of greater 
voltage gain, !I.S has been explained previollsly. 
C'..ondenscr-Lype microphone!! are considered the 
bCllt for faithful ~sponse over a wide range of 
frequencies but t heir high cust (including the 
special amplifier t hey require) makes t heir USt' by 
amateurs quite limited. 

Carbon-grain microphones, both ~ingle- and 
double-button, convert sound wuves into pulsat--
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ing electrical current by the variation in the 71XXl cycles. This makes the microphone's senill· 
resi.trt.ance with pressure between carbon granules tivity oomparativeiy low but improves its fre
in contact with It. metal diaphragm which is quency cllara.cteristic. 
caused to vibrate by the sound waves striking it. Condenser microphones utilize an entirely 
In the single-butum microphone, one connection d ifferent principle - that tho variation in 
is made to the metal diaphragm and the other is eleetrostatic capacity between two plates C&UlIe8 

made to the cup containing the carbon granules, a change in the potential difference between 
called a button. The microphone terminals are con- them. In the microphone one of the plates ill 
neeted in series with a battery and the primary thick and incapable of vibration but the other is 
winding of a t ransformer. The current through the of thin metal, tightly stretched, separated from 
primaryisapulsatingdireetcurrentwhichinduces the fixed plate by about a thousandth-inch. A 
alternating current in the seC()ndary winding, the high d.c. potential is applied between the plates 
resultant alternating voltage across the secondary and the variation in the potential which results 
being applied w the grid eircui t of the speech- when the thin plate vibrates in response to a 
amplifier tube. In the double-button microphone sound wave is applied across the grid circuit of an 
there is a carbon element on each side of the amplifying tube, The voltage variation is ex
diaphragm. The buttons are connected to the two tremely small and a tWQ-lltage microphone ampli
ends of the primary winding of the microphone lier is necessary to hring it up 00 the value ob
r----.:.----=----=-------='---------~ tainable from a double-button 

carbon microphone. TItis am
plifier is usually attoohed 00 the 
microphone stand. 

A SUITABLE SPEECH AMPLIPIER AND MODULATOR FOR THE 
WW_POWER 'PHONE 

A microphone of any type is 
a piece of apparatus requiring 
careful handling if it is to do its 
intended work properly. It 
should never be moved or even 
touched while current is flowing 
through it because the slight~t 
janvillgivethediaphragm ajolt 
far greater than that caused by 
aloud sound. 'l'hecarbon micro
phone should never be operated 
with excessive current through 
the buttons because the heat 
generated by high current may 
fuse the carbon granules 00-
gether, causing "freezing." A 
current of not more than 10 or 
15 milliamperes per button is 
usually safeand the microphone 
battery voltage should be ad
justed to give this value of cur
rent when the microphone is 
first connected. Thetransmitter 

It ""II m<>d .. 1aU ,. ""l114 T~". '10 or '.os CI<>" C amplift<r 96% and ,/wuld b< 
.. oed 1DiIlI a oinq/e-l>ull<m "",ban ",icr~l>llQ~. TIo< mim>pluJ,.., jod<, ""in e<>ntro! OM 
microp},,,,,,, baI!<r~ "",tch "' . ... 1M from Wild. TIo< m'cro""" ... Iranl/ortrW and 
T~".·n ,pUch ampli}ic art blhind Ihi. panel with 1M T~". '60 madulator tub •. d<>ubI. 
pial' c/wk., drop»i"O ..... Ior and bsI-w .. ""ndon,.,. at 1M riuhl. 

plate milliammeter can be used 
in making the adjustment. The current to each 
button of a double-button microphone should be 
of tbe same value and sometimes adjuatment 
of the pressure on the buttons may be nec<'SSSry 
to make itso. Thlsadjustment must be made very 
carefuUy, preferably by an experienced micro
phone repair-m/l.n. 

t ransformer and the diaphragm is C()nnected in 
series with a battery to the ~nter of the winding. 
The granules in one button are C()mpressed and 
their resistance is reducro while the granules on 
the other aide loosen and their resistance is 
increased when the diaphragm is vibrated, with 
the result that thcre is an increase in current 
flow between one but ton and the diaphragm while 
there is a decrease in current flow between the 
other button and the diaphragm . The current 
flow through the common circuit and the battery 
will remain constant if the buttons have been 
properly adjusted. The diaphragm of a double
button microphone is "stretched" to make it!! 
natural resonant frequency well up in the audio
frequency range, usually to some value above 

H a carbon microphone should become "fro
zen" the granules may be loosened by lightly 
tapping the frame with one finger after the 
microphone battery circuit hM been opened. The 
microphone should be suspended by springs in a 
frame or hung from the ceiling in preference to 
having it unprotected from shock and vibration 
on the operating table. A good shock proof 
mounting will eliminate a lot of the "back-
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ground " noise which amicts many amateur out
fita. A light cloth sack pulled over the micro
phone will keep out insecta and dust 1\.9 well 1\.9 

protect the diaphragm from corrooion by mois
ture condensed from the speaker's breath. An 
ordinary conversational tone should be used and 
it is better to talk "across" rather than directly 
at the microphone becautle breath striking the 
diaphragm gives the speech a hissing 
characteristic. 

PRACT ICAL TIIANS~!!'M'F.R AIUUN(l~;~n';l'TS 

Two speech amplifier-modulator units 
are illustrated as examples of practical 
arrangemenb for low-power amateur 
transmitters. The first is an excellent 
modulator for one Type'lO or '45 Class 
C amplifier and is designed for use 
with a singlc-button microphone. The 
second makes an excellent modulator 
for a Class C amplifier using two Type 
'10 or '45 tubes in push-pull or parallel 

circuit of the modulated amplifier and the other is 
designed to use a. single modulation choke which 
is connected in the positive supply lead to the 
unit but is not incorporated in the assembly. 
Both units are intended for operation with recti
fied a.c. plate supply, a.c. filament supply and 
battery grid bias. 

The positive high-voltage output tenninal is 

... 
TilE SINGLE-TUBE MODUI,ATOR. UNIT 

and is designed for use with a double T .. - Ui<;T"1lhon~ !Tan. Jorm". 
button microphone. \rhen operated ac
cording to specifications either is capa
ble of 95% modulation of a suitable 
Class C amplifier. The first unit might 
be used to modulate the single-ended 
amplifier of the low-power crystal-con
trolled transmitter described in Chapter 
VII or, still better, a single-ended Type 
'10 or '45 following a buffer amplifier. 

T . - Audio Jrnjumqt ampl;Jying Iron.!orm". 
C!.- N a';""",/ ~"" 80 d""bI. B diminator clwkc. 
C, - 1-14<1. "v-pa .. conde ........ 
C, - 1_14<1. $00-0011 h-pan oondmuJo. 
C.- I_pjd. h-w .. cond.on ... r. 
C, - 1-14<1. I~t aud'" "" .. pling Cd"d.,.. .... 
e, - l00.lXJO-ohm Fro. ! ;><>16...:\""'., .... 
N, -15(),()()O..o~", , .... tor, urid leak ~"". 
R, _ 10000~m filam • ." .,.."",.-tap , .. i"", •. 
11 . - 51XJO-ohm Ward L ....... rd No. $01"_A , .... tor, 9() m.a., if. UJ"tu. 
B .F.C. - Sil_-Ma"halll~~ m or .'l.,.o 'V~ C_l +8 cItok4. 
J - Cl&ro circuil mi/hammcUr jacl;. The second unit is admirably suited to 

modulation of the push-puI! amplifier also 
described in Chapter Vll. Theconstruction of both 
units is based on the principles outlined in the pre
ceding pnra.grnphsand their specifica l.ions are given 

J, _ 0""" cirruil microphon. iad. 

connected to the corresponding tenninal of the 
modulated amplifier stage and to that stage 
only. The negative high-voltage connection is 

common to all units of the 

SPEECH AMPLIFIER. AND MODULATOR. yon TilE WW-POWER. 

transmitter, as is also the 
positive grid bias. It is ad
visable, however, to run tlep
arnt.c leads from caeh unit of 
the transmitter to the nega
tive tap on the plat.c supply 
and to the positive tap on 
the bias supply. to reduce 
inter-stage coupling. The mod
ulator plate supply should de
liver 500 volts of pure d.c. 
and should have a current 
capacity of about tOO m.a . for 
the single-tube modulator 
transmitter or 200 m.a. for 
the transmitter using the two
tube modulator. The d .c. 
plate voltage for the Class C 
amplifiers will be reduced to 

PUSH_PULL CLASS C AMPLII'1ER 

WitA thu unit it i. p" .. ibl. 10 c<>mphU/~ mod,,/at< tho "",pul oj Iwo TV~ 'JO or '45 
, ......... 0«1 ""' CIu., C ampljft ..... TM ""i .. COtl-lT<ll .. "" tho ''''al/ pa .. d UJiIh. 1M micr<>_ 
phoJU and !!WI, milham_I, ,. jtl<kI on .i/h" .i<it. T/.e amplih' i, inl.nd.d /..,. " •• with 
Q douNe-blllt ... ""'M micrdph""". 

beneath the circuit diagrams. Each utilizes the 
Type '50 as a modulator and Type '27 tubes aa 
speech amplifiers. The output of one is provided 
with a double choke for coupling to the plate 

about 300 volt/! by resistors 
R. and R. when the respective modulated 
amplifiers are adjusted to draw their proper 
values of mean plate current. This adjustment is 
extremely important and must be made exactly. 
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CLASS C MQDUU'I'ED AMPLIFIERS 

When 0. radio-frequency amplifier operates ljO 

that ite power output varics directly as it6 plate 
power input over a wide rungo of plate voltage 
values (as a modulated amplificr should work) it 
is known as a CI!lI:lS C amplifier. To accomplish 
this it is nece~ry that the negative grid bias be 
relatively high and that grid excitation of eOll
siderable am]llitude be supplied. The value of the 
grid-bias volt.nge should be approximately lwit:e 
the value required to reduce the plate current w 

!!.ions oceur at every half-rcvolution of thc crank. 
Thc proper value of negative grid biM for a 

three-element tlloo used fI6 0. Class C amplifier 
is easily calculated by dividing the plate voltage 
value by thc tubc's amplification fncwr and 
mul tiplying by 2. Since the plate voltage on the 
Class C amplifier in this case is 300, the proper 
value of bias for T ype '10 tubes (amplification 
fo.ctor S) is about 90 w lta and that for Type '45 
tubes (amplification fac tor 3.5) is about 180 
volts. I t is advisable to make the bma a li ttle 

f.". U O. 

THE CIRC UIT O~' THB T IYO-S T AGE SPEECII .HJPLll'lER A ND 
MODULA TOR 

C. - 10000,..,./d . filamenl b!{-p" .. ,,~mi.,,_. 
C" - l·Wd. bu·,,,, .. ",mi." • .,.. 

R. - loo.ooo..>h", , .... t"". 
.~ 7", _ Sih:c .... M"'.hall N~. IM5 A udio 1', aM/"rI""' . 

eu - t ·vJd. aud;9 w..pa .. cond.",",. 
R, - 7S-Mm/ila .. "", . .. i.,,,, 

A T , _ .• 4 ud ..... 'u<l" .... C!I I,,,,,,/or,,.,, 3/ 1. 
J , _ PI<U~ CW"r".nt jPd; . 

R , _ t~oo..,hm plor~ ;01/<10' d",pp;"'J ren. ,or. 
11, _ 100..,1>", gt"id , .. iO/o •• 

J, _ Mi<.oph"". """.,.1 ' <><k. 
U - ~..u.-1.'<l1On mia~pAo, .. . 

R. - loo.~m a.>i" C<I"'r,x (poU~liom./<r) . MT - Mi<tOvh ..... w.".j",m .. . 

zero (cut-<lff) wlthout grid {'~"citat.ion, and the 
excit.ation amplitude must be sullicient w swing 
the grid positivc ovcr a portion of haH the excita
tion cycle, liS shown in the graphical representa
tion of this operating condition . Lnrge amplitudes 
of plate current flow during the peaks of the least
negative half cycles of excitatioll voltage and no 
plate current flows during the remainder of the 
excitation . The output waves are quite diswrted 
and "kick" the plate tank circuit on alternate 
half-cycles only, but because of the lank's 
" fly-wheel" elTect the trnnsmitter output is 
practically sinusoidal. The action is nnalogollS to 
that of a single-q linder two-cycle gas engine 
whose crank has practically true harmonic mu
tion because of the smoothing elTect of the fly~ 
wheel, even though the power impulaes are 
delivered to the ml'ChRuism over but II small por
tion of each revolution. In a push-pull Class C 
amplifier or osciJIawf the two p1a.tes alternate in 
supplying half-cycles of encrgy and the tank 
circuit receives 11. "kick" on both halves of the 
cycle, this action being analogous to t.hat of n 
t~'o-cylinder two-cycle engine in which t.he explo-

higher than t.hat computed by the abov~ mNhod 
because actlla l cut-olJ biaa is always slightly 
greater than that calculated. It is not necessary 
w use battery bias alone for Class C amplifiefll, 
and a combination of battery and automatic 
grid-leak bias is recommended. This may be 
obtained by connecting a t ransmitting grid leak 
in series with battery bias sufficient to reflCh cut
olT. A IO,OOO-ohm grid-leak will be satisfactory 
for both Type '10 and '.J.5 tubes as well !IS for 
ffiOllt of thtl larger tubes. 

Once thc bias has been set, the next step is w 
switch on the tmIU!mitter and tune the circuits 
w one of the bands authorized for amateur 
'phonc. This process is exactly the same as the 
tuning of II. c.w. transmitter and has been com
pletely coverod. in Chapter VII. It is recom
mended that a dummy nUlenn:!. like the one 
shown in thc diagrn.m be used in plnce of the 
radiating antenna in order to reduce interference 
to other stations while the transmitter is being 
given its preliminary adjustment. It is always 
evidence of good technical practice as well as of 
amateur courtesy w Ulle such Ii non-radiating 
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1000d for tran&mitlcr experiments which actually 
do not require 110 radiating antenna. j<'ollowing 
this, adjust the antenna tuning and coupling so 
that the Class C nmplifier platc current is exactly 
the value spedfied in the table for t he opemting 
condit ions and tube combination being used 
(40 m.a. for the single modulator or 80 m.a. for 
the two-tube unit) . Do not otlempt w tum for 
maximum antenna cm..,.ent. The amplifier's 
plat~urrent value is thc index of proper opemt
ing conditions, let antenna currcnt be what it 
may. If it should be impossible to make the plate 
current as much as the value specified, even with 
"tight" antenna coupling and all circuitlJ tuned 
to resonance, the excit.ation to the modulated 
amplifier is insufficient and must be increased. 
The bias SllOUld not be reduced to make tho tuhe 
draw more plate current and increase the carrier 
output; the bias must be that spedfied and noth· 
ing leas. The excitation should be increflllCd by 
increasing tIlC out.put of the prcceding stAge 

CL"-S8 C AMI'LIYIER 

ei ther by adjusting ils bias, increllsing ils pl~te 
voltsge or, perhaps, by slightly increasing the 
plate voltsge lind output of the oscillator. 

Cla.ss C modulated amplifiers require more 
excitation than similar power amplifiers in c.w. 
telegraph tmn5IIlitters and a surplus of excitstion 
is alwaYIl desirable. An approximate cheek on the 
I:IUfficieney of t he exeitatioll can be made by 
short--<:ircuiting the voltage dropping rcsiswr in 
the mooulator unit. This will increase the 
amplifier power input and antenna current, the 
increase in the lattcr being directly proportionate 
to) the increase in plate voltage or plate current if 
the excitation is sufficient. When these prel imi· 
naries are fini~hed the transmitter is ready for 
modulation. 

The milliammeter f!hould be connected in the 
plate supply lead to tile modulator unit, through 
which aleo lIowl'! the plate current for the modu
lated amplifier. The value of current indicated is 
the sum of the plate eUlTellt for both modulator 
and amplifier tubes, the modulator current being 
t be difference between the total and t ho knOl'm 

amplifier current. This should be 50 m.a. for the 
single Type '50 modulator or 100 m.a. for the 
two Type '50's in pIlraliel. &mnding a prolonged 
"Oh-h-h" inlo thc mir,rophone, slowly advance 
the gain rontrol from minimum to maximum 
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TR,INS,l/1Tn;R 1·F.STtNO 
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unl.il the plate mill iamlueter begins to show an 
increased reading. This indicates distortion and 
the gain should be reduced sl ightly. The antenna 
ammeter should show an upward deflection of 
about 25% for complete modulation but the 
modulator and amplifier d.c. plate current 
should be absolutely constant. 

A decret\1!C in antenna current with modulation 
may mean that the modulator bias is improper, 
that II. modulator tube is defective, or that the 
modulator is " over-loaded." 

The quality of lhe transmission can be checketl 
by listcning on the vacuum-tube munitor tuned 
to zcro beat with the carrier; the speech should 
he clear and distinct even with the monitor tube 
oscillating. If t.he speech sounds "mushy" it is 
an almoot eertsin indieation of frequency modu
lation ~ which can be prevented by the methods 
outlined in the early part of this chapter. A 
h'lndy monitor for continuously checking tlw 
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.Ib 2" 1I.'.c. 
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CRYSTAf •• J)ETECT011.lfONITOR 

speech quality is the crystal detector rig whose 
schematic circuit is shown. It will give signals of 
good strength with the roil ahnoot anywhere in 
the immediate vicinity of the transmitter and is 
also useful for exploring the modulator, plate
supply and housc wiring for d. picked up from 
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the transmitter. When the freque.o.cy stability 
and quality hn.vc been cheeked the transmitter is 
ready kI go on the ai r. 

Although SCrl,"Cn-grid transmitting tubes can he 
used as Class C mooulated amplifiers they are 
not 00 well adapted as three-clement tubes to 
'1suai cin;uit conditions because of their plato 
chRraderiatics. 

CLASB B LINEAR AMI'LlFJE~S 

The power output of a Jow-power 'phone Lrans
mitter may be increa<!M by adding a suitable 
linear d. amplifier operating on the same fro
qut',llcy as the modulated amplifier. Oue suitable 
unit for operation with either of the transmitters 
just described is the high-power amplifier de
scribed in Chapter VII. There would be little gain 
in adding A. linear amplifier of lower power be
cause the OMrict power output of a tube used as a 
linear amplifier is but qUll.ricr the earrier power 
output obtainable from the same tube used as a 
modulated Class C amplifier. 

T he construction of a linear amplifier is much 
the same as that or any other power amplifier ex
cepting the provisions for adjusting its grid 

CLASS B AMPUPTEU 

excitation and for obtaining good grid regulation, 
In this high-power push-pull amplifier these are, 
rcspectiveJy, the adjustable input coupling and 
the resistor shunting the grids. 

T he Class B linear amplifier operatcs so that ita 
power output is proportional to the square of the 
grid cxcitlltion voltage, and with 100 % modula
tion the unnlOdulated carrier output is one-fourth 
the peak or normal rated power Olltput. Thc CIa&! 
D output rating of the high-power plIsh-pullll.m
plifior is therefore 37.5 watts carrier and 150 wattS 
peak, the latwr being the normal output rating of 
the tube!!. Thia is about double the carrier rating 
of t he low-power push-pull rig using two Type '10 
or Type '45 tubes as ClflllS C modulated ampli
fiers. 

The figure iIIurstrat.cs the relation betwNln 
excitation-voltage and plate-current wave shapes. 
The negative grid bias illllst be of cut-off va.l ue, 

approximately equal to the mean plate voltage 
divided by the amplification factor of the tube, or 
about ISO volta for the Type '52 at Ii plate voltage 
of 2000 volta d.c. 

The procedure fo r putting a Class B linear 
amplifier into operation is first to adjust its 
unmodulated exeit.ation until the ant()nna current 
is t he maximum obtainable and then to reduce 
the excitation until t he antenna current becomes 
half that value. T his adjustment is made wi~h 
the high-poweramplifier described by the eOllpling 
between ita input circuit lind the tank of the 
modulated amplifier or by the grid shunting re
sistance, or by varying both coupling and resist
unce. Since the primary function of the resistor il! 
to provide a fixed minimum load across the out
put of t he exciting amplifier during the more 
negative swing of the excitation voltage - when 
the grid circui t would otherwise present an ex
tremely high resistance lo.ud - it ill better as 
well as more convenient to keep the resistance 
fixed and make usc oi the coupling adjustment 
only. Each change in coupling will necessitate re
tuning of the exci ting amplifier's tank circuit as 
well as the linear amplifier's grid circuit and, 
possibly, the output tank a nd antenna circuits. 
It is essential that all circuits be tuned to exact 
resonance before reliable readingl:l can be taken 
for any adjustment. If t he carrier excitation ill 
adequate, the total d .c . plate current at excitation 
coupling for maximum antenna current should 
be about 200 lfl .a. (100 m.a. per tube) and at half 
ma.~imum antenna current the total d.c. plate 
current should be about 100 m.a. (50 m.a. per 
tube) with 2000 volta on the plat('1!. The anteona 
cur rell t reading should increase about 25% with 
~>Qrnp!etc modulation of the carrier and thc d.c. 
plate eur",.nt should remain constant. 

R);(X I V~RS FOR RADIOTF.J,F.PIIONY 

.Just as t he transmiitcr requirements for radio
telephony are more exacting than for radio
telegraphy, so are the receiver requirements. 
Hadio-frequency selectivity is even more neces
sary for minimum interierence in amateur 'phone 
reception than it, is in broadcast reception. The 
usual amateur regenerative receiver is fairly se
lective when the detecwr is oscillating for beat
note c.w. reception but it loses much of its se
lectivity when the detector ill non-Qscillating, as 
it is for 'phone reception. A regencrative receiver 
with a stllge of tuned r.f. amplification IIhead of 
the detector is considcmbly more selective thl\n 
one without , rl.Ild at least one such tuned stage is 
recommended. For maximum select ivity on 
amlltellr 'phone frequencies, howel'cr, a recciver 
of the super-heterodyne type is even better. A 
broadcast receiver chassis, whose tuned r.f. 
amplifier was used as an intermediate-frequency 
amplifier, in conjunction with the high-frequency 
super-heterodyne converter described in Chapter 
V, would make an ideal arrangement. 
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,I.(.'(:UR,l.TE PJ:RFORM,l.NC),: MEAI!UREM)':N 'r 

A more accurate check on transmitter perform
an«l than that possible by the methods which 
have been described can be made with 8 simple 
adaptation of t he peak: vacuum·tube voltmeter 
which is known as the modulometer . Among the 
practical uses of the rig are the measurement of 
percentage modulation and of spooch.amplifier 
gain, the detection of audio- and radio-frequency 
feed-back in the audio system, and t he many 
other r.f. and a.f. measurements which can be 
made with such a vacuum-tube voltmeter. Al
though a T ype '99 tube is shown in t his instance, 
any d.c. or a .c. t ype tube having similar grid
plate cbaracteristics would be satisfactory. Thc 
peak value of an a.c. voltag.: applied 1.(1 the grid 
circuit of the t ube is HIual to the negH-t.ive d.c. 
bias voltage rt!quired to balanw it and bring i he 
vlate current milliammt-1.er indication back to the 
same value as with no grid excita tion. This read
ing I) f the plate milliammeter is known as t he 
" false zero " and may be the first seale division 
above true zero. T o obtain it t he tube is operated 
at a set value of minimum bias determined by 
ad justing t he potentiometer R •. The additional 
bias required w balance grid excitation voltage of 
9-volt or less amplitude and bring the plate cur
rent back to false zero, is determined by adjust
ment of the potentiometer ~ and is measured by 
the d .c. voltmeter V . Additional bias in !>Cries 
with that across a. is necessary for measurement 
of amplitudes of more than 9 volts. I t is connected 
to the "Additional mas" terminals shunted by 
the voltmewr V,. The sum of t he readings I)f V 
and V, theu gives t he valne of the peak volt.age 
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being measured. The" Additil)nal Bias" termi
nals should be shorted when no battery is con
nected. 

For audio-frequency peak-volt.age measure
ments the terminals marked " Audio I nput " are 
connectoo across a grid circui t (transformer 

9CCOndary) rather than across a plate-load circuit 
because the d.c. voltage drop due to plate current 
through a traIl!jformer primary or ooupling re
aiswr would cause an error in measurement.. A.F . 
voltage measurement!:! should llever be attempted 
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in any circuit aeroas which t here is a d.e. voltage, 
sucb as grid bias. The r adio-frequency voltage of 
amplifier or detector circuits in a recciver might 
be measured by connC<lting to these terminals, 
the ground side of the receiver circuit being con· 
nect.cd w t he righi.--hand terminal, but t he circuit 
capacity of t he modulometer in parallel with the 
t uned circui t of the receiver would seriou~ly affcct 
the accuracy I)f the measurements; also, the 
measurement of sma.1I ampLi t udes would be prac
tically impossible. 

Percentage modulation measurements a re 
made with S. thrown to t he left. The coil L. is 
coupled to th e out put circuit 1)£ the transmitter 
and the d. current t hrough the circuit causes a 
yoltage drop across R, which is directly propor
tional to the current through the rcsisWr. 
Variations in the amplitude of t he antenna cur-
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rent will t herefore cause proportionate variations 
in the d. voltage across R, lllld the amplitude of 
the positive half -cycles of t his voltage is measured 
by the peak voltmeter. 

It is ueceBSaly to supply the speech amplifiel' 
input circuit (microphone transformer primary) 
with audio frequency of constant amplitude for 
these measurements and an audio oscilla:tor such 
as that described in Chapter II will do vcry 
nicely, the primary terminals of the microphone 
t ransformer being connected in pltlooo of the 
'phones. The t ransmitting antenna should be re
placed by a dummy antenna, of course. The 

the voltage amplitude for the unmodulated 
carrier. 

The gain of the speech amplifier is found by 
measuring the audio voltages on the grid of the 
first speech amplifier tube and on the grid of the 
modulawr, the ratio of modulator grid voltage to 
the B~h-amplifier grid voltage being the volt
age gain of t he amplifier. A performance curve for 
the transmitter can be made by plotting the per
cottage of modulation for various values of 
speech-amplifier signal voltage against the signal 
voltage values. Such a curve is shown for a trans
mitter using the equipment described in this 

chapter. 
Audio-frequency feed-back in the 

speech amplifiex is detected by making 
measurements of the signal voltage on 
the grid of one of the amplifiex tubes with 
the modulator plate voltage " on" and 
" off." If t he signal amplitude is greater 
with the modulator "on," there is feed· 
back. Radio.frequency pick-up is simi
larly deWeted, the d . excitation (oscilla
tor ) being switched on and off, an 
increased amplitude with the carrier 
"on" indicating rJ. in the audio circuits. 
Audio- and radio.frequency feed-back 
can be eliminated by following the sug
gestions given in earlier parts of t his 
chapter . 

MOD ULATOR TUBE CALCULATlON"S 

AN EXPERIMENTAL MODEL O~' THE MODUWMETER 

The proper operating conditions for 
any type of modulator tube for a given 
set of circuit conditions can be deter
mined graphically from the plate-voltage 
plsW-cuITent cbarscWristics of the tube. 
The procedure is quite the same as that 
for determining t he optimum plate load 
for maximum undistorted power output 
for a tube used as a CIII.SI:! A audio-

TM ',.,.....ind...,li .. T,W,U>T i. 10 Ih. WI Q/1hI .."..iabk """""""T. TI>t 
d.p.d.l • .wi/ch in Ih4 unUr "I", .""""ino lrom ,. audio inpUC·· /0 T.[. i"put 
lor 1M ............ m ... 1 01 pu"ntage 01 modulaliom. 

frequency power amplifier and is com
paratively simple. The method is best shown 
by an example using one of the modulator tubes 
listed in the modulator-amplifier table - in t his 
case the Type '49, whose average plate character
istics are shown. 

maximum modulation capability of the trans
mitter is checked with the gain control advanood 
to the point where t he modulator and Class C 
amplifier plate current milliammeter begins to 
sbow a variation in reading, indicating that the 
point of distortion h.a.s been reached. The pick-up 
roil of the modulometer should be coupled to the 
antenna inductance and the coupling adjusted so 
that the ampli tude of the vol tage across H, meas
ures 5 or 6 volts. The gain control is then set at 
zero, leaving the carrier unmodulated, and a 
second measurement is made. The percentage of 
modulation is the difference between the two 
voltages divided by the unmodulated carrier 
voltage, multiplied by 100; 

M = E-.-E..,. X 100 
E_ 

M is the percentage of modulation , E",<>d is the 
voltage amplitude with modulation, and Eoa" is 

The rated plate dissipat ion of the tube is given 
as 300 watts. Assuming that the maximum rated 
d.c. plate voltage is to be used, the maximum safe 
value of plate current is the plate dissipation 
divided by the plate voltage, or 100 m.a. The 
intersection of t he 3000-volt and 100 m.a. c0-
ordinates fixes t he operating point and, by inter
polation, the proper grid bias ill - 132 volts. When 
the tube is operated with a.c. filament supply the 
maximum grid swing on eiiher side of the operat
ing point will be less than tbe biM value by one
half the filament voltage, orfrom - 132volts down 
to - 5.5 volta and up to - 258.5 volts, the peak 
amplitude of the grid swing being, nearly, 127 
volta. For distortionless operation the grid swing 
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must Del'er be greater than t his value and t he 
plate load ~staDOC must be of t he proper value 
to limit the distortion (seoond harmonic) to 50/0-
The lOad resistance is determined by the mean 
plate voltAge and plate current of t he mod ul8ted 
CIMs C amplifier. 

Experience ~hO\l'9 that fOf 100% modulat ion 
with most modulator-amplifier combinations t he 
optimum ratio of modulator to Cbl.S.'1 C amplifit'f 
menn plate (d.e.) voltage is approximately 3/2. 
With 2000 volts:I-9 the ffiClLn plate voltage fo r the 

AIINO.JJ6NAL V(lt.TME -61Ub OF SPllOi .I1(1! TUBE 

JJODU1.Q.ilHTER PERPORMAIo"CE CURVES OP 
A 'Pf/ONE TR.iNSMITTER 

CII&8S C aml)iifier, the plate voltage swing of the 
modulator tube v.ill have to be 2000 volt-ll fOf 
100% modulation. A line should be drawn through 
the operating point and the grid-swing limit 
curve@!!.pproxirnatdyatpointswherethey inter-
800t t he t()()().. alld SOOO-voh lincp-. These int('r&ec-

MODULA Ton UJAD LINE pon 100% MQI)UJ.A 1'101-1 
PWTTED ON TlIB l'I,II1'£ ClIMIA CTJtNl S Tl C 

CUI/VES 01' A i 'n'll '411 TURK 

tions need not be hit eXllctly a.s long a.s the Illa te 
voltage values are different from each ot ber by 
twice the plalc .liwing or 4000 vo1t3. Tbe line 
ghould be extended 1.0 where it intersects t he 
zero plate-vollll.ge line. The slope of th is line i3 
the proper l03d resistance value. Th:!. t i~ , 

E_x- E .. io_ R - , 
I ..... -l""i. 

The current and voltage maxim!!. and minima 
are indicated on the curves. If !.he modulator and 
CIasII C amplifier were both ojX'r!!.ted at the same 
value of mean plate voltage (3000 \'ol ts) t he 
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value of amplifier plat.c curr('nl to give this load 
would be t he total plate I.:lIl'tent value at the inter
IICCtion of the load line and the zero voltage lin" 
(250 m .s..) minus the mooulator current (100 
m.!!.. ), aDd the mooulatioD factor v.ould be the 
moduunor plate voltage swing divided by the 
mC!lIl pla.te voltage, cr 00.6%. Witb differeDt. 
valuL'S of modullltor Ilnd amplifier mean platt: 
voltages, howevtr, t he diff(:rcnce between modu
I:t.tor and total eurrent vl1lu~ (150 m.a. ) must be 
multiplied by tho ralio of modulator to amplifier 
mean plate voltage to give the propcr value of 
amplifier CUTr€nl. fOf optimum load conditions. 
That is, 

150 m.a. X -= = tOO m.B. 

The proper 3.mplificr d.c. pl(lte eurrent is there
fore 100 m.a. for 100% modulation v.ith .1 

modulator peak grid !!Will!\: of 1~7 \'olt.s. The 
speech amplific:ltioll OOtW(:CIJ t he microphone and 
modulator grid must 00 :wcqwtc to supply this 
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grid swing on the peaks Rnd the plate voltage 
dropping rcsiswr should be of 10,000 ohms to 
give IL voltage difference of 1000 at 100 m.lL. 

PRACT!CAL OPERATING HINTS 

The radiotelephone t ransmitter may require 
some "trouble-!lhooting " at timea and IL short 
summary of the symptoms of the more usual ail
mcnt8 will be useful . The troubles cited will not 
occur if the design and adjustment ILrc according 
to the infonllation previously given in this chap
ter, however. 

" Downward " modulation , indicated by IL de
creMe in antenna current when the carrier is 
modulated, ia caused by IL reduction in power 
output with modulation when there should be 
an inerCMC in power output. It may be duo to any 
of the following: Improper modulator bias; in
sufficient Class C amplifier biR8; insufficient 
CIa&! C amplifier d. grid excitation; exOOMivc 
Clw>s C amplifier plate current, causing over
loading of the modulator. II a linear amplifier is 
used following t he Class C modulated amplifier, 
downward modulation 'I\'ill result with 100% 
modulation j f t he earrier excitation to the linear 
amplifier is greater than toot giving one half the 
maximum antenna current obtainable or if the 
billoll on the linear amplifier is less than that re
quired for plate eurren~ cut-olT. 

In an improperly designed t ransmitter , down
ward modulation may be the indication of a poor 
modulation choke Of an audio-frequency by-p8&'i 
across the modulation reactor. A too large by
pw>s or blocking C()ndcnser il) the plate cireuit of 
the CllIBI:i C am plifier will cause t his t rouble. 
The capacity of this condenser should be not 
greater than .002 ,.fd. and circuits not requiring 
such a by-pllBl:i condenser arc preferable where 
high modulation frequencies are used, as in 
television transmission. 

"'''hen the transmitter is operating properly 

tM plate current to each tllbe in the get $/wuld be the 
3(1me wi.th modulation M WUMUl1JwdululWn, and 
the antenna ammetcr should SllOW an inerease in 
antenna current with modulation. Any variation 
in modulatQr or speech amplifier plate current is 
a certain indication of audio-frequency distortion. 
The greater the variation, thc worse the dis
tortion. 

TR."-\·S~lITI".: " pow,"" SUPPLY 

T he filament supply for amateur transmitters 
is usually alternating current for the modulator 
and radio-frequency t ubes, and either a.c. or 
d.c. for the speech amplifier tubes. Direct-
current filament. supply for all tubes is used in 
most broadcast transmitters where the el imina_ 
tion of all but intended modulation io; necessary 
but is not required for the transmiSl!ion of speech 
only. The plate power for the speech amplifier 
may be from B battcries or a B substitute while 
that for the modulator and radio-frequency 
tubes is usually from d.c. generators or a.c. 
rectifiers. The power supply for the OIlcillat.or and 
buffer amplifier stages should be separate from 
tha.t used for the modula tor and Class C amplifier 
~ause modulation invariably causes some fluc
tuation in the modulator and CIIIBI:i C amplifier 
supply voltage unlCllS extraordinary precautions 
are taken to guard against it. Tho plate suppliES 
described in Chapter IX will be sa.tisfactory if 
the particular features pointed out therein as 
d esirable for telephony are ineorporated. 

T he negative grid bilU! for low and medium 
power transmit ters can be obtained from dry B 
bat teries. Rectifiers are satisfacwry for sup
plying grid biWl t(l Iloudio-frequeucy uni ts but, 
because of their poor regul!!.tioll, a.r(l not so well 
suited to supplying bias for the r.f. power tubell, 
D .c. generalors make the most satisfactory grid 
bias supplies for high-power d . amplifiers, par
ticularly for Class B linear amplifief8. 



CHAPTER IX 

Power Supply 

~ ROM Chapter VJ] the impression might 
be gained that a simple transmitter eon· 
sists oniy of a tube and the tuning circuiUi 
associated v.ith it. However, it must be 

understood t hat the transmitters described are 
not complete and cannot operate until they are 
provided with a power supply. This power sup
ply, though involving only simple apparatus in 
most casell, is always of the greatest importance. 
Care expended in its installation and adjustment 
will be well rewarded by improvement ill the sig~ 
uai and in the over-all p.ffectiveness of the trnl18-
mitter. 

The power supply system of any tube trans
mitter consi8ts of two unit.8 - the Ilupply for the 
tube filaments lind the supply for the plate cir
cuits. I t is to the latter that we shall give first 
consideration. 

TilE PL.l.'l'E SUJ'l'LY 

1f t he tra.nsmitting tube is to function steadily 
and produce a pure musical signal at the receiving 
end, thc plate supply must be a steady d ireet cur
rent. This is of great importance. Rapid fluctua
tions in the plate Bupply voitnge cause similarly 
I'Ilpid fluctuations in the antenna power. T bi1;, in 
tUrD, results in thc production of modulalion and 
added interfcrence. i\Iucb more serious, howevcr, 
is the fact that in the self-·excited oscillator such 
volmge fluctuations cause not only power fluctua
tions but frequency fluctuations or frequency 
"flutter." The cxtent of this " flutter" can be 
reduced greatly by the use of a high value of 
capacity aeross the iaok coils in the transmitter 
and by careful tuning adjustment (as described 
in Chapter VB ) but, Ilith the possible exception 
of the crystal--control transmit ter, the "flutter," 
the" mushy" note and the interference which 
accompanies it can never be completely avoided 
unless the plate supply is pure d.c. 

Slow variations in the plate voltage also nlust 
be avoided !>inee these result in slow frequency 
changes or frequency "creep," making it neces
sary for the receiving operator constantly to 
retune h~ receiver to hold the signal. Yet allother 
possible defect to be avoided ill the plate /lupply is 
poor regula tion (to be discussed in detai l later) 
which results in the plate voltage changing with 
every change in load 011 the pIlI.tc-supply system. 
Trouble of thill sort gives rise to II. sudden fre
quency change - a. frequcney "chirp" - whcII
ever tbeload is changed. U is when the transmit
ter is keyed that this effect becomes so apparent. 

Frequellcy flutter is so uudesirable and produc
t ive of so much unnecessary interference t hat the 
use of plate supplies which do not produce un-

modulat-ed direct current is definitely prohibited 
by t he U. S, government regulations under which 
amateur stations are licensed unless the trans
mitte r is one in which f1ll tter cannot occur. I n 
pract.ice this means t.hat the supply mus~ be pure 
d.c. Oil any form of oscillator, and that a.c. or 
rectified and partially fil tered a.c. can be used 
only on the Rmpl iflcr stages of a tran~mitler 
which is crystal-eontrollcd or excited by a very 
stable self-eontrolled oscillator followed by a 
buffer ampli fier , both of which must be supplied 
wit.h pure d.c. Careful attention tberefore must 
be paid t-o the power supply system or the trans
mitter cannot be operntoo legally. 

p J. o\n ; SUP PLY SYSTE.l.I.S 

The simplest form of plate-supply system is 
nothing more t han a battery of dry cells or storage 
cells. For the low-powered transmitter such a. 
/lupply is not only inexpen8ive but particularly 
desirable because it provides steady and ab
solutely pure d irect current. For II. transmitter 
of any appreciable power, however, both the in
stalla tion and upkecp costs mount rapidly and 
battery supply is no longer practicable. 

For t he medium- a nd high·power transmitters 
there a re two alterna tives - to use a high-voltage 
generator of ample rating for the tube or tubes, or 
t-o Btel} up the commercial alternating current to a 
suitable voltage, then covert it to direct current 
with a rectifier aystem, and smooth out the 
fluctuations or ripple with 3 suitable filter. The 
latter arl'llngcmcut is that tll08L generally uscd 
in aUUlteur sta.tions. 

RrGULATIO~ 

When we speak of the voltage regula tion of a 
transformer, generator, rectifier, filter, or recti
fier-filter combinatiot! we mean the variation it! 
the voltage the device dclivers with the "load " 
that it handles. 

Suppose a rectifier·filter system delivers 350 
volts, 45 m .a., t-o a Type '1 0 oscillator \\-ith the 
key closed. We open the key and the voit!lge at 
the output terminals of the mter rises to [.00 
voila. The regulation from full load (key closed) 
to no load (key open) il:l the diITerence, or 150 
volts. This regulation is often expressed 118 a. 
percentage. Volt!lge regulation is the rat io of the 
difference betwecn full-load and Do-load voltage 
to the rated-load voltage. 

In this case it~: 
500-350 150 
---=-= .428= 42.8% regulation (rather 

350 350 poor) 
The tube load is not nece88lLrily full load for 
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thia n';(:t.ifier . If we design our rectifier-filter to 
give an output of 350 volts, 100 m .lI . (35 watts) , 
lind happen to be u!iog it under-loaded we have 
42.8% a.8 a value of regulation for about half
load. A regulation curve for the outfit can be 
plotted showing what the percentage rt'guiation 
of volta delivered will be for different loads. 

The regulation of II battery depends on the 
internal resistance of the cells of which it is made 
up. This in turn dependl on tho depolarizer used 
and inerea!!e8 with the age or d ry cella. The 
internal resilJt.ance of stornge cells is very low and 
the regulation correspondingly lI:ood (small). 

The voltage regulat ion with various types of 
rectifiers and filters will be considered farther 
along. 

DMT C~LIB"8 PI.ATF. SUPPLY 

Dry-ceJl " B" batteries ullually cnn be ob
tained in 22}i- or -i5-volt uni ts for plate supply 
work . 

The Z2.J.i-volt batteries (4" x 4)1" 11: 8" size) 
usually have about 570 UJ illiamperc-houMl capac
ity when diacharged intermittently at rates not 
in excesa of 30 milliAmperes. 200 hours of operat
ing use can be expected when using /IUd batteries 
with a Type ' 10 transmitting tube. With T ype 
'Ol -A tuhet! even longer life can be expecUld. Of 
course the quality of thc battery will have a great 
dcal t o do wit h this life. These figures are merely 
reprcscntative of some of the batteries available 
from repul.8.blo manufacturers. 

Dattery capacity will bereduood if batlcriesare 
kept in too dry II place, especially if they a re not 
wcll sealed, because tho electrolyte "viII d ry out. 
In damp climates there is apt tv be leakage be
t ween the cella of high-voltage batteries if precau
tions are not taken. In cold climates batteriea 
keep vcry well but may show Ii temporary 1088 of 
voltage 88 t he act ivity of the cllcmical8 is d e
creased by coldness. In tllis caae the voltagc will 
rise aa current is d rawn from the batt erica be
cause of the Ileat generated internul1y. 

T he life of the battery will depend on its 
capacity. The "heavy-duty " type will give much 
better service than the smaller siZC6, although the 
first cost is of course higher. Since they are de
signed for comparatively high discharge rates, 
bowever, there ill probably more service per dol
lar in the heavy-duty batteries than in t he 
stRDdardsizee. For maximum IiCrvice the ba.ttcries 
purel1u!d should alwaye be t hOllC of lI. reputable 
manufacturer . 

Dry-ee.!! batteries are no t 3uited for use with 
I&rger eets than those using onc Type' 10 tube. 
Tbe economy i3 rather poor beyond a 5O-milli
ampere discharge rate. The beginning a mateur 
wi l1 lmve no t roublein starting off with a set using 
8lDall tubes with a. dry-ccll battery of two or 
thue hundred volts for pillte supply. 

8'TORAGl!l CELLS 

Storage cella are expensive and many of t hem 

a~e. nOC"88s ry for higb-\'oltage po"·er. Eitber 
Edl80n (alkaline) batteries or lead (acid ) l'lellII ca n 
?e used. Equipment must be provided for ehll.rg-
109 thl'lm. Dill tilloo water has to bc ndded to re
place that l08t by ovaporation . In cold climatCII 
they must. be kept fully charged to prevent 
free2ing of the elect rolyte. After a fe w years the 
storage ecll8 must be rebuilt or replaced and so 
the up-keep is al!lO quite high. 

"B " - BA'ITERY 8I]BST ITUT1!:S 

" B" eubst itute& a re made to be used with re
ceh 'ing /!Ctll, hut t hey entcr t he picture here be
cause they can he used also wi th low-powered 
t·ransmitlera. 

These battery " eLiminatora" are designed to 
connect to the 1I 0-\'0It alternating current cir
cuit. There are IDany tyj)Cij on the market, nll 
conl.aillillg n step-up transformer, rec tifier, and 
filter. They differ from one anot hcr principally 
in the type of rect ifier ul!ed and t he means for 
deterlllining and regulating t he output voitagC!l . 

A few of the " D" substitutes give a good 
direekurrent output fit between three und four 
hundred volU! with fuirly good regulation. One of 
t hl'lle on a 5mall transmittcr will give elCcellent 
I"CSUItS. 

l.IOTOR-Gl:'l'" lRA'WRS MW nYNAMOTORS 

A direekurrent motor-generator is an execl
le nt eourec of plate po\\-cr for a ny tranamitter. 
The rated output of the generator (watta) is 
equnl t-o t he product of tho plMe volt.up:e (vol t e) 
a nd pla te current (amperes). Tbe te rminal volt
uge ghould mateh t he rated plate voltage of the 
transmitt ing t ubca. It ill convenient but not nec
essary to have fL rheostat in t he field of the 
~Ilerator to regulate the terminal vol~e. The 
regula tion of rnOflt of the motor-generatol1l on the 
market is good. By using a aeries field winding or 
"compounding" a machine, an increase in load 
current luakes the field in wbich the armnture 
rotates at ronger, which oompensatClii fo r the 
several factors causing n drop in voltage. A ms
chine having th e I!Ilme full-lond and no-lond volt
ages ill known as " flat " COml)Qullded. Jf the full
load YQltage is greater t han the no-load voll.<.lge, 
the mMhine is " over-compounded." A motor
generator set ilI l he simplest plate supply eource 
but it ill also probably the mOlit expensive. 

The motor that drives tbe generator can be 
di rect-eolluected or beltOO. I n nny case it should 
drive the generator at about i t.s rated speed. It 
should be rated at about I V. to l~ times the 
generator capacity si ncc it ha.s to take care of its 
own and the generator's 10Mal. 

All R .C . 8upply with a filter is usually cheaper 
than the motor-generator set. However, a motor
generator of t he right size will SAve the e lCpeU!lC of 
big filter8 for the recti fier. A smull fIlter to take 
out the commutator ripple is aU tbat is necessary. 
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The mol.(lr-generator set is mechanically nOOy, 
which makes it unsui ted to some jobJ!. However, 
it is usuaUy very convenient if one has the ready 
money to ,pend on power-llupply equipment. 

A dynamotor il;l simply a double-armature 
machine wi th a common shunt field, running on 
one winding as a motor ususlly driven froro a 6ix
or twelve-volt lltorage battery. T he high-voltage 
winding delivers several hundred volu to the 
plate/! of t he transmitting tubes. With respect to 
ripple it is much the same as the generator but its 
voltage regulation is generally poorer. 

TilE RECrU'I£R-Fl LTER SYSTEM S 

AMuming that aitemating-eurrent power is 
available at 110 or 2'20 volts, a very effective 
high-voltage lIupply system can be built u p from 
a high-voltage transformer, a rect ifier sys tem and 
a filter . The detai13 of the transformer and the 
filter are to be given complete treatment later ill 
the chapter and for t he moment we will limit the 
d iecU88ion to the rectifier . 

An understanding of how a rectifier fu nctions 
may be obtained by studying the diagram. At ( I) 
is a typical a .c. wave, in which the polarity of the 
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cunent and voltage goe8 through a complctll 
reversal once each cycle. T he object of ~tifiea~ 

tion is to trarud'orm this wave into one in which 
the polarity is alwaya the same, although the 
amplit'IIM of the cunent and voltage DllLy vary 
continually. At (2) we have the 8eCOndary of a 
power transformer oonnected to a single rectifier 
elcment, represented by the II.ITOW and dash en
c101>ed in the cil·de. The rectifier is II.ssumed to be 
" perfcet," that is, current can ouly flow through 
it in one direction, from the arrow to the plate. 
It.!! re<!istance to flow of current in that direction is 
zero, but for current of opjX»3ite polarity it.!! 16-

~istance is in finite. Then during tbe period while 
the upper end of the t ransformer winding ill 
positive, ool1'C<lponding to A in (I), current can 
How to the load unimpeded. Whcn the current 
re\'eraes, however, M at (I ) n, it cannot pa88 

through the rectificr, and consequently notbing 
f10wlI to the load. The drawing SOOW8 how the 
output from the transformer and rectifier loob. 
Only one-half of each cycle ilIlllJCful in furnishing 
power to the load, and thia arrnugement is known 
as a "half-wave" rectifier lIystem. 

In order t o utilize the rllmllining half of t hc 
wave, two schemes have been devised. At (3) is 
shown the " full-wave center-tap" rectifier, so 
called because the trIlnsformer secondary winding 
must consist of two equal parts with a connection 
brought out from the center. In (3), when tbe 
upper end of the winding is poIJitive, current can 
flo w t hrough rectifltlr No. I I.(l the 1000; this cur
rent cannot pa8lJ through recti.fier No.2 bccaUlMl 
ita n:e.sistance is infi nite to eurrent coming from 
that direction. T he circuit if! completed th rough 
the t ransformer center·tap. At the same t ime the 
lowcr end of the winding is negative and no Cur~ 
!'Cnt can flow through rectifier No.2. When the 
eurrellt reverses, however, t he upper end of the 
winding is negative and 110 current can flow 
through rectifier No. 1, whi le t he lov;'er end is 
positive and therefore rectifie r No. 2 P""@1lII 

current to the load, the return coDnect ion again 
being the cetlter-tap. T he resulting wave shape ill 
again shown at the right. All of the wave has been 
utilized, and the amount of power which can be 
realized at the load is doubled. 10 order to main
tain the same output voltage (instantaneous, not 
average) as at (2), however, each half of the 
transformer 8eCOndary must be wound for the 
same voltage as that fUTllished by the whole 
winding ill (2); or, COllversely, t he total trans
former voltage with the connections shown in (3) 
muet be twice the dC6ired output voltage. 

If the tranaformer has no center-tap, or if the 
total voll/l.gC it furni8hce ill the same &II the 
desired output voltage, acheme (4), known &.II the 
" bridge " rectifier, may be used to obtain full· 
III'S\-'C rectificat ion. Ita operation is Il8 follows: 
Wben the upper end of the winding is positive, 
Curte!lt can flow through No.2 to t he load, but 
not through :'0\0. 1. On the ret urn circuit , current 
flows through No. 3 back to the lower end of the 
t ransformer winding. It might be thought thAt 
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current would a~ point (l flow througlJ No.1 in 
addition to No.3, and at point b through No.4 as 
well as back to the transformer secondary, since 
the CUff(!ut is flowing in the proper direction to 
palla through them at these points. This does not 
occur, however, because these pointl! are at a 
lowCl' positive potential than the other sides of 
No.1 and 4; and since current can flow only frow 
a point of higher to a point of lower poteutia!, 
these rectifiers pass no currcM in this case. ""len 
the wave reverses and the lower end of the wind
ing becomes positive, current flows through No. 4 
to the load and returns through No. 1 to the up
per side of the transformer. The output wlLve 
6hape is shown at the right. Although tbis system 
does not require a. center-tapped transfurmer, and 
the voltage of the winding oced only be the same 
l1.l:I that desired for the load, four recti fie r elements 
are required, so that the center-tap m",y actually 
prove to be more economical, all things COII 

llidered. 

TYI't:S O t' R~'1'l~'l£RS 

The perfect rectifier would allow current to 
flow th)'()ugh it in one direction without loss of 
voltage and would hayc no leakage; that is, it 
would permit a bsolutcly no currcnt t o Ilow 
through it in t he oppositc dircction . The peJiect 
rectifier has not yet been built and probably 
uever will be, "'lthough some of the pre8()llt-day 
rectifiers approlloch perfection, within t heir operat
ing limilJ3, in one or mure respects. Severu l types 
of rectifier8are available, each having it..s own set 
of advantage!! and disadvantagOll. The most CODl

monly u.sed ones lIUl.y be divided into five gellel'al 
classifications: clectrolytic or chemical, thermi
onic gasco\ll;-C()nductioll, hot-cathode mercury
vapor, and mcrcury-arc. 

CHf:;U!CAL RECT!FlBHS 

The chemical rectifier is perhaps the cheapest 
of all, partiClllarly for low-voltage installations. 
Its oonstructioll is simple, and it ,dll give very 
satisfactory results if properly handled. The volt 
age drop and lc",kagc arc somewhat higher than 
with other types of rectifiers. The output is not 
hard to filter and this, together with its low cost, 
should recommend the chemical rectifier to those 
using low-power outfits. 

Such a rectifier may he bulky or compact. 
depending upon the type of cell and solution used, 
With inorganic tsOlutioll8, such as borax or bi
ca.rbonate of soda dissolved in water, the ma."(i
mum voltnge per cell shollid not be milch higher 
than 40 to SO. With organic solutions, such as the 
one to be d~cribed later, the voltagc per ccll 
may be 160. 

lNORGA.NIC SOLUTIO!'" RJ:lC'l'IFlF,R 

One type of cell is shown in the drawing. A 
jelly glass or pr~rve jar bolds the solution, and 
the electrodes are usually lead and aluminum 

strips, The size of the electrodes is determined by 
t he current which the rectifier must pass. A 
current densi ty of 50 to 100 milliamperes per 
square inch of immersed aluminum surfa.cp. should 
be used, 1<'orbest results the clements aDd the COIll -

TYPICAL CHEMICAL RECTl fi'I ER CELLS 

ponents of thc solutiou should be as nearly 
chemically pure as possible, and nltl.t.cri"l of this 
sort is sometimes hard to obt.'l.in. Other disad
vantages are that the rectifier musL be fomlt'1i 
initially, and reforming is necessary if it is al
lowed to rema in idle for any length of tilllCj water 
evaporates frolJ1 thc solution and Dlllst be re
placed at more or less frequent intervals; a nd 
the solut ion somet imes crecps and mukes a 

• 

CII /t'\/]CAL REcnl'IgR CIRCUITS 
Ont jur .hQuld 1M .... ed I", _'Y 40 0' /jQ O<ilt.I"rniM.d 
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f"''''' , 
nu:ssy job. Electrically, however, it is entirely 
adequate for t he JlurpOliC when properly built. 
T he connections for both t he center-tap uud 
bridgc rectifier circuits are shown. 

I n designing a ehemical rectifier one must be 
sure to use snfficiently large jars to pre,'cllt undue 
heating of the solution . A dilute solution (~ 
oz . to a gallon of water) of sodium bicarbonate 



POWER SUPPLY 135 

(baking soda) gives good results with low coot . 
Tbc usc of borax requifCl! a saturated solution. 
A layer of transformer oil on top can be used to 
reduceevapomtion.1f baking soda is used a heavy 
white predpitate \\-ill form at the aluminum 
electrode and will settle to the bottom. As this 
does not appenr after the aluminum is formed , 
an old solution can be used for forming and the 
electrodes put into a elean solution afwr they 
are formed. Lead and iron work well as auxiliary 
electrodes with a borax solution or with thc dilute 
baking-soda solutiou. 

An example may help_ We have two Type 
' lO's that normally take 45 m.a. each, making a 
total of 90 m.a. T he t.ranffiormer gives 550 volt..s 
on em:h ~ide of the center-tap. Assuming 110 
111.11.. maximum load, 2 sq.in. of aluminum must be 
immersed in cach jar t.o cRrry the curren t. Al
lowing 50 volts per cell , 11 jars arc necessary for 
each leg of the rectifier (upper diagram). Twelve 
jars I!hould be used to give the necessary 10% 
factor of J>Rfety. In calculating the total area of 
aluminum electrode, include both sides of the 
plate, For instance, in this example if the elec
trode is a piece of sheet aluminum one inch wide, 
the length of the strip immersed in the solution 
should be one inch , sillce both sides added to
gether will give 2 sq. in. T he size of the lea,d elec
trode is not critical but a good ru le is to make it 
the same size as the aluminum electrode. 

The rect ifying action of the lead-aluminum 
cell depends upon tIle formation of a rectifying 
film by eicctro-eheillical action on the aluminum 
elect rode when currcnt is sent through the cell. 
Special care m\lljt be used in first forming a n 
electrolytic rectifier, esper-ially if the epJls are 
formcdin serics across a high-voll.8ge t ransformer. 
When tile circuit is closed it ia almost a dead 
shorkircui t across the transformer secondary, 
and tI1C current will be quite high until the film 
is partially formed , The unformed cells arc not 
able to rectify effectively and so act as a short
circuit across the high voltage winding. If fuses 

I/O Yo/is 
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do not blow, the transformer probably will burn 
up. A resistance or bank of lamps should be 
placed in series wi th the input to the plate 

tl"lIonsformer. Putting lamps in serip.8 limits the 
transformer load to one it can stand. As the rcc· 
tifilJr begiDl! to form , t he series lamps get dimmer 
and larger lamps or more of them can be uscd 
until the rectifier will wi thstand the full voltage. 

The maximum current density should not be 
exceeded by the normal operating density. The 
jars must not be allowed. to heat, as the film on 
the aluminum plates begins to break down at 
about 120° F. If there is sparkling the rate must 
be reduced, as t he film on the aluminum will 
be destroyed as fast u.s it is made. A well~rormed 
aluminum electrode will be smoot.h and have a 
tbin dull white surfaoo. After Iltlveral hours of 
forming the redifier will keep in condition with 
occasional usc. There should be no fireworks or 
l!Cintiliating sparks on the plates. That ie a sign 
of too much voltage per jar nnd mcans that some 
other "dead" cells are not working. Each plate 
should have a uniform phosphorescent glow. A 
dnrk cell may he working. If there is enough volt 
age the phosphOre9!lence wi]( prove it is working. 
The current-carrying capaci~y of electrolytic 
rectifiers seems to be limited mainly by the heat
ing in the cells. 

When a large filter is used there is a "back
voltage" or counter electromotive force from 
the charge left in the filwr condenser.;! which has 
an effect in the rectifier circuit as soon as the key 
is up. T his voltage is applied to the rectifier at 
the J>Rme time the t ransformer is applying high 
voltage alternating current W it. This may make 
the voltage-per~jar too high so that some of the 
aluminum fil ms break down, BlJarking and mak~ 
ing a " noise" that docs not fi lter out easily. 
A few more jlU's added to a rectifier usually will 
cure t his trouble permanently. The t ransfonncr 
voltage that enuSCB break-down is always the 
"peak" of the a.e. cycle, which is nearly one and 
one~half times the effective value of voltage at 
which a .c. circuits are rated. 

ORGANIC SOLU'T10S It);CTIF1ER 

A bettel' type of chemical rectifier can be made 
with an organic solution. A good form of cell 
construction is shown in the drawing. The alumi
num electrodo jg No. 14 pure aluminum wire, 
commercially knoWD as " rectifier metal," which 
h&9 a IIUl'face area. of 0.201 sq. in. per inch of 
length. The current density for this type of cell 
should be not ieea than 50 m.a. per sq. in. of 
aluminum surface immCl'Sed in the solut ioll. I n a 
cell which is to pa8II a load (lurrent of 100 m.a., 
the length of wire will be such 8 S to give a surface 
area of eomething lees than 2 sq. in. A length of 
9 inches will be about right in this case. The inert 
electrode is a carbon rod about 4 incbes ill length, 
taken fro m an old li B" battery cell and thor
oughly cleaned in boiling wawr. With the 
organic snlution used in this cell, carbon gives 
better resuJUi than the lead or iron used with 
mineral solutiolll!. 
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The solution should be made up in the follow
ing proportions: 
Ammonium citrate ... .. .... . . 
Citric acid .................. . 
Ammonium phosphate ....... . 
PotlUBium citrate ............ . 
Distilled watex .............. . 

425 gru8. 
368 gllll!. 
150 gms. 

8 gms. 
1000 gms. (ce.) 

It is advisable to have the solution mixed by 
the druggist when the materials are purchased. 
A ceU of the type piotured (the test tube is 6 in. 
long and % in. in diameter) will take about 20 

, 

A. BETTER l'¥PE 01' RECTIFIER CELL 
TIl, <lei, ... dwlllh II No. 14 PI.(t a/u ... in ti1n ....... e aM the 

i_I cltclr<>d. ,. 11>. "'T/>on rod /rDm .... old "B"~ <til. 
T~V 1)/ th,u edt. in " ~idq. will .«Ii[1I 750 0<>1/.1 ... c. 
(r .... " .) and d.Ii, .. at /«wI 100 ma./Qr " pair "f TVfH '/0 
, .. bu. 

ce. of solution. The safe operating voltage per 
cell ma.y be as high as 160 volts (r .m.B.) so long as 

A COMPLETE RECTIFIER roR 760 VOLTS 

The OT\1d .. ie-i<>I"' ...... ll/i>' <>[ cdl .. _d. Th. vholow"p,r,. 
th.o\o ....... compod u.. w/wU ,,_mbJ.1I mal/ b<! "",d<. 

the temperature is kept below 1200 .F. An or
g:J.nic solution will last much longer than simple 

borax or baking-aoda solutions, 80 that change!! of 
solution are less frequently required. The p hoto
graph of II. completed 2O-cell rectifier shows how 
well such celhl lend them.selve!! to oomp&ct. oon
struction . Either the bridge or center-tap oon
nection may be used, the aluminum electrode 
being positive and the carbon negative. 

THERMION IC R!:CTIl" I IlR8 

Thermionic tube rectifiers, Buch as the Type 
'SO and '81, are now generally used omy for the 
lower voltages. They have been displaced at 

PULL--WAVE RECTIPICATION WITH THERMI
ONlCOR MERCURY. VAPOR TUBES 

higher voltages by the more efficient mercury
vapor rectifiers. However, like the chemical 
rectifier , they are entirely suitable for low-power 
work and in many rcspccts constitute the most 
desirable rectifier for sets employing a Type '10 
tube or t hose of lower voltage rating, A Type '81 
rectifier will pass 85 milliamperes. With a pair 
of tubes in a full-wave cirouit, the allowable 
current is 170 m .a. 

, 

CONNECTIONS USED WITH A TYPE '80 TUBE 

The connections for a full-wave rectifier Ulling 
Type '81 tubes are shown in the diagram. The 
haU-wave te(ltifier circuit requires only one tube, 
and the transformerseeondar y need not be center
tapped, but since the output has only half as 
many " humps " per second as with a full-wave 
te(ltifier, it is more difficult to filter. Thermionic 
tubes are not recommended for use in a bridge 
rectifier, because their high resistance and lack of 
close uniformity prevent the tubes from dividing 
the load properly. 

The Type 'SO tube is designed for lower volt
ag(!6, and in itseU is a full-wa.ve rectifier. The 
a.pplied voltage should not be greater than about 
400 per piate, and the tube will pass 125 m.a. It is 
thus suitable for sets employing a Type '10 or 
smaller tube where the voltage required is not 
over 400. The conne<:tions of the Type 'SO tube in 
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a. fun-wave rectifier circuit are abown in a. dia
gram. This tube should not be U8ed when the 
power transformer furnishes more than 400 volta 
each aide of the center-tap. 

ThermiQnie rectifiera are very easily installed, 
are compact, noise1e88 in operation, require 0 0 

particular attention, aod will last a loog time 
with reasonable use. Their oost is comparatively 
low, and they can be obtained at almost any 
ra.dio store. The voltage drop through them ill not 
so high 88 to present any particular difficulty with 
an amateur transmitter, and is of about tho IJ&.mo 
order 88 tho drop in a good chemical rectifier. 
They are not 88 good in t.hiII reaped, however, 88 
the more expenBive hot-eathode mercury-vapor 
reetificrIJ. 

OASttOtTS-CON DUCTlO!'O' ucrrrU:R/J 
Gese~1.l&<Qnduction rectifierIJ, such ae the 

RAytheon BH, can be used in tranamitterIJ em
ploying a receiving tube 88 the oscillawr, or for 
the low-power stages of an oscillntor-amplifier 
t ransmitter where the voltage required is not 
more thl\n about 300. At the prelJent timo these 
rectifiorIJ are not manufactured for higher volt-

A TYPICAL HOT-CATIIODE .llBRCURJ-I' APOR 
RECTIFIER TUBE 

agel!. Since the tube hal! no filament, it is un
noonw.ry w have an extra winding on the power 
transfO!'mer for rectifier tube filaments. In the 
field where such a rectifier can be employed, the 
other advantages are the same as those of 
thermionic rectifiers. 

R O'J'oCAT HODtt MERCURY-VAPOR RECl'U'IER8 

Mercury-vapor rectifier tubes sueh all the 
Type '66, '72 and Recwbulbs are intended for an 
voltagee up to about 3500, depending upon the 
kind or rectifier circui~ used. They IU'O, therefore, 
the tubes to uae with seta employing Type '()3..A, 
Type '52 and Type '04-A tubes. The r:ltings on 
these rectifiers are 50mewhat different from those 
of thermionic rectifiers. With a thermionic recti-

liar, the voltage which the tube will stand ia 
limited almoet entirely hy the illllulatioo in the 
tube itseU, particularly between the wirea in the 
gl.a8e stem. Thia ia not the CMe, however, with 

A BRIDOB RJJCTIFIBR WITH MBRCURY_VAPOR 
T UBBS 
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mCJ'(lury-vapor rectifiers, because ae the voltage 
is increased beyood a. certain critical value, known 
88 the "arc-back " voltage, a heavy current will 
flow in the opposite direction and ruin the tube. 
The maximum current which the tube can l!8.fely 
p!I88 is limited by the filameot emission. For theae 

1'11'0 MBRCURY_VAPOR T USES IN A PULL-WAVB 
CIRCUIT 

WWO ... ...un.- i""w /.0 ..... ftlt.. eM pc.i: Clln'ttll tA,_" 
tod hIbc .. <lJIJII' ..... _.,,,..., ti_ ..... __ 00<1,..., CIII'
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UlJu.. .. lit, ...apr.! NlI_ it • .wti .. , Ioill" .... " IA • .... ,,,1<1 ."' .. tII 
."'" 
reasons, the tubes are rated at " m:ui.mum inver8C 
peak voltage" a.nd "peak current." The inver8C 
peak voltage is tho highest voltage whicb the 
tube can stand, a.pplied in the opposite direction 
to normal current flow. Tho term "pea.k current" 
is self-explanatory. 

The inverse peak voltage is the peak voltage 
rurnished by the transformer, and in the C&88 of a. 
pure sine wave will be 1.41 times the total voltage 
IlCI'088 the transformer terminals. For instanee, 
with 1.1 full-wave rect ifier wMng a. center-tapped 
transformer, if we assume that the transformer 
gives 1500 volt.a on each side of the center-tap, 
the total secoudary voltage will be 3000, and the 
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inverse peak voltage which ca.cu rectifier tube 
will have to etand wiII be 3000X1.41, or 4230 
volts. The maximum saJe lolal tmnsformer 
voltage for tubCll with a 5OOO-volt inverse peak 

OO1ltcr-tap T\..'ctifieat ion. Hot-eathode mereury
vapor rectifie" lend themselves very woll to the 
bridge arrangement, becaU8C the internal drop iR 
amaJl and the tul:>es match up well. The drop is 

TUBE RECTIFIERS 
Max . Vmtage Max. M i lliAmps. 

Tub< Pit. Pit. P"P"'" "" plate Reet. 
VoU; A mJ!8. (A,C.r;nUf.) (A .C. r.m .B.) 

Type 'SO 5 .0 2 .0 400 110 (total) Full-Wave 
3.lO 126 " -. I. 2& 7,-,0 ~, Half-Wave I . • ) " 

" 
'81 
'66 , .5 - ' .0 .... i)()() (inverse peak) 000 (peak) " 

" '72 
RecUWulb 

Type n .) 
" n Sl 

'.0 

10 _ 0 
7 _ '-' 

10 .0 5000 

3000 
750 

rating is 3.500 volts. T he peak current depends 
Ul.IOll the type of filter employed or, more particu
larly, is determined by the myout of the input side 
of t he filte r. II a. 2-~ rd. or larger condenser is COll

neeted directly across the rectifier output, the 
peak current through each tube is three times the 
load current (assuming two tubes in the rectifier ). 
In other words, a loud of 200 ill.a. wiU mean a 
peak current of 600 m.a. through each tui:>e, whieh 
is the maximum safe current for II, Type '00. If an 
inductance of 10 henrys or more is connected 
between the rectifier Rnd the first filter conden!Jer, 
the factor drop~ to 1.5. Under these conditions, 
however, the voltage is not lUI high as with a 

iN THIS CIRCUIT ARRANGEMENT TilE FiLTER 
INPUT IS THROUGH A CHGKE 

lItro 0.0 »tak ""tr ... , o.t6"11h fJaeh , .. b.< ... MUY a ppr",,;_ 
matd~ ..,. and a Wi" .... U .. a.orogo <>II tp'" ""'''fll OOIai ... d 
Ir~m /Joih ,.w. •. A .aen'.f«. i,. o,,/p,,1 ~I~ , .... It., tho!lf/4. 
and o. i. '~1Hl 1)/ filltT .Muld b • • mp/o~.d in "" ••• "h.,.. 'h. 
output ,.011"0< mau 1>0 1.> .. ~I<t tl!her. hv-h oulput cu,.,.."t i~ 

~""" . ... r~ . 

condenser across the rectifier without a choke in 
series. The explanatory diagrams will make !.Ids 
clearer. 

The connections for these tubes are shown in 
the diagrams. The inverse peak voltage with 
either the eentcr-tap or bridge arrangement is the 
same (total transformer voltage times 1.41) 110 
that the bridge oonnection will give approxi
mately twice the d.c. voltage obtainable with 

" " 2500 " " 

250 " 
150 " 

only about 15 volta rega.rdless of the current 
through the tube. 

A table of rectifier-filter arrnngcmenl.<! for use 
with various transmitting tubes is given. From 

),C>(I o.,so 

THE ABOVE T .... BLE INDICATES a ."i!abk rfdiJ! .. 
....J fi/!tT arro __ t lor tro,.,miu. .. tmP/"lIi"", .,:< di/-
1 ... '11, t~pu ~/ tub ... ~o ,~...,nl, .... ed b~ ama/'''''. 

this table it will be possible to obtain sufficient 
information to plan a plate-supply system using 
mez-cury-vapor rectifiers for any of the trans
mitters previously described. 

In building up a. plate-aupply unit employing 
tubes of this type it should be remembered that 
the fIlament current is quite high. Not all tube 
sockets are suitable for currents greater than one 
or two amperes. Poor conta.ct at the filament 
prongs, overheating of the connections and poS5i
ble tube da.mage are to be avoided. Therefore the 
8<)Cket IIbouid be IICleeW:d with care. A further im
portant point to watch ia the filament voltage 
at which the tubes operate. Satisfactory service 
and normal life are obtained only when the fila
ment is held at the rated voltage. 
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In the mercury-vapor tubes having an e;lCJlOSed 
filament it is neccssary to apply the filament 
voltage 20 or 30 !!eConds before the plll.te voltage, 
w permit the filaments to como up to their nor
mal tempc:rature before operation starts. In the 
easc of the heater~type tubes a much longer de
lay is nece-g:uy between the applicat ion of the 
filament and the plate voltage because the cathode 
is heated indirectly. In actual operation of the 
station this dela.y would be a decided disadvan
tage and general practice is now to leave the 
rectifier filaments running continuously during 
periods when Lbe station is being operated. 

MERCURY~AltC RECTIFIEns 
For high-powered amateur transmitters a 

popular rectifier is t he mercury arc. Such TC(!tifiers 
will handle over six thousand volts if nacessary 
and are capable of withstanding very much higher 
inverse peak voltages and pcak currents than the 
smaller types of mereury~vapor tubes avai lable 
to amateurs. 

The efficiency of such rectifiers is very high, 
since drop in plate potential within the tube is 
only about 15 volts as in the case of the hot
cathode mercury-vapor tubes. The overall effi
cicncyof course is lowered an amount depending 
on the "keep-alive" circuit used and the in~ 
stantanoous load values on the t ube. Mercury-are 
rect ificrs are easy w fil~r, too. The device used 
for keeping the hot..spot on the mercury pool and 
the induct.a.nCIl fo r k.eeping the tube operating 
stably will be of moat in terest. 

A "keep-alive" circuit i8 necessary in using this 
rectifier with amatew: transmitting set..~ for tele
graph work. An auxiliary ele<:trode ncar the base 
of the tube is ordinarily provided for usc in start
ing the arc by an initial flash on the main pool -
and this ~t.arting arc is kept in operation continu
ously by " keep-alive" circuits so that the tube 
will be kept filled with mercury vapor even when 
the key is up at! in intermittent telegraph work. 
The auxiliary and main mercury poola are con
nected through an inductance ooil (w steady the 
keep-alive current and prevent t he arc from going 
out) and a rectifier, to a source of low~voltage 
alwrnating current (aoout .50 volts on ei t her side 
of the center~tap ) . Tung&l' or Rectigon tubes 
such as are used in low-voltsge battery chargers 
can be used or, lacking these, an ele(..'trolytic 
rectifier made up in two half-gallon batwry jars 
will prove very satisfacrory . In operating the 
tube the gla.ss n~1. w the keep-alive are gets hot 
Ij() that one should take the precaution of mount~ 
ing the mercury..are tubc in an oil bath to :l. level 
somewhat above the mercury pools to protect the 
gla/l8. Uee light gas-engine oil of any kind eon~ 
venient for cooling purpoSC8. 

The transformer supplying the "keeJh'ilive " 
eirouit must be well insulated because, just as in 
the ease of the filament-heating transfonner for 
tube rectifiers, the fi!e.m ent eireuit of t he rectifier 

is at plate potential above ground. If no one-w
one ratio traIll:lformer wiLh a ccnter~tapped 8Cc~ 
ondary is available for t hc keep-alive circuit, a 50-
volt supply can be used with four largo chemical 
rectifier jars connected in a bridKe arrangement. 

The choke can be built easily if a spare trans
former winding of the necessary inductance is not 
available. Some resistance in f9Cries with the choke 
will help in limiting the current used in the" keep
alive" circuit to a value which will just keep the 
arc operating stably, preventing the wasting of 
power and getting away from the danger of over~ 
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CIRC{JlT POR MEROURY-ARO RECTIFIER 
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heating the glaas at the auxiliary electrode. One 
amateur used a choke having about 800 turns of 
No. 18 or No. 20 wire wound on a cloae<! oore 174:''' 
square (cTOBlS-IIection). T ho primary of some 
transformer in alrn08t every experimenter'I:!" junk 
box" will be found to serve in an emergency. 
The voltage used and the necessary adjustment;; 
are not critical. Aoout 2 amperes "keep-aIive" 
current is necessary for ~tability. 

The connections of t he mercury-arc rectifier in 
transmitting circuits are jUflt the sarne as t hose 
of any of the other rectifiers. The diagram shows 
a typical arrangement. Most amateurs use the 
small llO~volt 100ampere tubes successfully. 
So many styles and varieties of tubes are avail-
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able that we cannot be too specific regarding any 
particular rectifier tube. In general, the tubes are 
not critical and a little careful experimenting will 

• 

current in the circuit leading to the auxiliary 
electrode. A storage battery energizes the power 
and keying reia.ys. When the switch cIOsell the 

circuit to relay lV, the power tmns
former P and the Tungar rectifier are 
connected to the I i00volt mains. The 
circui t through the solenoid being 
closed, the current goes through the 
solenoid windings, pulling down one end 
of the rod and tipping the tube. The 
mercury flows over, covering both 
lower electrodes and allowing current 
to flow in the keep-alive circuit. This 
energil.es the reversed relay, breaking 
the solenoid cirouit so the spring can 
pull the tube into an upright position, 
striking an are as it does so. 

DESIGN ING THE FILTER 

A PR.4CTICAL MERCURY.ARC INST.4LLA TION 

Once the type of rectifier hae been 
decided upon, t he next problem to be 
considered is the filter. The purpose of 
the filter is simply to smooth out the 
"humps " in the rectified a.c. so that the 
voltage applied to the transmitting 
tubes will be continuous and have no 

N QU Ih. /","" .. ",,,,1< oupporling th. ruM and rho .oknoid uud I", lilIing 
il bJi '.",01. «m/rol. . 

enable you to get one going at your station . 
In handling the tube8, remember that mercury 

is heavy and it must be poured carefully to pre
vent cracking the glWlS. If a tube is defective due 
to a poor vacuum it will not operate. A 
tube having a good vacuum will give out 
a clicking sound when the mercury is 
shaken about carefully so that it splashes 
a little. II there is much air in a tube the 
mercury will oxidize on trying tQ start 
the arc. In mounting the rectifier tubes 
the gla.ss should be clamped so that there 
is no mechanical strain on it or it is al-
moat sure to fracture after a few hours 
of operation. 

In one typica.l amateur installation 
the mercury-arc rectifier tube is mounted 

"ripple." As explaiued when the action 
of rectifiers was being cousidered, the rectifier 
output voltage is continually changing in value 
from zero to maximum and back to zero again, 
repeating these al ternations at a mte which 

with the oil jar in a wooden fnLlne and 
remot.e-controlled by the arrangement 
shown in the photograph and diagram. 
The tube with itB frame is pivoted on a 
line through the center of gravity (point 
A in the circuit diagram) in a second 
larger wooden support. ArodB is fastened 
to the frame of the tube as shown, a coiled 
spring pulling down on one end of the rod 
and an iron solenoid armature of cylin

THE WIRING OF Till'.: MERCURY· ARC INSTALLATION 
.hpocn .... I,," phoe<>!1l"aph. 

In!.h;' """. eh. tilu"" oj th. <IT"'" acc<>mpU.hed b~ nlM'" of a "moltlll
controlled . okrwid. 

drical shape lUTlUlged on the other end of the 
rod so that when the coil of wire (solenoid) around 
the armature is energized by the closing of the 
proper relay, the magnetic pull will tilt the tube. 
The low-voltage rectifier circuit supplies the cur
rent for operating the solenoid. In the keep-alive 
circuit is a reverse-oonnected relay, the contacts 
of which are beld closed whenever there is no 

depends on the a .c. supply frequency and the type 
of rectifier ; that is, whether lmlf-wave or full
wave. 

Many t ran smitter!! will exhibit the characteris· 
tic which lms been aptly termed " wobbulation" 
when the plate--supply voltage is varied. This 
means that the frequency of oscillation is 
dependent on the value of plate voltage to some 
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extent, and if the plate voltag6 variC!! rapidly, a.s 
it docs when no 5Illoothing filter is used, the trans
mitter frequency will wobble back nnd forth 
IIllI.ny times per second, resulting in a mushy 
note and a. broa.d wave. Such signals are highly 
undesirable, sinee they occupy many times the 
room in the frequency spectrulll that a steady 
signal will, and create much unneeesso.ry in ter
ferenee. Such a Ir«mlllilUr ch«racluistic is not 
loler«icd uouler tJ~ U. S. Government «"wieUi' 
regulations . If the transmitter is not entirely free 
from "wobbulation" the plate supply mu.st be 
one which is entirely steady and free from ripple. 

Practically all self--excited trll.namiLt.crs will 
have sollie " wobbulation" II.lthough hy good de
sign it ean be reduced to a minimum. In the great 
IIlJI.jority of casee, t he only t ransmitters which a re 
{.~main to be steady enough to allow the use of 
lI..e. or unfiltered rectifIed a.c. on the J}lates Ilre 
those which are crystal-controllcd, although not 
all crystal-controllcd tran.smitters are entirely 
free from "wobbulation." A good filter will be 
required for the plate supply with all but a small 
percentage of amateur transmitters. 

Filterll may take a variety of forlll8, although 
those used for plate-supply work have been 
pretty generally reduced to one or tll'O simple 
combinations. Colldensers and iron-corc choke 
coils of diffcrent values connected in various cir
cuits will provide the tlCCeaIlary smoothing effed. 
The amount of inductance and capacity to use 
and the best ways of connecting them will depend 
on the particular problem in hand. 

Actual tests on plate-supply fi lters indicate 
t hat the first condenser - the one Ilext to the 
rectifier - haa the greatest clIect on the d.c. 
voltage output and regulation. In gencral, thc 
larger its capudty, the higher will he the output. 
voltage and the better will be the regulation, but 
there S\.>ems to be no particular advantage in in
ereasing the capacity beyond 2 "fd. The second 
filter condenser haa less effect on the voltage and 
regulation, but has a very noticeable influence on 
the ripple, and the larger its capacity the less will 
be thc ripple voltage passed through. Here again, 
tests indicate that there is no important ad
vantage gained by using a capacity larger than 2 
to 4 ",fd. The chief function of the last condenser 
in a 2-section filter (such as the first three combi
nations in the diagram) seems to be to act as II 
reservoir to supply momentarily l!U"ge demands 
on the plate-supply system, and the larger its 
capacity the better v"ill he the tonc qluiol ity of a 
receiver platc supply or thc modulation in the 
CI\l!C of a 'phone transmitter supply. }·or c.w. 
work this is a comparatively minor consideration 
and the 8 or more ,Jd. ordinarily nscd for audio
frequency work can be reduced to 2 "fd. or k'!!/l 
without any deleterious effect. Theae tests were 
based on full-wave rectification with 60-cyele 
supply, and would require some modification for 
lower frequencies, since more filter is neceS&lry 

with lower supply frequenciCll . It should be under
stood, however, that the various condensers do 
not have elean-cut distinctions in their functionA 
but that these functions arc more or less inter-

(1 ) 

(2) 

• 

(, ) 

:><>hn"l-' 

I 
t HUt. 

I • 

(, ) }21'& 12},fd 

• • 
SOME DH'I'EREN1· f'1 [,TfJR CO.lfRlNA 1'lONS 

Th. 'w<>-Ud' '''' fiU"" (wi:h Iw<> d ,ck .. '>I,d th •• "",,,1m3,,,,) 
will gi .. """. et>mpldt ,",o<nn,no lhan th. "brUf. f~r .. ·' 
fil l" al (4), b,,1 Iht. laIl ... ;. ".4<>111/ ... 1fi";'~t f'" mQ.1 aatal<Ur 
pur"" . ... Th.l>uiU", .h~uld .111>"1 with tl, • • im,~" jiil<r8 'md 
'ncr.au b<>Jh ,,,ducta'''''' ,md ropacitU utl1il tho mO,,;IO' i, .. 
dioal .. that tho ".". ;. p ..... and .'eudl/. ~'", 'phone work (I) 
or (2) .... 11 qi ... b .. l , .. ,.lit. 1"~ ro J"1cilu of 1M i<ul "",d,n .'" 
.hO'U/d boo , ,,.,.«Ut<I 1<> 8 or ....".. ,,",d. M i .. ",,, .. th. ~Ud/;IU Of 
",odulation. 

mingled, and a change ill any part of the ruler 
willll.fTeet all th ree. 

Thc "brute-foree" filter - Circuit (4) in thc 
diagram - is a good arrangcment for general 
amateur work. Actual experience with it shows 
that it is capable of giving excellcnt results if the 
transmitter is carefully adjlll3ted. 

The more elaoorate filter combinations will be 
found better if "wobbul&tion" ill bad, or for 
'phone transmitters. The quality of voiee trans
mission will be improved as the size of the last 
filter eondcnser is illcrelU!ed. Circuit ( I) wiII be 
found excellent for a 'phone t.ransmitter if the 
capacity of thc third condenser ill made 8 " fd. or 
more. 

As the ripple frequency is lowered, more filter 
will be neccssary to give a fixcd degree of smooth
ing. The amount of both inductance and capacity 
required is, roughly, invcrsely proportional to the 
ripple frequency. It is well to cxperiment a littlc 
with the filter, dwr having first made the ttans-
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mitter as free froUl "wobbulation" a.s po88ible, 
by checking the character of the signals in the 
monitor. Careful adjustment of the transmitter 
is aure to save money in filter condeJlBets and 
chokes. 

FlL1'E~ CONOENSER8 

Aside from tubes, there is probably no other 
item in an amateur transmitter which requires 
more frequent replacement than the filter con
denser. This is not usually the fault of the 
condenser manufacturer but is more often caused 
by the failure of the amateur himself to ta.ke into 
account the conditions under which the conden.ser 
must work. 

Mauwaeturers have generally adopted the 
practice of rating oondeIlllel's Ilt their maximum 
d.c. working voltage. This is not the a.c. effective 
voltage supplied by flo transformer. The peak 
transfonner voltage will be 1.41 times the rated 
voltage, provided the wave form is of sine shape. 

ELECTROLYTIC PILTER CONDENSERS 
Tm canllliner i, tho "..".a .. tUclrod •• th. ~Ci" dutro<w 

bti"" 'mm ... ud in 1M ,&,,1"''' imid.!. Thi. 11'i>C "I cond ....... 
i , .....,.,u in !."~J><>CiIl' .",.c ... MeA """"W a • ......Jl .pau. 
b..c "",,1>01 N ope, ,c.d at Mull wltag •• "nIon ..... al.., ...... "UTI 
a,.. "",,,,dod in uri ••. 

If often happens that the wave form is consider
ably distorted by the time a transformer at the 
end of a long line is reached, and the peak may 
very readily be higher than this value. A fairly 
good working rule to follow is that the filter con
densers should be rated to stand at least 50% 
more voltage than the transformer secondary 
gives. In the case of 8. full-wave rectifier working 
from a center-tapped transformer winding, only 
the voltage on each side of the center-tap is con
sidered, because 80 far as the filter condensers 
are concerned, the two halves of the transformer 
are in paralleL 

As an example, a filter condenser to WOrk with 
a transformer giving 550 volt.s each side of t he 
center-tap should be rated to stand 1.5 times 550, 

or 825 volt/!. The standard safe voltage rating 
nearest to this is 1000, and l OOO-volt condensers 
are therefore the 8i~e to use. Similarly a trans
former giving 15(X) volts each side of the center
tap would require condensers rated at 2250 volts, 
and a 2000-volt transformer will necessitate the 
use of 3000-volt condensers. 

Failure to observe this rule in buying filter 
condensers is almost sure to I'CI:Iult in very short 
condenser life. It is therefore well to invest a lit
tle more money in adequately-rated condenserll 
in the beginning and obviate the necessity for 
replacement mter on. 

There are two types of condensers now gener
ally available, electrolytic (d .c. only) and paper 
(a.c. or d .c.). For d.c. voltages of 1000 or less, the 
electrolytic condensers are cheaper per micro
farad than the paper t y pe. However, since 
eleetrolytic condensers are not made to stand 

>--B,----'> 
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HOW ELECTROLYTIC CONDENSERS MAY BE USED 
IN SERIES 

far h;g~ oollaU<'. 1'~ pu.."., ... "f W T ..... Car in (A ) iI Co 
<quali .. tho ~ tJa'<) .. Ut. co",unur and Ut .... ",,'Hni 
br<!4kdowll of a co~ II'lIo<:A ""uh! W. ma,~ lhan i/o 
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IhtiT TGli"C1'. !A .... obJiati"" Ut. "" .. ,;C~ lOT , qual;'."" ,·~.ilIOT" 

voltages much higher than 500 per unit, it is 
necessary to use the proper number of them ill 
series for higher voltages, 80 that the difTerence ill 
COBt for voltages over 1000 ill amail. 

The leakage current with electrolytic condcns
ers is much higher than is the case with good 
paper condensers; but on the other hand, if the 
voltage rating is exceeded, the electrolytic con
densers will not puncture, but simply allow more 
leakage current to pIlS8. The usefulness of the 
condenser is not impaired, although the capacity 
drops off rapidly 9.8 the rated voltage is exceeded. 
With paper condensers the punctured seetion is 
useleSll and must be replaced by a new one. 

H electrolytic condensers are to be used with II. 

high-voltage rectifier, or if paper oondeIUlerfl of 
lower voltage rating than that desired are avail
able, they may be connected in series or series
parallel and made to operate 811.fely. For instance, 
two WOO-volt condenscrfl connected in series will 
work 811.tisfactorily on 2000 volta if they both 
have the 88.me capacity. The resultant capacity, 
however, will be only half that of a single con
denser. Condensers which do not have the same 
capacity rating should not be connected in scries 
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because the voltage will not divide evcnly aCr088 
them, the smallcr condenser always taking the 
larger share of the voltage. T o insure equal divi
sion of voltage drop acr0S8 oonden8el'8 in 8erics, i~ 
is adviuble to oonnect resistol'8 acro88 cach see
tion. Groupe of condensers in series may be 
connected in parattel to increase the total capac
ity of the bank. 

FILTER CHOKt;S 

Manufacturers ' ratings on filtcr chokes arc 
often oonfusing because the inductance of thc 
choke varice greatly with the amount of d.c. 
flowing in the winding, and it has not been the 
practice to atate whet her the inductance measure
ments wcre made with the rated d .c. flowi ng; or 
whether the rated current is simply the maximum 
which the winding can safely carry, and the 
inductance is measured with a.c. only. A choke 
which is rat.cd at 30 henries with no d.c. flowing 
in t hc windings can very easily drop to 10 henries 
or 1C88 with a current which does not tllX the 
capacity of the wire. 

Good chokCI:I arc made with air-gaps at some 
point in the core. This prevents magnetic satura
tion of the oore, and at the same time reduces the 
inductance of t he choke, but under load condi
t ions it is quite possible that the inductance will 
be higher with a choke which has an air-gap of 
proper size than would be the case with a choke 
of much highcr "a..c. inducta.nce" with no air
gap. T his point should be kept in mind in select
ing a manufactured choke, or in building one at 
home. 

The d esign of filter chokes of different induc
tance values fo r almost any type of amateur 
t ransmitter is covered farther on in this cha ptc r . 

A PRACTICAL POWER SUPPLY 

Most amateUI"8 are intemsted in transmitters 
using one or two Type ' 10 tu~, snd the power 
supply unit pictured on this page will give en
tirely satisfactory results with such sets. It uses 
two Type '81 rectifier tubes in the full-wave 
rectifier circuit, with the " brute-force" filter . 
The t ransformer is a manufactured ODe supplying 
550 volts each side of the center-tap on the high
voltage winding, and containing two eenter
tapped 7.5-volt filament windings. One of these is 
used to heM the rectifie r filamente and the other 
supplies the filaments of the Type '10 tubes in the 
transmitter. 

The filter condensers are 2 j-lfd. each, rated at a 
working voltage of lOoo d.c. The inductance of 
the choke is 30 henries, and the current~rrying 
capACity neet-eary will depend upon the DUmber 
of tubell in the traDllmitter. A rating of 75 or 80 
milliamperes will be about right for a single Type 
'to, and 150 m.a. for two of them. In wiring the 
power supply care should be taken to insulate 
well t he leads carrying high voltage and keep 
them away from the other wires. Otherwise no 

special precautions as to layout or wifing a re 
nOOE:Ssary. The chart shows hoI\' the output volt-

COMPLRTR POWBR SUPPf.Y 
1' ... II " ....... iII ... w1'1g On .... 1_ Til,.. '/0 hdou. 

agc can be expected to vary wi th differcnt load 
currents. 

8~IA.LL TRAN8FORMEItS 

A transformer is a device for changing electrical 
power at one voltage and current to power at an-

CIRCUIT DIAOR,l"If OJ' TlfB POWER SUPPLY 
T-Pouotr /ro .... / ......... Siululd M .... ",-'Napped /l00-
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od>ot<I80 ..... for .... 1'".. ' 10 ""'/laura...l 160 .... . 
f", _ '/ 0' •• 

T_ Tni' '81 T«l~" aM ,",hit f", i.U .. , oftll!Jo .--..... 

other voltage and current. A step-down t rans
former takes its power at a Iaigh voltage and small 
current, delivering a fowtr voltage and more cur
rent. A step-up t r&.ll.Sforll1er delivers higher volt
IIge than it takes at its input. 

The input winding connecte: to the source of 
supply and is called the primary winding. The 
output connects to the load and is called the 
3et:OfIdory winding. Any transformer may be used 
for either step-up or Step-<iOWD work. To avoid 
confusion it is beet to refer to the transformer 
;-wdings 811 high.volt.a.ge and low-voltage wind
lOgs. 

MOIlt transformers that amateurs build are for 
use on 11()..volt &kycle supply. The number of 
turns neccnary on the 1l0-voit winding depends 
on the goodnesa of the iron core UIed and on the 
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CrQSIl-scction through the core. Silicon steel is 
best and It. lIul{ density of about 50,000 linl,.'S per 
square inch can be \med. This is the bl\llis of the 
tahle of crO&l-fJcctions given in this article. 

The size wire used depends on the cllITt)nt ex
pected. This will vary wi.th the load on the 
transformer. A circular mil is the llTeS of the .. 

o 10 :zo 30 40 50 iO 70 110 » 100 
!>fIIUAMPEfiI lOS 

TillS CURVE ,<jHOWS HOII' T1ff.' ""jp~t ,ollG/X ""ri •• 
, .. rho lood """,,,I doa"4u. [);/!trrnl lub<. , hamjlYr>MT&. d e" 
fro", tIlo • • ~JWJI~ "ot<! will prob"UV "IIa"". IM . al .. u .Ii~hllll . 
Thi. tunc .n.",. ",All ,h. filter c"ntk, ... r •• hould b. ",led at 
~ion..,. oollag. 1M .. Ih. Im"'!""rlH gi.., •. Th. """1"" .,,/Iag< 
0/ tho If~ ... f ... _ "".. oOluall1l 550, but 1M MIIQ{I< 4! liqhl 
l"<>do ;. mI'Ch h;gMr. 

crOS9-fleCtion of It. wire one thousandth of an inch 
in diameter. When a sman transformer is built to 
handle II. oontinuolls load, the copper wire in the 
windings should have an area of 1500 circular 
mils for each ampere to be carried. For in ter mit· 
tent use, 1000 circular mils per uml>ere is permis
sible. 

The transformer u~s a little energy to supply 

Input Fljll-WaJ Siuof 

path fairly short and of good etQSII-section. T his 
will keep the SCCQndary voltage nearly oonstant 
under load . 

A table is given showing the best size wire and 
core to lIlJC for particular transformers. T he fig
ures in the table refer to 6O-cyele t ransformers. 
The design of 25-<lyele transformers is similar but 
a slightly higher flux density is permissible. Be
cause the frequency is much lower t he cross
sectiona\lU'e& of the iron must be greater (or t he 
number of turns per volt oorrespondingly larger ). 
Other wise the inductance of a certain number of 
turns will be too low to give the required "react
ance " at the reduced frequency. If one builds t he 
core 50 that its cross section is 2.1 to 2.2 times tlifl 
value of area worked out from the tahle, the same 
number turns of \lire may be used in a primary 
coil for UH:yele operation . If the same core and 
more turns of wire are used a larger "window" 
will be needed for the extra wire and insulation . 
Increasing both the number of turns per volt and 
the cross-eeetion of the core gives the hest
bnlanced design. 

l\lOflt 6Q.eycle transformers will behave nicely 
on a 25-cyclc Bupply if the applied voltage is suf
ficiently reduced. Up to 52 volts at 2.5 cycles may 
be applied t o a ll().volt 6O-cycle 'I\;nding \\;thout 
harm. Knowing t he transformer voltage ratio, 
the output voltage wi!! be known. The current
carrying capa.city will be the same liS at 60 cycles. 
The KVA (kilovolt-ampere) rating will be about 
half the OO-cycle value. 

Dl:SIGNIXG A I'LATE TKANSf'OllMl:R FOR TWO 7.!1-
W A'J'T TUJlF.S 

Suppose we want to build a plate transformer 
for two Type '10 (731 watt) tuhes. General ama-

No, of T urns Per Cro8s-Seclwn 
(Walls) Efficiency Primary Wire Primary TtINl~ Volt Through Core 

50 i5% 23 
75 8.5% 21 

100 00% 20 
150 90% 18 
200 90% 17 
"0 90% 16 
300 90% 15 
400 90% 14 
500 95% 13 
750 95% II 

1000 9r.% 10 
1500 95% • 

loSlleS in the core and windings. Because of the 
resistance of the windings and the magnetic 
leakage pa.ths, the voltage of the secondary may 
drop materially under load. In our filament~heat
ing and plate-supply transformers we can ar
range the windings compactly, make good solid 
joints in the core, use la rge low-resistance wire in 
the windings, aJld keep the length of the magnet ic 

528 4 . Sf) H:l'''xl U'' 
437 3 .95 l Ys"xl }8" 
3tH 3.33 1 Yli"x13c2" 
313 2 , 8"- l%"ltl %" 
270 2.45 l U"ltl %" 
248 2.25 1%"xl%" 
2'" 2.25 1%":0::1%" 
206 1.87 2 "x2 " 
1S3 1.66 2!/s"x27f' 
146 1.33 2%"x2}8" 
132 1.20 231"x2W· 
100 .W 23/. "X?3 / " /~ _/4 

teur practice is to supply two of these tuhes with 
about 100 mil liamperes at 500 volis. 

There will be some voltage drop in the rectifier 
- the magnitude depending 0 11 the type of 
rectifier used - which will be compensated for to 
some extent by the filter system. Suppose a chem
ical rectifier or Type '81 tubes are to be used, alld 
that the filter will be t he usual " brute force " 
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type. The overallloSB (If voltage will be not more 
than about 100 volts at 100 lIIils if the trans
former is carefully built. The secondary should 
therefore be wound for 000 volts output. 

600 volt8X .100 amperes= 00 watts trans
foriller output. 

The table gives us II. probable efficiency of 
aoout 80% for a transformer of this sizc. 

The number of t urns in the secondary winding 
is governed by the number of turns in the primary 
and the desired ge(londary voltage (in this case 
6(0). Before the number of secondary turns can 
be found (lut we must know how many tltfll8 per 
volt tbore are in the primary. This can be found by 
dividing the number uf primary t urns by t.he 
primary voltage and is given directly in the table. 
The number of turn8 for the secondary CliO now 
be found by multiplying this figure by t loe desired 
secondary voltage. As we IU'lVe decided to build 
the 7S-watt transformer (the one ncarl'st, the re
<!.uirements of our problem) t he number of second
ary turns can now be found clisily (GOOx3.()5"" 
2370 turn~ ) . The she of wire to ue used fo r the 
secondary depends on the secondary current and 
t.he allowable cur rent density, und can be fo und 
in the same way as for the primary wire r rom the 
wire table givcn in the Appcndix. For this layout., 
look for a size of wire for the secondary Umt will 
aafely carry 100 mill iamperes (.1 amp.). "fhii> is 
given in the wire tables as No. 30 n..~~. Jt is a 
good idea to add 3% t.o 5% of the !lumber of 
secondary tUniS to t he winding to make up for 
the voltage drop that will occur at fulllon.d due 
to the tr:msform(lr 1013Ses and regulation. (lOij% X 
2370= N89 tut"~ . ) 

Ordinarily the rectifier systcm re<:tifie:; both 
halves of tlle cycle, using n. separate secondary 
winding for each half-cyclfl. This means that un
less thc bridge rect.ifier connection is used, two 
2489-turn sccondaries will be required. It is 
possible to use smaller wire in the secondary in 
view of the fact that each winding is passing cu\"
rent but half the time, but it is better to stick to 
1000 circular mi ls per ampere and be safe. [sing 
good-sized wire will help to improve the rcguln
tion. T he core specifications and the number of 
turns to use in the primary arc given in the tablc. 

Before going ahead with the construction it is 
necessary to figure out the opening or window 
size that will be necessilry in thc core to jOl!t get 
the willdinl,'1I on without wasting an.Y space. The 
bcs~ thing to do is to decide on 1l. tcntative 
length of "'inding, making II full-size drawing of 
the transformer on a Rhcet of paper. From t he 
wire table find out how man.\' tUfllS of wire per 
laycr can be put in the primary winding. T .eave at 
least U" between the end of the winding and 
t.he w jacent leg of ~h!) core. Divide the total 
number of turns that wi!! be needed in t he wind
ing by t he number of turns per layer to find out 
how many layers will be needed. The depth of the 
winding can next be ascertained. Be sure to allow 

~"between tloe core and thc inside layer of wire 
for insulation. Allow for insulation betwe<:n layers 
if there is to be any, too. Hning finished theSe 
computations, draw in the out/inc of the winding, 
just as it will look when finished . The depth of 
t he 8CCOndary winding can be figured in Lhe same 
way, using the same length of windini; as in the 
primary. 1£ enameled wire is used, allow fo~ a 
layer oi t hin paper between each laycr of wtre. 
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Although enamel-insulated wire ha~ the best 
space factor, siogle-cotton-covercd enamel is bes t 
to use. Doub!e-eotton covered wire can be used 
but is not so economical of space. 

Whell the depth of bot h primary and secondary 
windiu6'"S lias been computed, their sum plus ~:4" 
(for a factor of safety) wi!! givc the width of the 
window in the core. If t he drawing begins to look 
like D instead of R (I!CC t he sketCh showing dif
ferent arrangcmcnts of core and windinKS), it wi!! 
be necessary to tr y (I. different value for the 
lcngth of t he winding, fi guring t he si~e of the 
window all over a.ga in. A transformer with Ii. large 
core and a relatively Sllla!! a.mount of wire is best 
from the sta.udpoint. of the amateur uuilder be
cause wire in sma!!er ~izC!\ is expensive while 
transfon ncr iron is cheap. It is hard for m(lst 
amateurs to .... 'ind many turns by hand unless a 
convenient "'ioding jig is ava.ila.blc. 

After a. little juggling with pencil u.nd paper, 
the design of the t.rnnsIormer will be complete. 
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The next lltep will be to obtain the maU':rials and 
start the proceas of construction . 

Any kind of t ransfornler iron or silicon steel will 
make a good core. Sometimes an old power t rans· 
fonner from the local junk yard or from the elec
t ric light company can be torn do\\n to get good 
and cheap core materials. It is not worth while to 

A P ULL SlZf; DIUW/NG OF 1'1IF; TRANSFOI/MJ..'H 

' /,allld IH mad< ,~o"';"lI /,," =" Ie be """"pita b~ the trind
'ng. and i" ... lali~n. B •• "r, rho """dew i. la<vo ffl<)wjh Ie u./ 
IA • .. ~,oJing, 1m but <I" n<>l make i/ anv larger Ih"" .... "Iia/ I>C 
tho t"ilfJlarion ",/I b. impaired . 

try to cut out core materials yourself or to use 
ordinary stove-pipe iron, as it will not lie flat. 
Laminations of about 28-gauge thickness should 
be used, as thicker iron pieces win give a large loSll 
from eddy currents in the core and the heating 
will be objectionable. The iron must be carefully 
cut 50 that good joints CIlJI be made if the trans
former is tv have palSllably good regulation. L
shaped laminations are convcnient to usc in 
building a transformer but separate pieces for tile 
four sides can be used if they are more readily 
obtained. T he method of assembling a cure is 
shown in one diagram. Three sides can be bui lt 

, , 
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HOW TO pur A TRANSFORMER (ORE nx,U'iER 

up, lhe windingll put on, and then t he fourt h 
leg put in place one lamination at a time. All 
laminations should be insulated from each other 
to prevent eddy currents flowing. If there is iron 
rust or a !:!Cale on t he core material, that will serve 

the pur pose very weJl - otherwise one side of 
each piece can be coated with thin shellac. It is 
essential that the joints in the core be well made 
and be s!)ulue and even. After the transformer is 
s.ssembled, tlle joints can be hammered up tight 
using a. block of wood between thc hammer and 
the core to prevent damaging the lamioa.tions. 
A eignr box with two adjtl.C()nt sides knocked out 
and the rover removed will be helpful in building 
up the core evenly. When three legs are COIll
pleted, the whole can be tied with string, clumped 
in a vise, and the legs on which the windiDgs are 
to be slipped wound wi th friction tape to hold 
them firmly in place and to keep the iron from 
damaging windings and insulat ion. 

It, is convenient to wiDd the coila on varnished 
fullerboant . At any rate the coils should be wound 
on a wooden form and if some fullerboard or 
pliable cardboard can be put over tlliq it will 
make it easy to !!lip the finished coils from the 
form to t he core without mechanical injury. T he 
wires cannot get out of plnce when so wound and 
t hey are well insulated from the core besides. T he 

STARTI NG TME WINDI NG 

wooden block should be slightly larger than the 
leg of the eore on which the winding is to be put 
and it should be a row inches longer than the 
"inding. The bloek must be smooth and of juat 
the right size. Se\'eraJ pieces fastened with small 
screws at the ends will make a form which can be 
easily taken apart when the winding is finished. 

Diagrams suggesting ways of ata rtiDg the 
winding, finishing the winding and bringing out 
taps are sho\\ll . If a latho is not available for 
holding aDd rotat ing the form, a bicycle, grinder, 
sewing machine or ha.nd drill clamped in a vise 
ca.n be ad:..pted for t he purpose. For secondary 
windings of ms ny turn ~, II. revolution-counter 
should be used to make t he work easy alld to 
insure the right number of turns. It is exaspcrnt
ing to lose track of the number of turns when a 
winding is nearly finished. 

If a solid block is used as a winding forllL, a 
layer of string should be wound over the form 
before the wire is put on. The cnds of the string 
sre fastened w tacks and this string can be re
moved as soon as the winding is finished, t o leave 
room for slipping the winding off the form. The 
fulle rboard, some thin fiber or heavy fish-paper 
goes over this Btring, serving aa a permanent 
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support for the winding snd 1\8 inliulat ion from 
the core , In high. voltage winding8, !lOme IAyeMl 
of Eml)ire eloth (varnished cambric) should be 
ineluded in IIdditioD, and if a transformer to give 
very high VOltllge is built a miearta bArrier ",ill be 
n(l(.'e6IlRr y, 

The winding itself is quite simple, The wi re i~ 
wound on in layers as it take~ least space when 
woulld that WRy, St rips of paper bel"'elln l aycr~ 
of sInaI! ennrneled wire arc necc.ssary to koop each 
layer even lind to give added insulation, Thick 
paper must be avoided a.~ it keeps in the heat 
generated in the winding 80 that the temperature 
mlly beeome dal1gerou81~' high. 

Trnnsformcrs bui lt by the amateur CAn be 
painted with insulating ,·arnish or wR)(ed to mRke 
them rigid and moisture proof. A mixture of 

BRINGI NG OUT A TAP 

fiNISH ING OFF THE WINDING 

melted bc<-swax and rosin makes a good imprcg· 
nsting mixture. :'-Ielted parll.llin should not be 
used because it has too low II. melting poiut. 
Wnell poll8ible, the transformer can be suspended 
in a trlnk of cooling and insulati llg oil, though 
th is is not good for indoor usc as the fire haznrd 
must be considered. Double--ootton~vered wire 
can be coated with shellac R~ each 100ycr is put 
on. However, enameled wire ahould never be 
t reated with Hhellac liS it may d ill80lve the enamel 
and hurt the irurulation, and it will not. dry be· 
eRU!Ie tho moisture in the shellac will not be 
ah&orbed by the insulation. ::>mall lrflnsformcu 
ellll be trea t.ed with bRttery..compound after they 
are wound and IIN!embled. 

In starting the windillg, hold the lOOtIe end Olt 
eru::h sido of the willding form by folding" two· 
inch pieeo of eotwn tape around the fi rst turn ill 

such" way that the follo"'ing t urns hold the first 
one in place. Coil up enough wire on the end to 
provide /I. lead from the inSIde of the coil to the 
terminal hoard after the trun~former hill! been 
mounted. After msking !I. good lIlan , the winding 
pl'Ot'e&'l can be speeded Ill'. In winding the coi l, 
feed the wire with 1\ cloth ovcr your hand about 

WAYS OF MOU NT I NO TRANSFORMERS 

two or th ree feet away from the rotating form. 
I\:~p the wire as tigh t M poSlJible without danger 
of breaking iL. Wind t he wire in evcn lll.yen wit.h 
no turns directly on top of each other to take 
hel!t advantage of the !I.\·ailable spaee. 

Wnell abollt hslr an inch from the end of the 
til'llt layer, lay on80me more pieees of cotton tape 
1o bend bt.Ick under the l!CCOnd layer, t hus holding 
the end turns ~urely in place. If wry thin PIlper 
or no paper,.t all is used between layers the &arne 
t.hing Cllon be done at the end of each Itl-yer. U~ing 
vety {i lle wire with pap,er betwccll layers, no ad
d il iolls l SIlppor t for t he \: Ild tll l11S will 00 neee!!-
SH rr, Cl>peciully if the procllution of ending th ~~ 
layers about one eighth inch from the edge of t he 
paper is obl!crved. Where no paper is used, run 
the layers as neRr to the ernl of the form !Ill poe. 
sible. keeping the wire tif1;ht. 

Keep watch for shorted t urns /I.lld layera. If 
just one tu rn should become shorted in t he ellt·ire 
winding, the voltage set up in it would cause a 
heavy current to flow which would burn it up, 
making the whole t ransformer useless. 

Taps Clioll be taken olT fI./j the windings are made 
if it is desired 10 hnve It trAnsformer giving several 
voltrlges. The diagtllm plainly :;hO W8 the method 
to be used in milkin g t ap~ and in finish ing t he 
winding. The more tllP8 t here arc, the more dif· 
ficult become!! the problem of a\'oiding weakened 
insulation a t the poinUl where they lire made. 
Taps should be arranged wlK!never possible so 
that they come at the endll of the layers. If the 
wire is very lillllloll , the ends of the winding alld 
Bny taps tha t are mAde should be of heavier wire 
to provide stronger leads. Unl_ the fi nished 
winding is well taped, a piece of fu llerboord or 
heavy paper should be put over it to avoid 
mechanical injury to the winding RlI well a~ to 
improve its IIppearsnce. 
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High-voltage coila should be taped with var
ni~hed clI.mbric tape. Low-voltage coils caD be 
taped with friction tape or with untreated cotton 
tape and vRrnisllCd later. Alwnys lay the tape on 
smoothly so that each turn adVallCe5 half t he 
width of the preceding one. Pull the tape tight 
but not so tight as to pull t he winding out of 
shape. 

T he leads should be well insulated. High
voltage leads can be r un through varnished cam
bric tubing or "spaghetti." P ieees of fiat tubular 
shoe )aeing are good enough to cover the low
volu..ge leads. 

When slipping t he coila on the partially
assembled core, be Rure t hat the leads do not 
louch the core. 1f the windings fit JOOI3eiy BOrne 
!!mall wooden wedgcllllhouid he driven in p!a~e at 
each end. Last of ail, t he other leg of t he core is 
Plit in place and driven up tight. If t he coile are 
wedged finnly and wound tigh tly llnd the core is 
tapocl, clamped Of bolted between some Strips of 
wood or bakdite, the t ransformer will not huUl. 
After leaving the primary winding connected to 
the line for several hours it should be only 
slightly warm. If it draws much current or gets 
hot there is something wrong. Some ~hort
circuited tums are probably responsible and will 
continue to cause overheating IUld possibly fire
works later. 

Some Ys" x t il angle iron, or iron strap of the 
right size, makes an excellent mount ing. The core 
is damped t ightly by several bolt.'! at the corners. 
The terminal board should be of bakeli te lind 
situated !!O that there is plenty of room for thc 
leads to come up under it from the windings be
low. Several ways of muunt ing transrormcrs and 
putting on the terminal board are shown. Be sure 
to separate the terminals from t he different wind
ings ag much as possible so that there is no danger 
of their becoming crossed . Ordinary binding 
po.sts, 8-32 or 10-32 machine screws, or even 
Fahnestock clips can be used on the te rminal board 
for making connections. 

DESIGNING AND BUILDING CIIOKE COILS ~'on TilE 

FILTER 

The design and construction of choke coils to 
usc in filtering the plate supply can be carried out 
in the same way that the building of a tra.nsiorm('r 
Wag developed . The htl8ic design principles are the 
same and the building of a choke coil is even 
simpler becausc no taps are necessary snd only 
one coil is required on the core. 

The full-page chart shows (he dimcnsions for 
chokes t hat will mect most nccds of the amateur 
in mter systems. Chokes of inductances between 
the values given in the tahle can be made hy using 
less tum~ of wire in thc winding. Induct alice 
v!l.ries ahout as the equare of the number of turns 
FlO that using half the number of tu rns specified 
gives one-fourth the inductallce. More tu rns than 
thOBe specified must not be used as t he core will 

become saturated. Dimen~olls b and c given in 
the tahle can be understood by reference to t he 
diagra ru. The arrangement of core and winding is 
.'IUppo!j()(j to be t hat of the diagram, al!lO. 

The best core mate rial is the same as tha t 
specified for building t ransformers - silicon steel 
sllCet. The laminations should be .014" (or lCll8) 
t hick, covered wi th shellac or rust to reduee eddy
current losses. Fine iron wire is excellent as a 
core material, also. While interleaved comers are 
almost a necessity for a good transformer core, 
the core of t he choke coil should be made with 
butt joints. An air-gap is needed in any ease to 
prevent saturation of the core and to offer a means 
for adjlllltrncnt of the inductanee. After the gap is 
ad justed thc COn) ShO\llrl be clamped firmly so 
that the magnetic p ull will no t change the adj llst
ment and to insure quiet opern.t iQn. Besides 
Clamping the core, a substantial brass "air " 
gap cun be used or a wooden or cloth wedge in
serted iu tile gar' to prevent vihration anu make 
thc adjustment l>ennanent. T he total air'gap, if 

there is more than one, will of course be tile sum 
of the length of t he sepa.rnte air-gaps. 

Wire with thin insulatioll should be used to 
make an ecoDQmical design. Large wire uses a 
great deal of spa.ce without giving much induc
tance. It is best t o wind directly on the core with 
just a single layer of tape ootween. More insula
tion will be required for chokes that are to be 
placed in high-voltage plate-supply lines but this 
should not be any thicker than is necessary . Be
fore starting t he winding on the cere, put some 
cotton strips along it and fllllten some heavy 
cardboard or t hin micurta end flanges in place. 
After winuing the coil, the t ape can be tied ov(}r 
it w keep the wire from spreading. Too much 
ta pe should no~ be put on or the choke will not 
keep cool under load conditions. The wire sites in 
the table are conservative and 10 % more current 
can be carried CQntinuously and C\'en more thun 
this intermittently. If t he winding is very deep, 
the cooling ~ill be better if the coil is split into 
two sections to slip onto eaeh long core piece. 
10% more turnB will then need to be added to 
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each coil to make up for the magnetic leakage 
between ooil~ which is increased by ISI)JitLing the 
winding. HeAvy flexible lead@should Oe soldered 
to the ends of the ooil and taped dowli to prevent 
thei r breaking off. 

Windings from spark coils, amplifying t rans
formers, or any old coils of many tunlll of slmlll 
wire can somctimC5 be pressed into usc fo r the 
p!ate-8UI)ply equipment fOf a low-power tl'nll8-
mittef. All thn t is necc5Sary is to mount them on 
the right SOrt of a core and to adjust the air-gaps. 
A transmitter using a T ype '10 or IlITger tubes. 
hOIl'ever, should be provided with Il filter lI.siug a 
manufa.ctured choke of proper mOng or onc of the 
choke ooils whose dimclli!ions a.re given in the 
table. Sets of lower power Ulling receiving tubes 
C&l1l1OnlCtimfil be filtered by making usc of some 
oM 8park ooils such 118 fi nd their way into every 
experimenter's " junk box." 

The simplest way to ad just t he nir-go.p is to 
connect t hc filter t o the load with which it is to 
work, chanF\"ing t he gap until the best filt.er act ion 
is ob!!Ct ved when listening to the output of th~ 

1Jf.1'f( , ... / ..... ,/, ."-N 
A 
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.. OW fO PU f A (HO~E COIL (ORE TOGETHER. 

IoNOI Il! R I1t IIlOO Of BUllOI NG 10 (ORE fOR A (HOllE COIL 

trnnsmitter in the mouitor. A too-Inrge air-gap 
will reduce the inductancc and t hc choke will be 
ineffec t ive. A too-smull gap will allow the core to 
become salurutc<l, and the choke will be just us 
ineffective. 

The rigilt vldue for the a ir-gap is one t1l1l,t Wl();I 

up about nine-tenths of the ampere-turns of the 
coil to maintain flux in the gap. The rest of the 
magnetoUlotive force magnetize!:I t he core. As the 
penncability of air is uniLy and that for sheet 
steel i3 about 3,000 (average), the ra tio of air t.o 
iron can be detenllined approximately but t he 
iron varies SO much that the exact value muat 0.1-
waye be decided by trial. For a core of 10" total 
length, an Ai r-gap of about .05" or a little 1eR8 will 
meet average requirements. 

nu'; IfU,ANE!<{l' SU PI'Ll" 

The eec()nd divisioll of t he power Hupply for Lhe 
trallllmitte r is the supply 1.0 t he filaments of thc 
tubes used. Though batwries are sometimes used 
fo r this supply, altem$ting curren t obta ined from 
the house current through a atep-down trans
former usually ill more praet icaJ and more suti~
faciory. In some Cf\.!!eS the fi [ument-supply wind-

® 

® 

I'OLLWE DOUHLrNO U] f/CUlTS 
Di"l/l"am (A ) i, " .. d with IoD .. 'oc!iftor lu ... and 0 l.aN._ 

f".",,,, lrilA .... ! a "'~Ur-".". r.. (R) IDur "<li.~". ~,. ''''1"in<l . 
o>M 1M /rtIno/",,... ~I"" h~ ... a ",n/D"-la l'. TM . 01/0%1' '''''''
/ati .... rill !M !MUu ""IA (8 ) lhR>. ( A). <Iou! in GdJi/i"" 11r.. 
rcdifi..- tftl/ f_~ilA '''''''''' Ute coo,....,NI ob/ai~Ml.I'"'''' (.i). 

ing is wound OVf! r the core of the hiJ!h-vohll..,'C 
t nmsformer, thus climinatinl( t he necessit)' for II 
IICparate filament t ransfonller. This practice, 
however, is not Il[\\'ays to be recommended. T he 
fil ament supply must be constant if the trans· 
mitter is t o operate effectivcly, and with both 
filament and high voltage supplies coming from 
one trall!;/"or rne r this const aucy is obtainl-d utlly 
with great difficulty, since changes ill thc iOll.d 
tAken from the high-voltage ·windiug cause seri
ous changes in the volt..a.ge obtained from t he 
filament winding - unlesa the tram;former is 
operating well under ila r3ting or unless apecill.J 
compeDllllting IIpparatu8 is elll plo~·ed. \\ncrevcr 
pos:;:ibJe the high-voltage and fila ment t nm!t
formers should be e6pt.t.rnte units OJJe l"1lling, if it 
CIUI be a rranged, from different power outiet.ll, 
particularly with transmitters using tubes larger 
than the Type ' 10. 

The important pointe to obecrve in installing 



POWER SUPPLY 151 

tbe fi lMwent supply are that a means is provided 
for & ccoter-tap; that a filament vollmeler is 
OO[W(lCted in the circuit 1\8 near lUI poesiblo to the 
filament terminala of the tube; and that a suitable 
rheostat is providod for the adjw;tment of the 
filament voltage. 

ExamiuMtion of any of the poweMlupply eir
euitl! will make it obvious that the fil amenb of 
the recti/ler tubes must be weU insulated from the 
filaments of the oscillator tubes. The fila ments of 
the rectifien provide the positive output lead 
from t ho plate1Jupply system while the filaments 
of the transmitter t ubes are connectcd to the 
negative side of the high-voltage supply, The fact 
that the two filament supplies mtlllt be ill.sulMt.e<i 
doea Dot, however, mean that two transforIDeI'lS 
are required. The two windings ean be 00 the 
sarno core, the necessary insulMLion being pro
vided between them, Should the filament trans
former be bought and should it have no windingtl 
suitable for the filamenl.8 of the rectifiers, a ll 
extra winding UlIuRlly can be fitted without dif
ficulty. For T ype '66 rectifiers t~·o No. 12 ga.uge 
wires in parallel should be use.:! for the winding, 

the number of t urns being dec.ennined by the 
"cut and try " method. With most transformers 
only a few turns will be nCf'e"'''TY to give the re
quired volt.age. The reewfier-fllament winding 
can be ccnter-tapped or a center-tapped resistor 
can be used aeross it in the manner described for 
the transmitter fdll.menu. 

VOLT~(lt: I)OOI}(,IN(I 

If for any re8.8011 M higher plate voltage is de
sired t han an available transformer will furnish, 
special eircuil.i:l Dlay be employed that will give a 
d.e. output voltage approximately double that 
to be expected from normal I'C1ltifier circuits. T"'o 
typc5 of voltagWoubling circui ts a re shown in 
the diagram!!, one for a transformer "'ith II. single 
high-voltage ~'inding and one for a. center-tapped 
trsnsfonner. The load current in circuit A sbould 
Dot cxceed the rated current for one tube. Tubes 
IIlMy be used ;n pe.rallel to boo6t the current out
put and improve regulation, In ci rcui t B the IOlLd 
current will be the same lUI with ordinary full
wave rectificatiQIl; thlLt is, twice the rated current 
(or a single tube. 



CHAPTER X 

Keying and Interference Elimination 
N ORDER to utilize the transmitter for 
telegraphic communication, i t is nct'eSSary 
to break up its output into long and short 
pieces which, at the reeeivillg end, will COll-

stitute the desired dots and dashes. There are 
many simple ways of so breaking up the output 
of the t ransmitter hut careful adjustment both of 
the transmitter and of the keying system usually 
is nece!!E'ary to avoid the production of key
thumps (which may interfere with broadcast 
reeeption) or kcy-ehi rps (which may make the 
signui very difficult to read). 

~[E'fHOD8 01' K{;YI!,;O 

The diagrams IIhow various forms of keying as 
applied to an oscillating tube. At (A) the key is 
inserte<l in the negative lead f!'Om the high
voltage supply, a method which gives positive 
keying since the plate voltage is completely dis
connected when the key is up. At (B) the key is 
inserted in the lead betwecn the cenWr-tap of thc 
filamcnt transformer or cenWr-tap resistor and 
the point where the grid return find the negative 
lead from the plate supply join the connection 
betv .. een the filament by-pass condensers. This is 
known as ccntcr-tap keying, and both grid and 
plat.e circuits are broken when the key is up_ 
Method (0) is known I1S grid-leak keying. The 
grid Ietlk must be oonnected between the grid and 
filamcnt (with a radil)-frequcncy choke in lreriel! 
a.1 thc grid end) insteaJ of directly aeross thc grid 
condenser in order to avoid hand-eapacity clTecu> 
at the key. Whcn thc key is up the grid is "open" 
and the voltage on it buiMs up to a negn.tive 
value sufficient to prevent the flow of plate cur
rent provided there is no leakage in the tube or 
socket between grid and filament, or between the 
key contacts. As such leakage is often present in 
sufficient quantity t o allow the tube to osci!1ate 
when the key is up, this method is not always 
satisfactory because n back-wave may be emitted, 

(D ) and (E ) are two forms of " blocked-grid" 
keying. The principlc of t his method is to auto
matically provide a sufficiently high negativc bias 
when the key is up to prevent the flow of plute 
current . In (D ) this additional bias is supplied by 
the battery connected across thc key in series 
wi th the resistor R. The voltage of the battery 
will dcpend on the plate voltage and the kind 
of tube in the transmitter, and must be greater in 
value than the plate \'oltage divided by the 
amplification factor (j..) of the tube givcn in the 
table in Chapter vn. For instance, if the trans
mitting tube is a Type ' 10 with 500 volts on its 
plate, the vollage of the bias battery must be 
more than 500 + 7.7, or 05 volts. A OO-vol t bat-

tery would serve very well in such a case. T he 
resistm R is used simply to prevent a total sbort 
circui t of the battery and consequent short life. 
Its value would be roughly 5,(XlO ohms for eaeh 
-15 volts of bi(l.S. 

In (E) the bias is obtained from !L pair of 
dividing resistors across the plate supply . In th is 
ea.'!e the ratio of H, to R, should be leS!! tMn the II
of the tube, or in the ca.se of a Type '10 less t.han 
7.7. A ratio of 5 or 6 t() 1 will be satisfactory. 
The value of resistance muSL be high enough to 
prevent undue current drain from the rectifier
filter aystem. R, may be made to serWl as the 
"drain " resistor mentioned later in this ehapter. 
Heprescnlath'e values for a T ype '10 ,\'ith 500 
volts on its plate would be 25,000 ohms for Il, and 
5,000 ohms for 14. An ill.'lpection of the diagram 
will show that the negative side of the power 
supply is oonnected to t he grid of the tube when 
t he key is Ul}, and the junction point of RI and 
R, is connected to the fi lament center-tap, The 
vo1tnge ac ross Rl which with the values given 
would be one-sixth of the plate \'oltage, wi!! act as 
grid bias, while t he key shorts out ~ when closed, 
thus oonnecting the negative power supply lead to 
the filament center-tap . 

In any of these diagrams the center-tapped 
resistor acrosa the filam ent supply may be 
omitted if the filamen t t ransformer winding is 
center-tapped . Simply connect the center-tap of 
thc winding to the wire whieh in these d iagram~ 
goes to the midpoint of the resistor. 

The high-voltage power supply mlly be any of 
the systems mentioned in Chapter IX , including 
batteries. Likewise, if a si:Qrage battery is used to 
light t he transmitting-tube filament, the dia
grams will remain unchanged provided the c~n
ter-tapped resistor ac ross the filament supply is 
left in the circuit. In this case the polarity of the 
battery is unimportant - the positive and nega
tive tcrminals may be connected to either side of 
the filament. If this resistor is omitted the con
nect ion \\'hieh goes to its midpoiD~ should be con
nected to the nega tive terminal of the filamcnt. 
T he hy-pnss eondpnscrs across t he filamcnt, of 
course, are Ilot n~Ct~&>iLrr. 

KEYlXO OSC ILLATOIl-AM"LU' ,.,;R TRA.'IS'dITTET(S 

With an oscillator-amplifier transmitter it is 
always bt,'St t o allow the oscillator t o run continu
ously and key t he amplifier. If t he amplifier has 
more than one stnge, it is usually better to key in 
one of the low-power st-sges before the fina l 
amplifier is reached, as this results in less back
wave and is not so productive of key-clicks as 
keying the final tube. In a multi-stage crystn l-
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cont.roUed t ransmitter with doubling amplifier~, 
one Of more of the doubler tubes 8JJOuid he keyed. 

All of the systems shown in t he Ilceompllnying 
diagram are applicable wi th some wodificaUolls. 
With circuit (A) the key must be placed in the 
positil'e lead from the plate supply to the tube 
being keyed, because if placed in the negative 
lead the plate voltage would be removed from 
both oscillator and amplifier. unless separate 
plate aupplies arc used for each tube. With circuit 
(B) t he t ube being keyed must have a separate 
filament supply from that ust'd for the other 
iubes in the t ransmitter. (0) may be used with 
common filament and plate supplies for all tubes 
in t he transmi tter, but keying is not very poeitive 
because enough r,f, gets through to cause a pro
nounced backwave, and the grid rarely blocks 
completely, as it· should for good keying. CireuiL 
ID ) is a good one, resulting in "ery posit i"e key
ing, lind may be used with transmitters in which 
I he f,J9.men t and pillte supplies 9.1"C common 10 all 
tnbes. (E) will alHl gh'e positive keying, but 
necessitates a separate filament supply for the 
tube being keyed. In this cast' the Hllues of 
resistors Rl und R, cannot nhnlys be calculated 
as described above, because the amplifier tube is 
not self.-eontrolled. N. must be \:;rge enough in 
relation to R, to reduee the plate current on the 
t ube being keyed to zero, and this will depend on 
the amount of excit.ation supplied by the oscilla
tor . The oscillator itself may take the place of 
R, if allowed to run continuously and if supplied 
with plate power from tbc stune source !!.~ the 
amplifier , The COHect value for R. should be 
determined by experiment. 

EJ.lllI XATINQ KEY CLICKS 

1(ey cli(:ks, the sudden thumps which result at 
the begiuning and end of It dot oj' dash when os
cillation is started and stopped, uot only create 
interference with other amateur stations but are 
likely to cause interference with nearby broadcast 
listeners as well. The clicks are often audible on 
frequenc ies far removed from the transmitter 
frequency and so must be eliminated or at least 
reduced as much as practicable. 

Clicks \Iill be much more serious if the keying 
system is one which t hrows all load off the plate 
supply when t.he key is up. The rcason for this is 
t hat wi th no load on the plate-llupply apparatus 
t he condcnsers of the filter system betJome 
charged to the peak voltage of the tram;i"ormer. 
Then, when the plate voltago is applied, the tube 
not only start!! o!:!Cill!l.ting suddenly but starts 
oscilll!.ting wi th abnormal force because of the 
peak voltage which accumulated in the filter. 
Thie pcak voltage is, of course, soon reduced to 
normal but the l'CIlult will have been a heavy 
key-thump. 

In modern amateur transmitten; it IS con
sidered good practice to have a load or "drain " 
resistor always connected across the output of 
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."pplid by .oUaq. di,,<kr in piau tuP1~!I. 
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the piatHullply lI~em. I n this way, eveD if t he 
tmnlm1itling lube ill disconnected during keying 
there ill always a load on the filter and itl! con
densers are never rlHlrged to high pe'.Ik voltages. 
A practical value of current through such a loa.tI 
re&etor is about 25 per cent of the tube 
piRie {,lIrrent. I n II. transmitter employing 
n ~in"le Type '10 tube this would iJfl approxi. 
rontdy 15 Ill,n. The value of the resistance 
nece88.''lry to limit the current to this amount is 
oht[linoo from Ohm's Law, R ~E I J. For a 500-
volt supply it would therefore be 500 dividw by 
.015, the result being about 33,000 OhOiS. I n SO Ule 
caaes. particularly if mcrcury-vupor rectifiers a re 
used, a greater dl11in current IhaD thia can be 
permitted. A resistor of 20,000 OhUlB, giving II 
drllin of 25 01.8., would be 8uitable fOf a T)'pc ' 10 
tube under Ih('8C conditions. An inexpen!!ive load 
resistor can be made up from " B-eliminator " 
voltngc-<iividcr resistors which nrc oflon available 
at low prices. Tmnsmill.er-type grid leaks llNlal1lO 
~u ill\ble for the purpose. 

Wit h sollle ~uch mCIlJlS (Ig this to prevent the 
bui lding up of high vol tages in the filler when the 
trl\nsmiucr is not taking power, t he keying prob
lem is much simplified. In some locations where 
the antenna.s of broadc.o..st. receh'erl! nrc nol close 
to the transmitting antenna, the simple connf."C
t ion of the key in the center-tap to the filament 
trnnsformcr a.s in circu it (B) may 1ICt\'e. l.n moat 
cases, however, Buch an arrangement ""Quid 
produce interference on aecount of the key
thumpa caused by sparking at the key and by the 
sudden starting and I!toppiug of oscillntion. 

Sparking lit the key can be p!·(lVented or greatly 
reduced by connecting a condenser nnd rc~stor in 
,;eries acro~ the key contaets_ Tho capacity of the 
condenser is not critical, values between .5 and 
1 jJfd. generally being sufficient. The condenser 
absorbs the spark when the key is opened but 
rE'leM(1J the energy so stored when the key is 
cloeed, flO thlil a bad spark would appear on cJos. 
ing the key if the series resistor were not used . 
The rttistor must be adjumoo 80 that its value is 
low enough to allow the oondeD!;Ier to ehars:;e up 
quickly and absorll the spark when lhe key is 
opened, and yet must be large enough to dissipate 
most of thc energy in the condenser when the 
key is c10i!Cd SO no spark will appear nt lhe con
tacts. A 500- or IOOO-ohm variable resis tor will 
usually ~umce. Tn nddit ion the condenser and re
Eistor combinlilion funC lionsllS a" lag" circuit and 
helpll the eliminlltc elieks when the key is raised. 

tlillcc clicks result from sudden starullg and 
alopping of oscillation, they call be prevented hy 
cau5ing the oecilJaliOnl:l to stlirt and stop gmdu
ally. "Lag" cireuit.s have been dC\ol8OO for this 
purpose. These are formed by the proper choice 
of inductance ILnd capaci ty and their insertion in 
appropriate partS of the tI1llU!mitter circuit. It 
is the prollCrty of inductance to oppose the 8ud
dell rise of current. By eausillg the plate current 

on the tube to rille gradual ly , clicks are prevented 
when the key is closed, and by CnU$llg it to decay 
gradually the same effect is obtained when t he 
key is opened. 

Practical ways of slowing up the rise and decay 
of plate current are ahown in the diagramJl. The 
time required for ~il1alions t o build up and 
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cease may be only a pmall fmction of a second bu~ 
will effectually stop click!!. By the use of suitable 
values of inductance !l.nd capacity the lag can be 
made great enough to eliminate clicks and slill 
not 80 great as to interfere with clean keying. It 
is not possible t o stIoy with lilly exa.ctitude just 
what value of inductance will work, since this 
depends a great deal on where it i9 connected in 
the clrouit. a.nd the adjustment of the t ransmitter. 
\'aluClI betwecn 5 and 50 henrys will usmllly be 
found to be stIotisfaetory. The purpose of the vari
able resistor connected aeTOM t he choke .is to 
allow adjustment of the effective impedanec to 
the be!rt. opcra.ling value. 

The yalues specified above for eliminating 
sparking at t he key conlact.s "ill usually alflO 
prolide sufficient lag to eliminate the d ick when 
the key is opened. 

These click-climination methods may be a p
plied to any of the keying systems described. 
The condenscr-reflistOf combinat ion is I\IWllo)'S 
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connected directly ILCr088 the key, wherever it 
may be placed, but the induetor-re~i.stor comhi
nation may be inserted either in one of the 
leads from the high-voltage lIupply or in 8C rie~ 
with the grid leak (or " C" bias batwry), or right 
ncxt to the key, as shown in the diagram. If con
nected in series with ono of t he leads from t he 
plate supply, or next to the key in systems (A) 
and (B), the choke must be capable of carrying 
the full plate current of the t ube or tubee in the 
circuit. In eircuitJ:! (0 ), (D ), and (E) the choke-
resistor combination ehould be placed either in 
the negative p!ate-l!upply leOO or between the 
grid lell.k and the key. Wncn cQunected in the 
grid-leak circuit it need carry only about 10% 
of the plate current. 

\\l\Cn the plat.e curren t builds up and decays 
eJowly the trarusmitter frequency is likely to vary 
\Jnt it the current reaches a ateady value, giving 
rise to keying chirps or ··yoopil1g," which mak('8 
the signal difficult to read. HLgh-C ci rCllits will 
overcome t his to a large extent, and thil! effect is 
not notiC(lable with a well-clesigned osdllrttor
smplifier or crys!al-<'om rol1ed transmitter. The 
key-thump filter should be adjusted 80 that t he 
maximum of click eliminat ion \Iill be secured 
lIith a minimum of chirpe. Much depend.s on the 
tranl!mitter and ilB !l.djustment, and no exa('t 
specifica tions can be given for elick-eliminators 
which ca.n be guaranteed to 1I"0rk under any con
ditions. If the principles outlined above are fol
lowed inwJligently it will be possible to reduce 
clicks 10 a lIati.sfn.ctory point, but the exad !!tUIU" 

af i ndl,(;lanu, CCllmdi!l and r("manu mil'! be 
ddermined by exputmtm for eaGh individual 
frallvnil/er . 

It is impossihle to cover in this Handbook all 
the methods of key-click elimination which have 
been proposed from t ime to time, hut ~uggt.'lStionB 
!l.re often published in Q8 7' which may be 8U(:
cessfully applied to the particular conditions 
exillting in one'a own transmitter. 

INTI?:RFERESCE WITI! lH10AIlC.-\Srt XG 

Amateulll' are often unjwl!ly blamed for (:ooe 
interference. Foreign ships and commercial 
radio-telegraph services sometimes cause bad 
interference to radio broadcasting. This may be 
cured in many cases h.v l e ng-\~ll ,"e t raps similar to 
those for short-wave 1I"0rk that "ill be described 
I!l.wr. Power leaks from electrical distribution 
systems, disturbanees from thermostats in heat 
ing 1I&dl!, flatirons ILnd oil bealers; interference 
from street car linrs, dial telephones, loose electric 
Inmp8, ignition systems, vibrating bnttery 
chargers, mechanical rect ifiers, and violet-ray 
appal"ll;tus are other po!!I!ible sources of in ter
ference, not to mention the neighbor \\'ho operatea 
a "blooper" (an oscillat ing rfOcriver which itself is 
II. miniature transmitter ~ithout a license). 
Many of the broadca.st receivers sold to-clay are 
IItili not properly selective. All this point/! to the 

oonclusion that the broadcast listenenl ruI well 
as the amateur ooncerned must approach the 
interference problem wi t h nn open mind lind a 
coOperat ive Rttituue. 

When the transmitter has been set up and 
adjusted, the operator should IIscertain whether 
or not interference i8 caused in ncarby broadcast 
receiveill'. If your neighbors appreeillte that you 
are aa much interested in prevent ing interference 
to thei r enjoyment of broadcast programs aa they 
are, much more can be accomplished than by 
acrimonious disputes. It is better t o settle the 
interference problem right at the beginning thlLn 
to trust to luck with the possibility of nn uufavor
Ilble reaction towards amateur radio in gcnera! 
and you~lf in particular on the part of nearby 
broadcast listenenl. 

In mOilt casea interference can be preveuted by 
the use of key-click filt ers and some other sitnple 
devices. If the IImnteur is unable to solvc the 
problem, qllict houl"!! mUllt be ob6erved from S:OO 
p.m. to 10:30 p.m. (local time) lind on fiu nday 
morningll between 10 :30 a .m . HIId 1:00 p.m. upon 
the frequen cies which cause s\Jch interference. 
The regulations state that the IItation must 
" cause general interference with brol\(lenst recep
tion on receiving &IIparn.tus of modern design" 
before quiet. h OUR are obligatory. In effect, if a 
good many n!CCiveNl are in the vicinity a nd only 
one or two of them experience interference, the 
inference is that the broadcast l"C(leivcr is at 
fault, and not the trlllJsrn itl~ r. Likewise iukr
ference with n. non-select ive brOlldCMt receiver is 
not sufficient cause for compulsory ob~rvllnce of 
quict 11ouTS. The a mateur should coOperate wit h 
such lillteners to the fullest possible eXlent, ltow
ever, and his aim should be to eliminate inter
ference at all houlll' of the day with tC!UiOnably 
good broadcast reccivel"l!. 

Interference may be caused in n vnriel.yof W:l.ys. 
When the receiving anwnna is close to t,he 
transmitt ing antemu", the fonner will be shoeked 
into oscillation from the key-clicks of the tmns
mit ter unless the clicks are prevented. This ill one 
of the commonC6t forml! of interference Imd rna)' 
be eliminated by the click-tiitelll' de5Cribed. 

Another fonn of interference ill the " blanket
ing " of broadcast programs when the key ill held 
down. Thia may also be accomp!l.nied by dicks 
\lnlee~ II. click-filter i~ ut;(!d. B1anketillg is the resu! t 
of " blocking" the grids of the r .r. tubes in t he 
broadclUlt receiver hy the energy picked up from 
the tranamitt-ing antenna. This lIlay be partin.l ly 
or completely cured by separating the anlelUlIUI or 
running thcm at rightangles to each CJther inl!!ead 
of parallcl. Blanketing may not be completely 
eliminated, however, and in such a CMO the trlllS
mitter power m ust be reduced, at least during 
quiet hounl, or a wnve-trap, tuned to the trans
mitter frequ ency, may be placed in the affected 
receiving antenna lead-in. Such I\. trap consists 
simply of a onil and condenser connectt.'(j as 
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shown in the diagra,m. T hc condenser tnR)' be tin 
old one with about l r,Q or :::50 ""fd. maximum 
capacity and need not be an especially efficient 
one. i\lOllt amateurs have "junk boxes" with 
several such condensers in t hem. 

the powcf-supply system of t he tm",,;mitter. III 
the fon Der case rudio-frequency choke coils COll 
neded to each side or the IJD-vol t. line at, the 
point where it is connected to t.he receiver will 
help. If the d . is getting back through the trailS--

, 1---; 

c 

• 0 

1I0H' L AG Cl RCUITS MAY 8/J.' ADDED 1'0 $OME REf'Rt:.'I::STATH'F: KbT1NG 
MgTHOl)S 
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The Bize of the coil will depend upon the fre
quency on which the transmitter is working. 
Representative values a.re gi .... en in the table. 

Frequency of 
l nlerferiny Siglwl emf (3" <lia.) 

1,115-2,000 kc. 
3,500-4,000 kc. 
I ,OOO-i,300 ke. 

14,1XlO-14,400 ke. 

20 turns 
3-10 ,( 
4-5 

3 
" 
" 

Bell wire (No. IS) or a size ncar to it may be used. 
When the trap is installed the transm itter should 
be started up and the condenscr in the trap 
adjusted to the point where t.he interference is 
eliminated. T hi8 trap will not affect the operation 
of the broadcllSt ~eh'er. 

With a.c. brOluicast receivcrs (including bat· 
tery set.<! equipped with « A" and « B" substi· 
tutes) in terference may be caused by d. from 
the transmitter getting into the hOllse wiring and 
feeding into the receiver. House wiring may pick 
up r .f. either di~tly from the antenna or through 

mitter power-supply system the chokes should 
be connectcd between the l 1Q..voit outlet and the 
power t ransformer, at t he trammitter. The size of 
t he chokes will depend U!X>fl the transmitter 
frequency, and had best be detennined by experi 
ment. The wire must be heavy enough to carry 
the curren t t aken by the receiver or power-supply 
system . No. 14 or No. 16 will be IHlfficient in most 
cases. Mailing tubel! make a good winding form 
for these ehokCll . Bet-ween 100 and ;100 turns will 
be required, depending on the t ransmitter fre
quency. Tuned traps of the same construction 
described above lDay also he used inst.ead of the 
chokes. A pair of condenscCl:! connected in series 
across the line will often improve the results. 
By.pll$s condensers sllch as arc used in receivers 
(about 0 .1 # fd.) rated at 200 volts or mom will 
scrve. The d iagram shows how the ehoke~ and 
condensers should be connected. 

if t he lIO-volt liue is found to be picking up 
energy direct ly from the antenna it is advisable 
to change the location of the antenna, if possible, 
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or run it ill a different direction, not only because 
of l)()Mible in terfereu L"e to broadcast reception 
hut because energy so picked lip is ueelel!S for 
ra/liation and decrcuCl'l the effective range of the 
trAnsmiuer. This is particularly iml)()ttnnt when, 
8S often happens, electric IlImps in differen t ports 
of the house are found to glow when the key is 

SET 

Presl!elt. Th(1 euerllY HS<'d in li!:h tinl!; thl' la mpI' is 
lost. 

When nn lI.,c. broadCMt reC('iver and t he 
trll.llsmitt er lire on the same 11 0-\'oh lint' inter
f('rence mlly b(' cau:>('d wh('n th", Tr8nsrni1!er is 
keyed because th(' lond i~ beill ~ r:'pidl," throwu 
on lIud off the tu~. result i!)K in n " o lt~ce varia
tion vdlich appeaN! as a noise in the hroadcnst 
recei ver. 8u('\1 interierence can only be elhninatNl 
hy reducing I)()wer sufficiently or trtlnsferriug the 
load to a part of the line which is more li~htty 
loaded and sufficiently removed from the receiver 
flO that t he fluc tuations ill load will not affect 
reccption. If the load is heavy it rna)' be netE_en y 
to have 110 !lCparate line installed for the trans
mitter. 

With transmitters used exclusively for ' phone 
work, key-click fi lters arc indfective. III generAl, 
it ie more difficul t 10 eliminate interference with 
broAJcaa~ r('1Je pt ion wit h 0. ' phonc t ransmitt er, 
although wave-traps snd choke t·oils ill t he 5UI)
ply lines will usu31!~' prove ('ffecli'·e. The met hods 
described ahove ma~· he applied in I he Mme ways 
Ill! with c.w. 

Interference lI~u311~- dect'('aSE'S 8.11 t he t rans
mitter frequenc~· is raised. In Dlany cases where 
had interiermce is caused on the I ;.lO- and 3,jQ()
kc. bands, ch:mging t o ; 000 or IHlOO kc. will 
Cllte it. If none of the usual met hod_; is sufficiently 
effect ive t\ redurt ion in po'lnr will of len aUow the 
stntion to be worked durin g ctuiel bours wit hout 
bot hering t he neighbors, This in fa ct may be the 
only answer with II hi~h-power transmi tter in a 
elosely-popuilloted di5trict. It i~ n liltle II nre8.60n
able to expect t hat interference ca n he ent ire ly 
eliminated with a high-power trllnsmittct whose 
antennll. is only II. few feet from broadcast rece iv
ing antennas. ' Yith Ihe awrage smMeUf trall3-
miller umng a 1y,1e ' 10 or ewn a T~' 11e '52 tube 
a satisfactory solut ion to t he interference prob
lem CM in most cases be reached hy the intelli
gent applicat ion of one or more of the methods 
d e6Cribed above. 

BJtI!AX-!S Or£I\ATIO;'" 

Listcoing on the fCj,:e ivtr while seoding con
stitutes t he bSl!i.s of every brf'ak-io ~'lIlem. A 
short anteuoa for the receiver mar be put up at 
righ t angles lO the sending antenna. Some magnet 
wire strung acroM the room Of put behind the 
picture moulding ~'ilI bring in high-frequency 
signals in fi nc shape Illld avoid the d iffi cul ties of 
cbanging ovcr the antenna. from the sending to 
receiving set. Often the aignals can be picked Ill' 
without any antenna at all if the receiver is 
unshielded or if there is IIOme coupling to the 
t Tll.nsmitter due to its adjacent location. In lhis 
case t·here will be trouble in working break-in on 
frequencies close to that on which the sending !!Ct. 
operates. If the transmitte r ill clOlSe and the key is 
in the neglltive high.voltage lend, it mlly be 
impo8!ihle to copy etations sending on your own 
frequenc~' . T here may lie trouhle evel< whcn t he 
ke~' is up from oscillations of the transm itting 
tubes caused h ." voltages from t he filament 
t rllnsformer which coDle from an unhalanced 
ccni(' r-tnp IIrTll llgelllent. If this cannot he cured 
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hy putting in Ii true center-tap, it will be hesl 10 
locate t he trllnsmitter farther :n.'ay from t he 
receiver and to use remole control. In t his case II. 

rf'lay shoulrl be ueed to ke.\· the transmitter . 

Xf:\'tSG ftY. LA'·S 

A keying rela~' can easi lr be made from an old 
telegNlph sounder . The photogra ph ShO\\'8 a sin_ 
gle-contact reillY made fNIll "solllllier. The brlUlS 
!!uh-base should be removcd and II piece of bake
lite of the same size sul)slituted, T his can be 
drilled, using t he brR8l! base as Ii template. Two 
additiono.l bind ing post.s should be added to the 
device to make i~ CII8Y to conncct to t he contlLcts. 
J ~" x H" silver i!1ugfll / lv" t.hick obtained from 
a jeweler make dependahle cont acts . Two silver 
coins with the faces filed tint will be equally good. 
The.se can be fi tted into notchcs fi led in t he 
a rmature and frame of t he flO under and soldcred 
in pl~. A piece of eOllller braid or a thin brlWl 
spring should be connected bet \\'een the U-ahapw 
part. of the frAme and the armature so that the 
pivots do DOt carry any current. In addit·ion it 
will be neeeasary to fasten a bit of insulation 
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between the armature and the back-stop screw 
to keep the armature from closing the circuit 
when the key is open. This can be threaded and 
glued to the back-stop screw itself or may be part 
of the armature. Such contacts are heavy enough 

A GOOD KEYIN(} RELAY MADE FROM A TELE_ 
GRAPH SOUNDER 

to key any amateur transmitter. The relay may 
be operated from the same storage battery that 
heats the filaments of the receiving tubes, or 
from a. separate battery. It can be adjusted to 
work well at almost any desired speed without 
bad sparking or sticking. 

Auwmobile generator cut-ou\.8 can also be 
transformed into keying relays for low-power 
transmitters. They can be obtained for a dollar 
or SO from any automobile supply house. A 
connection should be brought out from each 
of the contacts to take the place of the key in the 
transmitter, care being taken to see that the 
windings on the cut-out do not connect to either 
of the contacts. There are two windings on the 
magnet, one of which has only a few turns of 
coarl)C wire, the other baving many turns of fine 
wire. The latter winding will UlIually operate the 
armature satisfactorily from a 6·volt battery, but 
if not both windings can be removed and a new 
one put Ofl, using as much No. 30 d.c.c. wire as 
can be put in the space. Such a relay is very fast 
in operation and \v:ill follow a "bug" key at high 
speeds. 

Ready-made keying relays can be obtained 
from several concerns advertising in this Hmul
book and in QST. Several different types, designed 
to operate under different conditions, are avai l
able. 

REMOTE CONTROL 

If the location is such aa to allow the tran&
mitter to be installed some distance from tbe 
receiver, the t ransmitter may be remotely 
controlled. This .... ill make it easy to use break-in 
and save worrying about losses in poor dielectrics 
which nre ccrtmn to be in the field of the lead-in 
or fceders if brought right down to the operating 
~m. 

In a remotely-oontrolled inatallation, relays 

can be used in one of several ways dependillg on 
the distance and the ind ividual application. 
The problem is merely one of turning the filament
heating and plate-supply power on and off and 
keying the transmitter, using a minimum number 
of relays and as small an amount of wire as 
possible. 

One simple method of using two relays, requir
ing the use of only three wircs, is shoWll ill the 
diagram. With this arrangement the filamenlJl 
of the rectifier tubes call be lighted before the 
plate transformer is connected and can be allowed 
to remain lighted during an entire period of 
communicat ion, which is good pract ice. 

All relay contaets should be large enough 
to avoid the possibility of sticking if the sct is 
remote-control!ed. The outfit also mUllt be built 
substantially and adjusted to operate stably. 
There is a lot of pleaaure in operating a set some 
distance away and the improved break·in work 
makes it well worth considering. U a motor
gencrnlA:lr is used an automatic starting compen
sator operated by a sui table relay will be neces
sary for starting up the set. 

The beginner should limit his efforts to build
ing a simple and inexpensive low-power sending 
set and a good receiver and not attempt IA:l stflrt 
off with a remote-controllcd transmitter. Remote 
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doile4 .~dan.uU i. !h. On/II pari within ,wch 0' !h. "}>ffator. I .. 
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lhe conI4<:to a!" B" ,"maini"" open. T~. Lall ... oonWel. CWH 
"'''''n s. .. <loud. S!J.Ch a r etail mall .. Mm<-<"nM.,."led with 
/WO • .".".aI<J armatuT". the 'pac1"l1 ""hM'" !h. a.ma! ...... and 
t~. pol. piu •• and th~ ",lUio .. "" 1M .prin~. """fi/I adjuatM /.". 
p"Q1Mr operatum. R elall NI). f i. tho kqifi/l .. LaIi. Thi. an'''''(''' 
JrUnI pumm 1M fita""'~t. of Ih4 Tutifin' hIbt. to "" lillhU</ 
Wor. the piau /<lad i. /hr""'n <>n. S, ma~ "" uft c/o,1'd Juri"" a 
period o/communication, th .... kupo'fi/I tho ruli/ier tub« . , 0011 
lor ;""tanl operali .... 

control is not absolutely necessary for break·in 
work and it can always be added after the 
elements of a station have been built and are in 
operation. Remote control is the best possible 
t hing for the fellow with the cold out-door shack 
or the radio room in the attic where the tempera-
ture hits the 100" mark in 8ummer. 



CHAPTER XI 

Antennas 
HE antenna equipment of the amateur 
sw.tioll is 110 less deserving of considera
t ion than the transmitter or receiver, 
since the finest of apparatus inside the 

station can easily be nullified by n poorly designed 
and carelessly crected aerial sy~m. Although 
~lmost any sort of antenna usually serves well 
enough for receiving purposes, no degree of care 
in design and construction is too great where the 
lranSInitting antenna is concerned, for in almost 
every case the station's transmitting effectiveness 
will be directly proportionate to the care and 
effort expended in constructing the tnmsmitting 
antenna. And thi.s is true in some degree for the 
receiving antenna IlS well, because the sensitivi ty 
and selectivity - psrticularly the !lClcctivity 
of even the best high-frequency receiver can he 
improved by substituting a well designed an
tenna for the usual nondescript scrnp of wire 
hung.up anywhere, 

One of the best ways of ~unranteejng II good 
receivin" llntennll is to u~e the tuned transmitting 
anteunll for receiving also ; Illlother is to use some 
simple modification of the more elaborat~ trans
mitting arrangements, such as the doublet shown 
in t he illust rntion, equipped with n twisted pan 

,. 
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DOUBLET Rl:C£{rIsr; .~STESNA 

(lamp-cord) aa a feeder and loosel~' coupled to the 
input inductance of t he receh'er by a tuned or 
untuned coupling coil. Thc dim('nsions of the 
f1f1tenna and feeder components correspond with 
those of the transmitting a.utenn~s of a similar 
tYl~ which are described later. 

llefore any Ilttempt is made to explain how t he 
transmitting antenna systems operate, or to rle
scribe their construction, it is nece!iSlry to dif
ferent iate between the terms "antcnna" and 
"antenna system." The t reatment of short-'il'fwe 
ant.ennll syswms in understandable and explicit 
l(I.Ilguage is a difficult enough business but at 
leAs t· it is simplified to some extent if we ean talk 

of the antenna - meaning tha t port ion of an 
antenna syatem whieh i.s intended to do the 
radia ting of energy into space - find so separate 
it from the feeders and other adjuncts of the an
tenna system which would otherwise so com
plicate t.he diseussion. 

TYPES OF ANTENNAS 

Notwith~t.anding tho great variety of antenna 
8yS!fm18 to be seen in operation, the antennas are, 
fo r all practical purposcs. of but two distinct 

types. T hose in which the ground is an essential 
part are known aa Marconi ttntennas. In some 
cases antennas of this type are connected directly 
to II ground ayawm but in others the connection is 
obtained through the capacity to ground of an 
extensive counterpoise. Tho second type of an
tenna is the H ertz antenna, in tho operation of 
whieh the ground does not play an o8SCntial part. 
The H ertz antenna is not connected directly to 
ground and, in its purest form, consists of a single 
wire suspended sufficiently high above the earth 
or earthed object8 to have an inconsequential 
capacity to II:round. T he H ertz antenna, though it 
was origin1l.l1y ueed by t he experimenter after 
which it. was named nearly half a century ago, 
ia now used almost exclusively for short--wave 
transmission. 

A single wire such as t.hnt comprising the Hertz 
antenna, irrespective of whether it is vertical, 
horizontal or bent into a V or other shape, has 
inductance, capacity and resistance in much t he 
same way as the tuned circuits of the tmnsmitter 
have inductance, capacity a nd rcsist.llnce. The 
H ertz antenna is therefore really a &imple o.seilla
tory circuit having a nat ural frequency in the 
same way that the tuned circuits of the trans
mitter have natural frequencies. The chief dif_ 
ference is tllat in the antenna. the inductance, 
capacity and resist:lnt.:e are distributed t hrough
out its length, whereas in the transmitter tuned 
cireuits they are concent rated or lumped. The 
Hertz antenna is known as an open oscillatory 
circuit and bas the Ilbility to radiate effectively 
the energy oscillating in it . T he tuning circuil8 io 
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the transmitter are krIown as closed oscillatory 
eireuita and have a very limited ability to radinte 
the energy in them. 

In order w calculstc the natural frequency of a 
closed oscillatory circuit it is necessary to use a 
rehtively complex formula (given in Chflptcr IV) 
in which the capaci ty and inductance in the cir
cuit are involved. In an open oscillator()f the type 
of the Hertz an tenna, however, there cxiEts a very 
simple re lation b€tweell the naluml period and 
the length of the wire. The natural wavelength of 
the Vti re (the highest wavelength at which it will 
oscillate) will he its iengt.h in meters multiplied by 
a factor between 2.1 and 2.0i . If the velocity of an 
eledric wave Oil a wire were always 300,()()O,OOO 
meters per seoond (the approximate velocity in 
free space and the velocity on which all wave
length specifications in this book are baged) the 

• , i \. : 
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time the relationship between wavelength and 
fretluency should be kept in mind continually. 

The fad that a Hertz lintenna is approxi
mawly half as long fI.ll its fundamental wave
length makes it convenient to refer to such an 
antenna, operated on its fundamentnl, fI.ll a half
wave antenna. This, however, is not the only v.'ay 
in which it can be ope/ated. In the same way that 
t he t uned circuits of the transmi tter will oscillate 
at harmonics of the ir fundamental wavelengths or 
frequencies, so t he Hertz antemw will oscillate at 
its harmonics and far more readily than a closed 
circuit. Au antenna with a fundawental wave
length of 8-1.01·(' meters (3,550 kc.) will be a llalf
wave auWnllll. at that wavelength. H owever, it is 
also possible to make it m;~jllatc on 42.23 weters 
(7l00 ke.), when it will lwvp two half-waves on 
it. 1t would then be w id to 1>e operated at the 
second harmonic. The same antenna would also 
oscillate on 21.11 meters (14,200 kc.) , when it 
would have fOllr hfllf-waves on it. In th is case 
the antenua would be working on the fourth har
monic , If it WIl.!! fed from a transmitter tuned to 
JO.56 meters (28,400 ke.) th is saine antenna would 
stili oscillate. It would then ha\'e eight half
waves on it and would be operating on the 
eighth harmonic. 

TllCse statements may S(lem confusing at first 
but it is essential that they be studied until t hey 
are uudel'stood if it is desir'ed te appreciate just 
how antennas are designed and operated. It may 
help to examine the third diagram in which Hertz 
and ~Inreoni an(.enUIll) are shown operat iog at 
various harmonics. It will be !<eell that all the 
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Hertz antennas have an even 
Dumber of quarter v.'fl.ves on them 
while the ~"arcon i types have an 
odd number. No particular notice 
nced be taken of the l\larconi 
types since they arc rMel)' used in 
amateur work and will not be 
treated in detail in this discus
sion. The wavy dolted liues on 
this diagram indicate the distri
bution of voltage along the an -
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.... Iioolth<l/ """ b. o»<,"aled in "1",,,.1 ""Y Qt .... pto8itio'fl.. tenna , In the Hertz antenna there 

is always a point of maximllm 
na tural wavelengtll of the wire would be exactly 
t\\-1OO the length of the wire in weters, T he 
velocity of !l. wave on a wire is a.iw3ys something 
less t han t he velocity in froo SpliCe, however, 3ud 
the natural wavelength is therefore slightly 
greater t han twice the length of the antenn:l.. 

From t his it ean be soon that t.he highest wave
length to which a Hertz antenna tune:; - it/! 
natural wllveleugth - is approximately twice its 
length in meters. In other words, the length of the 
anten"" is abollt hllif the wavelength to which it 
tunes. This ~imple relation makes it very useful te 
speak of wavelengths instead of frequencies when 
explaining t he action of Il.ntenna~, and this prac
tice will be adopted in this chapwr. At the same 

voltage and minimum current at both ends of 
t he wire, This is shown more clearly in the 
next d iagram in which both the \'oltllgc and 
current distribudon are sho,nl , 1t can be seen 
Lh».t whcrcl'er the voltage is highest the current 
is at II minimum and whcrever t he current 
is highest the voltage is lit a minimum. Tht) 
important point, however, is thilt in the Herh 
antenna there is a point of highest voltage and 
no eurrent at both ends, It is common prac
tice to term the points of no voltage " voltage 
nodes" and tile points of no current ;' eurrent 
nodes." Conversely, the point" of highest voltage 
or current aTe sometimes known us voltage or 
eurrent "antinodes" or "loops." 
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It must always be kept in mind thllt t here wiU 
be 11 definite numocr of half W (Wi,'ll on t he Il,n
lenna when it is O&!illnt ing; there will be no odd 
qunter or eighth waves lPi t over. T his can be 
seen clearly in the d iilgrillll just referred t o. When 
oscillating on its fundfim entnl there is one half
waye along t he antenna; on its second h~rmonie, 
t wo hal f-waves; on its third harmonie, three 
Jlalf-waves; on its fourth harmonic, four half
waves, lind so on. If the fundamental of this 
an tenna WIIS 85.66 meters (3500 kc ,), the nex t. 
frequency a t whieh it would oscillate would be the 
second hannonic. This would be twice the fre
quency, 7000 kc. , or half t hc wa.velength, --1 2,8:3 
meters. The ncxt frequency at which it would 
oscillate would be the t hird harmonic, wl, ieh is 
t hree times the frequency·- 10/",00 kc. - UI' one
t hird the wavelengt h - 28.,5,'i meters . AIJd this 
example could be car ried on to the twenty -fourth 
or fort,y-fourt h harmonic if we hnd t he space. In 
aJl of tlle!!e cases, however, there would be points 
of llighest voltage at· both ellds of t he rmtcnna. 
And since point~ of highest voltage are always 
point s of lowest currE'nt, when t he antenna is 
oscillating, t hE'sc ends will be points of lowest 
CUfl'ent also. There will be other points of no 
curren t and lligb voltage along the ant.ennu fiS ca.n 
be seen from tbe SIlmc diagram to which we have 
been referring. A knowledge of the locat ion 
of t hese point"l is of the greatest importance in 
the pla rming of the feeding system, fi S we shall -. 

OJ::T J::RMIX INO TH E LENGTH OF THE .\ N'I"ENNA 

Jt has previo~ly been meutioued that the 
nllt ural wa.velcngth of a Hertz a.ntenna is from 
2.1 to 2,07 times it.s actual length inst ead of 
exactly twice itsactua! length. The ren son for this 
is t hat the antenna has effeetive dist l"ihutE'd 
capaci ty and inductance. T he value of the dis
t ributed cflpaci ty und induet::mee will be influ
enced b.\· various factors, such :1 5 t he p r",s",n~e of 
nearby conductor~ and the . i2e of the !Intennll. 
wi re, a nd their effect on the natU, 'l! .... ll. \'elengt h of 
t he antenna will bE'come grell.te, ~ s the frequency 
is higher. At frequE'ncies or 25 ruc. and above 
(waveleng ths Iwlow 10 meters the ratio of 
natural wl\veleugth to actual ant enn!l. length nJay 
be even greater than 2.1 The length of t he 
antenna is not an ext n'meh ' cril i~a l dimension, 
however , because the antenna it;:elf ie a circuit 
hadng a quite broad resonance chnract eri$t ic 
t he tota l of ita ohmic and radiat ion resiS\:lIlec is 
SOlnetillng like i O ohms - and de\·ia tiOll5 as grellt 
al> 2% from t he ideal length for a gil-en ~e t of 
conditions will not S€riou~l.l' arleet it s radiating 
properties , Al t hough ~pecific iormulf\.'l a re given 
in the following pages for cakulat in)< t he proper 
length of the antenna for u~e ",i th different types 
of feed systems, t his fo rmula can be genernlly 
used for calculating the lengt h of a simple Hertz 
antenna : 

ungth ill feet= 1.56Xdesired natural wave
length in meters ; or 

Length in meters = o.4i5Xdesired 1l8tuf'J.l 
wavelength in meters. 

In terms of frequency : 

_ 468,000 _ 468 . 
Length (feet) - (k ) - F ( ) , " Froq. c. req. me. 

142500 142.5 
Length (mete rs)= ' (k) 

Freq. c. Freq. (mc.) 

These fonnula s nre based on a 2.1 / 1 rnt io of 
natu ral wavelength to actual length , Expl'essed 
!1nother way, the actual length is approximately 
95% of one-h alf the natuml wavelength. Tho 
length should be rn c.~sured off !l(:cur8tely, of 
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course. preferably wilh a good steel tape, yard 
st ick or meter rule. Cloth mea.'!uring tapes are 
unreli~b le. 

FEED Sysl' E~I S 

\ \"e now have some idea of the manner in wbich 
a Hertz; antcnna can oscillate but it is certain thflt 
the antenna cannot be st.rung up in the air and be 
expected to oscillate of its own accord. It must be 
supplied with power from the transmitter. The 
process of supplying powe r t o the antenna is 
termed " feeding " or "exciting " the nnt cnna. 

I t must be emphashcd t hat the type of feed in 
itself J ocs not make one antenna system more 
efficient. thall another. If ihe whole system is 
designed , ereet oo and tunl-oO according to ~peeif, · 
CAliollS. t he antenn:J itaelf will radia te jus t ns 
cffccti \'ely wi th one feeder arrangement as with 
another. The choice of a feed system is almost 
solely based Oil eOllvcnience and will be governed 
by local condi tions. The adaptability of each of 
the systems deflCribed can be determined best by a 
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study of available locations for the antenna sys
tem sud the exercise of individual judgment. 
There is no "best" antenna ~y8tem for all 
locations. 

Primarily there are two types of feed systems in 
genem! use by amateurs - those which employ 
a tuned non-radiating link between the trnns-. 
mi tter's output circuit Hnd the antenna, and 
those which employ an untuned feed circuit whose 
characteristic (surge) impedance is matched at 
the anteuna terminal end by a suitable coupling 
arrangement. The tuned feeder systems at'c 
classed as either current or voltage feed, since 
they couple to the antenna at either a current or 
voltage loop. The matched impedance systems 
are of two types- single-wire and two-wire. The 
t uned feeder arrollgements are simpler [I,ud more 
populul'iy used by arnuteurs, and will be de
scribed fi rst. 

CURnE:>T ,'EJ:;J) SYSTEMS 

It i~ immediately apparent that we cannot 
attach a current. feed system to the ends of a 
Hertz antenna because there is no current there. 
But; reference to the two previous diagrn.ms will 
show t hat t here are other places in the antenna 

""'" ""9'~ oil .. ~ 'lui ""'-_ 'Ii , 

CURRENT-PEED ANTAWN.-i SI·STEM8 

center, the antenna eoil is connected and coupled 
to the plate coil of t.he trAnsmitter. If the anLenna 
iUlelf had a fllndamental of the frequency on 
which it was desired to operate, the insertion of 
t he antenna coil would disturb it. lienee, in 
act.ual practice, a tuning condenser is connected in 
scries with the coil - or one on eaeh side - so 
that it is possible to eompensate for the loading 
effect of the antenna eoil and tune the sotelloa to 
the required frequency. If t he antenna is being 
operated on some harmonic there will be other 
places of maximum current at. which the feed 
system could be introduced, Some of these are 
~hown in the Mme diagram. I t will he noticed that 
these point!! of maximum current arc either one or 
an odd number of quarter-wttvelengths from an 
end of the an tenna, 

The antennas illustrated in this diagrnm, par
t icularly at A IIond C, would not be very effective 
in practice bcI.lause the l.mtenna is doubled back 
on itaclL The trouhle is that the current at a 
given point on Qne half of the antenna is opposite 
in phase w the current at a similar point on the 
other half. The field around one of the halves will 
t herefore tend w cancel the field around the other 
half and the effect iveness of the antenna as a 

radiator will be reduced. It is very much 
preferable to arrango things so that a 
considerahle portion of the antenna is 
OUt in the open away from t he influence 
of the remainder. Other desirable schemes 
would be to fold only a small portion 
of the antennhor to arrange it in the form 
of an open V. In sowe stat.ions, for in
stance, where the tranlltnittcr is in an 
attic, i t m ay be poRSib!c to make the an
tenna a strliight wire cnLedng the room 
on onc side and leaving it on the other. 

I " lh, """I. ant,n"", oj II« hiP' .ko"", at A (R Chart w." ,"idc/~ " .... <1 
W """'j ..... and .. land to ra,h,r '>wppraprMltly ". "a"I."'".......""'",.· 
poi .... , y",,,,,,, 1" ,..,Iily IA'IJ a" jud bent II <ft: "n""""'. Tho., _"r<Ii«_ 
"'" "'wllu i. ;mprO'N iJ rh. w 'o I)01'I'On. "'" led from th. sll';'OI. in appo
riI. dir~c!ion., '" m"kifij/IM ,,,,I ... ,,,, in Ih . f<>rnl of a . 1,aill"I Ii,,, ar a <cwe 
"V". Th. im"""am ""',1/ i. th'" i~ atlll >uel! antenna 'V.t.m Ih. "' .. rli"~ 
<,<i/ m..a w i .... ,ltd at (W n ... , a pl>i-nt vJ maximum wrr,nt. Thi3 "'illlK (0/ 

OM ... an <><Id n"",be oj quarl""-"",,,,Ienoth.o from Ih. end. Or~ '" IIf<> 
.",,;0010 «>t>dm_. C~n b. <""".eud ill .. riM !riIA Ih. ant"",", ",.id. Ih~ 
.!ali .... 10 ~'mil pm:' •• runi"ll 4 Ih. '1/.1,,,., 

The schemes I!() far dellCribed have the 
disadvantage that the antenna is brought 
into the station where its radiation can be 
ab!!orbed by the building, and where it 
may be tulnccessarily close to the ground. 
ltis better to leave the complete antenna 
strung up in Ii place weI! cleRr of t rees or 
buildings, feeQing it with a feeder system 
which is purposely arranged to play no 
part in t he business of fadi1l.t ing. Ar
rangement D in the next diagram is pref
erahle to the others iv. th is r~l;ped be· 

where there is high current and at any of these 
pla.ces a current-feed system could be connected. 
Whcn the antenoa is operating on its fundamental 
there is a point of highest currcn t at the ccntcr 
and the feed system could weU be attached at this 
point. Such an arrangement provides what is 
probably the simplest autellna system that the 
amateur can use. It is shown at A in the above 
diagram. The fundamental antenna - approxi
mately ono hali-wave long - is bent so that its 
middle portion is within the station. At the 

cause t.h~ vertical portion between the 
antenna coupling coil and Z has been eliminated 
as a part of the antenna llnd converted into 3. 

feeder with little radiating ability, for when thc 
whole system is properly proportioned and tllned 
the fields about the two fec<.!er wires will be op
posite in phase and will canceL To reduce radia
tion from the fcedc r to a minimum, the tWO wires 
should be not more than 10 or 12 inches apart . 
The construction of the fceder system is de
scribed farther on. 

This type of antenna system i~ known as the 
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t.wo-wire eurreIlt.-feed when the feeder couples to 
the antenna at a. eurrent loop and the feeder is 
tuned to a multiple of % wavelength (an et'en 
multiple of M wavelengt.h). The kngths of the 
antenna and feeder wires can be determined from 
the formulas just given. T he sys

the output of the transmitwr. This system is 
quite simple but has the disadvantage of making 
it neccnsary to bring the radiating portion of the 
antenna sy~tem into the station. T he antenna 
length is determined by the gcneral formula pro-

tem can be operated at harmonics 
of jj.s natUl1I.l frequency, of course, 
and it is particularly adapL9.ble to 
locations where it is convcnient to 

-=_;;;iTI'1fj='<rr"i\,':.cr"c=_= 
e:Il 

"'il""" I J 

fun the feeders from the station to 
the middle of the antenna. The 
feeders need notbe run in a straight 
line from t he antenna to the trnns-
mitu-r hutcan bearmnged as shown 
in the illustration of an antenna 
~y~tem designed for operation ou 
three or more awatcur bauds. In 
t.his system the antenna opc:rate~ 
as a Cllrrent-fed Hertz on its fun 
damental frequeucy and as two 
voltage-fed Her tz :mtcnnas in parnl!el on its even 
harmonic frequencies. The construction lIud ad
justmen t for each band are given beneath the il
lustration. 

A CIJRRENT_PEl!.'D S I'Sl'EM 
POP. Sl.'l'EIlAl. RANDS 

Th. O>Olffl"" ~'" a /""da"'," /a! /rt~"""ll 0/7100 h. and" 
_mold "" it. ,.ro~d d"" ju" ,ri, ha,ma,,; ... /0' l~ ,,,OO ""d 
2S . .wo k< .• r.'l'<cl.ir<l~ . Porol!f! ju~ ;"a;' ,,,,d.n ~JOO J:e . 
a~d _ i .. j""i,'" jur 1~.;?()(J h '., para!hl , ,,,,;~~ again being 
""d la, f!S.1/JO k • . TM sym", 0l ifra,,, 'j" Itr~ r"lI,,~._j<d 
Jl«/Z m.Un"a, in pardl!./ on /.; < 1"·0 I,W',,, -,,,~".,,ci, •. n . 
a"a"~1>Un1 will a/.w t!"",k quit. ",.Ii 0" 'i .• 3Jif.;-/:c. baNd 
toilh vaTullol luninll oj Ih. la"k ";'CI<il, II., d ,d, 'Y""" b,i,,~ 
appr<»:imaulll a hal/-.... ". ""I.",,,, ~'dh all b"l lho m" ."d 
.iohlh-wa ... "J~d<d wck on it,,!.'." Wilh a 1"""0"""/1,1 
lJOO-kc. anUnna (t<>lall<"gln Qoouj lS3 /«0 b.lI ... all-w "d 
op..-"Ii",. "",,/4 b. ooto;".d • .-iil, ju,u,. of Ii" 1'~Ulh g i,,~, 
Th. roM,I>lC" C"m" CHa n a, of 2,,0. or J~Ij_ ~~ld . rapudrll . 
TA. ,.t<kr. rot< be puJl.d wck a •• I, ou'n if rh . di.ta,,", 1><_ 
lwon th, anlnlna and!h< W,lion ;, I ... I',a" ~ /«t . 

VOLTAGE FE ED Sr"Tn l" 

&me of t he mOl$t practical illld popular ama
teur antenna systems are of the voltage-feed type 
which differ from the current-feed tylX's in that 
the energy is fcd to the alltenna at one of its 
voltage loop!! (eurJ"(!ot nodes) instead of at a Cllr
rent. loop (voltage node) as in the current-feed 
type. One form of volt,'l.ge feed is shown in which 
one end of the antenna is brollght into the station 
and sttached to a tank circuit which is coupled to 

, 

, 

viollsiy given and the anWllnR caJl be operated at 
its harmonics as well as at its fundament.a! fre
quency. ro.'ioreo .. er, this system is roadily con
vertible to operation as a l\Iareoni (grouuded) 
antenna for operation at half of the natural frc
qllency (twice the natural wavelength) which it 
h~ as a Hertz antenna. This is accomplished by 
grounding one side of the anwnna coupling t ank 
cireui t, as shown in t he diagram. The anwnna 
should never be connected directly to the output 
t ank of the transmitter since sllch di rect coupling 
of the antenna itself to the transmitter tank cir
cuit is iIlcgal. T his 811slem i.8 WIt w be COli! USiA tI.!ith 
the $1.f1{I!e-wire.-feed (tn/Cllna 8y~/nn which will be 
described lilla. 

The two-wire voltage-feed system is perhaps 
the most generally llSed of all a.mateur antenDa 
~ystems, I t is popularly known Illj t he Zeppelin or 
Zepp l!.ntenna and utilizes 8. tuned two-wire 
feeder attached to the Hertz antenna at one eDd . 
Since there is alwaYll a voltage loop at this food 
point, t he system operates as a true voltage-feed 
system at all harmonics as well as at its fu nda
mental frequency . I t is espe.::ially adapted to 
locations where it is most cODvenient to feed thc 
antenna at one end. The length of the llntenDa 
should be determined from the same formula 
used for the preceding systems and the feeder 
system shollid be equ.ivalcnt to an odd multiple of 
M-wave long; that is, each wire is approximately 
an odd multiple of It.(-wave in length or the tuning 
is so arranged that the!llWle effect can be realized. 
If t he fceder wiI"e!! are each an odd nllmber of >i
or ~waves long for the frequency being used, the 
8y~tem can be tllned to resonance by means of 
!!Cries oondensen. If they are slightly Jess than a 
multiple of a half-wave long, parallel t uning wlll 
do the trick. A table gives some useful feeder 
lengt hs and tuning arrangements for the opera
tion of Zeppelin a.ntennas of variou~ fundamental 
frequencies on t heir fund amentals aDd harmonics. 
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Diagrams show the coupling arrangements for 
!!eries, pmallei, and combination series and 
pa.rallcl tuning. A suitable Zeppelin antenna for 
operation on three or more bands is also illll~
tra ted. 

L 

Traf)smittl!r 
/P/au T",, !.; 

/ 

4mmd u G ~ Ant~nna t onk tl/f)(!d f ,", 
f n'!fut!n<'I of trallsmil tl'r 

A SIMPLE VOLTAGE FEED SYSTf1M 

Sh~uld tho Ietlqtli of 1M "nl' n"" L b< 164 f u t. tho an./.,,,,., 
<""ld k op.erilltd Q" .. n~ ;sf /h. amaleur band.! m."l~ by ,,,,,;n9 
tho /,an .... iU ... and 1m anI",,,,, Itm'" ",,,,,,;1 10 Ih4 «quiud 
! wjtUtICJ/. 1/ th. I.n¢h L i. lSi jt#. Ih. , .. .un"" will luJ •• a 
f .. ndol .... nW o/<>PI"o>rimaUII/ 1%60 kc. (84 • .:0 m<w-. ) and i/ 
eQuid 1>0 optraled om 1M ~()().J:c. band or .. ny of tht Jour 
Mqhtr-Ir_ 7ICJI """,11. IVhen th . "nUn"" ;, <l I'V,orimat.lj/ 
86 lui. I<m~ i I, l unda_II ",ill w at 7100 le. (4£.113 melt" ) 
u .. d QP<rotiQn " ill th ... 1>0 po.>iW. On th, 71)(X) ko. ban d.,.. a"~ 
4 0 .. thr .. high,,-I"'I""'<11 """,II. 81/ conn",,!;fig ~ fl'JoJ 
"'~I"'id .~O!~n, at !M "Pinl 0 /104 ~nt~",a ' l/sUm;. con .. ,Ud /0 
a Mar."", IIIP4 on<! Q_~liG" can 1/" " bo had at hiJ1! II .. 
lunda ment,,1 1.<lJU'ncJI "I I I .. anltt",,, it"'/. Th u. "" ani.,. ..... 
IJ2 I«! I",,,, - wilh ~ I .. m:io m<ntal ~I $660 ko. - could b< 
_aiM .... !A. I7IS.J:c. band ." """j .. IICI;O>\ ,oM a /lTournl 
com",«,,,,, ~nd "" all <>/h .. band. ~II di ,<»nn«ti"" th~ gM""d 
"nd ...... "" til. tid!B/I<·f.td ' 1/U"m. Th . a" I.""" ..... d nO! b< benl 
.... • h ..... " in Ih. di"",,,m . I" .om" l.....ti'.". ;1 "",Ud bt iliad. 
h.".izemlAll OM in od> .... ..... ,;col. II· .. " il 0"'" , ,,,,"Ii,,,, , • • Ioping, 
aH{)tI1n pa<1 .. """,1 aM I h .... ",ai .. ,,", hQriwnwl it ",il/ . Im 
Wffu/« . I ! .h ... ld b< a. >n.uh in " . Ir"iohl Ii". a. ,. .. U a. dear 
o/I.u. a"d b1.ilJin~' ... ",,,.ibl • . 

The principal requirements for this type of an
tenna. system a.re that the feeder system be 
symmetrical (both feeder wires of exactly th E' 

SOME 
AND 

B , • •• , , ••• , , •.• , 

VARIO US AMA 1"KUR BANDS 

sa.me length) &nd that the antenn& be of the right 
length for t.he desired fundament&l. frequency. 
The &ctual value of the feeder current indicated 
by the antenna ammeter or ammeters is not the 

true indication of how well the system is opemt
ing. If the meters bappen to be connected at or 
ncar current nodes (voltage loop8) they will indi
cate vcry little current. This is part icularly likely 
to happen when parallel tuning is used and the 
fee<lers are nearly multiples of !.+wave long for 
the frequency being used. The meters do indicate 
proper balance, however, when the current in 
both feeders is of the same value. If the current 
in one fce<lcr is much different from that in the 

P A HALI.f:L n:t.·D EH 7· UN1NO 

other it is quite probable that the feeder system is 
unba\anceJ and that there is radiatioll from the 
feeders because their I"Cllpective fields are not 
canceling eru-:h other. The construction of the 

S/,:JUt:S FE EDER 1' UNI N G 

Zcppelin feeder system i~ like that of the other 
two-wire arrangements and is described in II, later 
paragraph. 

TUNING 

The tuning of voltage- and curren~feed sys
terns is quite similar and the tuning practices 
recommended ill Chapter Vll should be observed 
to obtain the maximum output compatible with 
good freq uency stability. ·When series tuning is 
used with either of the typical antenna systems 
shown in the diagrll.Ill.s, the parallel tuning con
denser should be set at minimum capacity and 
the seriC!! condensers at maximum. After the 
transmitter has been set on the desired frequency 
the antenna coupling ooil should be coupled to 
thc t ransmitter tank and the series condensers 
tuned simultaneously, from maximum capacity 
down, \lntil the radio-frequency ammeter shows 
maximum feeder current and the plate milliam
meter shows maximum plate eurrene. If ~he trans-
mitter should stop oscillating or the meters sbow 
two points of maximum current, the coupling 
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should be loosened. After tuning for maximum 
curren t the capacity of the feeder series con
densers ~hould be increased until the eurrcnt 
drops about 15%, if the tr!l.lIswiiter is a self
e.xcited rig. With Iln oscillator-amplifier set the 
best tuning adjustment is the one which gives 
maximum feeder current. , of course. Thc procc
dure with parallel feeder tuning is similar except 
that the series condensers arc set at maximum 
and the parallel condcnscr is tuned from maxi
mum capacity down. If the feeder current should 
be very low in value with parallel tuning, the 
plate input a.s shown by the plate milliammeter 
will be a better indication of resonance. P late 
current should be the greatest when the feeder 
circuit is tuned to resonance unless the feeder 
tuning has aITeded dle lmnsmitier tuning enough 
to lIecessitate readjustment of t he transmitter 
circuits. Such readjustments should be wade 
according to the directions givell for the var ious 
transmitters in Chapter V1L 

T ill:) TWO-WIRE UNTUNED FEEDER SYSTE~I 

In the tuned feeder systems just described the 
feeders lire coupled to the antenna at points of 

.1 ZI:.'PP/:.'UN (l'OLl'A(;E FEED) _n'TEX.\'.l FOR 
SEt'ER.-1L BASD~ 

TI~ m'/""'G f.<u a j .. ",!",",'dal/r<Qu<fiCIl 0/ J.JjQ '-0. bur 
"""/.:/ bt DJ an y /""d"m"l<Io l /r(qu",c~ On'''fw a~oo aI,d 
sew ko , Si"<e Ill. /.ru .... ,," I", than a q"arl,,-u'o .. I",,~ /0 ' 
..uO k<" pa,all.'I .. "jnu , J,""IJ b. ,.u,J (,-r 1M. band. Ser i .. 
t,,~inq ",ill ~ but 6" I." ; (/~j. ""d 1~.if.J(;_I-c . band. a"d 
",.oImbliJ for I"~ 28/XiO-kc , "",11. TM ('o,'~""'"' C, ,,,,4 C, 
'"L~ ''' 01 tiiO-- "" SijO--~t.fJ . (apacil:! , 

either maximum current or lna.~im um voltage. 
The feeders have vol tage and current loops and 
node~ distributed along thoi'm iust as the antenna 
haB, and are preveDt~d from radiating apprecia
bly only becau.:~e the field IIbout one feeder wire 
caneels that of its mate. The feeders for voltagc 
or current feed must bc I ulled to allow any trans
fer of radio-frequency energy through them be
cause they connect to lhe antenna at either a 
point of very high impedance ior voltage feed, or 
110 point of practica!ly zero impedance for current 
feed . It is well known that a radio-frequency 
t ransmission line will have standing waves on it 

when ita t erminal impedance ia either infinite or 
zero, if the length of the line bears a auitable 
relation to the exciting frequency or, in other 
words, is tuned to the exciting frequcncy. The 
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tuned voltage- and current-feed systems operate 
because they meet these requiremeuts and they 
have standing waves on them in the Bawe way 
that t he antenna itself has points of current and 
voltagt! maxima and minima. Now if the feeder 
system could be made to transfer energy effi
cient ly from the t ransmitter to the fUltcnna with
out the Ilecessi ty for standing waves on the feeder 
wires, the lcngth of t he feeder system could be 
l\.Ilything convenient and tuning of the feeder 
system would be eliminated. T his can be accom
plished with what is known as a m>l.tched-im
pedance feeder system. 

Any two-wi re transmission line has II chnrac
teristie (surge) impedance that is dependcnt on 
the spacing between the conductors and on the 
diameter of the wires, and which is practically 
indepeudent of the length of the ",rires. If t he liDe 
is terminated by an impedancc exactly equal to 
its characterist ic (surge) impedance, there will be 
no reflec tion from the terminal and consequently 
no standing waves on the .... ires wheu they are 
supplied wilh radio-frequency power. Moreover, 
the line will transmit power very efficiently from 
its input to a suitable terminating load. This fob 
lows from the principle that the maximum trans
fer of poI\-er from one circuit to another is p0s
sible when the output circui t impedance is equal 
to the line impedance. 

In the anWnna system shown in the diagra m, 
the chflrac teri!rtic (surge) impedance (If thc fceder 
is matched oy thc impedance across the portion 
C of the an tenna. The antenna length L , the 
feeder clearance E, the spacing bctween ccntera 
of the feeder wires D, and the coupling length C 
are t he importnnt dimenl>ions of thi.s system. The 
eyatem muet be dcsigned for exact impedance 
values as well as frequency values and the di
menmone are therefore more critical than thOllC 
of t uned feeder 8y5temS. 

The lengtb of t he antenna ia figured as follows: 
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L ('~t)= 492,000 X K"or p , 

L ( ) 150,000 X K meters = F 

where L is the antenna length in feet or meters for 
Il. desired fundamental frequency P, and K is a 
constant depending on t he frequeney. For frc
quenci!';l below 3000 kc. (wavclengths above tOO 
meters) K is O.{)O; fOf frequencie!! between 3{H)() 
and 28,000 ke., K is 0.95; and for frequencies 
above 28,000 kc. K is 0.94. F is the frequency in 
ko. 

The vulue of the aotenna coupling dimension 
C is computed by this formula: 

492 000 
C ('oot)= ' X K ' or " " 150 000 

C (metera)= ';, X K, 

K is 0.25 for frequencies below 3000 kc., 0.24 
for frequencies between 3000 and 28,000 kc., and 
0.23 for freqUClDcies above 28,000 kc. /<' is t he 
fundamental frequency in kiloc)'cles. 

The feeder clearance E i, worked out from this 
{'quation: 

l ' (' ) 492,000 " '. eet - F X n t ; or 

E ( ) 150,000 " " meters - p X \ 1 

K, is 0.30 for aU bfinds, Rnd F is the frequency 
in kllO(:ycies. 

The above equations are for feeders having a. 
characteris tic (surge) impedance of GOO ohm~ and 
will not apply to feeders of any otllet impedance. 
An impt.'dance of 60J ohms is bol h convenient and 
standard. however, and is enlirely satisfactory for 
amateur systems. T he p roper feeder spacing for 
a (',()(k,hm t ransmission line is computed to fI 

sufficiently close approximllotion by the following 
fonn ula : 

D = 75 X d 

where D is the distance between the centers of 
t he feeder wires and d is the diameter of the wire. 
H the wire diameter is in inches tbe spacing will 
be in inchClS and if the wire diameter is in milli 
meters the spacing will be in millimeUlrs. These 
data. are given in the wire table of the Appendix. 

The length of the feeder system can be 
anything convenient, successful operation wi t h 
feeders as long as 1200 feet being quite common. 
This type of feeder system should be constructed 
quite the same !U! the other two-wire systems 
with t he exception of the antenna end and the 
trall!lmitter coupling terminal Since the feeder 
spacing is the critical dimension determining the 
line impedance, t he wires should be kept taut Rnd 
the spacing should be kept constant all the way 
down to tbe transmi tter. T he feeders may be run 

around corners if suitably insulaled and rigidly 
lIupported, but sharp right-angltl bends in the 
wirell must be avoided. l'articular care ~hould be 
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THREE /lllllANGEMENTS FOR. COUPLING THE 

TRANSMISSI ON UNE 7'Q TUE TRANSJ fJTTJ;'R 

A " /'" ccuP/i,,!/ 10 a ",..iI-vuli o .• emmor or Q",P/ifitr. ",hi;' 
B ""d C a ... he<> _1110<1./", coup.linq 10 ""II/e-enaed ./agft. 
T/Io ~. C, "'. W",*;"!/ <x.,,,k,, .. ,, Of aboul .001 I4d. 
eapari!~ ",hlc.h vr=nt .horti,,!/ 1M doC. Vlata ... "pl~ if tJu 
fuikr OiIst~m J.o..u ""'- vroundrd. 1'/10/1 ",.. net nee .. ' ",/! 

""til Ih. ;Mum .. " .... pli"!/ IOWtho>d ohm<-" i" C. 

taken t o run tbe feeder clearance portion E 
straight 8.Wlly from t he an t.cnna. Each side of E 
should be of exn.cUy the same length and t he 
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feeder wires IIhould tap the antenna an equal di ... 
lance on eit her side of its exact center. 

Three possible methods of coupling the traDf~
mission line t o the transmitter output circuit are 
diagrammed. Thill I:ly~tem is particularly fi ne for 
couplill3 the output of a pu~h-pull ollCiUator or 
amplifier !tage to Il Rertz antenna., &II shown in 
the diagram at A, The feedel'8 should be clipped 
onto t.1J(l tank inductance an equal number of 
turnll on either lIide of its center because it i! ea
scntiftl t,hnt the load on each tube be the Bllmc. 
The eorreet pl!UX's for the Ulp8 can be found by 
lIU1rting at the willer and moving lhe taP!! farther 
along t.be coil until the tubes are drawing t heir 
proper input power. The fixed condensers C are 
used lUI a precaution to prevent short-circuit of 
the pinte supply in case the feeders should become 
grounded. SinL'C the feeder curren t ill ve ry f!lDSll 
in vlllue, the usual antenna ammeter v-ill be un
rmtiafll.etory for indicating maximum power input 
to the antenna. The plate current milliammeter 
rending "'ill scrve, however. 

Dillgrnm 11 iUu~tC9.tes the plitte Innk arrange
ment satisfactory for coupling the two-wire 
fe<'dcr aYlitem to the output of a single-ended 
stage. 'fhe condeneer C~ is eonncel.ed from the 
"free" end of the tank circuit t o the fihunellt 
circuit and IIhould be equal in capacity to the 
tube plMe-filament capacity. I ll! IlUfpoee i8 to 
make the t nnk circui t elcetrieally symmetrical 
about lbe center. D iagram C illustl'lll.ee the 
method of connceting thi~ type of feeder to the 
output of a ttll.nl!lJl iUet when it ill impossible to 
arrrmge the plate tank to givp. the required bal
ance . T he feeder tank circuit will be similar in 
construction 10 the usu!!.1 transmitter tnnk cir
cuit. As with the other arrangemeni8 the clips 
are adjusted on either aide of tho inductance'll 
center until the maximum power is being tfR1l8-

mitted to the antenna. This will OCCUl', of course, 
when the impednnce across tbe feeder input ill 
equal to the l!urge impedance of the t ransmission 
line. 

SL'1GL£-IHR£ }'££O 

The single-wire mntehed-impedance feed IIY'" 
tem operat~ on the same principle as the two
"'ire food: There will be no standing wavCII on the 
feeder nnd consequently no radia tion from it 
when i1.8 characteristic impedance is mulched by 
the imped9nce at its terminal. The lIingle-control 
transmittpr dCIICribed in Chspt ... T VII is dCf!ignoo 
to operata wi th this type of feed . The principal 
dimensiOllB are tbe length of t he antenna /, and 
the distanee D froiD the exact center of t he an
tenna lo t he point at which the fet-der ill at
tached. T hese dimenlrions elln be obUlincd from 
the chart, for an antenna system having n funda.
mental frequency in any of t he amateur bands. 
The antenna should be deeigned for the lowCflt 
frequency band which is to be u~, and operated 
on its barmonics in the higher-frequeney bands. 

Although the dimensiODll showD in the chart are 
for the 3500-ke. !.mild, the dimensions for the 
iOOO-ke. band can be obtnined by multiplying tbe , 
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frequency by 2 and dividing the lengths by 2; and 
for the 14,OOO-kc. brmd by multiplying the fre
quency by 4 Dnd dividing the lengths by 4. When 
the antenna. is to be operated on harmonic fre
quencies the length must be Buell that t he har
moniC!! of the antenna's fundamental freq\len~y 
faU inside the hilther frequency ba.nds. Suppose 

-• • • , 
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SINGl.E·WI RE PE ED DAT.{ CIIART Ji'OIl NO. J, 
tFIfIE PEIWEII 

tha.t the anlenn!!. is to be u!;C<i for the 3500-. 
7000- and 14,OOO-kc. bMds Since the limits of the 
14,OOO-ke. hand are 14,000 and 14,4.00 ke., the 
fundamental frequeney of the antenna must lie 
between 3500 lind and 3UOO kc. The antenna. 
length should he, therefore , somewhere between 
132 nod 135.5 feet. T he feeder should be tapped 
onto the antenna at a dista.nce from the antenna 
cenler of 18' 11" for operation v.ith an antenna of 
135.5' length, or nt 18' 5" for an antenna of 132' 
length . 

In conlltrueting an an\.(lnna. system of this t ype 
t he feeder mUllt run IIlraight awa.y from the an
tenna. (at a. right lingle) for a di8tance of at lell8t 
).3 the length of the antenna. Otherwise the field 
of the antenna. will aITcet the feeder and cause 
faulty operation of the 'Yltem. There should be 
no sharp bendll in the feeder wire at IIny point. 
The procetl8of adjUlltinp; the coupting between the 
transmitter and the single-wire feeder i.s given 
with the descript ion of the single-control trana
mitter in Chapter VI I. 



168 THE RADIO A.MATEUR'S HANDBOOK 

DIRECTIONAL ANTENNAS 

Directional antennas for both transmitting and 
receiving are particularly advantageous at the 
higher amateur frequencies, especially in tllC 

28- and 56-mc, bands because at these frequencies 

= 
A SIMPLE VERTlCAT, ANTENNA SYSTEM FOR 

LOW-ANGLE RADIA1"ION 
Til< e ....... / .... the ,I1]Q anl.nna. if in phrw> and radiaii"" i . 

ill aI! dir«lion. of ,h. com", ... '" a I"", anI/it 10 Ih< tarth'. 
IUr/MO. 

the dimensions of practicable directional systems 
are small enough to mnke them adaptable to the 
space most amateurA have available. Directional 
antennas are not only useful for concen-
trating the radiated energy in a desired 
compass direction but also for concen-
trating the radiated energy on a favor-
able angle of radiation. ExperimentB on 
the 28,OOO-kc. band, for instance, show 
that radiation at high angles to the 
earth's surface is futile for communicat
ing with other stations of the world 
and the useful part of the total radiation 
is that transmitted at low angles. 

Two i1imple arrangements for direc
tive transmission are illustrated, hoth 
designed to concentrate the radiated 
energy in low angles to the surface. 

The feeder system is arranged to supply four 
half-wave antennas so that the currents in all four 
are in phase. This is accomplished by voltage
feeding all the antennas from one pair of feeders 
and trallBposing the feeders between the lower 
and upper antennM. A typical transposition in
sulator is illustrated. The four antennfl.S alone 

I 

i 

AN ISOLA NTITE FEEDER TRA.NSPQSITI ON 
INSULATOR 

Th. upara/ion 1><! <M!n tho 'Wi ... i. I~" . 

would make an excellent bilateral directive sys
tem, of course, hut the addi tion of t.he four 
reflectors incresSCll the concentration of the radia
tion in the direction of the arrow and makes the 
system unilateral. The dimensions given on the 
diagram are for a frequency of 2g,OOO kc. Antenna 
lengths for olher frequencies can be worked out 
from the formulas given for H ertll antennas in the 
first part of this chapter. The half- and quarter
wave spacings between tbe antennUli should be 
ac tuaUy one-half and one-qun.rter of the wave
length. 

A t B_i\fC. DIRECl'IVE ANTENNA SYSTEM 

The directional properties of systems 
of the types shown depend on the phMe 
relations of the currentll in the wires. 
When two anwnnaa a half-wave apart 
are excited in phase their radiation is 
concentrated along aline at right angles 
(broadside) to their plane. Also, a half

Pour ..... ph .... "til ........ back"" up bl/ ,IYU' ,~jIuWr. ,,,,, .. 111,<>1. !h. radi<>o 
lion .... u.. dited,on indicaW by tho a"o",. 

wave antenna spaced aquarter-wave from the fed 
antenna and parallel to it (but not eonnwted to 
it) will act as a reflector with the result that the 
radiation is concentrated, in the direction away 
from the reflwtor. Both of these principles are 
utilized in the second directive antenna sbown. 

ANTENNA CONSTRtrCTlOX 

For the purpose of this discussion let us divide 
the antenna system into two parts - the con
ductol'll and the irn!ulators. If the system is to 
operate most effectively the cooductol'1l must be 
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of low mietanoo. On theotber hand t he il\lluinto1"ll 
must be of the highest po$ble re;imnnoo. For 
low- or medium-powered irans:mincrs an entirely 
salis( actory eonductor is i'\ o. l ·1 gauge IIQft-drawn 
cnnmelled cOP1X!r wire. for higher .powered trans
mitlcl"" N"o. 12 gauge is preferable. Every effor t 
ahould be made to make the wires in one pie<:(! so 
that the only joints are at the output terminnis 
of the trallsmitter. Where joints callDO\ be 
avoided Ihey should be t·horoughly eoldtmxl. It 
should always be I~ble t.o make the lIer\l, an
tenna-portion in one piece. 

If the feeder Bystem is of the luned type the 
currents iii iL ,,;11 loll of the 8Il.mc order !\lj those 
in the anlenna and the same care in avoiding 
joints i8 necessary. In the untuned feeder system, 
however, t he currents :'Ire relat ively low and this 

- ---- ---------
TilE use 01· LIGHT Jl"ooDEN DOtrEL S IN Til'" 

FEEDER 

p«"",ilf I~. " II ... ""' (1 "'~"" I<> -<"II. In lit ......... til , t fffd 
01 _ .""PIcI ~ 110. Iwk. ",..,Jd Jt<I! "" a .. 1I0l~'. 

con8ideration is therefore not lIS importan t. In 
these CMe!! smaller wire c.an be used if necessary. 

In building a two-wire feedcr the wiree should 
be IICpnraled by woodcn dowels which h!l.ve been 
boiled ill pnmffinll. In this way the feeder is givon 
a tendcney to swing in windy weather lUI a unit. 
When heavy gl1l.8H or porcelain 5VlleCr8 a re used 
the tendency is for each wire to vibrato with re
spect to t he olher, 8U causing changes ill the 
capn.city between the wires nnd con8Ct}uent 
changes in the emitted frequency. The wooden 
dowcls clln be attached to the feeder wires by 
drilling n small hole ill the dowels. then binding 
them to the feeders \\;\h wire. 

A good illSl.Iltition to u.se throughout the 
antenna !YIIICIU is Pyre.'!: glass. Gloted porcelain 
olso is very good. 1 t should he kept in mind th.at 
the end.! of tuned feeders or the ends of the an
tenna orc points of maximum yoltage. It ie at there 
poin t8 that the im,ullltion i~ Ulost import.an t. A 
12" Pyrex insulator i~ qwte satisfactory for 0.1111\

teur trallllmitt.c.l"fJ of .any power. For the low
powered transmitters une of the smnlIcr sizCII, or 
two in t'oCries, would he satisfactory. 

l'rob"bly thc most satisfactory method of 
ier.dillg the nntcnna or ieeders into the IItauon i3 
through holes drilkod in the centers of t he ,,;ndow 
IlI!.nCII. The drilling can be accomplished by lL.QJng 
a n ordinary !leel twist drill if plenty of turpentine 

is provided at the point of thc drill. It is best to 
remoye t he panCII before drilling i8 .attempted, 
since it will be difficult to avoid breaking t bem if 
t he work is done when they .are in tbe window. 
L.arge Pyrex bowls $ore Also satisfactory as lead-in 
insulators, thc oowls being mounted ovcr buge 
holes cut in lL boArd of Buch 110 size that it fite 

trIlEN HEAVY OL4SS SPA CERS ARE USED 

i,. 1M :,~ """"rI<CI'~ toIaoo i . " 1~"dPlC¥ lor Ike lriru Id 
. (brat. '" tA-. . 0 "''''"119 .. "",!>bill fr<"q~..,..... I._ fA, 
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snugly under the lo"·er or above the upper !;IUIh 
wben it is part inlly opened. 

It is hardly possible to givc practical inst ruc
tions for the suspension of tilc nntenna sincc the 
methods used will vary t!O widely in individual 
in~tances. In most C!I8CII pole!! arc desirable to lift 
the an tenna clear of surrounding building$ but. in 
sowe locations t be Ilntcnnn i8 in t.he elcar when 
strung from one chimney to another or from a 
chimney to a. lr%. Smnll trees are not m;uo.lly 
sat.isfactory 118 pointa of suspension for the an
tenna on account of their movements in windy 

A TI'PICAf, EXAMPLE OP GOOD 
ANTENNA CONSTRUCTION 

0". Iwlvard .. ned lut 100\,,. III, oc/I.,. lou .. hauy ... .;,IIt 
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weather. If the antenna is strung from a. poin t 
ncar the cell t.er or the trunk or 110 large t rce th i ~ 
d iflicul ty is not as 8OriO\l8. 

ill most locations a variety of possible arrange
ments will present thcmscl.veB. I t will be well for 
the amateur to t ry t he antenna in di fferent posi
tions or to try differellt types of :lntennfL.. T ime 
expended in l!ucb experimcnt uruloubtedly will 
be well wort b while. 



CHAPTER XII 

The A .R.R.L. Communications Department 
liE Communica.lions Department is 
concerned with the practical opem~ 
HOD of the stations of League mem4 
bt>rs. Its work includes ammging 

amateur operating activities, cstllblishing stand
ard operating procedure, encouraging good 
operation, improving message relaying, and 
concluding teats to t.hese ends. 

The aim of the Communications Depart
ment is to ke€p in e:.:istcnce an nctive organization 
(If Le'lgue stations ronde entirely of pl'ivately
owned radio stations covering the entire conti
nent of North America. One of its objectives 
is t.o create a body of sklllPd operators whoso 
serviccil and abiliti{'J! will further the general 
knowledge of the art of mdio eornmunic!ltion. 
The relaying of friendly meS&'\geB between 
different purts of the country without charge is 
one of the most. important phascs of the work 
coming under the lIupervision of the Communica.
tions Department. Amateur operators have also 
always been of great assistance to our country 
in t.imes of emergency in which quick com
munication ha.s been a fuctor, especially when 
other methods of communication have failed. 

These objects of our organization must be 
borne in milld at the saille titne we, as individuals, 
arc getting the most enjoyment from the pursuit 
of our chosen hobby. Only by optJratillg our 
stations with some useful cnd in vicw can we 
improve the servicc which we give others and 
increase the pleasure we get, at the same time 
justifying our existenoo. 

The activities of the Communications Depart
ment are arranged and recordc<l through QS'J' 
!lIId by special eorrespondeuce. T ests and relays 
are arranged from time to time to del,elop new 
routes for tr.'!.ffic h.'!.udling, to prepare ourselves 
to rellder emergency service in time of need, and 
to bring to lip;ht additional general radio in
formation . In this way all members of the Le;l.gue 
benefit from the experience of ceruin individuals 
who excel along specified lines of work. 

The policies of the Communications Depart· 
ment arc those urging members to adopt uniform 
operating procedure and to use system in their 
station operating. The Communications Depa.rt
ment oonatall tly worh to make our commllni('..3-
tion system as efficient !U:! a non-commercial 
message-handling organization Clln be. Com
pliance with government regulations, orderly 
optJrating, and cooptJration willi each other and 
with outside in terests for the lidvanl'Cment of the 
arl, are a part of its policies. The first duty of the 
department to member-stations is to supervise 
operating work so well that the amateur will 
oontinue to justify his existence in the eyes of hi~ 

Govel'llment. Then he will be allowed a continuo 
ance of the privileges which he has received a.s his 
due in the pa.st. 

Reoords of worth-while traffic handling, of 
message routing, and of specific tests conducted 
between the different stations are kept in the files 
of t he Commullicstions Department and recorded 
in the Official Organ of the League, QS'l'. 

It is obviously impossible to distribute up
to-thc-minutc information in a monthly period
icaL Therefore mimeographed drcular letters 
are used on special occasions_ Thc active statiOlllj 
are thus kept informed of the developments in 
such a ralJidly progressing system. Through such 
letwrs, through QST and through a large volume 
of routine correspondence with individunl metu
bers, the contact is kept good and the activities 
we have out.lined are effectively carried out by 
t he interested member-stations. 

Official Broadcasting Stations luwe be'oll 
appoiuted to improve on even the arrangemeut 
we have just outlined. Every day of the week 
at certain hours about one hundred statiollS 
send a t elegraphie broadcast that is copied by 
hundreds of memoot1l. Tbe broadcasts C(1.rry the 
very latest information that is availa.ble from 
League H eadquarters. 

In these pages we are going to explain the 
orgauization of the Communications Department, 
the proper mel!8age forms to use, and some spedal 
practices which experience has proved best. 
We urge that you help strengthen amateur radio 
by studying t he oper.'!.ting practice suggested 
and by adopting uniform operating procedure. 
Keep this book in your stIltion for ready reference. 

Everyone at League Headquarters welcomes 
criticism th.'!.t is acoompanied by constructive 
suggestions. In fact it is ollly through the boosts 
and suggestions which come from every member 
and operator that we can improve our service 
to others, t hereby increasing the pleasure we 
ourselves get from our hobby. 

In some department of the A.R.R. L.'s field 
organization there is a place for every active 
amateur who has a station_ It makes no particular 
difference whether your interest lies in gtltting 
started and learning the code, traffic handling, 
DX, friendly contacts by 'phone, or other 
a.speets of amateur radio. \Yhatever your 
quaiifil'.ations, we suggest \,hat you get intu the 
game lUld cooperate with your Section Manager 
by sending hiIll ll. monthly report of the pnrtieuiar 
work yuu are doing. As you become experienced 
in amateur work of different kinds it is likely 
that you wi ll qualify for appointment as Official 
Rday SUtion, or that you can accept other 
important responsibilitiC8 in connection with the 
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conduct of A.R.R L. work in the dilTerenL see
t iol18. Operating work and the different official 
appoint.menta will be explained in detail in this 
lind the {oUolI·jng chnpwr. We want to makc it 
clear right nt the Stllrt that the Communications 
Departmcnt organization exists to increaae 
individual enjoyment in amateur radio work, 
and we extend a cordial invitation to every 
amB.teur Rnd reader of this book to participate 
fully in the different enterprises undertakcn by 
and for amateur operators. 

OROASIZATlOS 

The affairs of tbe Communications Department 
ill each Division :l.re supen'i8ed by one or 
lllore Section Communications ~Ianager, each of 
whom has jurisdict ion over his section of a Di\·i-

• Slon. 
For the pUrpo9C of organization the A.R1U" 

divide8 the Uni ted Statea and P08Se8/lions (plus 
Cuba, the Isle of Pines, /l.nd thc Philippine 
lslu.ud8) nod Cnnada (plus Xewfouudland and 
lAbrador) into divisions as follows: 

ATI.A:--r1C DIVlSION: Delaware, Distric t of 
Columbia. ~[aryland, Pennsylvania; that stctlon 
of New Jersey within t·he Third Federal Inspec
tion DisLriet, and that sectiOD of New York 
y,i~hin the Eighth Federal [ Ilspection Di8triet. 

C".r..'TI{"l, DIVISION: Illinois, Indiana, Kcn
Lucky, Michigan, Ohio and W isconsin. 

D.\.I:OTA DIVlSIOX: M inneaota, North Dakota 
and South Dakota. 

Dr.LTA DlvlslO:<;: Arkan811.8, Louisiana, Milr 
sissippi and TellueB800. 

H eWSON DIViSiON: The entire Second Fodcral 
i ospcction D istric t, consisting of ccrlnin counties 
of New Jcracy and New York StaLc9. 

M WWF.8T DIVISION: Iowa, Kansal!, Mi880uri 
and Nebraska. 

NEW ENGLAND D IVliIlON: Conneclicut, M a.ine, 
:\'lassaehusetUl, New lia.mpshirc, Rhode Island 
and Vennont. 

NORTUWT..8TEHN DrvISION: Idaho, MOlltana. 
Oregon, W&ehington and the Territory of Alaska. 

PACIFIC DIVISIOK: Arizona, Caiifornia, Nevada 
nnd the Territory of Hawaii. The Philippine 
Islands are attached to this Division for Com
munication8 Department activi ties, 

ROANOKE DIVISION : North Carolina, Virginia 
and Weat Virginia. 

ROCKY MOUh'TAIK D IVISION: Colomdo, t.: ta h 
and Wyoming. 

SoUTHEJlS1'I!:RN DrvISIO:-;-: Alabama, Florida , 
Georgia, South Carolina and the bland of Porto 
llioo. The Republic of Cuba and the lale of Pines 
are attached to this D ivision for Communications 
Department activi ties. 

WMT GULF DIVISION: New l\I cxico, Oklahoma 
and Texas. 

i\'iAilITIIoIF. DiV1SIO:C T he provinccs of New 
Brunswick, Nova Scotia and Prince Edward 
Island, Newfoundland and Labrador nre at-

tached to thia Division for Comm unications 
Department aetivitica. 

0""AHI0 DIVISIO:-;-: Province of Ontario. 
QUEBEC D IVISION: Province of Quebec. 
VAS.\.LTA D IVISION: Provinces of :Uberta and 

British Columbia and Yukon Territory. 
PRAIRIE D IVISION : Provinces of il l anitoba and 

Saskatdlewau and the Northwcst Territories. 
Each United Statea Division elects a Director 

to represent it on the A.It ,U.L. Board of Directors 
a.nd the Canadian DivisioIl8 elect a Canadian 
General Manager who is also a Director. The 
Board delenn.Llles the policies of the League which 
are carried out by paid offioors at League I1<1Ild
quarters. Whcn the Board i8 not in session, the 
offioel1l of the Leaguc, conatituting an Executive 
Committee, etln act for the Board, subject. to 
oortain limitations. 

The Communications Department has a 
field organi~ation made up of officials selected 
by the mcmbership iu II. way similar to tho 
Directors. Each Director and t he Communica· 
t ious Manager at League Headquarters decide 
the proper sectionnlliing of each Division, after 
which each &:ction holds an election for &:cHon 
CommunicatioD.8 Mnnngcr, TbC8C field officials 
are listed on pago 5, while lhe names and ad
dresse.a of the Direetol'l! are printed on page 6, 
of each QST. 

It is for more effieicntly collecting rE'porLi 
from the active stations a nd supervising the 
activit ies of the Colnmunicnt iOfUl Deparlmem 
that the operating territory is divided into 
SectioDa. In eacll &:ctlon there is a Section 
Communications ~Ianager who, under the direc
tion of the Commuuico.tions Manager, has 
authority over the Communications Department 
within hill Sectiou. He is I'eaponsible to, Rnd 
reports to t.hc CommuniClltiollll Manager, except 
ill Canada, where he reports to the Canadian 
Geneml Manager. 

Whenever a vacancy OCCUI1l in the position of 
Section Communications t.'lnnager in any f!(lCtion 
of the United Stntes, its ialand posaesErions or 
territorics, or the Republic of Cuba, t he Com 
municatiOIlll Manager IUlQounces such vacancy 
through QST or by mail notice to all members of 
the Section, and calls for aominating petitiouB 
signed by five or more members of t he Soction 
in which the vacancy e:([9t5, naming a member of 
the Section as candidate for Section Com
munications il [nnager. The closing date for 
receipt of such petitions is announced . 

After the closing date, the CommunicalioM 
Manager arranges for au election by mail or 
decillres any eligible candidato ela,:ted if but 
one candidate h8.ll been nominated. Ballots are 
sent to every member of the League residing in 
the Seetion concerned, listing candidates in the 
order of the number of nominationa received. 
T he closing dato for receiving ballots is an
nounced . Immediately after this date, the 
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Communicatioos ~I8Dager oounts the votes. 
The candidate receiving a plurality of votes 
becomes Section Communications Maoager. 
The Canadian Ceneral Manager !imilarly 
managea sueh an election for Il Section Com
munications Manager whenever a vacancy oceura 
in any section of the Dominion of Canada, 
KewfoundJand or Labrador. 

8e(:uon Communications :'I Innagere are cle<: ted 
for a two-year term of office. 

The office of any Section Communications 
Manager may be declared vacant by the Exe<:u
tive Committee upon recommendation of the 
Communication! Manager, \\;th the advice and 
consent of t he Director, whenever i t appears to 
them tG be in the best interests of the membel1lhip 
I!O to act, and they may thereupon cause the 
election of a new Section Communications 
l\'ianllger. 

COMM tJNICA'l'iOYS DEPARTMENT OFFIClAI.8 ANO 

APPOINTMENTS 

The following portions, relating to Section 
Communications I\lanager8, to their appoin tment 
of di fferent qualified and responsible officials to 
cover spedfic phases of A.R.R.L. communication 
work, to the dUlies of each in reporting, etc., 
are reprinted from the " Rules and Regulations 
of the Communications Department " and eet 
forth the regulations which govem t heae mattel1l 
within the depa rtment. 

S ECTION CO)lMUNICA'J"IONS MANAOER 

J. The Section Communications Mallll.ger is 
responsiblc to the Communications I\lanager 
at Lengue H eadquarters for the efficiency and 
cooperfllion of his personnel. Hia policies are the 
demooratic policies of the League itaclf. 

. .... 4~=~.~~ ..... . ... _- .... --... ... ......... ........ ~-. . """"-""'_.-... _,... -. - "'-~ .. 
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2. His territorial limitations are detennined by 
the Division Director and the Communications 
i\ lsnager. 

3. H e recommends the a ppointment or can· 
cellation of Official Relay Stations in aCCQrclance 
with the rules pertaining to the Official Relay 
Station Appointment. 

The Section CommunicaliOIl8 MlUlager eX"· 
amines a pplication and queat ion fonns, signing 
the prescribed certificate of a ppointment and 
forwarding it to the station owner when the 
appointment can be properly made. Fonn 4 
appointment card bearing the certificate number 
is forwarded to League Headquartere with the 
questionnnire forms properly filled out by the 
applicant. Cancellations (Form 4C) are made for 
inactivity or for violations of any of the rules or 
provisions of the Rules and Ikgulations of the 
Official Relay Station Certificate. 

An applicant who fails 1.0 qualify may again 
apply for appointment after t hree months have 
elapsed. 

4. He shall be responsible for t he maintenance 
of the Official Br06dCMting Station System 
within his IICClion, recommending such appoint,. 
ments (Fonn 4) or cancellations (Fonn 4C) as 
may be nece1sary. D ue consideration shall be 
given the distribution of 1tations on the different 
frequency banda and tho qualifications of stations 
and operatore for this service. 

5. He is responsible for tho traffic activities of 
his section . He shall appoint Route Managers, 
Official Ob!lcrvel1l and any other 1uch fll:I!!istanU 
for specific work as may be deemed necessary hy 
the Communicationa t. lanager. These officiala 
v.-ill have full authority wi thin the section over 
the activities indicated by their titles. They will 
report and be responsible to the Section Com
munications Manager for t heir work. With t he 
consent of the Communications Manager the 
Section Manager may, if necessary, designate a 
competent Official Helay Station appointee or 
League member to ac t for him in a particular 
matter in any part of his territory. He shall be 
careful to instruct such a u appointee properly 
in the duties he is to execute while acting for the 
S.C.M. 

6. He shall conduct investigatioll8 of radio 
organizations and interference cases whenever 
such ca r s are referred to him by the Communica
tions r.bnager or the Division Director . 

7. He shall sppoin t. Vigilance Committees 
in the centel1l of activity where amateur 
interference conditions appear to make such 
committees dcsirable in helping to lighten the 
load of complaints received by the SupervisorB 
of Radio. Amateur club organizations are to be 
encouraged to org81li~e interference committees 
to keep closely in touch with this situation 
everywhere, COOperate with the press, and 
COOrdinate amateur work. 

S. He shall have referred to him hy b.is various 
appointees a ny colTC8pOndence that may relate 
to matters of general policy, or suggest ionB for 
improvement6 in conducting t he affa irs of the """",. 

9. He may requisiiion necE r,ry Communica
tions Department I!Upplies provided for making 
appointments and 8upcrvising the work in his 
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section . lie may render an itemized postage 
expense account monthly. SecLion Managel1l are 
entitled to wear the distinctive A.R.R.L. pin 
with red background, similar in other reapecu. 
to tbe regular black-and-gold A.R.R.L. member
ship pin . 

10. H e shall render a monthly report to 
Headquarters, consolidating all the report~ 
by subjects into a comprehensive summary. 
Tbis report shall reach Headquarters on or beforc 
tbe 26th of eacb calendar montb. It shall be mRde 
up from aU reports from O.R.S. and other active 
stations, together with the reportB from special 
appointees (5) lind fill mentioned under the 
subject of reporting. 

OFFICIAL OBSERVE RS 

Each S.C .i\ 1. recommend!! for a ppointment a 
suitable number of Observel1l who report regu
larly to the S.C.i\I. on off-frequency operAtion 
noticed, !!Cnding out notification forms (provided 
from H eadquartera) to help amateura in keeping 
wi th in the assigned bands. Official Observers 
also make general observations on operating 
conditione, taking the proper action to bring 
about improvement, alwaY8 reporting the action 
taken t(I the Seclion Communications Manager. 

Each Official Observer shall have an accurAlely 
calibrated monitor or frequency meter or shall 
be equipped to carry on hils work in cbecking 
statiolls beyond t be limits of tbe amateur bands 
against calibrations from the Standard Fre
quency Station transmissions and checke from 
government or commercial " marker " etations of 
known frequency operating adjacent to our 
own amateur channcls. Observers shall be 
BUPlllied with notification postal card forms and 
wi th report blanks on which the statione logged 
olT-frequency and notified shall be reported to 
A.R.R.lJ. Headquarters (through the offi ce of t he 
S.C.M.) justae rapidly as the blanks lire filled out. 
While obeervera work directly under their Section 
Managers, their oblJ{!rvations shall include all 
amateur stations in the U S. or Canada or where
ever there are repreeentstivea of the A.H..R L. 
ficld organi1J!.tion. 

On logging a station the notification form shnll 
be completed and mailed in each cnse when the 
station logged is found to be opera ting with an 
amateur call signal outside t he confincs of tho 
amateur bands. Not more than two notificat ion 
forms shall be sent to one such station by one 
ob8crver, hut observers should continue Jogging 
and reporting cas., of fiagl1lDlo violation to 
Headquarters 110 that the matter may be followed 
up definitely to check operation on extra-legal 
frequenriea. A duplicate of the reporting form 
may be kept by observers to enable them to 
chC("k on Itations oontinuing off.frequency after 
having received friendly notification . Obecrvers 
shall also get in touch with stations by radio when 
this seemB neceMll1j' and practical. 

From time to time t he attention of appointees 
in t he A.R .R.L. obaerving IyfJtem will be ca1led to 
particular si tUAtions and particular bands requir
ing their special attention and lit other times their 
work may be distributed on differen t freq uencies 
as time permits and conditions seem to warrant. 

Observers when possible shall report harmonic 
or parasitic radiations and other operation of 
commercial Or governmcnt telegraph services 01' 
broadCfIlIting stations causing interference in the 
amateur bands, thC8C being reported d ireet to 
the S.O.1.1. or lieadqua rters fill promptly as 
possible 80 that suitable remedial act ion may be 
taken . 

TIle noti fication aervice to amateurs is designed 
fill a fri endly move to protect amateur privileges 
from official government reElt nctions which may 
be endangered by careleu or intentional digregard 
of regulations by individ uals who might t hus 
joopardize t he en joyment of all amateurs. 
This service haa been successfully operated sin~e 
June 1926 lind the co6peration of allllfllateun is 
asked on behalf of our observcn who are picked 
by the Section Managcrs ae the best qualified, 
interested and reliable guardians of the s ir. 

ROUTE MANAOER8 

While t he Section Communications Ma nager 
is the traffic executive of the IICCtion, the Route 
Manager has the principal traffic station in hi8 
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parti~ula.r locality. Section Ma nagers generally 
appoint one R oute Manager to every twenty or 
twenty-five Official Re lay Stations, depending on 
the radio population of the Section oonoorned and 
the amount of organized activity. Route _Man
agers maintain good local rlldio contacu. regularly 
so that stations can be lined up a nd routes de
veloped and operated by radio. 
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Houte l\ lnnagers cOOperate Actively with all 
active ltatioos in their districUi 80 thll~ each 
Route Manager is the nucleus of I!. eommunieatioD 
net which he organizes himseU, and for which he 
is fCsponsible at aU tUneJ:l to hill Section Com
munications l\"ianager. Route Managers amnge 
schcdulCll fot local traffic handling between the 
different towns and cities in their terriklry all well 
88 keep many schedules at their own station and 
keep tra.ck of ootween..&ction Schedules, report
ing monthly to the S,C.M., who in turn reportB 
to A,RR.L. Headquanerfl. The Route Manager 
allJo keepe posted on echedules already in opera
tion within the Section, on the hetween-Seetion 
I!(:hedulca and tboae kept with foreign pomw 
by lltationa within hia jurisdiction (which is 
determined by the S.C.!\L). The RM. reports 
to t he S.C .l\l. monthly (nt t.he Btlme time the 
Q,RS. report) including in his report a. complete 
hst of all routes and schedules known to him 
hrought just a8 IIp-to-date all pO&'llble and 
covering the specific activity of rouU!s and 
sehedules. 

On' WIA L lIROAJ)CAtfl'INQ STAT ION 

EacIt OOicia l Broadcasting Station appointee 
shall receive information on timely 8ubjeetl! 
from ncadquartE'11l each " 'ook or at other inter
vals to be Ilut on the air at various scheduled 
times during the week following receipt of the 
informaUon. Seetion l\Jantlgel1l shall give prefer
ence to stations having avai\.a.ble considerable 
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amounts of power, or statiolls whose operators 
are espeeiAlIy qualified to give good service in 
view of the gcogmphicaJ location, the frequency 
bauds in use, or the timely ehoice of schedules or 
frequen ey with wl>Jch schedules can be kept. 
Consideration shall also be given 1.0 the abihty 
of such stations, especiaUy at great dist.a.uoos 
from Jlcadquartet8, to copy the information in 
ndvance of ita receipt by mail as 8ent by H ead
quarterllstation \VIMI';: , 

Applieanl.8 for this appointment must submit 
their qualifications to the Section Manager with 
the proposed dates, times and frequencies for 

transmission of the broadcaatl!. In deciding on 
the times of transmission 8Chedules, preference 
should be given to those times when the largest 
number of amateurs are Wrt.ening, that is, the 
houra between 0:00 p .m. and midnight. 8e<:tion 
Managers are irustructed to cancel the appoint
ments of statione not adhering to the schedules 
agreed upon, and the appointments of stations 
not returning information on current or revised 
schedules when periodic surveys of the broad
CRsting system are made. 

THE OFFJCIAL RELA T STATION 

The Section Communie.'\tioDS Manager shall 
recommend for app;)int ment as Official Relay 
Stations sueh stations of League members as 
apply for and merit such appointment. The 
reeommendafjon shall be bnned on the ability 
of the applicanl.8 to come up to a specified eet 
of qualifieations. The applicant shall have a 
loyal, oooperntive attitude; he shall follow mnd
ard A.R.R.L. operating practices (understanding 
and using ilie proper message form, finish signals., 
service message, ClLble-oount cheek on important 
messages, and 110 on); he shall have a transmitter 
and receiver CApable of operation at !lny time, and 
he must be able to 8end and receive Continental 
code at a rate of at least 15 ,,"om per minute. 

I. It shall be t he duty of each Official Helay 
Station appointee to report monthly to hill Sec
tion Communieatione Manager, to keep the 
st lltion in readinesa to operate, to use A.R.R.L. 
operating practices exelusively: and to take in 
the activities of the Leaguc whenever possible. 
The message filc must be held for three months 
re:uly for call by the S.C. l\1. at any time. RepoTls 
ore due on Ihe 10th of each mont h ir tbEl sta
tion is located on the mainlfllld of the United 
States. 

2. Ea.eh Official Relay Station shall rereive 
flll appointment certificate to be displayed 
prominently in the station, a quarterly bulletin 
newsletter from Headquarters, and Form 1 
reporting cards on which to turn in the regular 
monthly report. to the 8e<:tion Communications 
Manager . 

3. When a station is of necessity inOJlerative 
for six monU1S or less, the appointment may be 
held ou an inactive list by the ~tion Com
munications Manager, llroviding the station 
owner h8.8 reported tile fa.ets of the case tUld 
requested that he be excused from active operat
ing Rnd reporting during this time. Inactive lists 
shall be turned in to Headquarters by the Section 
Communicat ions Manager with J:llg monthly 
report. O.R.S. sppointments shall be transferable 
from one Section to another, with the consent of 
the Section Communications )Janagera con· 
cerned, who must alter t heir records and notify 
Headquarters of such eh8.llgcs. Such appoint
ments shall not be transferable from one station· 
owner to another. 
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4. T he violation of the provisions mude above 
for operating and reporting shall be sullicient 
reason for the Section Communications Manager 
to recommend cancellation of the appointment. 
The Scetion Communications ~lanager shall 
notify the Official Relay Stations that this action 
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is pending when the first and the second report 
have been missed. The appointment shall be 
cancelled lluklmatically when the third con
socutive report fails to come through on time. 
Such cancellations shall be eJaosed as" complete." 
New application and question forms must be 
filled out and evidence of better performance 
submitted before reappointment can be con
sidered. If an O.R.S. resigns his post after con
sistent work, an "honorable" cancellation shall 
be issued; and reinstatementJl within one year 
may be made on application without filing new 
papers. 

REPORTS 

Each Official Relay Station report shall 
include the number of messages originated, 
delivered, relayed, and the total, The Form 
No.1 reporting card furnished by the A.R.R.L. 
shall be used when it is available but the non
arrival of this form shall not constitute an excuse 
for not reporting. 

The ~tion Communications ::>.fanager shall 
condense all reports received, leaving out any 
"ncgative" information. His report shall not 
mention inactivity or non-reporting. Traffic 
figures shall be separately listed at the end of the 
report and shall not he included in the body of 
the report. The most consistent traffic stations 
and the ones doing most experimental and 
other useful work are the ones deserving credit 
and to whom space shall be given. When possible, 
the Section Communications Manager shall 
send in his report typewritten and double-spaced, 

Section Communications :Managers shall not 
transmit the reports received by them to Head
quarters except on a request to do so, but shall 
consider the reports as for their information 
and from thcm prepare a condensed report of 
the mouth's activities and Lhe SUlotus of amateur 

affairs in the territory under their 
jurisdiction. 

~IORE ABOUT THE O.H,S. AI'POISTMENT 

The Official Relay Station appoint
mcnt of the Communications Depart
ment deserves some further explana
tioll. Telegraphing members who hold 
amateur licenses are most interested 
in this work. 

Before the war our League was a 
much smaller organization than it is 
to-day. What traffic handling was done 
was perfonned in a very easy-going 
manner. r..lcssages wcre not taken seri
ously by those who sent them or by 
those who handled them. Because there 
were fcwer stations operating, it was 
harder to relay messages to their des· 
tinations. Delivcries were the exception 
ra ther than the rule. 

As the League expanded morc sta
tions came on the air. It became increasingly 
pos.'lible to land messages righ t at the city of 
destination. More messages came our way from 
the public who began t(l realize that messages 
were actually being delivered and handied in 
good time. As the service improved, more people 
availed themselves of its use. Regular trunk and 
branch traffic routes were arranged so that mes
sages could be handled reliably in almost any 
direc tion. However, with the advent of the war, 
thia organizstion became inoperative with the 
closing down of all stations by the government. 

After the war, the new organi1.ation went 
through some violent changes. New developments 
were principally along the lines of tube trans· 
mission. Next came the change to higher fre
quencies, rna-king a oomplete revamping of our 
communication systcm necessary. The granting 
of appointments right and left, the increase in 
numbers of inexperienced operatotl:!, the new 
conditions under which we were operating (on 
several frequency bands), each left ill> mark on 
our communication system. Once a man couid 
handle a certain number of messages a- month, 
he was granted an appointment without much 
questioning. Before the war newcomers auto· 
matically got operating experience by listening 
to commercial and govern mcnt long wave sta
tions. By the time their stations were in workable 
shape to handle relay traffic, the necessary operat
ing experience had been gained, After the war, 
newcomers threw setJl together from the infonna
tion then made available. Stations capable of 
communicating over thousands of miles on short 
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waves were operated by operators whose tuners 
no longer reached frequencies where good com
mercial traffic wa~ being efficiently handled. 
Lack of t his preliminary training was respon
sible for poor operators. Unreliable stations find 
operators, out for " DX records" only, slowed up 
traffic. Complainta were reeeived on the Ull 

reliability of operators and on the poor delivery 
of messages cver;}"Where. 

:Finally, it WRS decided to abandon the old 
system and to start afresh. The need of placing a 
greater re8ponsibility on the traffie handling of 
stations was felt keenly. A cl3.'38 of stations that 
could be dcpendl'AJ upon should be cl"cflted! 
An iron-bound set of qualifications a.nd a set of 
Rules and Regulations for Oflicial Helfly St'"ltions 
were d rawn up flS a standard and a fOl\ndation 
for the present traffic-handling organization wa~ 
built. Appointments under the new system of 
things are no longer given without investigation. 
A set of questions to be answered for Commulli('a
tion ~ Department files find recommendations to 
t he Section Communications Manager a re neces
sary. TIle present system of Official Relay 
Sta tiolls, whieh has been in successful operation 
for many years, is t he result. 

WilY YOUR 8TATIO~ SHOULD BE AN OFFICIAL 

n t:LAY STAT W:-I 

Official Relay Stations are t he best regulated 
and the most act ive stations i/1 League operating 
work to-day. Every Official Helay Station re
ceives an attractive certificate of appointment. 
Thc certificate is fI mark of distinction, putting 
the operator in a class above the average "ham." 
The operators of Official R eb.IY Stations are 
well known as ,{ reliable" operntOffl and amateurs 
of good standing. T hc badge of honor carrie~ some 
weight wi th evcryone who visits the staUon, 
including UUJ Supervisor of Radio. Vac!lllcies 
in the ranks of the League officials are filled from 
the mnks of the Official Relay Stations. Every 
owner of an Olfici1l1 Relay Station receives a 
bulletin leUer from A.R.R.L. Headquarters 
quarterly with tile latest schedules, news, and 
procedure hints and helps. Special reporting cards 
for t he convcnience of t he Offieial Relay Station 
operators in reporting their traffic-handling 
work and records are !)ent out with the bulletin. 

O.H.S. appointees are entit.\ed to wear the 
distinctive blue A .R.R.L. pin which is similar 
to the regular membership pin except that it hr18 
a blue instead of a black background. 

HOW TO nJ:co~":: AN o.n.s. 
To secure an appointment as Offiei(l.I Relay 

Station is quite a aimple matter if you have the 

q unlifieations and a liu le experience. After 
building the station and gaining some code 
speed, get in t oucll with your 8e<ltion Com
munica tions Managcr . Arrange some schedules 
for traffic-handling by cooperating with your 
RQutc i\Ianager and by writing 11 few letters to 
the best stations you henr C{lnsistently in different 
direct ions from your own station . Coiled and 
handle some traffic regularly and don't forget to 
report your work to t he S.C.M . on time each 
month for 11 few months. Then ask your local 
traffic official to fUl1lish YOll with an application 
blank to become an Official Helay Station (or use 
the one printt..>J for your eonvenience in the rear 
of t his book). Fill out the application blRnk and 
selld it to H eadquarters. 

You will get some qUC!ltion blanks t.o be filled 
out aud returned to the S.C.M . If you havc the 
neees.~ry knowledge uud qnalifications, t he 
S.C . ~I. will be able to follow his instruMions and 
make the nl)poiniment. 111 this event the infor
million you h~ve sent. him will be turned over to 
the Communications Manager for Headquarters' 
files. If you ClIllllOt IInswer all the questions 
correctly or ure not quite IIble to make the grade, 
your appliention may be tabled for two or three 
months in which t ime YOll can study and practice 
opernting unt il you can make the grade. It may 
be that you miss out on some of the questions 
but get a letter from t.hc Section Communications 
Manager explaining the answers and notifying 
you what act.ion can or cannot be taken regarding 
an appointment. 

Being TeCOgnil,cd ns an orr,cilll Relny Station 
is very much worth while . It is not difficult to 
obtaill an appointment but certain requirements 
must be met and lived up to if the appointmcnt 
is to be kept val id. Otherwi~ it would not be 
worth while. Cancellations of appointment follow 
failure to report for two successive months; 
continued f~i l ure to operate according to A.R.R.L. 
practices; failure t o observe government regula
t ions; fililure tQ keep 9. reeeiver and transmitter 
in commission, and failure to comply wit h t he 
spirit of the rules on the application form or 
certificate. 

When n station is inoperative of necessity and 
1 he Section Communieations Manager haR been 
duly notified, the appoint ment is gladly held on 
lUi inactive list O\'9r a certain period of time. Xcw 
operators ~rc needed among the" reliables" every 
day. The appointment is one made with mutuul 
advantage to yourse lf lind to our CorIllnunicatiolls 
Department. Fill out the application form ~~ 

soon as you cnn qualify! 



CHAPTER XIII 

Operating 
1m enl' oyment oi our hobby usually 
comc~ rom the operation of our su~
tion ollce we have finished its con
struction . U j )OIl the ~1(!lio" and its 

operatICn depend the traffic reports and the 
communication reeords thut nrc made. We 
ha l-o takell every bit of care Ul!l.t WN! IXlSSibie 
in constructing our transmitter, our rc~ivcr, 
frequ ency lll('fl.sllnng and monitoring cquipm('llt 
and in erecting fI. suitable antenna syst('m. 
Unless we muke ou~lves familia r with uniform 
standard operating procooure. unlCSil we usc good 
jUdPll('flt :md Cllrc in opcrnting our stalions, \\'0 
shllli fnll far ijhort of re!Uiz ill~ the utmost ill 
l'f:suit!J uchievcd. "'l ore than thIS, we IDay mfl k(' 
oll l'8('h 'e8 notorious lluless we do the right t hing, 
becAUse we (lillY in terfere with other 9tat ion~ or 
delny " wir work 

A her [\ bit of list ening-in {,xperiCIlCO you 
will hear both kinds of operator9 und re" lize the 
contrll./lt t hat exist!! between the operation of the 
good men and that of " lid~ " and "punks" who 
have new:r taken the trouble to faroiliari Ztl 
themselves wilh good practice. Occasionally you 
will p ick UI) lin amateur whose method of operat
ing I.'J SO clean-cut, so dcvoid of uselw f'lTortll, 
80 SllIlPI)Y and systematic, that your respect ill 
gained and it is It plessure to li.sten and work with 
him. 

For clticicn t t raffic h andling, t he t ransmiUer 
should be adjusted for sUl.blc, AAtisfactory 
operat.ion on one or t wo known but different 
frcqucnck·!j in t h(l amateur band. 1\nown COll
dC/lllCf I;('tl illgs for dcfini te ft"t!qucncic9 will 
enable the operator quickly to citangCl frequency 
(QSV) at any timf'. Whenever such a eh nngc 13 
made, be sure to check: t he frfqlwney RCeuratcJy. 
There is 110 (';l(UU for operating off fn"<lu<'J1CY, 
Any frequency ealibration.s ~hol,l ld be C lcdr.w 
ofWu to guard against varia t ioll!!. 

Ma ke tI. practice of ebeddng frequency each 
time )'01,1 open t he station for op<'ration. T ake 
110 ehancetl. Do not try to work on t he edge of nn 
amateur band but keep well within the known 
accuracy of your frequency meaauriu g equipment 
and Illethod~. 

The opcra.tor and hi'l methods lU), vc mu~h to do 
wit h limitinG the range of the ~ f (l.tion . Tho 
operator mlillt havc n good "fi~t." 1Ie must IIII.\'e 
pat ienee lind judgment. Bome of thelle qua li ties 
III opera1 ing will mnke more station records t han 
mtlny kilowatts of power. Engint.'Criug or II pplied 
common scnscare ascssenliai to the radio 01:M'rlltcr 
as to the experimenter. Do not make t!(! \'(' ra l 
ehaugcs in the IICt hopin,; for better rt'llull.i. 
i:l lake one change at a t ime until t he bll!iic 
trouble or the best IIdju.stml'lI t is found. 

An operator wit h a cienll-cut, !!Iow, steady 
method of !lCllding haa 11 big advantage over 
the poor opeNLtor. Good selldill~il! ptlrtiy a ula.ttcr 
of practice but lla.tience 1Uld ludgmcnt Me just 
II.!! ImDCIrtant qualities of an operator as a good 
., fist.t' . 

a Station 
T he good oper(1tor !Wnds signals which are 

not of the "ten words per minute" variety, but 
they are slow ('nongh 80 tha t there is no mistaking 
what he saYll. The good 0l>crator does not sit 
down and send (I. long cal when he w(l.nts to 
work someone. H e pul.! on the 'phones and 
1~1I~lla i ' l. He gOl'!'S o\·er the dial thoroughly for 
!'Ollie time . The fcllow that is admired for hill 
good operating is t he one who is always calling 
some partieular station instead of using the 
" inquiry ~ignal." Be<:au;se he lis/em until he heaN 
somcone to work and lIum goc>I after him, our 
good opernior getll his mnn nearly every lime. 
A good operator choores Ihe proper time to call, 
he wakes plain si~ills lmd he dOl'S not cal! too 
long. A short can t@,mfr.nient ix.>eaW'!€ if a ~t.<t.tion 
dOl'S not get tlle cull it ia likely tha.t he i~ listening 
to another ~tation . A 10llg eull makes tbe receiv
ing operator lose patience and look for someone 
el!!C. 

The adjnstment of t he receiver bas mueh to do 
with successful operat ion , too. The ~d receiving 
ope~tor notes the dial sett ing und when he has 
completed calling in proper fa8hion, he wsits a 
moment !Uld then tunes above or below t he iOl!;ge<i 
dial setting jnst in case 90mething bas shifted 
slighUy in the receiver or t ransmitter. The best 
operator has pil.tience and waita a few minutes 
in case of delAy at the t rnnmnitkr or in eMe 
fading signals make a second alli!wer neeellS/l.ry. 

COMMUN ICA"JON 

Mter al l, oommunication hl.l9 aa its object 
the cxehange of thought between two minds. 
SometimeH t hose minds nrc ncar each Ol.her and 
it is possible for the individuals CQIl(:erned to 
tonver se at length and exchange their thought~ 
freely. At other times, and thill when radio 
communication ill invoh'oo, t he individual~ all: 

miles apart and the t hougbt.s to be transmitted 
must be condensed to /'ust a few word;;. Theil 
t hese worda must be re &yecl or passed Oil from 
mind to mind or 0l>crator to operator. When they 
reach their ultima.te dest.ination someone can 
interpret t hem full y if they have been properly 
and carefully handled by the intermediate 
ol>cr:l.tors. 

Tillie is invotv('d in mnking any exchange 
of t hought . Bccnuse evcry m,m'" life and experi
en,'e is mea~urcd hy time, this factor becomes 
import8Jlt in ever ything we do or s",y. The nUJll
ber of messagl:/!. htlndled , the number of dislant 
stations worked, the number of records made at 
onr ~taliol1 , all depend in HOme d{'gre<: on t he 
time available for our hobby. The more time we 
spend at the set, the more \\'ell known we become 
and t be greater the summatiou of our llCCOIl\
Illi5hmentll. 

As time is IL factor, uniform practices in oper ;!.t-
ing have become nooessary to insure a ready 
understanding of what is going on in the mind/!. 
of each opera.tor. "Q" s.ignals and abbreviations 
of varioUl! sorts have hoc'll devised and are in 
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gelleral m;e to-<illY just because of t.he t ime 
clement in volved, to enable every oremtol' to 
exchange intdligible thouflhlS wit.h!lS litt le waste 
eITort as I}()s.sible. So p roficlC'ncy in the commonly
used abbreviations and in knowledge of uniform 
opefatinfl practices is to be desired . Proficiency 
comes wl(h pro.ctice . In the Appendix !l,rC the 
"Q signals " and wme abbreVlfltions used b~' 
amateur operators. " 'e will mention some of lhe 
timc-saving t hings t.hat have become standard 
practice among good operators and following 
that 1i few words about n.-iay procedure will 
show how flo stat ion is operated 10 best advan
tuge. 

A CCltr(lCY is of fi.rst impor/(11ICC. Then speedy 
tran~mis.osiOil and handling of radiogmrns must 
be con~idcred . Very often, trrmsmissiQIl at moder
ate spL'€d s 1!10Ves t raffic more quickly t han fast 
sending. A gr'Cat deal depends on the profickncy 
and good judgment of the t.wo operators con
cerned. FWit ~nding is helpful only when two 
fast operator~ work toget.her. 

OPERA'I' I :O;-G RUI,.,s AND HEGULATIONS 

TIle Official R€lay Stat.ions follow some g('neral 
requirements for law-abiding operation which are 
mentioned ou t he appointment cert ificate. Some 
specific rules BInd regulat ions have been made to 
rai.se the standard of amateur operating. Official 
Rela.y Stations observe t hese rules carefully. 
T hey may be regarded as "st:mdard practice." 

Any actively-operating stations will do well to 
copy t hese rules, to post them conspicuously in 
t he station, and to follow them when operating. 

1. T he calling station shall make the call by 
transmitting not more than t hree t imes t he ~ll\] 
signal of t he st.ation called [lnd the word DE, 
followed by its own call signal sent not mori) th:lI\ 
t hree times, thu, : \' E9A L VE9A T, VEOA I" DE 
WIMK W L\J K W1 \11\: . In amateur practice this 
Jll'occduro mny be expanded somewhat as ma.y be 
neces~l\rv to cstl\blish ('OmmuniCfltion. The call 
signal of the calling station mlls1 be inserted at 
frequent intf'rvals for ident itication pur(JOSc~ . 
Repeating the call signal of t he callc'(l station fivc 
times and signing not more than twice (this 
repeated IJo t more t han nve times) has proved 
excellent practice in conncetion with brenk-in 
operat ion (the receiver bf.ing kept t uned to the 
frequency of the called station ). The use of a 
brenk· in system is highly recommended to save 
t ime and reduce unnctt:ssary in terference. 

Stations desiring communication, without , 
howeVl'r, knowing t he e[llls of the opera.ting sta
t ions within ran~, may use the signal of inquiry, 
CQ. ill place of the call signal of til\: station clIlkd 
in the calling formula. The A.H..R.T... met.hod of 
u~ing the general in'1uiry cnll (CQ) is that of call 
ing t hree time!l, signing three t imes, :md rcp<'at-
ing three times. CQ is not to be used when testi ng; 
or when the sender is no t e...:p!)Cwc\ or looking for 
a.n answcr. After a CQ, t he dial should bOJ ('Overed 
t horoughly for two or thrce minutes looking for 
repliel'! . 

The directional CQ: To reduC(l t hc number 
of UBClesa answers and lessen needless QRM, 
every' CQ call shall be made informative whcn 
poSSIble. Stations desiring communication shall 
follow each three-timel'!-sent CQ by an indication 

of directioD, distfict, stn.tc, continent, eount ry or 
t he like. Stations a.esiring communiCH.tion with 
nmateur stations in a particu!lOf country shull 
include the official prenx let ters designating that 
country after eaeh CQ. To diffe~ntilJ.te domestic 
from foreign calls ill which the direct ional CQ is 
used, the city, state, point of the compnliS, rlc., is 
mentioned only after the third CQ just before the 
word DE and t he thrice-repeated station enll. 
Examples follow. A United States station looking 
for any Canadian amateur ealls : CQ VE CQ VE 
CQ VE DE Wll\-IK \\'11\11( \VIMK. A wegt,€'rn 
stat ion with trufflc for t ho Cnlit coast when looking 
for an intermediate relay atation CH.lls: CQ CQ CQ 
E AST DE WGCIS W6CiS WGCLS. A station 
with messages fOf £Dints in M8.!l.'llI.~'hu~tt~ calk 
CQ CQ CQ MAS~ DE W3ql' W3Ql' W3QP. 
In each example indicated it IS undf:l"Stood that 
the combination US(!d i .~ rept'atecl three timps. 

2. AnS\vering a. call: Call t hree times (or less) ; 
scud DE; sign three times (or less) ; and aft('r 
contact is established d ecrease the use of the call 
8ip,;ala of both stations 10 once or twioo. b'xample: 
\\ IlliG DE W IMK GE OM GA I( (meanmg, 
"Good evening, old man, I am ready to take your 
message, ~ ahead") . 

3 . .l!:ndmg signals and sign oil: T he proper 
tI5e of An, K and SK ending signals is required 
of all Official Relay Stations. All. (end of trans
mission) shall be used at t he end of messages 
during communication o.nd o.lso lit the end of a 
call, indicating when so \wd that communication 
is not yet el'!tabli~hed. J\: (invitation to transmit) 
~ hall be used at t-he end of eRch transmission when 
answer ing or working another station, almost. 
carrying thOJ 8ignificance of " 1'0 ahead." Sl';: (or 
VA ) shall be used by each statIon only when eign
ing oft, this followed by your own call ];<Ont once 
for identification purposes. SK (rnd of work) 
indicates to others that you are t.hrough with t he 
!i.tation which you have been working und will 
K~tcn now for whomever wL~hes to call . Never 
CQ :liter signing ofT until you have covered the 
d ial thoroughly looking for 8tations caHing you. 
Exa mples : 

(AU) G20D DE WIAQD AR (showing that 
W IAQD has not vet gotten in touch with 
C20D but ha.s ca!ieJ IJ.nd is now listening for his 
reply). Used aftcr the signature between mes
sages, it indicate:s t hc end of one meSS.'Ige_ T here 
may be a sligh t pause before starting t he second 
of t hc series of messages. The courti'ous and 
t houghtful operator allows time for the n'ociving 
operator t o enter the t ime on t he mess.age and put 
another bllUlk in rcadiness for tllC traffic to come . 
If K is added it means that the optemtor ,,·ishcs 
hi.s fi rst message Rcknowledged befo~e .going on 
With the second message. If no h IS heftrci , 
pn,p. .. ralions should be made to continup copying. 

(J() ZL2AC DE W6A,I1\ [ It K. (This ar
ranb ... ·ment is very often \L~ed for the acknowledg
ment of a transmissiou. \\"h('n anyone ovcrhears 
this he at once knows that tllc two stations arc 
in touch, communicating with each ot her, that 
ZL2AC's transmis~ion Wal! all undcrdtood by 
\\"6AJ i\1, and that WljAJ i:I'l is telling ZL2AC to go 
abead I',' ith more of what be has t o ~ay.) W9APY 
DE W;JZF N R 2-3 n. K . (E vidently W9APY i3 
sending messages t o W3Z1i" . The cont.act is good. 
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T he m('fWIjl;e WII!; all received correctly. W3Z[.' 
tell.!! W!M PY to ~o a hl'lld with more.) 

(8K ) R NM NW CUL VY 73 AR SK W7K'l'. 
(W7NT says " I understand OK, no more now, 
see you later, very best regards, I fl m t hrough 
..... ith you for now and ,,'ill listen for whomever 
wishes to call. W7NT sign ing off.") 

4. if 8. 6taiion sends test signal~ to ndjust 
the transmit ter or £It the reqUC8t of anOl hn 
station to J}l!rmit t he latter to adjnst its rC«living 
apparatus, the signals must 00 oompos~d of a 
series of V's in wh ich the call signal of the 
t r:msmitting ISI.:J,t ioo shall appear Rt fn'qucnt 
intervals. 

5. When a st.:J.tion receives a c:l.lI without bring 
certain that the call is intended for it, it shall not 
reply until the call has been repealed snd is 
understood. If it )'('(leivcs the ctlll but ilj '.lIIcerlaio 
of t he call signal of the s.:nding station, it @h:dl 
answer using the signal " - - - - (1) in2tead 
of t he call signal of this latter stntion. 

O. Several radiograms may be trlln~m i ttPd 
in seri ('S with t he consent of the ~ tation which i~ 
to reCd\'e thrm. As a ~uerlll rule, IOllg ru.dio
grams shall be t ransmitted in sectioll~ of ap
proximately fifty words each, ending with 
-- -- _. (?) meaning, " Have you reteivr,j 
the me8fl&ge correctly thus far?" 

7. A fi le of me66llges handled shall be kept, 
this file subject to call by the Scetion Ma..uag(' r 
at any time at bis discretion. Only m<'Sl!..'Ir,t:I'8 
which can be produced shall be counted in t he 
mon~h.ly reports, and t hese ~lIIde r the A.R.H.L. 
l)rOVLBlOns for m" sage-oount mg. 

Above al l, t he operator will ncvrr mnke cbnogrs 
or alwrntiona in the texts or oth(' r ]lOrtions of 
mc!ll!tlgetl ptlSSing t hrough his hands. ]-IO\\'I' \'('f 
"light or however desirable I:!lIch changes llIay 
8(,'<:IlI , the changing of a ml'~ge without prop('f 
!luthori t y or wi thou t tho knowledge of lhe 
originator of t h!) ml..'!l~p ge may be cooijidcred thl ) 
" lInpardoMble !do." The proper thing to uo of 
course is to nOlify the party filing the meUIIJl:e or 
t.he originatinli\ station of your observations, 
lICCure permiwon from the proper source for 
making the change by sending a "S('f\'ice mC2-
sage" or other means. If tile case S('('ms urgen t , 
the trafIi c ehould not be delayed but !;houJd be 
delivered or forw!lTded wilh appropriate notation 
or scrvice accompanying it. 

In aeknowll.'dging me,,-sage:s or con\'.~ rMtion: 
Never scnd a eingle acknowledgmeut unl il the 
t ransmission has been successfully fN,'eived . " R " 
UlCflns" All right, OK, I understand complet.ely." 
When a. poor operator, commonly called n "lid," 
h.\~ only received part of a message! he nnsw('r~, 
" I't R H ft 11. R R n R H, sorry. mlS&.:d addrc~~ 
ftnd teXt, pac repeat " IUHl eyer}, good operator 
who henrs, ra.ves inwarilly. The string of IlC
knowledgments leads one to believe t hn t t he mt'&
,;ugc hWl been correctly received and t hat it ¢un 
be duly filed away. By the tillle t his much is clear 
it is discovered tha~ most of the meSSllg¢ did not 
get t hrough after aU, but must be repeall..od. 
l'er hape acmething happens that t he pllrt alte r 
the string of WI! is lost due to fad ing or inte r
ference, a.nd it is assumed t hat t he message WIl8 
correctly received. The message is t hen filed and 
never arrivell at its destination. 

Here is the proper \)rocedure to follow when 
a ml'S8:1gc hsa \)c(>n !K'lIt and lin acknowledg
ment is requcsUXi. When all t he m{'!JSSgi" hn~ 
been received corrcelly Il short call fOUOIHod by 
"K R ISS R K" or simply" 155 1\ " is ~uffieicnt. 
When most of the ml..'S&'1.ge \\'tJ,!Ilost the call should 
be followp.d by the correet nbbreyiations (SI.'C 
Appendix) from the intern lltional list, asking for a 
"'petition of th(1 add r<:'Ss, text, etc. (RPT A DI{ 
AND TXT J(). When but n few word~ were lost 
t he last word ~ci ved correctly is gil'en aftl'!' 
1AA, meaning that "all after " this should \x> 
I"('peated. ?AB for "all before" :I. statt'd \\·ord 
~hould. be u.~1 if ~ost, of the first rart of t he 
copy IS mlssmg .. ON ..... A:;\ D ..... 
(two slated wordll) IIIIks for a fi ll " between " 
certain sections. If only n word or two is lost 
th is is tbe quickest method to ~! it repeated. 

Do not send worda twiee (QljZ) unless i~ i~ 
requested. Send singl (' unlCl!l! othen\; se instructed 
lly the rCl'("idng operator. Whl'n re<:(!pt ioll is very 
poor, a o.SZ CRn be requested to help make bettrr 
copy. When eond i tion~ nrc ev('n moderately fair, 
11.1$32 is Ilnneet15o'll\ry. l~ew i hinge 3re us aggra \' "t
ing as per feet t mllSUlission with every word com
ing tWice. Develop self·confidence hy not usking 
o th~ rs to "QSZ" unlns oond itionB arc rath('r im
posoible. Do not fall into the bad habit of sending 
double without. s. definite request from the fellows 
vou work. 
. Do not lLooept or Btart incomplete messages. 
Omi:!sion of the fundamental parts of a. mes
sage often keep@a IlICIl8age from getting t hrough 
to its destination. Official R elay Station Ap
pointments are eubjl'Ct 10 cancellation for failure 
to make messag.,s ('(lmpletc ~'nough. 

ol'taU.T!XG NOTES 

A sen~i li ve l'ecei\'l'r is often moro import&nt 
, han the power input in working foreigners. Th('re 
is not mucb difTcn'uco in resul t>; with the diffcr(,lIt 
powcrs uSl'd, though .'1 '2r.o-lI'utt.cr will probabl ~' 
give 10'/0 better sign!lol st r('ngih at the distllnt 
point than IL T vptl '52 or 'IO's, ot her factors 
being the same. It will not do much betlcr t han 
this because the field st rength drops so ra pidly as 
we ~t away from the anwnna. In ,,·orking foreign 
countril'S and DX stations you should be able to 
hear t.ffi or a doz('n stations befor<l expecting thai 
one of them will hrar YOtir call. In general, just 
hffiring an ooe&i!ionul fort'igl\ stalion does not 
mean that that t'OUll l ry can be worked at youI' 
own p!ce..o;u!'(' . 

A common fault fl mong lml(l.teurs who do not 
get in touch wi th DX stut lons readily is tha.t t heir 
cslls are too Bhort. Oft(, 11 t hey do not IICnd enough 
~lwrt CQ's illdic:ltill[l; t he country 01' pllWl de
I;ired even when i he receiver is ~n~itive enough 
to bring in several stations located at t he dC!!ired 
spot. or oourse the type of rndialor can a.lwaYIl be 
blamed or the antenna location bu~ usually the 
opera.tor has ollly himself to bhme. 

The signal " V" i~ sometimes !!Cut for two to 
fh'e minutes for the purJlOl!C of tC$1, ing. When onc 
station has t rouble in rect;\·illg, t he operator asks 
the transmitting station to " QRV" while he trit'i! 
to adjust hill receiving 8IOt for better reception. A 
decimal point is often cent by t he letter ,. R." 
Example: 2:30Pl\1 i .. !!Cut "2R30 PM. " A long 
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dash for "zero" and the !\lorse C ( . . . ) for 
"clear" are in common use. An operator who 
mis!i<'S direc tions for 0. repeat wi!! send "4," 
meaning, "Please star t me, where?" These illtrer 
abbreviat ions, Iik(l others in our present day 
practice, are hybrids, originating in wire practices 
ILnd Morse u~ges. 

Improper calling is a hindrance to the rapid 
d ispatch of traffic. Long calls after communica
tion has been esw.blished arc unncCfflSary and 
inexcusable. Some stations are slow to reply to a 
call. However, the da.y of the sta tion with dozens 
of switches to throw is past. Controls for both 
receivers and tnmsruitwrs are simpler, fewer in 
numb<'T, and more effective. Thn up-to-date 
amateur station uses,. "break-in" SyStl' m of 
operation and just OJl(~ switch contro11infl; the 
power 9upply to the t ransmitter. 

Poor scndin!$ t ak C's the joy out of operating. 
There lire stat ions whose operators are not able 
t.o send bett er lind t hose who can send lJ;.'tter 
but do no t. T he lattC'r dass bC'lieve that tlwir 
"swing " i~ pretLy. Some of thrm (lSI' a hy with 
which t hC'y are no t fa mi liar. 

Beginm' r9 deserve hdp and sympathetic 
undl·rst.anding. Pract ice will develop th~m into 
good operators. The best sendin! speed is a 
medium speed " 'iih the k tkrs quick y formed and 
sent evenly with proper HIlflcillj!: . The standard 
type t elegraph kl'Y is ~)(,f,t for all-round usp. Bp
fOf"(! a llY frl'ak k€'ys a re wwd a fell' months Rhould 
be spent in practicing with a bu:wcr. 

No excuse can be made for a "g"J.rblcd" text. 
Operat.ol's should copy what is sent and rdu~e t o 
acknowled ge ml':!O'agcs unt.il cyery word has l)('('n 
received correctly. Good OPf,rators never gu<.'ss at, 
anYl hing, When not surr of d1urt of Ii rn c&mgo 
they ask for a .'epeat. The "Ii "operatol' ('all he 
told very quickly when he makes II. mi~takc. Hc 
does no t u~c a defill iw "("TO"" s ignal and go on 
with his me8.'lage but IH-' usual!y bct rays birnsdf 
by sending a long string of dots and nervOllsly 
inere~I.Sil\)( h is rat e of Sl'nding. The good opera lor 
s<'nds "?" ,,£te r his midt!\kCB and starts ISCnding 
again with Ihe last word sent eorreeUy. Unu~ua.l 
words a rc often sent twlcP. Afkr the trnnsmi~~ioll 
"?" is i'Il'n t and t hen t he 1I"0rd is rqlf'ated for 
vedfi('at ioll. 

T hl' lall' conC€rning sU1l<.'rfluous signals ~hould 
be noted enrefully by eVPr)' amateur. Some opera
tors hold t he key down fOI' long Iwriods of timp 
when testing or thinking of something to send. 
Whenever t h is is dono during operating hourH, 
som eone i~ bothered. unnecessary in tcrfcr<.:ncp 
prevcnts someone from w,tting in oontact with 
(QSO) someone else, and if m''8sagc-s '1.I'C lJ;.'ing 
handled the t.'<JPY is ruined. If you must tcst, db
('Onneet the ant enna ~yst('m and usc an equiva
lcnt "dummy" antClJtla (made of IUlllped rr'fli~t
alice, cap.'l.c i ty and inductance), AllI'ay~ srnd your 
call occasion.'l.lIy whell opemting wilh the 
ant.cnna. You mny be heard in Africa. Pick aliml' 
for ad justing the ~tation apparatus '.vhen few 
~tfl tioJ]s will be bothered. 

USING " IIR)O;A.K-IN SYSTEM 
A break-in system of operation makes it po;;

sible for us to interrupt the other fcllow if we mi8.'l 
a word or do not understand him . Wit h II telo-

phone we stop talking as soon lIS t he distant party 
sp('ak ~ and interrupts us. In a telfogrliph offiCI) the 
operator who mi!;S('!l a word 0:ren~ his key 00 that 
th(' /w./ld ing is interrupted an cannot go on until 
the )"C(.'f'iving Opl'rator has had his say and again 
do.'II'd the circui t. In a radio system using (l. 

br<:'ak-in t he receiv ing operator presses the k('y 
and makes some long dashps for the transmitting 
O]ll'rator to hear . As soon a~ he gc-ts t.he signal he 
stops irnnsmiUing and listens to what thr recpiv
ing operator mys, "fwr whi('h the ~('fJding is 
resumed. 

A S('p~l.!'ate recciving anteuna put up at right 
flllgies to t he transmitting antenna makes it pos
sible to li ,~ten to most stat ion~ while t he trans
mitting tubes are lighted. It is u~ually necp8.'lW'Y to 
pause lu~t a moment occasionally when the kcy is 
up to listen for the ot he r stat ion. 

.M.ueh .useles~ calline; Ilml un.ne<;t'S&lry tr,lI:n&
mIS~IOIi IS prevented If brC'J. k-m IS used. I wo 
~tations ca.n use 1 he system to mut ual advantage. 
When m'''SAAgCII are lM"ing handled, if some intcr
fcrcllC'e ('onws in or if a word i~ missed. due to 
swinging ~ i gna ls, a few taps of the kcy will 
set th ings ~traight in 110 jiffy. "BK BK GA 
ROANOKE" (or whatever was the last word 
l'f'CO'ived correctly) will save tim() and unnecessary 
~ending , If t he trouble ('ont inu()8, the Sffiding 
station elin "stand by" (QI1X) or it can take 
truffle until the l'l'Ception conditions at the di,,
( >\fit point arc again good. 

For e"am1>le, suppose W8SF ha~ a message for 
New York City, H e calls, " CQ CQ CQ 1\Y DE 
WSSF WSSF WSSF," repl'atingthecall three tim~ 
and conduding with" AR . " \V2PF hears him, 
answering" WSSt<' DE W2Pl<" BE: J\I E ilK ME." 
When W1SSF h~an; W2 1'1<', W88 1" imm<.:diatcly 
holds his key down and mak('s IIOrne long dash('~ . 
W2PF, \\"ho is of cour>!e receiving "break-in " 
while he ealls, ~t.ops sending when he hears th(' 
dash. WSSl" thcn ca ll~ in the rcguliJ.r manner, 
suying " W2PF DE WSSE" GE HIt ?lI Se AIL" 
'fhm W2Pfo' gives him II. "GA 01\1" II.nd the 
message is sent without furthcr prelimina.rie~ . 
Since both stations are usin@: break-in, they (~n 
int<.'frupt eaeh ot her at any time when somet hing 
goe;; wrong or a letter is dropped, and t.ra.ftic call 
be handled in half the usual time. Therc i~ a real 
"kick " from working a b reak-in arrangement. 

In calling the transmitting OJX'rator sends 
lhe letters "nK ," " BK IN," or "BI( ).IE" lit. 
fl"(!qumt into;rval8 during his call so that stalion~ 
hearing the ca.ll may know that a brcak-in i~ 
in me and bIke \". dvantage of the fact, He paus('s 
at. interva ls during his call. 10 listen for a monwnt 
for It reply from t he ~tat ion I)('iug culled . If t.he 
sta tion lx' ing <l1l1!!'U do,'ll not am",'(, r, t he call can 
be eoutinu('fi. If t he station callcd answers 
80m('OIl!' diIC, he will be h('!uu lind t he calling 
can be brok.'1l. ofT until he haR finishNI h is busi
neas a.nd IS again listening for more stations to 
work. 

};MEIW t:J\"CY \\'O HK 

Amatew"S have alwayS given an excellent 11(;

count of tliemsdvCll in mAn)' emerg€'ncies of local 
>\fId national character. In every in~tallcc, the 
amateurs who have considered the possibilities 
of an emergency arising bef(ffc t.he trouble act.ually 
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came to PR,S W('!'(l tht> ones who must be eJ'f,.'(litoo 
wit·h doing tho most important work. They wore 
ready, pl .... pll J'f,."(1 for t he crisis when it came. It 
bchoov~ nil of u~ to think upon these matu 'rs, to 
likewise Ilf('P!l.f(' ourselves for doing lI. cr{'ditable 
job in e-nch future opportunity. The very least we 
ran do is \.0 ~tudy the hi~tory of such CMOS so 
that we may prol:e..-.d correctly and sysY'matically 
about our businCSl! wit.hout losiug our iwads and 
p~o:ing up gl0l"iou8 opportuniiies for serl'icc in &. 

efL'>lS. 
Priority must. be given messages from .'!o s tricken 

point a-sking for relief measures such 3i; food. 
antiloxin, blrlll kct-'l, doctors , nurses a nd necessi
t ies of life. ;\f'xt in order of importanoo (and also 
in ord('r of tra.nsmiSllioll ) Ilre the p l"fflS me;OSflgl.'S 
informing ihc out.side world of all t ha t has tuk,'n 
plaoo, t he e" tent of t he di~n.gter, r.erllll.ps conffii n
iug public :t.1'J)C l>1s for assist ance If th.; aut horities 
in the alTected a n:'a belicve thi ~ nc<:cssary. A t hird 
class of me8Silges is between frif'nlis !l.nd relatives, 
me~lIgcs of inquiry or messng('s of assurance to 
fl.nd from the 8trkkcn terri tory. III earh ('mer_ 
geney many umatf'\lr stations at :\..~ mnny di ffl'r_ 
cnt poillts all Ol'er the coun t r~' get on the air with 
such mess..'igt's from an xious iriends on t he out
side. Of course it is nece;;SI\ ry for ~t:ttion s with 
such traffie to st.and by lln t il t he relief and prf'SS 
messages are off the hook and opportunity is 
given for clearing such private messa~. 

During emergencies it is often possible to send 
b!oadeasts to t he press gene!'ully (or addressed \.0 
l J. P., A. P., N. A. N. A. , ctc.) betwC('n the 
transmissions of I~'lief priority t raffic. Invariably 
such m~sages are corr('(: tly delivered to lo c~l 
m f'lIl l>cr~newspapera in such asso<;ia t ions, the 
public kept i" formC"d , and amateur radio credik d. 
1::\1J(;h broad ~fl.Sts ~hould be sent at n')!;ular in
t"'r vals if p?ssible. Thf'y h:we sometimes been 
ow dookPd Hi th, ' rush . 

Pf'rhaps t he 1rI .~t duty of the eml'rgcncy 
station but 11 d uty tleverthdcss i 5 a full report of 
< he work t ha t wp.s donc 00 that the wholc achievl'
illcnt ca n dt> its bit for I1Ill:l.teur radio. St(!tum~ 
/)ut.sitle an "' emergency zune" and i n Cl)ln lll llll"ica
t~OIl with rdiej 8m/WitS i 'l tlia ! wne are J·eque.sled 10 
injorm A. n.U.L. Hea(/'/ lwr/ers oj 1 1ii~ situ'l/ion /;y 
telegmm to jaciiimle traffic 1IIot'emeni and for Ihc 
injormation of the preS8. 

Considerat ions of (l.n pmrrg('n ~y power supply 
are of first import ance in many caS{';; wh~re radio 
is destined to play a part . If local elect ric S<:'rvicc 
mains u.re "ri ppled one may ha"e recourse t o 
B bat teries, d ynamotors dri l'en frOIll s\.or(l.ge 
baiteriet!, and t he li k~ . By ("on~ultillg wIth otlwr 
alll ale llr~ r~ll d puttillg all the lIvaibblc raciliti('~ 
togdhcr in <he most fal'oruble lora tion a station 
can be made operative in short order. An order 
from HOme competcn t authori t y will make sup
!, lie~ of batwries or t empora ry service from a 
public li tilit ies comlillily fl.vailahlc for em<'rgelley 
stat ions. It is sometimes as easy \.0 move t he 
!l.m:l.teur station to a powcr supply u.s to collect 
a power ~upply toget her alld bring it to the ama· 
to'ur station. This is espccially tflle if the trans
mitter and receiver a rc built as independent units 
that may be moV(!d about at will. In somc emcr
gencies II oottt:r ies have been provided from local 
dectrieal supply stores. III other cases broadcast 

liswnCfll have been caned upon to cont ribute t heir 
individual bat teries to the commOll rauw. 

It is impo!lSiblc to t('ll just wlif'n or where will 
be t he next call on amfl.te urs to r('nder ~cT\·ioo in 
all emergency. In t he Nort h, sleet storms find 
crippled wire service threaten public safety dUI'
iug at leMt three months of eaeh year. Floods 
p eriodically thr€tl.ten dilTf' I'f:nt ilCetions of the 
count ry a t ditTe rent t imes of the year. In the 
sout.heaste rn states, storms of hurricane in t ensity 
are COlllmon. The situaiion in all 6ueh emergen
cies is a 8Crious one. The entire question is one of 
preparedness for the individual station . Shall we 
be ready or not, if and wh('n an emergency arisell? 
Be rlXldy for the emergcllcy call , QTl:n, when it 
rome!:! . Jump into t he breach with your stat ion if 
k !l.ilible or stand by and avoid ink'rfel"rnce \.0 
t hose handling emergency t raflie if this Sf'€«l S to 
be the right thing to do . " Standing bt' iij 
w met irncs t he harder bllt wiscr course If tlw 
important commuuicllt ions a re br ing handled 
satisfactorily by otl.ers aud your traffic i$ " public 
correspond(>Il CC " for iudi vidua!.~ . 

If you live along the linc of a rai lroad you 
should get in touch wit h the local representative 
of the mi!road !Kl he will oomll\unieILW Ivith you 
in case amateur rad io can help in an emergency . 
You should likewise make note of the address 
of Red Cross headquarte rs, of local military 
uni ts, police depa rtment./': , representative.'! of 
press associations and the like, if possible put
ting your stILt ion on roconl with such organha
lions and oiher competent authorit ies 00 that 
you will be called upon to assist when emergency 
eommunielLtion is necessary . When storms IiP
pro9.C h or disaste r t hrea tens it is hest to keep III 
touch with (he s ituation by radio and again t o 
offer acrvi<:e to these llgenCles well in advILnee of 
Ihe actual emergency. Emergency work l"f'aps big 
ret urns ill public esteem aud perSOilal satisfaction. 

~n:s.~'\'(; £ T I{ ,\.F FIC 

One activity of the Let\gue that is quite Im
portant is t he accept ing lind relaying of messages. 
:;tation owners may originate traffic IIf any kiwJ 
going to any part of the United ,states, Hawaii, 
1'or to Rico, Alaska, or tbe Philippines. Canadi:w 
messages may be handletl under certain restric
t ions. Important t raffic in ell\crgeneies or mes
sages from expedi tions for deliverv in Call1l(ia 
must. be put Otl a land wire by the (r. ~. amateur 
stat ion handling . 111e int.enl:J,t ional law prohibit
ing the handling of im portant messftges 10 Illost 
foreign countries must be observed . 

l\-Iessagea lIlay be aooellted from friends or 
acquaintances for sending by a mateur rad io. 
:;ueh messages should be put in R.~ complete 
form JUl lX)s..~ible before transmitting them , and 
incom plete messages should not bc accepted . 
As ilIC!!Sa.ges are often relayed t hrough several 
stations before arriving at t heir destinntion, 1W 

abbret'ul /WII.'< should 00 used i n OU! text 11.8 mistakes 
are bound to haPJ?C1I when the wlct; is shortcned 
in t.hi~ ma nner. '1 0 poople not acquainted with 
radio Il.bbrcviationll, messages written ill short
ened fonn are meaningless. Delivering stations 
must· be careful to see that messages are written 
out fully. 

In hllolldling mcs.sa.gcs we are doing something 
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really worth-while. \Ye want to start only good 
worth-while messages from our stations. Uur ef
forts Iiliould be di~ted 10 making th" quali ty of 
our m%S1lge service hiji(h. T he numhcr of mes
sages we handle is of s~'Co!ldary importance. The 
kind of messages we originate or start from our 
stations and the speed with which t,he messages 
pass t llroUp:h our Rtlltion and t he reliability or 
accuracy with which the messages are handled 
are the things of plH8 mount importance. 

A~IATE\)R STAT US 

It is most importa nt that individually and 
lI.ll an organization we be most careful to preserve 
our standing as 3mateur~ by doin~ not hing io 
harm t hat most precious possession, our amateur 
st atus. 

No brief can he held for the amateur who ac
cepts direct or indirect compensation for handling 
sped fi e messages. This is in direct violation of the 
terms of the amateur st.3tion license, the regula
t ion~ of the Federal HRdio Commission and t he 
agreements in re!l:ard to thfl use of vacuum tubea 
and equipment "for amateur and ex!*rimental 
usc." Such violations mal' be rel>ponsihlc for not 
only bringing indi vidll~ ~mt1.teurs into great 
t rouble but may even throw a shadow of disrepute 
on the li!:ood name and N3cord of am~teur radio con
sidered as li whole. 'Ille pcnliltieSliTe too great and 
neither t he violations nor the violators can be 
tolerated. Accepting compensation of any kind is 
dangerous business! 

It is the purpose of these paragrophs to lVam 
amateurs to avoid being " used " by commercial 
interests in unethiral ways, An amateur asked our 
advice recen tly on aceepUng a whole set of fin o 
station equipment from a bnsiness house - the 
only string being that Iw should consistcntly try 
to handle £orne traffie wit h a certain foreign point. 
.'\. hotel on the Pacific Coast offered an amateur 
radio cl ub a fine meet ing place with fre~ light , 
power and hea t - provIded the amateurs would 
establish nn amatcur station and relay meSSllgcs 
for guests of t he hoteL A certa in oewsp,apcr 
plannoo to "organize a n amateur radio club' and 
establ ish a "net" for t he collecting of amateur 
news for t he paper. It olTered the amateurs a club 
room and the faci lities of a p:;>werful stat ion that 
it would ins tall as ., net control sta.tion " in return 
for the t,hilll!:S it could gain by ma.king amateurs 
violate thei r amateur sta t us! 

T here are plenty of legitimate activities in 
which amateurs may participate. The Lcal<Ue 
approves amateur ooi peration with \\"ort h~' enter
pnses, sponSOffl tests to show the utility of short~ 
wave communi<-ation, encourages worth-while 
ser vice to ex peditious in gett ing their messages 
from t he far parts of the eart h. Be assured that 
there is nothing wrong in accepting trophies and 
pril.es of any sort for legitimate amatcur competi
Ijon in cemmunkat ion contests. Watch carefully 
and refuse to enter into any agreemcllts or al
liances through which you accept anything in the 
na.ture of a consideration for services rendered in 
oonne<: iion with your amateur radio station . 
There is no question of the good intentions of the 
amateurs involved in the several cases cited, 
Very great damage can be done unless there is 
strict obMlrvMce of both the spirit and letter of 

the regulations involving amateur st.atus. Avoid 
sugar-coated promises and opportunities which 
might be construed as direct or indirect com
{ltnsation a.nd a violation of amateur status. 
!Seek competent advice before you jump at 
chances to get !lOlllething for nothing. Preserve 
your most valued possession, your status as an 
amateur. 

Our right to ha.ndle friendly cemmun ications 
of wort h-whi le eharuter nnd to engage in valua
ble work of all kinds in emergencies and with 
expeditions remains unquestioned . A "eonsidem
tion" of any nature wha.tsoever absolutely es
tabl ishes the .f oommereial" nature of any trallic, 
however. 

A elL'3e came to Oll r attrntion in which a station 
owner W I!.'! reportoo to Ilave aceept.cd a prize (?) 
from a commercial organization for originating a 
large quantity of lllC8S!.lgea of a direct advertising 
nature for the company presenting the prize (1). 
The messages were of cOurse of the " ruhber 
slamp" variety so that they had to be t hrown 
out of the totals in accordance with the A.R.R.L. 
policy expressed elsewhere in this book . Possibly 
It is a1l right for an amateur to handle such mes
ssgC8 liS long as hI.' accepts no compensation -. 
legal opinion probably would substantiate the 
right of t he amateur to hand le this business under 
those circumstances. But we question whether or 
not "eompensation "was present in this inst.3nce. 
And we (. 0 not condone the procedure of burden
ing fellow amateurs with such a load of worthless 
t raffic. 

~!E&;A(JE FO Il~t 

Each message originated aud hundled should 
oontain t he following component loarts in the 
order givcn: 

(a) City of origin 
(b ) Station of origin 
(e) K umber 
(d ) Date 
(e) Che<:k (opt ional) 
(0 Address 
(g) Text 
(h) Signature 

(a) T he " ci ty of origin ,. rclers to t he llamc of 
the city fro m which the IllCSSlIge was started. 
If a message is filed at League Headquarte rs by 
someone in Hartford Conn., the preamble reads , 
Hl'tIIsgjm Harlj()TdCQnll lVl.MK Nr457 April 9, 
etc. 

H a message is scnt to your r adio st at ion by 
mail t he preamble I"{'ads a !itt-Ie differently \0 
show where t he message came from and fr om 
what city and staiion it originated as wrll. If a 
m~gc WII.!! filed at A.R.R.L. Jkadquarters and 
if it came by mail from Wi~cf\,'lIl('t, :,\ iaine, HlP 
flf('Rmbk would rlln like t his t o In'oid confu ~ ion: 
HI' msg 1m lVisrossd Maille Lia Harljonl Conn 
W I M K NT 457 April 9, ('tc. 

(b) The "st aUon of or igin " ref('r ~ to the call of 
t he station lit which th\! mr~~age was flkd and 
t his should always be includl'd ~o that a "sl' rvice" 
meS-'<age may he sent back t o t he originating sta.
tion if something interferes with Ihe prompt 
handling or delivery of a message. In the example 
of preambles iust given WDlh is t he station of 
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origin, that call bdng the on £: assigned the League 
I-Ieadquarwe Station. 

(c) Every message tram:milt.e(i shoukl beaT 
a " number." Beginning on the first day of each 
calendar year, each transmitting station (.'l!

tnblishes n new series of numbers, be~lln ing at 
Nr. 1. Keep a sheet "ilL a CQ!I!\CClltLVC list of 
ntlmbcr~ handy; file all mes~agea without num
Ix!rs' nnd when you send the mess. .. geK, llSI!ign 
numbers to them from the "number siwet ," 
IIcratching ofT t he numbers on that list Il.I! you do 
so, ma.king \1 !]otation on the number shet:t of the 
"tatio!] to which the messnge WlUl sent and t he 
dal.c. Such fI. system " i ll keep things straight and 
IX' \"pry con" enient for reference to meBSagCII 
oriRinaioo . 

The ol"iginai number suppl ied each mClll!lL.ge by 
t he operator at the originating stMion is trans-
mitted by each station h!lndling the mC$lllge. No 
new numben! are gi \'t'J) t he meMage by iow
mooiat.c Illations. U a message i~ filed at Wli\IK 
on April !) and when stnt i~ given the number 
"nr '1&8, " this same call. date and number a.re 
II~I by nil sta tions handling t hig messn~e . The 
nUOlocr and date become a part of tho Clty-and
station-o(-origin identification used for the pur
pose of tracing. Only at stations where II me58:'Lge 
originate!! or i~ flied can a number be fL.8Signed to IL 
mcssa.ge. Intermediate relayi ng stations neither 
ch:mge number!! nor supply ncw onCI!J to nles.,,,,,,. 

(d ) Every m~ge shall bear i\ " dllte" and 
this date i3 tr:mgmit ted by each stat.itm handling 
the mC8S3g<!. TILe date is the " day fi led " I.t the 
originating station unless ot herwise specified by 
the acnder. 

(e) Every word in the I\ddress te):t and lIigna
lure of 11 me8&\~e COUll \.'! in the check u~in~ radio 
cable-count . " ords and abbreviations LLl the 
prcamblo arc not counted . 

In the address t he nameR of citie~, staw.'!, coun
lri('!j or other divisions of terri tory cael( count Il.II 
one word rcgardlCSi! of the number of lelwrs they 
contain . Proper UIImes in the tLddress .'tnd /ligna
ture are counted at t he mte of one word for each 
15 lett.crs or fraction t hef('{)f. T he words "stM!et ," 
" avenue," " square" or "road " lire always to be 
roullted each as one word separately from t he 
nflme of the street, etc., ",beth!'r "Titten with i ~ 
or separately . Names of ships fire eouo ted as ODe 
word irJ"C!! pccti ve of the number of let lers t hey 
cont1l.in. When there nrc two ships of the SII nle 
name} the nnme and t he enU !etter~ of the ship are 
togetner counted as one word. The no.me of t hc 
state is uJways t"O uu t.cd as one word in addition to 
the Ilame of the city. Initin!" in t he addrC!!llllT() 
counted ench as onc word. E ach group of house 
01" st reet numbers is allowed to PaM u.s Olle word, 
hO',H"'er. 

h i.(l Clt3tOlUary to omit the oount. of t he name 
of a st.ate in the check when it is writl('n nnd 8Cnt 
i.!l parenthl'6C8 in t he address. 

If a t€lcphone number is included in t he 1Id
drt'sa, t he word " t c!epllOne" or " phone" eounts 
II! one word. The name of the exchange is an ad
dhiona! word in the check. Each group of five 
;:,gw.es or fraction t hereof counts as one word . A 
hyphen indicating the word "ring " m:l.y be 8ub
;~itUted. for one figure in a telephone number 

without incre,sing the check . Pl101it Ohnrll!t 
3:18-6 countJI as 3 in thc cheek. f6089 counts (Ill I 
in t he check. f6O!J-.O is a ~ix-cbaraeter ~up and 
accordingly count!! as 2 in the check. ;\hxed lett(,r 
8.lId figure CQrnbinations are oounted as II. word to 

-----.--- . - . . _... _--
THE AMERICAN RAOLO RELAY LEAGUE 

• • .. 
Tn _ • g - .. \ ' ..... 

-.., ""' ...... _'. Of._ .. ,u., .... ,. 
_ ... , .. "", . .. __ GKMO ...... _ 

'-'-, -,,.. ., , ... -..... ,"''' .... _. -, - , _ - , ..... .,,. .......... -.. ..... 
-"'-

each character. :\ hOlliJC number followed by Il 

le ttcr counts as but one word, however, 
R!ldio calls are oft.cn included in the address 

to make proper routing easy. JV6XA r counts as 
one word ill t ho addre&;l but as fil'e words wh en it 
appears in the body or sign:lture of the message. 

In the text., words are COllll tt'<i for every fifteen 
chllracters or fraction thereof if the meSi!age i .~ a 
pbin langllnge 1ll1!lJSllg<!, A word containing from 
16 to 30 !ett." rs COUll ts 2 ill the check. 

Naml'S of cij.jes in t he n.JdrcS8 oount a!wllYs 
:lS olle word while in tho text t hey lI1lly count 
lUI more Ul1l.n one word depending OD how written 
o.nd transmitted. New YOI'k OUII counts as one 
word in the address but t hroo words wherever it. 
appears in the body of t he mcs;;age. New York 
Cily i~ counted 113 one word wheu writt€n 8.lId 
sellt "l"l"i lhollt spacing betw()('n the p:U't.~. 

Isolated characters each count 113 olle word . 
Five figures or less ill " group count Il.II ODe word. 
Words joined by a hyphen or apostrophe count 
as separate words. A hl'phen or apostrophe caeh 
counts as one woro. I· owcvcr, thoy are seldom 
tralismittt'<i. Two quotation Illarh or parenthCllili 
signs count a8 one word.l'unctuation is nover sent 
in rndio rfll'..8SIl!(eS c):oopt lit the express command 
of the !!Cllder. E ven then it is I!rpelled Ollt. In the 
text of me8S!l.ges the names of ships are COllllted 
at the rate of 15 letters to a word if t he Darnell are 
written out IICpamtely. U all 1)Ill1.s all.l joined to 
form one word, c1l.Ch to letters or fractional part 
counts as one word, 

Messages may be ebsaell as plain language 
messages, coded messe~ or cipher messages. 
/\. plain-language message bears the I5lIome thought 
indicated by the dietionary meaning of the words 
used in the text. AJI ord inary mCf!&l.ges are plain-
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language messages. Every 15 characters or frac
tion t.hel'CQf counts as ono word. Numerals MO 
counted in f7IlupB of five or less. A fraction baT or 
decimal POUlt counts as oue cbaracter or figure. 
An underline counts as an extra word wherever 
it appears. 

Examples (plain language): 

uss I word 
ARRH.."QIC.\lE,..'i['I 1 word 

UN COXSTITUTTONAL 2 words 
X-R.l.Y 2 words 

(the hyphen is not trallsmitted) 
91% I word 
396~ 2 words 

29tH ] word 
85772 I word 

171186 2 worda 
In coded messages the words are nil pronounce

able but their arrangemt'ui is not neeeBl!tl.ri ly in 
sentences to express the thoUJl:bt. Several selected 
words or word groups express more extensive 
t houghts. Evuy ten chnracters or lcss COllnt as 
one word. Either dictionary or artificial words 
may be u.scd but all words must be pronounceable. 
Words containing II t o 20 letters count "2" in 
thc check. Whcn onc has a cOP,Y of the simple and 
commonly used codes the busl!les!! of codmg and 
decoding is easy. 

Examples (coded) : 

CAUSTIC 
COllBI:s"ZUBIOUS 
AVlAaWSf;:I 
1I0OTHAn' 

1 word 
2 words 
I \vord 
I word 

In dpher mCl!89ges thc letters or figures in each 
uninterrujltcd ~ries are eoun!R.r! at t.he rat.e of 5 
(or frae tioll thereof) per word. Group", of letters 
are checked at the &arne rat e as $roups of figurea. 
i\lixed letters and fi gure Clombmat.ions count a 
word to each eharaeter. RJ,TG counts as four 
words unless it is an established trade mark or 
trade namc. Radio c!l-lls arc always countcd as 
cipher. WI M K counts as four words in the tilxt or 
signature of u mCl!&io?e (though but one word if 
sent" en IIfuupe" in t he addres.s). For accuracy it 
should be written watch one mike kin(l. Abbrevi
ated or miSl;pclled words are counted at the 5-
letter rate in any message where they accidentally 
alll>CllJ". A misspelloo word wit-h missing letwrs 
takes the s.s.me count as though it were correcUy 
spelled . 

E xamples (cipher count): 

XY I'I>(j 
D(lw 
CXQI'W L 

1 word 
3 words 
2 words 

If a mCllSllge is written partly in plain l=guage, 
partly in eiphf'.r , and partly coded, the words in 
pi!l.in language and code ate counted at the 10-
Ictter r ate while t.he other parts of thc wCS&Iges 
!I.l'(! ch~ked at the 5-1clter mte. 

Whcn messages are written in plain language 
and ciph('-1', thc passagc.~ in plain language take 
the I5-letter count and the passagcs in cipher 
take the 5-letter count. 

M essages in plain language and code take thc 
l(}"lettcr count. 

Whcn the letters" ch" come together in t.he 

make·up of a dictionary word, t.hey are counted 
8.!l one Jetter, 

Either wholo or frrwtional numbers spelled 
out so cach group forms a CQntinllOus word may 
be c1 lccked at the 1S-letter rate, ,,'OB, COD, S8, 
11 RRL, QST, and such expressions in current use, 
are counted fivc lett.:!rIl to a word wherever they 
appcsr. E ach group must of course bc sent and 
countcd separately to indicate separate words. 
Groups of letterllaJC not accept-able in the address 
but must be separated and checked as one word 
each. 

Here is an e=ple of a plain-languag:e mes
sage in correct A.R.R.L , form and carrying the 
"cnble-eount" check: 

(II R !>I SG 1-',lf lIAR1'f'OIW CONN WiMK 
Nil 8S- £17p MA Y H CK 50 TO) 
H B AU,EN 
~W MOUN'J' \:/EJV AVE 
MOUN1'HOLLY NBW JERSEY 

PLEASE COMMt.'JI''J' ON PROPOSED ODD 
TIMERS WEEK USING MOO KIWC YCU:S 
STOP BACK NUMBER OF' QST IV AS FOR
WARDED MONDAY STOP WHA1' ,,'Rb'· 
QUENcr IS MOST IN USE AT WHATJ 
QUESTION 78 TO YO U AND ,VElV JERSEY 
G.4. NG 

(sig) ARRL COMMU."lWATIONS 
MANAGER 

Thc count on each part of the mCfS:>a.ge is added 
to give t he "check" shown. AddNiSS 8; text, 39; 
signatul"l'! 3. The check i.'l th e sum of these three 
or 50 words. T hc parts of the message in paren
theses are always tran9mit tcd but do Dot count 
ill t he check. 

T he following words t h .. 'l t gil'C most trouble in 
coull1.ing this mCSSfl.ge add into the "check" as 
follows: 

H ...... .. . 

Il .... . 
4l11 ...... . 
A Vi;· . • • . . . .. . ... . .. .. ..... 
NJ;W J I':RSJ; } ' ........ .• .. .. . • 

3500 . . ........ .. .... .... . 
QST. . . . . . . . .. . ...... .. . 
W3A'fJ ..... ..... 
i3 ., ... , . . ... . ....... 
NE W JERSE\' . • .. 
ARRl, .• , ...... . 

1 , 
1 
1 
1 
1 
1 
5 
1 
2 
1 

T he use of a check on amateur messages i~ 
optionaJ. Where employedhhowevcr, it is a rnat
!R.I' of courtesy to see that t e check is correct and 
is handed on along wit.h t he rest of t he message. 
Very important rnCSS!!.ges Ehould be chccked C!l.re· 
fully to in~ure accuracy, and if an important 
m~!c is received with no ~hc~k, a check should 
be adr ed. 

(f ) The "addrca.'!·' refers to t il<! name. st reet 
and number, city, state, aud telephone number of 
the party to whom t ho mCSS3ge i~ b ~ing sent. "
sufficicntly complete addre;;.~ ~hould a.l,,·ays be 
given to msure ddiW'ry. ,rho l ac~epjjng mes
Mges t his point sllould be st rhsed. In transmit· 
ting the mCS-'lagc the address is followed by a 
double daEh or break Eign (- . . . -) and it 
alwavs p'recedes the text. 

(gj 1 he "text " consists of t he words in the 
body of the messagc, No abbrcyiations should 
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rvcr be 5ub~l i lu tet.l for t he \\o rilil in t he lext of 
the mC$l!age. The text foUowa t he addr<:l!/llUld ~ 
!let 01T from the ~igna.ture by a nother break 
(- ... - J. 

(h) The "~ignalure" i~ uSlJ.(IlIv the na me of 
t he per~on sending t he mC888ge. When no signa
ture is ~ven it ~ CUlItomary to include tho words 
.' no sig , at the end of the message to avoid con
fusion and misundeIllt anding. 

The pr(l8cnce of unnecessary Ilapitl.ll let ters, 
periods, commlU! or othllT marks of punctuation 
m.ay al te ~ t hc meanin~ of. a text. Tor ~his rCMOll 
l'OmmerClil,l commumcatlon compam es U!OC a 
shiftless typeWl' iter (capitals only). T ho texts of 
messagCil are typlld in block letters (all ca.pitals) 
devoid of punctuation , underlin ing and r,ara
graphinl1. except where cxpTelSCd in words. n at! 
commUnlcntiOll ..... ork: , accuracy i~ of fint im
portance. 

YO IUlJ(lX TnU'~IC RI;STRI CTIONS 

Amateur tru ffi c mav be handled ff'C<'ly betw\.~·n 
t\\·o countriC'6 only when so agrC(.'(! betwC('n th t· 
two government!! . Ot herwise governmcn t.l:! will 
pernuL Ilxpcrirncntal cummunication between 
their amateur~ and those in ot her countri l's, /i.t 
the I5ame time prohibiting t he h!lndling of mes
sages for thinl parties. 

In Endand, Frnnce, GcrmfLIlY, Dclgium, South 
Africa , Spain, Ireland, Denmark, !\'Iadeira., S. 
India, lndo-Chinll, and Umguay only " experi
menw " traffic can be handled by amateur radio. 
Messag('S that ,,'ould norma lly be transmit ted by 
cable or commercial radio cannot be 8.CQCpted by 
amawul'8 in the.se countries on penalty of losing 
t heir privileges. Experimental traffic is U$u", Uy 
d efined all tbnt wbich does no~ compet c with or 
le8l!en goverument re\'ellue from existing govern
ment telrgraph and cable services. ~ l essngC8 be
t weeu amntf'urs regarding the technicalitica of 
atation construction, a.djllstment or operation, 
message!! regn.rding short-wave amaW\l1' teets, 
t h08C concerning l.A.lt .U. and A.n..R.L. a.c
livitit'll- in sbort, messMgca tha t can be clflssificd 
as relating to non-oommercial bu~illCSll conductw 
by non-oomml'rcial organizatiolls - eH.n be freely 
handled, while per!!Onal messll.gea Illld businl'l'>'! 
mt'S83ge& ei tht'r to or from nn~'OIH! except nn 
experimenter cannot be accepted by a forrign 
~1ation . 

Any and aU kinds of t raffic may be handlt'll 
be tweeD amateur stations in di fferent pllortll of t he 
I;nited States, Hawaii, AIMka, POTUI Rico nnd 
t he Philippinll Islands. TherE' is no quali ficat ion 
or rc!lt rieu on exeept that amateur @t ntus must 
be obl!ervcd /i.nd no wawrial considerations be
come invol v\.,<! in t be communications. 

International meesage haudliug by amateur~ is 
forbidden under the terms of the Washington 
Convention "wllC!!lS t he in terested count riCII have 
('nteTed into oth l'r a~meD t.l:! among thcm· 
~E'J VftI. " The A.R.R.L. undertook to bring about 
~uch an agrc.emcnt betwoon this OOUUtTy and 
Canaca, for thereis no internat ional border in our 
.'i lllalAlur radio and we ha\'c long enjoyed froo 
i.ntercball~ of t raffic wi th our Csnadi(J,D mOIll
bers . The League's effori DIet wit h:1 degree of BUC
'e~s and it is hoped that similar armngemell l<! 
l!l!ly he negotin tE't1 with Austra lia. N{'w 7.ealal1d. 

and other coun tries .• \ Jcssaj\Cl:I liMe L~" handlE',J 
rather freely with Uralil, China and Chile in th ... 
I>sst, and it is understood t hat the Chin<'SC go,' 
emment is expected to license its alllateUN soon. 
with the right to handle personal, illthough DOL 
commercial, tnffic internationally. 

There is thus a splendid opportunity for han
dling mCBSages not only in etlCh of these locali ties 
but also between each coun t ry listed just above. 
There are ehanccs to render a real service to local 
communities overywhere that /i.n a mateur puts up 
a station fLIld gets on the air, and espeCially in 
t ime of emergeneiea. Excellent work in t raffic 
handling cornea to our attention regularly. Many 
expeditiolls and exploring parties go to t.he far 
pa.rt.8 of the carth - and now they alwaYB take 
high-frequency equipmeot along for oontact work . 

TI LE C .... NAD IAN .... GIlE EMICNT 

The reciprocal agreement oonehtded bet ween 
our country and the Dominion of Canada permitB 
CanMian lind U. :;. amnteu", to exchan~e me~
SHgel! of importance under certain restrictiOIlIl. 
Article {) of the General Regulations annexed to 
t he Iu ternH.t ionai R adio T elegraph Convention 
contemplates t he exchangl: of plain langu/i.ge 
lUesssges and priVo.le remarks of such relative 
Ullimportance that reeourse to public telegraph 
services is unwarran ted . So this agreement is SI1 
e..'(p:Lllsion of the in lerna~ional regulations to 
permit the handling of more important lr8.ffie. 

This .• more important " trallic exchanged with 
Canada mus t be of such nat ure as would not 
normally he llent by any existing means of elect ri. 
cal communication , except. during emergencies or 
from isolated poinn !lot connected by any regular 
mcallll of clceu-ical communication , and in both 
of thelle exceptions the amatllur has the obligation 
of putting such mC98Il.geB on the established com
merdal telegrsph system at the nearest possiblc 
point. It is t o bo undefll ODd tha t this refers only 
to in te rnatioual traff'tc between the two countries. 

The authorized tramc is dCllCribcd as follows: 
" L Mes sa go!!8 that would not normally be 

Bent by any exis ting means of electrical communi
cation and on l\'hich no tolill must be charged. 

" 2. ]\1e79 "'63 from othor radio stations in 
isolated pouiu not connected by any regular 
means of electrical communication; such mes-
8SgCtl to be handed to the local office of the tele
graph com~y hy the aIDl.It.eur receiving sta tion 
for transmlll8ion to final destination, e.g., mea· 
sages from expeditions in remote points such as 
the Arctic, etc. 

"3. l\lessages handled by amateur stations in 
cases of emergency, e.g., floods, etc., where the 
regular elect rical oowmunication systems become 
interrupted; such mellSagCII lo be handed to the 
nearest point on the established commercial tele
graph system remaining in operation." 

The alTllngemcnt applies to t he Ull il£d St.ates 
and its territories and !X'89?3sious including 
Alaska, the Hawl&.iian blands, Porlo R ico t he 
Virgin Islands, the Panama Canal Zone and t he 
Philippine Ialands. 

ORIOIN" T I!;'O '11V- FrIC 

Every ffill8S:ige htL8 to 8t.ari from some pl!l.ce 
and un less !lOme of U 8 sol icit some good traffi c 
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from friends lIud acquainl.ancCB there wil! lie no 
meseagc8 to relay. Of oourse t he simplC8t.. way to 
get meveg~ is to offer to send II few fo r friends, 
always reminding them that the m<ll!Mge service 
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does not CORt them a penny lLild tha t 110 one can 
be held reaponeibie in C~ a friendlr mC88Ilgc 
docs not arrive at its destination or i it Buffers 
lOme delay. 

A number of our most enthumll.8(ic traffic 
handlcrfl who are intcreswd in bandling messages 
in quantities 11Iwc taken more n,ggrcssive steps to 
~ure r<l8ultlf. One man at least h!1.8 advenised 
in the local pape.11I that messages may be ' phoned 
him for transmission via A.R.ll..L. radio statiolls. 
Another lU1lateur we know has made arra.nge
menu to handle !It daily report. on livc-fltock and 
buttel'-and-egg marke~ conditions. Radio 8tatioDs 
at Madieon and Milwaukee Wi800nsin, are re
sponsible for conducting t he ilrst daily and@peedy 
market aorvico of i18 kind. A number of the ama
teur fraternity have disW'ibuted pads of meesage 
hlanks to IL number of local atores and businc!!!J 
hou8C8. A neatly typed card is displayed ncnr-by 
cxplaining the worlUngB of our A.R.RJ". traffic 
organizatlOu, Rod listing the poinU! to which the 
befit po!l8ible IMlrvice can be gIven. 

The t ime of collecting messRgee and the li~t of 
IIChedulee kept may also be posted for the benefit 
of th066 interested. Wide-awake amakJUrI have 
distrihuted We&S:lge blanks to the nearest touriBt 
camps duriog thc SUllllller _son8 of recent year.! 
and lots of Itood trnffic has been collected tbrou~ 
a .ymem 01' mCSBage-COllection boxes pieced In 

public buildinga and hospitals. A sign !lrominently 
displayed outside the radio atation lila in !lOme 
iDlltaocell proved IL good source of obtaiuing 
worth-while meesagea. Other similar ways of ob
taining message traffic will occur to the station 

operator when he is ready to go out alter some
thing to do. When conveutioD8 or exhibitiens 
come to.ll. city there arc always opportunities for 
getting a lot of real mN'ages to IICnd. Some hotels 
are glad to accept messages from guests to be IICllt 
through near-by amateur stations. 

TROUDL.ES TO .... "010 IN OmOlNA,TING TRAF)'!C 

Incomplete preambles seem to be the most 
oommon fault III IUC8Sl~g<l hnudliug. The city of 
or igin, the station of origm, the Ilumber, the date, 
and the check are nil a plI,rt of the preamble which 
goes at the beginning of every message. The city 
nnd slotion of oriJiin are most essential. Without 
t hem it is impO!!SJ.ble to notify thescndcr that his 
message could not be delivered and without th.is 
information it is Dot posiIible to roukJ the reply 
spa'dily. The number and date are essential in 
servicing IUld tracing radiograms. All Official 
Relay SiJl.UOOJl are instructed to n:fuae t<l accept 
me8!age8 without this nOOC!!8ary information. 
E "cry station should demand an " ollicc of origiu " 
from st.'\tioOJl who have messages, and traffic !Day 
be rightly cancelled (Q8K) on fa.ilure to include 
it. T hus messages will never get 011 the air without 
a starting plncc. 

l\Iany m Cll!!ll.ges carry nn insufficient address 
nnd cannot be delivered. Originating stations 
should refuse to accept messages to transmit 
whcn it is appafffit that t he address i~ too m~. 

Some stations IO$C t rack of t he loessages whIch 
t hey 3.CCt"pt for delivery or tnmsmission. They 
u.sescratch pads to copy signa.]s on aud they never 
clean up the opersung taDle or have a place for 
things. Thc rcml'dy is to adopt a few of the prin
cipll'8 of neatnCSII and to spend about two minutes 
ench time you are throllgh operatiug to put t hings 
in order. Write mctl!Sllgc.s 011 message bl!Ulks of a 
uniform si~e when they arrive a t t he station. 
Keep toge ther the messagcs to be sent. A good 
system to lL'le i~ to lIlark the state of destination 
in the upper right b:md corner of eMh message, 
arrnnging the mel!Sl\gcs in II. heavy clip so that 
the names of t he ~taU!s are in easy view. A fi le 
box lIlay be similarly nrrangc<i. A simple log 
book, II. good filing system, nn accurate fI'l'<lucncy 
meter and an equally acc\lra.le clock, are sure 
signs of a wel l-opemtcd station. The npparatus 
on the op!'raling wble will tell a story ",i thoul 
word~. 

NUloIaF.llISG ~IE 8!JA,OE8 

An accurate and complete log and a "number 
shl'Ct" posted on the wall of the station or kept at
tachM to the log sheet th:\t is in use, will help in 
keeping t hc record s straight and in ll\"oiding pos
sible dupl ication of numbcn on messages. Guess 
work and confusion are diminate<1 in II. s18tion of 
either one or !Ie"el"ll.l operators if Il. "number 
sheet" ill used. A "number sheet" s\'stem enables 
lilly operator (Juickly to tell just ",hilt number is 
next; It helps t he opcrlHor in eounting the number 
or m(1ISagc.s originated in a given month; and it 
iO:l.y also give a convenient eheek with the log in 
~howing to whom each m('fSMgO was sent. 

Take a blank sheet of paper and put a eonsecu' 
tive list of numbers on it starting with the current 
mo:ssage number. Run the numbers in cohunn8, 
ten numbers to each group or column, and allow 
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sufficicnt space betwcen I:olumns for cnlcring 
station calls and the da tC8 ffiC!!sagt!!! Wf're ~nt. 

File the messng('!! in complt!te form except for 
the lLumbf'r and when you have Ii st:ltion rendy to 
tak(> 11 Ine9Sa~, ronsul t the number sheet, II.Smgn 
the next available number to the me!\Sll.gc, nnd 
II hf'n t he station :;cknowlcdgee the mE'Mage, crose 
ofT I he number lll!IOOl putling the sta t ion call after 
Ihia number llOd wnt ing l be number on the mes
uge blank. 

A new number ~heet CM be mll.de as often A3 
necessary. A sheet tha t is in use looks somcthing 
like the illU.3tr:;tion. Number 16 will be the next 
number origin:;too at the station using thi~ 1mm· 
ber sheet. 

ACCf:PTtNG AND TItACI NG M~SMm:s 

i\le&SII~ thatare not complete in every r('!pcct 
,h(lll TWIt ~ ~plcd for rclAying. The city of 
origin, station of origin , number, da le, addresa, 
text , and signature consti tute a complete me88.tlgt'. 
All thcse parts are ncccssnry t o make a mCSSllge of 
value to t he recipient, to make it possiblo to d~ 
li ver the message and to rou t<l un answer bllOk to 
t he sender. 
. ! 'rnCi!lg mesMlgu is sometimes necessary wl \f'n 
It I~ de;:lrcd to follow the route of a message or to 
fi nd where it was held up or delayed. Tr:;cing is 
USlUlUy Il.CCOmplishcd by IICnding a. copy of t he 
m~'tI.S:lge and a letter reQUC8ting that l he time, 
date, :Ind sttlotion callI! of the stations from whom 
the ml'llSlll):e was rCC('ived and to whom the me&
suge wag glveu, be noted ill the IJroper plaoo on All 
enclosed sheet . The let ter asb that the sht"Ct 
and m('SI!age he forwar(] (x1 in rotation to all the 
stA.tions handl ing the mCI)B,'\g<l until it iul.S over· 
t.l\kcn the message, wh('n the tracer is mailcd bltck 
to ita st9.rting \lOint wit h t he informat ion col· 
lew .'d from all t Ie logs :l10ng t be rollte . 

Rf':I.AY I'"OCI:: VUIlE 

Ml.'IlSSgct! ~hs!1 be relayed to the stat.ioll 1It'tLl"C6t 
the lOCation of t he :\ddrC6se<l and over the grentC:!!t 
di~h.nce pt'rmitting rcli!\ble communicat iQlI. 

No abbreviations shal1 be substituU!d for the 
words in t he text of a lUCf!Sflge wil h the exceptio l! 
of "fI(>r\"iec messnge6," in be (l."l:plained . Deli I'ering 
5u.tions must be eaN'ful ti)f1t no confusing abbre
\' b lions are written into de li\'{~tOO. messagetl. 

Sending " words t wice" is a Ilrtloetiee to avoid. 
Usc it only when expreasly cal I'd for by t he ro. 
ceil·ing opera.tor when receiving condi tion:! nrc 
poor. 

l\1C!l!iagcs shall 00 trUUSllIitt('(i as many B.lj 

t hree t imC$ at the request of the receiving OPCftl.
tor. Fniling to make a complete copy arwr three 
fittcm pts, thc rcoeiving operntor s-hull cancel t he 
mct!Mge (QTA). 

Let U3 assume lh3.t u station in Hartford, 
C-onn. , receivcs a m_ge wbQ.iC d cstinn.t iOIl U 
D:lllas, Texa.':!. The message is a~ 01100 written out 
on a message bla.nk, 61ling in the ci ty and station 
;.( origin, h'sving only t he " number," " rcc 'do" ,,!on" sent" spaces vaennt . 

The operator is anxious to get the messago 
;:,med. He sits down in front of the set and 
~ Hens. He does not henr My western atations 
l' :. be decides to gh·e a directional"CQ" /l.!j per 
'. R .R L. practice. He calls, CQ CQ CQ TBXAS 

DE lVJMK WIMK IVI MK, repeating ~he com· 
bination three t imes and ending; wit h only AR. 

He listens Dnd helU"5 WOOx.x m Cedar Rapids 
calling him) IVJAIK lV lMK WIMK Db' W9CXX 
W9CXX W9CX.\' All. 

Then he answer~ W9(:XX indicating that he 
wishes him to take the message for Dallas. 
W 1MK says lV9C'XX W9CXX DE IJ7JMK R 
QSP DA.LLASt K. 

After W9CXX has given him the signal t-o go 
ahead, the mCliSll.ge is t ransmittedl inserting the 
" number" in its proper place, anu f1.88igni llg the 
next number indicated on the " number sbeet." 
The meseagc is in A.R.R .L . 

" JIR MSG 
NR fM7NOV 
1V5ZC f516 
TEXAS - ... -
PARTMEN7' 

Dt.:LI \· t.: RINO .ll.E;;sAOES 

!lOmeone 
slAtions and 

The only seniee t ha t we can render nnyone br, 
bandling a messnge comes througb " delivery.' 
Every aetion of Ollrs in !lendillg and rillaying me&
Mgt'S lend .. up to thi~ JIlost importan t du t.v. 
Unless a me;; .. '<a ge ie delivered , it mil,;ht. a~ well 
never have been scut. 

Right now, delivery conditions are Priltty good. 
Periodically, llOwever, we have Iln infl ux of new 
ol1Cl"ators who are \\illing to get a l1 t he fun out of 
handling me8l!ll~ b~' radio Il nd who are not will
ing t-o give anyt hing In retum. If a meseagecomes 
their way, it gets filed or thrown in the wute 
ballket. Often the man who sent the lIlCBBage 
expects an Il.ll~wer . Sometimes he II'riw~ to con
firm his message or to inquire if it was rooeivoo. 
It is then t hat our League gets a black eye be· 
cause of the unreliability of ilOme individuill who 
has allowed a. mC88a.ge La die at hi.'! ;ltalion or who 
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had been too lazy to deliver a message after it hat! 
been ~n received and acknowledged. 

There is no rea.son for anyone to accept a mes
~age if he has no intention of rela,Ylllg it or 
delivering it promptly, It is not at all discourteous 
to refuse pohtely to handle a message when it ,IFill 
he impossible for you to forward it to it-s destina
t ion . 

Ck:easionallv messagc delivery ean be made 
through n third party not able to acknowledge the 
radiogram he overhears. When a third party hap
pens to be in direct contact 'with the person ad
dressed in the message he is able to h8Jld him an 
unofficinl confirmation copy and thus to make a 
delivery much sooner than a delivery CQuld be 
made otherwise. I t is nnt ~ood rlldio etiquette to 
deliver such messages Without explaining the 
circumstances under which thev \Verll copicd, as 
a direct delivery discredits the operator who 
acknowledged the message but who through no 
fauttof his own wasnotablc todeliverso promptly. 
With a suitnhle note of explanation, such de
liveries can often improve A,R.R.L . service and 
win public commendation . An operator's oath 
of secrecy prevents him from giving out infor
mation of II ny sort to any person except the 
add ressee of a mcssllge. I t is in no manner un
ethical to deliver an unofficial copy of a radio
gram, if you do it to improve the speed of han
dling a message or u. insure certain and prompt 
dclivery . Do 1I0t forget that t here arc heavy fines 
prescrihed by federal laws for divulging the 
contents of messages to anyone except the person 
addressed in a mcssage. 

There are several ways of delivering messages. 
Wl:len it is \>oss:ible to deliver them in person, 
that is usual y t he most effeetivp w!!.y. The tele
phone is the most serviceable instrument in get.
ting messages delivered without undue labor. 
WJ,en the telephone does not prove instrumental 
in locnting the party !!.ddreAAed in t he meSSllgt), it 
is \lSualIl' quickest to mail the mes8.'lge. 

To he p in securing deliveries, here are somfl 
good mIce to follow: 

M fSSlUJeI J"e;;eil'ed by ~/(lti(ftM ~hall be delivered 
immediately. 
EI~ domestic me.tsage shall be relayed within 

fQTly-eight (48) hO!lrs after receipt QI' if it canll()/ be 
relayed mi/hin this lime shall be mailed to the ad
Jrcuee. 

MeS8<J.ge<J for points Oil/ride North A merica 
must nol be held longer than half the length of lime 
l'e'luired for them 10 reach their de~linaJion by mail . 

\Ve are primarily a radio organization, and the 
bulk of our messages should go by radio! lIot by 
mail The point is that messages should not be 
allowed to fall br the way, and that they should 
be sent on or delivercd i ust as quickly 8.'l I){)ssible. 
When a Ille:s&loge e&nnot be delivered, or if it is 
unduly delayed, a "service" message should be 
written and started back to the "office of origin ." 

Each operator who reads these pages is asked 
to assume personal responsibility for the ae
curacy and sDCCd of each message handled ao that 
we can each have reason to tnke personal pride ill 
our operating work and so that we will have just 
~ause for pride in our League as a whole. Do your 
pInt that we may approach a lfl()% delivery 
iigl.lte. 

CO"~'l" I:'G ME;;SAGES 

So that we can readily keep run of our me3-
sages Rnd comJ)are the number originated and 
delivered each month to learn some facts about 
the " efficiency " of our I\'ork in handling meA
sages, a method of oounting is used . Each t.ime a 
message is handled by radio it counts one in the 
total. 

A message received in person, by telephone, 
by wJe~raph , or by mail, filed at the station and 
transml t.ted by radio in proper fonn, counts liS oue 
message originated. 

.'\. message re~iyed by radio and delivered in 
peroo!\, by td ephoue, te lcgraph, ot' mail, COllilts 
as one message del ivered. 

A message received by radio and sent forward 
by radio counts as two messages relayed (one 
when received and again one when 6ent (orwllrd). 

All messages counted under one of the three 
c:l1l.flSes mentioned must be handled within a 
48-hour (maxiroum) dclay period to count as 
"messages handled" with but ono exception. 
MeSMgc3 for all continents cxcept North Amerir.a 
may be held one-half the length of time it would 
take them to reach their destinat.ion by mail. A 
"service" message CQuntll the same as any other 
type of message. 

The message total shall he t he sum of the mes
sag~ originated, deliveroo and relayed. Each 
station's mes.>llge file and log s.hall be used to 
determine the report submitted by that particular 
lItation. l\Iessllges with identical texts (so-called 
rubber-stamp mes8ageS) shall count once enly for 
each t ime the complete tex t, preamble and signa
ture fire sent by radio. 

By following the above rules, the message5 
l:)andled during the "message month" may bc 
coun ted rcadily. A monthly report should bll 
sent to the local traffic official of t he A.R.R.L. as 
meutioncd under the subject of " Reporting." 
T he closing date of the " me!!l!Il.gc wonth" is the 
J5 th of each month (the last of the month in 
Hawaii nnd thc Philippines). Jkports must go 
forward the next day. 

Let us !I&lume that on the 15th of t he mOnU) 
one operator of a large amawur station receh'e!! 
several messages from another station. (a) Some 
of these messages are for relaying by radio. 
(h) &lme of them arc for local del ivery. (e) T here 
are still other messages the disposal of which 
cannot be aceurawly predicted. They are for the 
immed iate neigllborliood but can be either mailed 
or forwarded to another amateur by radio. 
A short-haul toll telephone call will deliver them 
but the chances of landing them nearer t he desti· 
nalion by ra.dio ate w etty good. This operator 's 
"trick " ends at. midnight on the 15th and be 
mUl!t make out the report with some messages 
"on the hook " to 00 carried ovcr fo r t he next 
month 's report. 

(a) The message~ on the hook that are to be 
relayed have been received ami are to be sent. 
They count as " 1 rclnved" in the report that is 
made out now, and they will also count as "1 
relayed" in the next month'~ report (the month 
d unng which they were fom'arded by radio). 

(bl B v mailing the messages or phoning them 
a t onee:they can count as" 1 delivered" for the 
(,ll~nt mon lh's report. By holding them Imtil 
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the next day they will oount in the Ilext report as 
.• 1 delivered ." 

(e) '111e me93ages in thia ellUlll should bo 
carried forward in to the next month. If they have 
to be /muled the I' will oount in the next. report as 
•• 1 delivered." I they are relaved , we count them 
as " 2 relayed " ; " I received ;' in tho preceding 
mont h being carried for ward lind II.dded to "t 
~cnt" mnkes the" 2 reiayed, " lftheopera!orwisheB 
to count. th is messflge at once (for thr. current 
month ) it must 00 mailed llrmn ptly lInd counted 
as" 1 delivered." 

Some examples of partieular counting prob· 
lems follow: 

'fh(' o(X'rator of 8t.'ltion A geM n mcesage hv 
radio from Station B add~'({ to IlimJW!lf. ThG 
rounta R8 " 1 dl'ii\'crW " by himself a nd by St:'ltion 
A. 

TIn' operator of Station .'\ take!! 11. ver bal m<'S
~b"! from a frimd for Tf'l lIying, He giVI!S it to 
Station n over the tdephone, Operator A dQ('$llo t 
!Jandll' th l' me&!.nge by Tndio. Station B Ilnd OJX'rll 
tor U count the m''!!o.'''''IgPs as ,.\ ol'iginllted." A 
e.-muot ('()un t the mC!lsage liS h(' did not st urt it on 
tIll' ni r. 

TIIf' o\X'rator IIond owner of Station A ,i~its 
Stalion l nnd while operating there tub'! fI 
Illt'SBAgf' fo r rehying. The operator and OWner of 
D CRIlIlOI, opcraW for a da.v or 1,\\,0 ~ the m!'&~ge 
i ~ carrif'd back to S18t ion A by operator A who 
rc1ay~ it along within a few hour.;, T he trllffie 
rt'port of bol h Station A and SlntiOIl B shows ,. \ 
n>-lay!!f.I " for th is work . O perator A gets crroit for 
" 2 n>-Iayed " if he is 1)(;TS(lo:'IlI" ,'n ter,>d in a 1Il ('IJ

~ge-handling contest and gl\'cs d!:'tail~ of his 
work At both ~tat ion~ specially for the cont~t. 

_\h'!!iltl.li:t"S originating lit lilly ~t a t ion t'Oun t onl,\' 
ill I hI" ,. origitlllted" colum n. III t'!i&l~1'!! reed 1' !!f.1 
by mdio And dd iw~red. <'Ollnt only III the "(\(1-
Ii l'l'red" COIUIllII. T he rdaY''l1 "olulIln e:'ln ('ontain 
ei tlif'r lin odd or even lJ\lmhrr of mcesa.g'·s , dc
IX'nding on til<' messagr~ left, ovrr for next month, 
the drcumst~lI1 f'{'3 in :l gi,'Cn rase. ,md IlO on. 1'111' 
tot lil is t he sum of t.h !:' figurNI in originau'l.l, d.:
lh'en .. d, and relaycd columns. 

" nUIIIIEn-8T AMP " lIF-SSAC £ 8 

)k(-ause, now lind ogain, our stat ions fall in to 
t he habit of originating quantitips of HO-cullcd 
" rubber-lltllmp " IUCIlS!I¥;B3 \\i t h 8u~h texts A$ 
;'Your c.)rd n:ct'i \'{'(1 \"111 QSL " ; (' OrcN iligs h~' 
radio" fi nd the like, t he idf'nt iCIl I l('xt twin!/: 
IIddn'88Cd to a large numbfor of nddrrsscc~ , i t 
bcoomCil neccs..«ury to reaffirm 0111' policy wit Ii 
respect. to such messages. The hi ~tory of our 
or);nniZlIot ion sho ,,'~ t he dcmoralizin~ effect of IIll 
influx of Bueh lST~fl'Ot~'pcd messages in quantity. 
I3ecnUIJC thC'r mean little indh'idually ILnd bo
cause t here IS milch labor Ilild li tt le pICfLS\I N! in 
handling them t he rcsult has ahl'n.~'8 l~n n de
Cn>AAe in thc dc!iv,,!"y column whi ll' t he tot nl ... of 
o rigillntcd and relayed mt'$Sllge>l riS(' to unpr('(·· 
('dented heights - t hat mean not hing at al! . 
Dl"t'au-'C the net dfcet is to dog t he hooks of 
Haffle-handling 5tat iOllS until they Cflll no longer 
(ullNion, i t wtu! decided 10llg ago to kill IlIrge 
QUllnt it il'8 of ~uch m(!:S.;'ages at tll('ir w urr,c by a 
l ul ~ which put a premium on deli l'c ring good 
r!~ "S ;~g"8 flromptl~, 11Ild not, couniing t he rubber-

stamps when figuring out totab for the report 
under the bonor ~Yllt.cm . Wllite th('re is nothing 
ngainst and much in Favor of handl ing inrul' idual 
friendly greet ing mc&''Ige3 which do bl\\'e s ig
nifi ('8nee 10 t he geurra.1 public, it is necessary 
to mailltam a firm policy wit h respect to count
ing ruhher-stamp mess:'lge8 to further effici t'nt 
t raffic handling with II. good perel'n t age d(,\ivery 
in our lIat iolml scheme of affairs. 
Obviolt~l y, Il stntion in Illindling a rubber-siam Jl 

me88ae.~ has to exert oil ly a ~mall amount of 
e!Tort in reed l'ing the text and 8ignature once. 
T ben by handling the ~dd~S8 to diITerent poinh 
.m groU/iC a !n.rg(' number of messagcs (?) can b ,-, 
receh'oo and t ransmitWd with little time and 
e!'fon . The LCllguc'~ lJY!IlCm for crediting points 
for m~<:ages hAndled is bMe<1 on giving one credit 
each t ime a complete llIf'S88gl' is hlllldioo by allU'l
tcur ~io, i.e" one cfl:d it (or each originl\ted m('s
!Nlge, one credi t for ;>3('h del ivered mes&lge snd 
t wo credits for t'lloeh rl·II\Ycd illCllWg(l (one credi t 
for the work in receiving it and one for t he work 
in transmitting it). Only every mcs8age handle·o:\ 
by radio with II. complete prcflmhle, address, text. 
and signature sh 9.11 be counk'<i.. 

E xample (sho\\ing II. claimed and revised 
count on R ,S, me!I.'llJoge'l) : A cer tain station t.ake~ 
an R.8. m C8SAgC to 10 addresses and relays i t 
ontl'ard to another sUI.lion) claiming "rem." "d 
2(l" for hi9 work. This stn Uon !!hall be eredil.t'(l 
wit h " r'·b.yoo 2" ; olle for receiving a completf' 
preamble, address, text, and si~ature, one for 
8Cuding a complete message on Its way. For r;-. 

ccil'ing and relaying to till'(,'e statioIL'! (requirilll( 
t he complete messsge to be !WIlt t hree times) a 
total of four might be justly claimed in the relay,'<:l 
column, (This should not be con5t rut'({ to lIlean 
that any m!:'ssage to a single nddr('&l should h~ 
gi \'en to 1II0 TC t han IL single rd iable station,) 

m : I'OI\T INO 

Wlwthl'l' th(' principllll1eoomplishmcnts of \.h(' 
6t-ntion a nl in t.rafflc hl1ndlin" or other lines, ",htH 
\'011 a rc doing is always of imerO!lt to A.R.R,I.. 
headquarters. Our magMine, QST, covers tht' 
entire amaWur field , keeping a record of t he m<'S
sag<'!! handled in d i/ft'rt'n t sections of t he country, 
giving mention or the out4tnndiug work that is 
<lon t' in communicat ing o\'er great di~tan~ U!ling 
small a mount!! of power, and summnri ~ ing all the 
II.cti\'i ties. 

We hnve mentioned t he Official R eIny St .... tiOIl ~ 
1111d the CommunicatiOns Departlll!:'nt, orgnnhn
t ion. A special seclion of QST is devoted to th l' 
Communications Depn.rtlneill. Each month :1 
special form post~1 is scnt t he active stat.ions ill 
l he relny 8Y8(,,-,m for t ('I>orung purposes. BJ lI.ll k ~ 
on t he card are pTO\'idoo I!O tbllt the number of 
mcssages originated , l he number delivered, and 
t he number rdayed can be inserLt'(), toget her with 
the ml$."IIge IOwl. There is al.so 81>9.00 to tel! 
about t he most important l rllific handled, t h t' 
frequency \1;,00 during the reporting month, the 
" DX " worked, and Olh('r atation r~,:ordi! and 
at't idlif'S, tOb'Cther wit.b a li:lt of t he ~tations with 
wbom schedules are kel) t . itelll.'! of general 
inter('St, changes ill the &ct, lmd nddr~ of new 
Ilm(l. teurs 8150 come in on t his card . 

This informa.t ion is wanted from every opera_ 
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tor of an active amateur station in the t;uitcd 
States. YAeh month on the 16th (the 18~ in Ha· 
waii and t he Philippines) t he active IIt.Ations fiend 
n:ports to their local officiau.. ThelJC officialll 
forward all the reports sent them to Headquar
ters. They are next prepared for the magazine. 
0nly representative sps.ce can be given C9.ch 

, 

l • , 
• , • , 

I • 

I -t- o , 
eeet~on of ~h6 country and almost every report 
reee.Lved has t(l be squeezed in order to .r:tet it in. 
Repor ts must have the dead materitd edited out 
of them to RlIow room for as much active and 
inlerc8ting news IU! can be gotten in. Some
timea pllrngraphs have to be cut down or left out 
altogether to make the material fit the space it ill 
allowed. lwports about what somcone i~ "j!;oin~ 
to do next month" and about " bunlt out tubca ., 
" no trallie " or " non-(lperation" get deleted. Tilo 
m,?rc worthwhi!? a report~, t he ll!0re of it gelJ! in 
pnnt. if 6Omethlnj( comes In that lS worth IIpceilli 
mention, it ~t8more spaee in another part of the 
magllzine. 'I tRffie fij( l1re!I and calle of activo sta
tions IIIway8 geL ful l space. The readers of this 
H andbook are cordially invited to send in their 
rcpOrt.e to the local traffic official just NI !lOOn 8.9 
they have a ~UHion in operation. " -rite t he near
CIIt lrll.ffie official whose name appears on page 
5 of eMh QS1' . Make your report nil. inform(ltive 
and interesting 8.9 posSible. 

F4!pecillJly import.n.nt ,,'ork tklt 11M a news 
value should be sent direct to League Hoo.d
quarte rs at Ha rtford. Get in to\leh wi th vour 
local man soon, and a~k him just when he must !let 
a report from you 90 t hat he cau include it "1th 
other reports on the day he makCII III) his ollicial 
report. Be sure to make your report. fI8 full of 
inrormation aa possible, including IJOme of the 
th ings we luentioned if possible . 

COntributions to Q.ST are w{'lcomed by the 
Editorel Authors must remember t hat only a 
small percent of the received llIaterial can be 
printed and that it is impOllsible for an organiza
lion Ii ke our to pay for articlcs. Ours i8 a .. f(unily" 
organ ization supported by and for the nmateur. 
By carefully !lCleetlng llIaterial thu members get 
the be8~ 1l~!igtl.1.i l\e ~hat call be mv.dlJ. QS 'f' is 
noted for It~ lechmcal accuracy. Getting into 
the reading pages of Q81' is:m honor wort h work
ing for. 

O I'J:liA"fING os ISCIl t:U U LI'..8 

Traffie handling work can be most advan
tll.b-etlusly earried on by arnwging and keeping a 
few schedules. By arranging schedules and oper
ating the IItation in a b~iuess-like wax , using lUI 

aceur8.le frequency meter IWd a clock, It hf18 been 
proven mlLny times t hat a maximum amount of 
bUllineB8 can be moved in a minimum of time and 
effort. The Jn~ge " hook" call be cleflred in a 

few minu!.etl of work OD schedule and the station 
will be free for OX or experimental work. 

Every brll8&-pounder is urged to "'Tite ietten 
to SCllne of the reliable alld regular atations heard, 
asking if IlOme ~hedules cannot be ke)?t a few 
times a week csJ!CCially fo r traffic handbng. The 
Route Manager 18 very frequently able to hell) in 
arranging schedules. Wriw your S.C.M. (Ilee page 
5, QS1') and t hrough jliln get lined up with your 
R .i\I . With reliable 8Che<lule~ in operatiou it ill 
posIlible to advertise the fact that me&SSges for 
certain points can be put through with speed 
IUId accuracy, and the traffie problem will take 
care of it~lf. 

THE )"IVF.- I'OINT S YSTDI 

To lIl8ke our relll.ying more systematic ltK
"fivc·point system " of arrnnging sehedules W&8 
proposed and h&8 worked out vcr)' nicely in 
many C118C6. After geWnS t he statlon in good 
opernting condition, each station's opern.tor ar
ranget5 to work four stAtions, one north, one ell.8t , 
one south, aDd one \\'ellt. 'Ill(~se directions are not 
exact but genend. The distll.ncet! arc not too greu.1, 
but they must he dis tances t.hat can be worked 
with absolute ~rt1\i llty under filly conditions. 

A good way to select the four stations is to 
listen ill and to pick out the s ta tions heard mOllt 
regularly , ope.fI\ting most consistently, and in the 
right dil"C(;tlon. It is a 1Z00d &C herne to ,,·ork these 
s tations a few times. " -rite them letters and IWI 
acquainted ; then try 10 6.TrRnge R)me schedules. 
Short schedules are the best. A half or (Iuatter 
hour each day is enough. 

There ill no excuse for failure to keep a schedule, 
After a li ttle while, keeping it will be a pan of the 
daily routine, and when the ~rrane;cUlent has 
been made after careful corunderatlOn by the 
fellows involved it will prove no hardship but 
rather s source of pleasure. In sn hour one can cnll 
the four ~tations, clear tramc, and be free to 
work other KrouPIi of "five-pointers" or to 
spend the t ime otherwise. 

By referring to t he aketch the idea lIlay be ~n 
ll.t a glance. Five Stlll"8 work together , fIVe circles, 
five A's IlIId 80 on, sll over t he country. 

When there is no tlll.ftic, a few pil'SSRntriCII 
are ill order during the scheduled time of working. 
Several advantages of hAndling mC!ll>:lgcs on 
sehedule are evident from whatever sngle t he 
situation ill "JlI)rQAehed. 'nle use of sev{'ral 
separate frequency bands for amateurs has more 
or less divided WI. By a rranging schedulCII ami 
working in a bUllinCf!8-like I"ay we can make full 
ure of all our frequencies. 

WOIIO LI S'r ron ACCU IIATE TI\.\SSJJ IS,. IOS 

When IICnding m_gel! contKining radio call~ 
or initials t1,a~ are likely to be confused and 
where erran mUllt be avoided, the calls or init ialll 
should be thro"'11 in to the follo\\ing code wonl.~: 

A - AIILt: 
8 -lIoy 
C - ("AST 
O - uOG 
E- EA SY 
F - FOX 
G - G&Ol\GE 

:\ - ~.\S 
0 - OIlOY. 
P - pCP 
Q - Qt:.\CK 
R-~ 
s- SAIL 
T - TARE 
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11 - II A \'I: 
1 - ITEli 
J - JiG 

K - "I:SO 
L - LOVE 

i\I - loU".; 

U - O:SIT 
V -VICE 

W - W ATC II 
X - X-RAY 
Y - \'O KI; 
Z - ZEO 

Example: 1Y1BCG iIIllent IL!I IVA7'CH ONE 
BOl' CAST GEORGE bu~ put back into the 
fi rst fonn by t he operator who tlelivel'l! the mes
",,0. 

A 80mewhat different list ea.n be obtained 
from the local Wf!!Item Union wlegraph olIice and 
l)()I!,led beside Lhe telephone to use when tele
phoning messagca containing inii ials and difficult 
words. Such code WOrd8 vrcvent errors due w 
phonet ic similarity. Here 18 t ho Western Union 
word-list: 

r\ - .1.0.1.1018 

B - IIOSTON 
C -cmCMIO 
D - DE.\" " lm 
E - t:DWAIiD 

f - FR.l.NK 
o - GI,;OUO~; 
H - II€NRY 
I - ID .I. 
J - JOliN 

I ( - KING 
L - i .IXCOf"S 
~ I - ~URY 

N - NEW yonK 
0 - OCEA:S 
p- PETEI( 
Q - QUEF.N 
It - nOllll:I(T 
S - SUO.l.U 
T - 'fHOMM' 
U - UNION 
V - VIC'I"OI! 

W - WILU.l.~! 
X - X- !IA\' 

Y - YO UNO 
7. - U ;I\O 

PHON.Il P ROCI:OU RE 

Amateur radiophone stations should use t he 
internationlll rll.d.lotelephone procedure which i~ 
part of the supplementary regula tions to the 
In temMional RadiotelCgTal>h Convcntion. 

For calling, t he geographical name of the loca
tion must be WJCd in addit ion to t he ass.igned call . 
For spelling call signals, IK' rvioe abbreviations 
and words, t he following internationally wcll
known naml'8 are specified and should be UlICd. 

A - A)!STERDAl! 
B - D.l.I.T I110RE 
C-CASADA 
D - nEsuAllK 
E - EDIJYSTOSE 
F - FRAFCtSCO 
G -GIIJ.ItALTAU 
H - HASOVE Il 

I -ITALY 
J - n::nus,u.l::,\! 

K - KIMm:R1,l, Y 
L - L[VEltPOO1. 

M - MA DAGASCAn 

N - N£UFClIATEI. 
0- OI'TARIO 
P - l'()RTUGA L 
Q - QUt;II~;C 
R - a[\·oJ.[ 

S - M'\"TIAGO 
T -TQKIO 
L' - UnUQUAY 

" - \ 'ICTQRIA 
\\" - WA SfII'-;Q'l 'O '-; 
X - XA:S-TII'PE 
Y - YOKQU.\.ll'\ 
Z - 1ULUI.AlIO!) 

At the start of communication the ellUing 
formula is spoken t wice by both t he stILtion called 
lind the calling et.ation. Aftcr contact is cst llb
lislled it is spoken once on ly. ElCamples of ]>1'0-
~urc: 

W5QL calls: " 1Iello W3JZ Philadelphia, hcllo 
\V3JZ Philadelphia, WfBL Oklahoma City call
ing, W5QL Oklahoma City calling, nUl8SIlge for 
you, InCSilage for you, come in pl.lIISe." 
W3JZ_ ~eyliC/l: "Hello WOO L Oklahoma City. 

hello W5QL Oklahoma City, W3JZ Philadelphia 
ans"·ering, W3JZ Philadclphia Illlswering, send 

your m('s.;mge, send ~'our m('~agc , I'o rne in 
1 " 

P W:>QL replies, ., Hello W3JZ Philad"lphia, 
W5QL Oklahoma. City answer in!, the 1n·'Hag." 
begins, from Oklahoma CiLy Ok ahoma W,5QL 
number ... . . . . . \usunl p reamble, tuldrc~~, 
tex;' signature, ck.l, messo.ge ends; l repeoa.t, the 
m~ge begillS, from Oklahoma City Okla homa. 
W5QL number ...... jrepet ition of preamble, 
ll.d.dress, tert, s igna.ture etc.], mcasa.ge coda, come 
in J)le&'loC." 

W3JZ wplies; " Hello W'jQL Okl3.hoffiA 
W3JZ Philadelphia answering, your 
begins, from OklahoIJllJ, City Oklahoma 
number ..... [repetition of romplclc m"~; 
end of your mC&J9.J;C, come in ple(l$C'." 

W501. repli('S; " Hello W3JZ l'hiln.ddphia, 
W5QL Okbhomn City ll-IlS\\'cring, ),OU hwo) tho) 
message ('()rrectiy, you ru..ve the 1Ile8S1l/f oor
rl'l'tly, W5QL Oklnho~1\ City ~i gnin!l o~.' 

.'.'ote that in ha.lldhng t raffie by VOICC, mes
Sllb'CS are r"]M!ated twice for nccuraey, u~ing the 
word list to spt'i! nllmcs nnd prevent mi~\lnder
standings. T he fcc"iving sttJ.tion must r epeat the 
message baek and only wben t he 8Cnder confi rms 
t he repetit ion !\.!j corrcc t <:an t he message be reo 
garded as bnndled. 

Gl."M'INO PI1.LS 

'~;~,;:: a meSSIIge are not received 
~ due to fading or inter

the copy . T he problem u. 
in such 1\ way as to 

I\Jld with the 
• 

a mC8S:lgc is received but 
mt\.(!r portions lost, t he 

parts is simply RI'T 
"Repellt tc.'<t and sig

may be used IlilllilMly 
addnl8ll of a mesS9ge. 
~hould not be 8(lnt unless 

nC3l'ly all of the me!ll!age is lost. 
Ea.ch abhrevhtion used IIft.cr 1\ q uestion IIlllrk 

( . . - - .. ) nsks for 0. re l~ti tioll of that pllrticula.r 
part of a message. . . 

When a few word-groups III conversatIon or 
me:;;~lIge handling have been missed, a scl<.-.ction 
of one or more of the following IIbbreviations will 
ennble you to ask for a repeat on the parts in 
doubt. 'Phone stilt ions of oourse requcst fi lls by 
using I,he full wording speci fied , without llttcmpt 
a t abbrcdation. 

T AA . .... ... . . .•.• , 
TAIl ....... . . .. .. . . 
·AL .. . . ...... .. 
TR:-I ' . . AND . . ... . 
·WA . . ... . . .. . .. . . 
TWB .. .. ......... . 

ReI",.I.1I •. her .. , .•. . . . ..... . 
l{epeat III ]"'f<ITe ••••••.•• . •••• 
He",,"1 III that h". b<-en IIIlnt .... 
Re""a l " U iHltW<!GD .•.• nd .•. 
l!Aopea~ the ",0t<I .fler ........ . 
Repeat w e "'Qro 00100-•.....•.. 

T he good operator will IL!Ik for ouly what 
fills are needed, sepnrating di lTerent requests 
for repetition by using thc break Ilign or double 
dash (- ... -) between t hese part.8. T here is 
seldom any exeu!IC for repeating a whole mCS.'lllge 
just to get II: few lost ":"onis. . . 

Anot her mterrogatJ.on method IS 8O.metlm(lij 
used t be q uestion Iligna! ( . . - - .• ) bemg aen~ 
betv':een t he la.a t word received oorrectly and the 
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first word (or first few words) relX'ived after the 
interruption. RPT PooM .... . TO . ... ' is a 
long, clumsy way of asking for fills which we have 
heard u.sed by b\:ginncrs. These have the one 
redeeming virtue of being undenrtandable. 

'n lC figure fou r C ••.• -J is tl time.saving abo
brevi!l.tion which deserves popularity with traffio 
men. It is anothf'.r of those hybrid abbreviatious 
whO!!e origi n~l meaning, "PIC88C ste.r t me, 
wbere?" lill.8 come to us from Morse practice. 
Of course ' II r. or RPT A L will serve the same 
purpose, winoI'(} a request for a repetition of part.s 
of a message have \)(!('D missed . While these latter 
usages are approved, the ca.clier practice is still 
followed by some operators. 

T II & s~nV1CE MESSAGI'l 

A servioo OIC' age is a message sent by olle 
lltation to anotber station relating to the service 
which we arc or are not able to give in mes.<mge 
handling. The IICrviee message may refer to non
del iveries, to delll.yed transmission, or to any 
phlL8C of mes..."ftgc h!lndlin~ !I.ctivity. 

Wbenever 1\ message 13 received which has 
insufficien t address for delivery and no informa' 
tion can be obtained from the te!cphOliQ book or 
the city directory, a service message should be 
written asking for a better add~. Wbile it is not 
proper to abbreviate words in the tcxWl of regular 
messag~, it is (Iuite desirable and correct to we 
abbreviations in these station-to-station mes-
1.<agt'S rcb ting to traffic-handling work. 

The prefix " 8ve" is place of t he usual " msg" 
shows the cla&'! of t he message and indica.t.ea at 
oncc that II. ststion-to-stalion mC$ItLgf' is coming 
through. Service rncsaagCl! should be hH.ndJrd with 
the II!lrne care and speed that a re given other 
messages. 

Suppose a regul3.tion lIlC8S&ge is received by 
WaCA for SOllloone in Roanoke, Va. SUPPoS!) 
1hat the m<.'8l:SIl.gt' cannot bf' ddiv~r<.>d because of 
insullieiellt address. The city and ~Wltion of origin 
of the message are given all "PalK:O W8.!Ihn 
W7CE. ,. In line with t he practice outlincd "bo~'c 
W3CA makes up II. .service message askio$ W7GE 
to " give better addre&:e," of course ootailling the 
nddN:ll8 from the party that gave him the mes
sage. W3CA will gi\'e the messase to anyone ill 
the WCI!t, of 0011180 trving to give It to the su..t ion 
nearest l'a&:o , WlL.!!hinglon, and sending i ~ over 
the ~reatcst distance permitting reliable com
mumcation. The message looks something like 
this: 

HU 8 VO FM ROANOKE VA IVSCA .vR 
£91 A UG /9 

'1'0 RADIO W:rGE 
L 0 M A YllBl'; 
110 80U1'1/ SE'VENTll AVE.' 
PA SCO IVA SllN - . . . -
u n Nn 87 A UG Ii TO CUSlil NG SlG 

GICK JJ~LD 11R UNDl.V PSE Gil." - . .. -
(eig) IVOJJUORD 11'3011. 

Ol'f:llJo,.TtNO }If)<,'TS 

Liston carefully fo r several minute. before you 
use the transmitter to get an idca of what ata~lon.s 
are working. This will help in plMing mC88agca 
where they belong. 

Use abbreviations in operating converilltions. 

This saves time and cuts down nnn(l(X "" My 
interference. 

Stand by (QRX) when Mked. to by nnother 
station who is haviDPj difficulty working thro~h 
your interference. It III equally courteous to shift 
frequency (QSV) to 110 point where 110 interference 
will be caused. Sometlmca a chan!5e in frequency 
will help the station you arc workIng to get your 
message t hrough. interforellCo. Accurate frequency 
meters at both lItatiou8 will make this change 
speedy and the contllct sure. 

Report your mCS&\gca to the loeal traffic 
official every month on time. Otherwise you can
not expect a report. to reach QST. ReporUl S('nt to 
Hesdquarters arc routed back to Lhe local officials 
who make up the monthly report. 

Don't tell a fellow hiJ signala are QSA5 when 
you can just hear him. 

Don't say " QRM " or " QRN" when you 
mean " QRS. " 

Don't acknowledge any message until you 
have received it compbtely. 

Don't CQ uulC!!!8 tllcre is defin ite reason for so 
doing. When sendin~ CQ, use judgment. Sign 
your call frequcntly, wteNipersed with calls, aud 
at the cnd of all t rs.nSll1issions. 

Abbreviated stAndard procedure deserves 11 
word in t.he interest of brevity on the air. If you 
hear some old timen using it you will understlLud 
what is meanL by reading the following para.
gmph. I n handling lots of rne&l8ges with a num
ber of scheduled Itstionll, moat traffic ca.n be 
cleared by holding all stations to 15-minute 
schedules. Severnl 8Chedules should be a.rranged 
in ooru;ecutive order. T o get severnl messages 
through in 15 minutes isn ' t an easy job but ab
breviated practi ~CI! help to cut down unnooe&;sry 
t ransmiMion. 

IVIAU/<, DE lV/BMS P, mean ing paid, 
personal, or private mellSagc (adopwd from 
commercial procedure) is much qUicker than 
llU MSa ndded to a call. N QSK is shorter 
than QRU CU NEX'I' SKED. i nstead of using 
the compJetolx spelled out preamble II R ;If sa 
FM A. UOUS1'A MAINE TV IBIG Nn 166 
OCTOBER /3 CK 14 1'0, etc. tl'lWlilllission can 
be !;IIy ed by II.Iling RDO .11 VGilST A ME IV I BI G 
156 OCT /3 14 TO ete. One more thing that 
conserves operating lime is the cultivation of the 
operating pf3Ctiee of writing down " 156 W I UE 
615P 11 1J 2:) " with the free hand during the 
sending of the ne.'{t mc-os:lge. It is hard to do 
at first, but all tbese litt-Ie points make t be -total 
time saved on !I. message mean something. Of 
CQUf!lC only stations handling many messages 
regularly need to think of abbrcviatlons to th is 
extent. If one followlI ~ta.lldard J'racticcs, he is 
most sure of being understood an ,t is not nooes
sary to waste time in explaining too-abbreviated 
me.essge!! in dctaiL Make it a rule no t to abbre
viate unnoo(s9uily when working an altogether 
unknown 8.tation. 

Be courteous over the air. Offer suggestion., for 
improving the other fellow's note or opemting 
me~bods. E.'~pect and ask for similar suggestions 
without expecting any praise. Constructive things 
C8U be said without bemg disagreeable or setting 
one's ~Jf lip as a p$riLgou. Be t ruthful but tact
fuL 
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\;ALL BOOKS 

One useful addition to every I!tatiOIl is a good 
call book. When stat ions are heard or worked, the 
first thing that interests us is the locat.ion. If we 
have messages to be handled, it is necessary that 
lI'e know the location of stations so that we may 
route our messages correctly. 

Several call books are available for 8IIlali sums 
of money. However, no call books are ever quite 
up-to-date because new stations are continually 
coming on the air and old stations occasionally 
drop out of existence and some changes have 
taken place in just the short time while an up
to-date list of calls is bcing set in type by the 
printer. 

" Amateur Radio Stations of the United 
States " contain~ a li~t of the liceIll!ed amateur 
radio stat ions of this country. E:<perimenta! sta
t;on or ., X" calls are also listed. This may be ob
tained for 25 cents (not in stamps) from 8uperin
tendent of Documents, Government Prmting 
Ofliee, Washington, D. C . The yearly June edition 
is uSllally available about October 1st. 

" Commercial and Government Radio Sw
tions of the United States" gives lists of the 
various commereial statione, t ogether with &ov
ernment calle. This publication may be obtamed 
for 15 ceni.!! (not in stamps) from Superintendent 
of Documents, Government P rinting Office, 
'Yashington, D. C. 

A oomplete list of Canadian amateur station 
calls can be obtained for 25 cents from the De
partment of l\'l arine and Fisheries, Ottawa, 
Canada. 

The "Radio Amateur Calt Book," listing am&.
teur and commcrcial stAtions of t he entire world, 
may be obtained from Radio Amateur Call Book, 
Inc., 50S S. Dearborn St., Chicago. Single copies, 
$ t .OO (foreign Sl.10). T his call book now appears 
in March, June! Septem\)cr lind fuember, with 
new call8 addoo up to t.he date of issue. Yenrly 
subscription, 53.25 (foreign $,.50). 

AUnllllJ.,ITI 
T he International Radiotelegraph eonven

don has a~reed upon R Q Code of abbreviat ions 
for all servIces. Audibility is indicated by sellding 
a figure ( 1 to 5) afte r the appropriate Q signal, to 
show progressive signal strell/l:th . QSA means, 
.' The strength of your si~als IS ... . . " 

Thus one might say "l-,!SA 3," the exact and 
literal meaning of which is "The strength of 
your signals is fa irly good; readable, but with 
difficulty." The scale: 

1 - Hard!y perceptible; unreadable. 
2 - Weak; readable now and thfln . 
;I - Fairly good; readable, but with dif

ficu lty. 
,, - Good; readable. 
,) - Very good; perfecUy readable. 

INT1:HF~HENC~: CO).l).lI'ITEE S 

The lIubjoct of public relations is import3,llt to 
us amateurs both individually and a~ an organi
zation. No amateur can long afford to operat e 
when he knowingly interferes widely with broad
cast roception in his neighborhood and when 
there are simple remedies to be applied. Even the 
observance of the prescribed qUlCt hours, while 

covering the situation legally, does 1I0t ent.irely 
suffice. nroadcast listeners do 1I0t look on inter
ference with greater tolerance just because it is 
caUJ:led outside certain hours, and of course we 
want the good will whieh ooly a full understand
ing of the problem and contact with next-door 
residents can bring. Since all amateur operators 
are well qualified technically and most b .c.1 .'s 
are not , the burden of responsibility falls on us 
in individually contact ing any listeners who may 
be troubled. Patience in explaining, franknee8, 
tolerance in listening to other viewpoints and 
other qualities of diplomacy are needed to give 
the full teehnical explanations required, to win 
confidence and pennissioll to conduct necessarv 
tests, install wave-traps, etc. -

Most of our troubles are due to "proximity," 
choice of frcquency, and the like, and sometime!! 
simple adjustments or changes will cure the dif
ficulty altogether . The A.R.R.L. Communica
tions Department hI!.!! a ci rcular olTering many 
helpful suggestions which is available to any 
amateur on request. ~'or that matter you will find 
about all the IIlformation required right in thm 
book. 

We are glad t.o say tllat amateur interference is 
almost unknown to--<lay, the amount of inter
ference from t his source being altogether less t han 
one percent of that eaused by faulty electrical 
circui ts and apparatus, troubles in receivers 
themselvCll , etc. In the past we organized 
A.R.R.L. "vigilance committees " in every com
munity to take care of interference reports, but 
now this is no longer neee.."Sary since the trouble 
is rcport.cd in isolaWd cases, and each can be 
taken care of on its own merits direct or oft.en 
through the e:<isting A.R.JU,. field organization 
and thc a.fIiliated clubs. We do recommend and 
request that each A.It.R. L. afliliated club organi
zation maintain all interference committee, to 
keep order, make invcstigations and rocommenda
tions locally, coiipc-ale with the press, the pub
lic, and listeners who wish to file complaints of 
amateur interference. These committees can well 

after our older "vigilance" organi
composed of representative broad

amateurs and with one member 
to as8ist in collecting and 
is best not to attempt w 

interference since this is a 

::_-. d:';_ ""i'~" rew leading qucstions will 
~: eases and the other difficul-

w local power and communi
,te. 

tran&
;';~';cl, our shores. 
... weducate 
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the broadtaat listener regarding the sources of 
interference and they have reduced what little 
amateur in tetfeN:!ncc ihere WIIS to a negligible 
quantity . 

RADIO SIIOW s'rATIONS 

All will agree that the publicity is most valua
ble which oomes from statiOIl exhibits and radio 
show stations where tramc is solicited. Head
quarters is always ready w assist amateurs who 
put on such demonstrations. However, after some 
radio shows t here are complaints of undelivered 
messages, or seriously deh .yed traffic, so perhaps 
a fcw suggestiollil are in order. 

First of all let it he known that the per Cf'ntage 
of deliveries, while always fair, is a vll.l'iable de
pending on the SCasoll O! t he year - and on the 
t raffic load. Show stations collect a lot of tramc, 
more t han t he normal amount handloo in a few 
days by one station. If the traffic load gets so 
great t hat it oc'C(lm,-';!; more work than fun for 
those amateurs out;;;ide the show-atation city, t be 
handlinJ.l of messages and deliveries is hound to be 
poor. This may be rf'nIedied by building up a 
number of schedules to different points in advance 
and distributing the messages m the proper di
rections, widely enough so tlmt Ii few outside 
stations do not become seriously overburdened. 
Another facto r is t hat the public frequently lacks 
imagination, filin g too many " greeting by radio" 
rubber-slamp type messages. The" apparent im
portance" of a message exerts a psychological 
efTe<Jt on operators handling messages Just for t he 
en joyment in the work, and boot h attendants 
lakine; messages from the public would do well to 
explain t his point. 

A large placard or suits.ble printoo slips should 
be prepared, explaining in as few words a.8 possi
ble the conditions under which traffic is accepted . 
No traffic for "points all over the world' can 
possibly be accepted since there are not active 
amateurs in aU countrie~, and since t he WalShing
ton Convent ion prohibits tbll hand!in~ of im
porumt me&sll.gcs to lItany of the count n es whcre 
there are amateurs. Messages to any point in t he 
U. S. A ., ita territories and possessions, can be 
handled of oourse, and the points to which es-
pecially prompt service can 00 offered, due to 
sche(h iles arranged and in operation, should be 
mentioned. 

If t he traffic is offered for local points where 
t he)'e are no amawurs, the condition should be 
frankly stated or admitted. The individual in 
charge of t he station has full powers to refuse any 
t raffie unsuitable for radio transmission, or ad
dressed to points where prompt radio deliveries 
cannot be ma.de. Thn disclaimer {or liability for 
delivery ~hould be mentioned briefly as set forth 
on t he reverse of A.R.R.L. message blanks Il,nd 
t he public made to understand t hat t he relaying 
is subject to radio C(lnditions and favorable op
portunity fo r contacting. Alool suggest to the 
public t he desirabil ity of wowing messages H.8 
telegraws would be worded instead of wr iting let
ters, pointing out that betwr service can be ex
pected on 15-word text.s of apparent importance. 

The operawrs of t he station must bear several 
points in mind. ~ Iost important is the fact that 
messages !Oust be forwarded toward the destina-

tion and t hat t he effort is not merely one to 
"clear the hook" but to route tramc pro,Pl'xiy. 
Advance sch edules are essential to assist m the 
distribution of mC!!Sagcs. It may be poe..~ible to 
schedule stations in cities to which you know 
quantities of messages will be filed. Stations 
worked should be informed of the amount of 
traffic you wish to d ear through them first. 
There is no surer way w make traffic die on the 
hook than to give itto a fellow who docs not want 
it and is DOt. in a position to keep operating his 
station and handle it . H ave the latest oopi E'l!! of 
()ST at hand and study the tramc summaries at 
t he end of scctional activity reports. Nearly all 
t hese stations arc reliable Official R elay Stations 
iutc rcstcd in traffic handling. Tbe lists of ell,lIs 
will help you to identify or distingui~h rdiable 
C(lnsistcnt operators to whom to eutrust valuable 
messages. Oper ators must take their work tlCri
ously and remember that they are not there to 
';show off" to t he public or other "hams" who 
may vi ~it t he boot h. The full t Oliperation of all 
local sia tions should 00 rcquc:>tcU. By dividing 
up the traffic filed wi th the ot her stations it may 
be sent more speedily on it<! way - bnt be sure 
that t he operators undertakiug to help are qnali
fied and have good facilities for distributing meso 
sages. R eml'moor t hat a stat.ion license is good for 
but one location, and start early to secure the 
necessar y permission from the Supervisor of 
Radio for the booth -station. 

KBEl' ING A LOG 

Every operat or of an amateur station muat 
keep a log of th e operating work that is done; it 
should cover, as well! t he test/!. of an experimental 
nat ure t hat s.re earn ed out with t he t.ransmitter 
or receiver. 

The well-kept log is invaluable in thecking np 
reports of any nll,ture ooncerning amateur station 
oper ation. It oontains po~tive evidence of cver y 
transmission. It is a permanent reoord of the 
achievements of the station. The presence or 
absence of a log and the completeness of the 
entries at once mark the station and operation H.8 
either quite systematic or else haphazard and un
reliable. The Federal Radio Commis~ion obliges 
every amateur station to maintain an accuraw log 
of the time of each transmission, the station 
called, the input power w the last stage of the 
transmitter, and the frequency band used. So, in 
addition to oth er excellent reasons for log.keep
ing, t he regulations make a oomplew record of 
t rallllmitting activi ty oompuisory. 

Amateurs keep a log because of the ready
reference value ill proving records aDd bocause of 
the pleasant recollect.ions and assoeiatiolll> t hat 
oome from reviewing the history of friendly radio 
oontacts and from displaying the record of the 
Il,ccomplishmentll of t he stll,tion w in terc:;tc<\ 
vi~itors and friends. Plan w start a log at t he 
same time you ~tart opcratin~ the station. 

There are many different kinds of loga. Station 
owners all have opinions on the form t hat the log 
should take. The more elaborate it iSI the more 
t ime, care, and pains are required in keeping it . 

A loose-leaf notebook can be used. The sheets 
can be renewed ca.ch month and those used can 00 
taken out and filed away with the cards and 
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illation records. A stenographer'lI ordinary note. 
hook coating from ten to thirty cents and abou t. 
4!1" by SJ.i" , takes li tLlc SpllCC on t he operating 
table and also makt'll a good log book. If simplicity 
and low coot Ill'C t he only cousiderntions, Ruch a 
modi flOO notebook-log is Z'e('()mmended. 

A do~en pages may be ruled in advance wit h 
vert ical lines. In the first column the date lind 

, , 
• 

, , 

'" M, Mil 

distinguish between your use of c.w. telegraphy 
a nd radiophone operation; Or AI, ..1 2, or :18 can 
be U3ed, t hese official international designationa 
representing C.W. telegraphy, C.w. telegraph}' 
modulated at audible frequenciee, and speech or 
music, re:s~tively: The froquencl- band you u~ 
may be mdiCaloo ID the next co umn but i t IS 
bettcr to record t he exact frequency. The next 

• 

H" m.. {)"rt Tim. e", M, IIi. n • ."ark. " l'(Jw.,. Fnq, FT&}.. X~ QS A QS. 

:\I&y , "'W G5BY U . . . . . . . . ''''' XU.I .. , ClKCQaod 
WSA WJ " " Ol~ W80YH W 275 ... "00 3<>2.5 Pho ne , • Fu t FadiQII . od 

H »(>Or mD<i. " " W6CZR "., RAC , Workinc KA I.U'. . . . . ... . .. " " W{lFLG W r,.s .. "00 "'" a ud d.e. !l!1 , , QUi\( !:thler noW' " " K6EWn W ' 80 • """ '''''' Xtal , , On ~k . Ree'd 2. 
Hnl3 

n o. I 

t ime nrc noted. In the second column t he clllls of 
stations lI'orkt'tl, heard, and calk>d M'e put dowll . 
A circle, pllrcnt heses, or a line drawn under the 
rill! ann indicate whether a station Wal! worked, 
heard and callN:!, or simply heard. A SIx:<:ial desig
naung sign or abbrevht.tioilll before or after t he 
l"ILII Ictl(!1"l'] show t his information. Provision 

be for entering the power and the 
u.-d, 

page, new 
are changed. 

meter 

H,-

and r can be used in the second column to 

column is for the lJIRtc inpu t power to the last 
stage of your amphfier. 

If you hear G513 Y clIlJing WI VE, log WI VE in 
the ti ft-II column lind G.sBY in the sixth column. 
If G513Y were calling CQ, then CQ should be 
ClItered in the fifth column . A letter in t he C-W.H 

t AMATEUR RAD IO STATIO N LOG t 

PIG. , 
Tu "1ficUJ A.R,R.I. . liIII' ......... _ JJbaoe, """'"""" ._~ 

_><I ro09,,;'-,»I.><I ,,, ' """" to 0I4ti00m , tanb. B"",..J 
~ .....a. ~" i,. _4 ","II 1M ... for ... CO" be ~Md 
~ Htob.; __ lu. for " ....... "'" 111'" '" ......... ,. ,...pur.II>'''' 
.... " . ;ro ... ~it:Io CdU ... ol~ III .. J_ a.J .. ~, Mpi", 
liuJl """ find it ourtA. of aM~;"". E_II .14: .... " .... "" Uq 
... __ I oJ .. /6rI. 

column show8 hy a single appropriate letter 
whether a station was callcel , worked, or beard 
by you. If would indicate here that you heard 
GollY. C-W might indicato that you called a sta
tion and completed the contact immediately 
afterward. Repor ta on the characteristics of 
G5BY's signal would be entered in the 1!.~8CO 
provided for "station heard JJ or da.ta. on received 
signals. Th~ signal strength, t~e, tone W.D.C .. 
R.A.C., Chvpy D.C., Xlal, 1 01C<!1 quality or 
frequency or modulation, etc.) and tne ,frequency 
or dial setting can be logged here, malang It eal!y 
to retune to this station, ofTer evidence on illl 
frequency, or to fill out a report card. 

Log users wi!l9uiekly adopt certain convenient 
practises which 6lmpJify the keeping of a log such 
a8 use of ditto m ... rka to TOOOrd frequency and 
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power as long as these remain unchanged, a.nd the 
use of an X for one's own cnll signal, to save time 
in making the entries in the fifth and sixth co[
umlUl. When several stations answer a CQ, eacb 

expeditiolls, for diagrams, rcoords of tuning 
adjustments and ranges, experimenta and changes 
in equipment, et-o. 

A log is of great value in a number of additional 

AMATEUR RADIO STATION LOG 

• ,. 

" 
" 

should be listed in the sixth column following 
your own call signal in the fifth column. Any 
unusual data requiring explanation, such lIS an 
interruptoo or inooulplcle contact due to power 
linc failure, local interference, etc., should go in 
the " remarks" oolumn . Also a detailed record of 
messages exclumged should be entered thus: 
"&nt my No. 5. lV1MI\'s No. 97, rec'd Ilia No. 
19, No. 20 and JV8BAH's No. 61." Of course 
everv message must show call signals and time 
handled too, and t.he message flIe itself is used for 
counting traffic for mouthly rcports. This last 
column should show everything from thc "sine" 
of a new operator taking the key to reports on 
your own Slgnrus fr,?m other operators. 

Left-fland pages m the log may be left blank 
to use for extensive remarks on cmergencies or 

.. nSAGU, RE .... RKS, ETe . 

ways through usc of these left-hand pages. A 
comparison of the operating results obtalned with 
different appara tus in use at different times is 
valuflblo. The " DX " or trame-handling value of 
tho various frequencies over v!).rying distances 
Ina)' be readily found from the Jog. Thc effect of 
weather or time of day may be also quickly found. 
Every change made in either the transmitter or 
antenna system should be noted down in the log 
so that results m!!.y be compared for dates before 
and after the date when a change WIl.8 made. No 
matter how trivial the change, put it down in the 
log. Remember that only one chanje at a time 
should be made if the changed resu ts are to be 
attributed to oue definite cause. 

K eep (111 (lccurale and cl)mplele a/alien log at all 
lime. /!! 



TilE COSTINEl':TAI. CODE 

LCUer 01' 

Fil}ure Symbol Ph",!elic 

:\ Dit darr 
13 Dan dit die dit 
C - ,- Darc dit dare dit 
D Darc dit dit 
E Dit 
F Dit dit darr dit 
G - - Darr dart dit 
H , . .. Dit die dit dit 
1 Dit dit 
J --- Dit darr darr dare 
K - - Dart dit dart 
L Dit dare dit dit 
:\1 - - Darr dart 
:\ Once dit 
() - - - Darr dace darr 
p - - Oit dare dure dit 
Q - - - Darr darr dit dare 
R Dit darc dit 
~ '., Ditditdit 
T Dare 
[ Dit dit darr 
\' Dit dit dit .darr 
IY - - Oit dare darr 
X - - Darr dit dit dan 
Y - ,- - Darr dit darr darT 
Z -- , Darr darr dit dit 

1 ----. 
2 
3 
4 

. . ---

i -
S - --
9 ----. 
0-- - - -

Period (.) 

Dit darr dare dare darr 
Dit dit dart dan dare 
Dit d it dit darr dare 
Dit dit dit dit dare 
Dit dit dit dit dit 
Darr dit dit dit dit 
Da.rc dare dit dit dit 
Darc darr dan dit dit 
Darr darr darr dare dit 
Darc darr darr ill;rr darr 

Appendix 

Wait ,- , .. 

Comma (,) 
- ,- ,-

OlloD (:) 
. . . 

Semicolon (i) 
- .-.-

Quotes (" ") 
- -. . 

ra.rcllthe<;i~ 
() 

Attention Call 
to precede 
every trans
mission 

- .- -
End of each 

Il1cssage 
(cross) 

Transmissiou 
fiu i~hed tcnd 
of work) 

Invitation to 
transmit (go 
ahead ) 

Oit darr dit dit dit 

D it durr dit darr dit dan 

Dare dan darr dit dit dit 

Darr dit darr tlit durr dit 

Dit darr dit dit darr dit 

Darr dit darr darr dit dan 

Darr tlit ,brr .lit darr 

Di t darr dit darr dit 

Dit d it dit darr dit dar r 

Dan dit darr 

Dit dit dit dit dit dit 

Question (?) 

Break (double 
dash) (= ) 

E.~clamat iol1 
( !) 
-- --

Received 
(O.K) 

Bar lndicating 
Fraction 
(OblJque 
ot roke) - -• • 

Dit dit darr darr dit dit 

Durr dit dit dit durr 

Oftrr darr dit dit durr darr 

Dit darr dit 

Darr dit dit darr dil 

:\ dasb is equal to three dots. 
The space between partoS of the !!Sme letter is 

equal to one dot. 
T he spa.ce between two letters lS equal to 

three dots. 
111C spaee hetlreen two words IS equal to 

five dots. 

ii. (Germun) 
- - Dit dan di t durr 

A or A (Spanish-
Scandinavian) 
,-- .- Dit darr darr dit durr 

ell (Gerrnan
Spanish) 

- - - - Darr dan durr darr 
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T n!: " Q" COOI: 

t (French) 
Dit dit darr dit dit 

R (Spanish) 
--.- - Darr da rr dit darr darr 

In the regulations a.crompanying the exi.st.ing 
International Radiotelegraph Convention there 
is l!. very useful internationally agreed code de
signed to meet mlljoT needs in international radio 
communication. This code follows. The ao.. 
brevilLtioWl themselves have the meanings e.hOWD 
in the ., An8~·er " column. " ' hen an abbreviation 
is followed by a n interrogation mark (1) it as
sumeil the meaning shown in the "question" 
column. 

o (Gen nan) - - - Darr dan darr dit 

U (German) -- Dit dit dan darr 

QRC 

QnD 
QRE 
QRF 
QJtG 

QlUI 

QRI 
QJtJ 

QJtK 

QRL 

QRT 
QRU 
Qll.V 
QRW 

QRX 

QJty 

W 
~g 
QED 

• • 

·"'bat is the name of your station? 
At what approximate distance are you 

from my station? 

By what privl!.te company (or govern
ment udmin istration) are the uc
counts for I)harges of your station 
liquidated? 

Where are you ~oing? 
What is the lIatlonality of your stalion? 
Where do YOII COIOI) f rom ·~ 
Will )·ou indicate to me my eXal)L ~·a.ve 

length in meters (or frequency in 
kiloeyeles)? 

Wbat I.S your eXll(lt wavc length in 
meters (frequency in kilocyclea)? 

Ie my lone bad? 
Are you receiving me bndly'{ Are my 

signals weak? 
Are you receiving me well ? Are m y 

signals good? 
Are you busy? 

Are you ooing interfered wit b? 
Are you troubled by ahnoaphcriCfl? 
i\I ust 1 inCTCase power? 
Must I decrease power? 
?t"lust 1 send {liSter? 
Must I IICnd more elowly? 

1\1" u.st 1 !top sending? 
Have you anything for met 
i\I UBt I scnd a scriCl! of V's? 
:\Just I advise ........ t hat yOll a rc 

calling him? 
l\I ust 1 wait? When will YOll call me 

again? 

Which is my turn? 

B~· whom a.m I being called? 
"bat is the strength of my signals ( I 

to 5)? 
I>oe8 the strength of my signals vMy? 
Do my aignal~ disappear entirely at 

inter vals? 
I s my keying bad? 

Are my signals distinct? 
Is my auWmll.tic trallilInission good? 

The name of my station is ....... . 
Tho approximate distance bct~'(!(!u our 

stations is ...... nautical miles (or 
... ... kilowl.lters). 

Tho aceounta for ehargea of my station 
are liquidated by the .... .. .. private 
company (or by tho government Ild-
miDistration of ........ ). 

I am going w ..... . 
The nationality of my station is ....... . 
I oomefroru ....... . 
Your exa.et wave length is ., . .. . meters 

(or .. .... .. .. .. kilocycles). 

'\Iy exa.ct wave length is ...... ,' metera 
(freq ueucy ....... . kilocycles). 

Your tone is bad. 
I Clln not re<:€ivl) you. Your aignals arc 

too weak. 
I receive you well. Your signals are good. 

I am bl1sy, Or, (I am busy v,ith ...... ). 
Please do not interfere. 

I &ill being interfered with. 
I am troubled by atmospherics. 
Increase power. 
Decrease power. 
Send fa.st er (. ..... words per minute) . 
.send more slowly ( .. ...... words per 

minute). 
Stop IICnd~. 
I have nothmg for you. 
Send a series of V'~. 
Please advise .. . . . . .. that I am calling 

him, 
Wait until 1 h:we fin ished rommunicating 

wit h ........ 1 will call you immedi-
ately (or at ... ..... o'clock). 

Your tu rn is No ......... (or according 
i.Q ally other indication), 

You are being called by .. ..... . 
The strength of your signals is ....... . 

(I to 5). 
The strength of your signals varies. 
Your I!ignaisdisapPCllr enti rely at intervals. 

Your keying is bad. Your signals arc un-
readable. 

Your signalH run together . 
Your aut.omslic trnDSmissiol) fades out. 
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QSG 

QSH 

QSI 

QSJ 

QSI( 

QS L 

Q'iM 

Q~:\ 

QS() 

QS I' 

QSQ 

QSR 

QS l: 

QSV 

QSW 

QSX 
QS Y 

QSZ 
QTA 

QTll 

QTC 
QTD 

QTE 

QTF 

QTG 

M ust 1 transmit the telegrams oy a 
series of 5, JO (or according to any 
other indication)? 

M ust r send one tclegram at a time, 
repeating it twice? 

Must r send the t elegrams in alt.ernate 
order without repetition? 

What is the charge to be collected per 
word for ". .. . .. including; your 
inwrna\ telegraph charge: 

l\'lust 1 suspend t raffic? At what time 
wilt you call me again? 

Can yOIl give me acknowled).tmell t of 
receipt? 

Have you received my !(<,kTl(}wledgmeni 
of receipt? 

Can you re<::civc mc now? j'l'In~l j (:nTl
lin uc to listcn'l 

Can you eommunicatfl witl, .. , ..... 
direct ly (or through the intel"medi-
aryof .. . ... . . )? 

Will you reltty to .. ,... . . free of 
charger 

Must 1 send each 11'01"0 01" group OJ1(,e 
only? 

Has the distress call received from 
, .. .. _ .. oeen attended to '! 

.\Iust I send on .. ,. meters (or 
kilocycles) waves of tyJXl A I , '\2, 
A3, or B? 

.\'iuat I shift to the wave of ...... , 
meters (or of . _ . _ kilocycles), for 
the balance of our communications, 
and continue after having scnt several 
V's? 

,rill you send on .... meters (ur on 
., kilocycle~ ) waves of Type AI, A2, 
A3 or B'i* 

Does my wave length (frequcncy) vary'! 
~I U8t 1 send on t he wave of .... mc-

ters (or kilocycles) without 
changing the tvpe of wave? 

.\'l ust I send each word or group twice. 

.\l ust 1 cancel telegram Xo . .. , as if 
i t had not been sent? 

Do you agree lIith my word count? 

How many telegrams have you to send t 
Is the word-count which T am confirm

ing to you accept ed'( 
Whll. t is my truc bearing"! 

(or ) 
What is my true bearing relative I.-o? 

Will you give mc t he position of my 
station based on the bearings takeu 
by t he radiocompass stations which 
}'ou control? 

Will you transmit :,'our call signa] for 
OTle minute on a wave length of .. , _ 
meters (or " .. kilocvcles) in order 
that 1 may take your radiocompass 
bearin g? 

Transmi t the wlegrams by a scries of 5, 
]0 (or according to any other indication). 

Transmi t one telegram at a time, repeat ing 
it twke. 

~nd the telel):rams in alternate ordcr with· 
out repetition. 

The charge to be collect ed per word for 
... , , ... is . , .... .. franes, including 
my internal telegraph charge. 

:-:uspend traffic. I will call you again at 
, , ... . , . (o'clock ). 

xive you acknowlfl(lgment of receipt. 

IUl.ve not rec('ived your acknowledgment 
of receipt. 

I can not receive yOll now. Continue t o 
liawn . 

I "an oommwlicate with ..... . .. di rectly 
lor th rough the intermediary of . .. ... ). 

I will relay to ... ... . . free of charge. 

,..:.e nd each word or group once only, 

The distress call received from , ... . . 
has been attended t o by , .. . ... . 

."'end on . , .. mewrs (or on _ . .. kilo-
cycles), waves of T ype AI , A2, A3 or B, · 
1 am listenin,!!; for you . 

. ..;hift to wave of . , .. . ... mcters (or of .. . 
kilocycles) for t hc balancc of our com
munications and continue after having 
sent several \"s. 

I wm send 0" . ... mcters (or . _ .. kilo
cycll',ll) waves of T ype A 1, A2, A;l or D. ' 
Continue 10 listl' n . 

Your WRve Icng~h (frequency) varies. 
::lend on the WRve of .... meters (or 

kilocycles I without changing the type 
of wave . 

:-'cnd each word or group twice. 
Cancel telegram Xo , .. _ as if it had not 

I:KJen sent. 
l do not agree wit h your word count; I 

shall repea t t he first Jetter of each word 
and the first figure of each number. 

j have . . .. telegrams for you or for 
The word count which you confirm to me 

is accepted. 
Your trull bearing is __ dcgrees 

(or) 
Your true bearing relative tQ ••. . is 

degrees fit .... (o 'clock). 
The posit ion of your station bll.lled on the 

bearings takcn by the rndiocomp!lJjs 
stations which I control is . . .. latitude 

__ _ . . longitude . 
I am sending my call signal for one min ute 

on the wave length of . ... meters (or 
. ... kilocycles) in order t hat you may 
take my radioCOlnP!lJjS bearing. 
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QTH What is aOur position in latitude and 
lon~jtu e (or aCeQrding to any o~her 
indication)? 

My position is . . .. latitude . . , . longitude 
(or according to any other indication ). 

QTI What is your true course? . My true course is . . .. degrees. 
QT.J What is your speed? My speed is .... knots, or .. ,. kilome-

ters per hour. 
QTK What is the true bearing of . . . . rels.- T he true bearing of . . . . rela.tive to me is 

t ive to you? .... deWees at .. .. (o'clook) . 
QTL Send radio signals to enable me to de- l am sendmg radio signals to ~nnit you to 

tcrmine my bearing with respect to determine yOllT bearing with respect to 
the radio beacon. the radio beacon. 

QTr-,1 Send radio signals and submarine sound I am sending radio signals and submarino 
~ignal8 to enable me to determine sound signals to r,rmit you to determine 
my bearing and my distance. your bearing an your distance. 

QTN Can you t.ake the bearing of my station I can not take the bearing of your etation 
(or of . . .. )relativotoLou? (or of .... ) relative w my etation. 

QTP Are you going to enter t e dock (or t he I am going to enter the dock (or the port). 
I::n )1 

QTR W atisthcexacttime? 111e exact time is . , .. 
QTS Wbat is the true \)caring of your station The t rue bearing of my station relative to 

relative to me? you is , . , , Pot . '" (o'elock) . 
QTU What IIrc the hours during which your My station is open from . ... to . .. . 

station is open? 

.. W ~""" ~,.., clatloified "" foll",,-. in Art . 4, O~n"ml Regu\ationl. JU: unmodul~te,lcontinuo\U ..... y~. v...-itd by tdCgtftphi" 
keying . A2: continuoWl W8Y,," modulated a t audible frequency. ",itb wLieh i. combined t.llecraphio hyiu ... AS: continuous 
"'Bv,," moonls ted by speech or by mu. ic. B; damped way,," . 

MISCELLANEOUS ABBREVUTlONS 

The following miscellaneous abbreviations 
have universal agreement and should not be 

employed in other than the meanings specified, 
nor should other than the speeified abbreviation 
be employed to con vey any meaning listed in this 
table. 

A bbre
viatwn 

C 
N 
P 
IV 
AA 
AB 
AL 
BN 
BQ 
CL 
CB 
DB 
DC 
Dli' 

DC 
DI 
DJ 
DL 
DO 
DJ' 
DB 
DT 
Dr 
DZ 

Yes . 
No. 

M M ning 

Announcement of private telegram in the mobile service (to be used as a prefIx) . 
Words or words. 
" All after . . .. " (to be used after a ques t.ion mark to request a repetition), 
" All before .. .. " (to be used after a quest ion mark to reques t a repetition), 
"All that has just been sent" (to be used af~r a question m:Hk to request 0. repetition). 
" All between ... . " (to he used after a. quC<!tion mark to request a repetition). 
Announcement of reply to a request for rectifica tion. 
" 1 am closing my station." 
Call signal (to be used to ask repetition of a ca ll signal) , 
" I can not give you a bearing, you are not in the calibrated sector of this station." 
" The minimum of your signal is suitable for the bearing." 
Your bearing at . . .. (o'clock) was .... degret:s, in the doubtful sector of this station, 

with a pos@ible error of two degrees. 
Please ad vise me if you note an error in the bearing given . 
Bearing doubtflll in eonaequence of the bad q uality of your signals. 
Bearing doubtful \)ccause of interference. 
Your heariogat .. , . (o'clock) was ... . degrccs in the doubtful sector of t.his station. 
Bearing doubtful. Ask for another bearing la ter, or a t ..... . (o'clock ). 
Beyond 00 miles, possible eITOr of bearing can attain two degrees. 
Adjust your transmitter, the minimum of your signal is too broad, 
1 can not furni sh you with a bearing; t he minimum of your signal is too broad . 
This sta tion is bilateral, what is your approximate direction in degrees relative to thi.~ 

station ? 
Your bearing is reciprocal ( to be used only by the central sta tion of a group of radio

compass stations when it is addressed to other stations of the same group). 
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Ell. 

GA 
HI 

" Here ... . .. .. ( to be used before the name of the mobile atRlion in t he sending of rOUle 

j\IN 
NW 
OK 
HQ 
SA 

Sf" 
SN 
:;s 

TR 
UA 
WA 
WB 
XS 
YS 
ABV 

ADR 
CFM 
COl. 
ITI> 
MSG 
PBL 
REF 
RPT 

BIG 
svC 
TFC 
TXT 

indications). 
"Resume sending" (to be used more especially in the fixed service). 
" If 1 may send, make a series of dllsheij. To s top my transmission, mnke 1\ series of dot~ " 

Not to be used on 600 meterll (600 kilocycles). 
Minute or minutes ( to be used to ind icate the dllration of Ii wldt). 
" I resume transmission " (1(1 be ueed more I'I!pecinlly in the fixed !!erviee). 
" \\'e are in agreement." 
Announcement of a request for reclifiC1ltion. 
Announcement (If thc ntllne of an n.irel1\ft station ( to be ulK,<1 in the sending of indications 

(If passage). 
Announcement of the name of aD aeronauiic station. 
AnDouncement of the name of a coast sta tion_ 
Announcement of the name of a ship station (w be used in t he transmission of indications 

of p991:lege). 
Announcement of the requcst or of t he sending of indi cation~ concenting a mobile station. 
" Arc we in agreement? " 
" Word after .. . .. . " (to be used after a question mark w requcst a repetition). 
" Word before . .. .. . " (00 be used afte r II. question mark to request a repetition ). 
Atmospberics 
"Sec your service advice." 
"Shorten the traffic by using the International Abbreviations." 

" "Repeat (or 1 repeat) the figures in abbreviation fonn." 
AddfCl!!! (to be used after a. question mark to request Il repetition). 
"Confirm" or " I confinn ." 
" Collate" or " I collate." 
" The pUDctuation counts." 
Announcement of telegram concerning !!hip service only (to be ulJC<! as a prefix). 
Preamble (to be used after a question to ~Uetlt a repetition). 
" Referring to ... . .. " or •• Refer w ... .. . ' 
"Hepeat " or " J repeat" (to be used t-O ask or W give repetition of all or p4rt of the traffic 

by making the corresponding indication after thc abbreviation). 
Signatui'(l (to be used afte r a question mark to request a repetition ). 
Announcement of service tclegram concerning private traffic (00 be used a.s a prcrrx). 
Traffic. 
Text (00 be used after a question mar k to request a repet ition ). 

HAll ABBREVI ATlO~'8 

In amateur work the following abbreviatioM 
are also used, toget her with manr ot her ab
breviated words UIlua[\y comoosed. ' on the spur 
of the moment." Study of abbreviations bringe 
t.-O light some method!! tha~ may be followed ill 
coining abbreviations. 

ABL 
ART 
AC 
ACCT 
ACCW 

ADR·ADS-ADSO 
.<ER 
ACN 
AR D 

1. A method much used in sllort words i9 to 
tPve the first and IMt letters only, eliminating 1111 
Inte rmediate lctl.cr3 in the word. El'llmples: 
Now, ow; check, ok ; would, wd. 

2. Another method uses OOfl5Ooo.ntll only, 
eliminating all vowels in the word. Examples : 
Letter , It r ; bound, bod; message, meg; receiVed, 
red. 

3. A third method consists of using phonetic 
spelling. Examples : Some, sum; good, gud ; says, 
tlCaj night, nite. 

4. Replacing parts of a word wit h the letter 
., X" is a method occasionally used in abbreviat
ir:g. Examples: Transmitter, xmtr; weather, wx; 
distance, dl' i pres!!, px. 

AblP 
A ~!T 
ANI 
ANT 
ARt. 
ART .,T 
AUD 
AUSSlE 
B ,.. 
Bel, 
RO 
B< 
BK 
BKG 
BLY 
BN 
liND 
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llrtlSO l'OUnd~T.· l. ... iU~ 
lldter 
V;brople~ key,lImateur ,adio "rev~r <> 
~, corr~t, Y'" 
Phone<! 
Charge/! 
Check 
Choke., cireuit.. 
Cir.ui~ 
Call, calling, called , clooi~ (.tlltion) 
Communication •• \lnMR~r 
Can 
Gt,,, 't, ""tUlot 
C"ndenaer. condition 
CortJ;ra tula~io[13 
Counterpoil!e 
c..d 
Central Stand",.d Time 
Could 
~ynulnter 
Come 
(;<>1It;nuo,," wave 
C<)p), 

D" 
l)i'oot . ,,,rcot 
OiJ,""II",d former .""'j"" 
DMd head. $etv;". ",,, .. "It" 
Oelivero:l 
Oelivery 
D one, dOWlJ 
Do ]loG, dnn't 
Ony \.,.., ... R.o.te 
De.,tination 
Delivered ~ubjc"t t<> correction 
Dul'lical<l 
Distance 
••• 
Them 
.<»d 
Eostern Standard Tillie 
Everybody 
Every 
&., 
Fine bU$in .... , e~C"neut 
Filament 
Filed. lilina: time 
From 
Telephon ... ,,, 
h «juency, fre<lu~ntl)· 
Go aLead (reo",ne ..ending) 
G()(l(\-bye 
0; ... " I:>et~r addr(WI 
Good eveni!lll: 
Oen" .... to. 
G uess 
G. O::r 1norninj!i 
G""'-I,wiei, en·il Time 
Gone, iood night 
G rouml 
Oet quick """",er 
Give .ome add ...... 
G<><><I 
Give. ghing 
H Urry ",,"Wet 
AmAteur. bnta-pounder 
Hs.d. head 
Lau"bte,. high 
He ..... heal' 
Hoard 
H .. ,~ 
H""vy 
How. hot wi,e. he",,,,;th 
Hot wire meter 
[ undc""tand 
in"'rrUl>t.,.j cont,nuolUl "',we 
Input 
Important. 
""ow .. Lid," a pOOr operator. long diotan"., 
Light 
I .. "", letttor 
<.W 
:lolilliam""", 
:loLo,ny 
:lot oWI'-genera t.or 
Manager 
MilfuunperM 
My 
::Uinut.e 
ExciAruation 
:lo1il/hty 

:lolal<e 
:lolomh. maote.. <>!eiUMar 
Mountain Standard Time 
Mete r 
Nil. nothi~, nO 
Nothillll dOUl~ 

K "'"' K~~1llI 
KiKht 
Ko more 
Kno ... 
Night Pr .... Rate 
Number, near. po ,ecord 
No auah add ...... 
Not 
Kothina 
Now (I ''''''Ille t<ansm;"ion) 
New Zeaand 
Old Boy. Officiaillroodc"'"t 
Office 
Old man 
Otlicial Obo!<:r,-.,.. 
Opo .... tion 
Ope",U;r 
Offici. l Relay Sur.ti" n 
Oscill~to, ..,.cillation. 
o..cilli.tion transform"r. old !im~r_ 0[,1 

l:~::,:,::~ 11me 

"' • 

C ommunication.o Man.,.., 

~~J,;;~~,"l initial! • • ;gnat.u,. 

, 

word 

~C:~'k •• week. weU-known 
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WKG 
wr, 
WN 
Wo 
WT 
WUO 
WV_WL 
WX 
XMrR 
XCUSE 
X PLN 
X T RA 
YDA 
YL 

'" ZEDDER 

'" M 

"' , 
W, , , 

WOTkinll; 
Wi!! 
When 
Who 
Wht. wait, ",,,U 
W" uld 
Wa,·e. wavelength 
Weather 
lrammit= 
Ex"",e 
E.pWn 
E.tr:. 
V ... te,,<hr 
Young lady 
Yow 
Ne\~ 7.esbnder 
Beal regaN. 
Love and lci.oee> 
Keep ou~ 
T wO}, W, too 
To-day 
P1ezw, sLut me, " 'here! , fOT, foul' 
Eill:ht, lite 

INTF.R~ ATtOr.-A T. {'1\':I)'J'lCES 

The Mtionslity of 3. radio station is shown by 
the initial letter or leit..crs of the eall signalll.S
signed it by its government. Thcae assiguments 
are bll.8ed 0 11 an international allocation of the 
alphabet embTRced in the International Radio
telegraph Conventiou. 

Amateur calls commouly cousist of one or two 
initial letters to indicate nationality, a digit , and 
two or three additional letters. 

Nations are obliged to select some letter or 
letters from their assignment to use as a prefi x to 
amateur cans. The remainder of the call com
monly consists of a n umeral and two or three 
letters. 

In the list which follows, the first column 
shows the allocation of call signals made in the 
WliShingwn Convention. Every call of a nation 
lIlUl!t be takell frolll the block of letters assigued 
it. Thus this list is useful in iden tifying the na
t ionality of any call hearn, whether amateur or 
not. in t he lICI.loud column t he amateur prefixes, 
the beginuing letters of amateur calls, are listed. 
III most cases we know the~e prefixes to have 
been officially designated by the government 
concerned, but in some cases we have listed, of 
our OW Il initiative, the proper prefIX when there 
call be no choice about it. For instance, Hait.i is 
assigned the cal!s from HHA to HHZ and there
fo re every Haitian call1llust begin with the let
ters HHl whether that government so proclaims 
or not. Il a few cases blanks are shown, where 
t here is some choiee and the government COll
cemed has not acted. For illst-anee, olle does not 
know, until Colombia !UJts, whether Colombian 
lI.!lllI.teur calls will commence with HJ or HK. 
Where a prefix is shown in brackets, it indicates 
t hat that government hll.!l more than one assign
ment of imtial letters and that the indicated letter 
will be found assiguoo, in another part of the list, 
to that country. 

The list: 

) 

CE Chile 
IYEI Ca"lI<b 
C.\( Cub3. 
CN Morocco. Aigeri3., Tuni"; .. 
CP Bolivi .. 
CR 
CT 
ev ex 
C" 

POTtOgU~ colonie. 
PortUg:ll 
Uom.nia 
Uro"", 
"'\onaoo 

D 
EAA-£HZ 
BIA-~AZ 
E LA·ELZ 
ESA-ESZ 
ETA·ET)~ 
F 

G 

LAA·LNZ 
l.OA·LVZ 
J.ZA-J.ZZ 
M 
N 
OJ\A..()lJZ I OCA-OCZ' 
O}'A-OGZ' 
OHA.()HZ 
OKA-OKZ 
O~A.()TZ 
OliA.()ZZ 
PAA-PIZ 

VT A· \'WZ 
W 

XAA·X.·Z 
XOA·XUZ 
YAA·YAZ 
Y HA_YHlI 
YIA_YIZ 

YLA·YLZ 

D 
,cAR 

E' 
EL 
ES 
};'r 

>' 
F< 

G 
m 

H.' 
flB 
He 
HH 
m 
H, 

D R 

'" , , 
'" K< 

" " LA 
LU 
1..Z 
[0) 
IW 
0' 
on 
OK 
ON 
0' 

~} 
" PK 

ey 

" "" "' RX 
RY 
8M 
SF 
SU 
SY 
T ,\ 
TJ" 
TO 
n 
B 
UI! 
PK 
UL 
UN 
UO 

YE 
VK 
YO 

" VQ 

"S 
VT·VU 

W 

X' 
(AC) • 

" YU 
n 
YK 
YL 
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~i.~:r"l,elnnd 

of A meri"" 

Amerio" 
1'",u 

Finland 

Coeeh oilovakia 
!klg;orn and c"loni~. 
Denmark 

Th~ NetheTI. nd. 

Cn.....,,.,, 
DoLch East lndi~. 
fi nui t 
Surinam 
U.S,S,R. C'RU8Sb" ) 
P.roia 
Republic 01 P"n~ma 
Lithu.ni" 
S~en 
I'oL.nd 
Egypt 

O""""e 
T UTk<JY 
Iceland 
Guale"",l .. 
COO"" Rioa 
Territory of the SKBr B",,; n 
HOlditu 
Dolch E •• t Indi •• 
Luxemburg 
\' "lI",,)avill 
AIL'<ttia 

C"nada 
Commonwealth of Au"tTali~ 
Newfoundland 
Bri li.h co]ouies and prot",,· 

wnM 
Bermoda. Dr. G ui ana, Zamibar 
Nort hern Rhod",,;a, Kenya 

Colony, FMlrung Id. 
Str.it.. Settlement., Ceylon. 

Ih>ug Kong, ~I"l"y Statefl 
FI,iti. h India 
Unit<xl Smteo of America 

"""Iinenta] 
Mui"" 
China 
Afrhnni.tan 
New HcbTidee 
Iraq 
FOTm(~ 
Let ,,;a 
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YMA-Y I\lZ 
YNA.yNZ 
YSA-YSZ 
YVA-YV Z 
ZAA_ZAZ 
ZBA-ZHZ ' 

ZKA-ZMZ 

ZPA-ZPZ 
1.9A-ZUZ 

Y.\1 
YN' 

Ye 
Y> 
Z,\ 

P_ City of Danzig 
NiCllnlllua 
fulpubUo of El S~lvad<>r 
Venezuela 
Albania 
Bri ti. h colonie. an.! j>rQt<-c. 

torate. 
New Zealand 
Coo~ l oland . 
Bti ti.h S.moo 
Parq;uay 

Union of South Af,i~a 

lIEASURlNO [ll$TAl':C£S 

Often it is interesting tQ know just how far 
away some station is located. In measuring dis
tances it is cw>tomary to measure along the 
shortest path 00 the surface of the earth. Tins dis
tance is along the are of a Great Circ1c

1 
and for 

very short dist&nces is pructi()aJly a sirrught line. 
Distances of II. thousand miles or SO may be 
measured with sufficient accuracy on an ordinary 
map with II. ruler, using the "scale of miles" ill
dicated on the map. 

For longer distnnces whcre the curvature of t he 
earth cannot be neglected, the simplest way of 
measuring distance is by means of a common 
globe of the type used in school-rooms. The globe 

should be at least eight inches in diameter for 
good results. A piece of string should be stretchcd 
bet-ween the two points in question, and when 
pulled tau~ will automatically align itscif along 
the Orcat Circle route between them. The lengt h 
of the string betwccn the two points when con
verted into miles according to the scale of the 
globe, .... i ll be the distance between the two 
points. 

The globe will be found useful in other ways 
also, as for instance in det.ermining the direction 
in which a distant spot lies from the station . . Flat 
maps of the world (on Mercator's projection) 
give a wholl)' misleading impreasion of both di~
tll-DCe and dIrection between point6 widely sepa
rated, especially if located in the extremes of 
la.titude. 

CIUCULAR TI.\IE-AN I)-J)A1·J,j CH AIn" 

A Inethod of comparing dilTerent times with 
each other and witil G .G.T. (Greenwich Civil 
Time) is nllCessary to get time, weat.her, and 
prellS schedules announced in almost every CIl.Ile 
m local time. In the chart shol'."Il., the two discs 
A and B should be drawn carefully and mounted 
on cardboard. When centered and pinned to
gether we have a convenient device to use in 
working international schedules and in checking 
QS.L-eards. The chart is based on the fact that 
timo ehangea an hour for each 15° of arc. 

To find local time from a given G .C.T., simply 
set the G.o.T . mark on the given time and read 
the local time directly at its mark. Let us take an 
example. Set the G.C.T . mark at 00 G.C.T. Then 
by direct reading i t is 6 p.m. Chicago time or 9 
a.m. Tokio time. If we in Tokio wjI,nted to find 
what time it was in New York at 6 p.m. Tokio 
time, we would set the Tokio pointer at G p.m. 
and read ·1 a.m. for New York time. 

Ilinding dates: Suppose an operator in Los 
Angeles worhl a statloll in Tokio at 11 p.m. 
P.S.T . on J Ulie 10. Then the slide rule shows that 
it will be 4 p.m. Tokio time. The next thing is to 
find whether it is to-Jtly or 1()-II>Qrraw in Tokio . 

• B· 

that is, June 10th or 11th . Now with the rule all 
set we run our eye around it in a. clockwise direc
tion frmn Loa Angeles to Tokio. If at any point in 
that space the midnight mark 011 disc A is en
countered it is lo-morrow in Tokio, i.e. June lltil. 
If the midnight mark is not enCQ untered in t his 
space it iII lo-day in Tokio. For extlmple: Suppose 
the Los Angeles station works the statioll in 
Tokio at I a.m. P.S.T. JIIM 10th. Then the Los 
Angeles operator will know from the slide rule 
that it is u p.m. June 10th Tokio time. 

Let us work from the Eastern Hemisphere 
bMk to the Western. Suppose the operator at the 
Tokio station is doing the figuring. He works the 
J.Q6 Angeles station let us sa.y, a t 9 p.m. June 
15th\ Tokio time. He wants tQ know wha. t time 
it is III Loa Angeles and also what t.he da.te is. He 
sets the rule to 9 p.m. Tokio time and finds ai 
once that it is 4 a.w. in Los Angeles. Now for the 
date. He reads around disc B from Tokio to Los 
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Angeles. in a clockwise direlltion. Notice that it is 
alwa.ys clockwise from the local statiou to the dis
tant IItation. If at any place in that path the mid
night mark is encountered it is /o-dfly in Los 
Angeles, in other words June 15th. 

Suppose the Tokio station works the station in 
Los Angeles at 1 a.m. Tokio time. It would be 8 
a.m. Los Angclell time, and since the midnight 
mark is not enoountered between the two, in a 
clockwise direction from Tokio to Los Angeles, it 
is ye3terday in WS Ans:cles, Le. June 14th. 

Now to find the dlfferencc ill dates bctweeu 
two Irtations iu the same hemisphere. Consider 
that half of the diS{) B and disregard the other 
half altogether. If the midnight mark does uot 
eome between them~ within that semicircle, they 
are hoth UHlay. If however, the midnight mark 
comes in between them the one to the right is one 
day ahead of the one to the left, or inversely, the 
one to the left is A day behind the one to the right . 

GOOD HOOKS 

l."'very amateur should maintaiu a carefully 
selected bookshelf; a few good books, consistently 
read and consulted, will add immea~urably to the 
interest and knowledge of the owner. We Bugf"' 
a selection lillIong tIle following works, nl of 
which have been gone over carefully and are 
recommended in their various fields. 

Principiu of Radio , by Keith Henney, is nn 
excellent book for the amateur who wants to ac
quire a better understanding of the fundamentals 
of radio transmission and reception. The book is 
thoroughly modern and, generally speaking, is :l 
" non-mathematical " treatment. lkeommended 
to every amateur. Price, $3.50. 

Other excellent theoretical worb, rl'quiring, 
however, ijl1ghtly more knowledge of mathemat
ics (algebra, at lenst ) are Elclllenu oj RaJio 
Communication, by Prof. J . H.. J'I'lorecroft, price 
$3.00, and Radio N fl gineerifl{J Principlea, by 
Lauer and Brown, price $3.50. Doth books a re in 
the "first-ycar " stndent class. Probably the best
known of all theoretical works is Prillciplea 0/ 
Uadw Communicalit.m, by Morecroft, priced at 
$7.50, but n familiarity wi t h mathematics is 
esscntial to anyone who (l..'<pects to derive much 
benefit from this book. 

For the amateur in the "experimenter " class 
there are two publications which are ideal; 
Experimenw.1 ROJiio, by Prof. R. R. Ramscy, 
82.75, describes in detail 128 experiments de
signed to bring out the prineiples of rad io theory, 
instrument.'! and measurement.'!; Radio DeW; 
Charts, by R. T. Beatty, is an English publica
tion available through the League's Dook Depart
ment at $1.50. It IS a series of abacs (gruphic 
ehl!,l"ts) which enables most of the problems con
nected with mdio design to be solved without 
recourse to mathematical calculations. Full 
instructions for use are appended to eaeh chart. 
Another standard reference work for basic radio 
formulas, measurements, etc., is Radio h Ullru
men~ und .Mtu~urements, Circular No. 74 of the 
Bureau of Standa rds, which can be obtained for 
sixty cent.8 (no stamps or checklll from the 
Superintendent of Doeument.8, Governwent 
Ptwting Office, Waahington, D C. This book 
requires a knowledge of mathematics. 

For practical handbookll covering just ahout 

the entire field of radio, we recommend either 
/l(Ulw T hwry and Operating by Loomis, price 
SoI .25, T /;e Radw M an ual, by Sterling, at $6.00, or 
!ladio l'elCfll"aphy and 7'eJephQny, by Duncan and 
Drew, ilt $ 7.fiO. All of thl'J!C are over 900 pagc$ 
and are of the tyPc uS{)d ll.Il tex\;l) in radio school.s; 
whi le they contmn a moderate filllOWlt of theory, 
they are essentially practical handbooks for oom
mercial and broadcast operators. Anyone of them 
is well worth having. 

AmateUN! who are interested in studying for 
(..'Ommerciai operator's licenses will be interested 
in the following, in oonjunction with the volumes 
listed in the preceding paragraph: How to Palill 
U. S. Got"erllm.ent HOJiio LiuMe Hxamillntirmlt, hy 
Duncan and Drew, price $2.00, which is written 
to supplcment t hc othcr work by the same au
thors, mentioned. above; and RiJiJio Operating 
QUeJition: and .41l.'1lL"er8, by Nilson and H.ornung, 
$2.00, which is intended to supplement Praclical 
RaJio Telegrophy (by the same authors, price 
8:1.00), in preparation for eommerciallicenses. 

Vnn der BljI's l'hermumi.c Vucuum Tube still 
remains t.he best text availahle for the theory of 
operation of vacuum tubes. Beginners should 
st.cet clear of it, however; it is strictly au enginecr
ing work and requires a thorough knowledge of 
higher mathcOlaUcs. The price is $5.00. 

Any of the above books (with the exception of 
Cireular No. 7-1) may be obtained from the Book 
Department of the A.R.RL. at the prices stated. 
ReadeN! are referred to thc Dook Department's 
advertisement, iu the advertising section of th~ 
Handbook, for a list which includes additional 
volumes of in terest to amateurs. 

QST is the officb.l organ of the American Radio 
fula.y League. It is published monthly, contain
ing up-to-date information on amat.eur ac tivities 
and describing tbe late~t developments in ama
teur radio. I t is a Inagazine devoted exclnsively to 
t he radio a mateur. Written by find for the ama
tellr, i t contains knowledge lIupplementary to the 
books we have mentioned . QST is found on the 
hookshelves of earnl'.st ama teurs and ClI:periment
cr8 everywhere. Good books arc So worth-while 
investment. A subscription to QST is equally 
valuable. 

STANDARD LETTER SYMBOLS FOR EI,HCTRICAL 
QUA:--rITIES 

Admittance 
Angular velocity (,l"fJ 
Capacitance 
CAlnductance 
C urrent 
Difference of potential 
Dielectric constant 
Energy 
I'rcqucney 
Impedance 
Inductance 
iI-fagnetic intensity 
J\Iagnetic fl ux 
i\lagnetic fi ux density 
Mutual induetance 
Number of conductors or turns 
Permea.bility 
Phase displacement 
Power 

Y, y 

" C 
G, , 
{,i 
E, ' 

/C or . 
IV 

/, 
L 
II 
,y 
8 
At 
N , 

() or 4-
P. P 
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Quantity of electrici ty 
Reactance 
Resistance 
Susceptance 
Speed of rotation 
Voltage 
\York 

Q, q 
X, x 
R, r 

b 
n 

E, ' 
]V 

I.ETTER SL\I Il OLS FO I\ VACUUM TUBE NOT ATION 

Grid potential 
Grid current 
Grid conductance 
Grid resis tance 
Grid bias volt..'lge 
Plaic potential 
l'bw current 
Plate conduct..'lnce 
Phie res istance 
Plate supply voltage 
Emission current 
M utual conductance 
. -\mplific.'!tion facroJ' 
Fil:tment terminal voltage 
Filament curren t 
Filament supply voltage 
Grid-plate capaci ty 
Grid-filament capacity 
Plate-filament capa city 
Grid capaci ty (C.p + C., ) 
Plate Cllpl1.ci ty ( C",,+C~,) 
Fi!ament capacity (C.r+C~,) 

NO'l'E . ~ Small letters refer 
vlliues. 

E., e. I.. i. 
g, 

" it. 
Ep , ep 

I p , i p 

g, 

" E, 
I , , . , 
E, 
I, 
E, 
C.P 

C" 
c" c, 
c, 
c, 

ro illstailtaileow~ 

Al!SIU)VIATW:<"S CO M:IIO:-."Lr USED IN itADiO 

AlterIULting curren t a .c. 
Antenna 1\nt. 
Audio frequency a.f. 
Contiuuous wavC/l c.w. 
Cycles pel' second ,-
Decibel db. 
Direct cuncnt 
Electromotive force 
Frequency 
Ground 
Henry 
Intermediate frequency 
Interrupted cont inuous waves 
KiloeyclC!l (per second) 
IGl(lwatt 
lI .. regohm 
Microfarad 
Microhcnry 
Micromicrofarad 
i\l icrovolt 
Microvolt pet meler 
:'.li!liampcre 
Milliwatt 
Ohm 
Power factor 
Radio frequen cy 
Vo!i 

J . .., . 
e.m.f. 
f. 
/l;nd . 
h. 
U. 
I .C .W. 

k, . 
kw. 
Mn 
I'fd. 
,h. 
I'}lfd. 
, ". 
1'1'/111 . 

=. 
rnw. 
n 
p.r. 
rJ. 

m 

, 
d 

dk 
h 
k 

NETI\IC PJU;J'!X£,S O~-n:N USED WI'I'H kAllIO 
QUANTITn:s 

1 
One millionth 

1,000,000 
1 

One-thousandUI 
1,000 

1 
One-hundredth 

100 
1 

One-tenth 
10 

1 On, 
10 T," 

100 One hundred 
1,000 One thousand 

10,000 Tel) t housand 
1,000,000 One million 

FIG URING THE CAPACITANCE OF A 
CONI)E:<.-SBR 

micro · 

milli · 

centi -

deci-

UnJ-

deka-
hekio-

kilo-
myna-
mega-

kA (11. -0 
c= 4 ... dX9XfO> 

kA 
= .OOSS{f(n-l ) W- · "fds. 

whelc A = area of one side of one plate (sq. em .) 
n = rot.'!1 number of plates 
II = separation of plates (cm.) 
k = specific inductive capacity of dielec

tric. 
The Specific Inductive Capacity (kl is a prop

erty of the dielectric used in a condenser. It 
determines the quant ity of charge whieh a given 
sepamtion a nd a rea of platl'Jl will accumulate for 

'CABLE ot" IHF. I.F.CfIllC CONSTANT;; 

"k" 

'00 
6.6 I<> 10 
4.0 to g 
2.0 to 2.5 
3.9 to 4.2 

" M 

" 2.5 

" :1 .3 t.o 4.9 

'" 3.1 I<> 4.0 
2.23 
2.5 I<> 6.8 
5 to (I 

l'.mcrort rollW' 
K iwro!u K ilooolt. 
per .",. PM' ;...,1>. 

7.$-9.0 
000 

"00 
. 00 

150 381 

120 30'> 
80-200 203-5Oil 

3()(1.15(JO 762-3810 
1100loo 280-400 

a given applied voltage. The ,. illd~lctivity" of the 
dielectric varies as In t he above table. "k" is 
the ra tio of the c~pueitanel) of a eondenscr with Ii. 
given dielectric to the c.1.paci tance of the SlIme 
instrumen t wi th air dielectri c. 

W hen t he fLir diclectdc in a variable condenser 
is rephwed with wme ot her fl uid dielectric iUl 
maximum and millimum capaCitance values are 
multiplied by Uk" and the' sparking " potentia.! 
is increased . 

Fluid dieiL>e trics repAir themselves after a 
bN'akdown unless an arc is maintained that car
bonizes the oiL Dry oi l is (l good dielectric with 
quite low losses. Wilen w lid dielectric is used it 
should be borne in mind that dielectric strength 
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!breakdo"'u voltage ) becomes lower as tempera
ture meso Breakdown is a function of limc 
well as voltage, A condenser that stands "~Ij •• ~ 
severAl thousand volUi for a. few 
break down when connected to a 
fo r Il. h~lr-hou r . 

Example of find ing condenser ("npttcitflnce: 
We have 3 plates, ;:1" x 5", ill air. The pl:ltea are 
septtrated 7f' . 1" = 2.5·1 centimeters. 

k= I . . 1 "" 7.u:'! X 13.70= 9ft.Ssq. cm. d= .;1 1 75 cm. 
n-I=2. 

c= .00 IXOO.8, IO-~- O'UVV\ .. ..,.~, r 53" .32 X - .~" /f. . or 74 

In icromicrofa rads. 

The ctlp8city fonnu la Ileoomeil as follows, when 
.~ is lhe ll~a .of one side or. one r 1ate ill 8qU(lrfJ 
Inchu a nd d IS the separation 0 the platCf! i ll 
j'ICJie,. 

c = .O:t2:.l5 ~~: ( 11 - 1 j I U-' ",fds. 

If wc put the condenser of our example in Castor 
oil lhe incrcllSe in capacitallce, owing to the 
greater value of k, will make our condenser have 
a capacitance of 

53 1
4 X 4.7= 2,';0 micromicrofarods. 

_ The air condell~r !!,ig~t s~ark. over at about 
1.8 X .3175 cW.- 2.4 (5 kv. (_, 17 .. volts). 

In oil (etlstor oill it would have 150/ 7,S (or 
381/ 19.8) t imes the breakdown voltage of ai r. 

liiO I" 'g 
7.1S '" <f. _ " 

19~ X Ui5=4i,t.IOO volta 
\re Cllll find the II:lme ,· ,!lue directly: 
150 X .3175 cm. = 47,600 volts (pea.k) . 
Using the forw uls8 for "reactance " we Clln 

lind whllt the voltage drop ncross this condenser 
will be when CIIfryin" curren t at 1\ specified high 
frequ ency . 

I 
X ' =2rjc 

where E. is the reacw.nce voltage drop, C ill th(' 
CapacitAnce of the oondeIlJleI" {farads}, 

j is the frequency (cycles per second), X. is the 
re3ctance of the condenser III ohms. 

SUPJ>O!IC we are using the 3-plate fixed a. ir con· 
denser ill our 9.!ltenna circuit, a nd thnt 0. nldio
frequency ammeter is in series with it. We are 
operating on a lL SO-mete.r wavelength (3,750,000 
cyclCII) and the meter tight next t he condense!" 
reads 1.3 amperes. Whn!, is the voltage drop f1cross 
r he lIir oonden.scr? 

I 
X < - "--'{iiai1. I;;;, liilrr");-(3a,1;'OO",~OOOOO1):-7(""'C. ,.).jO)-",o-,,"" 

1 10' 
- 12.57 X10-.l= 1257= 797 ohms 

E.= (797) (1.3) = 1034 voltB (root menn square 
' ·lIlue \. 

H the wave IS Il sine wave, this value multiplied 

by 1.4H will give the " ~k ,. 01' Illll..'l: imum n ihil' . 
103-:l X 1 A (.1 - H62 volts (peak) 

Our radio-frequency a mmeter measures the 
heatingeffectof ali the Instantaneou8valuC8of cur
rent during the r:J.dio-f~ueDcy cycle. The direct 
current, the 8qullre of which equals the average of 
the squares of all lhe values of alternating current 
over a whole cycle, J)roouce~ the &l.lI\e he3t as t he 
nlternating current. Alternating current meters 
generally used (or Il..e. switchboard work read the 
effcctil~ or root moon 8q!Ulre va/lies which we 
mention nbove. 

I.NDUCTANC~ CAu.:ULATIOS" 

The lumped inductance of coils for transmihing 
and reoeivmg ill fa irly ea:!y to calculatc. 

I~= .03% afnf K 
b 

tror 8jn~e-layer $OlenoiuJS) 
Whero /, 18 the inductance in microhenriell 

n ill the number of turns 
fl is the mean rfldius of the coil (em.) 
t> is thc length of coil (cm.)=nD 

V is the dist.filnce between the centers of 
two adjacent turns 

K is the coil shape factor depending on 
the ratio 2 alb (see chart). 

::ltart with the given coil diameter. Csing the 
overall length of the coil lind It value for K . Tf i he 

• 

o 

- -

I 
I 

o I 234 5 
LENGTH (INCHES) 

F(NDING " K · 

•• 

diamel-er is 5" t o the right 
from " sawe time 

seale. Notice 
at "X " 

th, 

turns of 
diameter 

CWI";; turn!!, 
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RELATION Bi."rWEES INDVCTANCE, CAP ACITY AND FREQuE Ncr 

With this chart a nd a straight-edge any of the above quant it ies can IH: determined if the other two 
are known . For example, if II condenser has a minimum capacity of 15 ""fd . and a maximum capacity 
of 50 ""fd., and it is to be used with a coil of 10 "h. inductance, what freque ncy rango will be covered? 
The straight-cdge is connected between 10 on the lefvhand scale and Ui on the right, giving 13 mc. as 
the high-frequency limit. Keeping the straight-cdge at 10 on the left-hand scale, the other end is 
swung to 50 on the right-hand seale, giving a low-frequency limit or 7.1 me. The tuning range would , 
therefore, be from 7.1 me. to 13 mc., or 7100 kc. to 13,1XlO kc . The center scale also serves to conyer! 
frequency to wavelength . 
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XU~II!£Rt;O OHILL SIZES 
fJr i1l.d flA' 

Dia",<UT Wi ll CI,~r Taf1l' ..... I ron . 
N~mba (mild Screw SUi"" Bran * , , 12-2-1 

C< H -N , 12-20 , , , -
< , 

W 10-32 

" ,eN 

" " " Iii 
W l Z·2~ 

" " 8-32 

" 12-20 

'" " 10-3~ 

" 2:1 

" " 10-2~ 

" " " "" ~ Ihl ~ 

::;"18 

f; XTlU(."TS FRO~I 'TUE HAD10 LAW 

The complete t ext of the Radio Act of February 
23, 192i, would oceupy mallY pages. Only those 
parts 1ll0!!t applicable to amateur rfldio sl,atioll 
licensing and regulation in this eountry (with 
which we should all be familiar) are given. Note 
particularly Sees, 2u, 2i, 28 and 2\) fin d t he 
penalties provided in Sees_ 32 find 33. 

Re il ""acltd h~ Ihe 8 ... <11. and If".. •• of 1I<lJ)U • ....w/i",. 
v! th. U"i,<d Sl<1, .. o! Am.,.;"" in CtmgT'" a .. ",,,Ucd, Thn ~ 
110;" Aet i. intended to rcgulnte AU ronn. of int~ ... lato a nd 
f_ilIn rodio ".""mw,ions and ""m",uuicati on. within th~ 
ti nited State., it!! Tenitori"" a ud ~euion. : 10 nl,uutain 
the oo"tro! m t he UnitOO Sta~o O,'cr I'll th~ channels m 
inte ... taM sn" loreign radio tran~l:ui .. iQ"; and 10 jlroviue lor 
tb~. lloe 01 such chan""l •• but not Ihe o,me ... h,p thereof. 
by indh'idunl.a. I\rma, or eorporation •. lor lim ited perioc!a of 
t,me, uuder Ii".,,,,,,,,, granted by F«Ieral a uthority. a nd no 
.uch liocnse .ball ~ """",t rued til orcate a u)' r4r;ht. bllJ'o"d 
Ihe I.e',,", wnditioru . and period!! of the IIce n.n. That no 
penon, firm. wmJlllny , or corporation .hall ule or operate 
any apparatus lor the tr~n .m;s.ion of energy or eomrnuDies
tiOD' or ,;gnals by radio . . , except under and in ~cwrd· 
"Dee " ith t hi. Act and witb a Ueen.e iD that behall grantOO 
under the pro,-i, ions o~ t hi. Act , 

S.,..,. 3. That a oommi .. ion i. h""by oreatOO and e.otab-

GREEK ALP IIA BI;:T 

Since Greek letters are lISed to sland for many 
electrical and radio qUfllltitic-a, the ll fimeS find 
symbols of the Grttk alphobet with the equiva
lent English characters fire gi.'en. 

Gmk Greek EngliAh 
u tter Name Equt va lent 

A • Alpha • 
B , B,ta b 
r y Gamma 

~ • • ~ltli 
E • Epsilon , 
Z , Zeta • 
IT , £ta , 
e, T heta 'h 

Iota · I • • 
K • K1l. p\:d k 
A k IAlm a I 
M, l\Iu m 
N " N u " Z , Xi , 
0 0 Omicron , 
II r Pi p 
p , Rho c 

" • Sigma • 
T " T"" t 
T • Ugjilon 0 

• , . P i ph 
X X Chi ,h 
• • Psi p. 
n " Omegfl 

I 
0 

li , hOO r.o I>I! Imo"""'" the FOO~ral Radio Conlm i".i<>n, lI er&
illB!ter referred to ... the oommi."inll, which sball I>I! 
oo,uro-l 01 fi,'e CODlmi .. ionera 

S>:c. 4, E' C<lpt "" ot b ... ... i.e pNvided in t hi. Act, the 
oo",rniooiou , lro", 1""0 to time , "" public (lOnvellienoo, 
illt(:r",,\ . or nCOONit y rflQllireII, .hall -

(to) Cl .... ifr I"II.dio ~lBtiOIl$; 
(b ) Pr..,.,..ibe \ he naturo of t he .crvice to be rendered by 

c.eh 01_ of lieon,cd . .... lion. and each .talion wi thin any ..... , 
(e) AMi,n h~nd. of Ireq"""ci,,. ur wnvcicn.atb. to the 

varioW! cl. .... ee of , tationo. and ....... ign lreq" enc,e. or w,,,"c' 
le!'fl~M lor eacb individual , talion a nd determiDe t he po,,·cr 
which "atlh . tation . l>all UAI! and t ho time during ... hich it 
may operate; 

Jd) Determine t he 10000t ion 0/ cia'$"~ of stations or indi
vi uol.to.tion.; 

(e ) Regulate Ibe kind 01 8pp~ratu. to be ",,00 ..... a b re
"poot to iti! external e£leeto and the puri ty and sl",rpDeIIs of 
the emi"'on. from """h oWltioD and from t ho aprant" . 
therein: 

(I) ~Iah oucb rea:ul~tion& not ineoD.ist-ont ,,"itb law •• 
it may dee m n,,",u',TY to pre"ent inl.erlerenee between 
8tatio"", a nd to CArry oul the provi. iollil 0/ t hi. Act' PI"<>
.wed. hou'.ffl' . ... 

(i) H&vo authority r.o llUl.k" ",""]"Il l ru]"" and regulation • . . . 
S~c_ .5 , }' ro", and aftcr one )'e~r a/ler t be h,-H nleetiog 

of t he oomnli""ion e ...... ted loy thi. Ad (Mar. I';. 1(127). all 
t lte powe ... and a uthori ty "",too. in th o wmmi .. ion under 
t he term& of t il;" Act. ",,,,,pt ... to the revoeot ion 01 liecn.e8. 
.hall boo v .. ted in and """eiaed loy tbe Secretar)" of Conl
mere(! ; exoepl tl""t tb~ ...... lwr th~ Mmmi,.ion ,ball have 
powcr and jun.didio n to.oct "pO" IOnd determine a ny and 
a ll matte ... lorollllbt I>I!lote it under t he term. of tlli •• ectioTl_ 

I t .hall w.o be t ho d uty of t h~ Se<;lrelATy of Commerce 
(A ) l'or " nd duri"g B veriu<l of one )"ear from thn firot 

meeting 0/ t he w ml .. i .. ion created by 1;';" .\ot , t o im",.di· 
ntely rder to the oolllrniooion ~Il aPl'li",-tionl for .tll.ti"n 
liOOMCO or lor tbe rene .. -,.! or ",ooliheat,on 01 ~rifting .tll.tion 
U""n.e., 

(H) From and after On" year from t h~ tl. .. t tneeting 01 
the oom mi .. io .. crested by thi. Act. to refer t o t h9 com",i ... 
Ilion for ito action anr appU""tion lor a , tation Ii""n" or lor 
the reneMJ or mo.htl.""tion 01 any ""i.ting !tation lioen ... 
M to tb~ gr&ntinK of "'hicb dispute, wntrov .... sy, or con8i~t 
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~ITED iIT,\ Tr:S AlUT.:UR Rr.(; U ..... \TlO",. 

Pursuant to the basic rl\dio law" general rf'gula
lions for Ilm"t,('IJrti hnve h('C11 d rafted h.v t ltl' 
Federal Hndio COInUliseirm, The text helow i~ 
that of Geneml Order :'\0. S·llls n.r n end~J, dawd 
Septembc,' 22, lfJa<), Every Il rn:.tt'ur ~houl rl he 
thoroughl,1' fnll\ il iur with thcw rCl,!: ulntions 

"_. mMion, 

hold;.", a ulid 
u" rad", 

. egulatio .... 
to oVe,.,,,~ .. maleur 

"ppo.rat~ eontroll.d 
amate ,,, radio oom-

.\ porl<oble 11 ... ion i •• I~t;on ... conatruet<d t hAt 
it 1IiI<y oon~enientl, be moVfJd about /,.,..,., pia"" to 
pb.ee for ""mmuRlcaticm and to ;n f.ct so moved 
about from time to tim." but .. (It. ordiDariIy u-' 
.. hile in motion. 

' All a "'.u~ .. of liee",,"3 proeeduno" in aU c ..... of re
mokoiy...",lIt.l'Ollod 1.ra".Jnitte .. tile toealion of !.be al.tion 
oh.n be ,.".ume<l to be th tll of the control point, save thai 
... h_ ouch control point ill mOte than fiye mil"" f, om th" 
radiat;ne antenna the locMion oI,.U be MOurned to be that 
of the radia ti ng n .. tenna. 
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,., 

,., 

,., 

(~J ., 

Nat"" 0/ S.,..;ct ,,, ~ 

"ma(.eu, mobile station. "ill not 

,"'" "re t o communicate only with 

",ther ... i,,. b~n'!in provided, "ma(.eu r 
,h"l! be uoed only for ,,",al<!ur '301io 

lUI dcfined in &cuon I, pooragraph 

.. .. .. .. 

1,71[, to 2.000 kilocycl .. 
1">6.000 to 00,000 .. 

may be used 

m1\}' "lao be 

n1ay a!..o be 
picture tr .. ",,-

(I) Licen .... to individual amateur 8tation •• hall per 
mi t Ihe U"" "'f aU frequent ;"" withi n the ... , vice 
band. above _iIInM whi ch the licetoaee may be 
enu tled to WIe and .hall not specify i ndividu~1 
f,equenci ... , 

Section V. Loc~iQn : An amateur radio .tation .haU not be 
located upon ",""mi_ con\roll.-d by an alien . 

Secti",n Vi. Rq,uWli ..... C""'tT1ti"1 th, Kind Q/.4Vp,,",>/,,, 
,0 be W"" ,<1'11, R./..,.~ 10 iI, !ixl.,.na! J;'f{<cto: 

, ,,, 

,., 
~, 

,., 

''J 

Am,,(.eut .tatiQn •• hl! not u"" appnratu, tran.mit_ 
ti lll: damped .. ave!!. 
Tbe frequenq of the "'.V,," omit(.ed by "rud""r 
&tationa mmt be ... eonot&nt and u f...,. from har_ 
moni"" "" the .t .. 1.e 01 the "rt permit.. For thi. pur
»ooe t hey mu.t u .. circuits looeely ""ulled to the 
radiuinl: .y.(.em or devi"", that wi I Imxluce 
"(.Juiy .. len! effect. 10 minimi.e ke~'ing impsct. .. nol 
barmonico. Conduoti .... coupling eo the rlldiat inK 
antenna. even thougo loooe. i. not permitted but 
thi. r<AtnctioD does not apply .",irul\ the employ
ment of t rtlnsm;""ion-line feeder . y.tetlll! to Hert_ 
.ian antenn .... 
Amateur .13ti(m. "'\lOt use adequately filtered 
direct cur",nt power supply or a rr!l.t:Kemenia that 
...-od"oo equivalent effectf! to minimi." frequency 
modulation and preven\ t he em;"'ion 01 broad 
.ignal •. -
Amateur ,ta tion. a..., authori.ed to U8e" ma:orimnm 
powet input into the t....t .l.ajI;e of a lrarunnitter of 
one ~ilo,.-.. tt. 

V f !. lI~~li",.. Dumtd Nu...ar~ 10 Pram! 

'E.g .. the use of unrectified alterna ting eurrent powel' 
. "pply will be eon,idered ... ti.factory in tho ampl ifier .t"<teo 
of an ""ciJl"tor_,,,"plifi~,, trM'mitter 80 Mra nged thM varia· 
tions in plate '-oltag<> "",nnot ... ffect the frequency of the 
"""illator . 
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To Handbook Readers Who Are Not 
A. R. R. L. Members 

WOULDN'T y on like to become a member of the American Hadia Relay 
League? We need you ill ~his big organization of factio amateurs, the only 

amateur associat.ion that does things. From your reading of this Handbook you 
ha \'(' gained a knowledge of the naturc of the League and what it does, and of its 
purposes. We wou ld like to have you become a full-fledged member and add your 
strength to ours in the things we are undertaking for Amateur Radio. and inci
dentally you wiU have the membership edition of QS7' deljvered at your door each 
month. A convenient application form is printed below - clip it out and mail it 
today. 

. .. . .... .. .. . . ........... J9 ..... . 

A:'rF.RICAN IL.\I)IO REu. y LEACUE 

38 La Salle Rd. 

w. Hartford, Conn. , U. S. A. 

Being genuinely interested in Amateur Radio, I hereby apply for membership 
in t.he American R adio Relay League and enclose 52.50 (forcign S3.00) to cover 
one year's dues. * 

1t is understood that this entitles me to receive the league magazine " QST" 
for a similar period. Please begin my subscri ption with the . ....... . ..... _ .... . . 
lssue. 

Send " QST " and my certificate of membership to the addJ'ess below. 

Nome . ..... . ............. .. , , .. ...... _ ......... .. 

..... - .... - ...... ----_ . _--- . - , , ....... .. ... ... . 

-. -. - -. ......... ... .. ', .... " .. , .. ..... .. ... .. _ .. 

A bona fide interest in amateur radio is the only essential qualification; owner

ship of a transmitting station and knowledge of the code 

are desirable but not necessary 

Stotion call , jf any ........ . .. ... , , . . . , .... , 

GrAde operAtor 's liccn8t, ir tiny .... .. ... .. . , , .. . " ... . , ... .... -.--_ .. 
Hadio dllbs of which a "j(~lIIbcr. ____ ____ . _____ .. __ ... ___ . ___ . _____ .. __ . ____ ... .. _, ..... . 

Do ~'ou know a frie nd who is also in!.erested in Amateur Kadio, whose name you might giveus 

so we ma y wr ite him aboll t the League? ....... .. " ... , .... , ... , ... " . _. _ .. . _. ______ __ _ . 

.. , ........... , .......... .. , . . . , .. . . ,., .. " .... , . .. " . .. " ... , . , ...... , .. Thanks! 

• The dues are 12.60 per year ill the United States and POOl_ions. in Ca"ad • . and in all other "ountriee in tho 
Anltrie&n p""tal UniOD; in foreign couDtriell not in the Amer;""n Postal Union, $3.00. 
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To Handbook Readers Who Are Already A,R.R.L. M embers : 

Fon tci<Jgraphing mumbers, who hold lIfllHhlUr liccnscs, amI who are illlcrcs tcd ill CornmUlliCH
lions O<:partrnell t work, here is Ull a,Jplieatioll blank for au appointn )(! lI t liS Ollicia l Hday 

Sta tion, Copy t his, or cut and till it out. uuJ send it to A. R.n .L . Headqullr ters for rou tin!{ to til.· 
proper Section Communications J\ffl)lager, if ) '0 11 Ufe interested . The Communications DCJJlI rl . 
ment opera tes onl ~' in the Uni ted Stales and its territories, Canada , Newfouud lund . Labrador. 
Cuba. the Isle of Pines, and the P hilippine Islands. Foreign Applicat ions from outside t.heRe II rN' ~ 
Cllnoot be halld,l.'d . 

AMERICAN RADIO RELAY LEAGUE, INC. 
38 LaSalle Road, W. Hartford, Connecticut, U. S. A. 

Application for Appointment as 

Official Relay Station 

N t/me . . . . . .. . . . . . . . . . . . _ . Call. . . . .. . . - . .. 

Street and N umber', _ . . . . .. .. . . . . 

Cdy . . Counly. . . . .. .. "- . , . 

S iale. , .... .. .. . .... ... .. . 

T I"ansmilling frequencies: .. . . . . . . . . . . . . . . . ,kc. 

III making application for a ppoint ment as Olliciul Rela y Statior!. I agree : 
__ to obey t he rad io communication laws an d regulations of the count ry under which this 
stat ion is licensed , part icuhu'Iy with resp.x: t to quiet hours and observance or our frequem'~' 
a!locot ions. 
--:_ to ;;end monthly repor ts of sta lion acth-ities to the Section CommuniCll tions Manager und('J" 
whose jurisdiction th is statio!) comes. 
__ to hand le messages in accord alice with fWOd operat ing ~'<I.lIre, deJi\'ering messa,!!(;s 
within forty-eigh t (41:1) how's wben possible, luailing to destinat ion wllenever impossible to re-ta~' 
to Ihe next st ation in !ine within a 48·hour period . 
- -:- '0 part icipa te in ever y A.R.n .L. communicat ion acth'itv to the l)C;:< t of my abili t y. a l "a~ ." 
Irvin" to li ye up to those id .. alsset for th in '"The Amateur's Cod,'." 

< " 

.\ Iy memoorsh;I' in the A.n.n .L. (J.\ pin,s -- ... -- . "-
month \t' 1H 

I understand t hat. a ll .II. IJI~i ul lllellt as 9ffi~i al Hell.-y Sta tion rr~u y ?C slispendc(f 0 (' ('Illlcl'He( t 
a t Ihe dh;cret ion of Ihe &-chm. Commumeatluns Ma nager for \'Iolat .on of the agreement sc t 
fort h aboye. 

J'leosc scnd de t ai led forms 1,0 submit to my S.C.i\ !. ill oonnedion with t his applic!lt iull. 

S iylled. , . . . -- ... .. -- -- -- ... 
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" FOR EVERY TUBE AND PURPOSE" 
Not iust condensers, but Condensers ~y 
Specialists comprise the CARDWELL line 

Transmitting condensers for various voltages, single and 
split stalor, for tuning, neutralizing and push pull circuits. 
Mechanically right and electrically efficient, CARD. 
WELL transmitting condensers have no peer and have 
been for a decade "The Standard of Comparison, " 

Among the special purpose condensers is the 201.E, 
a Taper Plate condenser, in which the stator plate is 
adjustable, affording maximum capacities from 50 
mmfds. to 10 mmfds. with a constant minimum of 
7 mmfds. 

For tuning push pull circuits in receivers, the 202-E with Toper 
Plates is particularly useful. It is a split stator condenser with 
common rotor copacity - each section - 150 mmfds. Sec
tions in multiple - 300 mmfds. Sections in series - 75 mmfds. 
Other Taper Plate condensers are supplied in capacities from 
75 mmfds. to 500 mmfds. The CARDWELL Taper Plate 
condenser is used in many standard receivers of the U. S. Navy . 

originolly at Ihe urgent request of 0 world renowned 
ule 0 newly developed oirc.oft transmitting ond .eceiving 
<J;';" ond t.onsmitting condensers o.e ClvClilClble 10 you 

;t~;;; of the country·s best experts. Though listhl 
is not a midget grown up bullhe good CARD

' ~:~.:';.~~; :~:~, CI smClI! condenser Cliithe CldvontClges 
s' so long ide<ltified with the products 

For neutrClliling ond bClIClndng, the CARDWELL "BClIClncet" is luppl ied both in 
single Clnd duCl! mCldeh, f.om 15 mmFds. to 50 mmfds. Clnd mClY be Fumished with 
mounling brClckei ond rolor lock For semi.pe<monenl odiuslment. The rota. locking 
device con be Furnished separCltely Fo. use with our other condensen, iF desired 

• 

Also IClrge higll voltClge tlClnsmitting condens.en For commerdol communicotions ond Broodcost
ing StCllions, comp.isin!jl CI weillounded line wortll knowing obClut. 

SEND FOR LITERATURE 

CARDWELL CONDENSERS 
THE ALLEN D. CARDWELL MFG. CORP'N 
83 PROSPECT STREET . . . BROOKLYN, N. Y. 

TIle suppliel wllo triet to discourClge you, 01 Clllempts to substitute, or refuses to supply CARD
WELLS 1I0s not your interet! 01 hearl . He can get CARDWELLS For you if SERVICE mecms as 
much to him CIS 0 little more PROFIT. Get what you wCln! - insi$! on CARDWELlS. Order direct 
From us if YOUI deCIle< will no! supply, o. lei LIS lell you where you mCly buy. 

Stalldard o f Comparis o ll " 

x 



VITROHM 
GRID LEAK 

Resistors 
'45 

USE 

'04A 
USE 

A, C. Keying Relay 
1. Keys directly from 110 volt A.C. 

lincs. 

2. A two pole rel"y, one pole for 
plate circuit, one for the grid 
circuit. 

3. It follows it key up to 40 words 
a minute. 

4. Totally shielded by cast aluminum 

casc. 

- 51 
' 10'1 
USE 

507-6 

Time Delay Relay 

507-68 

I. Protection to M ercury Vapor 
Rectifier lubes by a definite time 
delay between filament and plate 

voltages. 

2. 15 10 60 seconds' lime delay set

ting. 

3. Dimensions 4-7/8" x 6-1 /8" x 
3-1/16" (enclosed). 

4. Arranged with back connection 
lor panel mounting. 

WARD LEONARD ELECTRIC CO. 
MOUNT VERNON . N.Y • 

. 
" 



With a Vibroplex Sending is Easy 
Great 

Tile Choice of 
Good OperolOrs 
EI'ervwhere 

lIIack .... CoI.ored. 
Nlckel ·I'lated ..... _ '" ... 

" a moll' J mpm.ed Cenuine Manln 
Vlbroplu 

"' .. m o". mIle Ra cer Genu in e MartI n 
Vlbropl"~ No . .. 

A .man model Wilh all t he advant'4l" 
of t he lar8tr lnotrun'en!. 

81ack or Colorffi. S17 
~ick"I. l'lated, $1' 

Special Radio Model 
Tilt. Spec:tal Radio ~[od~l ill 
lil led wit h KxU1l II""T. ~ 
dally Conur uc ted Contact 
PQinUJ '/.indl in diamel(>r to 
break hl,1I curn:nt ,,-ilhou! u"" 
of nlay. Blart or C"lo~, $15 

Easy-Working 
Genuine Martin No. 6 

VIBROPLEX 
Re&. Tr.d~ 11-... 1<., V lbroplu, Uut . 1.14h'nlnll 8U1l 

In Colors 
Blue 

Green 
Red 

Easy to Learn-
Simply Press Lever- Vibrople,,' Does rl.e Rest 

Anrone who can send on an ordina ry key can send be/Ufo 

jaslrr and casin with a \ ' ibroplex. It saves the arm, pre
vents (:ramp and loss of grip and develops a smooth, clear, 
uniform style of sending. 

~ow is the time to get your \' ibroplcx. Tile Great New, 
Easy- Work-illt GmuiuI'- Martill VibropJo:. This is the bug 
you want because it is the smoothest , tasitst· l.o."(Jr/tint bug on 
the market . Experienced operators know this - that 's \\ hy 
over 100,000 use and endorse only the ('.enuine :\["rt in 
Vibroplex, 

Don 't deny yourself th is 1\ew, Easy-Working \"ibroplex 
any longer. Place your order i\'OW for immediate delh'ery. 
Shipped anywhere on receipt of price. i\ loney order or 
registered mail. 

Be .ure th e bug you buy II t he Gen
uine Martin Vibroplex. Look for th~ 
Vlbroplex Nam.plat<l- that'. your 
aMura noe of oomplete latlefact lon, 

W,i"" Jor Carolof 

THE V IBROPLE X CO., I NC. 
825 Broadway 

T~I~plllme: 

Algonquin 4828 

.. 
'" 

~e w York 

J, E , Albri!:ht 
Pre5idelll 



For Amateurs 
On ly 

T his new three-tube 
Ilam reao iver bristles with 

o r iginal and ing"nious fea
lun.'e_ 11.8 eftideney and 
.'a"" of handling will be a 
r~~lation to ever}-one 
who employs it. 

Read R-Rating 
Direct 

The attenuation eontrol 

is arrnngl'd 60 that angle 
of rotation i~ directly llro
IlOrtional to the R-kating 
of signal intensity. Con
trol wheel is so InQunlt.'ft 
Lhat it may be QIICratl"(1 by 
the ha nd that dO<'s the 
tuning_ This is a new and 
cxdusivc feature. 

NEW! the NATIONAL SW -3 HAM RECEIVER 
A three-tub<' head set re<;ei\"f!r with one stage of 

AI', for full A.C. or storage bauery o l){'ration with 
6 y_ healer tulx-s. A.C. model uses IWO 235 tubes. 
EXTREMELY HIGH S IGNAL TO NOISE 
RAT IO a fe,tture of the S\\".3. ~;XTREI\IE 
STAUILITY AT POINT OF MAX IMUM SENSI
TIVITY. EI1lI)loying hitherto unknown feallire of 
2JS tubes, the point of maximum ~n,itivity is 
appro.1ched along inverse exponential cun-e. g-i\-ing 
stable operation without critical setting of O)ntrol. 

TRUE SINGLE CONTRO L. Easy to tune and log. 
ALL COILS WOUND ON R-39. especially de
veloped for NAT IONA L CO. by the Radio 
Frequency Laboratories, prat:tically· eliminating 
dielectric losses ill coil fields. AMATEUR BAND
SPREAD COltS STANDARD EQUIPMENT. 
Free from (ringe-howl. Compact : 91;" x 9~" x 7", 
specially suitable ,11'"0 (or portable aircraft and bo.lt 
lise. THE PRI CE IS IHGHT. 

R. F. 
TRANSFORMERS 

A,-.ilable to co'..,, 
ran~e from 33 m.C. 
to ISO k.c. Form. are 
moulded I{-J9. the 
n~w low 10"" eoil ma

terIal d .... <'1ol"'d by Radio Fre_ 
Quency LaOOrnlo,I ... Illank form, 
alto fwallahle for windin!! ~Xll"ri

Pl.nl~1 c";l1_ 

LEVER_TYPE INDICATORS 
Ty~. S, M .nd J 

FQl ""n'>nIU.' panel """. Bak~lite 
bandIes. brotl2~ [Jt>intc,.". a'-dilable 
lor ~." and "" .hutl. ~~it. on 
t'"<IUettC. Etched metal oeale now 
Included with M and J lnd;mton. 

Write for Bullet in S\\"-3T 

SE AND ST 
VARIABLE 

CONDENSERS 
:\Iodd SE. a I~ 
cial high - fre_ 
qu~ney deli!!n. 

not " cut-down broadca.1 Job. 
In!" late<.! m:>.in be"dring and con
Itant impedance pilltail. 210 d.
K~ II",iKiI,-line Ir'"<juen<y plale •. 
Model ST Itu 180 deKl"tt ~uitune 
l>L..I~I. £ilh~r model availabte in 
cal"ldde. U]> 10 tSO mml. 

For ]>ush-pun t,...n.mitte,," Qr lor 
([ilh_C ci.cuiuo (c:onn~1 two ",alOT 
_ dons I n tl<l",llel). or ""nn~1 both 
oidO'S in lerlet< 10 dQuble \"Qha~ 
ralinll. Made in eapaci'ie. up u, 
. OOOl.l MId. and in IatK<:/" si_ in 
TMU lram .... 

PRECIS ION 
VELVET_ 
VERNIER 

D IALS 

Type N 

~[ad,' in fQur·,neh 
and Ilx_[nch oi'<3. SoHd ~rm;U1 
Sil .... r Dial for u'" in amateur ..,. 
C<;'i,· ..... Ir~q"~ncy ""'te .. and other 
,'1>1"11";11111 "",uiring ,,=imnm ac
cumcy. gQuip~ willt r~1 ~rni.r, 

loo.-Inch d,al..,adl 10 t/tOdiv., 
oix_inch tnod~l ran be e.timaled 10 
1 20 di ... 

THE 
POWE R 

UNIT 
A lepll..ale unit 
with cable and 
O(Ifl rubber Q)vered connecling pl"g, 
e.peciall), deli!!ned for humlna 
openulon of hi.h_frttjuen<y rca-iv _ 
..... 180 Vol' B. 2.5 Volt filament 
IUppl),. u""nJed unMr R.C.A • 
Pat.nl .. 

Amateur Parts and Receivers 
NATIONAL COMPANY, INC., Sherman , Abbott & J ackson St s., Malden, Mass, 
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THE 

Amateur's Bookshelf 
GOOD TEXTBOOKS and operM;!)S: manuai9 should be on every amateur's bookshelf. We 

ha ve reviewed practically all the books in which the amateur would be interested. a nd 
bave a rr.l.ni;cd to handle through the QST Book Department at A.R.R,L. Headquarters those 
volume. which we believe to be the b<:at of their 1:ind . Take Ilride in a amall but good radio 
li brary; buy a few good books and get into the habit of reading them. 

. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ............... ........ .. . 
I':I, m _1I of IUdlo Communica tion, by Prof. J. H . MOieuol'l. Thill ill. new book by t he author of I t.. 
"1'rln<;ip\Q" lilt<'d ~Iow. 11 iI.bout half the liz. of t he I~. work, . 1Id t he eub.lect It tl"t3t"<l ln ~ el<:
menp.ry fashion. Simple a ta-bn illUfficienl . An acollent book lor the .. fint .ya.. ·· .udent . 26') PlI .• 110 
illu!Il .... tlo", . .. .. ..... . .... . ..............•. . .•..... _ . _ . _ . _ .. .. ......... , .... _ ........ . ... $3.10 

RadI O En~neerlnt PrlnC~l", by La uer a nd Bmwn. Whil~ not ... YOlumi noul at " MOt'1'<:roft" t his ~I" 

~~~~~tn~\~?:,:ogop~, 5!rr~n:~.I~ ~~ :~ .r~~~.r~l.e. ~ ~~~~ .~~~.e.n.~. ~ ~~~~.t~. k~~.l~~ .<>i.mt.nO 
book for t he rxperimenler. 
bring Out t he principle. <>f 

.. . ... . .. . . ... . . . .. . n .75 

RlMiIO Theory and Opera tlnQ, by Mary Ten nna Loomis. Although _Iving ~ modenltt 8IMUot of th~, 
il;1 ~nti>.lly a Ptactlal handbook fo, co mmercial and broadc:au opM3ton. and .. luch ranks a mong tM 
f,mmott publi<:ation. of t his tort . Ultd all. tet;tbook by many radio IChooI .. A good book fM any arnate-ur. 
1000 p!) •• 800 ill ustratiollll . . . . . . . . •. . . • . . . . . . . •. . . •. . . •. . . • . •. .. .• • . . • . . . . . . . . . . . . . . . . . .. . . . . . . . _ . $<a .1S 

The Radio Manual, by ~ ..... E. Slerlln • . AlIOlher uccll ent prnct;"al handbook , eoopeci>.lly ",,1U3b~ 10 
tbe commercial and broadco .. opmtt.Or. a nd com", the princit>l~ ~hodJ, and a ppa.rat u. of all p/Ia~ ot 
radio activity. <h ... , 900 pp . ... •.• . . . ., ... . ..... .. .. . ......... ........................ _ .. ..... $6.110 

Radio Teletnlphy a nd Telephony, br Ounao n a nd Drew. Still a nol.hn" wor k a lona l he li~ of a ~"" ... l 
practical handbook. In liM it is "pP<oxlmately t he tame al , hoP: tll'O lill~ jutt I)n!viouJI y . a nd t M $Ubi«! 
matt .. ~l1y foil ..... alo ... tbe ... me li nes. A rood book in Ihi.d·· 9.50 pp., 468 iIluaration. . .. .. 17 • .51 

I'racth:a l JUdlo Te1etraphy. by Niloon and Hornun,. W riu en pa.rtlcula rly for tbe tt uden t t ",ininll for a 
comrnerdallioenot. and coverinl th~ry .nd a ppanuu .. A pratt ical ha ndbook . JW 1>1'., 2l J ilIuotratlons. 

$3.00 

Rad 10 Oata Char ta, b}' R. T. Beatt y. A .erie. of ' .... phk eM". fOT IOlviltJ(. without tht II.., of mathematics, 
nlOtt ol tM prob~ma involv~ In r.a:lver deliin. 8 pp., 8n r 11 . . ... . ..... . . .. ... .....•.. . .. .. . $ 1.50 

. " 
.. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Radio OPft"'ltinQ Qu .. Uon s II lId Anawera, by ~U",n and H ornWljl. Re,-iItd Ed ition. T hi . .. intended a. 
a compa nion ,-o&u me 1.0 ··Pnd. ical Radio Ttlel" phy" by t he .... me author .. In conjunction ", it h t ha t work 
it tboul d Itt.ve l he commercial Ilctlllt ,. ppllant ~1I ~rtd for hi$ ft2mi .... l lan'. Then 10 a chapttr on 
anl3ttllr linen.., QU"Ilions a nd a lUWUf. 1.00. 267 w .. 5}1" '" I . .... . .. .. . ... ..................... ll.1IO 

lIow to P .... U. S. Government Ra d io LicellH IOnmtrn>lk>n.i, by Du naon and D. ew. Imended u a 
oompanion vol ume 1.0 "Radio Telecraphy and Telephony" by l hoP: .... me aut t.ot., u .. lu lde to t M appl icant 
for oomomrcial lioe~ It Is not. " ttt;!. in iuell . T ho: CMpl.tr arrangement follO'lO"S t ha t of the orct ion, of t ho: 
OOn\!t"OI!rcia l tM-orotical t:<a mi .... tion . ad. being made up of Iypical elfami .... l ion quettWrIIlnd thtir an ... -ns. 
169 pp. . 9! ill ust.r.ltiorur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2. 00 

Theory or Radio CommunIca tio n , by 1A.. John T. Filga~ . S.C .. U.s. Army. An tlredlent bool.: on tho. 
theory of """'ive .... tran,mitlc,.. l nd ~"",la ted equipment for t hooe familiar with ele,nentM Y electricity and 
rn3.llnet il m . 250 PP.. I SO ill u.tra t ion I. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . $2. 00 

Ra dIO Tmffie Manua l lind Opera llnQ Recul :> t1ona, by Duncan and Drew. II hook for . t udent. , "m"teuU 
or "'dio operators who contemplate: t ntt Ti!\ll t he com_rdal r>tld; it will enabl e )'Ou to learn Qu;"1.:1)· a nd 
nolly all tilt government 3nd e<>mmercl:t l tl"3 ffi<; rul .. and ol)tl"3ting "-'ltolatlo" .. 181 1>1' • • . • . . •...... 11.00 

ABC 0( TeI. Ylslon, by Roymnnd F. Vate .. A p ractical t reat ment of u,lcviolon wit b pa rticularl)' «1m· 
plett thapte .. on photo-ell'<1.ri<: cell i, Im pt lfotra and .::annlni method •. 20S !>p •• 78 lI1l1stl"3Uono . ... • . . $3.00 

Manual ol RadIo T eleQnr. phy a n d Tel.,ph o n y, by Comman<k-r (now Admi",!) S. S. Robi.,n. L".SS. 
Publillwd by the Na val Inllit ute. Cove ... bot h t M Ihtoret ic;ll a nd pratt ical litlda. 395 1>1>., 6K ~ 9 . . $4.10 

Pricet include postage 

R ead 'em and learn ! 

A.1I1ERICAN RADIO RELAY LEAGUE, INC. 
West H a r tford, Conneeti cu t 

. 
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Fi.. I 

Fi~ , 5 

Fill:. 6 

BUY FROM THE OLDEST 
AND MOST CONSISTENT 

HAM SUPPLY HOUSE 
AM RIU C AN ~~I"'" Coo"" 30 IknT}" _.100 ,nil • . WI~. 4) 

(,:at. ~o. 1135 SI'OCIAI.. $8.75 
C ARDWI1.I.I. TR .... NS~lIrI"lNG CONJ)E .... ~RR . H7B • 
. 000 H ",Id. Ott- ''''''''''' ""' "",ueot. (F~. 10) 

C~t- "". li~ S rOCI AL n." 
A~fllRICA=-- I·""' .... Tn.""""",,,,, ,.;, .... 3000 ,'OIlS c.t . . 
"I~"'" .. 1000 .."h oklo. $00 Ih,to. ( ~~~. 8) 

CaL .... o. IOIJ s n :cl .... r.. J9.7~ 
m t RIIIVR I n.~I ....... 10< ' ... n .... i''''''''- (~~~. I) 

Cal.. ,,"0. 5119 SPEC I 0\1 • •. 11 
STRO~IDIlRG_C"" RI.soN 2SO W.tt P""". Tra""' ........... 
od_ 1200 ">I .. C.t . 1.5 ,'" 1-2111' .. 7.5 fOf 2-1SO'&, I SO ,'OlIO 
"-L llDd 4 volla. (~11. I~I cal.;\o. 10 11.' 4 .7' 
TIIOIl,UARSON new T..)!(HA 2.1(l Watt I~ ..... Tn. .... 
,"''''''" ... _ nUll V1>I" c.L. ; .5 ""' .. in t"", C.t. ";I •• lin ... 
2.5 ....... at 14 .',,,-' WI". II Cal_ "0. 1001. ' , ." 
TIIOIl,D.IRSOS T...JJ11 115 Watt""""'" T .... """ ........ od'..,. 
1I.I(l >'OIto c.t... 1.5 .-"It. In lwo c., . windin"" and J >'01 .. . 

C3'- No. 1001. S l.15 
Sam. T.anol"o ..... .,.. 'or n cydc ...,. Ca •. No. lGU. 15.7' 
KOLSTER. K...s D,· ... mIC S,,,,,, kr. "W, 210 po"'" amplilie-r 
."d " 11 " .""ply .. nit. in ""bind. k .. ' u ,,"-... 

t.:n. "0. 1525. Si4.» 
1·1I 0 1l,J) .... R SOS s.-..a I'"""" Tra""' ... ", • • . T ..)951. 100 
Wott&. 111_ 700 """to c.l .. 5 vult. 10. 2M.OO 2.5 ,"", •• fo. 
7 I .. """. Ca . ........ 1005. I 1.15 
S."'~ 'n"ofo"".,.. I" .. 25 cyele "a<. Cal. No. 1Q.1$. I 2.75 
T II OR n .... RSOS T·H30.\ 150 Watt I'owe, Tlan"'",,,,,,,, 
al, .. IlIO<J ""'to C.t. a. j5<J mil. a l~1 5 vol ... a. 4 amp ... 

Ca<. So. 1006. I 1.75 
1"1I0R n .... N50N D"uble Filte. CI",k,," , ,,," "-;'Mli" ••. eo,'h 
18 ""'",y • • 250 mil.. t.:a •. So. 1751. I 4. 75 
T II OROA R SON no"l~c FH"" Cbok~ •. t,,,, "irulinn . • "<to 
JO I",,,,y, , 100 'nil •. (!11K. 1) Ca •. No. I7bS. I 1 .~5 
T IIOR.O ... R SON Sin,l. 1~1t", ChQkc .... 10 h<:n,,' •. 150 mil " 

Cat , N .. , 1161 , $ l.75 
N .C .... . Dotrl>1. l'il",. Ch.,ko-.. lwo wln<1Ino ••• ach 30 hen",. , 
100 ",ll.. Cal. Nv. 1/00,' .7' 
C I II CACO T R .... NSFORMER CO. Filt .. Ch.,kc. 30 !..,u,,· •• 
IlO ,,,,I.. Cat . . '-;0. 1/5J. ' l .n 
... MEIU C .... N Filaluc", Tranorf",,,,,, ... l.~ ...,. .. ~,I. In ,~ ... 
wlndi ...... a . II .nd J .m .... (Fi, . 6) ca •. 1'0.0. 1151.' !.75 
AMIUUC ... N Fil."",nl T ' a""'""",",,. 2.1 ,"",,, c". ;~ . ~"O 
w1ndlnn., II .00 J .'u, .... J vol ..... J " .. " ... c .•. 

Block. 1 ",',' 

C ... No. 11.1 2. S l .U 
1.5 ,"' .. a< 1 "'~l"'. 
01 5 vol .. a. l a m, ... 
Ca •. N .... Il.l..l. I 1.15 
Cu. No. JoOJ9. $14.15 

We Ire ." tI>Oo1..,1 ,lIotrlbu""" of J e nkIn > Televl.lo .. 
1t""I"men'. 
Aloo "",,·e, ".n. ' o< ... ~ •• , c< ... <len ... . b locks, and chok~. 
10< "''''.oomen. In S I·.\ R r o:-.: ~i""., 

Please Use Catalogue Numbers 
When O rdering 

h nd For Our Complete CauI.llle 
on Ram Equip"'ent 

A_RICAN SALES COMPANY 
Q-44 w. sau. S t. H ew YOl'k Cit)' 

-y? . JJ 
,~' ' 

i'f J' -. .' .. , 

Fia. 7 

Fia"> 11 



THREE 

R.F. 
AJ\1l\1ETEH. OR 

M]LLIAMi\1 ETEn. 
(Model ·125) 

A mmeter Lis t PriL-e .. .. $13.50 

,\ I illiammeter Lis t 
,>ricc: ............ 81;;.00 

ETERSEVERY 
ER NEEDS 

A. C. FILAMENT 
VOLTMETER 

(Model 476) 

List l'l"ice .... . _ .... , , .. , $8 .00 

PLATE 
D. C. 

~IILLlA 1HMETER 

(Model 301) 

.\lilliamme Lcr List 
I' ri .. .." .... _ ..... ' . $8.00 

For 
detailed 

;IIjormatioll 

/ 

/ 
/ 

/ 

A"uilablc in either 
cases at the 

Bakelite or metal 
• S8 n1C price. 

/ IUSTO." 
/ EU:crRI C\ L / . 

INST. CORP., 
/ 60Z f".~li"gbuy.en 

WESTON ELECTRICAL//,,:.::.:::··~;~:,:; 
/ JJ FREE of c harge. 

INSTRUMENT CORP. /~._. - -.. - . . . . . 

602 FRELINGHUYSEN AVENUE // c." ............ . , . . . ........ . 
/ 

NEWARK, N . J. / 
/ S tn>et , ......... .. ... "" ., ... . ....... ,," 

/ 
L _ _________________ ./ City., .. , . . ..... . .... , .... ..... ,Slale " ',., ....... .. •• 

:. \' I 



NATIONA.L CARBON COMPANY, INO . 

C.oUI:DIDH AlfD CARBON BCU.DIN(I 

NEW YORK 

• 

lore Y"" 6e~t1"'~ r.. uimw:l perro"",",,,o. !r"", t hat .~.ort wove reeeiyer 
or ~u.!1 ... ltt<or .hieh yo\> I~ ¢It"&full:r dG.I~.d ar,& ~\lnt~ 

,,' ,,, 
l~u PL I01 • ""rr lJ:IPOI"«I"; p.~ t In 

th~'ro: ~c~rds 1Ih1 oh you 11.0 • • <>culle d. 
\$ ""'"" u;;ood $ . It. poor80t tUI>I> . 

t!>.~ o\>Or.tlotI 
I1I het, the 

or tho.e .. to 
but dll . 1rnoad 

tu~u .~ ... out or 10 • • tl,.i~ ",,~a1ti"it,. (""tud .''',ducta~e.) SO 
gndusil!' t llO t t c. reorultllr.t 1.::I~ i ..... r.t 11> .. t po r rQ""""'. 10 not r ""dHy 
.p;>ount to t~ o u$rege nldl o u;>oru...ntcr. 

The~tou , unl . .. you tuqu8ntly t.a~ 1'0',r tu~ .. , )'<>U1" reooinr 
ond tra1l"" l tt •• ""1 be opo,etillF. o t .ueh grut17 reduced oUicl,,~q thH 
yoa e~n no longer ·.ork'" 00; . 

ol!\e~ :'ou rep1<o"" tloo . Or.> out tube., b • • un tl>tt t1:e "". Q" .. . re 
ur- tO·Mtoo lQSt tabu, be.sa.e tre1NO Ddouo mpi"oY""",nh han bun,..,1le In 
th ... dur l"l; U .. put y . or. 

CYeru<ly ;;s7t~~" 4-- pIU.,. ~ubu are Ul>"'to-~st. end In""rpc>rH • 
• 11 ot U ... ut~~t 4e\'"lQIf'IO'DU , Iz:. a4~lHon . ~"'y uHl1u t~ft :-e tente~ 

:;;.ene4r R.,.tl><Ion 4·plllfr ot~U"tUl' ~ . hld. lH'c1' ldu gru t n I~~,or.nt uni · 
fo .... 1ty or oh.tr lcot e):!anote"hti~. end 1""""113 t het the"" unltl> =y 
exoenent .~ •• ..,ot. ,.\stiu .. ill ..,,.0. t ho tut>o o(><: loot un lz:ll"rhd ~y "hlppln.
$nd h.ndl1~". 

l' .S . ',;e .Ul be f.lo d to 3011d I.e> s.d",,~ Ul"'rl...,n:6rn t'urther doU.!lo!d 
htor:utlon on teohnl • • l .Jvontgc-. or 4-p ll l~ r .... ~10 tul>u. lu.t olrop 
uo • oerd . 

• • 
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Every Amateur Uses 
These Forms 

• 1):IR~tI~I!+&&1f!J},:!I~~§'u'£ 
. --"'-' . • 

.\1F,\·fBER'!'l CORRESI'ONIJI':NCII. ST >l.TrO Np.RY 
On~ coio, (black ) headi ng now ~ing " ... '<1 ~t o:reatly 
.~d"L«I ~u.t I<l ",,,n'beo . 
\\",ite )"OU. ,.adi" Icue, . on League .tat ioner;- - it 
idCrltifi .. H ili, 
!.ilho~r.ph"d On g Y, ,, I I II ca'T bond paper. 

I lHI s h.,..ts....... " .. . . . . . . ... . ,S\lc 
150sheet 8. . , $1.00 
MQsh""M . . . _. . .. . . . , . . $1.15 

._. -... -. "-
<- •• - _ .- - . - -

l'wlag< i"d"JfJ 

. , - " , .... __ ...•. . .. _-. " ... ... _- _ .. 
THE "'''' ~ R;CAN RADIO REUlY L EAGUE 

RADIOGRAM 
it • 

. " ... .. ,,, . .. ".., n . ... .. , .. " ,,..,"" " """ ..." , .... " 
" .. _ .......... " ... .,. ,.. . ..... . "" on,," . __ .. 

""' ""'. _. ,-,u" , on, """_........,,, """" _ , .. .. ,,"" 

Koc" [,,_n' - _ .. '"" 
. -., .. •• _.-

"'_". "'''''c''''. " . "..n, .... .... ,. "_. --, ....... -,;.,.-., ........ , 
OFFICIAL A.R.It.L. M.ESSAGE BLM,KS 

~lcst wnv~nicnt form , De,igned bl' t he Communica 
tion. o.,p"rtm~nt of tile .-\.R.R .L 'Yell rrinted on 1(000 
bond paf>"r , Size II ;{ x 7 J1 . Put up in pad. "f 100 ,1,ee1,!. 
(Jne pad postpaid lor 35c or t.hrtt Dads for $ 1.00 , 

,• 

MI'.$SA(a ; IlJ,:LlV.: R Y CAR1)S 

:\ ~a'~$t. ';m,,[""t war 10 <l cliver a 1ll""sa~~ to a n ~at_l>,. 
(O,,'n , On I J. S. stampffi poSUl[, 2e each. On plain card. 
\iu, C"nado. ~'c , ) Ie Neh, pootpaid. 

AMERICAN R AD IO RELAY LEAGU E 

Evnythin g thor you've wan ted 
log is in the Official • 

In a 

A. R. R. L. Log Book 

N= iXlge design to take carc of c\'e ry opcrating 
need and fulfi l thc H!{luirements of the new 
regula t ions! 

Nt"IJ., book Form ! ]''';0 morc fussing with bi nders, or 
trying to wcight down loose sheets when the 
brcc7.es blow! 

New handy opera ti llg hints and log-keeping 
suggC6 t ions, put where t hc ~' <ire il l Wli ys con ven ien t ! 

• AMATEUR RAolo STATION LOG • 
"" i~ -- ~~ . -' ,- .,- ------, 

, , , I , • .. . . =..: • . . 

T HERE. are 39 pages l; k~ t he one :1.bove. 8}i" 
x to},; ", careful1 ~' deSlgncd to II1 corporate 

space for a ll the essential i ll fo nn~tiOIl you wa nt 
olld need to record abou t your sta ti()n '~ nperotion . 
Thirty-n ine blan k pag~"S (backs of the 10& pages) 
to be used for notcs, experimcnts , challge~, of 
e([uij)lI1en t . etc. Durable covers of heavy stock 
with spa.ce for your sta t io" call and dates over 
which thc log cntriL'S cxtend. On the inside covers 
and first two pages are completc instructions on 
maintaining your log, cOfl ve llient tabulations of 
the most -used Q sigrmls. miscellaneous abbrevia
tions, opera t ing hin t s, amateur preli~es and signal 
strength scales. The information you want , alwa)'s 
at your fi nger-tips. 

The new regulat ions requi re a log: a well -kept 
one ident ifies your station; a lln iform serie, consti
t utes a progressive ,l1ld permanent recort!. 

We hone~tly believe the nell' Oflic;J I :\ .R.R.L. 
Log Book is t he best you 've e"er sen ' 

+ 

XViii 

40 cents each 
T hree for S 1.00 
Postpaid anywhere 

W EST H ARTFORD. CONl\' ., U , S_ A _ 



Are Your u es 
R-8 R-'3 

R-8 

--.- ..... tr--' / 
, 

D URING the day and even into the "wee small hours" of the 
morning, your transmitting tubes are performing the exacting and 
difficu lt task of carrying you r dah-d.ah-dit-dit-dit, dit.dit.dit-dah· 
d ah's to your amateur friends in every part of the world. Such 
faithful service saps the strength of even the finest tub~. and in 
time reduces its capabilities to such an extent that it is no longer 
serviceable. 

T he progressive amateur appreciates this situation and will not 
jeopardize the operating efficiency of his transmitter by using 
tubes which have lost their punch. He renews such tubes with new 
and vigorous RCA Radiotrons-the tubes which he knows from 
experience to be the standard of comparison. 

Technical Bulletins have been prepared on RCA RadiotTons 
UX-I7IA, UX-222, UY-224, UX-226, UY-227, UX-HS, UX-280, 
UX_28 1, UX-8S2, UX-86S, and UX-866. If you would !ike 10 have 
a (:opy of t hese, please address the Commercial Engineering Dept. 

RCA RADIOTRON CO., INC. - HARRISON. N. I· 
A Radio CorporaTion of Amnic.a SwbJidia" 

« « THE HEART OF YOUR RADIO » » 

XI )( 
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E quip with General Radio 

G ENE RAL Radio builds ruggedness and rel iability into its apparatus. 
That is wh y engineers all over the world depend on General Radio for 

precision measuring instruments. T he same qualities appear in our amateur 
c(juipmcnt. a nd you will save yourself money and SI).'\fC yourself man~' 
troubles by installing General Radio apparatus in your amateur station. 
T he fotlowin~ is a partia l li st. II'rilt' .for a calalog.· 

Transmitting Condensers 
Sizes from 50 to 500 fJ.fJ.f fated at 3500 volts, peak arc available. Each unit 

i~ equipped with fO LI f brackets for table mounting. 

Band-type Condensers 
Th e d Yl1atrol1 oscillator ma kes the best amateur frequency meter. The 

r.eneral Radio T YPE 556 (formerl y T VI'E 55i) Amateur-Band Condenser is 
ideal for use in it. 

Rheostats 
High-resistallce low-current models for receivers and low-resista nce high

eurrcnt models for l ransrniuing tubes are available. 

Sockets 
Our new line of sockets with isolantite bases, especially designed for high

frequency t ransmitters and receivers will interest you . 

• All l!tese (£//d n!(ut)' olher items 
are described ill Billie/iII 93Z-/ II. 
A copy is yours for Ihe askillg. 

GENERAL RADIO COMPANY 
OFFICES , LA BO RATORIES , Jo'ACTO I{ Y 

CAMBRII)GE A, M.-\ SS.-\CHUSETTS 

Pacific Coast Wareho use: 17" Br.l nna n SUeel , Sa n Francisco 



\ls\iolk,\ SI,,,, Alban~ 11.",,(,,1< 
"We bvy ... lIanJ,.,.oJe Ha", CIU\t! 

~------'----------'\( F) ,, _ .. 
MOUlt lI(.A.UItL .~~ <aliI" "N't P\..fI,tE. 

no( S'< 11.. we loJl{~ ~{, ''-for 

LAnsT SPECIAL PRICES 
Arxo ronden .... , T"" .. ~ m.,le 01 G.K Sectio". _ 
I ",Id. J.>OO ,'olt. 'r.>n. miuinK fil ..... <»ndenoero .• _ , 
2 ,,'fd. J500 , 'oI t. t.,,,,,mittin, fi lte, conde n .... , . . ... . 
1 ",id . .l()()(I ,'olt. ".nomitting f,he' eoo~"n"" .... .... , 
2 mid . JOOO volt. "anomltti~ fil'~' <:<In(len .. ",._ 
4 mid. 2000 ,-olt. t .... ,..n' jtti~ lilter tonden..,,,. , 
11 ",Id. NOO volt. t",,,,,,,rU inK fi t"" CO<ld",,,,,,,., , ... , 
IG ,,,Id . t~!>J."<1 at 8 ",Id. 
I mf<l . 151lO ,-01 .. , 

I Z50 ,-(li t<!. D . C , ...... . 
. . . .. . . , ,- . 

2 ,rtld . 1500 H''',., 
4 m id. I .WO ,'0110. _ . _ . __ _ .. ,. __ .. . • 
2 mId. 1000 ,-.,., CQnd~n"" . .. , 
J \i mid. 11)00 "olt ronden .... ...... _ .. , , . . . , .... . 
4 mid. 10(10 "011 cond • ....,,. , . . . _. __ .. __ __ . . _ ,_ 

Tbe ~bov" th= conde"", .. ar< unmounted bu' ..,~Ied 
;" ,," , .Ilin. St uroy In,h. 

I "'/<1. 1150 ~oI .. iu fiber ..,~Ied 1.K>x. u"au tllul wI.> ... . 
4 mid. 1250 vol .. oil impre~ n ."'" cond~n'<f . .. ... . . . 
C.n"l< .. d".",roof 1~,,~·ln c ry • •• 1 bolder. CG.\I.. 

Pl " . 0). Ii . . gJ S. 00. . """,.1, I i,nit.~ ,,"~"'i 'y . . . . . . . 
C ..,.otal, 80 me 'er band .",und '" yon r ("",UOney .•. . 
Unfin,.h<d e..,..1.Ol blan k.. . ... . . .. .. . ... .. . 
Fini,I ... 1 and _IIMin~ blank., .. , .. , ....... . . , .. . 
Ou",p,oo/ ba~<];t~ on'.tal hold« ............ . . . .. . 
Unh·cr •• 1 ;"l;OIV!>horu:o. la •••• 'YI''''. m,.,del eB __ . . 
j\".w U"i " ~,,.l ",,,,lei ].;].; . . . . . . 
r-:~ ... U"I~C1 ... 1 ",,,,Ie] L L . . . . . . ... .. , ........ . 
U"h' . .... 1 baby ",i<.ror>l""'~. ORO 100 ohm ,,,,",ial. .. , 
Vn l'""al H.",li_~Hk~ "',«"vh.,,, •..... 
Unl.-..,.,I , in ole button mlcrol,h"". tranolorme' . . 
Unlv",,,,,1 doubl. button micro"hone t rQJHdormer . . . . 
A, ... ,,,.'IO "'>Itt _~.;". new typ" . • t"my """.t. _ .. . 
AflOCO;~ watt ooc~~ ... r.ew type ... urdy ron • •. 
Ar_ 20-1 .'\ 2.W ,,'att """kcto. pe, oct . ,. . , .. .. , 
Arsco lOCk" .. ro.>. W.K, 212_D ' noe .ube """' cto, br"". 

and b<o k~li" ron"ruetiou . , . """ ' " , .. , . . . , . . 
Sli~htly uoed Td<J']ox "i'h fou, ta"" • . , ..... , 
Slight !>· uoed Q'nni."",h •. fi f "",,, d ial. .. . . . ... . . 
c .,<lw. n H I D ,OOOH-J()()() vol' ronden"" .... .. .. . , 
Car<iw,,11 IMD .ooo:lS- J()()() I'oi' ronue n.",. , . . . . .. . . 
A,.." ),\0 "oi'. 200 mill ""woc wj ",d and """"",bl ed 

~9.)0 

' .00 
8 .. \0 

12.50 

' .W 
12,50 
.W 
'.00 
'.W 
s.7S 

'" .00 
LOO 

L50 
3,25 

3 .1.1 
t.n 
I . I~ 
2.15 
LW 

H,8O 
19.00 
~.OO 

2.95 
'.00 
3 .05 
6.15 

.95 
1.35 
1.95 

l .50 
1l.50 
15.00 
' .W 
3 .15 

M icroph"", ' ran •. T.J02(t doubl~ button . .... .. . .. . 
Mlo"""hon" t ran .. 1"·3180 double button .......... . 
Flla,,,.n. ",.,... 1 Ii v<>l' «;0"" '_PI ... I 1.'·~H(l ... ... . . 
~·Uam.n' • .-an • . 12 volt C.T, T ·2382 .!!O K.V.A ... . . . 
Fila",""", .mn •. l 2 v<>lt C.T , 1.'·2383. 115 K.V.A .... . 
Gc n uine Dc F,,,,,. t SID 'ul ..... n" w . . . , . . ... . .. ... . 
U.X. 210 ",. ted and lunctioning. ' •. ... "'" 
UO<d Wo.",,,, Elect';c 211 I'; o. D tnt... , ... . . . , . . . 
New W~'''n\ Elc<;t,le 21 1 Eo. D ' uloe • . , . . . ... . . . 
R ,C.A.U.V.21I n<''' .... , . . , . . . , . . . .. , . . , 
Uoed WheJ,,,' one Brld_., . • .. " .•. .. . . $H.OO and 
r-.;"", C.rd",,1] mi d way 'ran • . rondon.., ... 10 ,,\r~ . . . , 
New Card""U midway « "n •. rond~D""'" I SO mfd ... , 
r-:.w Sp ... gtre 8 mid .• l.ctrolyt'e cond ............ . . ... . 
K~w Mershon IS mid. electrolytic ron~en""r. , 
10.'.,.. ~on N. th",al R-J one"'~", val"" p .. ""id .. . 
M.",,,,,, Va"". R -I 10. high 1'Ov,'e. R"ct"b ulboo. p~,d 
A nd l>e,.'. tile R -B! ",ctobulb.ldcalloc .. c<llkc up ao 

hi~h a. 1000 ~01'" 'Pttial .. . . .. .... . . , .. , .. 
SlI~ht'Y u.od R .C ,A. U. V ,·80 J 1000 wa''''", . ~u>r. 

".ti"".1 ~.'. """d." ...... 0000000S .hu . 'b"" .. ,<.<1 volt 
wlth ""Ive. ""tn;« dial •. . , . , .. , , ... . , ... , ..... 

New CcCo 2JO·l ~<.>lt ( 199 tYI"') 10.'"" M I<;.opbQa!c •... 
!>;" .... Ce<.:o 21 1·2 vol. (120 type) Non Micro""o"I,, . . 
N ..... C OCO 232·2 v<.>lt ..,,,,,,,, , rid D .C •. , . , . . . , ... , .. 
Sa"" .. ",o .OOO15 • . 0005 •. 002 •. 001. 5000 volt c onden..,,.. 
F:uam"l.,.J numbe' 12 • • • Ial wi,.,. 100 ft . ....• . ... . . 
EDam.le<! nmn l>e. 11".rial wire. 200 ft .•........ . .. 
S,.nd.otf , ... .,Ia", ... a mil •• '" G ... ,,,,I Rad io ... .,h 

$.IO".<IoiOCll .... . . .. , , .. ,., ... , . . . ... . . , 
R .C-A. U.)(,-150 DeW. "'1 only .. •.. . . . , . . ....... . 
A,ooroh""" A.C. amJ>lifi<r •• w<> units. pow<:< ""cit allil 

blndl"" post wh. ld •• 1 for or:««b amllI W" ... pa;r . .. . 
Blonk lIome Romrdi"" n:rord. fl ' $ ,45 . 8" $.6S, 10" .• 
Wes"'" , .. ,"', .. JOI 0-50 mill •• D ,C .. , .... , ...• . . 
R.C.A. 14"' pI,,,.,,pho>,,, dyn,,,nlc .pe,.u.. 110 ~ol. 

D .C. 5<1.1 .-..Iotan"" 1000 ohm • . vol"" «>il. U oh m •. 
",,,,cioL .. .. .. .. . " " .. .. 

National r"'><i"jo" type N d,.I •.. , . , ., •.. . • . • ,. 
Sl~nal WI,..,I ... C<l<J. p,actl.., ..... ""..,ple«:, . . . , . . . . 
Pyr<:. double l.ad· ;n bowl •• comol .. " . , , . ... . . . 
Aluminum 1' .... 1. Numbe-. H "'''l<'', 

S.10 
I L50 
4.2$ 
.s.70 
8.75 
.~.40 

L20 
10.00 
11.S0 
2l ,(;M) 

4.1.00 
1 ,lS 
.W 
1.10 
'.00 

10.00 
20.00 

9 .. 10 
1.1S 

' " .~ 

, .00 

' .W 

10.00 ., 
' .00 

12.00 
J.75 

,,·,tI, UI<>n>al 1 Ii vol. "ind'n~. fi l, .. ",,1 ready to u"" 
Rac<m 1o",. """,~, dyna1o,lc IJJlI", . . , . , . . . , , .. . , .. 
K.-nOtlOfl ]0.; M I "-,,,tific' 10.000 vol ", at 2 an"",. ""I .. 

25.00 
,1500 
W.oo 

1.10'1 ...... " .... $. W 8. 1 ~ .. . .. " $ .1.1 

TtlOR().\RSO~ 1.' MA SSFOMMER S _ I.ATE.ST TYI'E 
T .23~~ _ .UO aD,] no vol ... ~aeh ";d. of <,<,>tec. , . .. , 9.25 
T ·2-381 - 1000 a"~ 1500 . 0\ ... C. T , 300 wat ... . .. , ... 
T ·23S8A - L'iOO .,><1 2000 v<>l .. C- T .. \00 w>.,,~ . 
T .138(1,\ _ 1.'>00 ond 2000 volts Cl". 1000 wat". , 
MictOP]'one 'ran •. T·2357 oI " ~I~ but..,n .. . , 

I UO 
11_00 
23.00 
US 

7 .a n.t .. ... . . , .. . . 66 8 ~18 ...... . ..... , .9l 
lx l~ne. __ .. . " . ... 81 8 y H" __ . . ,, .... 1.1Q , . 2-\, ..... ... , 1.011 Z •• ll .......... .•. I O.OO 
8 . 10 .... , .. .... , .. .S1 Speolal oI>e« out to;. "rd~ •• 

n""ble olo'""",Tn~' . trip. tw« ft . 1o • . . ..15 

AI~",ln"m .,.bin'" mad~ to ord~'. 

UNCLE DAVE'S RADIO SHACK 
115 North P earl Snoot Phone 4-5746 

• 

'" 
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I. ROW _".cI by .001 of ,Mr .. cllft, .... 10 •• n.f.cI .... , 
Spoc • 

....... KlR' 110. Iwtcot yol ••• of .... io IK.i ...... ,tooob.cI 1>., 

I I 
..... A ... I <OR po'ooIlc. 

I I "'"_. No otIo .. cI...k. CM c_poo" 'IritIo tho ~AGUE CON. 
HI,h 

~ ... C_ltf 
D£NSER Jot ,ller.ftC." KOOO." .... ~lCfoI •• ft" IR ..... 
",,«IInl 01 tho flit .. (k.lt. ProcI ...... with .0.01111 .... 1· 

I v.IIt ..... t.. 1 ..... 11." ."" e.....r ..... " .... _dhcl oy ..... who I Hi,h 
• ftCro .. d • .. k ......... ,'Icluey • Volt., • 

L ..J W,"o lOt 1II •• t, .. ,.<I boolrlot, <Ii"" " ,"o, ate. 

I I 
O.p .. , tm.nt 

I I 0,11 Nlck.r 
SPRAGUE SPECIALTIES COMPANY "" "" Hull", 

North Ad •• o, M .... 
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