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JFhe apparatus s raid out on a large, substantial table in the most convement way possihle.  Note

the neatness, compactness and accesaability of evervthimz The long-wave receivers are at the

left, the ¢mateur short-wave tuncrs are directls n frent of the recenving operator; the trane-

mitter 15 on the right with the wavemeter on top of it just above the fiftv-watt tube The keving

relave baftciies hateerv-charger «nd otl¢r power suppls equipment are under the table. The

mecsage Ales and the station loz n ok are kept in the dras ers when not in use There 15 suflictent
room 5o the operitcr « feet may 1est 1n a comfotiable position under the table

ANOITHLER ARRANGI MLNI USED AL 9CAX (LDAR RAPIDS, 10W A
Fhere 15 plenty of rrom here 2 things do not have to he so compact Note the beautiful and
wimple panc mounting of the tvo franwmitters The pow 3 control switihes are mn easyv reach at
the right of the operator. The wavemelcr is at the lcft of the recciver. A row of hinding posts
at the top cdge of the pand makes 1t possible to change the Lorcnz-wound coils quickly to cover
diffcrent wavclengtl rances The ¢ons ructidn of such cor s and the use of space-wound plug-in
cotls are discussced in the Handhook




N

The
RADIO AMATEUR'S HANDBOOK

A MANUAL o AMATEUR SHORT-WAVE
RADIOTELEGRAPHIC COMMUNICATION

BY
FRANCIS EDWARD HANDY

COMMUNICATIONS MANAGLR AMIRICAN RADIO RF1AY 1TAGU!

THIRD EDITION

HARTFORD. CONN

THE AMERICAN RADIO RELAY LEAGUE
1927



COPYRIGHT % M27 BY TH!
AMFRICAN RADIO RFLAY ITAGUI INC

In 1 dition Nov macr 132
Seond Fditunm Tt Panting bainany 1
Scond Idum Scond Pratine Apuldl 12

thind 1 din It It nuny Octcbar 102

I hedps ronting, ind Publishing, Co
~prongheld M o achus tts



AUTHOR'S FOREWORD

HE Radio Awmatewr’s Handbook was

written originally both as a refaience

work for member-operators of the
A.RR.L. and as a source of information to
those wishing to take part in amateur 1adio
activities but having no 1dea how o gct
started. The indexing has becn made a-
complete as possible to facilitate the use of
this publication as a manual for 1eady refer-
ence on amateur subjects, The arrange-
ment and sequence of material have heen
planred with particular thought and acten
tion to the needs of the begimning amatem
In this reviston, as n former editions, an
effort has been made to 1ender the work as
practical as possible. Some 1maccur acies
appearing 1n former editions have been
corrected in this edition while i manv cases
whole paragiaphs have been rewntten and
new materal added where possible to biing
the Handbook as up-to-date as possible at
the date of going to press. It 1s believed
that the Handbook 1 1its prescnt form i~
equally valuable as a compendium of infor-
mation for the expeiienced birass-pounder
and for the begmner.

The suggoestions for bulding and using
apparatus are based on expenience. The
printed matter mcluded withm these pages
is not intended for use as a textbook but 1s
rather to be used as a Ilandbook. Any
theory discussed is as simple and funda-
mental as 1t can be made. The hook 15 -
tended as a practical rather than as a
theoretical work.

Every League member <hould be interested
in some of the matter contained in hese
pages. Older members are of course more o1
less familiar with 1t all. Some of this infor-
mation has appeared 1n past 1ssues of QST
in one form or another. We have tnied w0
pick that material most useful to chc peonl:
who will want 1t. In the appendix will te
found some tables and information that
should be useful to evervone. Because of
the Iinmted si1ze of this book 1t 15 1mpos~ible
to include all desirable matter. The differ-
ent subjects are handled as completely as
space permits.

In the discussion of receiver and trans-
mitter constiuction an effort has becn made
to simplify the work of getting a good and
practical amateur station in operation at a
minimum cost. Rechable encuits and ap-
paratus of different cost and powcr have
been suggested to make it possible for the
constructor to build a station to fit his
pocketbook, at the same time building a
station which will work and preduce the
best results for the monev invested.

TO REVISED EDITION

A gieat many photographs and diagrams
have been included to make the text as clear
as posstble. It 1~ of comse r1ealized that a
more fimshed product would result by spend-
ing a great deal of additional work m prep-
aration, although not a great deal more
value to the r1eader cculd be added in that
way and it would be impossible to distribute
the Handbook at the pircsent moderate cost.

This book is mada available by the Amer-
ican Radio Relav League, the radio ama-
teur’s own organization. Wiitten by an
amatcur, for anvone and evervone who 1s
interested 1in amatewr work, 1t 15 hoped chat
this Handbook will be helpful Lo +hose who
are active in amateur work and that it will
be 1instiumental 1n helping beginning ama-
teurs and prespective brass-pounders to get
mto the game and get the most that there
i~ 1n enjovment of radio by directing their
efforts along the lLines that bring results
most quickly, ~urcdyv. and cheaplv. If it does
tulhll this pmpose 1 anv degree, hose
who have wotked to biing the Handhook out
will feel well 1epaid for their efforts.

Comments, sugg stions, <onections, and
questions on the matter contamed in these
pagoes are welcomed and mav be addressed
to the writer or simplv to che American
Radio Relay League. In any further re-
visions that mav be contemplated your con-
structive comment will help the whole ama-
teur frateimity by suggesting  possible
changes and additional matter {or inclusion.

The League’s monthly magazine, QST,
will heep you posted on curient r1adw de-
velopments, new appaiatus, and the hke.
If vou are not familiar with QST, the Hand-
book 1s perhaps the best intioduction  The
material in QST will supplement 1he Hand-
bhook and kheep vou abreast of che advancing
st of shoit-wave communication Many
back numbers of QST c(ontaimng valuable
imformation can be supplicd by the QST
Cnculation Department Failing to find
mformation on anv matter relating to ama-
teur radio in thi. book and in your file of
OST, diop a line to A.R R I. Headquarters,
1711 Park 8t , H atford, Conn., where some-
one will be verv glad to help if the in-
lotmation 15 available If we hnow what
A R R.L. publication~ vou have, it may be
possible to refer vou to a detailed explana-
tion.

At this point T wish to express my thanks
for the assistance given me 1n the prepaia-
tion and reviston of this Handbook. Help-
ful suggestions have been r1eceived from a
great many souices, so many in fact that it
1s difficult to wdent:fy them all po<itivelv. It
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The Amateur’s Code

The Amatcns s Gentlamanly., He never know-
mgly uses the air for his own amusement m such
a wayv as to lessen the pleasure of others. 1llc
abides by the pladges given by the ARRL. n
his behalf to the public and the Government

The Amatcur 15 Logal. He oves his amateur
1adio to the American Radio Relav League, and
he ofters 1t his unswerving loyalty.

The Amatcir is Progressive. He keeps his
station alreast of scrence. It 1 built well and
cfficiently. His operating practice 15 clean and
1egular.

Ihe dmatany s Firwendly. Slow and patient
~onding when requested, irendly  advice and
counscl to the beginner, khindly assistance and
cooperation for the broadcast listener: these me
marhs of the amateuwr spirit.

The Amatcur s Balanecd.  Radio is his hobby.
He never allows it to mterfere with any of the
dutie~s he owes to his home, his job, his school
01 his community.

The Amatewr 1« Putyiotic.  His knowledge and
his station are alwavs readv for the service of
hi< countiv and his community.

—PAUL M. SEGAL, 91K\,
Duector, Rochyv Mountain Division, A RR L.

AR Y
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CHAPTER 1
What Is An Amateur?

FEW words at the beginning to tell

the story of the present-day amateur

to the unimtiated may be appro-

priate.  Few hobbies can be com-
pared to that of the amateur radio en-
thusiast. The experimenter, the man who
enjoys communicating with distant lands
and receiving cards and letters from toregn
countites, and the operator who most en-
joys talking with his fellow onthusiasts
scattered all the way across the countrv—
each does his part in amatem 1adio. Every
individual is 1nterested sooner o1 later mn
all three classes of operation.

A certam amount of shill 15 required.
This makes amateur radio work the niore
attractive and intaesting. Thae are ad-
ventures to be found in everyday two-way
short-wave contact. Distant acquaintances
will be made. Friendly chats with folks
both far and near are possible. The relav-
ing of citizen radio messages 1s worth-while.
The “kick” 1n snappy operating work gives
pleasure. All these things are a part of our
personal experience that defir  duplwa-
tion. The trout fisherman enjoys the pursuit
of his hobby. The cross-word pus/le artist,
the stamp collector and the Egyptolog st all
take pride in themwr special fields. There s
ro comparison that we can make that will
give amateur radio 1its due Personal con-
tacts tie us together; personal ciperiencss
bond us in an organization without an cqual
anywhere.

There is untold plcasure in two-way ama-
teur operating. The covering of hundrcds
of miles and the handling of fircndly mes
sages with low amounts of power lend
an interest not found in any other pastrme
Perhaps the relayirg of messages has no”
been sufficiently mcntioned That *~ ¢nc of
the amateurs’ principal activities. Friendly
messages are accepted at any antateur sta-
tion. They are passed on toward their
destination f1om one station to another No
charge is made for the service and of course
no responstbility can be fixcd for faihmne to
perfoim. Usually messages are delvar»l
by telephone or bv the opcrati: 1m person
as soon as they reach the atv of destination

In many places 1t 15 possible to join a
1adio (lub and to enjoy active membership.
The exchange of mformation between (lub
membars 15 valuable By talks and demon-
strations  the (lub  provides nteresting
winter activities. Through code classes, be-
ginners are helped 1 getting started as
“good” operators. A «lub hibrary contamn-
g the books best <umited to the members
1> an additional asset to the radio (nthusiast
who does not have too much money to spend
on his hobbv. In the <ummer, socal
activities bimg the members together for
some enjoyvable times. Punics, d monstia-
tions with poitable equipment, and athletie
contests keep up the interest then. Many
such (lubs are affliated with the League
and 1ecerve monthly  bulletins from the
l.eague. On requ-est, mformation on or-
gantzmng a (lub and beronmng affiliated 1s
supplied from Leacue Headquarters.

Amateur radio offers the only means of
free commmunication with our fellows who
are outside the ronge of the human vorce.
Wher we have bec yme familiar with <some
of the simple facts about this fascinating
kobby we will want to get on the air and
talk bv wircdless with other men who have
statrons similar to ours. This we can do
just as soon as owm station 15 in actual op-
cration. Cards will be r1ccenved f1om manv
places where cur signals have been heard.
Correspondence with folks we have met by
rtadio will 1e<ult. New friendships will be
rade.  We will take pride m our station
ord 1ts records.

The “<even wondar~ of the wotld” were
widelv talked about 1in the davs of om fore-
Jears. To-dav thare are wonders that me
not <o well known  Amalour rrdio accom
»hshmats ate commonplace. but «f the
millions of people terectcd m  radio
verv few know even that fiee citizen 1advwo
communication 1< vos«ible. Perhaps ama-
tcur radio <hould be iefcnied to as the
“o1zhth wonder” of the world.

As a hobbLv 1adio has no ecual
cnough, not everv  amateun
cets through to its destination.
cage handlaas are not in

True
message
Our mes-
the game for
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commercial benefit but for the pleasure that
they get m domg something mteresting and
worth vlule  Amateur witeless messages
do not alwa:s go fiom the sending station
directly to ther destination. They pass
from one station to another until tne,
eventually arnve, unless a speaal dnect
toute has been pre-arranged. In the mamn,
message dehvery is surprisingly good.

There 15 a wholesome satisfaction m usmg
<omethimg  that our own hand~ have
tashion d to accomplish the <cemingly 1m-
possible r1ght from car own home-.  Be-
sides the joys of actual commumcation
there is pride in our work of constiuction
The whole amateur station can be built as
cheaplv and eastly as a broadcast 1eceiver
The advent of the short waves has added to
our enjoyment. The <port 1 all it~ phascs
~ splendidly worth while

11

MWMERICAN RADIO RETAY 11AGLE

The name Amarican Radio Rclay League
and che words “amateur radi” are practi-
cally synonontous. Almost every gocd ama-
teur in the world belongs to the A.R.R.L..

The Leaguc was organized 1 1914 by a
small (nthusiastic group of ¢ un-st 1o
amateuts.  Hirtam Percy Maxini, now presi-
dent of the League, was 1esponsible for its
formation. For two years he had wanted
to band all amatewi~ together <o that each
amatewr could talk to and know all otham
amatours. By such an organization and by
the ready exchange of 1deas thus made pos-
sible, each member was able to get more en-
Joyment from antiteur 1 1o work

For thirteen years the Lewgue has
Prospered and grown It has had a historr
of glortous success as the <pohesman m
amateur affans  During the Great War the
League of course suspended activitics The
Army and Navv enrolled some 3500 r1adi)
operators - well-trtamed by their amatem
experlence  Right after the war the League
had to fight a threatened goveinm ot
monopolv. The League won the battle that
mahes amatewr radio, and broadeasting as
well, a part of our present day lite!

Throughout 1ts whole hfe the srorv of the
League has been that of one achicrement
after anothar  In 1920 a mes<age was ~ent
from coast to coast ind an answer 1e-
turned to the starting pomnt via several
relay points, in <i1x and a half minutes, at
that time an unparalleled feat In 1921 the
League sent Paul F Godlev actose the At-
lontr  to Scotland to lLicten for Americin
amatewr s, His success mm hrume {wentv-
scven amatemrs brought the amatewr to the
attention of the whole scientific world. Wha*
had been thought impossible was accom-
rlished using short waves and low power
The Atlantic conauernrd, amateur signals
next spanned the Pacifi  ocean Two-nav
communication followed right «n the heels

ot tests showing that <ignals could be heard
at great distances. In 1923 a 1message
covered 10,000 miles 1 fomr minutes. A\
nessage was ~ent rmom the East Cosst ol
the Umted State~ to Hawan and the answer
returned at once to the sendar. One nter-
mediate station “1elaved” the message lo-
day messages are handled diiect over such
distances mghtly without  caus ne  any
pectal exctement

The League has not only done temarkable
work right m it~ own fi Id; 1t has heloel
nam people mm proctical wavs, The L agve
has co-operated with the U. S. Aimv and
Navy, with the U. S Buweau of Standarde,
with the larger Amernican 1adio engineer ing
concerns, with the U S. Departnrut ot
Commetce and with foreign governments in
collecting data and conducting tests of 1a-
rious sotts for the ecncral advancemant of
th: radio communication art

In 1912 Radio Commumcation Laws were
made allow ing the amatcul to u~ any w e
lcngths not 1 excess of 200 moters Those
who made the laws thought that the ama-
tewr had been <w cessfullv and forever
disposed of! Tt was believed that wave-
lengths  <hotter than 200 me (18 wore
worthless for practical radio worh  Ama-
teurs proved the contiary' They pedf cted
the equipmont at tht disposal Thiough
vears of expernmentimg and by making one
mproventent aftar «noth i, progiess was
made  Fyery bit of apnaratus was test d
and a1ebuilt after use had <hown it~ weak
ness Hard work broueht 1ncieisinely
greater results  In 1921 the <hoit waves
came anto th-nr wn! World-w11l¢ communt
cation on wavelengths b lov 100 mcte«
openad the eves of 1adio nt» <fv v y-
wWheote.

Members of thr Aman an T
League have proved th n waoith
wavs.  In times of flood nd & oictar they
hoive summoned hLelv with the1 <endime
s ts 0 Several MacMillin ¢ v sditioas nta
the \i1ctic ba e Tapt an torh wath 1rod
oncs at h =, 1epvt nr discoverics to the
wartine world “vie inatan yadio” Na
comm 1 uil aadio cgromen, no powar o
cathy could have v wmplished what am
tarr vailho dd m 193 < m o ordim vy evere
dan 19 o dus mtremid eaplorer  In
1925 an anatoar <hory wave <Faition was a
s daborid the lae iy of the U7 € -
I Tdeer, manmed by TV 1T Cchnell, the then
Tyt Alamage v ¢ h 1 ague, himself o
Nav ol R enva oM o Thic 1 on was v,
the T'leet thicushout 11 long crmee 10 Ane-
tralta and Nev 7 30U nl T+ poyforn o o
damonstrated to on Novy (e g sfula of
th amatcur and b <hort-wave a porortas!
Mtotmes whon <tindar 1 N vy eqruinme nt
could not rover the yoquinad distonce the
amatcur-Neavy <hort-wave <tation put s
<roes Malfw v aound the world to the
destination.

R 1In

many
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The  cordial  1elations betweea  the
ARRLL and the Signal Goips, U S Aimy,
ot mdicated by the formation ot amaceur
radio “nets” m which amatcwr stations and
or c1ator~  handle  messages o1 National
Cuard and Reserve units The plan of
affiliation tetween the Signal Corps, U, S.
Ay, and  the  transmicong amatouns
which was diawn up 1 1925 mikes such
autatsurl traffic “ncts” possiblc Anv ama
teur station ownors vho dosite to get
on this 1t 1esmg activity mas scnd appl -
(.tlor ol anpom m art - Army-Amaienn
ladio Stauon to A RR L Hoadquartas to
bhe torwarded to the attention of the propa
Cotps Arca Signal Offiwar {or haindling.
Actual ¢nrollment in the Signal Coips is not
1cauiied Lo get 1n oon the fine ridio com-
munication worlh Inacterimg to the Aimv-
Amatour afhhation the Chicf Stenal Officer
of th> \rmv «a.d, “This coopcration 1s con-
adar d o it mportance and would be m-
valuablc to the countiv m case of an
cmergency

Daurimg th 'als that have gone by, the
amaoteur has ¢mbr wed every opportumity to
Fe or seivice  He has “shown the world”,
he has justificd s onstence!

[o-dav th: Amaicea Rudio Redav League
1~ a great fravanmty of amatcur 1adio men
The League nists as a big orgemzation
with thousands and thousands of membeors,
just because as imdniduals we can get mons
enjoyment from orgamzcd amateur 1adio
than 1s possible for us to get as independent
mmdinviduals. The League has a  Iead-
auatrtars dividad anto sevaral departments
A whol. stail of peopl: rrndal service of
variaas kinds to the mambership

The Lcaoue owns the magaszine. QST1.
vhih gocs to all mcmbas o the League
cach month QST acts a a monthly bulletin
of omr organiz. d activitics Tt serves as a
medium {for the exchange of deas. It
fosters amatcur spmit. (ST has grown
until 1t 18 not onlv “the amataur’s bible”
but 1t 1~ also one of the forcmost radio mag-
azines m the vorld It 1~ mm such general
demnond that 1t 1s <old on ncws <tands everv-
where  ‘The profits QST mahes are used
suppotrting League activities and m serving
the members,  Membership  dues to the
1 cague include a subscription to QST.

The Amerncan Radio Relav League s a
non commeraal assoaation of radio ma
teurs The continent-wide o1ganiization s
partitioncd mto Divisions  Tte affan
goveined by a Boaid of Dircctors Lwh
one of the towrteen Ducctors s dect d
evely two vears by vote of the gen 1°11 11
ber<hip 1 his tertitorv. No om: ene wel
commercially in makmg or <<lbng 1adiwo
apparatus can be a member of th: Board of
Duectors o1 an officer of the L. agur

There are five officers of the
clectcd or appomnted by th Bord

L apgue
The~

othcers <vnstitutc an Exccutive Commmntiec
which the Boaid has ¢mpowcied to act m
handling mattcis that come up between
meetings of the Boaid, thewr authority, of
course, being subject to certain r1estrietions.,

The American Radio Relay League s
organized to 1epresent the radio amateur
lc sislative mattais It 1s pledged to pro-
mote mtercst 1 two-way telegraphic com
munication and experimentation. It s n-
taiosted m the rddaying of messages by
vadio It s conceincd with the advancem nt
ot the 1adio art. It <tands for the main-
tcnance of fiaternalism and a high staadard
of conduct. One purpose of the League w
to heep our activities so well-conduc ted that
the amateur will continue to justifr his
existence and receve all that 1s his just due,
as he has in the past. The Leagu: cham-
prons the rights of the radio amatewmr beforg

the whole world,  Summarized. 17 exiets
that human enjovment 1mn amaccur tradio
mav be mcreased with measure
1 LAGUL SPIRIT
Fiar smce radio ataatemas hwe b oon

bonded together i a Lcague. a ~pinit of fcl-
lowship has existed Radio mcn v 1°

where have found pleasure m following
friendly  radio comvcisation by wirting
triendly cards and lcits Visits to naeh-

boring amateur stations have cement d
friendships. ILattle groups of amatems hav
met informally, local (dubs have formed

simtlar 1n organt-ation to the parent bodv:
divisional and notional conventions have
been filled with plcasuie by the meetings of
1adio acauamtances  The League has been
made pos<iblc by the Tovalty of 1its memba

overywha-  The carnest work and 1eads
co-opcration of mombers Fas been respon-
sible for its 1aman hable success.

Hi ADQUARIERS

From the small group ol (nchusiastic 1adio
atnatauls who made up the L aeue 1n 1019
v hate giown to the prewent big organiza-
gon The st League Hewquarters was
i the attic of the home of our first Secre-
Lav, at that fime a college lad who devoted
lumself to the worh of the Leaguce after
<hool hours with the help of ~.veral a.-
quaintances  The earlv post-war otfices oy
the Leogue were mm a couple of dingv and
pooily lighted roems in an old Har foid
(Tice buildmg  Onlv ome emplovee, the
S~aretary of the Leagis and the Editor o1

IST, took core of (vo1y it of Loague work
Soon a stenogiaphar was needad to tike care
of the increa-ingly heavy correspondence.
Then an Advatesmg Manager for the
nagazine wa- «dd t The activitics of the
mombcrs of the Lcague took on more mm-
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portance. The next addition to the Head-
quarters Staft was a Triathc Manager.
Twice the headquarters ofiie has been
moved to larger and better quarters. More
additions to the staff have been made to
take care ot the mciea~ed needs of a grow-
ing membershtp. To-dav the [leadquarters
15 1In a new office buitlding, and two dozen
people are hept bury handling the aftans
of the twenty thousand members of the
League and 1in mahing up ST. lead-
quarters 1s dinvided muo denartmonts, cach
ene handhing a special part ot the League’s
work.

HEADQUARLII NS DIPARIVMLNLES

The League’s Secretary, who 15 also
Edwor-m-Chief of QST and its business
managel, spends most of his time gencrally
supervising League work. lle handles per-
sonally many mportant League adans, be-
sides dnecting Lhe work of his staff. An
assistant helps 1 answering the ~omewhat
bulky cortespondence and secing that the
many details are propaly carticd out. The
I rccutiee Office takes caire ot the busmes
management of the League It watches che
trend ot umateur aftans  The relations ot
the League m cooperating with our govern-
ment, with otner national orgamzations or
with expeditions are carefully conswdered
by this office whenever anv forward-looking
stcns are made.

The worth on the magaszine, QST, 1s
carrted out by several mghly speaialized de-
partments. Advatising, Cuculation, Ac-
counting, Editorntal, and Tochimeal Depart-
ments tahe care ot the different phases of
work that go into the making of a first elass
magazine and distributing it to the 1eaders.

In addition to the work of heeping records
of changes 1n the membeisiip up-to date,
and there are hundicds of tham every day,
the Cuculation Dcpairtmcnt stochs message
blanks, log sheets, and League emblems tor
the conyenmience of membar s who want them.
Such supplies are <old at practically what
it costs to place them n the hands of the
members.

The Ncus Burean supphes amateur news
direct to hundreds ot newspapers, msuiing
that the amatewr 15 understood and appie-
crated by the general public.

Several people are hept busy just hdlp-
ing members with thewr different problemns.
A Communaations Departiacnt exists for
the purpose of suzucsting and supervising
the operating activitics of members. A
large pait of its worlk 15 “messape-
handling” work. The Epcrurenters’ Sce-
tion does for the hundieds of “ewperi-
menters” just what the Communications De-
partment does for the “opcrators”.  The
Headquarters office serves as the “gc-be-
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tween” for the exchange of 1deas between
the folks most interested m both fields of
work. The Information Service is free of
all League members, It 1s the ‘“‘question
and answca1” department where beginners
can write for advice and where more ex-
pericnced amateurs wriite to get help
solving their technmcal problems.  All ques-
tions are answered dnectly bv letter. If
vou don’t find the mformation you need
1ight m this book, wiite the Information
Seivice telling all about your problem and
ashing for the needed information. The
Information Service cannot compare dif-
ferent manufactured products but 1t answers
all sorts of general questions on the design
and construction of 1adio apparatus.

In writing Headquaiters it is not neces-
saty to addiess individuals or Departments.
The Office Manager who sorts the mail each
day worries about the 11ght man to handle
your problem best To get quuch 1esults
when writing League Headquarters it 1s only
necessarv to wiite separate letters about
scparate subjects <o each Department can
scrve yeu at the same time. *“Calls Heard”
should not be wiitten into the letter to the
Communications Manager. Technical ques-
tions should not be ashed m a letter to the
( nculation Manager Just address letters
to AR.RI. Headquatters, 1711 Park St.,
ITa1tford, Conn.

Membuis of the Headquarters staff are
alwavs hard at worth. There are number-
less details 1in our daily work. Getting two
bags of letters to members 1n the mail each
day keeps the stenographers busy. No
matter how busv evciyvone 15, though, the
Headquarters fellows always have time to
“rag-chew” with League members who visit
“11Q”.  You will be interested i seeing
where and how all the different kinds of
work ate handled. Someone will be glad to
show jou around the offices. The Head-
quartars station will be mteresting to sce,
too.  Visitols are always welcome at
A R R L. Headquarters.

TRADITIONS

As the League has come down through the
vears, certain traditions have become a part
f amatewr radio. Best known to a few old-
time radio amatewrs, the mysteries of the
past lend an unmistakable flavor to our
piesent-day League work.

Developments 1n radio have altered the
apparatus used by amateurs a great deal
m the last decade. Through all the changes
some personalities have stood out above
the rest, tvpifying the spirit of the ama-
teur.

The Old Man with his humorous stories
cf “Rotten Radio” has done much from time
to time to mmprove the morale of League
members.  T.OM. 1s an odd radio char-

wani
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acter who puts into the words thigs that we
all feel at times but find difficult of ex-
pression. Ilis pictures of r1adio and 1adio
amateurs are characteristic and mmmtable.
His views are always retreshing. The Old
Man sits 1n his “shack” and refleets on the
“yottenness” of everything. He glares at
“Kitty”, spitting out his grouch on all who
care to histen. At his right hand he heeps
the sacred Wouff Hong to use 1n punishing
those who commit offenses against the radio
law. The Rettysmteh is kept within easy
reach to use mm enforeing the prinaples of
de ency 1n operating work. Close by 1s
Old Detsy, another ancient piece of radio
apparatus (rotary gap), mto which ae fed
the 1cemains after the Wouft Hong and
Rettysmtch have done thewr work.

THE WOUI'F-HONG AND THE RLITYSNITCH
(PPhotographs are not to the same «¢ ale)

e

The Old Man visits the Radio Club and
there we meet Radical, Final Athority, and
other radio celebrities, all easily 1ecognized
in any gathcring of amateurs. Bach num-
bers of QST refer to these chaiacters and
tell the story of their doings in a most in-
teresting way. New members will profit
by gcttmg back QSTs and 1cadimg  all
about them. There is much speculation n
amateur cnncles about the 1dentity of T.O.M.
When you read QST watch for 1efcrences o
him.

The Royal Order of the Wouff Ilong is
the 1ite admmistered at official conventions
of the A.RRL. This mystcerious order is
open to all loyal “brass-pounders” of the
League. One must be initiated to truly ap-
preciate the honor.

Many of “the gang” who have twisted
the dials and pounded the key all the night
long have automatically become ‘“Boiled
Owls” with the rising of the sun.

The “Rag Chewers’ Club” 15 another fra-
tcrnal society for members whose chief n-
terest 1s 1n making fiiendly conversation
by radio. By talking with an R.C.C. mem-
ber for thnty minutes or moie by r1adio, get-
ting him to confim the contact by notifying
Headquarters and by then mahing applica-
tion to The Old Sockh at Headquarters, you
also may become a member of the R.C.C.
and receive an appropiiate membership cer-
tificate.

The WAC Club 15 open to those
who succeed 1n worhing all continents with
their apparatus. A card that you have 1e-
celved from ecach continent confirniing two-
way work must be submitted to Head-
quaiters to make you a WACcer in good
standing. The ceitificate 15 worthy of a
place 1n any amateur station.

JOINING Tiik LFAGUR

We have briefly 1eviewed the story of the
American Radio Relay League. Member-
ship 1n the League brngs you QST twelve
times a year The certificate of member-
ship entitles you to partake in all the bene-
fits of the organization. Amateur adio
work brings its own 1eward. The thrill of
actually talking with distant places, the fel-
low ships made and enjoyed, aie very much
worth while. Piide 1n what we can do with
the work of our hands and interest in com-
paring our records with those of other fel-
lows, set amateur radio apart from other
sportls.

The best way to get into the spirit of
things 15 to join the League and start read-
g QST. Follow the suggestions made in
this book m getting staited. Wnite the In-
faimation Sevice for help in any special
problems that come up. An mterest in ama-
teur radio is the onlv essential qualification
necessaty in becoming a member of the
League. Owner<hip of a station and knowl-
edge of the code are not pre-requisites. They
can come later.

Inquiries regarding membership should
be addressed to the Secretary or you can use
the convenient apphcation blank on page
Aiv.
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Getting Started

HE stoiy of amatcm 1adio has becn
bricfly told tor thc ben it ot the
newecomar It gnes to many people
a new brcadth of viston Enjoyment

from broadcast recopuon alonr 1s soon (\-

haustcd. Fhe tholl of hcaring programs

from distant stations ~oon gives plare w a

seatch tor bettar quility i local programs

The novelty ot Listenmmg to bioadeast

speeches and mu 1 wears ¢ 1ina matt 1

of months.

To undcrstand and «njov radio in che fuall
est sense we ought to histen to «ll that takes
place.  The broadcast hsuenct has but
shimmed the surface of tadio fun Hc has
no conception ot the jov that will be h
once he has put his fingcr on the throbbing
pulse of two-way 1adio Long waves sct
up by ficguencaes bodow  Jdu broadeasy
hand, bring us a hoirde of 1 hine s1gaals
Press  miessages,  storm warnings, ani
weathar 1cports from all ova the warld
tell thenr story to whomavar will histen
Some stations speah slowlhy ond losurcy
o that cven the bcgimne can 1 od Othas
race  along  funiouslv <o that  whole
sentences arc ancamngless buzze s Countless
ship stattons worh noar the b ad act band
Ships 1cport thanr posstion  darly Hun-
dreds of mtacsting “human ' meossag s ate
sent shorc stations 1or d Iy Shove
waves, produced by frcquencr ~ above the
broadcast band. arc mo t mtacsting ot all
Numbecrless amatcuts, also tran occan com-
meraial  radiotelcgraphy,  comm waal -
broadcastimg  Iinks, cxplotimg < apeditims
and expernimental stations are che attiaction
here,

These arc the new il s o0 th biroad
cast histanar to conpcr The o ot st dis-
tanco~ that have thudled us v ith tant mn-
Steoare Just beamting di tances 1or om
short-wave recanars No contim ntal LIimits
confine the "DX possthilitics Fricndships
mevary coincr of the wnld tollow two-vay
communtcation A short w e ecanvar
brmgs endless posstbihtics to hight A Tow-
pouwered and nexpensive 11adio telephone
mav be built to usc m talking with otha
stattons over consid rable distances  How-
cvery most amatcurs prod 1 to learn and use
the Contincntal tclegraph code Code «1g-
nals will castly covar fowr o1 five times the
distance possible for the sanie o1 morc com
plicatcd va hophone ccwpment The 1¢-
habthty of radio td'cgraph communication 1«
vastly bettar than that of any vowe work.

I'hcre i~ nothimg dithcult about building
4 1ccarver and transmttar - The parts atre
mespensng the construction s simple,. In
Ugetting started” the finst step s to spend
some evanmngs patiently learning the code
Bcfore domg anv operating 1t s necessary
to oltamm station and operator’s licenses
trom the Departmont of Commetce  These
atce free of charge  Betore we are 1eady
to applyv for Iicensos we must build the sta-
Lion, get the transnuttar 1cady to operate,
and lcarn the codc.

MEMORIZING THE (ODL

Th cas' st way to Icarn the codc 1s tor
two or mote people to practise together.
A~ the whitar learnad by anothar m.thod
whicn s adaptable to a single peirson two
nmethods will be outhimed here

In the appendin are the Continental Code
chatactars Thero ate also phonctic svim
bols to help in leavnmg quichlv. The Con-
tnenaal Code 15 a dot and dash system
uscd all over the world by radio operators
and 1 Kurope by wie telegiaph opcrators
as well,

Inrecamving code signals each letter must
he assorated divcctly with the sownd heard.
The code mnst tyst be wmcmon «d,  Learn
the code, pronouncing the symbols “dit darr”
tathar than “dot diwh™ Do not visualize
the letta “ A" as a dot and a dish Recog-
nize the sonad “dit dan” as “A” dneetly.
Lcarn a tew Jetters evary day until the al-
phab t and tizures have becn mastered
Have a fviend ash vou the letters i non-
alphabctical otdar Repeat them i cerms
o “dit-dan ™ language until fam har with
tham  all Practise until vou know the
sonnds as lottors without pausing to think
of them n terms of dots and dash»s  Don’t
expect to lcarn it all i a dav Tahe things
vasv Learn a few <ymbols at a time.
Review cach dav the Ivtters learned the
previous dav Be optimistic. You will be
sutprised at vour progross

Hcre s onc wav to memorize <ode <har-
actars cugeested by My Howad R. Ward
which mav prove hddptul to some  Several
doszen small cards ate procwmed. At the
hottom of cach card a letter of the alphabet,
a figure, marh of punctuation or phrase
that 15 much uscd mmradio work 15 written
On the same side of cach card and at the
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top edge is given the co1responding code
symbol mn dots and dashes. In u-e the
cards are shuffled and reviewed by the m-
dividual who 15 learmng Continental while
either the top or bottom ecdge of .he card
1s hept covered with the thumb or a blank
card. Such cards may be readily carited
about and used at odd mtervals

As soon as the code has bcen memoniz d,
actual practise in using it (rceving) <houl 1
be attempted. Proficiency m code spe¢ d s
gained, as m other things, by constant prae-
tise (Good sending at moderate specds s
harder to learn than recenving It 15 bost
not to use a kev or to t1v to send much until
ten or twelve words a minute can be vead
and copied.

PRACTISING WITH A BUZZIR

A buzzer practise set 15 one aid to learmng
code, especially 1f sonteone who 1s a good
operator can help by sendmg to vou A
buzzer, a telegiaph kev and a div cell con-
nected as shown in the diagiam make a
buzzer practise sct. Usmg a hcad-sct will
give more nearly the conditions chat obtain
m actual radio recernng. It will keep out
outside noises. A vatiable condenser of
about 001 uf max. shunted by anothe:

Contacts
Buzzer

Add a wrre con-
necting to pvoted
end of grmature here

il
111}
3DryCe//5
A BUZ/I'R (ODP PRACIH
SET WITH A TEILPHONL JTEAD SEI

Ihe intensity of the winnal can he varwd by changing

CONNECITONS o

the setting of the variahle condenser The phondcs

and conden~er are connccted etther across the cotls ol

the huzwer or across tho vibiator contacts  Ihe son

denser may he omitted and thd tone may he changed
by changing the numbcr of dry «ells

omall fixed capaaty (determme this valae
expermmentally) can bc uscd to control the
audibility 1if desned A hmgh-pitched huzzer
signal 1~ helpful m leainming the code  The
small sum ol mon»v anv appatatus fn
learning the code costs 1~ a goord myest-
ment.

ANOIHI R OOD (ODF

The c<hap 1 cramped quarters whose
room-mate objects to buzzer practise for
learnmng the code can use a 199 o 201-A
tube connected as an audio osaillator An

PRACIISL OULERILL

old audho amplifyving tianstormer with good
windings, a pair of 2000-ohm headphones, a
t-legiaph key, thice No. 6 div cells, a
1 X-199 tube and socket, and a 20- to 50-
ohm filament 1thcostat are all the equipment
1cquited A diagram explams the (onn~c-
tions  The ¢ncmt 1~ a Hutlev., The “B”

old Audio
Transformer

Pnones

t+ Rheostal

Y
|
+ L
A Batterj/lj1 lll Hey

CONNECTING AN AUDIO OSCILLATOR
(HARTLEY) FOR CODE PRACTISE WORK

supply comes from tne plus A termunal as
shown This mcans that 1t s 1mportant
that the A battery polarity be just as shown
o1 the outfit will not work, The lead fiom
the Ley can bhe connected to a pomt of
lower positive pot -ntfial on the A-battery or
theostat with about as good results. If
nothing 1~ heard 1 the phones with the kev
depres od after «vavthing has been con-
pocted, tevarse the leads gomg to the two
binding posts at «ithos See. or Pri. in case
onc of the coils on the tiastorm = s 1re-
versad ! versing both sets of leads will
have no eflect Keving gives a fine signal
m the phones with at miking any nowse in
th  room

In picking ont 1 ke
ome cat- should be taken to get a well-
balanced  smoor b wtrm Key A fawrly
‘heasy” ey with Tuge contacts is best to
u  vreht trom the «tae Tt wall save buv-
mg another key for the <tation later on.
Good senhing deponds p artly on the hey

for a practise set

USING A K1Y

The coticet way to grosp the kev 15 1im-
pottant  The knob ot thc hey should be
about aightaen mmch < from the edge of the
opcrating table and aboat on a line with the
cperator’s aight  ~houlder A table of
about thnty mche< hoight 1s best. The
spimg  tension of the kv vartes with
iifirent oparatars A aly heavy sming
at the «tart 1< desnatle The back admst-
ment ot the Loy <hould b changed until
thae 1« a vordicd motemaent of about one
sinteenth inch «f the Tnob.
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Do not hold the key tightly. Let the hand
rest lightly on the key. The thumb should
be against the left side of the key. The
first and second fingers should be bent a
Iittle.  They should hold the middle and
11ght sides of the knob respectively. The
fingers are partly on top and partly over

Drycells

CONNECTIONS OF BUZZER
KEY, BATTERIES AND THE CATLIN GRIP

the side ot the hnob. The other two fingers
should be firee of the hLey. The sheteh
shows the cormect way to hold a key.

A wrist motion should be used n sending.
The whole arm should not be used. One
should not send “nervously” but with a
steady flexing of the wiist. The grasp on
the hey should be firm, not tight, or jeikv
sending will 1esult. None of the musecles
should be tense but they should all be un-
der control. The arm should rest lightly on
the operating table with the wiist held
above the table. An up-and-down motion
without anv sideways action 1s best. The
fingers should never leave the Lev hknob.

The code 15 made up of different combina-
tions of dots and dashes The sending of
intelligible signals depends on pjoper Ley-
imng by the transmitting operator. The dots
and dashes must be of the proper relative
length. Swtable <paces must be left be-
tween letters and words. A dash 1s equal 1n
length to three dots. The space between
parts of the same letter 1~ equal to one
dot. The space between two words
is equal to five dots The exact time 1n-
tervals depend on the ratc of sending. Be-
ginners kev a bit <tifflv. mahing a C hke two
N’s. Muscle control improves with a few
hours’ daily practise.

RFCTIVING

Now that we have wcii0rt ed the code
we must begm to practise sending and 1e-
cewving using the (ode practise set. Some-
one who 15 alicady a good operator should be
enhisted to send the tiist <1gnals.

Go over the code and name the different
letters as they are <ent on the buzzer The
letters <hould be sent while vou name them.
Don’t try to compare diffvrent letters
Learn cach by 1ts own mdmvidual sound.
Each letter combination should be sent 1n
4 snappy wajy. A slow rate of sending
should be secured by leaving long spaces

between letters, not by dragging out the
signals. Practise on letters and then on
groups of letters. Write down what you
recerve to better co-ordinate the process of
receiving and recording signals. Do not
try to write down the dots and dashes; put
down the letters.

Code groups are more valuable for or-
dinary practise than stiaight English Lexts.
The frequency with which certam letters
appear n  common writing gives more
practise on some letters than on others.
Concentrate on the practise work and be
patient. All the effort you <pend in learn-
ing the code will repay yvou fiftv-fold

Always have the letters sent you for
practise a httle faster than you can ronm-
tortably 1eceive. When the sending 1s so
tast that you can copy just two out of every
three letters, your mind will be speeded up
and vou will t1y to gct that other letter.

SENDING

When sending do not tiv to speed thmgs
up too soon A slow, even rate of sending
1s the mark of a good operator. Speed
will come with time alone. Leave fieak
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keys alone until you have mastered the

knack of properly handhing the standaid-
type telegraph key. Because 1adio trans-
missions are «eldom fice from interference
a “heavier” style of sending 15 best to de-
velop for radio wortk. A 1ugged key of
heavy constiuction will help 1n ths.

When wignals can be copied “solhd” at
a rate of ten words a mimute 1t is time to
start practising with a kev in eainest. The
paragraph on “using a key” and the dia-
gam show just how to grasp a key. An
experienced operator <hould be present right
at the start to offer suggestions. Otherwise
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a wrong idea of spacing or of holding the
key may develop into a habit that 1s hard
to break. While learning to receive, you
have become fairly familiar with good send-
ing. Try to imitate the machine or tape
sendig that vou have heard. This gives a
good example of proper spacing values.

When beginning to handle a key do not
try to send more than si1x or seven words a
minute. A dot results from a short de-
pression of the key. A dash comes from
the same motion but the contact 1s held
three times as long as when making a dot. A
common mistake of beginners is to make 1t
several times too long. There 1s no great
space between the parts of a letter. An “S”
is made by three up-and-down motions of
the key in regular sequence. The letter
“G” is made by holding the first two con-
tacts and making the third one without any
pause at the contact. Key practise should
not be extended over too-long periods at
first. The control of the muscles m the
wrist and forearm should be developed
gradually for best results.

Individuahty 1n sending should be sup-
pressed rather than cultivated. Sending 15
something like winting, however. Individ-
nality is bound to show in all hand-<ending.
Unless the spacing 1s even and 1egular, re-
ception becomes guess-work. The operator
who practises on a buzzer until he has de-
veloped a good “fist” is appreciated bv
evervone he “wo1ks”. His sending is legible
and gets favorable attention.

A good rule in sending is never to send
faster than vou can receive. Then you can
tell what yvour signals sound hke to the
eperator who must copv them. Speed needs
to be held in chech. “Copiability” is what
we want. Repeats waste valuable time.
When vou find that you are sending too
fast for the other fellow, slow down to his
speed. Attempting to send dots nervously
in as rapid succession as possible 15 the
first step in acquiring a “glass arm”.

A word may be said about the “Vibro-
plex” and “double-action” kevs. The “Vi-
broplex” makes dots automatically. — The
rate of making dots is r1egulated by chang-
ing the position of a weight on a swinging
armature. Dots aire made by pressing a
lever to the right. Dashes are made by
holding it to the left for the proper interval
A side motion is used in both types of kevs

These kevs are useful mainly for opera-
tors who have lots of traffic to handle in a
short time and for operators who have
ruined their sending arm  Such kevs are
motion savers. However, a great deal of
praetise is necessarv before readable code
can be sent. The a:c1age novice who uses
a “bug” tries to send too fast and ruins his
sending altogether. The begmner should
keep awav from such kevs After he has
become very good at handling a regulation

>
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telegraph key, he may practise on a “bug”-
to advantage.

LEARNING BY LISTENING

Another method of learning the code will
appeal to some individuals. We all want to
t1y our shill on some 1eal messages when
we have progressed this far. The next step
after memorizing the letters is to put into
practise on an actual receiving set what we
have learned.

A number of high-power stations can be
heaid in evcry part of the world. Many
comniercial short-wave stations send on
way elengths below one hundred meters and
can be copied with the simple receivers de-
scribed 1n this book. A one-tube or two-tube
1eceiver can be quickly and cheaply put to-
gether for long-wave code practise, Power-
ful tiansatlantic commercial stations send
on wavelengths between 5,000 and 20,000
meters. Many of them use tape transmis-
sion. The sending 1< perfectly regular.
Otften words are 1epeated twice, Both un-
derstandable Enelish and secret code (most
excellent for code practise) are used in the
text of the messages. These stations send at
speeds depending on the 1eception conditions
at the time of transmission. It 1s usually
possible to pick a station going at about the
desited speed for code practise. There 15 an
mcreasing number of such commercial serv-
ices now using shoit-waves so il is possible
to “leain by lListening” on <hort waves al-
though theire will be less confusion if we
start out with the long-wave apparatus
which will next be described.

After building a receiver and getting it
in operation. the first step in “leaining by
histening” will be to hunt for a <station send-
mg slowly. Listen to see if you cannot
recognize some individual letters. Use
paper and pencil and wite down the letters
as you hear them. Trv to copv as many
lotters as vou can. Somctimes 3 ou will hear
s1ignals that von cannot inteipret. ILong-
wave stations use Lkeving sivstems that al-
low a signal to go oul between the dots and
dashes on a different wavelength. You will
readilv learn to distinguish between this
‘“backlash”, as it is called, and the actual
«<ignals that you can cony. Whenever you
hear a letter that vou know. write it down
Keep everlastingly at it Twenty minutes
or half an hour is long c<nough for one
sossion.  This practise <hould be repeated
three or four times a div  Don’t become
discouraged. Scon vou will copy without
missing so manv letters. Then vou will -
begin to get calls, which are repeated sev-
eral times, and whole woids like “and” and
“the”. After words will come sentences. You
now know the code and vour speed will im-
prove slowly with practise Learnin~ by this
method may seem harder to some folks than
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learning with the buzzer. It 1s the opinion
of the writer, who learned 1in this way, that
the practise m copying actual signals and
having 1real difficulties with nterference,
stati, and fading, 1s fai superior to that
obtained by routine buszer practise Of
comse that 1s of great value at first
getting famihiay with the alphabet.

Many short cuts have been proposed 1or
quickly memonizing the code for mares-
ing speed of reception. Most of them have
some good points. Learning the code 15
mostly a matter of getting practise, how-
ever. An omnigraph 1s ot some assistance
if a large number of trecords can be ob-
tained. It is an expense that few can af-
ford. Unless many different sets of “copy”
are available one soon becomes famihiar
with the matenal and i1t 1~ of no more
value. Phonogiaph records of code sig-
nals ¢an be obtained but have similar diaw-
backs. Examinations for operator’s h-
censes are conductcd usmmg an omnigianh
Therefore it 15 desirable to become famil-
iar with tape or ommgraph sending to
msure easily passmg the exammation *“*Ma-
chine sending” on long or shoit waves 1s
about as good as an ommigiranh except that
the speed cannot be controlled at will

In “leatning bv lstening” tiy to pich
stations sending just a bit faster than vour
limit  In writing, trv to make the separa-
tion between words definite. T1v to copv the
wholo of <hort words before ~tarting to
wtite them down. Do the wnting whl
hstening to the first part of the next word
Practise and patience will ~soon make 1t easv
to histen and wiite at the same time. Good
onerators can often copy ~everal words “be-
hind” the incoming <ignals

AN ATL-WAVE RFCEIVER

Fo1 use 1n obtaining code practise an ex-
ccllent recerver can be made by puichasing a
couple of good vaniable condensers, a 3-coul

== THREE COIL REGENERATIVE [
= RECEIVER FOR MEDIUM AND

LONG WAVE RECEPTION

swivel mounting, and a few honeycomb
colls wound on 2v%:” forms The “three-
circmt”  regenerative  (prmmary-secondary-

tickler) circuit should be used, giving flex-
1ble and selective tuning with no trouble n
gettimg 1t to work., Such an all-wave re-
cenver will work most efficiently on the long
waves. It will be mterior to a speaal re-
cenver Tor short-wave and broadcast work,
however.

Right here we will hist the matenals
needed to construct such a long-wave code-
mactise recerver:

thiee-co1l honeycomb mounting

good variable condensers  (.001 uf. max.)

00025 uf. fined mrca giid condenser.

2- 1o 6-megohm gnid leak

001 ut fined mica by-pass condenser

30-ohm rheostat

good tube socket for 201-A or 199 ubes.

(Either typc mav be used successtully,

chowce depending on whether you prefer

diy cells o1 storage battery  filament

supply.)

1 221,-volt bloch B-batters

1 pan headphoncs

10 feet of bus or strand»d wie for making
connections

1 bascboard, about 17
mountimg appatratus

1 6-volt storage battery (or
cells)

1 termmnal <trip with five binding posts ot
Fahnestock ¢hps

1 <ingle-cntauit jack (o1 use ¢hps to hold
phouc-cord tipe)

Birass angles to support vanable condensers

43 honevcomb-wound coils (of 500, 750, and

1250 tuins, r1espectively)

— et e b = D

17 x 127 for

3} No. 6 dry

A thiee-corl mounting and coils to (ovel
suital le 1anges can be obtaimmed ftrom the
Pacent Electinie Company, 91 Seventh Ave,,
New York City, oo Charles Branston, Inc.,
bhutfalo, N. Y.

For the commercaial <hip and <hore sta
tions coils of 75, 100 and 150 tuins may be
putchascd  See the talle on page 12 for
col s17¢s to ¢ inver other services and wave-
length 1anges.  Varous wizes of votls may
be addcd as desited By plugging them into
the coll mounting, using the co1ll combina-
tions described 1m the table, the wave-
length range of the set mav be changed.
Y ou can then hear all the difterent kinds ef
1adio communication that we mention as ot
1s bemng conducted i the ditterent wave-
lingth bands. With coils of modmate size
we can hear Arhimgton’s Navy Press and
a great manv of the low powered ship and
shorce stations  But wc <hall not waat to
listen to then high <peed ship-shore tiatfic
handling at fist  Longer w nvelengths re-
cenned with the laiger colls are most «1at-
able for getting howmr after hour ot con-
tir wous code practise Tuning 15 accom-
phished with the vanable condensers. The
tone of the mconung <1ignal can be varied to
~mt the operator.
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In the «ircuit shown, 1,000-micromicto-
farad vanable condensers are used m the
antenna (et (A) and acioss the second-

)
¢

or

M

Phones orPrimary of
Amplifyng Transtormer.

THREE CIRCUIT REGENERATIVE RECEIVER

ary ol (S)  (1.000 ud. 001 uf as spec-
1fied i the hst of materials) Condonsers
with a smaller maxmum  capacity  chan
this are best for gettmg good distiibution

than 750 nietcis It can be made to work
within the broadcast range but will not
readily go down far below 200 meters. When
the tiuckler can be at the grounded end of
the sccondary coil, undesnable tuning effects
ate mmimzed

All the parts tor a one-tube <<t are
<hown properly connected 1n the prcture dia-
gram. By adding one or two more vacuum
tubes as suggested by the dotted Iines much
louder signals may be obtained. It s
assumed that phones will be used so that not
mote than two tubes will be desnrable for
most code-practice work.

The antenna co1ll (A) is the left-hand
¢o1l 1in the shetch while the secondary coil
(S) 15 1 the center of the coil mounting
and the tickler (T) 1s on the right. The <ec-
ondaiy co1l 15 the one which really deter-
mmes the wavelength band that can be cov-
cred with a certain size of secondary tuning
condenser.

The dotted line means that equally good
1esults mav be (vpecited with the filament
(ncut either grounded or ungrounded. The
ptinaipal advantage 1n grounding the fila-

wi— .
lm/o//f}/my Trans Lo
=f 1
coozsMAS o L: r-t--1p o
Grid Cond 1<, o : P L Iy L
and Leak e 1 |
o 1= -
keep these ¢ F ereosiat 1| !
ledd's short | ’I’z t 1 '
7 % oormftd (o] |1 v
4 1| 1 )
1 ]
= \“.‘ L : !
43 plate 43 Plate
Va r{.:zb/e Varable Two Crreurt S m]/&
Condenser Condenser Jack Crreuit Jack
J

=

SKEICH SHOWING ARRANGFMINI

S5 \aeadbeand

AND CONNECTIONS TOR FTONG-WAMVE

v — —m i

RLCFIVLR

and one-stage amphficr (shown dotted)

Another staze mav be added ssmalarly for

loudspeaker work if desired, but detector alone or detector and one step of amphfication
i any event grves ample signal strength for use with hcadphones.

of the stations that vou will hear over the
dial for  amateur and breadcast wave-
lengths but this size 15 most switable tor
om long-wave 1ecerver  Such a three-coil
outfit works best on wavelengths longer

ment and conneeting the movable plates of
the variable condenser to this side of the
arcuit 1s that 1t nunmimzes the detunming
effeet of the hand when brought close to
the condenser dial.
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The schematic circuit diagram shows two
methods of making the antenna coil con-
nection. The ‘“series” connection shown in
all the diagrams may be used for «ll wave-
lengths but with the “parallel” arrange-
ment shown at the left it will be easiest to
tune our antenna circuit clear up to the
twenty thousand meter wavelengths which
will 1esult 1n the best signal strength. A
given primary coil ecan he made to cover a
large band of wavelengths by using a series

V7ﬂnf

N

/A

o r
—~—ry SERIES PARALL

. e
Condenser /
e

o7

R
>

ol

= ond

CONNECTING A DOUBLE POLE DOUBLE THROW

SWITCH TO CHANGE THE ANTENNA COIL AND CON-
DENSER QUICKLY FROM A SERIES TO A PARALLEL
ARRANGEMENT

condenser for the shorter wavelengths and
changing to parallel for i1caching longer
wavelength stations.

The farther apait we move the antenna
and secondary coils, the easier the set will
oscillate and the “sharper” the tuning. Dif-

THE RADIO AMATEUR’S HANDBOOK

also make a slipht i1eadjustment of the
tickler coil position desirable.

READING DIAGRAMS

Schematic diagiams show the different
parts of a circurt in skeleton form. Picture
diagrams show the connections and appara-
tus as it actually appears in the station or
laboratory. A little study of the symibols
used in schematie diagrams will be helpful
in understanding the cricuits that appear in
(ST and 1n most of the radio books that
we have mentwoned. The diagrams are casy
to understand once we have rubbed
shoulders with some 1eal apparatus and
read about it. Schematic diagrams are
used 1n all electrical work because they
save so much space and tune when dis-
cussing the various circuits. Picture dia-
grams are simpler to use but difficult to
draw. Photographs of apparatus show the
actual arrangement used better, but the
winng is not always as clear as in the
picture dmiagrams. In bwlding most ap-
paratus a schematic diagram and a photo-
graph will make everything clear. It is
suggested that the beginner carefully com-
pare a few pictuire and schematic diagrams
if not cntirely tamhar with the latter.

We have not room m this book to in
clude pages of pictures of apparatus giv-
ing the proper symbol for each device but
a number of picture diagrams have been
put 1in at different points so that a com-
parison of picture and schematic diagrams

Tuins Tuins Turns Antennt cotl conncetion
Ant S I for 001 uf var
Scrviee (Mcters) Col Cotd Conl condensct

Amateur and Broadcast 140-350 35 25 35 Series
Broadeast and Commercial 250-700 75 50 35 “
Comm’l Ship-Shore Tte. 150-1500 150 100 75 “«
Comm’l and Navy 700-2200 200 150 100 o
NAA Time 1100-4000 400 250 150 i
Arc Stations 2350-4800 200 300 150 Parallel
Arc Stations 2500-8500 500 500 200 “
Commercial, Foreign,

and Press 3100-15000 750 750 00 s
Same and NSS Time 6000-21000 750 1250 500 “

ferent stations can be separated more easily
when the coils are not too close together.
Varying the position of the coils changes
the “coupling” as cxplained elsewhere. The
tickler should be brought up toward the
secondary coil until a light chek is heard
in the phones. Then the set 1s oscillating
and stations mav be tuned in by the process
of turning the dial of the secondary tuning
condenser (the one across S). When a sta-
tion is found, the tickler can be readjusted
for loudest signal strength. Louder signals
st1ll ecan be obtained by bringing the an-
tenna more nearly in tune by varying the
setting of the antenna condenser which will

will enable one to understand what is n-
tended n all the schematic diagrams here
and elsewhere. In general, coils are in-
dicated by a few loops of wire, resistances
by a jagged line, and variable elements in
the circurt by arrowheads. If a device has
an iron core it 15 usually shown by a few
parallel lines opposite the loops indicating
coils or windings.

When you can draw and talk about cir-
cutts in terms of the various conventional
symbols you are on what is familiar ground
to every amateur and experimenter. Then
you can meet the dyed-in-the-wool expert
and understand what he talks about.
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You may find a correspondence school
course of some help. It depends on the in-

dividual’s ability to absorb by mail. In any

event, though, study things out from the
information available 1 this book—then
jump in and enjoy the experience. Learn
by doing!

SOME OF THE STATIONS YOU MAY HEAR ON THE LONG WAVES

Call Location Waselenpeth Time (GMT ) Saiviee
NSS Annapohs, Md. 17,130 ( 17.6 ke) 2200 Ice report
1655-0255 Time Signals and Press
NAA Arhington, Va. 2.677 (112.0 ke) 1655-1530 Time Signals, Weather
4,409 ( 68.4ke) 0255-0330 and Navy Press
NAR Key West, IFla. 2,939-5,657 1655-0300 Time Signals and
Weather
NAT New Orleans, La. 2,752 (107.0 ke¢)  1655-1500 Time Signals
POZ Nauen, Germany 18,075 ( 16.6 ke) 1155 Time Signals
3,900 ( 77.0 ke) 2355-1155 Time Signals
LY Bordeaux, France 18,940 ( 15.8 ke.) 0301 Time Signals
YN Lyons, France 15,000 ( 20.0 ke) 1700-1750 Wave calibration
15,500 ( 19.4kc¢)  0818-0850 Time Signals
1DO Rome, Italy 10,850 ( 27.6 ke) 0850-1950 Coded report
NPG San Francisco, Cal. 7,005 ( 28.6 ke) 1700-0330 Weather bulletin
4,836 ( 62.5ke) 0555-1955 Time Signals
NPL San Diego, Cal. 9,798 ( 30.6 ke) 1000-1655 Press and time
2,939 (100.0 ke) 1630-1655 Time Signals
UA Nantes, IFrance, 9,000 ( 33.3ke) 1415 Wave calibration
FL Paris (Eiffel Tower) 7,000 ( 42.8 ke) 1640 Wave calibration
,000 ( 50.0 ke) 1455 Coded synoptic report
2,600 (115 0 ke) 2244 Time Signals
NAD Boston, Mass. 2,939 (102.1 ke) 1600-2200 W eather bLulletin
NAH New York, N. Y. 2,776 (107.1 ke) 1530-2200 Weather and navigation
XDA Mexico City 5,800 ( 51.7ke)  0054-1856 Time Signals
NPM Pear] Harbor, Honolulu 2,828 (107.0 ke) 2355 Time Signals
5,552 ( 52.3kc) 0630-1830 Weather
11,490 ( 26.1ke) 2355 Time Signals

WQK-WQL-WSS

Rochy Point, L. I, N. Y.
16,465-17,500-16,120

wWCC Chatham, DMass. 2,150 (140.0 ke)
2,200 (136.0 ke)
WSO Marion, Mass. 11,620 ( 258kc)
NBD Bar Harbor, Maine 2,400 (125.0 ke)
NAM Norfolk, Va. 2,883 (107. ke)
GBR Rugby, England 18,000 ( 16.7 ke)
WSE Fast Moriches, L. I., N. Y. 2,800 (107. kc)
NBA Darien, Panama 1 6,518 ( 46.0 ke)
(Balboa, Canal Zone) | t 6,518 ( 46.0 ke)
0OUl Eilvese, Hanover, Ger. 9,600 ( 313 ke)
WAX Miami (Hiahah), Fla. 5552 ( 54.0 ke)
600-1,599-2,175 (500-188-138 ke)
WNU New Orleans, La. 3,331 ( 90.0 ke)
600-1,700 (500-177 ke)
WSII East Moriches, L. I., N. Y. 2,400 (125.0 ke)
WSA East Hampton, L. I, N. Y. 650 (162 0kc)
WII New Brunswick, N. J. 13,750 ( 21 8 ke)
WBF Boston, Mass. 600-690-2,025-2.350
WNN Mobile, Ala. 600-680-1,713
uQ Bluefields, Nicaragua 1,850-2,100
uw Cape Gracias, Nicaragua 650-2,000
UL Managua, Nicaragua 600-1,800-2,400-4,600
UG Tegucigalpa, Honduras 600-1,950-4,330
WCI-WGC

Tuckerton, N. J.

Traffic with different countiies

Press
2200-1100 Weather conditions

0300 Press

1330-2100 Weather bulletin

0000-0800-1120-1200-2000
Press

0130 Press

0900-1000 Time and Press

1755-27565 Time Signals

Press
1130 Press
0500-1700 Press
1630 Weather
0315 Press
0315 Press
0518 Press

16,700-15900 (17.95-18 86 he)
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Some active and regular trathe-handhing arcunts are:

Carnatvon, Wales MUU,
Bordeaun, FFrance . LY,
Stavanger, Norway LCM,

POZ,
oul,

Nauen, Germany
Eilvese, Germany

Regular operators nandle those arcurts
In some ¢ases; 1n othets “tape” or “*machine”
transmission and 1ceeption s used to speed
up trathc handhing to the it hized by te-
lavs and atmospheric conditions.

Most neginers are pussled by certain ab-
breviations which are used 1ight along on
long waves. Many code groups ate scnt by
difterent commeraial organtzations  to
shotrten the messages and to reduce the es-
pense ot sending  messages which often
tuns as high as 25 cenws a word,  Unless
one has a code beok 1t 15 rnpossible to -
terpret such messages. Fine and ten
letter ¢y pher groups are quite common and
mahe excellent practise signals  Occasion-
ally. when recanang condrtions are hine, a
blur of <ode will he heard which aesults
when tape s speeded up to 100 words per
mmite and photographic means are used
10 1cco d the signals.

A prefin s often used to show the class
ol tiathic and the swation to whom the
message 1s  going., The long-wave com-
meraial stations number then messages
periodically.  Ship and shore stations start
a4 new scries of message numbers each day
and with each new station worhed. Naval
stations use “v” for an intermediate The
commetcral stations use “de” fer an inter-
ntediate . Thus Tuckerton sending the S6th
nmessige for a ceitarn pariod sends, 856 LCM
de WGG.” In case Boideaun 15 sending,
the prefin reads “IF 86” o1 1t the operator 1s
just starting his evening’s worh “Hr tfe F

56,7 meaning  “Here traffic Bordeauy,
France, number 86  Stavanger. Notway,

uses the prefin “NW”: POZ uses “PR” and
HUT uses “OPR™.

Traffic 15 dasscd as “ordmary’; “de-
terved”, “urgent”, and “tush”. “Ordinary”
messages have a straight prefin as we have
mentioned  above  “Deferred”  messages
have “K* added to the prefin of a given
statton “Ureent” mcessages have “D”
added to the prefin. An “I1” stands tfor
rush.

Wh:'n the rccening operator 1s uncer-
tain of a word or part of a message, he
ashs a trepeat from the transmitting sta-
tion at the first opportumty. “RQ” is the
prefix that tclls what is meant. “RQ” is
used when the reeeiver questions the
message “RQ F 271 irvvingbank third”
means, “What is the thiid word in the text
of Bordeanx's numl er 271 addressed to the
cable address Iivingbank?”

The answer to an “RQ” is a “BQ”. If

and New Brunswick, N. J,, WII
and Marion, Mass., WSO
and Tucherton, N. J., WaGG
and Rochy Point, L. L. WQK
and Marion, Mass., WSO

the thnd word of
bership”, LY will

numbcr 271 was “mem-
answer the “RQ” by
sendmg, “BQ F 271 thud membaship.”
When the public ashs o mtormation
aboul a message, a4 scrvice message s sent.
The prefin *SG” 15 used for this. It the re-
plv comes back with the predin “SVC” (se1-
vice) . "SGY, o1 an the toim of a “BQ” show-
mg the company to be at faull, the con-
pany does not (nargce  for  the serviec
message  If “STY 1s added to “BQ” the
message nooquestion was clear ot (rrors
the fust  time  transmatted. Then (h
service message 15 pawd for by the mmquuier.

LCO and LCD 1n the prean teter to the

tent as beng “languagc of countiyv of
ongm” ot “language ot countiry of de-

Inery” RP means “reply prepaid

It should pcrhaps te emphasizad that the
procedure desciibed 1n the forcgoing para-
graphs 15 that of commercral usage, not
amatcul,  Amateurs use a less (omplen
vrocedure ot then own, as will bo (aplamed
later.

UNDLRSTANDING TIMI SIGNATS AND
WELATHER KIPORIS

Amatcurs m the United States will prob-

ably nnd the time signals, weather and
press 1eports trom Arhngton, Vo, (NAA,
2650 meters) and Annapohs, Md. (NSS,

16,600 meters) sent at noon and® 10 p.m.,
E 8. T, most usetul and interesting in learn-
ing the code. Sometimes before sending
the press NAA will request lListeners to
stand by (QRX) for a certain time while
ship tiaflic 1s (dcared.  That gives us a
chance to see how tirafhe 1s handled. Then

the “U S. Nawy Press” will {follow with
interesting wotld-wide news items. A 12-
to 15-word code speed 15 employed. After

we have practiced so we can do several
words par mrnute, some t1egular histening to
NAA and NSS will soon cnable us to copy
letters, words and whole sentences

The time signals start at 11:55 a m. and
9.55 p.m., E.S.T, daily. Ivery tick of the
standard cloch at the Naval Observatory
1s sent as a dot. The 29th second of each
minute is omitted as well as the last fve
seconds of the first four manutes of time
signals. The last ten scconds before the
hour are omitted. The beginning of the
dash whieh 1s sent at noon and ten p.m. 1s
exactly the hour.

Weather repoirts go something like this:
“QST de NAA USWB T02081 DB01251
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1100412 P99265,” ete This intioduction
means, “Gencial eall to all stations from
Ailingten, Va, United States Weather B -
1eau.”  The report gives conditions at va-
1ous pornts two hours previous to the time
of transmission. The key letters refer to
the difTerent observation points A few of
the commenetr ones follow:

T Nantuchet, Mass

DB Dehiwane Brediw ta
H Cape Hatters N«
P Panswuclt Th

3 -Bearmudt
¢ —Chuloston
S Swydnay Nova Scoon
SIS Frana oo
St Saattle Wash

K -Kav West 1
I'U-—~Duluth  Minn

G —Green ' W
D--Detint Mich

M Muqutte M1 h
(1l Chwa 1

V- Cloved nd O

DI - S Die [

S C

The fitst three ficures give the baromet r
reading. P92 <how , that the barometet
at Punsacola reads 2992 nch s 67 shows
the dinection of the wind:-

1 Noith

2 Northart
3ot
t—8Southe st
5 -%Sowh

6 Southwe t
T W

s Nurthwe t

The last figuie gives the velocity of the
wind 1n stat ite mles per howr 1 nau-
tical nule equale 115 <tatute male. 57, for
examplc, mdicates ' fresh brec-¢” according
to the talle below

Tamare 0D Satre M1 I

[} C I {

1 Iv bt ~
2 i ht Dicoses 1)
N G ontle br o7 s 1=
1 Modor e bre 7z~ 8o
» oot hiree os 2%
u Strn b e 31
. Moder 1t il 10
. bich il i~
) Stion * 1l "
1) Whl 1l €
11 Stoan

12 Pt ane o)

When several a-unit groups of figures are
eivear, the wrse two groaps ate surtace ob
sorvatiors at stations mdicatcd by the hey
letters  Aaditional vroups contam wppes
i1 duate whch con be mtarpicted an the
cu fomary wal.

The Rado Savice Bullctin which s
issued month'y by the Department of Com-
merce may te ontuned from *he Stporios-
tendent of Docnments, Govo nment Prni-
ing Office, Washington, D. C, for 23c a

vear  This gnes the up-to date  details
al,out such stations .
Offiaal  Proadcastmmg  Stations  of  the

ot

ARRL. send the latest IHeadquarters’
ncws on amatcnr wave'cngths.,  The mes
sages are often interesting and thev a:e

sent slowly enough for code practice be-
tween 15 and 20 words a mimmute  Lists
and schedules appeu fiequently i the
membership copres of (ST

A word of caution the US 1adio rom-
munication laws prescribe heavy penalties
for divulging the contents of any radogram
to other than the addicssee You may copy
anvthing vou hear for practisc or for vou
own infoimation but vou must preserve its
secreey.

SHIP-SHORI S1ATIONS

After a hittle proficiency 1n code speed
has been developed 1t is interesting to be-
come famihai with other 1adio services
than the long-wave commercial  stations
that mie so usctul mm giving 1egular code
practise. Cables (ross the oceans. tele-
graph and telephone arcurts span the con-
tinents  The minute we sct foot on a ship
and get away from the offices and resi-
dences where our evervday hife 15 spent,
we are cut off from quich and casy two-wav
communication by telegraph, telephone and
natl Cvervthing now depends on wire-
less telegraphy.  The very ship on which
we travel 15 protected by radio beacons
Warnmgs and weather 1enotts e r1eceived
every few hours.  If we have mmportant
busimess to tiansact 1t must he done by
radmogram.

So the business handled from ship to
shote 1s always v uied and interesting  Tts
mnportance  can hudlvy he  suffiaently
stresscd 1 a tew words  Steamers many
davs at sea Lecp mn touch with the stock
matrket quotations. anl 1ccenne news of
wolld wide <ignificance  Thev receive -
dividual ms-aacs tor  thann pas<engers
When stormis are encountered, machinery
becomes damaocd, fircs 1rcak out. or when
there 1s trouble aboard shap, a simple SOS
call FTrninps as<sistance tiem the neaiest
point within rust a tow homs, depending
on the ncarness of assistar ¢ The safety
and confidence of evervone m the ocean
tiavcl ot to-drv depends 1in a large measure
on the sh p shore telegraphic communiea-
tion

At one (nd o the Ihoadcast band of
wavclengths lies the amatemr  telegraph
ficld and a numbcr of exnermmental services
At the other end of the broadeast band hes
the  <hip-shore communication channels
Hundieds of ships bave tiraffie to clew to
<hore dailv - Often forciea ships sendinr
m the broadcast band cause interference
tHr which the amatcur s unjustly hlame |
Ship and shoire <tation operators have
highly developed time saving proccdure in
order to handle manv varied messages with
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a mmimum of interference (QRM) with
cach other. So that the listener will know
what to expect and so that he can under-
stand what he hears we will give a few of
the commoner abbreviations and then uses
right hete.

Using the 150-turn coil to listen to the

ship-shore traflic between 500 and 1200
meters  wavelength we may hear both
“spatk” and “tube” transmitters. The

communication laws specity that a eall
shall be made by sending the “attention
sign” once, the call letters of the station
called three times, the intermediate “de”
(meaning from) once, and following this
with the call letters of the calling station
three times. The full form of a ecall is
lithe the following, “——— WSA WSA
WSA de ITF ITF ITF.” The answer,
Y——— ITF ITF ITF de WSA K”, sig-
nifies that WSA is ready for traffic.
Usually the note of WSA or anmv of the
shore stations is quite distinetive. To save
time he may say nothing but “ITF K”.
When the ship station 1s near the shore
station, he shoitens his call to “WSA ITF”.
If WSA is busy taking traffic from some-
one else he will ask ITI' to “stand by”, this
way: “ITF QRX”. Sull shoiter 1s “ITEF
.—...” which means the same thing.

On long waves some of the commercial
stations use the Navv intetmediate “v” in-
stead of “de”. Tor ship-shore work “de”
is most common. A 600-meter wavelength
18 used for calling, and 700 to 850 meters
is used for woiking. 800 meters is used for
naval radio compass woik. The navy uses
952 meters as its calling wave, although
some traffic 1s handled on it also.

When ITF says, “WSA ITF P” he means,
“I have a puid message for vou. The renly
from WSA is usually, “ITF K 700”., The
operator at WSA then proceeds to listen on
700 mete1s 01 thercabouts and to copv the
message. The prefix “P” in the message
shows that it is a “paid” message. “TR”
is the prefiv to a position 1eport which 1
sent dailv showing the position of various

ships for the information of owners and
the public who await <ship movements
anxiously  “SVC” indicates that a service

message is coming. The letters “GOVT”
indicate that a government message will be
sent.

“W?”, “WDS”, “CK”, or “GR” refers to
the number of woids or the check of the
message, “RC” usuallv refers to the Radio
Corporation of America who control some
of the large trafficchandling commereial
stations. A short commercial message
with a ‘“radio” check might be sent from
WLC to ITF as follows “ITF WLC R HR
P1 W11 CONEY ISLLAND NY 217P 14 to
WILLIAM RICITARDSON SS GENUA-
RO RCNEWLONDON —...— ADVISE

WHAT NEW MACHINERY NECESSARY
—...— TOMPKINS AR WLC K”.

The time and date precede the address.
Suppose the operator of ITF misses a few
words; he may ask WLC to repeat: “QTA
TEXT”. He may use “..——..” for the
missed portions as described elsewhere in
this book. To ask for missing words,
“WA” and “WB” refer to the “word after”
and “word before” a specific word.

POSITION RLELPORTS

Ship stations send a “position report”
datly or when 1equested by the coast sta-
tion.  The letters “TR” precede the report,
which includes the distance from ship to
the shore station in nautical miles, the po-
sition as briefly as possible, the next port
of call and the number of radiograms or
words handled. The speed of the ship is
sometimes included. A sample report:
“——~— TR 150 OFF C'APE IIATTERAS
BOSTON 5 .—.—. ITF”,

The presence of unnecessary capital
letters, periods, commas or other marks of
punctuation may alter the meaning of a
text. For this reason commereial com-
munication compantes use a shiftless type-
writer (capitals only). The texts of mes-
sages ate lyped in solid block letters (all
capitals) devoid of punctuation, underlin-
ing and paragiaphing except where ex-
pressed 1n words.

Code speed depends mostly on the amount
of practice one gets. Anyone can learn
the code. A desire to learn. plus determina-
tion and persistence at the start are the
prime requisites a beginner should have.

As soon as the scattered letters begin to
mahke words and sentences, the beginner is
repaid a thousand fold for his time and
trouble. Long wave (5,000-15,000-meter)
flute-like signals have a charm all their
own; medium  wavelength (500-5,000-
meter) signals aie filled with throbbing
“human-imterest stuff”; the Droadeast
band (200-500 meters) brings us music
that entertains; the amatur short-wave
signals (15 200 meters) give us the thrills
of world-wide two-way contacts with others
just hke ourselves. Each wavelength has
its particular characteristics and the whole
spectrum of radio activities 1s a field where
we can explore and enjoy the findings when
we will, not forgetting to keep the con-
tents of messages secret as required by
law.

OBTAINING A GOVERNMENT LICKFNSLE

Before one can operate ANY form of
transmitter he mist have two government
licenses. A license is required for the sta-
tion and another hcense 1s tequired for
each operator of the station. Happily,
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neither of the licenses costs anything to
obtain.

The station license allows the station to
be operated. The man who holds the
license is responsible for the proper opera-
tion of the station under the terms of the
license. The operator’s license is proof
of the ability of the operator. Some
knowledge of the code and operation of the
apparatus are necessary to get this license.
There is information enough right in this
book to enable anyone to get an amateur
operator’s license. No license whatsoever
is necessary for the operation of any kind
of receiving station. Operation of a trans-
mitter of ANY SORT without a license 1s
unlawful and a heavy penalty is imposed
for such operation.

Application blanks for new amateur sta-
tion licenses may be obtained from any
one of the Supervisors of Radio. Temporary
Amateur Station Licenses are being
issued pending the review and issuance of
new amateur regulations by the Federal
Radio Commission (possibly late in 1927).
At the first meeting of the Commission on
March 15, 1927, the existing station licenses
of all amateur and ship stations were in-
definitely extended until further notice, re-
gardless of the expiration date mentioned
when these licenses were issued. All
licenses are of course subject to such
general regulations as the Commission may
issue from time to time.

Amateur opcrator’s licenses are issued in
two grades. Radio Operator, Amateur Class,
and Temporary Amateur License are the
names by which these licenses are known
The Temporary Amateur License is given
amateurs who do not live near the Super-
visor’s office, atter they have passed a brief
examination by mail. Anyone can get ap-
plication blanks for operator’s and station
licenses from the nearest Supervisor by
asking for them. Temporary Amateur
Operator’s Licenses are issued to be effec-
tive only until the applicant can appear
to be examined in person which is required
within a reasonable distance of the points
where cxaminations are regularly given.
When yvou have studied the code and are
properly qualified, you can readily get one
or two licensed operators in your vicinity
to make affidavit to the fact that you can
send and receive at 10 words per minute
as required by the Sccretary of Commerce.
It is to be noted that this temporary
license will authorize its holder to operate
only a particular station, also that such
licenses are issued for periods not exceed-
ing one year. The regulations are quoted
as follows with regard to the license issued
for Radio Operator, Amateur Class:

“Applicants for this grade of license must
pass a code test in transmission and recep-
tion at a speed of at least ten words per
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minute in Continental Morse Code (five
characters to the word).

“An apphcant must pass an examina
tion which will develop knowledge of the
adjustment and operation of the apparatus
which he desires to use and of the Inter-
national Regulations and Acts of Congress
mmsofar as they relate to interference with
other radio communications and impose
duty on all classes of operators.

“A percentage of seventy will constitute
a passing mark.

“This license is valid for the operation
of licensed amateur radio stations only.”

The requirements for passing the ama-
teur examination aie not difficult. Informa-
tion on all amateur station and operating
rulings of the Federal Radio Commission
and the Department of Commerce may
be obtained on apphcation to the Super-
visors. Special attention should be given
to the regulations concerning amateur sta-
tions.

Applicants are expected to be familiar
with amateur receiving and, transmitting
equipment. The construction and function
of each part of the apparatus should be
studied. They should be able to explain the
operation and elementary theory.

In the enamination the applicant is re-
quired to tell what apparatus he expects
to use, to draw a simple diagram of con-
nections, and to explain the operation. The
diagram should show switches and groun/
connections just as thev are in the station.
Applicants must be able to identify a dis-
tress signal (SOS) and to understand the
signal used telling him to stop sending

(QRT) when he is causing interference
(QRM). Applicants who fail to qualify
may be re-examined after three months

from the date of taking their unsuccessful
examination.

When existing operator’s licenses expire,
a renewal must be appled for and will pe
issued to all classes of operators (except
commercial extra first class) without ex-
amination provided the operator has had
three months’ satisfactory service in the
last six months of the license term. One
vear of such service out of the two-year
license term may be accepted at the dis-
cretion of the examining officer.

While either grade of amateur operator’s
license is sufficient for the operation of an
amateur radio station, a commercial “ticket”
1s proudly displayed in many a “ham shack”
as a certificate of proficiency. There are
three classes of commmercial licenses, the
Commercial Extra First Class, Commercial
First Class, and Commercial Second Class.
To obtain a Commercial Extra First Class
license one must be able to take both Morse
and Continental codes at high speed.
Previous operating experience as holder of
a commercial first-class license is neces-
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~uy also ko the Commeraial Fiist and
Scend Class heenses code speeds of 20 and
12 words par-minute 1n Continental code
are required, respectively Apphcants de-
stting to operate hoadcasting stations only
will be ginven an exanmunation pertainin,gz
spectfically  to broadcasting apparatus and
the Irmtation will be speeified on  the
second class license 1ssued Commercial
fnst and estra fust hcenses authorize the
hold 1~ to operate e hocnsed 1adio stac on
For passing the exanunation given 1in quali
fyving for any of the commerc.al classes of
operator’s  heense,  advanced  operating
hnowledge and thaory are requined I'h
examnation mchi les questin=s under  the
headings of  ¢ipanence, diazram of e
cenving and transputtine appatatus, tians
mitting apparatus, rocenving appaiatus, op-
(tat on and cate of storaze hatteries, motat s
and  generators, mtermational and U, S,
laws  and  rcgulations Some  escellen.
hooks are availablc 1 one desnes to study
them 1 order o quahfy  See our recom
mendations in the appendin 1n this con-
nection.

Request application blanks and informa-
tion from the nearest Supervieor of Radio
The ntis Iivided ! he De nt

e countrs s divided hy the epartmen
of Commetce 1into nimc Inspection Distiiets.
The addresses and terntorics ot the dif-
ferent Supervisors follow .

First Py awt Maine, New Hampshue,
Vamont, Massach: sctts, Rhode Island and
Connecticut.  Address, Supeivisor of Ra
dio, Customhou-e. Boston, Mass

Second District New York (counties of
New Yorl, Staten Island, Long Island, and
the counties on the Hudson River to and -
cluding  Schenectady, Albanv, and Rens-
salaer) and New Jersev (counties ot Ber-
gen,  Passaiw, Ess»y, Umon, Middleses,
Monmouth, Hudson and Ocewn)  Address
Supervisor of Radie, Customhouse, Federal
Building, Wall, Pinc and Nassau Sts, New
York City.

Thitd Districts Neao Jersey (all counties
not mcluded i sccend dstrict), Pennsyl-
voma (countics of Philadelnhia Delaw are
all countics south ¢ the Blue Mount uns,
and Franklin Cosnty)  Delaware, Marv-
land, Virgma, and the 1) stict of Colum-
bra  Addicss Supervisor of Radio, Custom
house, Baltimore Maryland

Foutth Ihstrat  Tannessee, North Caro-
hina. South Carohima Goorgra, Flornidy and
the Tertitoey of Porto Ruo Address
Supervisor ot Radio, Room 521, Post Office
Blde . Atlant, Georgia

Fifth  Distiiet Alabama, Mississippi,
Louisiana, Tesas, Arkansas Oklahoma and
New  Mesico.  Address  Supervisor  of
Radio, Customhouse, Ncw Orleans, La

Sinth Iheerict Califorma, Ncvada,
Utah, Anzona and the Terittory of Hawann,

Addiess Supervisor ot Radio, Customhoust ,
San Franasco, Cal
Seventh Distrnet

Uregon, W ashington,
Idaho, Montana,

Wiyoming and the Tei-

neory of Alasha.  addicss Supavisor or
tadio, Room 2301, I ¢  Smth Bids.
Seattle, Washington.

Eighth D stiice. New Yorkh (all coun

ties not ncded d 1 the second distict).
Pennsylvama (all counties not included 1n
the thnd distiwct) West Vnigima, Ohio and
Lower Penmsula of Michigan Address
Radio Supeivisor, Room 103, Fodaial Build-
ing, Detroit, Mich

Ninth Disunct Indiana, Hhnors, Wis-
consin, Michigan (uppar pentasula), Min-
nesota, Kentuchy, Missour:, hansas, Colo-
rado, Towa, Nebiasha, South Dahkota ard
Notth  Dahota  Addiess  Supervisor  of
Radio, Federal Bialding, Chrcago, Il

When you recanve the apphicatim blanks

hll them oat completely, answar all the
qucstions and return the papeis to the
Radio Supervisor. If vou pass the es-

amination you w.ll rceenve vour heense wn-

stgued.  Then take the license to a Notary
Pubhc.  Execute the oath of secrecy of
messages and tetarn the hicenses to the

Supervisor, who will send tham back to you
attcr stgning them.

Tube sets for CW and ICW elegranh
worh ot for radiophonc ecommunication on
certain amatan hands arc readily licensed
Spatk sots are no loneay hicensed to operate
on amatcur wavelengths It v apphcant
Ives near the Supervisor of his distiict ot
15 only nocessuy for him (o get i touch
with  the  Supervisor The  necessaty
arrangements for taking thc ex imination
and getting a s‘ation license can be made
I person or by mail,

The Federal Radio Commission licenses
smateur tclegraph stations o work 1 vy
or «ll of several wavdlength bands  If voice
15 to be used, the station must he built to
worl m erther the 8% 28-835 66 (3500-3500
Khes ) 1 the 170-150 (1763-1667 hes.) mcter
wavelength bhand  Amateur  transmission
when using wavelengths above 835.6 meters
15 prohtbited m the United States hotween
the hours of & 00 and 10 30 P M. local
standard time, and on Sund s durning locay
chutch s tvices Radiophone stations us-
mg the &0 mctar band are alsy 1oquned t
obssrve the presct hed quiet ows Inter
ference to other services cannot be pei-
mitted Quict houts arc prescribed when
teadjustinents of the transmitter or altera-
tions of a non-s:lectine tecenar will not do
awav with the-tiouble

ARRLL “Vigilance Conumittees” have
been organmized 1n a number of communities
Amatcurs, broadeast hsteners, and repre-
sentatives of the local newspapers make up
the comnuttees  Theyv myvestigale report-
of amateur iterierence, put the interested
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parties 1n touch with each other, suggest
wavs of 1educing o1 getting 11d of the n-
werference and see that the blame s placed
wheve 1t belongs.  When quiet hours are
nece>sary, they ave recommended  In cases
where suggostions are distegarded, the
terference 1s reported in detail to Leaguce
tleadquaiters  In exticme cases the mattar
has to be tuined over to the Depaitment of

Commetce  95¢ of the interference ex-
perienced by broadeast hsteners comes
from power leahs and foreign <hips who

transnut 1n the bioadeast band when nea:
our shores  The Vigillance Comnntteer
have done nach to cducate the hroadeast
Listener 1eecrdine  the shurces of anter-
fcrence and they have reduced what hittle
amateur nt-ifarence thaco has becn to a
regligible quantity.

To-dav there is no excuse for amateur
intetference. Thoe bioadcast histencr who
uses a non-selcctne recenver (theie are
some such still on the market) has onlh
himself to blame if he takes no steps to m-
prove 1t and macase its selectivity The
amateur who mterferes can alwavs reduee
his wavelength, loosen the antenni coupline
and 1maprove the plate supplyv. The ad-
dition of a “kev thump filter” will often he
<uthaent to permnt non interferning opera-
tion  Close provmaty to a tiansnuttig
station often results in the setting up of
forced osailations 1in near-byv receiving cir-
cuits  Plaang antennas at night angles
and using good “shicdding” will eliminate
even such troubles.

Thetre should not be the shightest hesita-
tron m constructing a station on the grounds
that it w:ill “interfere” or “draw light-
ning”. The use of shoit waveleneths has
solved the interfetence problem for good.
as far as the «ituation betwecn these dif
ferent <ervices is oncetned A recervine
or transmittirg antenna properly grounded
will “leak” off a charge egraduallv to
eground, prarcnbivg the accumulation  of
voltace tha!t micht cause a disruptive dis
charee with dangar to hife and properts
An antenna i- a protection, not a hizard

You mav constiuct vour station for tele-
g1aph worh m arv of the following wave
leneth bands-

Anmatou Corrcsponding hialccvele
W nvelcneths froquenons width of
for tel rranhy thilwvelosy e hand
101 ODO— 100 D00 1000
6H1 000 6000 [ NN0
16 000 14 D00 2 000
X000 - T 000 1000
1 000— 3500 T
2 (000 1 500 nn

The fory Tast nentrioned v avclength band-
harc prov d most useful an cariying on
actpal comomnn ation over grcat distance.
The purpose of the Government in assign-
ing’. manv wavelength bands to amateurs
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is to give the amateur the {ieedom which
has alwavs been his due. Only thus can
knowledge of the behavior of the shoiter
wave lengths mmadental to actual communi-
cation b developcd  most  fullv.  The
Crperimentor 1s most terested i the two
first mientioned wavelength bands about
which least 15 known.

The five-metar band 1s the “‘wadest” as
shown in the above table  From the stand
pomnt of interfcrence hetween short-wave
~tations. most statioas <hould he operating
on the shoiter wavdlensth bands. The dif-
ferent degrees of usefulness of the different
hands cause the distiibution of operating
stations to vary widely fiom the ideal cas:
from the interfcrence standpoint.

The 20-meter and 40-meter wavelengths

have proved most useful for low-power
work over long distances both dav and
night.  20-meters 1s the best wavelength

to use to cover great distances in daylight.
At mght many rccords have heen made
using  20-, 40-, 80-, and 150-meter wave-
lengths  SO-meters 1s regarded as the hest
wave for handhing messages over medim
distances (1,000 nules for example). Using
the shorter waves, there 1s often difficulty
i talking with stations within three ot
four hundred miles while greater distances
than this and also verv shot distances of
ten or twentv miles can be covered with
ease In summer, transcontinental and
foreign davlight woik 18 best accomplished
vsing 20 meters; 40 metars s also good for
the same purpose at night R0-meters is
‘apable of covering  sinnlar distance at
nieght, though not <o popular for that pur-
pose 150 meter and 200-mcter wave-
lengths are good at might for moderate dis-
tances Thev also have the advantage of
heimg best for working with stations one
or two hundred milcs awav  Probably the
75-85 meter band 1s best to use 1n trans-
niitting when getting started. although
there are lots of geod things to histen to on
other waveleneths,

FATRACIS TROM  Hp RADIO T AW

The complete text of the Radio Aet of
Feb o 23, 1927, wonld occupy manv pages
Only those parts mo<t applicable to ama-
temr 1adio station licensing and 1egul ition
in this countiv with which we should »11 be
famihiar are ginen Note particululy S,
26, 27, 2% and 29 and the penalties provided

m Scc 32 and 33

bhe ot enacted by the Sorale @rd House ot Rep-
resentatives ot the T oanted State ot Ymerwa i € -
gress dassermbled That this Act 0 intaemlud to teg il

U1 forms of intarstate and forar n vadio trinsmissions
ind communications within the United  States ts
Tarrtories and po e w101 1 munt un the contral of
the United States over dl *he channdds of antorstate
md forer n raudio t insnis on nd to provide for
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the use of <uch channels, but not the ownership
thaicof, by individuals, fiims ot corporations  tor
himited petiods of time, undear licenses granted by
Fedcral authority, and no <uch heense shall be con-
strued to create anv right, beyond the terms, condi-
ttons and periods of the liccn~e That no pcreon,
firm, company, or corporation shall usc or operate
any appdrdatus for the transmission of ¢nerey or com-
munieations or si.nals by radio . except under
and 1n accordance with this Act and w th a license n
that bchalf granted under the povisions of this Adt

Sic 3 That a commiscion 15 herchyv (reated and
establhished to be known as the Icdderal Radio Com-
mission  heremattar refertad to as th  commission
which shill be composed ot five comniissionais

Sk 1 Ixaept s otherwise providad mn this Act,
the <ommi ston from timc to time, as public con-
venenee interest or neecessity requines shall—

ta)  Classify radio stations,

(b)  Prescribe the naturc of the sarvice to bhe ren-
dercd by each dlass of licensed stations and cach sta-
tion withim any elass

() Assizn bands of froquencies or wavdengths to
the various classes of ~titions, and assign fiequencies
or wavdlengths for cach nhvidual station and de-
termine the power v hich cach station shall use and
the time during which it mw oper (te

«d}  Detcrmine the location of classes of stations
or 1individual stations

() Regulatc th¢ kind of apparatus to be usead
with respact to ats extarnal (ffccts and the punty and
sharpness of the emissions from cach stition and from
the apparatus tharaon

(f) Mahkc <uch reculations not inconsistent with
law as 1t may dcem nocessary to prevent imtaferonee
between «titions and to cariv out the provisions of

thas Act ot ded hourevar,

(11 Have authority to makc gencral tules and
regulations .

S1¢ 5 Trom and after one vear aftar the first
mecting of the commiscion ercated by this Act (Mar

15, 1927} all the powers and wthonty vested 1in the
commission under the taams of this Aet «xcept as to
the revocation of lhiccnses <hall be vestcd 1in and exor-
c1sed by the Sceretary of Commicred, cxeept that there-
aftcr the commission shall have power and jurisdiction
to act upon and detctmine any and all mattcrs nourht
b« fore it under the terms of this «cction

It shall also be thc duty of the Secictary of Com-
merce

(A) Tor and duning a pariod of onc year from the
first mocting of the commission ercated by this Act to
mnmednitely refor to the comnussion all aipphcations
for station hicenses or for the rcncwal o1 modihication
of (visting station hicenses

(B) Trom and after onc vear from the first moct
iz of the commission creatcd by this Aet to refear to
the commission for its action anv appheition for a
station heense or for the rencw il or modific ition of
any  existing stitron hicense a~ to the rmianting of
which dispute controversy o1 (onfliet arices or
against the granting of which protest 15 filed within
ten davs after the date of fihnz <~aid application by
iny party inanto st and iny appheation as to which
steh roference s rcwested by the apphoint at the
time of filr v «nd wphecation

{C) To prcsanibe the quahfications of stition opcra-
tors to classify them accordine to the dutics to be
petformcd to fix the forms of such heenses and to
1ssne them to such persons as he fin Is qualfied

(DY To uspend the hicence of nyv oparator for a
period not (sceedimg two vears upon proof sufficrent
to satisfv him that the hacnsce (1) has violated any
provision of anv Aet or trcaty binding on the Umitel
States which the Scaret 1y of Commerce or the com-
mission 1s athorized by this Act to administer or by
anv rceu'ation made by the comnussion ot the Soc-
rctary of Commerce under inv such Act or traaty ot
() has failcd to carty out the Tiwful orders of the
master of the vissel on which he 1« cmploved or te)
has wilfully damaced o1 paamitted radio apparatus to
be damawred or (4} has trinsmittcd supcrfluons radio
contmunications or <ignals or radio communieations
contaimmng profane o1 obsccne words or language or
(e} has willfully or mahaously mtcrferad with iny
other radio communications or signals

1) To inspect all transmitting appatatus to ascer-
tun whether n construetion and opetation 1t con-
forms to the requurements of this Act, the rules and
tegulations of the licensing authority, and the licence
under which 1t 15 constructed or opcrated

{F) To rcport to the commission from time to time
any violations of this Act, the riles, rcgulations, or
orders of the commi~sions, or of the term< or con-
ditions of anv hcense

(G) To designate call letters of all statwns

Skc 11 Any station heconse shall be revocable by
the commi~~ion for falsc statements either in the ap-
phication or in the statement of fact which may be
required by section 10 herecof, or becau-e of condi-
tions revealed by such statements of fact as may be
required from time to time which would warrant the
licensinz authority in rcfusing to grant a heense on
an original applheation, or for failute to operate sub-
stantiallyv as <et forth in the license, for violation of
or failure to ob~crve any of the re<trictions and con-
ditions of this Act or of any rezulation of the hcens-
ing anthority authorized by this Act or by a treaty
ratificd by the Umited States . . . .

Src 16 Anv appheant for a construction permmt,
for a stition heense, ot for the rcnewal or modifi-
cation of an ewxisting station heense whose apphea-
tion 15 refused by the heensing authority <hall have
the 11ght to appeal from said decision to the Court of
Appeals of the Distiwct of Columbia and any licensee
whose license 1~ revoked by the commission <hall have
the 11izht to appcal from such decision of 1eyocation
to said Court of Appeals of the District of Columbia
or to the distriet court of the United States 1in which
the apparatus licenccd 15 operated

Src 26 TIn all errcumstances, «xeept 1n case of
radio communtcations or signals relatine to vessdls n
distress all radio stations including those owned and
opetated by the United States ~hall use the mimimum
amount of powcr nccesary to cariy out the com-
munu ation desitcd

St¢ 27 No person recenving or assisting i receiv-
ing any radio communication ~hall divulge or pubhsh
the contcnts, substance purport, effect, or meanmng
thercof except through authorized channels of trans-
mission or reception to anv pcrson other than the
wddressae his agent or attorney, or to a telephon
telegraph cable, or radio station employed or author-
tzed to forward such radio communication to its
destination, or to proper accounting or distmibuting
officcts of the yarious communicating centers over
which the radio communication may be passed or to
the mastcr of a <hip under whom he 1s setving or n
response to a subpoena 1ssucd by a court of competent
wrisdiction, or on demand of other lawful :wuthority
and no person not bang authorized by the sender shall
intcrcept any mes~age and dwvulze or publish the con-
tents substance purport, effect or meaning of <uch
interceptcd mescace to any person and no person not
being entitled thareto shall 1cceive or asaist 1n receis-
g anv radio communic ition and usc the same or any
information thercin containcd for his own bencfit or
for the hencfit of another not ¢ntitled thcreto and
no person having «cecived such mtercepted radio com-
munmication or having become acquainted with the
contents, substanee, purport effcet or meaning of
the same or any part thereof knowing that such in-
formation was <o obtaincd <hall divulege or publich the
(ontente  substance purport effect or moanimg of
the < wme or any part thercof or use the same¢ or any
mformation therein containcd for his own bencfit or
for the benefit of another not entitled thereto I%0-
tided That this section <hill not apph to the reeiv-
g, divulzing, publishing ot utilizine the contents
of anv radio communicition broadcasted or trans-
mitted by amatewis ar others for the use of the zcneial
publie or rclating to ships 1n distress

S1e¢ 28 No person, firm compiny or corporation
within the jurisdiction of thc Umitcd States shall
knowingly uttcr or transmit, or cause to be uttered or
transmitted any false or fraudulint wignal of dis-
tross  or eommunication relating thercto nor shall
iny broadeasting ~tition rchroadeast the program of
iny  part thercof of another broadeasting station
without the (\press authority of the ornginating «ta-
tion,
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Src. 29 Nothing 1n this Act shall be undecistood or
construed to give the licensing authonity the power
of censorship ovar the radio communications or signals
tran-mitted by any radio <tation, and no trczusation
or condition shall be promulgatcd or fixad by the
hecnatng  authornity which shall interfere with the
nght of frde specch by means of radio communita-
tions  No person within the jurisdiction of the Umted
States <hall uttcr any obscene, indecent or profane
language by meins of 1adio communication

S1c 32 Any parson, firm comipany  or corporation
faithing or tefusing to observe or violating any rule,
regulation, rcstriction, or condition made or 1imposed
by the hecnsing authonity under the authonty of this
Act or of any mternational radio convention ot troaty
ratthicd or adhcrad to by the Unitad States, in addi-
tion to anv othar penaltic  provided by law  upon
conviction thercof bv a comt of competent mirisdic-
tion <hall be punished by a finc of not morc than %300
for cach and «veary offense

SEC 33 Any person fum company or corporation
who shall violate any provision of thes Act, or shall
knowingly mahke any false oath o1 afhrmation m any
affidavit tcquired o1 authortized by this Act ot shall
knowingly make any falsc oath or afhrmation 1n anvy
hearmyg authorizcd by this Adt, upon conviction
thereof 1n any court of competant Jurisdiction, shall
be pumished by a finc of not more than $5,000 or by
imprisonment for a taxm of not moie than five years
or both for cach and (very snch offense

Ste 31 The tial of anv offinsc under this Act
shall be 1in the district 1n which 1t v committed, or 1f
the off¢nse 1« committed upon the high seas, or out of
the jurisdiction of any puticular State or district
the trial shall be 1n the disttict where the offender
mav be found or into which he <hill be fit<t brought

Stc 33 Thie Act shall not apply to the Philippine
Islands or to the Canal Zone In intcrnational radio
mattcrs the Phihippine Islands and the Canal Zone
shall be rcprescnted by the Secrctary of State



(CHAPTER 111

Fundamentals

EFORE we go on to studyv the prob-
lem of economically building a <ta-
tion and getting 1t working we should
step aside just a moment to get some

1dea of how tradio signals can be scnt and
1ecenved.

To understand fully all the thines hat
happen in the process of sending and tecewv
ing radio impulses we ought o hnow some
thing about dlectricity  and the phy<cal
laws of electniaty and magnetism that de-
termine 1ts behavior as we understand 1t
The books described and 1ccommanded
the appendin will conar the ground vy
well on this subject  However, we are go-
mg to mention some elementary prinaples
that will help 1in getting a picture of what
happens A thorough groundworkh of tunda
mental knowledge can be gaimed through
consistent reading and through (\pcrience
im handhing apparatus

FIHCITRECITY

Almost evervone has rubbed a cat’s fur
and noticed the hittle sparhs 1in it that can
be seenin the darth “Frictional” electniaty
Is present  Sometimes hehtning discharges
take place between two clouds ot batwecn
clouds and earth. This 15 another example
of the hberation of “static” electnaty
which s manufacturad by wind friction un-
der certam temperature conditions

We use dlectrre hghts, dectiic heaters,
telephones,  flashlights, <ticet cars  and
motors and hnow that the myvsterious agont
that has becn harnes<ed 1« “elcctniaty ”
We all this “curtent  eldtniaty”,  as
distinct from the othar kind of electnicity
Curnrent electniaty alwavs mamifests it
bv heating effects and magnetic eftects All
that 1~ known about clectriaty 18 hknown by
it cffcct when 1t s used 1 cortain wavs

Erarv substance 1s made of mintutes o
chemical combimations of different «lements
Apyv chemical combination can be dinvided
and rcdivided mmto smallar particles of the
same chemical make-up  The chemust calls
the smallest possible piece of anv one such
substanre a “moleculd”  Molecules are 1n
turn made of atoms of chemical elements
The atom of hvdiogen, copper or ¢ wibon,
combines with atoms of sulphur or chlorine
to make “molecules” of ditfcrent compounds
which the chemist namcs appropnatels
These atoms themselves are made of <till
smaller particles called electrons, which we
of exceedingly small mass and <ize The

electron 1s nogative electricity A posttive
nucleus (center), surtounded by a group
of clectrons, mahes up the “atom” o1
smallest particle of every element. So every
substance 1s made up of milhions on milhons
of elccttons The clccttan atsclt can be con-
stderod the smallest pos<ible quantity  of
negatine clectriaty

THE 1T LI CIRIC CUTRRENT

The evervdav uses of “curtent eleetniatv”™
we have mentioned A free flon of dlectrons
i any body constitutes an electric current.
When the clections in a body flon readily
we sav the body 1s a “conductor.” If they
do not flow quite o readilv we ~av that
the substance offars more *resistance” to
the electiic curtent I the electrons hard-

Iv flow at all we <av the body s an “in-
<ulator
The “vesistance”  of most  substances

vares somewhat with tamperature Some-
times the vanation 1s <o great that a bodv
ordinandy considacd an mmsnlator becomes
a conductor at high temparatures. The
“resistance”  of metals  usually  increases
with tcmparature, The resistance of hquids
and of carbon 15 docreascd with ncreas-
mg temperatuire. Copper, sitlver and most
metals are rddatively good conductors of
clectiiaty while such substances as dry
glass, mca, 1ubbet, div wood, porcelain,
<hellac and gutta percha are good insula-
tors

MARING CURRINIL JTIHCIRICIEY

The ordinary electiie ¢oll and the electric
genciator are the sources of all our electrie
current  The clactiie cell may take the form
of a so-called drv cell; 1t mav be a wet cell;
it may be a storage cell  In anv case the
somce of current 15 a chemical souce, In
the fust  two  forms  mentioned  the
chemical action of the fluid (thare 19 such
a flurd i even the “div” cell) tears down the
structure of one of the elements or “poles™
of the cell to supplv the electiic energy cur-
1ent In the storage cell the chamical
changc 1~ 1(varsible and the cell can be “re-
charged ” The heating, chemical and mag-
netic eftects of the dlectrie current have
been briefly mentioncd These effects are re
versible oncs too The elcctrie generator
has wire~ moving through a magnetic field
which generate the electric current that we
arc talhing about,
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AND PARALIEL CONNECIIONS
I MT' CURRINT JTOW

A numba of cells or generators grouped
together as a source are tetmed a “butay.”
By connecting a numbar of cells together
a mote poweltul current souircc 1= obtamned
than ¢an be mads by a <ingle edll Anv
high schcol physics book will explan about
the different kinds ot electiie hattaries
Cortamn chemicdal <olutions and (lments 1

SERITS

R R
SERIES A H A

A Ry B
— WWW— AW WW—AWW—

(%]
w?

alwavs think of the flow of negativelr
chatgcd particles a<c an “dlectron dow’.
tor@rd the positive tevminal of the bhattery
The electiic curtent 1s a “curient flow” away
fiom the po<itive taaminal. The diagram
shows what 15 intcnded.  Onlyv boeeause the
clection theorv had not been advanced when
the conventional dcfimtion of posttive and
nezative was made do we necd to make this
distimction  The cunrent flows in the same

Ristal =K #R, #R3+R

A
) I ) ! /
PAKALLEL 3R, 3R, 3Ry ER, Riotal = 7, 7727 72
B R; Rz K3 Ra
> < A
series 3Re 3Ra ERs Ryupar™ /
RA 1 L /
PARALLEL ::R ::R :_R 0 e S *Q—;_e*p,«&fg
N2 3Re 3Re 17 R2 K37 KsTRe &5 ]
B

RESISTANCES CONNECTED IN SERIES, PARALLEL AND SERIES-

PARALLEL

best ~uited for mahmg cells 101 cartam jobs
Electric ¢« s and m tact &'l pocees of e -
cal apparatus mav be connested m “serres”
or “paraltel” or “series-parallel” depending
on which wav 1 best 1or a given purpose

Inanyv el Gic ol tha are wwo diterent
hamical (dements 1in a solutton D opend ng
on the choce of elements and soluaon a cer-
tain clectromotae torce will he developed
and mamtamad,  One termimal will alwavs
he positire () while the other tainunal
will alwavs be negatine (—) with 1espeet to
it. When the two tamials are connceted
by a wnn e or conductor an clectie curent
flows.

<« Movement of clectrons

©609% 0600690
Current How in conductor —

Two Cell Batlery
CURRENT FLOW

In the cncuit edfcrnal to a battery the
“curttent” s sawd to flow fiom positine to
negatine The clectrons on the other hand
are said to flow from the negative pole of
the battery to the positive. Thus we must

dincction through (varv pairt of the enan
If we examine conditions inside the dry
colle shown 1 the diagram we find the
flow just opposite from the diections 1n-
dicated for the extcrnal circmt. When the
kv 18 closed the electrie current flows
around the external crewt from positive
to negative. When the key 15 open there
15 an msulating medium or non-conductor
between ite contacts.  No curient of any
consequence can  flow We speak of the
conditions with thc Lev closed as “closed
cnrcuit” conditions When the hey o1 amy
pait of the crcwt 1s open or bioken we
speak of the conditions as “open cicut”
conditions,

When a sceady curr nt flons m any
clectiie cncut, the size or amphtude of the
curtient 15 detetmmed by the deetromative
to,ce i the arcurt and the rcsistance of the
(ncuit - The relations that d termine jas
what curtent flows are hnown as Ohm's
I aw. In order tha' we mav speak con-
vemiently of electrical prossure. cunent and
lesistance, cortamm umts of measwme ar
used  The commonly accepted wnit of cur-
yent is the ampere  The wunit ot elcetro-
motice torce or electrical pressuie s the
volt. The wunit ot ic¢sistance is the ohn.
When one volt (e.m 1) 1s applhed tn a cir-
cuit having one ohm resistance, a eurient
of one ampeire will flow.

When I is the cunvent i amperes, E s
the electromotive force m volts and R 1
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the cucurt resistance in ohms. A simple
formula expresses Ohm’s law:
E E
R =— 1=-— E =RI
I R

The 1e<1stance of the whole (ncwit can be
found by dividing the voltage by the cur-
rent. The curient can be found bv dividing
the voltage by the resistance. The e.m.f. 1s
equal to the product of the 1esistance and
cumrrent floning. It is at once evident that
if any two of the quantities aie hknown, the
other mav be found by applying the formula.

A good analogy can be made by consider-
ing for a moment some flurd acting n a

—

A SCHEMATIC DIAGRAM

itmel.
(%/fnt,%;ﬂtcnm/} Resustor
I Loy

Three dryells o Aey
connected i series

Ammeler
(70 measure the current)

B  PICTURE DIAGRAM

ca///af
small pipe
{radm/otc/fr/
af/ermg
resistance
to flow

C - MECHANICAL ANALOGY

THE ELECTRIC CIRCUIT AND
MEASURING INSTRUMENTS

mechanical circuit. In Figure C the pump
has a stmilar 1unction to that of the battery.

A shut-off valve contiols the current flow
in the pipe <simlarly to that of the key in
the electrie cwrcuit. The walls of the pipe
offer “reststance” to the flow of flurd just as
the atom~ stiucture of the connecting wires
and resistor hold back the flow of electric
current in the electiic cirewmt. A water
pressute meter and a ‘“‘rate-of-flow” meter
have the same uses m such a circuit that
the voltmeter and ammeter have in measur-
ing the electrical pressure and rate of cur-
1ent flow n the electiic circurt.

The higher the “pressure” the more flud
will flow around the pipe. The smaller the
pipe the greater 1ts “resistance” and the
less current will be panntted to flow.

USING OHM 5 LAW

Every part of an electnie ¢nncut has some
resistance. We have shown how cells can be
connected 1n series, how resistances can be
connected 1n <erres. Iffaent electrical in-
stiuments can be connected 1n series 1n the
clectrie arcut. In the dragram on the next
page, the tubes, the rheostat, and the three
cells ot the storage hattery make up the
serres cnnemt. The two vacuum tubes are
connected 1n parallel, but they are 1n series
with respect to the r1est of the cncmt. The
theostat 15 a variable 1esistance and 1s used
to change the cunent floning 1in the cir-
cuit by changing a part of the resistance of
the whole (nncuit and therefore 1in effect
changing the whole resistance which 15 the
sum of all the paits. The rheostat has
part of the arcuit resistance, the exact
value depending on the position of th: 1heo-
stat arm and the amount of resistance wire
that 1t includes 1n the crcurt The cells
themselves have some “internal” resistance,
depending on thewr condition The fila-
nients have an increasing tresi~tance with
merease 1n temperatine. This in turn de-
pends on the current through the tubes. The
lead wines in the arcuit r1esistances are so
small that thev can be neglected for prac-
tical computations. If the lead wires are of
copper and have a laige «1oss-sectional
area (the kind of wue and the size whe
used determine the “conductivity” [mhos]
which 15 the reeivrocal of the resistance in
such a cireuit) than resistance is so small
that we need nct consder at. If drv cells are
used, their resistance mav be neglected if
they are new. Storage cells always have
a vay low internal 1e<istance 1if they are
cared for and kept chairgad.

VOIEAGE DROPS

When curient flows through a resistance
we have what is called a “voltage diop”
across the 1esistance. The voltage drop 1s
always equal to the voltage which causes
the cuirent to flow through the resistance.
The voltage diop across the filament of a
vacuum tube can alwayvs be found by Ohm'’s
Law and is the “re<istance” (of the filament)
times the cumirent flowing through it. The
sum of all the voltage drops across ihe
various pieces of apparatus 1 a seies
circuit 15 always equal to the voltage of the
source (or the sum of the voltages in the
cncuit 1f there be more than one source).
This law 15 known as Kinchoff’s Law. So
the combined voltage drop across the rheo-
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stat and the paralleled filaments will be al-
ways equal to the voltage of the storage
batterv (s1x volts).

Keceping these relations 1mn mind we can
{find the resistance of any part of the (ircuit
I'"¢cr example, we have a detector and one
stage audio amplhfier (standard equipment
for amateur code work) using two UX-2091-
A tubes.  What rosistance (Ra) <hould we
connect 1 the cncuit to use a sin-volt
batte1v with this outfit?

On the box 1in which the tube came we
find that the manufacturers speafv a
ternunal voltage of 5 volts and a filament
curtent of 25 (1y) ampere for each tube

i‘_. 10 Ohms ——»i
R4 200hms i

1

1

'

|

/
’

Representing interna l
resistance of the cells

Th» 10s1stance of the filament under any
operating conditions can be determined bv
Ohn’s Law o1 from facts about the tube
supplied by the manufacturer. A five-volt
tube which takes a filament current of one-
fourth ampere has a resistance of 5 &
vided bv %4 or 20 ohms.  When two tube-
are connected in parallel the resistance of
thc combination i<

R= / _ R, R, _
T atE TR *R, T
R, Ry 1 2

20 x 20
20+ 20

= /0 0hms

Now we can check the accuracy of our
problem solution by using our answers and

UX 201A fubes m/oara//e/

/
R R, +Ry+Ry*Re * L7t

(Neglecting R, Rz, and R3
Lhis becomes )

R=Ry + La8s
Rox Rq*Rs

The battery rheostat
and tuvesare connected
I 1n serres

Storage Battery
3 cells(in Series) X 2 wlts feach) = 6 volts

SERIES-PARALLEL CONNECTION SHOWING HOW TO SOLVE FOR THE TOTAL RESISTANCE
IN THE CIRCUIT

This then wall be the voltage diop or term-
mal voltage of the tube under oparating con
ditions.  We have two tubes cach requning
25 amperes 5o our storage battery will have
to supply 2 25 ot 5 (1:) ampere. If pos-
«ible, always find the current and voltage
(01 the eflective 1esistance) of the portions
of the arcuit m parallel bcfore trymg to
find out about the scries branches of the air-
cut.

Because the summation of the voltage
diops equals the voltage of the source, the
drop across the rirheostat cquals 6 volts
minus 5 volts or 1 volt.  We have assunied
that the drops in the batterv and leads are
neghgible, which is nearly true

Now we know two things about the rheo-

stat. The voltage drop across 1t must be 1
volt  The cumrrent thiough 1t 1~ 5 ampere.
By Ohm’s Law the resistance is:
E 1
R=—=— =2 ohms.
1 1,

The wusual 0-6 ohm 1heostat will give
ample vanation and should be chosen for
this purpose.

th¢ e.am.f. mm the cocut and solving tfor

the curnent.

[=£- 6Vl _ 1 e
R " 100hmss2ohms 2 YTPE

R=combined, resrstance of tubesplus
resistance of rheostat al proper setting

The heating effect of the electrie current
15 caused by the friction of the electricity
flowing through the wire. The higher the
1esistance the more heat will be gencrated
for a given length of time (seconds) and
for a given amount of cwrrent and the
greater will be the power loss or power
spent it making heat.

E
Power (watts) = IR = EI — —
R
Heat (British Theimal Units)
—=1IRT (95x10%)

If the current in a 1esistor and the re-
sistance value are known we can readily find
the power that 1s used. If the voltage drop
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ac10ss a resistance and the curient through
it are hnown we can determine the resist-
ance value (from Ohm’s Law) and also the
power used (EI), whieh 1s always equal to
the product of volts and amperes.
Maximum power in the load is spent in
heating when the load resistance equals the
internal resistance of battery or generator.
Magnetie effects are always present when
a current flows in a circuit. Lines of maeg-
netic force or mmfluence surround the cur-
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VARIATION CF QUTPUT
AS LOAD RESISTANCE 1S
CHANGED

1ent carrying conductors. When a conductor
1s wound mnto a coil of many turns the mag-
netic field becomes stronger because there
are more lines. The laws of the magnetic
circuit are similar to those of the electric
circuit but we do not usc them as often
in elementary work. The magnetic force is
spoken of in terms of magnetomotive force
(m.m.f.) which depends on the number of
turns of wire, the size of the coil, and the
amount of current flowing in the coil. I
ten amperes flow 1n one turn of wire the
magnetizing effect is 10 ampere-turns. If
one ampere flows in ten turns of wire the
magnetizing effect is also 10 ampere-turns.

The length of the magnetic circuit, the
material of which it 18 made and the cross-
sectional area, determine what “magnetic”
current or flux (¥) will be present. Just as
the resistance of the wire determines what
current will flow in the electiie circuit, the
1cluctance (u) of the magnetic circuit de-
pending on length, aiea and material acts
similarly in the magnetic (ncuit.

E

I = —1n the electrie arcut so

m. m. f.
[ — in the magnetic circuit.

[

The magnetic field about winres and coils
may be traced with a compass needle or by
sprinkling 1ron filings on a sheet of paper
held about the coil through which current
1s passing. When theie 15 an 1ron core the
mcreased magnetic force and the concentra-
tion of the field about the 1ron is 1eadily
discernible.

Permeability is the 1atio between the flux
density produced bv a certain mam.f. and
the flux density that the same m.m.f, will
produce in air. Iron and nickel have
higher permeability than air. Iron has quite
high peimeability, 1s of low cost, and is
therefore very commonly used in magnetic
circuits of electrical devices.

The permeability of 1ron varies somewhat
depending on the ticatment 1t receives dur-
ing manufacture. Soft iron has low re-
luctivity, another way of saying that its
permeability is extremely high. The mole-
cules of <oft 1ron are readily turned end to
end bv bringing a current-carrying wire or
a permanent magnet near. When the in-

4
i)
[/ﬂmﬁzpqc’f;z:cé R
Steel Bar  Magnetng s
Cort Source
S~
Magnetized
Steel Bar

HOW PERMANENT MAGNETS ARE MADE

fluence 1s removed they just as quickly
resume their former positions. When cur-
rent flows around a soft iron bar we have a
magnet. When the circuit is broken so the
cumrrent cannot flow, the molecules again
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assume their hit-or-miss positions. Little
or no magnetic effect remains. When a steel
bar is subjected to the same magneto motive
force 1n the same way, 1t has less magnetic
etffect. However, when the curlent 1s re-
moved, the molecules tend to hold their end-
to-end positions and we have produced a
permanent magnet. Compass needles are
made 1n this way. Peimanent magnets
lose their magnetism only when subjected to
a reversed m.m.f., when heated very hot or
when jarred violently.

The direction of the magnetic field can be
found by what is called the right-hand rule.
Grasp the wire in the right hand with the
fingers around it and the thumb pomnting

Direction of Magnetic
 Field

Oirection of
Current

- -

along the conductor in the direction in which
the current 1s flowing. The fingers then
point in the direction of the magnetic field.

ATTIRNATING CURRENT

Thus far we have considered current
electiicity as a flow of electrons m one di-
rection around a circuit. This sort of a cur-
rent 18 known as “dwrect” current (D. C.).
In many applications to-day we have to
think about “alternating” current (A. C.).
Instead of a unidirectional cutrent in the
circuit, the current that flows goes first in
one direction and then in the other. Instead
of having a pump (dynamo with commuta-
tor) to make the water flow 1n one direc-
tion in a pipe, we now have a double-acting
pump and the water (electrons) flow first
in one direction and then in the other. The
speed of the reversals depends on the time
in which the pump acts in each direction
before reversing. In an alternating current
generator the number of poles in the mag-
netic field of the machine and the speed of
rotation determine the number of alterna-
tions or reversals in current that take place
in one second. A complete cycle has two
alternations or reversals of current. The
diagram shows the way in which a ro-
tating coil cuts a magnetic field, and the
changes in the direction of the current with
time are indicated by the second part of the
diagram. as well as the amplitude or size of
curlrent flow during different parts of the
cycle.

We shall be much concerned with alter-
nating currents, as all 1adio work 1s based
on them. The number of cycles that takes
place each second 1s called the “frequency”
of an alternating current. Power cireuits
frequently use 25-cycle current. Electric
lighting ecircuits are usually 60-cycle cir-
cuits.  Ship radio generators are often
wound for 500-cvcle operation. Radio
transmission ecircuits require energy at fre-
quencies of 15,000 to several millions of
cycles per second. These higher frequencies
can be produced in sevcral wavs. We are
concerned with the equipment that is neces-
sary. High {requency alternators and
“arc” sets can best be used to produce the
lower radio frequencies. “Spark” trans-
mitters have been in use for years for ship-
shore communication. “Vacuum tube” trans-
mitters are most ¢ffirient and inexpensive
of all. They are widely used today for all
sorts of radio services. The older equip-
ment is interesting but we shall study the
tube transmitter mainly.

INDUCTION

When current passes through a coil it sets
up a magnetic field around the coil. The
strength of this field varies as the current
varies. Conversely, if a field of varying

CollectororBrush

2;_{ ] resémg on Sip Ring

Direction of rotation A
at voiform mtzd.s;aeal'x:

Yo/’ 172

The AC M lers read the
T eAective values of current
and w/taje (rms — Jo7 of
max value of sme wave )

AMPLITUDE

SIMPLE ALTERNATOR CIRCUIT

D/me Shows mnstantaneous values of current and voltage
with eectrical degrees of col rotalion — there are séo elec-
lrical degrees for every pasr of poles so that one complete
mechapscal revolution may corréespond to more thon ane
trical revolutron

strength passes through a coil an electro-
motiveforce is induced in the coil. If a
permanent magnet 1s thrust in and out of a
coil a voltage is induced in the coil. The
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time trate of cutting flux detcrnnes the
value ot the mmduced voltage.

This prinaple 15 utilized m large direct-
current and alternating-curient genetatots,
in traastormers and m all “orts of electric
motors and trotating electrical machinay
In generators and motors, magnets (o1 field
poles) set up an electrcal field which hinks
conductors (armature coils). The relative
motion of the field poles and the arma-
ture deterxmines the rate of cutting flux and
the voltage that s induced. In trans-
formers the parts are stationary but the
flux 15 alternating or changing m yvalue
and direction. The value of the iduced
voltage depends on the rate at which the
magnetic field changes and on the number
of tutns 1n the coills. Changes 1n flus fol
low changes n curtent dnectlv. Al cols
have that propeity known as *~elf-induct-
ance”, or clectrical mertia A decreasmg
curtent causes a decreasing flux. The de-
creasmyg flux induces an E M . 1 the <ol
which tends to prevent any further de-
(rease 1 (urrent. The direction of the
mduced voltage always tends to provent the
change ot current which makes the induced
voltage.  When changing flux links other
coils which are near the ¢oil in which a varv-
g cunient flows, a voltage 15 set up n each
coil, the value depcnding on the r1ate of
change of the flux linking each coll and on
the tuins 1 the respective colls  The n-
duction between coils 15 known as “mutual”
induction.

Energv 1s stored in the magnetic held
which surtounds a curient carrying corl

Inductance is measured i “henties”. Ths
property of a coil depends on its number
of turns, the diameter ot the cml, and on
the permeability of the magnetic matenal of

o
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FORMS OF CONDENSERS_

the core  In 25-cvcle and 60-cvcle work an
inon parh 1s usually provided tor the flux.
The permeabihity of iron 1« much gieater
than that of air at these frequencies. All
1non and steel shows a “magnetic lag”. The
flux 1in the 1ron lag< somewhat behind the
curtent produang 1t.  This phenomenon 1
known as “magnetic hysteresis”. When the

magnetizing force (H) 1~ creased, the
flux density (B) mcareases very rapidly at
first 1if an 1on core 15 used. However, for
latge values of magnetizing force. the m-
tensity of magnetization becomes constant
and the magnctic substance 15 said to have
become “saturated” A further mmcrcase n
flux density (B) can only be made by a dis-
proportionate mcicase i maignetising foice
(II).  In radio-frequency cineuits, 1mon -
troduces a hysteresis loss. The hghor the
irequency the lower the paraussible flux
density. The 1iron cannot follow the ramd
chang¢s in flus It 1< worthless at the
highcr 1adio fiequenaies.

FINID O AND VARIATED INDUCTANCE

Coils uscd 1 radio arcwts are made hay-
ing etther fixed or yariable mductance
values. Fived coils have a fixed sclf-indue t-
ance (1) Somctimes two coils are anranged
in seties <o that they may be 1ot ited with
respect to cach other When the fields add,
the mutual mmdu tance of the combination
(2M) can be adddd to the self-inductance of
cach of the cols When the fidlds are
opposed. the mutual mmductance (2M) 15 <ub-
tiacted from the <elf-inductance of the twe
coils.  When the fields of the coils are at
nght angles, the mutual mmductance 15 zero
and the mmductance of the combination 1s
the sum of the inductances of the two coils.
This arrangement 1s commonlhy known as a
variometer.

CAPACTIANCE AND CONDE NSERS

The property of a dietectiic betweeon two

conductors that makes 1t posshile for the
combination to become chargad 1= known
as  capacitance Colls  have nductance;

condensers have capaaitance. Usually a
number of metal plates of large area are
sepatated by am, mica, glass o1 some other
dielectiie. The capacitance of a condenser
dcpends on the numba of plates, the area
of the plates, the distance by which they are
separated and the materal bhetween the
plates which 1« known as the drelectric.

The “electric field”, ~ometimes called the
“electrostatic” field of the condenser, 1s con-
centrated mostlv in the <pace between the
plates. When the plates are connected to
a direct curntent somrce, a heavv cunent
flows for an instant. and decreases to zero
The condenser 1s said to be “charged” and 1if
the dielectric 1s good, it will hold the charge
for some time If the current sowce is
taken away and a wire connected acioss the
plates, the condenser will discharge through
the wire A large condenser charged with
several hundied volts will give a visible
spark and discharge with a crash Tt will
also cruelly “jolt™ one who plavs thought
lessly with its terminals
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Eneigv is stored i the elcctie field of a
condcnser just as 1t 15 stored 1n the mag-
netic field of a coil. The «nergy i the
field of a coil or condenser 15 potential
energy. Water stored m a tank high
above the earth has potential encrgy due to
1its position with respect to the centcr of
the earth.

Capaaitances can be connected 1 series or
in parallel hike resistances or inductances.
However, connecting condensci~ 1n parallel
makes the total capacitance greatcr  In the
case of resistance and inductance, the value
is lessened by making a parallel con-
nection. Capacitance 15 measured 1n
“farads” or more commonly (in 1adio work)
in the smaller units known as the micro-
farad or micromicrofarad.

DISTRIBUTITD INDUCTANCT' € APACTIANCE
AND RLSISTANCT

Thus far, we have considered thiee
properties of electrical arcuts and ap-
paratus. Coils, condensers and resistors
are all built to have as much of one of
these properties as possible without hav-
ing a great deal of the othcr two. Thewe
“lumped” properties can be connected 1n a
crrewit to produce a certamm «ffect on the
current and voltage distnibution Con-
dencers will not peinmut the passage ot a
steadv ditect current Raudio frequency
impulses act readilv through a c¢ond nser,
however Choke cotls and large inductance
coils tend to prevent rapid changes i cur-
rent. Radio frequency mmpulses do not act
through properly built coils. Direct or con-
tinuous current, however. flows unhindered
Lv thc inductance of coils.

In every sort of coil or condenscr and in
every clectrical cnreuit, we find not the one
property for which the instiument was built
but a combination of all the electrical
properties we have mentioned. Most de-
sign work 15 a compromise. to approach
nearest the ideal results we have 1n mind
Everv coil and transformer winding has
vesistance and distuibuted capacatance be-
tween the tuins as well as the inductance
that makes 1t a useful device  Every con-
denser has resistance losses also. Power
lines, telephone eircuits, cables and radio
antennas all have distributed inductance,
capacitance, and vesistance throughout then
entinte length. Lumped values are intro-
duced at mtcrvals and at the termunals to
produce certain effects The distributcd
properties have to be carefullvy condidared
also.

OHM'S LAW JTOR ALTERNATING (URRINT

Alternating current behaves much the
same way as diect current m cncnts that
contan tesistance only  However, its be-
havior 1~ somewhat changed by the ad-

dition of capactance and mductince to a
crcut.

W ¢ have mentioncd the fact that the rise
of cwrrent 1n a ccult contaimng induct-
ance was somewhat ddlaycd, that the in-
ductance had the eftvct of electrical mertia.
The effect of a lot of mmductance 1s to tend
to prevent anv mcease o1 decrease of -
rent m the cncut. It s also tiue that cur-

me

o wﬂmt%u/h tage 2phate ntrFrre Cesistane
1.

(b) Current lagging Voltage with Pure Induluun e
mcrcuil

l.ae

(¢) Current leading Voltage with Pure (apacitance
e cireurt

SHOWING AMPLITUDE~TIME RELATIONS OF CURRENT
AND VOLTAGE FOR A COMPLETE CYCLE ( 3co
Electrical Degrees)

tent must flow into the plates of a con-
denser betorc any potential difference can
exist between 1its plates. Because of these
facts, we say that the cuntent “lags” be-
hind the voltage n a ¢nncuit which has much
inductance and that the current “leads” the
voltage in a enrwmt where capacitance pre-
dominates.

In a direct camnent (ncurt, contarng
cither mductance or capacitance, the cur-
rent mcreases to a maximum value or de-
creases to zero as the case may be, con-
ing to a constant vate of flow after a few
moments, In an alternating emirent r-
cuit, the voltage 15 alternating in character
as we have seen and the instantancous
values of current and voltage ave constant-
Iv c(hanging. Some cumives show the am
phitude-time relations of curnient and volt-
age in circuits where thore 1= (a) resistance
(b) inductance (¢) capactance.

Ohnmt’s Law for alternating carrents

E E
1 =— 7= —
VA 1

=17

In an alternating current arcmt, the cur-
rent flow 1s determined by the voltage of the
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source and by the resistance (R) and re-
actance (X) of the different parts (1.e., the
impedance Z) of the circmit. R, X, and Z
are expressed in ohms.

Sometimes it 1s useful to show the rela-
tions between R, X and Z in a vector dia-
gram. The length of the lines 1in such a dia-

Z= \/ R (x,-x.)*
X=2nftL

)
Xe= znfc

THE IMPEDANCE TRIANGLE

(showing relations between impedance and
its components reactance and resistance )

gram can be made to represent the size o1
magnitude of the electrical quantities while
the angles between the lines can show “lead”
and “lag” in the circuit. In the impedance
triangle shown, OA can be taken as unit
radius of a circle drtawn about the center O.
Distances upward represent inductive re-
actance while distances downward from O
show capacitive reactance. Either may pre-
dominate and govern the conditions in a
cireurt. X and X are always opposite in
their effects and therefore can be sub-
trai'ted directly if the values are plotted to
scale.

Reactance is a property which we have
not discussed before. Reactance 1s a
property of a coil or condenser. It is that
property depending on the frequency and
inductance (or capacity) which determines
the behavior of the coil (or condenser) In
limiting the current that flows when an
alternating voltage is applied. The re-
actance is but one component of the im-
pedance. The inductive reactance of a coll
is meant by the svmbol X; the capacitive
reactance of a condenser is meant by the
symbol X.. Some resistance is also always
present in electrical circuits and must be
taken into consideration.

We have spoken of “lead” and “lag”. The
relations of the voltage drops caused by re-
sistance, inductive or capacitive reactance,
and impedance can be shown in a diagram
and will help in understanding these terms
better.

Alternating ‘oltages and currents have
thus far been shown on a magnitude-time
chart. The values of amplitude are shown
from instant to 1nstant throughout the
whole cycle (a complete cycle is 360
electrical degrees of rotation). A vector
diagram can be used to show the anegular
relations and magnitudes at a given instant.

In a series circuit, the current is the same
throngh each prece of apparatus. In a
parallel circuit the voltage of the source is
common to each bit of apparatus connected
in the cirewit. Either a current vector or
a ‘oltage vector may be taken as a
reference vector, depending on the particu-
lar cmwrcuit we are talking about.

The diagram shows a circuit containing
resistance, inductance and capacitance wn
serus. The vector (I) is the reference
vector showing the current flowing in such
a circuit. There is a “voltage drop” across
each part of the circuit just as 1n the case of
a direct current circuit. The algebraic sum
of all the voltage drops around the circuit is
equal to the voltage of the source. In an
alternating current arcuit some of the volt-
a2ge drops may be positive and others may
be negative. The voltage (E=RI) 1s effec-
tive 1n causing current to flow through
the resistance of the circuit. It is “in

Iron Core /duclor

‘;@ 3/ denser

PICTURE DIAGRAM.

Resistor

Soor 60ucle Alternator, 10 Amperes

70w

| RI x_1 X! !
~ —2ZI - | _
! Ep = R - 400 volls

Voltage | Ec = X. [ = 1000 volls

Orops 1 Ec = XoJ = 700 volts

Eat=Z/ = Soo volts
SCHEMATIC DIAGRAM

Inductance predominates
So cyrrent

Eare 4peled yo/t;zg; pdegrees

.l <
180 1

VECTOR DIAGRAM OF VOLTAGES
IX,=E;. (Current s reference vector in
¢ series crrcuit )

SERIES ALTERNATING CURRENT CIRCUIT

phase” with the current. The voltage (E;=
IX:) is effective in overcoming the induct-
ance of the coil. It is 90° ahead of the cur-
rent vector, for the current in a coil lags
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the voltage, and when the coil has pure in-
ductance the angle 1s 90°. The voltage
(Ec=IX¢) causes current to flow 1n and out
of the condenser plates. It is 90° behind
the current vector, for the current in a con-
denser lcads the voltage. Right away one
can see that voltages across coils and com-
denser in the ciicuit are about 180’ out
of phase. When they are cqual in ampli-
tude and exactly opposite in phase, the con-
dition known as electrical “resonance” ob-
tains. The current in the ecircuit is “in-
pha-¢” with the voltage. Its value is d>-
terinized only by the resistance of the cn-
cutt.  This is called “series resonance” or
“yoltage resonance”’. Sometimes the voli-
ages across the condenser and cotl m a ¢t
cuit like this build up to values much higher
thun that of the voltage source. Then thev
become dangerous to both life and equiv
nient. In a vector diagram where size anu
angle are correctly shown, the “in-phasc”,
“leading” and “lagging” components of the
voltage can be separated. The leading ani
lagging components are 180° apart. Sub-
traction gives the “effective” reaction
vector. Combining this with the “in-phase”
vector by the old law of triangles that “th.
square of the hypotenuse equals the sum of
the squares of the other two sides” we can
find the “impedance drop” which 1s the
diagonal of the impedance triangle.

In the second diagram a circuit with re-
sisters, coils, and condensers in parallel 15
shown. The voltage impressed on each de-
vice is common to all devices 1n the circuit.
The current in each of the three paths is
determined by the applied voltage and the
“yesistance” or “rcactance” of the path we
are considering. In the condenser branch,
the current will “lead” the appled voltage:
in the coil branch, the current will “lag”
the applied voltage; and in the resistance
the current will be in phase with the ap-
plied voltage. If the current in the coil and
that in the condenser happen to be of the
same value, the current supplied by the al-
ternator will be the same as that taken by
the resistance alone. A much higher cur-
rent will be present i1n the leads between
the condenser and coil. This condition i«
known as “parallel” or “current” resonance

If we know the values of inductance, ca-
pacitance and the frequency, we can always
figure out the “reactance” and find the cur-
rent that will flow in the coil or condenser
when a certain voltage is applied. If re-
sistance, inductance and capacity are all
present, they must all be considered in the
proper relation. Complicated net works
are hard to solve but usually we can divide
the circuit into sections and treat each one
independently.

When the resistance of a device is small
in proportion to its inductance we can
neglect the resistance and simplify calcula-
tion.

FIGURING SOME PRACTICAL PROBLEMS IN
ALTERNATING CURRENT

It is assumed that we have a 40-meter
transmitter. It is desired to connect a
small condenser across the high-voltage
plate transformer to protect the trans-
former windings from voltages that might
build up across them if high frequency
currents should leak back thru the R.F.
SIS =R
> lLQIL = ﬂ - j/mlucfor

/u.n’ar!lj ﬁ Conde nser Choke Corl )

or Inansformer,
PICTURE DIAGRAM

\
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1 y - Sosamperes

23%m ng a perfict
«~ erserand o/
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SCHEMATIC DIAGRAM

tan  ‘ume pred minales
v eurrent /e
v tage P degrees

I~ €7 VECTOR DIAGRAM OF CURRENTS
Volt 23¢ 15 reference vedlor in a
purriielcircurt)

PARALLEL ALTERNATING CURRENT CIRCUIT

choke and filter to any extcnt, a condition
possible though perhaps unlikely. Re-
membering that the higher the frequency is,
the lower the “reactance” of any condenser,
we judge that a small condenser will prob-
ably do the trick. Finding a .02-microfarad
mica-insulated transmitting condenser avail-
able, rated to withstand 2,000 volts, we
decide to consider what may happen if we
connect it acioss the high-voltage alter-
nating current source.

First of all to sce if it will be practical
and accomplish the result we want, let’s
see (a) what the reactance of the condenser
to the 40-meter (7,500 kiloeycle) leakage
will be and (b) what the reactance will be
to the 60-cycle source. In the formula the
units are cycles and farads so we must re-
member to use the proper conversion faec-
tors.

(a) X, =1 = 2xfC =1 — 6.28 x
7,500,000 x .02 x 10 =1 — 6.28
x 75 x .02 = 1/.942 = 1.06 ohms

reactance at 40-meters (a very low value
which will readily by-pass R.F. and prevent
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any harmiul voltages building up acto~s the
mductance of the tianstormer winding).
W)X =1 2xfC =1 -628x 60
x .02 ~ 100 — 132,800 ohms
1eactance at 60-cycles.

The transformer 1s a small one and so
we cannot be sure until we higure it out 1if
the secondary current taken by the protec-
tive condenser and the set combined will be
Liable to overheat the transformer or not.
The plate transformer we happen to have
has a ratio of 10:1 and delivers 1100 volts
(effective value) when 1un normally. The
60-cyele current through the condenscer will
be:

1

E 1100
T X,

—_ L0033
53 m.a.

amperes —

132.600

The transfornier 1s 1ated at 100 watts
(VA) which means that 1t will deliver

W 100
1= — = —— =91.1 m. a.
E 1100

The transtornter output goes to a tube
reetifier thru a filter which has a 70-henty
choke 1n one lead. Aiter keying i the
negative lead the current passes thiough a
3-hemy “keying” filter choke to the plates
of two UX-210 tubes. There 1s a consiwder-
able voltage diop 1n the rectifier tubes and
in the resistance of the two (hoke-coil wind-
mgs.  In addition to this, a 1esistor may
be added 1 scernies with the keyving choke
winding to further drop the voltage so our
tube will operate normally with about 400
D C. volts 1 its plate ¢ncuit.  The proper
size of this resistor 1~ quickly found by
using Ohm's Law. If 1t 1~ de<ired to pro-
duce a diop i voltagc of about 100 volts,
divide this value by the «~timated plate (-

tent, let us say 100 mils ot .1 ampete.
(R — E/T)

100
—— = 1,000 ohms
1

In puichasing any resistors be sure they
are big enough to dissipate the heat that
will be produced by the current they will
have to cany. The power that must be
dissipated in heating 1s ' W = RI- (watts)
1.000 x .1° = 10 watts (for such a resistor).

Sach tube takes 45 milliamperes. 2 x 45
= 90 M.A. which the set takes when correct-
ly adjusted. The .02-mfd. condenser across
our transformer takes a “leading” 60-cycle
cnment of 8.3 M.A. (assummng a perfect con-
denser with no leakage). There are filter
condensers  across the high voltage lhine.
They are acvoss rectified D.C, however, and
de not affect the tran<former current n
quite the same way. Assuming that the

transmittar opcrates at nearly umty power
factor (current m phase with the voltage)
the resultant curient taken by the trans-
miter awnd condenser will be 90.35 M.A.

This 15 eastly computed by using the law of
squares previously 1efaired to.

I=V{IPr(l)? =V30*+83% =Vo169 =9035ma

So our transformer will operate at about

full load with the condenser and trans-
mitter load connected continuouslv. Trans-

formers can be operated wmternttently at
150% of rated load without much danger.
Before connecting manv different kinds of
loads to a transformer we should figure
out about what is going to happen. Swut-
able protective fuses should be mstalled.

TIGURING 'THI C APACITANCE O6 A
CONDLNSER

hA (n—1)

= ——

4td9x10
KA

= 0088 —— (n—1) 10
«

mtds.

where A = area ol one side ot one plate
(sq. ¢m.)
n — total number of plates
d — separation of plates (em)
h = speafic induetive capacity ot
dielectric.

The Specifiec Inductive Capacity (k) is a
property of the dielectric nsed m a con-
denser. It determines the quantity of
charge which a given separation and area
of plates will accumulate for a given applied
voltage. The “inductivity” of the dielectric
varles as in the following table. “k” 15
the ratio of the capacitance of a condenser
with a given dielectiie to the capacitance of
the same mstrument with air dielectric.

When the arr dielectrie i a variable con-
denser 15 replaced with some other flnd di-
cleetric its maximum and mmimum ca-
pacitance values are multiplied by “K” and
the “sparkling” potential is increased.

Fluid diclectries repair themselves afier
a break-down unless an arc 1s mammtamned
that carbonizes the oil. Dry o1l is a good
dielectine with quite low losses. When
sohd dielectrie i< used 1t should be boine
m nmund that dielectric stiength  (breal.-
down voltage) becomes lower as tempera-
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ture rises. Breakdown is a function of
tinte as well as voltage A c¢ondenscr that
stands up under several thousand volts for

Dieloctric hilovelts per
‘K™ (m topuncture
Air (Normal
pressurc) 1.00 7.8-9.0
Flint Glass 6.6 to10 900
Mica 46 to 8 1500
Paraffin Wax (~olid) 20 to 2.5 400
Sulphur 39 to 42 —
Castor Qil 4.7 150
Porcelain 4.4
Quartz 4.5 —_—
Resin 2.5
Olive Qil 3.1 120
Gutta Percha 3.3 to 4.9 80-200
Shellac 31
Common Glass 3.1 to 10 300-1500
Turpentine 223 110-160
Dry Oak Wood 25 to 6»

Formica.Bakehte,etc. 5 to 6

TABLE OF DIELECTRIC CONSTANTS

a few scconds nught break down when con-
nected to a 2000 volt hine for a half-hour.

Example of finding condenset capacitance:
We have 3 plates, 37 x 5”, m an  The plates

are separated '¢”. 17 = 251 centimctetrs.
h=1. A 7.62 x 12.70 965 sq (nn
d A175¢cm. n—1 = 2,
1968
C = 0088 ————— 2110 00005325 uf.
32

or 531% micromicrofarads

If we put this i castor ol the maca~e
in capacitance, onwmg to the greater value
of K, will make our condenser have
a capacitance of

53% x4.7 250 micronucrofarads.

The air condenser nught sparh over at
about
TIXJAITHh ¢m 2475 Ty (2,475 volts)

In ol (castor oil) 1t would have 150 78
tinies the breakdown voltazc of an

150
- 19 25
78
19% \ 21756 — 47,600 volts
We can find the same value directly
10N 175 (m. 47,600 volts (peak)

Usmg the formulas for “rcactance” we
can find what the voltage diop across this
condenser will be when carrving current at
a specified high frequency,

1
E.=X.1 X = —
2xfe
Where E s the reactance voltage drop.

C 15 the capaatance of the condenser
(farads).

f 15 the frequency ((veles per second)
X, 15 the rcactance of the condenser
ohms.

Suppose we are using the 3-plate fixed
air condenser in our antenna circuit, that a
radio frequency ammeter 15 m seties with
it.  We are operating on an 80 meter waye-
length  (3.750.000 <vecles) and the metar
tieht next the condenser 1eads 13 anmipercs
What 1s the voltage drop across the an con-
denser?

1
X = - = = S
2 (.1416)  (3750000) (53.25) 10!
1 10'
= — —— = T97. ohms
1257 % 10 1257

E = (797) (13)— 1034 volts (root mean
squate value).

If the wave 15 a <mme wave, this value
multiphed by 1.411 will give the “peak” or
naxtmum value.

1034 x 1.414 — 11462 volts (peak)

Our radio frequency ammeter measuies
the heating effect of all the mstantancous
valucs of curnrent duning the radio-trequency
¢ydde.  The direct cunrent, the square of
which equals the avaage of the squarcs of
all the values of alternating current over a
whole cycle, produces the same heat as the
alternating curient Alternating current
meters genetally used for A O switchboard
work 1ead the effectiec or rool mcan sqnare
talncs which we mention above.

POWIR AND POWI R | ACIOR

In a dinect current ¢ncmt the power n
product of
In an

watts  equals  the
amperes (P=EI).

volts  and

AC arcanmt the

T2
leosg
1 COS ¢ 18 1hrp
“IN PHASE™ WIIH THE VOLIAGE
SIN 1S3 THE "“QUADRATURLE” (OM-
PONIN]
The origm of vectors 15 mdicated by O Curront
and voltage yactors are shown with a full arrowhe id
whilc the components of the current have the halt
arrowhaad

IN THE VECIOR DIAGRAM
COMPONENI
AND )

mstantancous power cquals the voltage
times the curntent “in phasc” with that volt-
age P E (I ¢cos d).

We have mentioned the “leading” and
“lagging”  currents that flow clectiically
“ahead of” or “behmd’” the voltage. The
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angle between the current and voltage is
called the “phase angle” (). The cosine
of this angle is the “power factor”. In the
dragram the current (OI) is shown leading
the voltage (OE) by the angle (®). The
cosine (in-phase component of the current)
is OLc. The sine or 90° out-of-phase com-
ponent of the curient is I sine ¢ in the
diagram. This is sometimes known as the
quadrature or the “wattless” component of
the current. I cos & = I. Any trig-
onometry text has tables of sines and
cosines of different angles. Strictly speaking

oI

the cosine is the ratio Ol is taken as

unity radwus for the semicircle so the
cosme can be expressed as O, some frac-
tion of unity. The power factor is the ratio
of the actual power dissipated n a cireuit
(watts) to the volt-amperes (combined
power and wattless power.) The volt-
ampere rating of a cireuit 15 often known
as the “apparent” power. When OI hes
along the Iine OE, ® = 0 and cos ¢ = 1.
This condition is referred to as “unity power
factor” and when 1t obtains P = EI as m
dircet current circuits always.

PHASE DII'TI RENCTE OF A CONDENSER

The angle between voltage and current
in a good condenser is nearly 90°. The
power factor of such a condenser (cos ® or
cos 90°) is almost zero.

y is the angle of phase difference. It is
the angle expressing best the amount bv
which the condenser falls short of being a
po) feet condenser.

The better the dielectric of a condenser
the lower the phase difference. The power
factor of a condenser is the 1atio of its
resistance to its rcactance. PF. = R/X =
2xfCR.

A condenser with imperfect diel>ctric be-
haves hike a perfect condenser having a low
series or a ligh parallel resistance.

DI'TINTIION AND CONVERSION OF RADIO
TERMS

While a complete glossary of quantities
and umts, with conversion tables, is out-
side the main purpose of this handbook, the
writer feels that some of the more con-
monlv  used terms and <ymbols en-
countered require definition. For com-
plete and relable information covering
both terms and graphical symbols th»
reader is referrved te “The Renoit of th:
Committee on Standardization”, published
by the Institute of Radio Engineers (New
York), and to the “Standard Handbook for
Electrical Engineers”.

Metric Prefixes Often Uscd With Radwe Quantities
1 One-millionth micro-
n —_—
1,000,000
1
m -— One-thousandth milli
1,000
1 .
¢ — One-hundredth centi-
100
1 .
d — One-tenth deci-
10
1 One uni-
dk 10 Ten deka-
h 100  One hundred hekto-
k 1,000 One thousand kilo-
10,000  Ten thousand nmvria-
1,000,000 One million niega-

The practical umt of capacity 1s the farad.
The ability of the dielectnie between the
plates of a condenser to become charged
electrically deternunes the permittance or
capacitance of a given condenser. A ca-
pacity of one farad 15 defined as that ca-
pacity which will have 1its plates chaiged
to a potential difference of one volt when
that quantity of eclectricity known as one
coulomb (one ampere flowing for one
second) flows into it. In radio engineering
the farad 1s much too large for practical
work so that sub-multiples are commonly
used. The murofarad (uf) and micromicro-
farad (uuf) are units used in common radio
practise. The micromicrofarad (uuf) is
sometimes referred to as a picofarad (pf),
which 1s a simpler expression standing for
the same electrical quantitv. The centimeter
1s taken as the clectrostatic unit of capacity
(esu) in the C. G. S. (centimeter-gram-
second) system and can be readilv used by
applying the conversion factor given below:

= 1,000,000 mi-
crofarads (uf)

1 farad (f)

= 1,000,000 mi-
cronucerofarads
(uuf) or pico-
farads (pf)

1 centimeter (¢m) (esu) = 111 micromi-
crofarads (uuf)

1 microfarad (uf)

1 henry (h) = 1,000 millihenries
(mh) or
1,000,000 micro
henries (uh)

1 microhenry (1h) = 1,000

(cm)

centimeter:
(emu)
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The practical unit of electric pressure
and potential difference is the wolt. The
electromotiveforce (E.M.F.) or voltage in a
circuit is what causes the flow of current,
just as pressure in fluids causes the flow
of water or gas in pipes. Current always
tends to flow from a point of higher to a
point of lower potential. The C.G.S. units
which equal one volt are the abvolt (10°
cemu) and the statvolt (300 esu).

The practical unit of the rate of cunent
flow 1s the ampere, determined by a fixed
rate of the electro-deposition of silver under
specified condrtions.

1 ampere = 10 absamperes ((mu) = 3.33

x 10} statamperes (esu).

The practical umt of resistance is the
ohm, defined as the resistance of a mercury
column of certain dimensions under specified
conditions. 1 ohm = 10 ' absohm< (emu)
= 9 x 10" statohms (esu). An E.M.F.of 1
volt is required to produce a current of 1
ampere in a resistance of 1 ohm.

Energy and power should be carefully
differentiated. Energy s simply the ca-
pacity for dommg work. Power represents
the expenditure of energy and is a measure
of the rate at which work is done. Power
is measured in watts; work done is measured
in watt-hours. Jost electrical devices are
rated by their power consumption in watts.
One horse power (H.P.) = 716 watts



(HAPTER IV

How Radio Signals Are Sent and Received

HEN a pebblc
«till  pond,

15 thiown 1nto a

water waves  are

created which travel outward mm

arcles fiom a common poimnt

When a dlothcs hine fastened to a post s

shaken vartically waves are set up which

travel to the post and are 1cflected back to
the hand,

Motion of Line -1~ of hand

The damping or decrease

namplitude rs dve to molecular
Triction (viscosrty) of the particles
of the line

WAVE MOTION

The waves are 1ecunnmg displacements
having amplitude. length. and frequency.
They canyv <nergy  and sprcad outward
from the soumrce with a dcfimte speed. Laght

waves and sound waves represent other
forms of wave motion. Radio waves are
smular to water waves Thev differ 1n

veloaty and trcquency from other forms of
wave-motion.

The veloaty of radio waves 15 about
300,000,000 meters (156,000 miles) per sec-
ond. There 1< a fixed telation between the
velocity, frequency and length of radio
Wwayes The veloaty 1< constant and the
frequendy  or wavelength may readily be
tound 1f either one 1~ known

Where

f 15 frequency icycles)

V 15 velocity 5 propagation (melersisec )
A 1s the wavelenath (meles)

-

WAVELENGTH-FREQU ENCY CONVERSION

<hown an charts and tables in (his book and clsewhdre

15 hased entirelv on svhstitution 1n the above formula.

V 15 a constant wheose acourate value mav be takcn as

299,920,000 meters por see. 1 sing this and anvy de-

sired wavelength, the (orresponding  frequency s

quichly tound DPividing the result (cvcles per sec )
by 1,000 gives the frequendy in hilocveles,

Suppose we hnow the wavelength 15 200
meters,
300,000,000
Then the frequency 15 — — — — — =
200
1,500,000 ¢veles per second.

A tadio wave consists of magnetic and
clectite limes of force. To create a water
wave we can mechameally agitate the water.
If we simply throw a pebble into the water,
the wave will soon decitease 1n height, lose
encrgy and be damped out. If we regularly
hit the water at <wtable intervals we can
heep the wave gomg out continuously from
the central point. To create a radio wave
we must disturb the medium 1in which lines
of force or radio waves can be <ct up. This
hiypothetical nrediunm 15 usually reterved to
a~ the ether. A high-trequeney  clectrie
cuntent (radio frequency to-and-fro move-
ment of electrons) 15 necessary for the
production of 1adio waves., If this current 1s
damped  out, the 1adio wave will also
diminish to zeto value. Magnetic and elec-
tric Immes of force go through the same
vaiiations as the currvent that sets them up.
If we continuallv supplv encirgv to keep the
electrons im motion, a continuous wave (CW)
will be «<ent out.

We ate concerned with the manner of
creating this high frequency energy. The
apparatus used 15 of particular mterest to
us  The lower radio frequencies can be
produccd by rotating machinery (Alexander-
<on alternator). Resonant circuits having
a natural period or frequency atre made use
of 1 comverting ordmary direct curnrent to
high frequencey curtent In practwe, the
clectine arc. the spark gap and the vacuum
tube have all been used with resonant cir-
cuits for this purpose.

OSCILLATIONS

If we put a weight on a spring and release
it, the weight bobs up and down for several
minutes.  The weight has nertia; the
spring has clasticity  Coils have inductance
or *“electrical nertia”. Condensers have
capacitance 01 “Yelectical  elasticnty”.
Mechanieal and electrical oscillattons are
vary smilar in most respects.

When a high voltage 1s free to act in a
arcut containimg mmductance and capacity,
the (umirent swmges back and forth in a
transient oscillatory way. just as the dis-
placed weight bobs up and down on the
spring

TUNID CIRCUITS

Int all radio work tuned (neuits are used
a great deal. Radio receivers and trans-
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nutters ahhe make use of tuned arcuts.
“Tunmg” a transntter simply means chang-
g the values of inductance and capacitance
so that the “resonant” frequency of the «ar-
curt 1s the desned value A transmtter as
usually  tuned to one wavelength (fre-
quency ) and the cncwt adjusted for masi-
mum eftectivencss  If more than one wave.
length 15 used, the adjusting 15 carefully
donc tor each The position of ¢lips and
condenscrs should be marhed <o that a
change can be quickly made.

“Tuning” a recaiver simply 1cfars to the
changing of the vaiiable elcment (usually
capacitance, but which may be either n-
dinctance or capacitance) to change the re-
cenned wavelength

A tube cnamt mev be adjusted for either
maximum ffcetineness or masmum offi-
aency or both if the controls of power <up-
plv and coil adjustment are flesible enough.

A=1885LC

When L 1s the inductance in micro-
enries
C 15 the capacitance inmicrofarads
A is the wavelength in meters
I SE 1HIS FORMUI A TOR DEFFRMINING 711K
WAVE] ENGIH, INDUCTANCE, OR CAPACI1Y

when the other twe values are known. Inductance

may be rcadily measurcd by using hknown capadities

m a resonant arcuit, finding the wavelength with a
wavemeter, and substituting n the formula.

Simple calculations can be made dnectly
from the formula. Knowing that inductance
usually vares as the square of the number
of “tuins” (n) and a< the squaic of the
diameter of coils (d), suppose we wish to
tap a coil to recenve 40-meter signals, in-
stead of 80 metars which a crcuit happens
to be working on  The o1l 1~ a Bremer-
Tullv space-wound affan and we will neglect
the distiibuted capaatance, which 15 other-
wise mportant.

Aec L C  (From above)

2 YL o R4c)
Z % 3 > 2
or
A Ve Va2 4
2 2 2 2

Then neglecting distuibutad  capacity, of
we tap the coilin th» «ontcr, the halt-wave-
length signals will be recenved. We might
also build a coll of half the hameter. hav-
ing the syme number of turns as the onginal
cotl  The <ame variable condenser can be
used successfully for tumng.

DAMPING  RISISTANCI

TUNING

SHARDPNISS OF

We can compate our electrical oscillations
to the mechanical osaillations of a pendulum.
Given one impulse, the number of tinies the
pendulum swings bacl and forth depends on
the medium around 1t. It will swing longcr
m a vacuum than m aie. If 1t 1S placed i
water, 1t will stop quichklv' The work done
mn ovcrcoming molecular tiiction slows 1t to
a standstill  The “viscosity” of the water
or ain 1s the measurc of this sort of friction
For a givenaimpulse, the amplitude of swing
will not be so great 1if the motion 15 hindered
by some <ort of fiiction  Loss of cnergyv
causes “dampmg”. In an clectiical (ncut
ve meet “resistance” which has much the
same effect on dlectiical osallations as the
“yiscosity” of the medium has on mechanical
osallations The “sharpness” of tuning and
the “e mphtudc ™ of clectrical osaillations are
greatost when the “r1esistance” of a Gireurt
containing a condenscr and col 1< lowest
The diagram <hows a tuned (nicuit which
has a vanable 1csrstance as well as a certain

amount of mductance and capacity The
high frequency gencrator G impreeses a
constant voltage in the <rcurt The cur-
tents that flow vary 1n broadness and
1 Resonant
|\ Frequency
/ne
§
N
S
3
X

lar able  Condenser
Resstance

HOW RESISTANCE IN A CIRCUIT BROADENS TUNING

FREQUENCY

amphtude depending on the amount of te-
sistance 1n the (ot

We get the loudest signals with a 1ecever
having low resistamce cncuts If we are
talking with a <tation whose note 1s very
sharp and a trifle “wobblv” or If we ale
tuning for <omcone near a certain wave-
length we can advantageously use a lumped
vartable non-inductive resistance i owm
tuncd ¢ncuits The note can be broadened
and made more rcadable without matenally
dectcasing 1ts high mtensity Of course,
our arcuit does not tune as “sharply”; more
mteiference from other stations may be
noticcd; a certain station will be heard, how -
ever, (van if the set 1~ de-tuned a tinifle. The
value of this arrangement depends  alto-
gether on the conditions for a given case.
Add forty o1 fiftv ohms to one of your tun-
ing crrcults and obscerve the action we have
mentioned.
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DAMPED AND UNDAMPED WAVLS

When our pendulum receives but one im-
pulse to set it in vibration, the oscillations
soon die out due to damping. In radio this
damping means that the current or oscil-
lation gradually decreases in amplitude.
After a few swings thru positive and nega-
tive values, the circuit 1s electrically in a
state of rest. Then another discharge
across our spark gap will set up another
group of damped oscillations.

If energy 1s supplhed m a series of
“timed pushes” the oscillations will rise
to a maximum value and hold that value
continuously, There will be no groups of

Time

AMPLITUDE

GROUPS OF DAMPED RADIO FREQUENCY
OSCILLATIONS

T

Time

AMPLITUDE

IR

CONTINUOUS R F OSCILLATIONS

damped oscillations. The wave will be a
continuous wave (CW). The damping
effect of the circuit will influence the decay-
ing of oscillations when the circuit is broken
as by keying. The energy supplied by each
“push” will just make up for the amount
lost thru friction (damping) and the am-
phitude of oscillations will be constant.
The vacuum tube is the most common
generator of continuous oscillations.

The spark transmitter creates such a
highly damped wave as we have discussed
in the second above paragraph. A con-
denser is charged to a high potential. It
(C) stores energy. When charged, the
condenser voltage breaks down gap (G)
and oscillations take place mn the LC (in-
ductance-capacitance) circuit. These are
coupled into the antenna thru the “oscilla-

tion” or “R.F.” transformer (LL.). The
resulting electrical surges take place at the
natural frequency determined by the values
of inductance and capacity in the circuit.
Just as a pendulum has a natural rate of

A Antenna Ammeter
_@ T - 40 000 fo 40 000 v/t
soo~ translormer
G

RFC Chokes(for radso frequen

G Conden:(cr Gap %)

G Rotary Spark

oT oJc,//yazf; or Radso
Frequency Transformer

CIRCUIT USED IN A SPARK " TRANSMITTER

swinging back and forth determined by its
length and weiwght, every circuit has such
an “electrical” period which depends on its
inductance and capacity. Unless energy is
supplied to electrical circuits to keep them
“oscillating”, the high-frequency currents
are soon damped out by the resistance of
the circurt just as molecular friction of the
air stops the action of the pendulum. The
escapement of a clock supplies energy from
the spiing to heep the pendulum in motion.
In tube sets, the vacuum tube (like the
escapement) provides energy from the
plate supply source at the proper time in-
tervals if the transmitting circuits are cor-
rectly adjusted.

THE ANTENNA

High frequency currents can produce
radio waves. If these currents are confined
to circuits containing lumped inductance
and capacitance, they are not very effective

in producing radio waves, however, An
antenna-ground or antenna-counterpoise
circuit has distributed inductance, dis-

tributed capacitance, and also a compara-
tively high “radiation” loss. Such a cir-
cuit is often referred to as a “radiator” or
“yadiating system”. The physical dimen-
sions are quite large and the lower the fre-
quency the larger they have to be to “ra-
diate” successfully.

The antenna or “radiator” is built ex-
pressly for the purpose of setting up the
1adio waves. Antennas have a number of
shapes. The T, the inverted L, the V, the
umbrella, and the coil or loop antenna are
common types. The last named 1s very
poor for most transmitting purposes but
can bhe used effectively with the wery short
waves. Directional transmission is effect-
ed by building antennas of certain shapes.
A loop radiates most energy in both di-
rections along the plane of the loop. The
inverted L transmits best in the direction
opposite from that in which the horizontal
part points. Radio waves like other kinds
of waves can be reflected and refracted.
Suitable reflectors make a “beam’ trans-
mitter that has marked directional char-
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acteristics. The short antennas used for
high-frequency short-wave transmission do
not have any marked directional effects and
we do not have to worry about these.

COUPLING

How do we get the radio frequency
energy into our antenna, does someone ask?
The energy transfer is accomplished by the
use of coupled and tumed circuits. A pen-
dulum has a certain natural period of
swinging back and forth. We can move the
pendulum back and forth at any rate we
wish by applying enough force. By far
the greatest response is shown when we
pay attention to the natural rate of swing
and time our application of force according-
ly. If one of two pendulums of the same
natural period is set in motion and there is
a common link between them that transmits
even a very tiny bit of energy, the other
pendulum will gradually get in motion.
Mechanical resonance exists when the two
pendulums are tuned to the same natural
rate of vibration. The pendulums are
“coupled” by the common link which makes
the energy transfer possible.

(A) When the common link in two elec-
trical circuits is a condenser, we refer to
the coupling as “capacitive” coupling. (B)
When a resistor is used, we speak of “re-

() C; C; Ca C C.
WA W RS AN
L Te Fe B, R = L% EL
= ST E 7
B8 C

Durect coupling with condenser; resistor or cot/

Y

L

(0Ll

L
Indirect Capacilive Coupling tagnetic Coupling
l_
LT — I
M, ¢ o qnd nd rect net ¢ and Direct
%%C/l/%upll;xg Ma;‘zaat/ye Cou,éllny

TYPES OF COMPLEX COUPLING

sistance” coupling. (C) When a coil is
used, the coupling is “inductive” coupling,
These three types of direct coupling are
sometimes called “conductive’”, as shown in
the diagram.

The “voltage drop” acioss the common
link (C, R, or L) caused by current circu-
lating in L, C; (C, R or L) is effective in
producing currents in the L. C (C,RorL)
circuit. The L, C; current and the value

of C, R, or L determine what takes place in
the C. L. circuits.

The circuits may also be coupled less
directly as shown in the second diagram.

These methods of coupling are known as
indirect capacitive coupling and magnetic
coupling, respectively.

Most amateur stations using short wave-
lengths use ‘“magnetic” coupling. In such
an arrangement the coupling value may be
changed by changing the number of active
turns m either coil or by changing the rela-
tive position of the coils (distance or angle
between them).

The value of the condensers and coils
used for coupling and the value of high

[]
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SHOWING CURRENT VALUES IN PRIMARY
AND SECONDARY FOR DIFFERENT VALUES
OF COUPLING

frequency currents (causing a voltage
drop across the first aircuit) determine the
power transfer between the two circuits.
Whether the coupling is “inductive” or
“capacitive” is determined by whether the
two circults are hinked by a magnetic or an
electrostatic field. Sometimes both kinds of
coupling exist and this is known as complex
coupling.

All of the above coupling schemes may be
classified as either tight or loose. Coupling
cannot, as is commonly supposed, be meas-
in “inches” separation of coils. The sepa-
ration between the coils (distance and angle
hetween axes) and the number of turns
in cach determines the coefficient of
coupling. Manv turns in two coils very
close together give us tight coupling and a
big transfer of power. Few turns at riecht
angles or far apart give us loose coupling
with little actual energy transfer.

When the coupling between two circuits
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is very small the two circuits can be readily
tuned to be resonant to the same frequency.
As we increase or “tighten” the coupling,
the tnutual inductance increases. The cir-
cuits are no longer resonant to the same
trequency but the combination is resonant
to two frequencies, one higher and one
lower than the first frequency. The quan-
tity of power transferred is greater and
greater as the coupling gets tighter and
tighter. However, the power transferred
on the one frequencv that we are interested
m, incteases to a maxmimum and then be-
eins to decrease  The peak values of the
two frequencies are never quite as high as
the one peak. We have a broader wave
that creates interference The range is
somewhat decreased. With most transmit-
ters there is certain crnitical value of
coupling that gives best results With a
tube set, too close (tight) coupling causes
instability. The transmtting wavelength
flops from one wavelength to another and
the signals cannot he easilv copied. With a
“quenched” spark transmitter and with an
“arc” set the best coupling value is some
what critical.  Too close couplmg gives a
hig 1cadine on the antenna ammeter but the
wave is “hroad” and the signals do not
“reach out”.

SIENDING AND RICTIVING (DAMPID WAVFEFS)

In transmitting., then, we use apparatus
that generates r1adio-frequencv alternating
curtents from a high-voltage commercial

Wbrator )‘57 Anlenna
g Com/\wz Spark gap
Key /
gty ”E o@)} \
/Ir/o/L roltage
Prmary [ i
Secondary = Ground

Cod
/ éxinr
Advancing Fledtrictnd Hagnetic fvec= Ground

when the antenna circuit is tuned to the in-
coming frequency. The small potential in-
duced by the advanang electiie waves
causes osctllations to tahe place 1n the an-
tenna circuit. The 1radiw-frequency  volt-
ages 1n this circuit can be applied directly
or mdiireetly to the giid of a vacuum tube
or to a c1ystal detector. These devices have
the propeirty of conducting curient better
in one direction than in the other. Rectifi-
cation takes place and the damped impulses
trom a spatk transmitter or the modulated
voice frequencies from a radiophone may be
received. Continuous waves cannot be
quite so simplv 1cceved, however.

THI VACUUM 1 BI

The usefulness of the vacuum tube is
known to most of us. Its action as a
rectifier or detector, as an amphifier, and as
an oscillator 1s known hut not so well under-
stood.

A vacuum tube is familiar to most folks
as an evacuated glass vessel containing
three elemdnts, filament, plate and grid
Small vacuum tubes are used for radio re-
ception.  Larger tubes are used as ampli
ficrs of speech or of weak radio-frequency
stignals.  Every time we make a long dis
tance telephone call hundreds of V.T. ampli-
fiers are put into use for our henefit  Still
larger tubes are used in making powerful
tadw-frequency  currents for sending out

radio waves of long and short length. The
mans

higgest tubes handl hilowatts of

SENDING AND RECEIVING (damped waves) This Sending arrangement causes mlerference

and cannot be used by amateurs

source. The 1adio frequencv  cnergy s
coupled mnto an antienna or radiating svs
tem. Herc it sets up magnetic and electric
lines of force that radiate in all directions.

In receiving radio signals we may use
apparatus similar to the sending equipment
and reverse the procedure. Magnetic and
eleetiie Iines from the radiator sweep across
an antenna which we erect for the pur-
pose. Radio-fiequencv potentials are 1n
duced in it. Our antenna has distributed
inductance and capacitance. It therefore
tunes to a certain frequency. We can addl
lumped inductance and capacitance if we
please. The maximum response occurs

energy. They <ometimes have water
jachets for cooling the plates which waste
some power as hcat Anv three-element
vacnum tube can peiform all three kinds
of action if we use 1t properly.

All substances are made of electrons
When most metals are heated some of the
electrons in their mahe-up “hoil” off. The
purpose of the Alawcnt in our vacunm tube
1s to give off elections Anv light that it
gives is sumply incidertal to the heating
process. A tungsten filament has to be
heated very hot before it gives up its elee
trons. It takes lots of energy to do this
and much light is given off in the process.
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Thoriated filaments are wused in most
modern tubes. A coating of barium and
strontium oxides on a filament also parts
readily with electrons  Such tubes do not
take so much power for filament heating.
Plenty of electrons are available and but
httle hght is thrown off. as the tempera-
ture 1s not very high.

Electrons are negative particles of clec-
tricity. In a tube full of some fluid hike arr,
electrons given off will tall back into the
filameni. \When there 15 a vacuum around
the filament the heated paits are piotected
from oxidation and the electrons easilv botl
out and fill this tube. The grid is next to
the filament and 1f 1t is well insulated so the
clectrons cannot leak away 1t will collect
electrons until it is negatively charged
Like charges tepel and most of the new
clectrons coming off the filament will then
fall back into 1it. Out beyond the gtid is
the plate. 1t we connect a batterv be-
tween the filament and plate with the posi-
tive terminal next the plate, the positive
plate will attract the negative electrons
As fast as the electrons come off the fila
ment they fly over to the plate. Electrons in
motion make an electric current The
amount of curtent depends on the size and
temperature of the filament, the voltage of
the batterv and the 1esistance in the dif-
ferent parts of the ciremit. The potential
of the grid has a mathed influence on the
current, too An ammeter or milliammeter
anvwhere in the circuit will measume the
curtent that lows A change n the voltage
of the plate batterv does not ¢hange the

I e -

Damped oscillation groups in sending an‘erina
and in antenna ground arcutt of recetver

s A A o

A- Rectified current i phones
B - Movement of draphram (shown by heavyfine )

AMPLITUDE

plate cuirent according to Ohm’s Law  The
temperatuie of the filament plavs a part
Limiting the clectron enmussion and possible
curtent flow. The elcctions come from the
heated filament. The grid and plate aie
seldom hot cnough to give off elections
under normal conditions., The cumirent can
only flow one wayv through the tube If
alternating curient 15 applied in the plate
of our direct current B battery, the
electrons will only be attracted to the plate

during the parts of an alternating current
evele when the plate 1s positive. The tube
1s acting as a "frectifier”. This action is
similar to that of thc *crystal” detector in
recetving “sparh” and “voice”.

The grid s the controlling element of
the vacuum tuhe. A two-element vacuum
tube 15 a good rectifict. It can adt as a
“yalve” 1n the circuit, allowing the cur-
rent to flow 1n but one dnection. It 1< good
for little else, however. The grid 1s of
open construction and 1t 15 placed ncar the
filament. A batterv ((') can be connected
mn the gnid circurt (betwen the grid and fila
ment) which makes the grid either positive
with respect to the filament or negative
with respect to the filament.

When the grid 1s positive, the negative
elections are attracted moire and they get
started awav from the filamcnt with more
velocity so that more of them reach the
plate. A plate current mcter shows that
the plate cunient has imereascd  When the
grid 1s negative, the negative electrons are
repelled and the plate curtent is decreased
The grid 1s near the filament and any change
mn gtid potential has a large effect on the
plate current. If the girid potential is
varied while the filament curnrent and plate
voltage 1emains corstant, the effect on the
plate current varics as shown in the dia
gram. The filament temperatuire limits
the emisston of elcctiors causine the bend
at the top of the cmves as saturaton s
apptoached  The bnds in the curve (A B
C D) can le used for dtecetion  The
straight < ction of the characteristic curve
s uceful tor non-distortcd amplification

HOW A VACTUM 1TPE DUITCIS
For simple detection the airewit shown s
usually used A tuned arcuit 1s coupled to

the antenna and conneccted thiough a small

condenser which 15 shunted by a high e
sistance to the girid and filament of a
vacuum tuhe  This whoele connection 15

called the wpit cnrcuit to omr tabe  The
filament curicnt 1s poovidad by a low voll
age battery  (the A-bacterv). The heal
phones and a highar yvaltage batterv are
connected batweaen the filament and plate
of the vacuum tube, This s the ouwtput
direutt of our tube  The DB-hattery, as it
s called, usually has a voltage hotween 15
and 25 volts

The clectric and maenctic field from a
sending stat on s«t up voltages in the an
tenna causmg  osallating high frequency
cuttents in the antcnna <ol The result
ing field about this coil Iinks the coil n
the mput cncmt to owmr tube This e
cuit 15 tuned to r1csonance at which point
theire 1s a maxmmum voltage across the con-
denser and coil One of the terminals of
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the grid condenser connects to one side of
the condenser and coil. This point becomes
first positive and then negative at radio
frequency. At a given instant let us say
that this terminal of the grid condenser is
positive. The other plate of the condenser
takes on a negative charge of equal value

DETECTOR CIRCUIT

by robbing the grid of some of its clectrons.
This leaves the giid itself positive with re-
spect to filament. The rcsistance of the
grid leak is so high that practically no
charge 1s lost through leakage in the very
small time required for a half-oscillation.
The positive grid attracts more elections
from the filament through a momentary in-
crease in the plate current. As soon as the
negative half of the radio firequency cycle
comes along, the other plate of the grid

DETECTOR OPERATION
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condenser becomes positive and the grid
itself has a charge of eiections. The nega-
tive gnid repels turther clectrons but holds
all that it has icceived. IL continues to
gain electrons during each positinne part of
the radio frequency cycles that occur. The
result of a continued damped or modulated
group of oseillations 1s to make the grid
more or less negative. This causes a dip
in the plate current. Between every group
of oscillations the negative charge has
time to “leak” off the grid through the
high resistance of the grid leak allowing
the plate current to increase again. When

receiving modulated speech the process be-
comes continuous and the variations in
telephone current are therefore at speech
frequencies.

A tube can detect without the grid con-
denser and leak by adjusting 1t to work on
the “bend” in the curve. Radio-frequency
changes 1in grid potential will make radio-
frequency changes in plate current. The
decrease in plate current when the grid is
negative will be greater than the increase
in plate current when the grid is positive
(at that “bend” in the plate-current grid-
voltage curve which comes just before
saturation.

If we wish, we can leave out the grid
leak and grid condenser, substituting a C-
battery to put a negative bias on the grid
of our detector tube. Jusl the right bias
must be used so that the tube will detect
on the lower bend of the plate-current grid-
voltage characteristic curve. The set re-
covers quicklv from static crashes when
this is done. Il is quieter in operation than
a set with a poor erid leak can ever be.
Slightly superior <ensitivity on weak sig-
nals is claimed, due to the inereased quiet-
ness.

HOW \ VACUUM 'T1 BRI “ANPLITII S

A small change in g1id potential always
makes quite a large change in plate cur-
rent. This makes it possible to apply cur-
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AMPLIFIER OPERATION

rents of any frequency to our grid and to
use the effect of the varying plate current
in a transformer or “coupler” of some sort
to produce greater voltages and currents
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at the same frequency. The power of
course comes from the local B-batteries and
the grid simply controls that local power
supply.

Several tubes can be used one after an-
other in an amplifier. They are coupled
by any of the methods we mentioned under
the subject of coupling. Magnetic couphng
is perthaps most commonly used. Radio and
audio frequency transformeis are the
simplest examples of magnetic couphng for
amplifying voltages of different frequencies.

The action of amphfication is quite simi-
lar to detector action. No grid condenser or
leak 18 necessary. To give undistorted am-
plification the tube must be connected in
a circuit so that 1t operates on the straight
portion of 1ts plate-current grid-voltage
curve. The grid voltage must be kept
down below certain limits, and a C-battery
or bias potential to shift the axis of the in-
put voltages will often prevent distortion
and save battery consumption. although not
necessarily giving more amplification. The
figure shows how undistoited amplification
is secured.

Maximum
sired

voltage amplification is de-
between tubes. Between the last

Maximuimn power /s dis-
Spated at the load when

R/nf = Rload

Single Resistor
Cell
Batter_y

CONDITION T'OR VANIMIUM POWER IN A
CIRCUIT

step of an amplfier and phones or loud
speaker we want maximum power transfer.
This is obtained by matching the tube im-
pendance to the primary mmpedance of the
output transformer. The secondary im-
pedance of the output transformer is made
equal to the impedance of the winding on
phones or speaker to give best results. Just
as in the case of the dry cell or generator,
the maximum power is transferred when
the load and internal impedance character-
istics are matched.

HOW A VACUUM TUBE ‘OSCILTATES?

We have mentioned that vacuum tubes
can and are used to generate undampe.l
high-frequency currents. The production
of undamped oscillations is accomplished by
adding cnergv in “timed pushes” to each
oscillation. A tube can be made to oscillate
by coupling the input and output (grid and
plate) circuits. The inductance and ca-

pacitance in the grid circuit usually de-
termine the irequency of oscillation, al-
though the values of inductance and ca
pacitance in other parts of the circuit may
control this. A coil 1n the plate cicuit
(tickler coil) sometimes couples a part of
the plate circuit energy masgnetically to the
grid circuit, thus keeping the amplitude of
oscillations unchanged despite the losses
that tend to make them decrease. Every
tube has some capactance between the
elements. When there is a coil in the plate
circuit there 1s bound to be a “reactance
voltage drop” aciross this coil. This volt-
age couples some energy back to the grid
circuit through the grid-plate capacitance
of the tube. Often a tube which refuses
to oseillate can be brought into oscillation
by adding a small condenser between the
grid and plate. A few inches of insulated
wire connected to each and twisted together
will serve this purpose. Increasing the size
of the coil in the plate circuit will do the
same thing.

RLGENLRATION

There is always some feed-back through
the tube inter-electrode capacity. Usually
detection and amphfication are accomplished
in one tube. Oscillation takes place only
when there is enough feed-back from the
output to the input circuits so that the
action is contimuous as long as power is
supplied and the coupling is sufficient, and
where the feed-back i« sufficient to com-
pensate for the losses 1n the cireuit.  When-
cver any energy 1s “fed back” to the mput
of the tube we refer to the process as “re-
generation”. A <ignal impressed in the
grid cirenit (SC) produces changes in the
plate circuit (T) at the same frequency.
These changes have greater magnitude
than the impressed signal because they take

A REGENERATIVE
DETECTOR CIRCUIT

power from the plate battery. Whenever
some of the energy is led back to the grid
circuit (or made to react on the grid cir-
cuit) we have “regeneration”. The re-
sponse to weak signals is greatly increased
by using regencration because the original
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voltage mpressed on the giid is much in-
creased by the fced back. When there 1s
sufhcrent “‘regeneration” we have “oscilla-
tion”. By vairying the tckler couphng,
the capacitance across gir.d and plate, ov
the turns 1n any coils that may be 1n the
plate circuit, we can control the amount
of 1egencration and the ease with which
the set goes 12 and out of oserllation. In
recewving “spaitk” and “phone” signals we
want oul tule to he adjusted for maximun
regeneration wathowt oscillation.  To re-
cerve a centinnous wave (C.W.) signal we
want the <et to just oseillate

In a 1adiophone recenver we always want
to  prevent oscillation  *Neutralization”
refers to any of the various methods by
which oscillation 15 prevented. The coupling
between giid and plate through the inter-
electrode capaaity of the tnbe alwavs feeds
back some high fiequency (hf.) voltage to
the grid ciremit. To neutialize the effect
of this we adopt some method to tced back
another equal and opposite voltage (a vol.-
age equal and 180 out of phase) to our in-
put circuit To get some tegeneration is
desirable, <o we usunally do not neutrvalize
completcdy —the neutralizing voltage is op-
posite but not quite equal.

If a ontimuous wave 1= 1mpresscd on a
detector tube having umlaterat conductivity,
rectification takes place  Since the waves
are rot modulated ot dampcd, a change in
the aveirage value of the plate current takes
place when we <tait to 1ecenve the continu-
ous wave and no further change occurs
until the continuous wave stops coming in
In our phon-s there 1s merelv a dlich at
the stait and end., but no evidence of a
signal being tecenved as long as the am-
phtude of th» mcoming <ignal 1< constant
The mpulsc~ 1 cacived chanoe therr diree-
tron at radio frequenev and as such fre
quencies are maudible we must look to other
nieans to rccenve continuous wave telegiaph
signals,

HE FI RODYNI  AND AUTODYNL CW.

RIi¢Tt1ION

The bhest and most common wav to re-
ceve continuots waves 1s to use a vacuum
tube to produce weak osaillations of ncarly
the same fi¢ ~uency as the neoming con
tinwous wave (C W.). The local oscilla-
tions and the racomine osaillations arve add-
ed together in the input circuit to one
vacuum tube.

Two tun na forls of <hghtly different
frequenev “beat” upon cach other, alter-
nately adding to and neutiralizing each
other The “beats” are of low frequency
(the difterence of the frequencies of each
tuning foi1lh) and the amplitudes of the
two foils add so that the beat has first
the sum of the amplitudes, then the dii-
ference (zero).

In radio woik, continuous waves are
ordinarily received by the “beat” method
Inaudible high frequencies are combined to
produce an audible beat note. Millions of
cycles can be generated locally in a small
vacuum-tube oscillator.  This oscillator 1s
coupled to the grid cireuit of a vacuum
tube. The meoming oscillations are also
coupled to this same circuit The beats
between the two firequencies are present in
the output The beat frequency equals the
difference of the two frequencies, “lHetelo-
dyne” comes from two Greek words mean-
ing  “othev-force”  When a tube 1s used
especially to generate the local frequency,
~erving no other puipose but this, we have
the heterodvne method of C W reception

“Auto-dyne” means “self-foree”. The
standaid amateur 1egenerative tuner om-
plovs the autodvne method of 1eception.
One vacuum tube generates osaillations.
Incoming signals are coupled 1nto the grid
crcmt of this same tube. A single tube
thus acts as oscillator, detector, and am-
phfier.

RICEPIION GENIRAL

In all radio work, whether the apparatus
1s for sending out tadw-requency cnergy
o1 whether 1t 1s for receiving weak mm-
pulses to amplify and convert into under-
standable characters, the business of tunines
15 important. Tuning 15 the process of ad-
justing the coils o1 condensets so that the
circurt will respond to certain frequencies
(wavelengths) which correspond to certain
stations that we want to receive  When
signals are to be rocenved, the sending and
recerving stations must have their appa-
ratus and arcuits tuned to the same fre-
quencey (wavelength).

Usually sending stations use some fined
wavelength while rccenving stations “tune”
for the station that 1s wanted. Either the
condenser or the coill mav be the varniable
element 1n the recetving cireuit. Sometimes
both are made vaiiable. The proper ratio
of capacitance to inductance in a circuit
has long been the subject of controversy.
Good 1rccevig 1esults are obtained over
quite wide hmits  Theretore, for simplicity
of contiol 1ust the conl or just the condenser
1~ made adjustable.

Using a coill with a small variable con-
denser and a number of fixed condensers
mahes 1t possible to cover a wide 1ange of
wavelengths  (fiequencies)  with  the de-
sired micetv of adjustment. When a bic
condenser 1s used a vernier hnob or dial
helps to give casv control. Bv using one
small variable condenser and a number of
removable cotls it is possible to design a
practical and efficient “tuner” that will
cover any or all the frequencies (wave-
lengths) used by amateurs today.
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Tumng controls should be few mm num-
her and casy to operate. Adjustments
should stay put and body capacity effects
must be avoded, espeaally so 1 a high-
tiecquency  (short-wave) recewver.

Almost c¢veryone who icads this Hand-
book has scen, used, and perhaps constructed
a tecenner of some sort for broadcast or
amateur wavelengths. Thac 1s hittle dif-
ference 1n the procedure followed 1n mak-
Ing a one- ol lwo-tube broadcast recerver
and m building a gorod short-wave tuncr
In fact, the fundamental change that must
be made 15 simply to 1educe the size of both
the coils and condenscis used.

In broadcast 1cception we are caretul to
use amphiying transformers that do not
amphiy certamn frequences i the musical
scale much morc than others  In code te-
ception wWe can use the same 1nstiuments 1f
we please o1 we can pick out some so called
distortion” transtoimars to give us more
amphfication on some one frequency. By
heterody ning o1 autodivnimg the mcoming
signal to give a beat note of the desited
frcquency  we  can  readilv get mazi-
mum  amphhcation from such a trans-
tformer.  Static and signals ot diftcrent f1c-
quency trom that of the transtormen “peak”
will not he amplhfied to the same extent a»
the s'gnal we want to read The signal
will stand out clearly aganst a backgiround
of httle norse.

Most of the stations we hcar will be con-
tinuous wave stations Our  reception s
accomphished by the autodyne method Our
local 1ecciver oscllates  Our adjustment
ol the condenscr-conl Gircuit determines the
frequency of osaillation.  The antenna «n-
curt 15 coupled to the condenser coil cir-
cuit. Oscillations are set up 1n the an-
tenna cncutt by the changing field from
the transmtter. The field about the an-
tenna couplhing o1l (1f one 1~ used) hinks
the o1l 1n the tube crremit  The gnd of
the vacuum tube has impressed on it volt-
ages of two frequenaes The output cn-
cull of the vacuum tube contams the dif-
ference between these two gnd-cneuit fie-
quencies. When the two frequencies (one
from the antenna ¢ncmt and one local-
Iv generated) are exactly the same, we have
“se10 beat” and no sound 1n the phones wp-
Jcws the mcoming signal 15 modulated

In recenving code signals the regener ation
control is set <o that the rccewver oscillates
over the whole range of fiequencies that
can be covered bv the set  The tuning dial
of the condenser coil cireunt 1s turned slowiv
while the tegeneration control 1s moved
just the hittle it ncessarv to heep the tuner

Wh n the ante it os connacted dirc thy te the
srid cad of the condenscr-conl cnncnt thia a amll
fined condenser the osallations of the antcnna aront
tihe place is usul and the voltar drop across the
(ol and condenscr 15 apphcd dircetly to the grid of
the dctector tube

on the cdge ot oscillation. When the am-
plitude of the local oscillatins is just equal
to that of the incoming signals., the beat
note will be strongest. In rcceiving signals
the energy fiom the antenna circuit 15 al-
wais very weah. The best results (maxi-
mum scnsitivity) are obtained with the re-
weneration control not bevond the point
where o~cillations bcgin 1n the local circuit.

Vost vacuum tube tecevess to-day utilize
the prieiple of regeneration. Part of the
encetgy 1 the output cirewit (plate cireuit)
of the detector tube 15 coupled back to the
mmput cnecurt (grid arewt), The feed-
back voltage mav bhe apphed to the gnd
(ither through the plate-giid intia-tube ca-
pacity o1 by an inductive feedback obtarmed
by using a “tickler” conl.

MODULATION

When something that we do vanes the
amplitude of the curient m a cireuit, we
have modulated the cuirent.  Speech modu-
lation 1s usually accomphshed by speaking
into a microphone.  Microphones for speech
onlv are quite satistactory when made of
a stretched metal diaphiagm i front of
some carbon granules whose resistance
vates, depending on the position of the
diaphiagm.  For musical 1eproduction the
condenser microphone and the Pallophoto-
phone are quite useful even though they
must worh through a large amphfier before
there 1s encigv enough to contiol large
amounts of power. The glow microphone
gives uniform nmwdulation over a wide hand
of audio frcquencies.

Microphones and modulators varv cur-
1ents by varyving the 1resistance or im
pedance of the aireuits of which they are a
pait,

Perhaps the simplest wav to modulate a
continuous wave 1s to put a microphone
the antenna cireuit (A). The antenna re-
istance can be vained by speaking into the
microphone  This 15 a crude arrangement
The vanation in antenna current 15 usually
<mall, the modulation incomplete, the pownet
loss considerable, the curtent a mierophone
will handle limited, the interference pro-
duced illegal.

The absoi1ption method (B) of modulat-
mmg a continuous wave (“carrier” wave)
15 something of an mmpiovement. A mi-
crophore 15 connectcd 1 an absnbing cir-
cuit coupled to the antenna. The amount
of enmigy absotbed varies with the re-
ostance 1 the absnbmg circwit and the
coupling used

“Gnid” modulation and “plate” modula-
tion are accomplished by introducing the
speech fiequencies into the mput or output
vacuum tube ¢ireuits through suitable trans-
formers (to 1solate the high vollages and to
match the impedance of the circuits).
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In modern radiophone transmitters the
microphone works into a number of ampli-
fiers, cascaded and coupled together to pro-
duce uniform amplification over the desired
audio range. Sometimes part of the ampli-
firs are right at the microphone. The
speech or music goes over telephone lines
for some distance to the point where the
station is located and there more amplifiers
are used to get power enough successfully
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The oscillator works steadily and the
radio frequency is coupled into the antenna
circuit. A radio-fiequency choke coil keeps
H. F. current from leaking back into the
modulator and supply circuits. The load
which the modulator tube takes varies. As
the grid voltage of the modulator tube is
changed at speech frequencies, its plate cur-
rent 1s made larger and smaller accordingly.
The miciophone and its amphfiers have
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to “modulate” the strong “carrvier” radio-
frequency current which is used to set up
the radio waves.

The system of modulation most widely
used in radiotelephone practice to-day 1s
known as the Heising method. In such a
transmitter we have two vacuum tubes. One
is used to generate radio-frequency power
to apply to the antenna. This is connected
as an oscillator. The other tube is of equal
size to the oscillator but is employed as a
modulator tube. Both tubes are fed from a
common plate supply source thru a large
iron-core coil. The reactance of the choke
coil (X) 1s so great that the current through
it is practically constant and cannot vary
at speech frequencies or higher frequencies.
Thus when the transmitter is working the
current from the source is constant. For
this reason the Ileising system is some-
times known as the “constant current”
modulation system. The designer should
allow about five times as much reactance in
the choke coil as there is in the combined
(joint) impedance of the paralleled modu-
lator and oscillator tubes. The average
speech fiequency (about 800 cycles) is
usually taken as a working value in design-
ing this choke. The best practice is to use
large tubes and amplifying transformers
in the speech amplhfier that can always
operate underloaded giving practically no
distortion—equal amplification at all fre-
quencies.

.

complete control over the plate current of
the modulator tube. The plate currents
of the modulator and oscillator normally
are about the same. When the microphone
is spoken 1into, the modulator plate cur-
rent can vary from nearly zero to about
twice 1ts average value. The reactance
coil (X) keeps the current from the source
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A SIMPLE RAblODHONE CIRCUIT
(with Hersing Modulation)

and the voltage across both tubes practical-
ly constant. Therefore while the modu-
lator plate curient 1s varying from zero to
twice its average value, the oscillator plate
current must vary inversely from twice its
normal value to about zero. The high-
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fiequency output of the oscillator varies
directly with its input. Thus we have a
high-frequency carrier wave completely
modulated with a speech “envelope”.

TIME

o CURRENT IN MICRODHONE

TIME

\
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MODULATED RADID FREQUENCY CURRENT

SPEECH ENVELOPE SIMILAR IN
FORM TO VOICE CURRENT

Parallel (Heising) modulation, while ex-
cellent for 200 to 550 meter broadcasting
work, 15 not in every case as desirable for
short-wave phone operation. No plate volt-
age changes should be permitted in the os-
cillator if we are to have the necessary
constancy of firequency for short-wave
work. Modulation by varying the plate
voltage of the oscillator is undesirable on
shoit waves. One wav around the difficulty
1s the use of a master oscillator tube fol-
lowed by one or move stages of power am-
plification and introducing the modulation
in the power amplifier. The size of the
modulator can be Lept at a minimum by
modulating in the first power amplifier
rather than in one of the stages nearer the
point where the cnergy is coupled into the
antenna.

The Heising svstem will often give in-
complete modulation if the modulator is
arranged to work directly with an oscil-
lator having piczo-electric fiequency con-
trol  The oscillating crystal has inertia
which tends to iron out modulation of anv
kind. By detummng the output circuit of
the ciystal tube, fairly good modulation
can be obtained although there will be a
tendencv toward self-oscillation and some
unsteadiness duve to lessened control by the
c1vstal.

Qeries modulation may be used success-

fully in such a case. The plate circuit of
one or more modulator tubes 1s placed in
series with the plate circuit of the oscil-
lator. The modulator acts as a resistance in
the plate supply line of the oscillator (a
resistance variable at speech or musical
frequencies) and modulates by varying the
voltage applied to the oscillator. The pro-
portions of the voltage drops across the
modulator and oscillator will depend at any
instant on the voltage applied to the grid
of the modulator. While the plate re-
sistance of the oscillator may vary shightlv
with the changes in its plate voltage, such
variations will be small compared with the
resistance changes in the modulator tube
plate circuit. Series modulation involves
running the filament circuit of either modu-
lator or oscillator above ground potential,
insulating the secparate filament supply
source required for one of the tubes for
high voltages. The oscillator must be
isolated from the modulator bv suitable
R.F. chokes. Good results mav be ohtained
also by applving the series modulation to
the power amplifier, which is the hetter ar-
rangement unless crystal control is used
(because 1t permits the oscillator to work
with a steady plate voltage).

When we have a buzzer or a “chopper”
connected in place of the microphone. we
get “buzzer modulation” or “ICW” (in-
terrupted continuous waves). For modu-
lated telegraphv, however, the ‘“constant
current” system of modulation is not im-
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portant. “Grid” *modulation is less com-
plicated and expensive, and perfect repro-
duction of the wave-form 1s not as necessary
as when voice communication 1s intended.

FFADING AND SKIP DISTANCT

No discussion of amateur radio or »f
short wave phenomena can be complete
without mentioning the more commonly
accepted theory advanced in explanation of
the things that have been observed in con-
nection with short-wave transmissions, It
appears that just as light waves can be re-
flected (by a mirror) and refracted (when
passing into a medium of different density
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such as water) so it is with radio waves.
The behavior of radio waves set up by dif-
ferent alternating current frequencies is
harder to understand hecause these waves
are not visithle or aucdible except by aiti
ficial means of detection. The frequency
spectrum used for radio ¢pmmunication °s
a wide one and the deternmnation of what
happens is further complicated by the con-
tinuous variations taking place 1n the
medium traversed by the radio waves. The
bending or refraction of radio waves is at-
tributed to the presence of fiee electrons
in the ionized portions of the earth’s upper
atmosphere.  The iomzation passes through
a dailv and seasonal variation depending on
sunlight and changes 11n  haronletric
pressure

Changing refleeting and ref: acting prop-
erties of the Heaviside layer are some-
times supposed {o account for the murnute-
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THE NALURE OF “SKIPPED DISIANCE™ OR
“DEAD BELT™

T~—Tran-mitting point.

\—Lacal «ignal due to earth-bound or ground wave
Y —Dead belt or “<kipped distance °

/—Region ot refracted or reflected «ignal.

to-minute changes in the intensities of re-
cerved signals (fading). Changes m the
strength of vertical and horizontal com-
ponents of radio waves due to varying
polatization also account for fading.

“ the Hoavimide Tiver o hannedlv-He tvaside Tiver 1
o mamed for the avestirators who fust sur osted
the (xistenac ol an jonmizad 1czion above the o arth -
smface which mi ht hbove inoinflucnee on the prop -
< ition of tado waves It can be  hown mathe mati-
Clly that such renzad Tivars it tnemat an cloctio-
matnctic wave with a hivher vddoaty than 1t would
hive when travedlime thiouch un-tonized spice Thore
IS A ore or loss mar g state of jonization in the
hichar lavads of the carth < atmosvhae |} aplammn r
iz ation we mig bt <1y that it must be thou rht of as
the breakme up of nantril gas molccules into PosItive
uwd negative constituents by ultr iviolct hioht from
the sun and by dincet bombardment of the outer Tivers
of the carth’s itmosphare by clectrons thrown off from
the sun-—notibly fiom sun spots

Pclans tion refais to o <hin ¢ produced I the
m dinm throurh which the 1adio waves travel In
which the trinsverse vibritions in the mcdium ¢
limited to a singlc plane Ncir anvy transmitter the
vihrations tahe place more or leas mdiffcrently n
any plane about the line of propagation depending, to
some extent, on the type of radiator used.
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8, ANGLE AT TRANSMITTER CORRESPONDING TO THE
FIRST CRITICAL ANGLE

8, ANGLE AT TRANSMITTER LORRESPONDING TO THE
SECOND CRITICAL ANGLE

SHOWING THE VARIOUS POSSIBLE PATHS OF
RADIATION
The iertical and near-vertical ravs penetrate the
tomized laver and wander awav. When one reaches
the “himiting angle” the rav Just does get hent enough
to be kept from wandering awav. bhut 1t continues to
wraze the laver and 1s after all worthless  Relow this
angle we have progressive reflection (or refraction)
and the rav returns to earth A< the angle of de-
parture from the transmitter 14 (howen flatter and
flatter the cnergv strikes <o far awav as to miss the
earth, posably geing out te the iomized laver again,
and perhaps (von bang reflccted down a4 second time
1f 1t has «nergy enough Ioft

rees

RAVEL AGTH

APPRONIMATE AVERAGE IRANSMISSION PER-
FORMANCE O] DHEIFRENT WAVLLLNGTHS AT
DIEFFREN] DISEANCES

Fhe recaned wignal 1s acoemed to have a ficld-<trength
ol 10 microvolts per metcr at the receining point.
The transmitter i< assumed to have 3000 watie in the
antcnna  ‘The chart 14 rathor confusing hut mav he
«irlained as follows  To the left of the line marked
“hmit of ground wave™ it should he possible to recenve
at all time« After that. onc must pick a pair of
curves of the <ame <ort (that 1< for the <ame time)
and 1f the distance 15 batwaen the curves one should
hear the wignal  Thus, a 30-meter wave should he
rehable at all times to 70 miles for the conditions men-
tioned.  |rom there to 400 males ate davhight perform-
ance wall probablv he uncertain while from 100 on 1t
will gradually die down until at 1600 it will again be
helow 10 microvolts per meter. There are, of cour-e,
numerous exceptions where one does hear 1t when 1t
should be absent. The curves are mawnly from data
by A. H. Taylor.
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The first diagram explaims what 1s com-
monly i1etcrred to as the “ship” distance,
that distance that signals skip over. The
signal decieases 1n intensity as we leave
the transmitter due to spreading out and to
eneigy absorption. It finallv drops below
a useful value, remaining out (Y) until
we 1each a great distance from the tians-
mitter, after which 1t unexpeetedly geds
stiong again, gradually dropping m
tensity at still gireater distances Assum-
mg radiation from a transmitter at a great
many different angles, the second diagram
shows the different directions 1 which ra-
diation tahes place. The signal mav ol
course¢ he 1eceived near the transmitter
due to the ground wave and also in the
alea between the “two direct 1avs’ shown

The shipped distance at mght is much
greater than m the day time It gradually
mereascs up to about nudmeht. The
shipped distance also 1s known to be greate:
m winter than m summer which seems
1easonable hecause the 1onization should be
less then, due to shorter penods of sunlight

FFading 15 reported less violent at very
long distances due to the fact that radiation
can artive by manv routes, thus averaging
conditions and giving a fair signal in spite
of fading along some paths Right at the
edge of the ship distance nterference
effects mav ocewr with verv scvere fad
ing, while hevond this pomt the rays of
high-angle 1adiation die out giving a better

chance for a steadv signal. In general,
shoirt-wave conmunication results go to
prove that the skip distanee for any ginen
time decreases with decieasing frequency
or mereasing wavelength  While ship-dis-
tance effects are mmportant on our short
wavelengths they aie not as noticeable on
the hroadcast band and less important still
on the longer wavelengths.

There 15 nothmmg absolute about anv of
the rules that different mvestigators have
devised for datarmmmng whether a signal
fiom a certain ttansmitter can be heard at
a given point. However, some charts and
rules are useful whcn studymg the sub-
jeet of transmission phenomena even though
they are approxiate. Such a chart s
<hown reprinted from QST with some ex-
planation of what 1t means. It shows
1oughlv what mayv Le (ypected of difterenu
wavelengths mm radio communication.

Amateur expcricnee seems to indicate that
the power of a transmitter is one of the less
mpottant  considarations o short wave
worh. Extieme dstances are covered dav
and night with less than ten watts 1in the
antenna usmg 20 and 40-meter wave-
lengths. and the signal strength of high and
low powered stations 1s much the same.
The eonditions which obtain in the trans-
mitting medinm itseli bhetween two sta-
tions attempting 1adio communication are
undoubtedlvy the most important factor mn
deternmiming the vcsults in each case.
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CHAPTER V

Building a Station—The Receiver

get into the game with a complete

station. Perhaps some readers of
this Handbook wish to “experiment” and to
build equipment only for testing purposes.
Some individuals get therr chief pleasure n
mahing measurements comparing the per-
formance of apparatus by laboratory meth-
ods. Some are never happy unless they are
continually examining different circuits, be-
coming famuhar with theirr opeiation and
tearing them down again. Advanced ex-
peitmenters enjoy making sertes of actual
transmitting tests to find out more about
radio wave propagation as 1t varies with
wavelength, distance, and time-of-day.
However, 1f you are hike most amatews,
you will probably prefer to put together a
complete but inexpensive station and to
get your enjoyment from its operation.

Perhaps you think that bwilding a sta-
tion mvolves many complicated pieces of
apparatus, a special building, separate
power supply, intricate circuits and, last
but not least, a considerable investment of
funds. Such an idea is quite erroneous.
While a station may mean all these things
if an individual is wealthy, it means noth-
ing of the kind as a rule. Not more than
four or five percent of the thousands of ac-
tive radio amateurs 1n this country boast a
quarter-kilowatt transmitting tube, not to
mention the other equipment. The average
amateur carries on both local and interna-
tional communication with a solitary 7%-
watt transmitting tube—mno equipment
larger than a 75-watter in any case.

O get the greatest fun and benefit f1om
I amateur radio work you will want to

A “station” is nothing more nor less than
a transmitter and receiver, correlated by
suitable controls. Please do not get the
mmpression from a hasty glance at the
amount of material in the next few chapters
that a lot of complicated equipment 1s
necessary. This boolk covers much ac-
cessory equipment to a station 1n the en-
deavor to be as complete a handbook to the
station owner as possible. In the first part
of each chapter the simplest descriptions
of equipment will be found. The beginner
is asked to pay no attention to the para-
graphs on crystal control, synchronous rec-
tifiers, measurements of antenna resistance
and the hke. Those subjects can be looked
into later. At the start one should pick out
one of the simple receivers described in this
chapter, build one of the low-power trans-

mitters described 1n the first part of
Chapter VI, and get information on power
supply, keying, wavemeters, station ar-
rangement and adjustment from the proper
chapters. Then the sending and receiving
sets may be properly installed on a table
or 1n a desk in any convenient part of the
home, in a way simlar to that shown n
the pictumes of station arrangement and in
the frontispicce. That’s really all there 1s
to building a station.

In building a station there 1s of course
some constructional and experimental work
to do. There 15 a great deal of satisfac-
tion 1n the act of building, considered just
by 1itself. The “good” station must have
a “good” transnutter and an equally “good”
1eceiver. The mechanical and electrical
details of these mstruments offer interest-
mg problems to the beginning amateur. It
15 the purpose of this booklet to make the
path a hittle easier for him.

Although we describe a receiver and
transmitter m detail, 1t is not necessary to
follow our mechamcal arrangement exact-
ly to get good 1esults. With a few parts
and tools a great deal of mngenuity can be
exercised. Some planuing with pencil and
paper, mixed with a little common sense, re-
sults i the “bcst” station at the lowest
cost. A few hows spent in looking over
the suggestions given here will save money
and cnable one to get started right.

GLITING MALL RIALS

After the planning is done, the materials
should be ordered. Your local dealer will
have some supplies but probably he will not
have them all. Condensers, coils, meters, -
sulators, transformers, batteries, tubes
or whatever 15 needed are carried by some
of the advertisers 1n QSI. Advertisements
containing false clanns are 1cfused. Good
new apparatus 1s exanmined by the Head-
quartcrs staff.  Editorial mention 1s only
ginven when 1t appear< that the apparatu-
1s really worth calling to the attention of
the members. “Ham-ads” always contain
a variety of good used apparatus for sale
or exchange. Once in a while complete re-
ceivers and transmitters are offered for
sale m the<e columns To get just what
one wants and to <ave money, most ama
teurs prefer to “build their own.”
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When some article cannot be obtained
locally or thiough (ST advertisements you
can wiite the League’s Information Service
for advice. A stamped sclf-addressed en-
velope 1nsures an carly reply. Be sure to
mnclude «ll the information about your
circuit and tubes. It our Intormation
Service man s to find just what you want,
he must know all your needs to make a
complete answcr possille,

T00LS

Before actual construction s begun we
ought to have ccrtain tools to and 1n put-
ting our matenal together. One  or
two parrs of side-cutting pliers with strong
jaws, a pair of round-nosed plicrs, a knife,
two or three sizes of serewdrivers, a drill
stock and some numbered drills, a solder-
g 1ron. scriber, 1ecamer, file, small ham-
mer, and perthaps a Iittle vise will be u<eful
tools for the builder. All these are useful
but not all are absolutely nece<-ary. Most
of us can probably scare up some tools bv
looking around the house for a few minutes.

JANPLRIMINTAL I AYOUI1S

In building apparatus for cxperimental
purposes and tor temporary use 1t 1s just as
desirable to use svstem min laving out the
apparatus and m wiring up as when the
more permanent panel job 15 built  Some
spare “breadboards”., a bunch of General
Radio plugs and jacks, Fahnstock chips, some
scrap bakelite pieces for building terminal
boards, angles for supports and a bunch
of different sized brass machine scrcws,
wood screws, nuts, and washers will make
1t easy to buld up and t1v out new cireurts
or to wire up aunibary apparatus to go with
the transmitter. It 15 a good wdea to keep
some bus wire on hand and varous sized
spools of magnet wire will prove useful in
domne temporary wiring 1if you are an ex-
nermmenter.

A table of drill sizes giving the proper
numbered drill to use for passing a screw
through a panel or for tarpmg to take a
(ortain size of machine screw is included in
the Appendix for the convenience of League
members who are continually building and
who like to have such information in con-
venient form. Only the sizes most used in
1ad'o constructional work ave given as too
manv tap sizes that are seldom of use might
prove confusing. Wood screws also come in
various sizes and lengths. Usually the num-
bers correspond to the drill-~size numbers,
the diameter given being that of the serew
just below the head. The lenegth of wood
serews are stocked by most hardwaie stores
to the nearest quarter inch of what you
want. Round-head screws look Dbest.

Whether blued or nickled serews are used
is mainly a matter of choice with the 1n-
dn1dual builder.

A small tap holder, a die holder and three
or four taps and dies covering the 8-32, 6-32,
and 10-32 sizes used most of all can be ob-
tained from a hardware store at a rcason-
able cost. Sometimes the local 5-and-10-cent
store will have these tools at a dime each.
With the dies you can thread brass rod and
1un over thireads that become “bunged-up”
on machine screws. With the taps you can

)
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TOOLS I'OR CONSTRUCTION
All are convenmient but not necessary. A set of «mall
taps and dies, a ircle cutter to use 1n mounting
meters on panels, 8 bit brace and a set of socket
wrenches will be useful in addition 1f regular con-
struction work is planned.

thread the holes that you dnmll so that they
will take machine screws to hold the appa-
1atus that you wish to mount.

SOIDERING AND WIRING

In wriring diffcrent pteces of appara-
tus a ncatly soldered job will repay the
builder 1n good appearance and reliable
operation. Good connections may be made
without solder but a well-soldered job has
low contact resistances. A soldered outfit
works quictly and uniformly over long
periods of time. Soldering is worthwhile
when properly done.

Making soldered jomts is quite a simple
matter. A few pomts should be kept m
mind for best results. A hot well-tinned
soldering copper, (lean, bright surfaces, a
wnall amount of rosin and a small amount
of “half-and-half” soft solder will do the
trick. Tinnmng the parts to be sold 'red be-
fore completing a joint will be helpful.

Soldering flux keeps the clean surface
from becoming oxidized when heat is ap-
plied. Acid fluxes or soldering pastes
made by the action of hydrochloric acid on
zinc and supported in a low-melting base
should especially be avorded. They are
good for mending tin pans and gutter
pipes. They cause corrosion of electrical
connections. The melted “pas<te” can cause
a set to operate poorly or to become in-

i
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opcrative by adding leakage paths acioss
coils and condensers  Use lump o1 pow-
dered rosin that can be obtained tor a dime
from any drug store.

“Half-and-halt” simplv means that the
solder is an alloy, halt tin and half lead
“Timning” the soldaing coppar 1~ done by
ﬁ_lmg the point bivght and lcan and rub-
bing 1t m hot soldcr with a hittle flax until
the point 15 covered with clean solder
Scrape conncetions with a kmtc or file be-
fore soldering, to <ave time and mahc a
jomt good electrically and mechanmcally.
The soldering copper must be re-tinned o -
casionallv 1f 1t becomes overheated It
should always be used when sy hot but
not allowed to becomc “i1c¢d hot ™ % hot
copper makes soldering casy.

Bus wiing 15 neat and «ffective The
wires are laid out in <traight lines 1unning
straight back, horizontally and vertiealls
The corners are made squarc [Hold bus
wires firmlv with plters while a hittle soldm
*runs” mto the joint.

Sphiang wires 18 best done as shown
the diagrams A httle care mahes a perma-
ment and strong splice of low 1resistance
In a twisted pair, ““taggar”™ the splices to
prevent themr from hitting together and
short-cinauting undar any  encumstances
Tape all splices carefully to averd trouble

Battery leads to the recenver may be
bunched to good advantage tadio-fre-
quency eircuits should have the lcads well
<paced Wires  should cioss  at  right
angles when crossing 18 necossary Con
nections  bctuwern  coills  and  condonsers
should be as ~short as pos<ible However,
colls and condensers must not be jammed
together too much as this mcreases the
cffective resistance and lowears the sensi-
tivity  Leads a couplc of i hes long are

sdasl

Va st UIRE A
THE WESTERN UNION SPLICE

permissible and will allow us to heep the
candenser out of the ficld of the coill, which
1s the mamm considcration

The antenna lead and all the connections

from the condenscr and <ol should  be
hept awav from other wiring The wn-
mg in thc audio amplifier can be spaced,
and short lcads are good, but theyv are

not nearly as mmportant here as in the de-

tector and antenna (rcuits To avord un-
desnnable feed backs the plate and grid leads
should be hept well separated.

The transmttar should be wincd neatly mn

such a wav that it will be electieally
efficient At the <ime tume, the power
supply and hgh soltagcs must be tahen

care of 1In a wav that mswes safety to hite

S —_—

_ANOTHER METHOD OF SPLICING WIRES
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_SUPPORTING A WIRE AT INSULATORS

A RIGHT-ANGLE SPLICE

and property The msulation of lcad-in
and high voltage condu tors <hould comply
with underwriiters’ rules

In the pages that tollow we are gomng to
descithe o detail a conventional  <hort-
wave tuncr. Constructional “dope” for
a moderatelv-priced  tronsmittar with  a
world-wide range 15 also ginen We have
discusscd some fundamentals of clectnaty.
The diagrams and constiuctional informa-
tion ame quite complete We suggest that
the constiuctor  tudy the books mantioned
m the Appendin for morc complete thoory
and general information. The deseriptions
ot stations 1in QS frequently give good
1deas on station arrangement QST itself
keeps us intoimed about new developments
that are uscful and noteworthy The
wriiter belicves that Lhnowledge of whv a
cortain thimg 1s dove o a certain wav is
desitable before any work on a station is
done  1fo1 that reason a number of pages
have baen eiven ovar to simple explanations
of some of the thing. that happen in radio
ancuits,

UNDIERWHITT PS RUTT S

The speaific rules covcrme radio equip-
ment are given i Artwcle 37 of the National
Electric Cade, undar the heading of Radio
Equipment  Some states have adopted this
code or a more strict varsion of 1t Certamn
cities have adopted 1t, too, and thev en
force theit rcgulations thiough mumcipa!
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mspectors.  Before making an installation
1t 15 well to find out 1t the appairatus and
wnmg are subject to a state and aty n
spection as well as by msurance interests
The following cities have adoptcd wining
codes of then own and, theretore, installa-
tions m thcse aties should be made m ac-
cordance with thanr special 1ules Ncw York
City, Chicago, St. Low~, Denver, Portland,
Ore ; Memphis, Tonn, Macon, Georgia;
Kansas (itv, Mo ; Jamestown, N Y, New-
ark, N. J.; Camden, N J, Sioun City, Towa;
San Diego, Cal; Iattle Rork, \ih; Ifot
Springs, Airk,; San [Manasco, Gary, Ind;
Atlanta, Ga ; New Haven, Conn; Chatta-
nooga, Tenn ; Madicon, Wis ; Wilhes Baire,
Pa.; DMoline, Il ; Rock Island. 111, Peoria,
I, Detioit, Mich, and Louiswville, Ky.
Eleetrical wining m Maryland, the Dis-
trict of Columha, Louiwiana, Tennessce,
Ohio, Minnesota. and North Cairolina 1~ sub-
ject to the approval of a state mspcetor

“Approved” refers to devices designed for
the purpose used in accord with recogmzed
practice. The device must be acceptable to
the Inspeetion Departmant having nuisdic-
tion (there mav be a City or State ms~pector
i addition to the Insurance Ratimg or In
spection Buircau) When there 1s no n-
spector for the ity o1 state, msutance n-
terests inspact through thar rating orgam
sattons, one of which covers cach pait of
the United States Yowr local msurance
agent can advise vou i whose teirnitory you
are located ~so vou can gct i touch with the
proper authonity

A conference with the Inspection Depart
ment  bctorc making an  installation or
change will save mconvenience and c\pense
later Youwr own micrests and those of
fellow citizens will be best protocted from
an mmsurance and fire hazard ~tandpoint
bv having such a conference.

The wiring must follow the rcquirtements
observed in your particular commumty In
sonie mstances a separate power hine must
be 1un direetly to the watt hour meter. \
few feet of “BX” from the nearest outlet
to a “Square-D” switch box, properly fusaed
at the switch, will usually be satisfactory
The installation of high-voltage apparatus
and witing must be done 1 approved fash-
1on  High-tension cable, suppoited on por
celamm pillar inculators, heepmg the high
voltage awav from all wood-work and neigh
borig conductors, 15 a <afe type of con-
struction.

A 1eceiving antenna can be connected to
ground before 1t gets to the ~ct through
eithcr in-door or out-dom tvpe of hghtning
arrestor  Several approved tvpes are <old
bv local dealcrs with complete instructions
for mstallation. These arrestors are simply
sparh-gaps sealed in a vacuum to lower the
voltage break-down The ground can bhe
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made by scrapmmg a wata pipe or giround
tod (lean and bright with a file. A 10¢
ground clamp will mahe a good connection
to the pipe. A yvaarly inspection will imsure
a good ground  An approved hghtning ar-
1estor opcrating at a potontial of 500 volts
ot less 1s requited for each lcad-in conductor
of a recenang statien. Thae are no tre-
quirements for imdoor antcnnas, howevar.

Part 5 of the Fomth Edition, National
Electiical Sttty Code, dassimoes trimsmit-
ting stations as~ those of lon, m dm, and
high power. .\ low power station 1s one to
which the power supplicd 1s less than 100
watts and where the voltage supplied is less
than 100 volts  \ high powdr station 15 one
requuiing over 1,000 watts power supplv o1
a supplyv  voltage of ovr 2,000 volts.
Medium power  stations are classified  as
those not falling into eithcr the low or the
high powcr class  Most amatan 1adio sta-
tions fall into thc low or mabum powar
class, unless a voltage m o oncess ot 2,000
volts s used.

The <ame requnements apply to both
antenna and countarpoise wites.  Antennas
tor 1ccenng and low-power transmitting
stations <hould bc supportcd and insulated
smlarly to public service communication
lines while 1o mcdium and high-power sta-
tions the requircments for «onstructing <up-
ply lines tor transmitting electiical enagy
m hike situations shall be act. Antcnnas
should not <ross over or und r supply lines
or telephone and telegraph wives nor should
thev 1un above and parallc! to them 1 ~such
a wav that a talling antcnni nught cone
im contact with a Inc wite Antennss
should not cross 1rulroad tiacks o1 public
thoroughfares They ~hould not b at-
tached to poles owndd and mamtamed by
local putlic utilities for supporting power
Iimes or communicotion cables or wires In
most cases local ordinances forbid such con-
stiw tion as a menace to the public welfare.
When antennas arc put up in such haz vd-
ous locations special precautions should be
talen to have ample strength o the an-
tcnna wirte and ats support and ample (lear-
ances

Antcnnas should not hc sunyortcd on
chimneys. Whaen o tree 15 used thao should
bhe some provicion for haopme th ontenna
from snapping when the trec swavs m the
wind  Anv size of wne i b used for a
1ecening antenmt Piobiblv No 11 B &
S (American Wne Guaed)  hand drawn
conpcr wie, cnamclad to pravent corrosion,
will have the best balan e of electrical con-
ductivity and mechanical strength for that
pmposc  fRending antenna and counterpoise
wites for medimm o high powa stations
Jhould have a stiength of not less than No
10 haid-drawn copper wiie and should be
mmsulated with msulators having a minmimum
creepage distancc of 10 mches or more A
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clearance above ground of 10 feet is pre-
scribed for recerving and low-power an-
tennas where they «ross foot paths and en-
trances to private garages. Above streets
a clearance of 15 to 18 feet is required and
this must be increased to 28 fcet when an
antenna or counteirpoise for a medium or
high-power sending station 1s contemplated.
For spans over 150-feet 1n length these
clearances must be inaeased. There must
always be at least 10 inches clearance be-
tween antennas of such stations and the
nearest combustible materal. There should
be at least a 10 foot clearance wh:n the
antenna or counteipoise of a medium or
high-power station c(1osses under othar con-
ductors. The clearance required is l.ss for
receiving antennas and those of low-power
stations and is specified as 2, 4 and ¢ feet
depending on whether communiation lines,
low-voltage or high-voltage (above 750
volts) conductors are crossed.

Transmitting antennas and counterpoises
must be giounded by means of lightning
switches. The switch shall be of the single-
pole double-throw type having a minimum
break distance of 4 inches and a blade of at
least .0625 sq. in. cross-section. The switch
should be 1n the most direct line between
leadin and giround but can be located either
outside or inside the station. Live parts of
the switch must c(lear the wall (or other
conductors) by 3 inches for a C. W. installa-
tion (5 inches for a dambued-wave set).
The switches must be connected so that the
antenna and counterpoise leads can be dis-
connected from the set and connected to the
ground wire whenever the station is not In
operation.

The lcad-ins must be made through ap-
proved lead-in bu<hings. A good but
cheap way to brine in the antenna lead i
to drill a hole mn the center of a large
window-pane. A bhrass machine screw with
rubber gaskets will go through this and
make an excellent lead-in. The lead-in in-
sulator must have a 3-inch clearance be-
vond the wall of the structure. Antenna
leads must never come within 5 inches of
supply wires. A wooden hoard at the
top or bottom of a window will make
a good support for lead-in bushings
under most circumstances. Pyrex bowls
make good bushings. M. M. Fleron & Son
Trenton, N. J., manufacture an “appioved”
bushing of adjustable length. A ‘“drip
loop” prevents watcr from following the
antenna wire into the station. Lead-in
bushings or tubes must be rigid, noncom-
bustible, nonabsorptive, and have good in-
sulating properties.

An outside ground is recommended but
not absolutely neces<arv for a transmitting
antenna. The ground lead <hould be made
of No. 14 hard-drawn copper wire or of
wire having greater strength and con-

ductivity. Its cross-section should not be
less than that of the lead-in wires. The
ground wire should be run in as direct a
line as possible from the switch to a good
permanent ground. A driven or buried
ground or a waterpipe ground 1s satisfac-
tor1y. Never ground to a gas pipe, though.
For ground wires no insulating supports or
insulation 15 necessary. The ground
switch should have husky blades and jaws.
They may be mounted on pillar-type in-
sulators, on marble or watcr-proof bases.
Slate bases and absorptive composition
bases will leal electiically and decrease the
effective output of the set. “Mud” lead-in
msulators will act somilarly.

Everyone who owns an amateur station
or who plans to have one should send ten
cents (not 1n stamps) to Superintendent of
Documents, Goveinment Printing Office,
Washington, D. C., for the booklet, Safety
Rulcs tor Radio Installations, Handbook of
the Bureau of Standards No 9. This gives
a great number of 1ules for in<talling ama-
teur radio equipment.

STATION ARRANGI MI'NT

A complete station consists of a receiver,
wavemeter, transmttcr and <urtable an-
tcnnas for picking up and <ending out the
signals. So far as possible we can build
from standard parts, which are sold at the
local radio shop. This makcs our station

A COMPACT ARRANGEMENT AT 7CK
All controls are i casy rcach of the overator

inexpensive and easy to install quickly. Al-
though there are no complete inexpensive
outfits manufactured, there aie plenty of
“parts” and “hits” contarming all the parts
necessary for a transmitter assembly.
Ready-built apparatus is advertised in
QST’s Ham-ads. Some local amateur will
alwavs be glad to assemble and build stuff
to oider if a beginner does not wish to at-
tempt the construction himself.

The arrangement of a station should be
made with careful thought. Convenience,
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electrical efficiency, and simplieity should
govern here. The trontispiece to this Hand-
book shows a station arranged with these
points 1n mind. The key should be well back
on the table so the operator’s armm can be
well-supported The tuning controls should
be in easv reach of the operator. The power
control switch to the transmitter should also
be close by. A nunimum numbcr of contiols
makes operation quick and rehable. The
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Note the power panel at the ldft, transmitter and

wavemeter in center and recening equipment on the

right. The dvnamotor shown at hottom furnished

emergency plate supplyv during the Mississippr flood
m 1927,

storage battery should connect to the center
of a double-pole double-throw switch so 1t
can be thiown to the receiver or to the
charger at will. It <hould be accessible for
taking hydrometer 1eadings and placed
where any aad diippings or leakage will
do no harm. High-voltage leads should be
run directly from the power -ource to the
tubes, insulated and kept out of the wav
where no one can suffer injury by accdental
contact. The antenna lead-ins should be
kept well awav from grounded metal lath
or plaster <uppoits They should 1un to
the set in the most direct way. All the
wiring should be done in accordance with
the National Electric Cede. Good arrange-
ments will be sugegested by loohing through
the Station De<criptions department of a
few back numbers of QST.

N CENTRAT

The idea to be kcpt in mind when build-
ing a station 15 not “How quckly can I
buld my station?” but “How well can 1
build my station?” Every bit of station
apparatus must be just as good as we can
make it.

DESIGNING THE RECCIVER

The first apparatus built for our station
should be a receiving set. It 1s 1mpracti-
cal to build one fixed 1ecerver that will
wortk at maxuimum ecffectrneness over all
the wavelength ranges 1n use by amateurs.
By using removable coils 1t 15 possible to
design a practical and efficient 1eceiver that
will readilv cover the wavelength bands in
actual use today. We must use a mount-
ing for our cotls that makes 1t easy to
change them. The contacts must be posi-
tive and the losses mus<t be kept low to
make our reccnver efficient. The tuning
controls must be casv to operate. Body
capacitance effccts must be avoided.

The simplest and most stable circuit is
the best one to use. One regenerative cir-
cuit will gnne us as loud <i1gnals as an-
other. However, 1iotating-tickler feed-
backs and tuned-plate cwemts affect the
tuning as the 1icgeneration is changed
which makes thcse methods undesirable.
This effect can be mmmmized by putting
the tickler at the filament (ground) end
of the secondary coil but 1t cannot bc
eliminated. A fixed tickler with a
250-micromicrofarad  variable c¢ondenser
(throttle) 1egenetation control is probably
the best that has been devised. It does
not mattcr whether this condenser is
straight-line frequency. wavelength, or
capacitance By properly proportioning
the parts of the ciremit and putting the
fixed tickler at the ground end of the sec-
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Wormal Throttling Condenser System

AN EXCLLLENI RECEIVING CIRCUIT FOR

SHORT WAVES WITH TIIAED TICKLER, SERIES

PLATE FEED, AND FEED-BACK CONTROL IN

THE VARIABLF TEED-BACK OR THROTTLE
CONDENSER ((2)

W Seco xlary

T
£ L
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ondary, one setting of the throttle con-
denser will enable us to tune over quite a
wide frequency band.

The sccondary or grid cirewit is the tuned
circmt. The s1ze of the variable condenser
(C.) and the different coils used will
determine the wavelength covered. A
big variable (ondenser will enable us to
cover many different frequencies with just
one coil. The tumng with such an ar-
rangement would be very critical and the
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urpotrtant amateur bands would correspond
to only a very small number of graduations
of the dal  Such a recarar would be of
no use to anv radio operator  The smaller
the vanable capacitance, the more secon-
dary coils will be nocessary to cover the
smateur wasel 'ngths The happv medium
which 1 best for all around work makes
ont choice of o sccondary tuning condensel
one with a maixumum capacitance of be-
tween 90 and 120 mucromcrofarads The
veryv best of tuners spread each amateur
band ov 1 the tfull dial instead of over a
small portion of 1t by using a condenser
with 1 maximum of not over 18 or 20 micro-
narofarads  Such a <et will be deseribed as
1 mahe o asy tor tathie 1man and foraign
DN wonl o alby tCocommanmc ite on
schedule A very low mimmum capacitance
will be helptul

The plates <luld be ~hained o that the
changen the frcquency o which the circuit
will tune will be dinectly nonortional to the
angle through which th dial 1< rotated
(such a device 1~ commonly  called a
“stimght-line frequendy”  condenser) A
condenser of good mwechimcal features with

low clectrical losscs will be hest The
plates should be <oldiicd together  The in-
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T SAME CIRCUEL WITH PARALLLL OR
SIHUNT PLATE 1 EED

sulation should Fe f hard 1ubbr1, Pyvicx ot
quarts, and the path along the insulation
between stator and 10to1 should be long

Coming to the ¢ nls, they should be space-
wound and supported as neatly as possi-
ble by nothing at all Strav capaci-
tances and resistances <hould be avoided
by proparly spacng thce different parts.

The antenna can be coupl:d to the set
thiough a httle fhxed condenser between
the antenna lead and the giid end of the
secondarv co1l as n the “breadboard” re-
ceiving lavout tcr all-artound worh that will
be de~cribed A verv small vairiable con-
denser will be an improvement heie, en-
abling us to have some control over the
selectivity by looseninz the lumped capaci-
tance part of thc couphing as much as neces-
sarv (by reducing the value of this capaci-
tance).

To get good cenergy transfer it s
necessarv to ground the filament ‘When
we do this we bring i a lot of unneces-

sard nowses piched up from the local stieet

car hines, highting (ncuts and <o on. Dur-
mg  summer  elcctiical <storms and when

‘now 1s talling 1n the winter, tiouble t10m
perlodie sparkmg ovar of the miao-con-
denser (or perhaps the hightning ariestor)
will make the combined electrostatic mag-
netic couphng directly to grid undesirable.
The series of clichs will disappear when
straight magnetic antcnna coupling 1s used
undar such conditions. The charge will leak
ofi to ground as fast as 1t collects.  How-
ever, when using a condenser as above, an
tenna harmonics do not atfect the requned
regenciation as much as when magnetic
coupling 15 used.

For most short-wave work the antenna
can advantageously be coupled to the set
magncticallyv. A fixed coil of eight or ten
tuins, two inches 1n diameter, placed in the
filament end of the grid coil to rcduce tun-
mmg  eftects, will give sufficient coupling.
This 158 known as a “fixed tune” primary.
It should be held on an adjustable hinge so
that the coupling angle can be changed to
the best value for the antcnna one 15 using.
Bv sufficiently loosening the antenna coup-
Iing there will be but a very shght tunming
effect, making a calibrated recceiver pos-
sthle.  With suffiaently loose couphing we
will have no tiouble with “dead spots”,
pomnts at which the antenna (newt and
~econdary (ncurt are m tune and at which
the et will not osaillate The shorter the
wavelength the further awav from the <ee-
ondary the antenna ol ~hould be placed

Radio-frequency amplifiers worhing direct-
Iv on short waves add tuming controls and
effcct shght improvament 1in «ignal strength
- —at least this 15 <0 as a rule until some
new developments 1n vacuum tube equip-
ment are made generally available. The
use of short-wave or supeiheterodyne R F.
amplification to mciease sensitivity 15 quite
unwartanted  For <uppression of power
lcahs and bhackgiound noises, a superheter-
odyne with two or three tuned T (inter-
mediate frequency) stage-, one oscillating
weakly, has been found helpful, howeyer.

A regencrative-dctector (ncuit and one
stage of audio amplhification is practically
«tandard for <hort-wave work. A couple
of UX-201-A (C-301-A) tubes mahke the
best set. UV-199’s can be used 1if no 6 v
storage battcrv s avalable for running
the filaments A “soft”  (lJow vacuam)
tube makes a sensitive detector if the hiss-
ing is not objectionable. Use the lowest
plate voltage possible to get the greatest
response from weak signals.

Whatever tube 15 used, a few trals m ad-
justing the values of grid condenser and
grid leak to fit the particular tube will be
well worth while. The smallest capacitance
and the highest re<istance grid leak pos-
sible should gne best results. The tube
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should go into o~sallation casily and gradu-
allv. It should not “howl™ o1 become un-
stable 1n the process  All audio howl s
usualiv  causcd by instability lhe set
does not osallate at audio fiequency. It
starts and stops osallating rapiudly. making
chichs i the phones at audio frcquency
(howhing) as 1t docs so.  Usuallv the gnd
return 1s made from the secondaiv coil to
the positine of the A batters A 150-
micromiciofarad grid condenser and a T-m
& megohm lcak will be about night tor the
average tubee Above all things we want
a quiet” recon et A mdtallized filament
grid leal will give superior re-ults m this
tespect A good fined mica grid condonser,
a frictton-typc slow-motion dial with a high
tatio and no blacklash, good condenser~, and
solid conncetions wall all help m  mak-
mg a smooth runnmimg. quict ~ct The <ct
mav be <hielded m a copper bov with a
mctal pandd to pravent prck-ups of signals
ard notse by the rccenver coils and winimg

The coils should be placcd ddcar of large
<olud bodics by 112 to 2 mmches  They should
e an mch or moi¢ from the ba<eboard the
cabmet and the pan<l, and a respectable
distance from the tuning condenscar, though
we want the leads to that tanly short

Use the smallest tickler that will work
with a low dctcctor plate voltage.  Too
latge a tichlan o a poor B battav will
often cause howhing A large  tickla
mahes the ~ct go mto oseillation with a
“hang” and the tumng effcet 1~ bad  The
propcr wayv to build a tickler for a given
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~ceondary coll s to adjust the number of
turns and the diametcr of the tichler with
the ~ct opcerating With thce throttle con-
trol set at masimum capaatance and the
tuning condenser also adpstcd for max:
mum capacitance, the size of the tickla
<hould b rcduccd until the set will just
barelv oscillate Mekler colls tor ¢ W re
ccption should be wound with hcaviar wire

he]

ot

A STATION

than that used m broadcast receivers which
work just bdlow osallation. The diameter
of tickler coils <hould be smallet than the
secondary. This 1cduces capaative couphing
hetween the turns of the two coills and cuts
down the tuming ffect The 1otaxy con-
denser plates <hould connect to the filament
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FEED BACK CONTIOL ED BY MOV NG THE ILrL R

side ot the cireuit to cut down body tun-
g cftects, Grounding the filament 1s neces-
SAY 1N (\trente cases.

Either a pomta moving over a scale or
&@odial wath indicator mav be used The
pointer 15 the most rcasonable but hardest
to obtam Ouw tuning condenser should
have an casv-recading scale. The feed-
back contiol docs not nced to have anv-
thing but an mdicator showing the relative
sotting as its position wall vary with fila
ment temperature and “B” potential

A theostat for thc detcctor and one for
the amphficr 15 convenient Often the
detector will work best at a lowcr tamper-
ature than the amphfier filaments.

The amplifving transformars ~electad fou
this 1ecener are not nccessarily ones suit-
able for bioadcast rcception. A high
ratio ot tran~formation and a high primary
mmpedance are desnable The transformer
should be sclected that gives most amplhih-
cation on frequencics between 500 and
1000 ¢vcles. Varving the tuning conttol
to make the r1eccived beat note lie between
these values will ginve the best amplifica-
tion Lowct toned  atmosphernies  and
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giound nowses will be lost in the back-
ground. The qualitv will be actuallv

atrocious when 1treceiving nodulated sig-
nals. We are building this set for the best
results in telegraph communication rather
than to1 radiophone reception  We <hould
not use a C-battery in our code receiver
1 we desiere the best signals A (C-bat-
tery will cut down the plate current (pro-
viding 1t 1s propeily anstallcd) and  the
plate batterv will last longer but the sig
nals will not be as loud as< 1t no C-battery
15 used.  We want as widely vamable an
audio-friequency cuitent as possible i the
phone arewmit rather than a cuntent that
varles dnectlv in accordance with the im-
pressed <1ignal on the giid of the tube Th»
latter condition is desnable in a broadcas.
receiver but we want to work our tube
above the straight hine portion of the gid-
voltage plate-cuntent characteristie curve n
otder to gt as loud signals as possible
If a movable tichler 15 used, a .002 phone
bv-pass condenser 15 butlt mnto the set to

make 1t osillate eavilv It <hould be
across the D-batterv and primary of the
amphifyving transformer (or phones) A
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sulated wite will avoid corrosion and needs
no pirotection fiom dampness. Skip every
two pins after staiting the winding.

WINDING COILS

Space-wound coils should be wound on
skeleton or notched 1ibbed forms. Hard
1ubber is fine electiically but 1t “flows”
after the wire has been tightly wound and
the coils eventually loosen. Micarta tub-

mg with projecting 11bs 15 best. In an
emergency the “Quaker Oats” box or

cardboard tubing will be hest to use after
baking 1t 1n shellac to exclude moristure.
The coils can have terminals brought out
to fit into binding posts on the baseboard
for interchangeability  Stiaight wire ends
will <hip into binding posts neatly. A
better arrangement 15 to build them with
little baikelhite or hard rubber <tiip bases
and to use General Radio plugs Phone
cord-tip termmnals and Carter jacks make
a fanlv good wiping contact, howcver The
coil  texrmmnals are made by shipping

phone cord tip over a 632 machine screw
and soldering 1t in place.

Turns may be

FORM FOR WINDING supporting
EITHER LORENZ OR

SPACE-WOUND (OILS

condenscr with good msulation should be
used becaus: lcakage will ruin the B-
battcry.

Good plug m coills are manufactured 1n
the Larenz o1 basket weave type of wind-
mg or in the space-wound <heleton-torm
tipe. Th bLost mechanically and elcctrnically
balanced joby can be done by the mdividual
builder, howcver. Lorenz coils have low
distributed  capacitance  and  thev  are
mechamcally metty good. A winding jig
can be made bv dinving 14 pms or nals
a 31z2-anch encle. No. 16 cotton-enameled-in-

Cord gég P wire Jurns

Another knot

™~ #not

spaced by winding

on notchéd skeleton Torm or
by using knol's orglass beads be
tween LUrns tomake corls self

A FINISHED
SPACE WOUND COIL

The diagram shows casy ways of making
recenving coils that will compare very favor-
ably with any manufactured products
that are available.  The punaple ad-
vantages of the Lorenz col are low dis-
tnibuted capacitance (because the tuins
cross each other at an angle mstead of 1y-
mg side by side) and good mechanical
strength when strong binding cord and suf-
ficiently heavy wire are used. Perfectly
round turns of cyhindrical coils have the
greatest inductance per turn, however
Therefore, a o1l having better electrical



BUILDING A STATION 59

properties can be made by winding the coils
on a round form and spacing the turns to re-
duce the distitbuted capacitance. If we use
a solid tube for a form we run into diffi-
culties agamn by mtroducing additional di-
electric losses which add to the effectne re-
sistance of our coil. By adopting a skele-
ton notched form or by spacing the turns by
knots (as <hown) we can improve the coil
electrically but before long we find that our

1 —|
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Sleeve
-Screw
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DETAIL OF COIL MOUNTING

coil 1> mechancally weak making a care-
fully balanced compromise neccessary 1o
achieve the “best” practical coill.  For
making transnutting coils, glass o1 por-
celam beads can be substituted for the
hnotted cord separating the turns ot space-
wound cotls. Always use waxed or paraf-
fined cord m supporting cotls to mahke them
morsture proof. Sealmg wax or paraffin
is good for supporting And stlﬂemng coil
ends. Avoid shellac and “dope” on r1ecenn-
mg coils.  Anything of this nature between
turns will raise the distuibuted capaatonce
of the (o1l because it has a dielectiie con-
stant greater than that of air. To get a-~
great a tuning range as possible with a
given coil 1t 1s desuable to have the ca-
pacity lumped n the condenser used across
the coil. The coil 1tself should have mmi-
mum distributed capacitance and the con-
denser should have a low capaatv at the
“zer0” dial setting.

Here 1s a table showing the wavelength
1anges that can be covered using 3.’ di-
ameter Lorenz coils of the following num-
bers of turns and a tuning condenser has-
ing the maximum and mmmum capaaty
values speaified.  The wavdength ranges
were determined bv means of an oscillator
(deseribed 1n the appcndix) and wavemeter
(the next instrument we will bwild for the
station after our 1eceiver 1~ 1n operation).

Tuning condenser capacity range 20 to
980 mictomicrofarads. A smaller maximum
capacity (150 uuf) is recommended to give
less crowding on the amateur ranges.

Wave en th

Turns imdter )
¥ 20 to 3
21 3 te 273
10 10 to 12

5 2 to v
& 11 to 35

Some space wound cotls cheekad by the
writer were three inches in diameter, woun.
on skeleton forms, of No 18 B and S. wne
spaced the width of the wire 1itself. The
tuning condenser had a range ot fiom 15 to
100 micromicrofarads.

Wardlength

_llnn\ - ) (metars)
19 5% to 115
S o) to b2
3 11 to 31

Although not allowing much overlap these
ranges cover the thrce lower antateur bands
nmeely 1n the center of the dial. The con-
firmed traffic man will wish to use a still
smaller condenser with a much larger num-
ber of coils (eight or ten) <o that the tun-
ing will not be e¢ntical and so that all sta-
tions will be spread out well over the dial.

All distributed capacity in coils does not
come from the capacity between turns.

SIDE VIEW
Coi
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DETAIL OF COIL AND PLUG

Running leads thiough the fimshed col adds
to the distributed capacitance, especally f
the lead happens to be one ot the coil leads
itself. If a lead must be run through a coil
by all means 1un 1t thiough the center as
this adds least distnibuted capacitance,
Running the lead ncar one side of the coil
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1aise~ the effective 1esistance of the col
considerably espeaially at the shorter wave
lengths.

A smmple way of mahing quite good
space-wound coils 15 to wind the wire on a
cardboard form, speacing 1t with a thicad,
stiing, or another wire which 1~ taken off
atter the winding is completed. Cairdboard
tubing should be fist prepaied bv water
proofing with a celluloid varms<h and binder
VWire should never be wound on the foom
until the vaimsh 1s diy  This prevents the
varmish from soaking to the insulation
which raises the didlectine constant mak-
mg a poorcr coill with higher effectine 1¢
sistance and  distiibuted ¢apacitance A
“Quaher Oats box” foin 1~ as good as chey
come  electrically Don’t think that al
coils must be of thiee inch diameter just be-
cau~c thosc mentioned here and all thosc
vou have secen are of that diameter  This
s qust a conmvenient size and good <hoit-

‘ . ﬁ
i
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PIUG-IN RECEIVER (OILS BUDT ON TUBE

BASES

These are used by YD\Y fer use on 20-, 10, and ~0-
meter bands  Wound on tubd bases, thev are plugged
into a tube sochet with 4 <small antcnna ol put
around the base ot the sockct. ‘The coils have tom-
pact fields and permit compact st construction.  The
number of secondary turns uscd depends on the wave-
band to be covered and the <i1ze of the tuning (on
denser. The tickler turns depend on that and other
tonsiderations  The rnight arrangement of turns s
easilv determined experimentallv for each job

wave coils performing beautifullv and with
excellent eflicienev can be made 11 mches
1n diameter or even less. If a thick Torm
is used 1t should be provided with longi-
tudinal supporting stiips to keep the wne
off the form to rcduce dielectrie losses

BUILDING THF RECIIVER

A 1ecenner built on a “bircadboard” s
very cffective but pichs up dust and dirt
after a while and gets nowsy. A panel-
mounted set is about as cheap. The cabi-
net can be added later to protect the paits
Photograph~ show both “bireadboard” and
panel layvouts The <et can be wired from
the photographs and the diagran.

Select every part carcfully if vou would
make your recenver a permanent anvest-
ment. Do mot patromze the local cut price
o1 “gyp” storeaf you are after the best re-

sults obtamablc for your monev. “Bootleg”
parts are cheap 1t 15 tiuc —-but standard
parts and tubcs from reputable manutac
turcrs are not ~o hikdly to prove dofectnve
after a few weeks of use. Buy well and
vour set will still be giving satisfaction
when the friend who was tahen i by a mis-
guded 1dea of saving 1s paving tor expen-
sne 1eplacements

In putting the “bicadboard” recenver to-
gethar lay out the apparatus as it 1s shown
in the photogiaph marhkimg the places that
<hould be dnlled tor scxews with a penal
pomt  Now tahe off the parts and pich out
the proper wize dnlls for the varous wool
screws that will he used. Make the holes
with the hand diill night at the begmning
and you will avoiwd sphtting the bascbond
and making an un<ightly job. If the wood
1~ ~soft you can use a gimlet, punch o1 a nail
of the right <s1ze in making a hole for stat
mg the wood screws.

FFasten down the appatratus securely, sup
porting the vanable condensers on strong
mctal brackcts obtaincd tiom the local hard
waite storc. Some condinsers are casier to
mount on “breadboards” than othas  Tf a
“hireadboard” et 1s planned be sutre to by
condenser~ that can be 1eadily supported
on angle brackets and that have suitable
provistion tor securmg the vamer  dials
N At wire the sot accordmg to cirawt dia-
gram o1 photogiaph running the wires fiom
one mmstiument to the uext and soldering
cach conmeetion as 1t 15 made  Bus wning
1~ best lookimg but flcxable rubbar-coverad
wne 1 just a- useful and practical Most
of the parts manufactwred todav have bind-
ing posts comeniently arrangad ot s a
short job to put togcther a workable <et
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simiply by 1unming wites from binding post
to bmding post For a set that 15 peina-
nently quiet m opcration, the connections
should be soldeied when the outfit 1s as-
sembled, but a laboratory set-up or a set to
be used for but a few weeks and then torn
apart can be conveniently made without any
<oldering



BUT DING

When the wining has baen conpl: od
check it ovar carctully before conw dang the
battcries or trving i out B osur Jhe o
nections are right b tore going «head -
for conne tineg the B hattary, hool up th
A-battery and see that

\ STATION
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The arrangemant of a pancl mounted set

~should be svmmctiical, balancad for appeal

SNCe

the

Thought must bc given
ot puts to mmsurc an

and utility
propa spacing

the filamonts can all he
turned on and oft and
controlled by the 1heo-
~tat. It all the tut s do
not heht, tind the tHut I
im the wirime bhetore go-
me any farther It s
possible  that an <o
made - wnimg migh
allow the B-battay vo!

age to be put dircetdy
across the tube filament
terminals, I'herciomc,
itos wise to trv the
tubes 1n then  sockets
one at a time m ordar
to (\pose any such mis
tahe with as httle dam-
age as possthic Then
and not until then, com-
plete the plate cincut by
connecting the B-battery.
Plug m thc phoncs and
histen to the set as vou
operate the difteren con-
trols.  T'here should be a

trong chick i the phones
when the B battery con
nection 1~ made and
broken The 1egenera-
tion control <hould be
gradually  worked up
from zero until a <lhight
click and a “Ine” sound
shows that the detector
tube 1< oscillating.

WIRINC Ot

But onc stage

dircctly to the
bras. anglcs
pres

Ii1st ot Material Roquirad for a Breadbhoard Lecina

Woodcn bwwebouad 1.7 x 107 1 ~t 0
100-nucromicrofaryd S L T varnible conld [BRR
0 nucromuctof o ul vanrable « nder 0on 1e 1o
2 UX tubc sochets 1 00

St tubber spon ¢ 3 oand 1t st Loy gt
detcetor <ochet pravantin. me v pho 11 Cla
1 30 ohm theo tat L

1 1530-uuf fixed mirer condey ot
17 mee metadhzod-tlhment nad e 1ty "
1 smmrle wd cren oonont tyy 0o
Phones )
I hone plu, ININ
2 Haich vty 020 1 dial iou
1 audie trequ ne mpl v trars~f i 1 ]
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efficient set that will handle
easily. The clearance of mmstru-
ments mounted at the top and
<ides of the panel must be suf-
fictent <o that the <et can be
readily put 1 and tahen out ol
the cabinet.

Use the templates that are
provided with most variable con-
densers tor locating the holes to
be dnrlled for mounting. A
scriber will mark through a
paper template. The <harp
point of any substance con-id-
erably harder than the panel to
be scratched may be used. A
<mall drill 15 probably best of
all.  After the surface has been
marhed, dinll the small hole all
the wav through the panel and
follow 1t up with the larger dnil
that makes the tull size hole
It 15 wise to ditll a small holc
first because it 1s easic1 to locate
a <mall hole accuiatels—the

di1ll having less tendency to “walk” side-
It large diills aire not avatlable, o
reamer will oftcn mncrease the hole to the

wass,

THREL MANUFACTU RED PIUG-IN COIIS

The base holds the swivel-mounted primary for adjustable mag-
netic coupling The secondary co1l s o typual space-wound
coll using General Radio plugs for easy interchangeabihity
Small tickler feedbach (oils are wound inwde the mamn coils

necessary  diameter  without undue labor

and without spoiling the pinel
A grounded metal panel L 1ps to shield th:
<et from bodv capaaty effects.

An alummmum or brass panel will
drill easilv and can be given a
crystalline finish at a nomnal
sum by some of the larger radio
manutacturing concerns that do
such work for themselves

Bakelite-micarta  panels are
most otten used tor home-built
sets as thev are stocked m a
variety of sizes by most dealers
and co<t about the same amount
as the metal panels mentioned.
A fine ~atm finish may be put
on bak<lite pancls by rublbing
them with three or four sizes of
fine sandpapa  Start the rub-
bimg with thc coarsest sandpa-
per. (nding with the very hne‘t
varicty  hnown as  ‘““double
naught ' Use nothing coarser
than No 1 sandpaper on the
panel o' you may scratch the
panel  Always rub in the direc-
tion ot the lcngth ot the panel
Use a little 3-in-1 o1l as lubni-

A SIMPLE PANEL-MOUNTID RFPCLIVER U SING RESIST-

ANCE CONTROL OF REGENERALION,

PLUG-IN (OIS, ONE STAGEF 01 AUDIO AMPLITHICATION
AND A VIPRY SMATL TENING CAPACTY

HOME -ASSLMBLED

cant and finally ¢lean off the
panel with a soft cloth putting
on the fim<hing touches by hand

Parts: 50.000-ohm vartable rheostat, 2-plate (22 micromicrofarad
max.) S LI Cardwell var. condauser, 30-ohm filament rheostat,
UV712 (old tvpe) audio transformer, two U\ sochets for 201A
or 199, .001 macrofarad R I'. fixed byv-pass condenser, 1; mucro-
farad fixed conden<er, 3-7 megohm grid leak 0001 microfarad
grid condenser, hahelite strips (ler mounting iacks on back of
tuning condenser), 1% by Y, by 1,7 (two for each plug-in
o1l assembled) 175 by 1. by 3/16 . four Gencral Radio plugs
and jJacks, No 16 and No 26 Hammarlund space-wound cml ma-
terial, diameter 3”7 and 2 rospectively, terminal «trip and
connecting wire

1ubbing.

A comvenient List of parts for
the construction of a panel-
mounted <hort-wave plug-in coil
tuner 1~ given. Beardes the parts
in the hList, two vacuum tubes
and a filament battery arc¢ need-
¢d.  The filament battery or
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A-battery will depend <omewhat on the
number and tvpe of tubes used. Two five
volt, %4 ampere tubes (UX-201-A  or
C-201-A), can bLbe most economaally sup-
plied by a s\ volt storage battery of be-
tween sixty and one-hundied ampere-hours
capaaty. Of course, the bigger the batterv
1s, the less frequently 1t will be 1in need of
charging. UV-199, CX-199, UX-199, WD-11
and WD-12 tubes mav be vun from a fila-
ment battery made up of div cells. The
greater the number of cells used 1in parallel,
the longer they will operate the <et and the
better the economv. Dy cells are famrly
good for supplving current intermttently
and often old cells will depolarize or recu-
perate by standing without use <o that they
can agam he uscd for short intervals.

There are now several varneties of plug-
in coils on the market for buildin» <hort-
wave recewvers. Anvone can make a se-
lectton depending on the mechanical and
clectincal goodness of the colls under con-
sideration as compared with the other tvpes
available.  Space-wound coils should be
chosen for a short-wave tuner. A wet of
coils and a mounting for the type used may
be bought direct from QST or landbook
advertisements if vou do not care to bwld
either the space wound or the Lorenz tvpe
coils vomself.

The set shown 1n the photo uses a v wnable

Cal kv o Waden th Banl neta
with Adju ting, Cer len 0

/0 S B Mot
20.5 —345 350 —397
836.75— 43.75 425 —1875

495 —58TH 57.75—67 00

57.0 —66 0 625 —T1.h
74.0 —88.5 82.56 —95.5
resistance to control regeneration. A by -
pass condenser 1s necessary to make the
outnt oscillate readilv.  This  condenser
(.001 ut) must not be made larger than

specified or 1t will make the regeneration
contiol sluggish. A fixed resistance n the
detector B-battery ¢ncnt may be shunted
with a varable condenser if de<ired, but
motre direet control could just as easily be
accomplhished by substituting the varnable
condenser for the by-pass capacity

The most mmportant feature of this pai-
ticular layvout 15 that a really good tuning
range s possible with the stations 1n each
band of frequenaes well distibuted over
the entne dial metead of (rowded into a
few degrees as 1s so often the case. This
feature 15 made pos<ible by the chowe of
tumng-condenser size and mav be readily
mcorporated mn erther of the two other te-
ceivers described 1n this chapter, to good
advantage.

The coills are assembled between two
preces of bakehite held together with small

=
=

machine screws.  The mounting stup is
supported by the condenser, 134" flat-head
machine screws replacing the top studs in
the condenser fiame. Nuts hold the bakelite
at the end of the screws and clamp the con-

<
<

1 2300002

25
#T 5

oA ¢}
i; - DET AMP

denser assemblv immlv - The coil termmals
may be soldered to the G R. plugs before
the bakehite preces (lamping the coils are
boltcd together All the plugs must be
mounted accmatcly <o that the coils will

Tuins

et Ty (N Te o Trbla Gipprn ) o o L
oot ol dn_ 1 twpan b

8 4

11 5

16 5
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shp 1nto place easily. The coil matenal
15 easily cut mto sections of any desired
number of turns.

If 1t 15 desnted to spread out the band to
cover the entn ¢ dial it is necessary to cut
down the condenscr a bit. This can be done
bv removing the back endplate and taking
off one of the rotor plates. The spacing
washers must be 1eplaced and the condenser
r1e-assembled. Al the capacity has been cut
m half (approuimatelv) the front and back
bearings should be adjusted. With the fixed
and movable plate closer together the ca-
pacity value and the variation in capacity
is maeased and a wider band of wave-
lengths mav be (o ered. This condenser
may be adjusted as desived as soon as the
set has been assembled, wired and placed 1n
operation.

The capacity across the regeneration-con-
trol rheostat tends to smooth out small flue-
tuations m plate curient when making ad-
justments  This 25-uf condenser cannot he
seen 1n the photograph as 1t 1s directly un-
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der the tuning condenser mounted on the
baseboard.  The amplitude of oscillations
and the antount of tegenaration ate con-
trollcd by varving the plate voltage of the
detector m this particular arcurt

When the range of a o1l s to bo ad-
Justed to cover a band with a mmmmum of
ovarlap, 1t becomes dithcult to cut cotls so
that thcy will have this ovarlap just where
it 1s wanted.  To simpluy making up cols
and tor flexibibity e opcaration, a small but
electiically good adjnsting condenser may he
shunted across the sccondary coil This will
allow the range of the <ol to be <hitted
withm hinuts to cover an entne wavcdlength
band A Hammatlund “neutrabizing” con-
denscr may be usod attar rentoving the nnca
to cut down the masunum capacity and
make the diclectric all an

The antcnna cotl 1< rmade of 10 tuins of
the 2“-diametcr stoch and 1< cdamped be
tveen two bakclite preces clanped togethaor
with a machime ~crew  Thesc pieces ar
alvo notchd and damped over a prece of
heavy bus wite which 1~ then bant as <hown
to makc a stand tor the coil. and sciewed
to the bascboard  The stand may bc turned
about as desited to shift the anwenna coup-
ling and thc scew tightened when the
proper point 1~ found

A small tunimg condcnser mahes 1t pos
stble to vary the pitch of the note by ad-
jastmg the tuning condansa without danget
ot losing the <ignal It 18 not nccessaly to
thtow the regeneration contiol awav from
its best adjustment for scnsitivaty to hold
the mtch of the note that best suits the
opetator’s ¢car No duthiculty <should be -

nient 1 which casc the panel size must be
mcreased to make room for mounting two
varable condensers

As diftcrent oparators have different de-
sites as to wavelength ranges for the vani-
ous coils, a gaph showing the appion-
mmate wavelengch to which a given nuntbher
of turns of mductance will tune when the
tuning condensy 1~ st at sero s given.
These figui(~ cannot be accurate for all sets
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as the capacity actoss the coil due to wiring,
tube and sochet will vaiv. It the prone
number of tuins 1~ found on the curve andd
the number teduced by one, the coil <should
he satisfactory  Its wavelength 1ange mas
of course be mctcased within (crtam hmits
by u~ing an adjusting condenscr The width
of the band which will be covercd depends
upon the spacing of the condenser plate.
also, which mayv be adjustcd to suit the
dividual apcrator,

ANOTHER EANEL MOUNILD

TWO ST P

ITNER WIIH A
AMPTTETE R
After dnlhng and

fimishing  the pancl

mount the parts on 1t and fasten

] the panel to the bascbhoard by
strong brackets and wood screws,
I'he parts to be mounted perma-
ncnthv o1 the baseboard ar» now
prt 1 place and tasten d down n
the ~amc wayv that was descr bol
in the building of the “hreadbond”’
wct Artar winang the outfit and
prttmg on the dials we arc rcady
to conne t the hattcries and oparate
provihing the final ¢hech of the
wiring ~shows eveivthing to he all
1ght  In this connection, 1t s
wcll to beat in mind the cautions
on page 61 regarding testing of

PHOTOGRAPH SHOWING
ON PANFI

Note the plug-in

dotoctor socket.

THE ARRANGLEMEPNI

grid leak and

small ¢l used a~ R 1°. Choke

petienced mn building this 1ecener and wn
mg it up as shown in photo and diagram
No dimensions for panel and basehoard are
gnen bocause niany 1eadors will doubtloss
want to ancorporatc the voegular throttle-
condenser  1egeneration control arrange-

O PARTS
AND BASTEBOARD AND ALSO THE WIRING

condenser and the cushiondd
The small disk 1n the center of the set as the

witinge

All the parts except the radio
trequencey choke cotl arc r1cady tor
asscmbly - This, too, may hc pur
chased trom one of the manutactur
a1s of small honevcomb corlle It 1<
as castly made,however. Dinve some
natls or ~mall pegs i a one-inch diameter
circle as diagrammed when we were dis-
cussing coll construction  Wind 200 to 300
turns of No 36 winco Lorcnz-tashion, hind
it with thicad and fastan it to the basehoard
with a small brass screw through the middle
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of a strip of bakelite or hard wood that
will serve as a (lamp  Chokes can be made
by “yumble” winding many turns of fine
wire on a small wooden spool, holding the
end turns ot wite n place with scaling wax
The phystcal dimensions of the chohe niust
be kept small i any case  If the <t o~1l-
latc« 1cadilv over the whole 1ange of wave-
lengths to which the <ot tunes, the chokc s
satisfactorv  Building a recenving choke 1n
several sections or pres helps to 1educe the
capacity between the two ends of the wie
which tends to short arcurt o1 by-pass the
choke coil and prevent oscillation at some
wavelengths  The distnibutad capaaty of a
“jumblc-wound” choke of manyv twins he
comes quite high  The potcntial betwe n
adjacent turns 1~ not vayv greal and it s
only when the cumulative voltage of many
turns is present between ond turns that the
choke may become 1mopcratinve Thac
then an advantage m winding pait of th
wite all on one end of a form, part in the
center, and the rcmaindar on the opposite
end of the spool  Honevcomb windimmgs are
excellent for recaving chohes but not so
uscful in transmitters as thev are sus
ceptible to brcahdown duc to (xtremely high
voltage buildimg up betwoen adjwent lavors
of wnre

A protur > diagram showe

1~

(vactly how teo

65

tuber1ecerver (detector and one stage audio)
1~ standatd 1o1 amatcur 1cday work but
three tubes and two stages of audio amph-
ficatton are desanbed hare tor the beneht ot
the chap who hikes to have a signal at loud-
speaher strength occasionally  If vou are
gomg 1 for amateur r1clav work vou can
bunld this outht and use just the first stage
for most histeming o1 vou can drop one am
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phfymg transformer, once sochet, the mnter-
stage jack, and one vacuum tube from the
Iist of parts and reduce the cost below the
amount estimated tor a complete set. Al-
though the signals will not be extremely
loud with the one ~tage ot amplification,
they will satisfy evervbody but the chap
with the “tin ear” for use with a telephone
head set. The signal to static r1atio 15 the
same with one stage of audio amphfication
as with a dozen, meamng that we can bying
m just as manv stations and get a< good DX
without the use of more than two tubes
Perhaps we ought to sav that we can do
better worlk, because of the decreased tube
noises which are alwavs to be considaied in
multi-stage amphfiers

A panel set with detector and one sten of
amplification 15 built and wined exactly like
the outfit shown in the picture diagram by
leaving out the pairts mentioned for the
econd stage and by substituting the open
arcuit output jack for the mterstage jack
shown,

List of Parts for Panel-Mounted Tuner

Balclive-miucarty paned 3 167 5 77 8 S0
Waoodcn bascbond 17 8% 1717 25
1ov-mictomicrofar wd strar ht-line trecawn v v -

1able condonsar f vo
250-muctonmcrof irud varnible corden er oot am

tyvpe mech i diy s ood 1 00
3 1T\ tubc sochets 150
1 150-uuf  fined mica condenscer [D]]
1 T-met ohm metallizot fifamart ) 4 loal 50
1 yack, opcn <ot type (I
1 yuk mtarsty o tvn oS
2 0-ohm filament rheo tats 150
2 audo-frequeney amphifving tran Tmet 10 00
complite  «t of shortwave pluc m coills and

mountinz S400 0 1250

(Thase can L purchaiced frorr any onc of
veveral reputible manufacturars ov you can
use home-built Torens cotls e A space-
wound moy thle-tichler nmit can he u od n

stead n which v ¢ the 230-cf condensar

will not be nceded at all If ~u h an 1r-

ran<ement s uscd  the aront nwon o tw

mov able-tichlcr outhits om b1« 37 must be

fo lowed )
2.C or UN2201-A t hes 00
1-C or UUX-200-A ¢cte ter tub 300
1 tclephone head-wci 5 N0
1 135-volt bloch B-battors 100
1 rcady-bmlt (lnndct walnut o} {00
6 ft of No 12 00 N 11 tinned hus wite ma

tertal for RT° c¢hokhe 2 sortraent of wood

SCTEWS 0
6 volt 60 to 100 ampere hour capraty e ad tova ¢

battery of ~tandard mal ¢ ~1O060 1N 00

Battery Charrar

OPI RATING THE RICHIVER

In operating the receisa the battenes
are connected to the <et as <hown mn th»
diagram and the phone< arc plugecd into
the jack. After the antenna and giound
have been connected, the filaments are
highted to a dull 1od by turtume th vheostat
knob. The throttle condcnsar ot tichle cotl
control Lnob 1s tuincd <o that the feed-
back to the <ccondarv 1~ marewed A
slight ¢lich 1« heard aft r which a “live”
or faint hissing sound can be heard. The
set is now in an oscillating condition The

detector tube 15 generating radio-frequency
oscillations. When the tunming e¢ondenser
hknob is turned the capacitance of the vaii-
able condenser 15 changed and this changes
the frequency ot the generated oscillations.
Osaillations are present in the antenna ar-
cut which is coupled to the secondarv cir-
cuit (whete the local oseillations are gen-
aated)

Coupling the anterna cncuit to the tube
circuit causes the mmcoming frequency and
the local frequency to be impics<ed on the
g11d of the detector tube, <o that m the out-
put of the tube we heai the 1esultant o1 beat
trequency. Two radio frequencies of ml-
hons of cvdles per second will beat together
<o that the audio note of but several hun-
dreds of cveles per second can be heard.
By moving the dial of the tunmng con-
denter we change the local fiequency
and the beat note Infferent transmtting
~tations  use  different transmitting  fre-
quencies (each uscs a certain defimte fre-
quency)  and by changing the penod of
the local et (tuning with the vainiable
condenser) we may histen to anv one of the
stations we wish The amplitude of the
grid voltage caused by the lacal oscillations
<should be ncarly the same as that caased
bv  the mcomimg o<athitions n order
to obtain the loudest <ignals  After “puch-
mg up’”’ our <tation, we reduce the feed-
backh (amphitude of the locil osallations)
until the loudest <ignals are obtamed.

When the 1ecenver 1~ opcrating, 1t mav be
found that the <et gocs into and out of os-
allatton with a hiech pitched audio howl.
This mav be overcome by hiinging the end
return of the detector tube to the other side
oi the filament It 1< usually considered

best to r1eturn the detector erid to the
“A” positive.  “Fiinge” howl mav some-
times be cwmed by putting o 1 w 25

megohm leak across the <econdarv of the
audio transformer which does not 1educe
the amount of amplification a grcat deal

MAKRING 11 WORK

In winding coils for our 1cecaivar 1t makes
no diffczence which wav th v are wound
After the set 15 assembled the wning can
be propaly made to gne the best opera-
tion  The ticklet and antenna (oils should
both be at one end of the secondary coil
The filament return <heuld be made fom
this end of the secondarv. The set mav
1efuse to oscillate, 1n which case the first
thing to do 1< to 7 i1crse the tickler leads
Next test the B-batterv and plate cnewt
connections  Be sute B4 connects to the
plate. Thcre should be a (hich 1in the phones
when they are plugged in with the {ubes
turned on.

A pair of phones, a dry cell, and a DC
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voltmeter are the most uscful mstruments
for locating faults in the set. If the tube
does not light, 1t should be tested for an
open filament. Then the filament-arcurt
wirtng should be traced carefully. The
theostat <hould be examined for an open
wite, the socket for a sprung prong With
the B-batteries disconnected trace the

r 25 41
Phor es
Orycel

b Emeler

Snted condensers rvlosed
Cireunts ure mdicated by just
the same clich as yvern by
Soudhirg the terminalc bogether
orbya full voltmeter reading

Onens nwir ngoree s e 1
dicated by no'reaa ngon io &
meler or by o ¢/ cx a 2*nes
A weak ¢/ cx or low vo ¢ ne e
read ng ndicatesac rew o ose
“hrouGr O res Stanen o~

be a lru whormerwndngcret!cr
pa ot aesel

A DC voimeteror g reuds
cur ectly when proocerly cor
nected "/t may be vsed fom
doec’e 0 iarty 22; vol*e1ts
should be discarded when the y
% lbe.sabout 6w b5

LOCATING FAULTS

8 Butlery

tilament wiring tiom the A-battery Lo he
~ochet using cithar the chick in the phones
or the voltmeter across the 6-volt hine. A
couple of pms on the end ot the voltmeter
terminals will make 1t possible to prmce
the mesulation for testing pulposes.

If « regular (hicking sound 15 heard
thc phones when thev are connected to the
set as 1 regular operation, 1t probably
mcans that the ginid leak 1~ open or ot too
high a value A lower-resistance leak
will 1emedy  this  condition. A penal
markh between grid and filament terminals

on the bottom of the tube (or a linc of
carbonized India k) will seive in an
emergency  Two brass machine screws 1n

a small piece of hard rubber or bakehite
with the “leak” diawn between terminals
will 1 ¢ a better arrtangement

If the filament hghts but there s no
sound 1 thc phones, tiacc the plate «n
cutt wnmg carefully, paymg attentron to
the jack to <ce that the phones are not
<horted  there If there 15 a by-pass
condenser across the phones, this <hould be
cheeked with phones or voltmeter and bat-
tcry to <ec that it 15 not <hoittcd mnside »
by <ome <oldcr across the terminals. The
giid and plate termunals of the socket may
be bant.

An opcnt secondary coil or gnd arcurt
lcad mayv cause a cheking sinmlar to that
when thare 1s no g1nid leak The winding mav
be tested with the voltmetcr or phones for
an open cincwt.  If no signals come through
and thae 1~ no “tumng”. prohably th.
varable condenser 1s not sohidly connected
across the secondaty <ol Docreased «1g-
nal strength mav 1adicate that the antenna

co1l 15 open ot that the antenna or ground
ate off. A shortcd grnd condenser may
give the same ettect. It no “cliching” 1
heard with the grid leak removed from the
sct thete may be a shorted gnd condenser,
a soldering paste “leak” within the socket
o1 actoss the grid condenser, or a poor
tube (open grd).  Tiy a new tube, test
the grid condenser with the phones or volt-
meter, or clean up any leaky paths that
are tound between grid and filament

An audio howl in the phones indicates
that the set does not shide 1nto oserllatron
quietly and stably as 1t ought. Change the
giid leak re<istance. Test the B battery
to make sute 1t 1~ new and fresh (shuntmg
it with a .002 uf. bypass condenser will
sontetimes help).

W frequently hcar the complamnt that a
tuner will not work at one particular wave-
length altho 1t woirks well above and below
that wavcelength  The teason for this al-
most alwavs 15 that the dead wavelength
1s the wavelength of the antenna Qrcuit.
By loo<ening the couplhing to the antenna
m by changig the antcnna “fixed” tune
we (an get 1ud of the troublc. If the
coupling 1~ fined we can cut a small fixed
condenset into the antenna aramt. A
“postage stamp” condenser wilt do.  The
tight value of capacitance depends on the
patticular antcnna 150-200 miromuto-
farads 1= about 11ght 101 the average <hmt-
wave rig. The eftect 1 simply to shift
the dcad wavelinzth to some other point
where it dots not give tiouble for a <hort

time  Our condcnser <an be placed across
a «ingle pole «<ingle-thiow  (SPST) kmfe
switch 1 the antcnna (ncaut A <mall

Open snitch toput K]

congenserorcorl i
antenna cirrcuit,
shifting tne fixea <
tune to make set g /
oscillute aicrnto'e Y
range ofdral -

A

SET SET

{0 o — ~I
A

.,|“_

L

TWO WAYS OF SHIFTING THE ‘DEAD SPOT 'ON A
TUNER

cotl will have the same effect as a small
condensr but <hits the “tune” in the other
duection.  Openmg the switch will cut it in
when we want at thete.

Now that we have a tceenver worhing
<nioothly and well we can histen to different



6 Hik RADIO ANV

amateurs at will - We can practise read
mg the code Next we will wish to be in
a posttion to talh with other fellows by
radio.

A\ SHORT-WAVE TUNT R CHARI

A« has been exvplamed at different pomts
in this chapter, the wavelength range of a
recenver 1= determined by the size ot co1l and
condenset used  Latar we shall <c¢e that
wave-traps to elimnate mterference from a
transnmitted «<1gnal and wavemetors  to
measure the frcquency o1 wavelength of
transmissions are also built to cover differ
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tarmined by the w1i7e of coil and condensei

While coils and condensers may be ad-
pusted to cover certamn tanges by the “cut
and t1v” method, a httle planning with
formulas o1 charts byings quicker and better
results  Ddfimte methods are not wasteful
of coil matenials,

Here s such a chart which 1< <o arranged
that a straight-edge 1< the only tool required
m solving problems A numbey of diffcient
~tales are given on this chait, each of which
hcars a catamn defimite telation to the
others.

When the capaaty and wavelength are

ent ranges and that thosc ~smularly are de- known, lav the rulet to touch these two
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values.  The value of inductance 15 shown
where the 1ulet (1osses the inductance <cale.
From two known values the unknown one
can be found on the chart. 3-ich colls are
a common size for short wave work. Wind
the tuins, 8 to an mech, with No. 16 or No.
15 B. & S. wire and the turns wiil be the

STATION 69

same as given at the extirome left of the
chait  The inductance ot 3-inch coills can
be found ditcetly from the chart. A chart
showing the inductance of colls of other
diameters and a method of calculating n-
ductance acemately by substituting in a
~simple tormula 1s included 1n the Appendix.



CHAPTER VI

The Transmitter

T the beginmng 1t is well to think
of the tiansnutter as just an over-
grown itccener. Every oscillating
teceiver 1s teally a mimature
transnutter. We want to use a little big-
ger equipment and more voltage, to main-
tain better adjustment and get higher out-
put etheiency from our cireurts than s ordi-
nanly obtained n osallating r1eceivers.
The transmitter 1s the heart of the sta-
tion. Before we begin on the transmitter
we should remember all that was sard about
doing a “good” job. The transmitter is
that piece of equipment that 1epiresents
us on the air. Whoever hears us is go-
mg to form some opinion of our station
trom the <ignals he hears. It 1s most im-
potrtant that the transmitter be built sub-
stantiallv and so construeted that it does

not inteifere with neighboring histeners. It
RADIATING
SYSTEM
(Antenna Gunterposse 2)
i
V17 = VACUUM TUBE OSCILLATOR

I
: Y :'l_/dr/aé’el"{ennw
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divided 1nto several sections. A typieal
ciremt scpatrated into five parts by vertical
lines is shown. The power supply, usually
110 volts, G0 cycles, enters on the right.
The voltage 15 firtst stepped up to between
500 and 2500 volts by the plate transformer,
depending on the 1ating of the vacuum tube
used. This tiansformer supplies current
to the plate crremit of the tube. Next is
the rectifier which changes the alternating
curtent to pulsating direct current. To the
left of this 1s the filter. The filter smooths
out the pulses in the current from the
rectifier. The oscillator tube delivers radio
fiequency alternating current to the an-
tenna cineuit.

The transtormer, rectifier, filter, and an-
tenna sivstems in use aie more or less
standardized.

For a general discussion we may consider
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A TYPICAL CIRCUIT (MAGNETICALLY COUPLED HARTLEY)

is entuely posstble to build a set which will
accomphsh all the wonders of distant com-
municat on without nterfering with the
pleasures of our iriends who listen to the
broadcast programs.

Any vacuum tube transmitter may be

the tiansmitter, power supply apparatus,
control apparatus, and radiating appa-
1atus. The purpose, construction, and ad
justment of each part of the transmitter
will then be mentioned. Followine the
general tieatment, power supply, keying
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and antennas will be mentioned in detail
in the following chapters.

Power supply equipment must bhe selected
to meet local conditions. Usually sixty-cycle
hghting curient 1s available. Theretore we
will not need to consider the purchase of
dynamotors, motoi-generators, or high-volt-
age storage cclls for our power supply.
Such equipment is often desnable in iso-
lated cases but it 15 expensive both to buv
and to maintain. We can more economical-
ly use the supply current at hand.

The filaments of our transmitting tubes
may be heated by alternating cuirent or
by storage cells  Alternating cuirent s
universally used fo1 the purpese as 1t in-
sures low operating cost, long filament life,
and is convenmient. No large and messy
storage Dbatteries are needed. A small
transformer may be built using the n-
formation supphed in the appendix Fila-
ment and plate transformers mav also he
purchased for verv reasonable amounts.
The cost will depend somewhat on the size
of the transformer and that 1s determined
bv the cutrent it must deliver and the
voltage 1t must maintain across the fila-
ment terminals.

One vacuum tube 15 shown in all the
cacuits we have diawn. This does not
mean that only one tube can be used. Two
or three tubes mav be used n parallel to

abtain  gieater power outputs than one
tube can supplv. Connecting tubes in
pairallel means connecting grid to grid,

plate to plate and filament to filament. The
efficiency of one tube is better than that
of several, however. On the shorter wave-
lengths particularlv it is better to use a
single tube. With more than one tube we
mav get into difficultiecs with “parasitic”
(scillations in the inductance of leads and
the intei-clectrode capacities of the tubes
The use of one tube 10sults in more certain
operating, cooler tubes, and a steadier
wave with fewcr harmonies. The simpler
our oscillator cireuit. the easier it will be
for us to get 1t worhing and to get the
“hues” out of it. By all mean< kt us use
one tube. Fer relav worh probably two
UX-210’s o1 one vacuum tube rated at
fiftv or seventy five watts plate dissipation
will be bhest  An amateur using a <mqgle
UX-210 recentlv won the trophv for traffic
handling in a competition that was nation-
wide.

Tuhes are usuallv r1atad at the amount
of power thev will dissipate in heating at
the plates without damaging the tube itself
or shortening 1its life.

The tubes available to amateurs are
1ated at  “five”.  “Aftv”. “seventv-five”
and “two hundred fiftv”, watts maximum
plate dissipation.

The filament transformer should have a
continuous rating equal to the sum of the

power required hy each filament (and to
this should be added hine and 1heostatic
losses 1f there are long leads and if a 1heo-
stat 1s used 1n the low voltage citcuit front
the transformei1). The rated terminal
voltage of the transmitting tube multiplied
by the normal filament current of the tube
will give the power taken bv a filament in
watts.

There are two methods of supplyving
plate current to a vacuim tube transmit-
ter.  In the parallel supplv method a radio-
frequency chole coil is connected in the
positive lead of the high voltage supply,
next to the plate  This choke coll permits
the direct curtent ‘o flow to the plate but
prevents the radio trequency energy fiom
flowing back to the supply < mice and dam-
aging supply equipment  Radio fiequency
power is relafinelv expensive and we can-
not afford to wast» a bit of 1t.

The negatinve power lead s comnected
directly to the filament of the tube. To
prevent the coill A from heme a sheort Qv
cuit on the high voltare supply a cond nser
15 put 1m the lcad 15 1 the platc to the
cotl.  This 1s callcd cither a bloacle con-
denser or a 1adio fiequenev bv-pass con-
denser. It has a low 1eactance at hieh
frequencies and  permits the radio fre-
quency compenent of the plate potential tH
be applied to the condenser-coil circuit
(shown by hcavy lines) without much drop
in voltage. Thc condenser has almost in-
finite impedance to d'rect enrient and pre-
vents short citcumiting of the high voltage
supply.

The series plate supnly method consists
of opening the plate citeuit at some noint
and 1nserting the supplv sHwee  “B” bat
tertes are commonly connected to receiving

50
=

PARALLEL SUPPLY

b
SERIES SUPPLY
POWER SUPPLY (TO HARTLEY OSCILLATOR)

sets 1 this way. A by-pass condenser 1s
connected as shown where the high voltage
15 brought to the set in order to complete
the radio-frequency cirant without going
back to the s»ice of supplv. Two chokes
are used 1n the plate power leads to keep
the radw-frequency curients “wheie they
belong.”

Of the two mcthods, the parallel supply
mcthod 1~ g »arallv the one to be pie-
ferred. When using the series methods be
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sure that the positive side of the high-
voltage supply is not grounded, for 1f it is,
the full plate potential will he mmpressed
between the secondarv and primarv wind-
mmgs of the filament transiormer with prob-
ablv disastrous 1esults.

The “center tap” on the filament tians-
tormer should be exactly located 1n order
that the plate current divides equallv he-
tween the two branches of the filament
Equal cunient division will lengthen the

Cw(y D
Lj%ﬁ Ew

(779 GO
RIGHT

METHODS OF CONNECTING TO THE
"ELECTRICAL CENTER OF THE FILAMENT CIRCUIT

| =:

WRONG

lite of the tubcs It 15 usually most eco-
nonical to light the filaments with alter-
nating cutlent. To give a4 good unmodu-
lated s1gnal we must have the center tap
just where 1t bclongs to pravent A . volt-
age from getting on the giid of the tube
In  transmutting  encuits, the 1esistance
shown across the winding 1in the diagiam
atav be 1¢placed by two condensers of
equal capacity, usually 1n the naighborhood
of 002 maotwwds carh Catrect and -
correct methods of making a center tap to
the filament are shown

In the diagram <howing the ddifferent
tvpes of plate supply the heavy radio tre-
quency antents cnculate 1 the condenser
coll arrcurt where the hcavy Imes are drawn.
Radio frequency voltage  arc present 1n
hoth the grid and plate cnnants ot the tube
The filament 15 at ground potential and the
plate power leads are 1selated fiom the
radio-frequency voltagcs by the chohe coils

The plate tiansform 1 supphes thc high-
voltage altainating curnrent to the rectifia

An electiolytic or tube rcctifier mav by
used to change the alternating curient to
direct current. A ectificr passes  the

current wmoone ditectron only Duning put
o1 the alicrnatimg-carrent cydle the tecnfien
acts Tihe a vary high resistance and allows
no current to pass By using a multi-jar
clectrolvtic rectifier of two or more tubes
mm a rectifving cncwit, a practically con-
tinnous curtent at high voltage is dehivered
by the rectifier. Some of the peaks of the
waves of the supply curtent are still in the
output ot the rectifier. Thercfoe we hune
an output from the rectifier modulated
at the supply fiequency A signal with
15 or 204, modulation 15 verv 1eadable and
more pleasant to copy for a long time than
the peirfect D.C. note. As it 1s shghtly

“bhroader”
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1t is easier to pick up and hold
than the D.C. note.

To make the transmitter quet and non-
interfermg 1t 1~ neces~ary that the plate-
supply be nearlv puie direct curtent  We
must heep the center tap where 1t belongs;
we must heep the sintv-cycle modulated
voltages out of both owr plate and grid
cncuts, Modulation i the power supplv
produces broad signals moie hikelv to 1n-
terfere with othar stations Some additional
precautions will be ncccssary 1n mahing oul
hevimg arntangenients A filter 15 necessary
to take the 1.pple out of our plate supplh
voltage. A goed filtcr will do this well and
cfliciently. A filter consists of one or
nore groups ot scectionts of condonsets and
cotls  (capaatances and mductances) ar-
ranged between the rectifier and the tabe
A tube rcctiber s best for a portable out-
fit  For a permanent installation we are
going  to r1ecommend the mueh maligned
clectroly tic rcctiher I'he cost 16 as low
as that of a tube rcctificr, the mamten mce
s s Tew, and the elcctiolviie rectificr ve-
quires less filter to give the samc 1esults
that a tube rectifier will gnve

The osaillator cnncuit mav be anv one of
the fundamontal circuits. The tube should
be connccted to the tvansntting caonl o1
condenser by short leads  The Icads in the
cotl-condenser  ¢ircurt should be lept as
short as possible as there 1s a Tot of cnon-
lating o nt thoo and  the aesistanee
losses mount 1apidly with long leads  The
oscillator  mnst be loosely  coupled to the
antenna circuit o1 1adiatine systam as ot s
sometmies called  The Hattlev cncuit as
recommended for starters i as the djust-
ments are simmple (fullv described in thrs
chapter) and a mimirmm of paits 1S e
quited (which moans lew cost)

Meters are not shown i the diagrums
that we have discusscd <) tar. but meters
are reallv recessary to ad.ust the crreunt
propetlv - for  hest  efficiency \fter the
set 15 once adjnsted and in opertion, me
ters are uscful but not necessay We
should have as many mctars i the sct as
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LOCATING THE GRID MILLIAMMETER N
ATRANSMITTER TO AVOID BURNOUT

attord. A filament volt-
metcr 16 necessaly tor tungsten-filament
tubes, A filament amnietcr (a voltmeter
will do) for “XL™ filament tubes 15 of first
mportance It we do not use a filament
voltmeter or some indication of the operat-

we fcel we can
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ing temiperature of the filament, the hife
of the tube mav be much shoitened by 1m
proper opetration. An  indicating  deviee
tor the firamant 1<, tharefore, a matter of

cconomy  Next we need an antenna am-
meter. The antenna ammeter should be

placed at the pomt in the antenna (rcuit
where the antenna cutrent is greatest (at
the voltage node or current loop) but ats
mdication will be usetul wherever 1t 1< and
the exact location 15 not extremelvy m-
portant If we can afford 1t we should
have a plate milhammeter of the propar
rtange.  All mcters should be selccted with
tegatd to the tubes employed and the cur-
rent and voltage that we may expeet 1n the
diffcrent crreuits of the transmitter.  With
these three mctars we can get along verv
well indeed 1n opcrating om transmitta
A plate voltmeter can be used if 1t is avail-
able but 15 not very useful after the cnncuit
15 once adjusted. Another milliammeter
for the ginid-leah c<ircut mav b pur-
chased after all the above have been oh-
taimcd  Only bv the use of indicating in-
struments can we tell what is going on 1n
the cnaut.

The variable condcnser  the transmit-
ting coil, and the tube sochet should be as
fine preces of apparatns as we can build o
butrchase.  Good meters will he worth while
Buv onlv a frw things Mahe the rest of
the parts vourself  Conncct them in a sim-
ple cirat <uch as the Hartley  Colpitts, or
Tuned-Grid —Tured-Plate  You will have
cood resultand the sot will he relatinely
ineyponsin e

HOW A TUPT OSCITT ALLS

et us review trrefly the production of
oscillations by the vacuum tube 1n a typi-
cal arcmt. When the plate voltage 15 ap
phied to the encuit the sudden shock causes
some current to circulate 10 the condenser
coll circuit  “The currents that flow are at
the natural pcriod of the onant The
cutrent flows 1in and out of the condens 1
platcs at nullions of «vcles per sccond and
thcre 1s a voltage diop across each of the
turns of thc coill due to the “‘reactance” of
the coil lcactance 1~ a property of corls
due to then inductance and depending on
the ficquency apolied to the coil alsy
Thic current sets up a fiecld inking all the
turns of the inductance ecol Radio-fre-
queney potantials exist between cach of the

turns of the coll

The guid potcntial contiols the flow of
plate currvent within the tube The D C,
plate  potential 18 constant  There are
fwo or thice furns between the grid and
filament chps  (Hartlev  cueuit) The

tadio frequency voltage across these turns
1~ applied to the grid  The 1apidlv chang-
ing grid potential tends to cause changes

A STATION ™

to take place 1n the plate current at radio-
trcquency. While the plate cnrent 1e-
mains substantially constant, the internal
mpedance of our vacuum tube 15 changed

at radio frequency (i effect). Changing
plate mmpedance establishes a 1adio-fie-
queney voltage between the filament and

plate of the tube  The plate coil eircurt 1s
patt of the condcnser-coill citewnt  There-
forc the condenser cotl encuit recerves more
“timad shocks” which keep 1t osallating At
1Its natural period.

This voltage cannot caunse the flow of
radio frequency currents back through the
plate transtormer. tor the tadio frequency
choke cotls offer a verv high impedance to
high frequency currents  This 1adio fre-
quency voltage is 1impressed aeross the con-
denser corl citamt and causes high curtents
to flow in this circuit The energy in this eir-
cult 15 called a “tank” arant because of
that tact  The aurent which flows in this
arant sots up a ficlld about the imductance
which cmbraces all the tuins of the indue-
tance  This field causes a voltage to be
mduced 1 the gnd twine: this s apphed
to the gnid cocunt ot the tuls \s long as
a sufliciently Targe fecdbach” voltage is
supplicd to the grid thare are contimuous os-
allations,

The tube is 1eally a “converter” of direet
curtent encrgy from vour batteiv o1 othe
plate supply source to 1adio frequency en
erev which vou vwant i the antcnna  The
chps are placed on the split <ol 1n the
same tedative positions shown n ont dia-
grams  ‘The filament elip 15 that one in the
center of the <ol while the plate and ginid
chips are on either «nd  More turns are
usuallv: nceded between the hlanment <hip
and the platc ¢hp than between the fila-
ment and gnid (hip Tho posttion of the
c¢hips from the yvarnble condensas  de
tarmines the wavelcnegth The higher the
capacttance and the larger the inductance
cotl in  the “condenser coil” encuit  the
greator will he the wavdlength (the wave
leneth varies as the squate oot ot the
product of mductance and capacity)

’

The pottion of the coil between the fila
ment ¢hp and the place chip may be referred
to as the “platc” coil  The part hetween
the filament clip and the ¢rid chip s usually
called the *a2nd co1l”

When the filament is heated, eleetions.
negative patticles of elcctriaity, are boiled
awav from the filamcnt  The plate «f the
tube 1s positinely chargad and the negative
clectrons from the filament are attracted to
it The giid 15 ncarcr to the filament than
the plate and 1f a postive charge is put on
the erd it accelarates o speeds up the mo-
tion of thc clcctrons from the filament to
the plate and increase the flow of plate cur-
rent  If a ncgative chavge is placed on the
grid 1t 1etards or repels the clectrons so
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that most ol them fall back into the fila-
nient and the plate current is small.

When the kev s pressed and the tuh» is
oscillating we have scen that theie 13 a
radio-frequency current 1n the condenser
coll enewmit. This curient sets up a mag-
netie field about the coil in which 1t encu-
lates (the prmary coil). Tiransformer
action takes place and radio frequency
voltage 1s mduced n the antenna coupling
cotl (the secondary coil). This induced volt-
age 18 of course of the same frequency as
that supplied by the tube crcut. The
oreatest current flows in the antenna when
the antenna ¢ncuit 18 tuned to have the
same period as that of the coill encut—and
a maximum trcading on the antenna am-
nieter shows when this condition obtains.
The coupling between the two coils depends

Loth on the number of useful turns n
primary and secondary and also on the
relative position of the two cols. Couphing

ecan be loosened h cutting down on the
number of turns (of either coil), bv draw-
ing the coils farther apart, or by leaning
one coil over at an angle with respeet to the
othel

Lneigy stored 1 the tube ciicmits may
be Iikened to the energy stored in the fly-
wheel of a gas engine. Cncuits having
less than twice the amount of energy stored
that 1~ wasted or lost tend to he erratic
In action. On the other hand if too much
citeulating current is present in the con
dcnzer coill cneurt the “copper losses” w:l'
be hieh  Most of the stored energv should
be in the plate cncwt of the tube

PLANNING THE TRANSMITIIR

To design and build a tube set for tians-
mitting on short waves 1s quite simiple
The chowce of opparatus to fit the pocket-
book 1s probably the most difficult tash
Tube transmission and the use of <shorter
and shoiter wavelengths have simplified
this piroblemt The more powerful the set
hult. the more conssstent the results ol-
taincd with least effort and care.  The
range of the transnmtter n miles will not
differ greatlv wath the nower used Tow-
powered transmittars usine receinving tubes
often pive as good results 1in “DX” as more
powerful sets. The atmospheric ronditions,
the wavelength used and the time ot
dav all have gieater effeets on the “DYX”
worhed than the power input

Our transmitter may be built “biead
board” style or the apparatus can be
mounted on a panel To keep the expense
down, a wooden panel or baseboard shLould
he used Ihyv oal or maple are as good
as anvthing else we can buv for this

Contrarv to the general superstition, «
panel mounted set with the parts spaced
sensibly and wned correctly will give

much supetior 1results to the hit-or-miss
layout frequently seen with leads running
helter-shelter over ever, thmg 1 sight. The
apparatus can be neatly arianged m either
style of mounting.

CIRCODITINS

Before talking about the different cir-
cutts that may be uscd with a vacuum tube
to gencrate 1adio tiequency oscillations,
the fundamental prinaple on which all os-
allating citeurts are constiucted should be
reealled. Farst 1t 1s to be remcambered that
whatever happons 1n the gnd arcurt of a
tube appeatrs 1n wmplificd torm 1 the plate
eircuit. In the diagiams of 1cceners the
tichler or tcedback coll was shown  As we
said, every oscillating receiver 1s a mnia-
ture transmmtter—the principle ol operation
mn such a 1ccanvar and ina traas mtter 1.
the same. Every small change m voltage
on the giid ot a vacuum tube causes the
sante sort of a change-—but an amplificd
change—to take place in the plate eireuit.
The change in the plate areuit takes power
fiom the B-hatternies 1n the 1ceenver or from
the plate supply source 1m a transmitta
Part of this amplified encrgv can be coupled
bach to the giid and made to go thiough
the vacuum tube agam and again., the
process being 1eferned to as “regenerative”
amphfication.  When thc encigy fed back
to the grid crewit gets bevond a certain
amount, when the ieganerative feed-back
roes bevond certain limnts, oseillavion takes
place contimuously It 1s no longer neces-
sarv to heep mmtioduang changes in the
erid voltage as the tecd-back action is con-
tinuous  There 15 an abundance of power
in the plate source and while some of it
must be used to heep the giid sufficiently
excited, the surplus mav be coupled int>
the antcnna to set up r1adio waves There
are few (lasses of oscillating eircuits
though thete are no end of valiations of
cach class  The Iaitlev seems to be about
the simplest and theiefore 1s the first to trv
on a transmtting set After studving out
the operating of the Iartlev circuit and be-
coming familimr with the ad ustments 1t
will he easv. to understand how other =
rangements woirk. In reading ahaut ireuits
remember that the prinaple behind all is
the same. the differences being in the ar-
1angement of apparatus for doing the job

Fundamentallyv there are onlv two eorn-
cral divisions of oscillating circuits; tho ¢
emploving capactive coupling (condensers)
to feed hach eneregy fiom the plate to the
¢1id  enemt. and those using  inductive
couplhing (co1ls).  All others are modifiea-
tions of these two general (lasses

The choice of a transmitting cireuit is
not of great impoitance There is no ex
cuse for most of the variations from the
standard and simiple circunts that are used
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The princaiple of feeding bach r.f. voltage
fiom the plate to the grid ciremit to pro-
duce continuous osci'lations 15 the same in
all vacuum tube osallator circuits.  In-
ductance and capacitance determine the
wavelength 1n every vacuum tube circuit

=

Colpitts Hartley
CLASSES OF OSCILLATING CIRCUITS

In the Haitley encwmt the filament of the
tube 15 connected to the nnddie of the cod
and the plate and gnd connections ale
madc to the exticme ends of the coill. In
the Colpitts circuit the filament of the tube
15 connccted between two condenscrs and
the plate and gnd connections are made to
the other condenser tcrminals. In one ar-
rangcent the tube gets 1ts feedback 1n-
ductivcly, m the other the capacitative volt-
age diops tahe care ot the feedbach.

The Haitley circuit has the tuning con
denser across some ot the turns both 1n
the gi1d and 1n the plate pait of the coil.
When the condenscr is entirely  across
plate tuins, the ciicuit 1s a “tuned plate”
arcuit. When 1t 15 across the giid tuins
we have a "tuned-g1id” cncmt,

The Aimstiong or Tuned-gnd Tuned-
plate operates due to the feed-back capacity
n the tube itself (the intcr-electrode ca
paaity between plate and gnd). The plate
and grid cicuits are tuned fanly closely o
the same wavelength. A change in the
grid arcuit 15 passed along 1 the plate
cncuit —amphficd.  This sets the L C plate
crcut osallating.  Sufficient of the energy
15 fed Lack to the grid thru the grid-plate
capaaty within the tube itself to cause the
oscillating actin to continue.  While we
shall mainly talk about the Hartley cireuit,
we have includcd some explanation of pre-
cautions that <hould be obscived n adjust
Ing the Aimstrong (et which 1s popula:
in some parts of the countrv.

In everv transmittcr provision 's madc
to tune the condenser-coll ¢ncwts to the
requned wavelength, to tune the antenna
citcuit to 1¢sonance with the plate circuit
and to vary the amount of energv fed into
the erid cnct from the plate circmt (the
erid excitationy.  Other means are pro-
vided to adrust the giid bias, to match the
impcdance of the plate cncuit with the
output mmpcdance of the tube. and to ad-
just the antenna load to that value which
will allow the most efficient transfer of

energy from the plate circuit. Some method
of making all of these adjustments is to be
found in evely satisfactory circuit. In fact
a circuit is nothing more than a combina-
tion of the necessitics for making such ad-

7o
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R FChoke

INDUCTIVELY COUPLED HARTLEY

K FChoke
R

o Filter

+

Cr RFChoke
Ceand Cx must

stand full plate voltage
of set
INDUCTIVELY COUPLED COLPITTS

+

r/'.__l
=

A o 50mp RFAmmeter C; C3 00025uf (maxy
C,- voos Lnr = 3 Smicrokenries (uh)
R- 10 000w(one UX 210) Lp Lg & 4 ph fordometers

5000w (two Lubes n paralle! + 8 5uh for 80 meters
C, Cs- 0000s5uf (max)

TUNED-GRID TUNED PLATE (4RMSTRONG)
COMMON TRANSMITTING CIRCUITS

justments. These adjustments are made 1n
evelv transmitter to get the laraest possible
output without exceeding the limts of the
tube, alwavs maintaining a steadv clean-
cut sigznal.

The Hartley, Colpitts and Armstiong cir-
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cuits are herently stable tor they have
plenty of stored energ) in the tuned con-
denset-coll  citewt. Anv of the tunda-
mental cucuits can be adapted to any ot
the useful amateur wave-bands,

All the circuts we have mentioned are
usually magnetically coupled to the an-
tenna (nncwmit It the transmutting cotl 15
properlv built to have low distnibuted ca-
pacitance, cither the Hartley, Colpitts or
Armstiong cnrcuits will give good results

Closelv  spaced cols of  edgewise wound
copper strip and closelv wound pancake
cotls have high  distiibutcd  capacitance

which 1esults 1in interlocking controls. Such
cotls are of httle svalue 1 working below
100 metets.

The Master Oscaillator crcmt as really
not a sepatate crcut to bhe considered by
iself. A tube 15 used as osallator with
Hartlev, Airmstiong o1 Colpitts arrange-
ment.

1 he output of this 1s uscd to control the
gird areuit of a second tube which acts as
a powetr amphtiet  The output coil (plate
coil) of the amphher is coupled to the an-
tenna  The advantage of this <vstem 1s
the constancy of the osallation tiequency
that can be obtained  All the power 1n the
plate crcmt of the powa amphficr s
available for couphing to the antenna, the
g1id losses of the amphficr being supphed
tiom the master oscillatol

¢t HOlCE OF 1TUBES

Most mmportant at first 15 tho selcction
of vacuum tubes. Low powered trans-
mitters using teceiving tubes with a “B”
batteiv plate supply are easy to constiuct
Larger transmitters use larger tubes which
1equite higher voltages and a greater ex-
pendituie of monev.  They ae about as
easily built, however.

For all practical purposcs we will not
need to temove the bascs from any tubes
In expenimenting with 5 meteirs and shorter
wavelcngths 1t s <ometimes helpful to
fahe off thc tube bases to rcduce the ca-
pacitance betwean tubc leads  This was
especially  true of the old mctal based
tubes  The new “UX” hases have much
reduced the between-lead capacitance, how-
ever.

Most
tubes.

one or two UX 210
one UV 203-A o UXR32 tube for
transnutting. [ither larger or smaller
tubes can be used. The cost of the trans
mitter varics depending on the tubes used
We recommend that the new station-butlder
start 1 with «nc UX 210 (712 watter) o1
possibly with a couple of UUX-201-A’s (5-
volt recerving tubes).  The sct can be built
ot standard recerving parts with a few ex-
ceptions  Supposing that UX-201-A’s are

amatcurs use

used with a B plate supply of 200 volts,
later on the powel can be increased with
out throwing aw:ay the ongmal cquip-
ment Just by buying some U NX-210°% and
additional  plate  supply  equipment. The
same sochets, cotls, and pairts will sewve,

Sangamo fined 1ecerving condensers will
stand up very well tor gnd and plate con
densais 1f UX 210°s o1 smallar tubes are
used with not ovar H00 svolts on the plate
Bigger tubes will requite condensers hav-
ing a higher voltage breakdown  The UC-
1015 condenser o1 other mica-insulated
product  (see QSI' advertisaments)  will
be suitable 1ot this.  Bigger tubes and
higher voltages will require vairiable con-
denscrs with widely spaced plates.  Recerwv
ing condensers will do for antenna and pi1
mary tuning condensers tor the UX-210
tubes  Several wddl known manufacturers
make good transmitting condensers.

Am well built condenser of the night
capacitance will serve. Built-up condensers
can have civery other plate removed to in
(1¢ase the spacng and voltage breakdown,
Remember that the capacitance decreases
rapidly  (doubling the spacing gives one-
halt the capactance) as the spacing 1n-
creases,  Taking out plates reduces the
total area and 1c¢sults in a further docrease
in capacitance.  In making transmtting
condenscers by this method we must start
with a large tecenving condenser A 001
uf condenser having one half the plates 1e-
moved and  the remamder  double spaced
has a manimum capacitance of about .00025
uf

The Dclforcst H tube gives best results
when used with a high grid hias.  While
tubes with a low plate impedance will work
well with a grid leak ot about 5.000 ohms
(2.500 ohms when two tubes are used 1n
paiallel), the output and efficieney of the
H tube diops 1apidiy when the grid resist
ance 1s less than 15,000 ohms A gnd
Inas 1esistance as high as 20,000 ohms can
he uscd advantageously. The leads of the
I tube are brought out through the glass
at ditffcrent points which makes the inter-
clenmient capaaty low so this tube 15 e
peaially useful for five meter experimental
wotk

A hst of some of the tubes that can be
u~cd  for  tiansmmtting  follows Radio
Corporation tubes can be obtaimed through
local dealeis and when there is none who
handles the dosited avtidde, you mav ovder
dircet from the Sales Department of that
company, Woolworth Building. 233 Broad-
wav, Naw York Citv. The same tubes are
furntshed under ¢ and CX numbers bv
E T Cunmngham. Inc¢, through distribu-
tors in all parts of the countrv. Western
Electiic tubes can usually be obtained in
Canada Mom the Noirtharn Elcetiie Co

The higher the plate voltage applied to



BUILDING

the tubes the lower the mnteirnal plate 1m-
pedance of the tubes. The ratings are
those given the tubes by the manutacturers
The figuies for plate mpedance are made
from measurements at the rated plate volt-
age with zero gnid voltage. The plate cur-
rent which the tube will safely stand w hen
oscillating 1s that given i the table. The
stated voltages than can be used 1n the plate
cineult are conseryvative When adjust-
ments of the set are made, use low applied
voltages for safety, increasing the value as
the best adjustment 1s found.

High mmpedance tubes need many helin
tuins n the plate circuit to work efliciently.
External and mternal plate mpedancc
should be equal for hest power tiranste
When tubes are conneeted n parallel the
external plate mmpedance for best work-
mg conditions will be lower (less tuins)
than when a single tube 1s used. Tubes
having widely differing plate impedances
will not work well together (in parallel)
as oscillators im ordinary Qrewurts.

The UN 852 15 an excellent medium-
power transmitting tube which has ex-
tremely low inter-electrode capacities and
good mmsulation so that theie is httle danget
of flashover. Giid and plate and filament
leads are biought out separatcdy through
the glass. The tube rating 1s eonservatnve,
having a lavge 1ugged plate with wings of
ample size for heat dissipation. The plate
mpedance 1s a httle higher than that of
the 203-A or 201-A. A giid leak value
of botween 15,000 and 20,000 ohms (or a
bias of ehout 150 vclts) 1s recommended fot
use with one of these tubes as an osal-
lator  Because of the low inter-electrode
capacities 1t 1s a fine tube to go down to
the shorter wavelengths without trouble
In a Haitlev arcuit the capacity in the
condenser-coill ennewit can he made larger
than usual for a given wasvelength, which
tends to swamp out the effect of the tube
capacities (which s variable under operat-
mg conditions) and mahke the signals verv
steadv., In a tuned-plate —tuned-grid ai-
rangement, larger plate-blochking and gnd
condensers may be used than with other
tubes, because of this same low plate-grid
capaaty which will otherwise reduce the
feed-hack.

It mav Dbe well to mention the yoltage
classes of some of the Westein Eleetric
tubes for the information of those amn-
tewnrs who happen to have such tubes. The
211-A (G) tube tahes a filament current of
3.4 amperes. The proper filament voltage
is indicated by the serial letter stamped in
the glass as follows: A, 8.7-9.0; B, 90-9.25;
. 92595; D, 95-975; E, 9.75-10.0. The
W.E, 250-watters, known as the 212-A, re
quite a filament cutient of 674 amperes and
the voltage classes are as follows: A, 10.75-
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1100; B, 1100-11.25; ¢,
11.50-11.75; E, 11 75-12 00.

The output ratings of various tubes used
as oscillators ate given in the table of tube
characteristics with some exceptions. The
smaller tubes tor use 1n 1ecevers and power
amplifiers can al<o he used tor transmitting
with good r1esults. Values indicated bv
asterisks represent maximum  wndistor ted
output m amphfier cnncnts and consider-
ably larger outputs mav be obtained when
using the tubes as osallators  As all these
tubes are rated on the same basis (undis-
torted output or total available output ii

11.25-11.50; D,

THE U \-8352

there s no asternish) then suitabihity ton
use in low-power transmitters 15 mdicated.
The UX 210, 171, 112, 120, 201-A and 199
should he selected in the order given.

BUII DING THi. TRANSMILILR

Hare 1~ a transmtter that can be put to-
gether for a cost less than that of a standard
broadeast 1ecenner!  Although many ama-
teurs have communicated over thousind-
of miles usmg a s<ingle recerving tube
(UV-199 or UX-201-A) we aile not gomng
to regard that a~ satisfactory ecquipment for
a rcal transnuttcr.  With the right loca-
tion, favorable conditions, and operatcd by
some one with experience, 1t is perfectly
possible to duplicate low-power 1ecords. The
outfits we are gomg to descitbe for every-
day work can be used with receiving tubes
but thent eftectiveness will be more than
doubled bv u<ing one <o called 71: watter,




Fil. Fil. Plate Plate Plate Mutua! Voltage Output

- Impedance i i

L0 Volts Amps Voits ampa tohma) - micromhos) | Facter " (Watts) Yse
UX-UV-199 30 06 45 1 16,500 380 6 25 007* Det-amp.
UX-200 >0 10 161,221, 1 9000 Det.
1 X-200-A 30 25 45 15 Det
U_V-‘.Z()l § 0 1 ()(_D 100 b 15,000 110 75 Det-amp
UX-201-A 50 025 120 10 8000 725 80 015- 055*  Det-amp
WD-11-12 11 25 221 -45 15 13,000 400 6 007* Det-amp.-osc.
UX-120 30 125 135 65 6600 500 33 110*  Det -amp.-osc
UX-l}_‘l 50 5 1571, d 4800-8500 1670-890 7980 195- 040* Pwr. amp -osc.
UX-171 50 3 180 20 2000-2500 1500-1200 30 700- 130" Pwr. amp.-osc.
UV-202-C-302 7 5 2 35 350 45 4000 1875 75 5 Osc.
UX-210-CX-310 6 0-7 5 11-125 350-425 60 3500 1500 7T 6  (34-1 54*) 7', Osc-pwr. amp.
Uv-203 10 0 6 50 1000 150 3300 3000 15 50"  Osc.-pwr. amp
UV-203-A 10 0 325 1000 125 5000 5000 25 50  Osc.-pwr. amp.
UV-211-VT4B 10 0 325 1000 125 1900 6300 12 50-100 Mod.-osc.
UX-852 10 325 2000 _ 75 6000-9000  2000-1300 12 75-100 Ose
UV-204 11 0 14 75 2000 230 3000 5000 25 250  Ose
UV-204-A 110 3 85 2000 200 5000 5000 25 250  Osc.
UV-206 110 14 75 15,000 135 225,000 300 280 1000 Osc
CX-326(AC fil) 1 5 105 90-135 35 9400 875 8 2 16*  Amp -osc.
C-327(ACfily 25 175 45 50 9400-11,300 820 8 2 11*  Det -amp
UX-240-CX-340 5 0 25 90-180 v 60,000 900 30 Volt amp.
UV-&51 110 15 50 2000 875 850 23,500 20 1000  Osc.
DeForest H 10 0 2 35 3000 a0 High Osc.
DeFortest DVT 5 5 135 6 0 6500 7 Pwr.-amp.-osc.
W E 205-D 4 4 160 350 40 3500 2000 7 5 Amp-osc
W E 216-A 60 100 150 9 1000 1000 56 5 Amp -osc.
W.E 205-B-

VT-2 (E) 70 135 350 40 4000 1750 7 5 Amp -osc
W E211-A(G)y S 7-10 3 40 750 125 4000 50 Amp -ose
WE 211-D 10 0 3 00 1000 &5 3500 3000 12 30 Amp -osc
W.E212-A(1) 10 73-12 6 25 1600 175 2000 250 Amp -ose
W.E 212-D 14 0 6 0 1300 150 2000 S000 16 250 Amp -0s¢
W E215-A(N) 911 25 90 7 35,000 260 65 Det -amp
U X-213 50 20 240 60 Full wave rect

{AC 1m-« per plate)

TV-216 79 2 35 330 (AC rms) 60 Half wave rect
UX-216-B T3 125 200 (AC 1msy 63 Half wave rect.
UV-217-A 10 3 25 1500 (AC rms) 200 Half wave rect
TUN-22197-¢C 10 325 3000 (AC rm<) 200 Half wave rect.
TUX-NT4 Vol diop, 90V DC; Starting Vol , 125 DC. Max cur, 50 mil DC Vol. reg tube
1V-576 Curtent 1ating, 1 7 amps, Vol diop, 40 60 volts Ballast tube
UV =856 Current rating, 2 05 amps, Vol drop, 10 60 volts Ballast tube
UV-H77 Protective tube

*These values are by no means the ma:imun plate output. The maximum nndistorted output at the proper B and C battery voltages
1~ Indicated. Other values in this column indicate output mm watts

8L
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two of ’cm 1t you can attord and want to
put out a signal with a good wallop.

It would be toolish to specify the “range”
of the transmtter —thare are too many
vatrial e quintitics The Hartley, Colptts,
Tuned-g1id—Tuned-plate, 1n tact any of the
fundamental Greuns will scrve miccv, Yowm
location bas nothomg to do with the “best”
arcuit to use. The best antenna will de-
pend somewhat on the location and the
Limitations 1t mmposcs—but 1t will not r1eally
need to worty us for the short waves will
get out fine fiom even a wine cdlothes line.
If an indoor antchna 1~ all that 1+ pos<ible
use 11, but 1f thare 1s a way to ect a wire
out 1 the open by all means takc advantage
ol 1it. A Herts antcnna on the roof wath
long fecdcr will huve to take the place ot
smmpler svstemns 1t vou Ine at the bottom
of an an ~hatt. but most of us are not that
unfortunatc  Yomur results will depend on
the wav vour transmitter 15 adjusted, the
amount of time and <kill vou usc m “pound-
mg brass” and opcieoting the recaver You
san duplicate with fan rcgulauty all yon
work (xeept the v 1y most distant Keep at
the set long (nough and vou can pile up
vocords ovar distances as great as those any
Gtation ha  var covered regamdless of
power St tiens owned by amateurs hihe
vomrself Iin ng 1 averv anvilized country
the wotkl will he at your finget tips.  Be-
sides talking with friends in different parts
of the «»urtry von can rcadily g<t n touch
with foreign amatcurs aftar vou have had a
little expertence m opcrating the set

The Hartlevy «ncuit using colls of the
nght size for cach wavelength band is
ample, flonble, and casy to understand

The paformance Sf one UX-210 with a few
hundted volés on the plate will grve us most
for om moncy from the standpoint of rc-
wults a1l <att faction By careful constine-
tion. foosc counling to the antenna, and a
tanly high ratio of ¢ peaitimce to mnduct
ance in the prmawy tumng cnout (to
wamb out the variat e antar ddement tube
capacity ). we can sccute the desited steadi-
nese of note. Civstal control will give the
ultimate 1 steadme = but the additional
appatetie necessary mahe  avstal contiol
maptactical for the st transmittar

Th < ts we show hae are for tcdegraph
workh A yadwphone trarsmitter is not
pearly as practic 'l nd us tul A tclephore

<ot will bc more ¢roensae it will aeate
rterference, 1t will tihe mar: power to
cover anv distance, static will interfeve
mote wih 1ecention, the power supplv

(quinment and cpcaits must he more com-
plex 1 ordcr that our radiovhone be de-
cently good. If you wurst experiment with
voice work vou can use ant of the sets
described with o £ changos to give a pure
direct curient nlate sunply and a means for
voiee modulation  Howerer, vhy tuin a
good tclegraph set with a 1ange of one to
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ten thousand miles into a mediocre 1adio-
phone outfit which will prove untehable to
accurate commumeation over  distances?
Telegraphing amatewrs the woild over u-e
the Enghsh language for then conversa
tions by 1adio and are at yom command.
l.ess than one out of (very hundred sta-
tions on the amateur bands 15 mterested
two-way volce transmission. It tollows that
the set we are now gomng to show 1s a tele-
sraph set, completely practical and mex-
pensive. The total cost will be onlv ahout
%25 00 though of couise kev, fdlament-heat-
mg and plate supplv transformcrs, electio-
Ivtic rectificn and tlter will add a hittle to
this. Tt makes httlc difference whether vou
buv all the material fiom the hst o1 get a
whole transmitter kit at once.

List of Material

Hairdwood bascbourd ! NN A
1 Hardwood, hard tubbor or Fabolite pdd 7y v 60 N

N

2 250 uuf (00025 ut ) varrible re eniny conlons x

1 1000 wut 001 uf ) txed 1ccenvim gnd oo vlen-
CotSan amao)

1 2000 pud (002 ut ) baed rccenn. plite conden-
SOl {danamo)

1 3060 ohm T avite giid Lok (rccenane dad s net
suitable)

1 Standard baise tubc ~othet for arha UV o1 UN
hase tubcs

1 2 ohm 1heostat with ¢ urtving Capac oy of about 2
amperes

2 \mas-tice lamps with <ol cts (3 volt aute 1 f'ish
lamp~ will also day

1 %1_ yolt flashhirht lamp with mimature b

1 Bahclite (ot hard rubber) term nmal ~tnip 147 »

X 6"

1 Bakhdlite (or hard rubbcr) termmnad tap 170 N
1,7 < 3"

6 Binding po ts or T thnstoch chps

I, b No 25 ot No 30 double coton covered
(D CC)H magnat wiry

1 cardboard (or wood) form Y7 divmetar e l long
for RF chokc

% ft No 12 (namcled haurd drawn copier ware of n
ant coupling coil)

3 Hardwood stnaps V7 ~ 0 7 ~ 1 adadl holes and
push wire throir b for ceupinr ¢ -1 spu
clampiny one cnd of one stop to b bo 11 for
swive]l mountin ty st couphne vhts
rraph)

2 pointers or dial for adjusting the v idle on
densars

12 flevab e Tamp caord
12 01 No 11 tinn 1 hus wine
Mucller test «hips ¢t the 11 Phd var oty n cal

ol the loud coatadd

2 brass angles 17 1 27 for supportineg panel on base

2 brass angles 1,7 8 7 for supvertine, el

10 No 6 4" round haal brass wood sarows

1 U\ 10 vacuum tulbe

Hirdwood (mapld) stup 17~ 7,7
per speaific itions swiven fat

2 preces 1.7 wall 3 outside diimatar 17
or Hud Rubbar tuban

7 N longths of No
3 3 foot Icngths of No
3

N Tod (netehed

len L Talit

If a set using recenving tubes s phinned.
one can gt along without a filament yolt
meter A UX-210 1un frtom a storage hat-
terv without a voltmeter will be satisfac-
torv. A voltmeter 1~ maimnly useful with
variable alternating carrent surply for fila-
ment heating. The bigger the tubes used
the more impoitant 1t 1« for protecting the
filaments and msuting long tube life. The
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mvestment s not vary great and the use of
such an mstrument can be tegarded  as
oprional, 1t 1s convenicnt but not ab-olutelv
HECESSAT Y

A good 0150 m.a. malhammeter  costs
about 800 Such an mstrumont 1~ desit-
ablc moa st usng larg vocuum  tubos

Meters are almost a nccessity to msure that
tubes atc operating und 1 th  bost adjust
ments  The munlhammetar should be con-
nected m the nogatine lead from the high
voltage sourcc to the tubes to show the
plate cevrent value  Placad thare it s very
nearly  at ground potentral and can be
handlcd sitelyv without dangar

A small but fanhy good outhit con be built
using no mcters at all A 2 volt flaishhght
bulb with a wit« of vanable length <hunt-
2 it to pravent burn-cut will do tor a

tically to shorten the leads trom the con-
denscrs to the cotl  The main cotl 1~ 45 mch
above the baseboard. one of the supporting
brackets bemmg at the conter instead of at
the end <o the coupling <ol can be <hd over
the end of the mamn cotl 11 necessarv. No
detailcd  panel or baseboatrd lavouts aie
g1ven as 1t s not necessay to follow any
plan to such (\tienies to gt good results
Tt 1s well for vou to tollow the genaral plan
shown n the photographs as the mportant
leads are of mimmum longth when these
lavouts are duphcat d

A Dttle study of “Ham-Ad 7 an the latost
QST otten will show whare good apparatus
mav be piched up ar a saving  Mahe out a
Iist of the apparatus that vou will necd
Chech over the aitoms, markimg the parts
that you alteadyv have  Look over the pe-
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SIMPI K

AND INPAPENSIVE LOW-POWFR SENDING SEHI

Note cardfully the position of the five chips on the cml

tesonance ndicotor i the antenna (ncurt
m placc of an antcana ammcta [ ~mg 1e
cenving tubes, no <hunt will be needed

The photograph ot this low-powct tians
nutter <shows the complete asscmbhv 1he
tadio-frequency  chohe corll (at leit) s
wound of about 150 twairs of No 30 D C (
maghet wite on the cardboard form 11 inch
i diametar and held i place by the con
neeting bus winimg Tt s hept as tar f1om
the larec corl as possibl and at 1ight angles
toat. To the yvight of the T\ 210 (attached
to the plate ternunal of the sodl ¢ty 15 the
002 uf plate bloching condenser Dnectly
at the lett of the tube 15 the 001 uf San-
gamo fixad condanser used as a grud om
denser Soldorad to the tammals of this
conlenser 1« the Tavite grnd leak Both
grid and plate condensers are mounted ver

maimmg items  Go thiu QS and oda
dappatatus o1 scnd for catalogs and mtm
mation from the dcalers who advertis:
thao  Be surc to got parts that are good
mechameally and electrically, No now o
fanaly gotten up “finings™ are needed. We
cannot afford to pav {tor “tulls”™  Standar.d
httings from 1cputable manutacturers ar
beet.

The transnutter 15 wited as shown 1n the
schomatie diagram  -and in the 1llustiation
The photograph <shows the gancral arrangc
ment of barts as well as a dlear prictine of
thc wiing  The <cttmg of the lett hand
conden~cr and thc numbar of turns betwaen
the two uppermost eclips deternune the
wavelength The antcnna couphng coil and
the scries condenscr ate on the ight, the
UX-210 and filament 1heostat 1 the center
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The thice lTowar chips trom left to nght are
the gid, filament and platc arant chps
The powar mput tarmeals are on the o
treme lat while the RE O output to the
antcnna i~ on the ¢xtrame richt A flash
l12ht lamp in the uppor nght hand corna
of the panel show < when the antcnna (- un
IS 1N 1sonanee \mas tice lamps on cithet

-
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THE INDUCTIVELY COUPLED HARTLEY
CIRCUIT
SCHEMATIC DINGRAM [OR SIMPIT TOW

POWIR IRANSMITIER

cnable u~ to
*of the hla

filamant rhoostat
“cloctncal centar

<ide ot the
conncet to the
ment ciaont.

ITRANSMITLEING COIT S

transmitter
that

Lhe bost cotls to u < 1n yvow
will T« of ~mall cnough diamctar <o
«hips o be adjustad tor Upate

A STATION Ry
s contined to the naghborhood of the ol

Cotls madc of  cdgevwise-wound  copp 1

sttip have high  doestitbhuted  cavaciance

which can be 1cduced by spacig the wind-
mgs a considarable distance between turns

Satistactory cotls can also be made by
space winding  wine  oa skddcton torm
Coills of No 11 or No 12 cname] wne will
(fhiciently handle the encrgy from scts
whose output 1~ not more than 50 o1 75
Hah Prirrare
b rtage gt
PI0 e —
B
- hc To g volt
House mams
; g‘@“
zoon/taye Wruse
THE SIMPLEST POWIR SUPPLY CIRCUTD 10OR

FRANSAMILGER

A\ three-winding fran~stormer or separate hlamoent and

plate transtormer  mawy b wsed The agnal put out

by 1 transmittcr with such a powdar supply 1« hknown
as V(W

watts I he
total loss

Wi
~mall

may got warm bhut the
Iransmitting corlls must

e m chanmically substantial Whilc wire
spaccd with glass beads will do tor o low
power sct, coppar tubmg of 5 160 o 1,

diamcter s ol ntofor tiansnmttars of
ovar 100 wadts output  Colls are castly put
togcth v wher madc of coppar tubing by
drilling holcs the <17¢ o1 the tubine 1 <ome
hatrd wood <tiips ot the tight length, by
<plitting thc ~tnips than imsarting th tub
g and cdamping the ~trps togothor ot the
ends wath Targe machim s screwns

tirns " and “grd turns ' wathout
running leads atound to the otha
<1de of the cotl Prom a thcoreth
cal standpoint, cotls have simpiv
mductance Practically we moot
4 somcwhat diftaent situation
that gcts ~crious on the <hoit
v wavelengths ALl coills have
<~ mc distiibuted capacitance be
tw ¢n the diffarent tuins They
have 1esistance dependent on the
material, siz¢, spacing o1 the
wine and frcqueney The o s
t t disitbution m cach tuin of

wite depends on the frequeney
High-tiequency currents travel

A COMPITIE SEL O]
The three corls at the Iddt are intecchanzcable in the transmitter

LT AITWISF-WOUND (Ol S

the urface of conductor~. nit for which thay wore bult Note tht the brass legs supporting
on the mteno Our coll must tham arc hent <o that cach corl *s the «amd haght and the tect
o cach corl rest an the same ply «« banmes Tampad hatween two
o de cnth ])llvl)(vllll)ll(‘(l N wood screws which are loosemid shghthy when changing corls
that thc hcdd  about the col [he two corls on the right arc antenna loading cmls,
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The 1deal o1l 1s probably made ot flat-
wisc-wound metal strip on notched Pyrex
glass foims,  Edgewise-wound coils such as
are somct mes used are quite unsuitable ot
use 1 a Haitley ciremit for shorter wave-
lengths than 100 meters. They have high
distributed capacitance unless the turns are
spaced far apart. When used tor hmgh fie-
quency work the Hartlev arcuit degenet-
ates mto an artangement having the tuning
adjustnient mtaloching with the mped-
ance adjustment.  No primary condenser
can be used advantageously and the outht
worhs on the distiibuted coil capacitance
If we adjust our coil so that the tube woth~
mto the nght mipedance (plate turns) tor
greatest power transter, we are operating
off-wavdlength., Shifting the wavelength
within the amatcur band, our efficiency 1
fost.  Flatwice-wound cotls have lower dis-
tiibuted capacitance than edgewise-wound
ot pancahe coills. A practical and mex-
pensive cotl constiuction 1s shown.

Using flatwise wound coils having low
distributed capacitance, you can use a shunt
primary tunmng condenser even when woik-
mg on 20 mctars. Below 20 meters wave-
length, the effect of distnibuted capacitance
will be 1ather great whatever coils are
ustd, part of 1t being the imter-turn capaci-
tance of thc coils, the 1est being due to the
capaaty between leads. The use of some
Iumpcd capacitance 1~ highly recommended
when possible as 1t prevents the interloch-
me o1 ditfaent adjustments and mahes the
cncuits both fleuible and stable. A large
value of capaatv and a small number of
tutns 1 the condenser-coill aircmt always
make for a steady signal.

Your local caipenter can notch the <in
woodcn strips for vou «r vou can do the

camacIry fuyurty [ ompe exter ad
g
*1] ' \
| 4 L% —
| \
gﬂ i

L J
30 40 50 60 70 80 90 00 #0 20 130 140 30 €0 170 180 190 200
WAVELENGTH

TUNING CURVES TOR 31:-INCH COILS
These are wound of 74" brass strip spaced 7’ be-
twaen turns (1 e, pitch 72", Wavelengths given are

for condenser across «ntire coml.

whole job yourself. A< the local wood-
worhing shop only asks about fifty cents for
such a job 1t 1s scarcely worth the effort on
your part.

On two shoit pieces of hard rubber tubing
(or wooden ends) ate boltcd s1v oal strips
which have been notched and boiled 1n
parathn to keep out moisture. One 6..32
brass machine scren wili hold thom fivmly
m place. Cut a ~tinng which will just go
around the rubbar tun. Divide 1t imto six
parts while 1t hics flat on the table. Then
wrap the <tring around the tube agan and
duill holes wheire the marhs appear on the
string.

Computing the mductance (s~ce method

explained 1in Appandiv) of the coills shown
n the photograph gives us the following 1n
each.

ductance values for Left to right:

A s devaN o

e

G
g

,f,o/,;,.g

n Pl = - “
20 30 40 W 60 0 80 30 00 3 0 30 0 % 0 170 80 90 N0
W SV

TUNING C(CURVESTOR S DIAMETIR (OILS WIEHIT
Lo SPACING BEIWEEN THL 1URN\S

139 uh, 2,53 wh. s'f uh, 112 uh, 318 uh
Actual measuramars tad  on the s<ven
and ten-tuin coils vsing a known capaci-
tance and a v avemdcte: and  olvine o the
formula (Wavcdlength enuals 1-85 times
the squarc 1ot of ndudtance  {unes
capacttance, whae th» quantitics are in
meters, mciohentics, and microfarads ie-
spectively) for the mductance gave 3.3vh
and 9.3uh 1 tead of 253uh and 8.64uh
the diffcience of course bang due to the
fact that the pre~cnce of some distiibuted
apacitance raised the waselength measured.
Neverthaless, these  values  arc surptis-
ingly close showing that the flatwise wound
colls have successfully hept the distrbuted
capacitance at a mimmmum  As would be
expected, the appunt diffcrence in values
18 greatest on the smaller coils because the
leads betwaen coill and condensci make up
a larger part of the cnicut with the small
coils and the distnibutcd capacitance of leads
amounts to more on thc <hoiter wave-
lengths,

Fighty metais s best for the begimna to
use and a very uscful w nvelength for all-
around amateur ommunication. The 150
200 meter wavelength 1~ also good to use
There i« tess likelihood of ntcrference with
neighboring broadcast histeners if we us
the <horter wavelengths
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For coils n a transmitter usmng a couple
of UV2203-A%, or a UV-204-A, flatwise-
wound strip 7 or ' wide, spaced the
width of the stiip, wiil be useful. Our 1re-
convng tube tiensmtter can use a coil of

ol _1_.___|.. oA P L2
0 ” 4 6 8 10 2 4 6 18 2022 24
T mNS

CURVES FOR 3. AND 5 COILS OF 1, STRIP
WITH 1, SPACING BETWEERN TURNS

wite on a cardboard torm 1f necessarv. The
hest thing to build for all-around use, how-
«ver, will be a group of mtet changcable
cotls of %" brass o1 copper stup. - A good

<0 the strip will ship mnto place easily. When
the strips are staggered the rnight amount
strip number 1 can be placed next strip
number 6 and the grooves will progress
uniformly as shown by the dotted Line.

The staggermg 15 necessary n order to
give the proper pitch to the winding that
will be put on later A hole 1s drilled one-
half inch from the ends of cach strip using
a No. 27 dnll.  After ~oaking the ~tiips n
boiling paraffin for at lea<t an hout they can
be 1emoved. Despite the fact that the
paraffin 15 not visthle on the surtace of the
wood., the wood 15 mmpcivious to moistute
and full of paraffin. Now you can bolt the
wooden strips to the end rings which were
previously drilled, tahimg care to <ee that
thev ate put on 1n the correct order and that
none of theni 1s reversed i the process It
I~ a good idea to number the ends of th:
stiips when they are first sawed to avord
tiouble.

The brass (o1 copper) strip 1s next wound
on after anchoring the end with a wood
screw or a brass machine screw as shown
m the diagiam. If one long strip 1s not
available 1t will be neeescary to solde
<horter lengths together before starting the
winding on the torm  Atter the winding 15

W ive Band, Cul Mav Cap of Vanable Turns flatwis¢ Spacing be-
Metors Driamdtor Tuninz Condcnser pt _“fi“,"‘!!_ strip }1( entuns
150-200 T L0005 (or a .00025 101, 14”7

<hunted with a fircd
00025 condenser)
TYSNHT 5 00025 10-12 Ua®
TO-42 N Be 00025 7 7
187 21 4 2 00025 6 1,7

corl will nmuprove the rccening tube trans-
mitter and will be useful when we mcrease
power to a couple of U'N-210s  Tlere are
the dimensions for three coils that will cover
four amateur hands when the 11ght tuning
condenscr arrtangs ment 1~ used,

The cut shons bow the notchad «<trips are
laid out  All <1n nal strips can

completed, the small brass angles can b
attached to hold the coil off the ba<e mn a
horizontal position.

The antenna coil is simpler. Although
you can mahke a simlar coill of fewer tuins,
such good and heavy constiuction 1s less
necessary.  Smallel wiie can be used m the

be sawed straight actoss 1 a iwllcre o ) saw/a_x\_‘
miter-hox to a depth of 118" A T : _
Then they can be staggered the [@ I—rre 1 l l I ] : l:] [ H: l : I[ NEEe
right amount and the «nds o] = T T IR NI I '
caned off. The staggaring wall ! - LR BB R BEeE—
make the winding pirogress ®] ° | H R } AR ]
ahead the 1ight amount from DI | I ] [ | | | ! RN ! :HI, o |
turn to turn It a mut 1-hox - 9 o ] E‘l lI l:-ll: E‘EH ° [
not available each «trip can te g o ] l l i [ ] Ii ‘ l [ I [ H [ A J
notched sepaiately 1n a vise. Be e ! : -

sure to lcave room on the (nds e =] -

for the mounting bolt and so
that the ends can be sawed ofl

the nceessaryv  amount The
notches <hould bhe <awed a
few thousandths of an inch wide

LAYQUT FOR WOOD STRIPS FOR INDUCTANCE
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antenna ol because we plan to work into 1
high r1esistance antenna and the 1osistan o
ot any otdinary s1ize of wire i the antcnna
cotl will be neghgible compared to the total
te~istance of the antcnna worked at o1 bolow
its fundamental wavelength The ~ccond s
or antenna cotl consists of five turns of wie
threaded through <omc hard wood stiips
with the turns <paccd one-fourth mch ap ut

£ or £ brass
mac/ine SCrew

J2 ,
7 bruss strip
/T deep grooves

~ Wood Strip
o/

N
‘ Wood screw to
hold end of brass strip

STARTING OR FINISHING
THE WINDING OF THE
33 TRANSMITTING COIL

ot a httle less This cotbis made ncarly <
mches modiamata - large «ncueh <o that
it may be moved ovar the mam coll 1if nece
sdaiy.

It vou are untortunatc cnough to have a
set with too large coills vou will tind that
there are some tuwns left ovar on vour main
mductance coill - Tirv to avord unused turns
or dead ends 1if po <ibl When thare are

AMATEUR'S TANDBOOK

dead cnds, heep tham all in one (nd of the
primary cotl  If tharc are unusad tuins
both the primary ard antcnna (sccondary)
coils, keop the dead ends awav from cach
othcr 1athcr than towards each othcr, thus
Lheeping capacitive coupling betwecen coil low
and mahing 1t casy to determme and cariy
the magnctic coupling Cutting offf dead
cnd turns wall raise tho efficioncy, reising
the antanna canrent and low g the mput

ANOTHI R HOMI MADI ARRANGI MENT

Sone Handbook tcadars will not wish to
tollow the spocincations given tor a sigle
U N-210 transmatter ~o oxactly. Thay o
branch out with idcas of then own. install-
mg cquipment tor a startcr that will work
nicely with tccenvimg tubes o1 UN-210°S to
the prescut but which will not necd to be
entine v 1cbwilt when gotng to two UUX 210,
onc or two UV-203~ (fiftv watter~s).or which
can cven be adaptad to a UV-204-A 0 (250-
wattar) it occaston daemands For  then
benefit we will ~how photographs of an
othet home-bwmit set wined up tor two
~tandard basc tubes, but with a basc and
trameworh heavy cnongh and large enourh
to support larger tubes and cquipment of
any of the types montioned

L his <ct will have some mctars to help n
heeping the corr nt adjustments A hla-
ment voltmeter will be put on the panel
to be connected across the hlament cireunt
of whatcver tube o1 tubes are used By Leep
mg the filament voltage down to the propet

‘
;
i

*“4;44!-?“1
b X 5 K -1

i BRIyt

value (using hlament rheostat mm primars
o1 sceondary ot the tilamont transformer)
the Dhife of the tubes

] will he lengthened. An

antenna ammeter can

now be attorded tor m-
dicating resonance Per-
haps 1t will be wise to
conncct a plate anrrent
metar o oseries with
the supplv arcuit to
help 1 oblaming the
bcst adjustmment. A grid
curtrnt meter mav e
connected right in <er-
1es with the gnd leak
1t one wishes to add to
the arrav and to have
one mote mdication of
" what 15 gome on m the
L ot at diftarent adjust-
ments  However, most
of us who feel the
~stram on our pocket-
hook will have to tore-

ANOLTHER TRANSMITPING ARRANGEMIENL

T \-210° or one ar two recaving tubos mav he usad

sotkets for the standard siz¢s, kecping all other parts the same, and u-ing
higher plate and filament voltages, 30-watters can be usad
choke and the fixed condenscers constrtuting the thump filter—also the hinged

antenna couphing co1l and the intcrchangeable (oils mg

go tho last mentioned

By substtuting lar. The hase and frame
can be obtained firom
Note the A
L LS, SO the local wood work-
shop Wood 15
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better than mctal for these parts as there is  condensers for transmitting purnoses can be
no loss due to induced eddy currents tn the  mounted on the panel when the set ts first
metal which gets i a mgh-frequency mag-  built—hut receiving condensers can be used
netie field.  If metal was used 1t would be  successfully until we use upwards of 1,000
necessary to cut the frame open at some  volts on the plate of a fifty watter, at which
pomts and to msert a hardwood stiip actoss  pomnt the Hartley arcmt tunmg condenset
these to prevent absorption
of encrgy. In the photo-
graph, the frame, base and
panel are of oak. The panel
is 12”7 x 14" by 4”7 The
frame is 16" deep, construct-
ed of 1”7 square stock with
doweled jomts. The basc 1s
1”7 thick. The material and
labor charge amounted to five
dollars. A substantial ar
rangement is  worthwhile,
Some saving can be made by
retting a base and panel of
the si1zes mentioned and put-
ting them  together  wath
some strong brackets fi1om
the local dime store.

This patticular transmitter
uses interchangeable coils to
make 1t possible to wotk on
any ot the amateur wave
length bands at shoit notice.
The fined condensci~ are of

-, >y

» ’ 3
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mica and copper and will THIS VIEW OF THE 1RANSMITIER SHOWS 1HE WIRING
«tand much higher yvoltages OF THE SOCKETS AND TERMINAL BOARD
waiclv  than those <shown Ihe automobile lamp center-tap is clearly <hown, the lamps

bemmg pamted black te keep the hght from ¢scaping while not

in the low power set de- preventing heat raciation  Note the brass ¢lips i their proper

seribed first. Spaced variable positions on the coml.
Hashlamp center tap
024f by pass R
Cdndersers {1+
Frlament
o/t meter

—J—

-
Ve/ry:réart

leads

Grid
Condenser
and leak

Kadyo Fre.
Choke 7 gz 0008
Vad = /4/
< Coupling Corl
A
“Key thum,
y/'//ter/a

Ant tunmy Condenser

High - N "L@_él ¢
Va/éZye X~ Small chokes to pre Antenna Ammeter ) "

vent parasitic oscilfations
<3 CcPrP

THE TRANSMITTER WIRING DIAGRAM
(UX 2/0's OR SMALLER TUBES MAY 8E USED)
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15 apt to begm sparking actoss 1f the an-
tenna gets out of tune  This transmitter
shows another possible artangement for the
antenna coupling cotl on any set you build.

Here are the parts and the approximate
list price of cach.

1 U X-210 powdar tube $9 00
2 250-unf varrible condonsar <Ky
(any type—SLC,SLW,00 SLI)

1 Antcnna ammetar, ¢ 1-5 amps 5 00
2 LC-1015 Faradon trnd and plitor condar s 200
1 Stand ard base socket 100
1 3000-chm Ciescent Lavite giid-lcak 230

1 Dilamant-heating transtormar (110-7 5y}
(Acme Thor, RCA Hu_ hes Amoartran) 5 00
1 Prate transformar 110-350 v, 100 watts 1u Qv
101 350-volt “B’ battcrv— cost rbout “30)
1 Tilament voltmeter 0-15 ¢ ¢ volts T30
2 4-inch diils wath marhers 300
1 lelcpraph key 200
Materials for coil anl co1ll mountimgs
30 ft. No 18 Brass strip 1,7 wide 2 00
5 ¢ thes Parafin (1 box “ Parowax ) 010
b notched Oak Strps T 7 1 47 N 107 (from local
wood-working <hop) (1))
2 pcs Hard Rubber Tubing 307 wall, 11,7 long
31_" diam 0n

(Or wooden discs of right <ize)
Miscellancous: 25 ft No 12 B & S tinned bus
wite 21 .7 roannd hewd michadod wood screws 1
dos Tahnstock chps or $8-32 brass machine screwns

with hex  nuts ldée worth of rosin stich of

haif and hilf solder brass sthip tor mounting

the coils 1 0
T tl S60 00

A <tiff hinge arvvangement makes 1t pos-
<ible to move the antenna coil to anv po«i-
tion desned to varv the coupling  The coil

IWO SiZLS 01 GRID CHORLS TOR PREN ENTING
PARASITIC OSCILLATIONS — TWO YVIEWS OF
BRASS CLIP I'OR TRANSMIITING (OILS—TWO
CENTER-TAPPED RESISTORS
N\ote the two points on the home-made resistor where
the winding changes direction one-fourth the distance
from the end, also the method of connccting the dif-
ferent sectivns of the winding together, which can
be readilv duplicated for bringing out taps from
single-laver coils, Three holes are drilled n the
form, the ends of each winding go inside the form and
are pullcd out and twisted together through the center
hole Using msulated rosistance ware, it 1s not neces-
«ary to thread the form and non-inductive resistors
can easily he made up to have anv dewired resistance
value. The construction of grid chokes and the <hape
of the brass chps is clearly shown

n this tnstance 15 made by winding a few
turns of wite on a bakehte form ~o tightly
that they remam m place after the ends of
the co1l have been soldered to the ternnmal
bolts. One conncction of this coil 1~ fastened
to the hinge 1tselt which 15 bolted to the
torms by three brass machme screws,

It 1s a good scheme to build a mounting
for the radio frequency choke co1l using a
strip of bakelite and two General Radio
plugs and jachs. Then the “best” choke for
a ginven wavelength can be plugged in at the
same time the coils arc changed 1n the main
part of the Haitlev circmt. The different
chokes <hould be labelled plamnly and the
positions for cach clip on the mterchange-
able coils should be indicated by tags or
colored markei~ fied permancntly i place
after the best adjustments have been found.

Two automobile lamps and some .02uf.
fixed condensers across tham make a good
center-tap atrangcment 1f thore 1s no center-
tap available on the fitament transformer
Instead of using automobile o1 Xmas tree
lamps. we can mahe a 50-ohm 1resistor,
wound non-inductincly on hoth <idcs of the
center-tap, if we wish. FEach 25-ohm sec-
tion can be wound t alf m one direction, half
n the other, on a onc-in h form, o1 the wne
can he doubled 1n the middle and wound 1n
two sections The ¢ nta tap of course
comes fiom the point whuore the two <ections
meet. It 18 a good 1dea to use a center-
tap arrangement as shown, amvwav, as fow
transformers reallv provide a tap at the
elcetrical contor.

If msulated resistance wite 1s not avail-
able 1t will be nect~carv to notch, groove,
or thiead the foam in thc proper divection
<0 that the turn~ will not touch  The wne
cannot be space wound on a smooth form as
it is hable to expand and come off when
connected in the encwt due to the heating
that takes place, howercr shight  Resist-
arce wites go bv variou~ trade nimes such
as Nichrome, Advance, Geiman Silver, Ideal,
Constantin, Clhimax and Mangwmmn  The
last named i< an allov of copper, nickel,
and manganese which 15 uscd 1 measwing
m~truments where constant 1ecistance at
different temperatures 1« mmportant. The
1esistance of the v nious allovs varles with
the composition and tempating process ased
(See wire table m appendix for some
values.) Ideal, C‘'onstantin, and Ady ince
are nickel-copper allovs, non-magnetic and
non-corrosive  HMaving about 28 times the
rvesistivity of copncr. thevy can be usad in
an to about 500" Centigrade Geyman
Qilver and Climax aie cheap nmickel-stec!
allovs, useful like 1ron wire, when thev con
be protected from oxilation Nichrome
(nickel-chhomium) i~ he<t of all and vou
can sometimes mahe a good centcr-tap from
an old electiie stove or toister clement
Nichrome will  stand temperatures of
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1.000 C. continuously without corrosion.
Whatever you use. be <ure to tap the exact
center of yowr resistance 1f you use A C.
tor filamment heating and 1f you expect to
have a good D C. note. The photograph
shows two center-tapped resistances. The
laxge one on the one mch form 1s wound
non-mnductinely as described  The other
shows two Ward lLennaid mmpregnated re-
sistors of about 25 ohms each.

Clips to go on the flatwise wound coils
mav be made of thc same maternial as the
coil winding it<elf 1f brass 1ibbon 1s used.
Some amatewrs us~ the 147 copper 1ibbon
fiom a Ford magneto for both purposes.
The photograph shows how the clip 1 bent
with pliers to make it fit the coal neatly and
to make 1t go on and oft 1cadily  But five
chips are necessary and thev can be made m
as manv ninutes  Flexible lamp-cord leads
are soldercd to the chins and they go to the
grid-ilament plate tube connections as well
as to the vaiiable tuning condenser. The
two condcnser leads aie made as short as
possible. while allowing the coll to be a
couple of inches anav fiom the conden<er

It 1s a good 1dea to mount the mter-
changeable transmitting coils on plugs so
that we can change from one wavelength-
band to another quickly, but the mounting of
the thice coils on brass feet is easier and
chcaper, which 1s the reason we decided to
present 1t heie

PPARASILIIC OSCILTLLALIONS

Para-itic osallations usually occur when
there 1s morc than one tube operating in
parallel or on verv high frequencies where
there are leads and distiibuted eapacities
the cnemt with a ~tiong natwmal peniod of
therwr own. Heating of the gnd and plate
leads mside the base 15 almost a sute sign
of parasitic osaillations. A laige mput and
Jow avatlable output also lead one to suspect
trouble of this <ort. The current at ultra-
high frequencies mav not show up on anv
meters at all but «f 1t 1~ there 1t 1~ 10bbmg
the antenna of usctul power. An RF am-
meter placed m the gid lead mav <how a
high 1eading— af parasitic oscillations are
present.

Little gnid chokes are used divectly
wories with the giid of each tube (f moe
than one tube 15 used) to cut down inter-
tube ILF. curents and prevent loss of
c(nergy through parasitic osallations A
resistance of about 100 ohms will do as well
Joth are occastonally necessarv. A few
dozen turns of fine wire wound over and
over on a 1, dia. tube fastened down by a
s(r«w through 1t 1nto the baseboard. will be
effective.  These chokes or resistors are 1n
series with respect to the parasitic osalla-
tions that we want to prevent between tubes,
With respect to the main oscillating cireurt
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the chokes are 1n parallel and have hittle
effect. The grd chokes 1n the photograph
are most eflectrve of all as a cod of resist-
ance wire 1s used. The longer coil shown
contains four feet of No. 35 Ideal resist-
ance wire (about 10 ohms per ioot). The
combination ot both re<istance and induct-
ance 1s very effective mm hmiting parasitic
oseillations to a neghgible value of current.
It 15 desirable to use one o1 two tubes 1athe
than seveial in paiallel on the short waves,
as we thus get nid of tioubles that may
occur from parasitic oscallations between
the diffeaent tubes and their leads.

The complete wning of this outfit i
~hown quite elcarlv 1in one of the photo-
graphs. Right beside the sochets you will
see the girid chokes built exactly hike the
ones shown for preventing inter-tube para-
sitic oscillations. A< the eye looks down
vertially on the chokes about all that can
be scen 1s the head of the screw and the
fmst turn of the winding. Whenever mote
than one tube i< u-~ed 1in paiallel, such chohee
will probably be nceded. The addition of a
resistance 1 the lead from the grid of each
tube will reduce the value of this current—
the choke will tend to prevent it altogether
Too laige a chohe will of comse have an
effect on the main oscillating cncuit and this
condition should be avorded

RADIO-I RLQUENCY (HOKES

Several 1deas for mounting plug-n chokes
will suggest themselves to the builder. The
R F. chokes can be wound on woodcn dowels,
each end of the windme being connected to
some short right-angle brass preces fastened
to each end of the dowel These brass angles

-
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LASILY-MADL  PLUG-IN RTI. (HOKLs TOR
OPERATION AT DIFTLRENT WAVELENGIHS

Matenals 2 large cartridge fuse chps
5 and 10" glass toothhrush holders
Small spool No. 28 to No. 312 D C C. wire
The threcaded alummnum ¢aps (lamp the end of the
wire, mahing good c¢onnection and holding the wire
mn place without the use of dope,

s

should be mountcd <o that the projecting
portions on each end are in the same plane.
They will plug mto the jaws taken from a
discarded knife switch. Some glass tooth-
brush holdeis from the “5 & 10” make even
better forms that will mount nicely 1in laige
cartridge fuse clips. The aluminum caps
(lamp the wite and make good contact with
the clips which should be mounted near the
back of the transmtter frame where the
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chokes  will be rcadily  accessible when

changing wavelenguh,

Radio-frequency choke  cotls should be
constiucted to work best on the particula
wavelength to wnich the transmittar s
tuned  Often on choke will work m the ¢t
for morc than one waschand, but i this Casc
1t may not be “nght” tor ather one

Every radio-ficquency choke coil has a
natural pertod of it~ own due to s m
ductance and distiibuted capacitance When
connected i a tube arcuit the chokc-penod
i~ changed For every appaiatus lavout and
tube cquipmant thare will bo a *bast” choke
The best we can do 1~ to specityv what wot ks
best for our particular et Mount L he
choke at nght anglcs to the mam (o1l and
at a distance from 1t and everything s
Keepmg cotls awav f1om cach other and
isolated as much as possible makes then
losses lower and keeps mduced voltages out
of the aigument.

The requnements for transmmtting chokes
difter somewhat f,om those to bc used mm a
recennel Whil* honcycomb-wound cols
can be uscd 1 recener~, they have a ten

dency to break down bctween lavas and
burn up 1t uscd Im a ttansmittax ot any
powet Long “~kimnv” single-layer conls
are best from this standpomt Suitahle

chokes for a tecennvar demand a tanly hgh
mpedance over the entne tumng range
Thcre must bhe no “holes™ or ~haip vaiia-
trons m mmpedance whac the set will not
oscillate.  Multi-turn coils having three o
four sections o1 pics usaallv tultll thesc
specifications

For a shoit-wave transmtter the boet
chokes appear to he those that tune more
sharply to a given frcquency Investigation
usuallv proves that the chokes have ~tand
mg waves on them under operating cond
tions  Single lavar cotls, spacc-wound, not
ov(1 three imches 11 drameter, scem to make
the best chokes  Spacing the windn g de-
creases the distnibuted capocnty ond, what i~
mote miportant, 1aises the soltage break-
down yvalues at the end turns whae the
voltage-pev-turn s alwavs high in a scnding
set of any power

In a quairtcr wave choke the voltage at
the «nd next the transnatter 1~ highest
(loop) while at the power supplv «nd the
voltage 15 mmumuam o1 zeio (node). The
s1ze wire uscd should be <hghtly laigcr than
necessary to carty the plate carrent  as
othciwise the R F. present mav buin the
choke up. Building the choke to dissipate
the heat gencrated 1 the wandings 1~ a
moie difficult problem when the choke is
confined instcad of mounted 1n the open
where the heat radiation 15 goad. A quat-
ter wave choke for 40-meter work will be a
half wave choke for 20 maiars This may
be cheched with a Wostinghouse Spark € oy
any form of neon lamp indicator A scew-

dinvar or othar metal object with an -
sulated handle mav be used hikewise for
making such an mvestigation of conditions,
The s1ze of a quartci-wase choke should be
varied until there 1~ no sparkh (o1 an ex-
tremely small onc) at the power-supply end

Satisfactory chokes can be wound for a
low-power job usimg No. 30 wne dlosels
wound on a 3-inch foint 230 twins tor 150
200 mcters, 150 turns for 75-85 meters, 100
turns lor [0-meters, o 50 twins for z0-
meters  Smaller diometer coils are prefer-
able to contine the ficld to the coil and to
teduce the voltage par twin (which causcs
breakdown when xcoss1vc) Of  coutsc
small diameter choke coills must have a cor-
1espondingly gieatcr numbcr of tuins. RF
chokcs to go m saes with the gnd leak
should be made to the same specifications
as the plate choke for a given <et. The
choke should always go at the tube-end of
leak or tight next the plate it we are 1e-
tarrmg to a parallel-food Hartley cnaut

A brass o1 coppar nng suppotted well ofl
the winding mav be used to “tune” a cholke
cotl by moving 1t back and forth n the held
of the chohe  The tuning eftect 15 mnc1easerd
Ly connecting the 11mmg to the low potential
«1de of the choke--next the plate supply o
next the filamont For most outfits goad
fixed tune  chokes  will be  found best,
+peaally 1f plug m mountings are used.

ADIUSTING THE TRANSMITHER

Getting on to the actual adjustmens ot
the transmitter let's fiist <cc just how to ¢o
anout 1t,  Remembar that at things go
wrong we may lose some expensive equip-
ment st 1cduce the voltage applied to
the <et  Run the filament a volt (o1 at
least half a volt) below noymal filament
voltage, Cut down the plate voltage by
usmg low voltage taps of the plate trans-
former or by putting some series 1eststances
i the plate supply ancat. Always change
one adjustment at a time and observe the
results bv the meters in the arcamt If more
than onc change 15 made at a time nothing
will be accomphishcd  Don’t expect that the
adjustment will be a matter of good luck
Real results wall come f1om svstematic work
with the ciacuit The adjustments are vary
simple and but a very short time wall suthoc
to mahe one well acquainted with them

Assume that we have a magnetically
couplcd Hutley cncuit That 1 most com-
mon and casiest to adjust. Fiist ot all place
the chips 1n the relative positions shown 1n
the diagrams and photographs ot the trans-
mitters shown m this Handbook  The fila-
ment (hip 1s somewhere near the center of
the coil while the plate and ginid chip. are on
cither «nd of the cail More turns will be
needed hetwcen the hlament «hp and the
plate clip (plate cotl) than bctwean the fila
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ment chip and the gnd chip (gud coll)  The
plate current to our tube s largddy de-
pendent on the ratio of “plate turns” to
“gird turns’—the n ore gnid turns usud, the
mote feedback voltage and the mgha th»
plate current. IHowever, enough giid turns
must be used to give the nccessary feed
back voltage or the sct will 1efuse to
oscillate.  The wavelength will be prac-
twcally  indepcndent  of  the adjustmaonts
of plate and gi:d chips (using our jflatwise
wound coils)  The highar the wavcdlength
the nicre nearly this stawemnt will be ab-
solutely true.

You must have two objects in mind when
tuning your set. You want the maximum
obtamable stcady output from the tube and
the highest possible efficiency, the highest
rstio betwecn antenna output and the
electincal mmput to the plate circuit of the
tube. The greatest output will be ndi-
cated by the highc<t antcnna current at a
particular wavelength but the antinna am-
metcr cannot be ttusted to tcdl the whole
story—it doos ne® show antenna power.
More antcnna curniont at a higher wave-
length docs NOT ncan that you are 1adiat-
ing more energy  In pencral, when vou are
worthing at ot near the natural pcariod of
an antenna ~vste 1, the antenna 1e<istance
15 highcer as the waselength s 1educed caus-
me the art mma carient to drop off as the
varclength us d 15 cut dewn Lut not ncecs-
sarllv 1adi ati=o loss power nutput. (Ant.
power - R, I). As R gots greater, I 15
neees<arily loss 1f the power s constant.

If ycu hwve n ver before had anvthing to
do wvith tran-mitters, 1t 15 a good 1dea to
enlist the help of a naghboring amateur
tuning the ~ct for the first time.  Howe (1,
1if this 15 mcomvenicnt be sure to operate at
1educed voltaiges, and proceed bv yourscif
You will find out a numbcr of imtcresting
things and be able to do the job more n-
telligently nont time.

With th» chps on the coil in what vou
think aic th» proper positions dcpress the
heve If you have a plate milhammeter
note the 1 ading of it. If not watch the
tube to < ¢ that the platc doesn’t get 104
hot ind  ang that something 15 wiong with
veur (Lp joations. It (vavthing <eemns
all viebt tune vom st to ome pomnt
in the amateur hand where vou intend to
transnat and aajust 1t <o thot 't o~cillate~
Disconnect anfcnn and countriporse loads
from the tinsmitter and Leeping the
phones on, adpst the vanable cond ns v
which 1~ in the condenscr-corl ovcmt (the
left hand dial of our low-power trinsntter
described 1 this Handbook)  If the trans-
mitting tubc 15 oscillating as 1t <hould be,
vou will heir the whistle (heat note) anl
buzz when yvou swing the variable condenser
through the wavilength to which the re-
ceivor 1z tun<d  If vou have the wavemeter
handv. vou ecan couple it to the big coil in

the transmitter and watch the resonance
mdicator of the wavameter or the plate cur-
1rent meter of the sct for an mdwation as
rtesonance s crossed.

Lackmmg any mdication that the set is
osaillating, add a iew tuins to the gind side
of the cnncuit atter shutting down. Again
vary the condenser and try to find out if the
<et 18 paaking.  When thce whistle has been
located, cheek the wavdlangth Ly the wave-
meter (or by the osallating receiver) until
1t 18 wethin an amateur band by an ample
margm. Then connect the antenna and
countcrporce leads to the set and move the
antenna coupling coil toward the mam coll
far enough so 1t can pick up some energy.
Holding down the Ley, vary the antenna
series condenscr watching the antenna am-
meters (or flash-lamp) 1n the antenna qir-
cnt. If a 1e~onant point 15 found and the
lamp shows signs of gctting too bright and
perhaps burning out, shut down agan long
enough to put a shat prcce of wire directly
aci1oss the terminals of the lamp to protect
1t from buin-out. Any piece of magnet wire
will do. Use a piece about ten mches long
anl move 1t up and down leaving 1t at an
adjustment whetre you can just see the lamp
glow. If at anv time the tube gets any
hotter than a cherry red, add some turns m
the plate arcut readjusting the tuning con-
denser 1f 1t was necessary to change the
filamnt chip in finding a better ratio of grid
and plate turns. After the antenna lamp
has becn made to burn a» biightly as it will
vou can tiy changing the value of couphing
bv moving the antcnna coupling coil or by
changmg the active number of tuins n 1t
noting the adjustments with pencil and paper
opposite readings of plate mput. If there
15 no plate curient metcr you should tiv
Lo makhe the lamnp elow brnightest on a given
wavclength with the plate of the tube barely
<howing any color at all.  When you change
the couphing, dn’t forget to change the an-
tcnma tuming condenscr a little to re-tune to
1050nance.

If thcre are ne tars n both plate and grid
ccuts 1t will Fe possible to use them s
an indication of what 15 going on.  The g1id
cuttent metar should never 1ead over about
one-fifth as much as the plate current meter.
It will be mstiuctive when the rough ad-
justments have becn made to put meters 1n
the diffczent pairts of the cncuit, noting the
reading of all mcwis as one ¢hip at a time is
changed a tmin at a time.

Without th» antenna connected, the plate
cutrent meter shonld 1ead less than normal
for the tube. It the set persistently refuses
to oscillate the wiring should be cheched and
the tube carcfullyv (xanmuined A radio fre-
quency ammcter m the cond nser-coil cir-
cuit will tell veu 11ght away 1if the set will
osctllate. Bo sute to <shunt the meter with
a prece of wiie, thoueh, as there s a lot of
curtent m this cncuit and the meter may
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casily Jjump to an oft-scale deflection 1if only
a small mcter 15 availablc and no protectine
means are obsarved.  If thare s a low mput
and the R I'. meter shows no current 1n the
output circuit ot the tube 1t will be neces-
sary to change thc chip adjustments, using
more turns in the grid enncmt, Usually, the
fewest turns that can be used 1in the giid
crcmt while mamtaiming  steady  osailla
tions will give good output and r1un jow
tube cool. I pos<ible 1ai1ce the plate volt-
age when this adjustmont has becn found
as heh plate voltage mohes {or high (ffi
ciencv. It 1s pos<ible to mercase both the
mput and oulput just bv addimg on moic
grid turns --but this will probably give a
marhed deciease in cflicieney if this adjust-
ment is carried too far.

The more tuins used 1n the plate arcat
the highcr the external plate impedan ¢ and
the lower the plate cursent. You will 1e
mcmber  that the grcatcst power outpue
avatlable from a div el was when the
load 1esistance and the internal 1esistance
were equal, A simalar condition obtams
with a vacuum tube osaillator. For a given
wavelergth vou are worling on thae wall
alwavs be a “best” number of turns to use
m the plate arcuit. By changing the num
ber of turns i the plate co1l we can change
the efliciency of the outfit

The matchimg of plate output mmpedanc
with the tube impedance 1~ controlled by the
tatio of the capaaty to the mductance
across which 1t 1~ conneetcd and by the posi-
tien of the plate <hip rlative to the con-
denscr-coil ¢hp which 15 next to 1t The
value of the plate blocking condenser. if
small, also (nters into the argument. The
plate hip itself gives the most direct ad-
justment of the exteinal plate mpedance
m a Hartley circut.

We 1eallv ought 1o hold the platc powct
mput and the giid exotation con~tant and
find the best numbar of plate turns to use
to gne maxmum cunient 1in our output -
cut at the wavdength we wish to use
transmittine, Usually, though. we have
neither a widelv vaviable plate voltage or a
(plate) high-voltage voltmeter and <ome
timces not even the milliammetar If we
have the<e instiuments we can vary the
plate voltage enough to heep the power
mbut constant and mahc this adjustment
Othciwise we must get alone withoud it
Adjust the »late tuins with the antcnna
tuned <o that we can wok the tube at its
1ated dissipation.  Use loose coupling to the
antenna and a suffiaent numba of erdd
turns so that the set will oscillate stably.
Most aumateurs mn the Umted States t1v to
overload filamont and plat, tighten coupling
and do anvthing that will gct a reading of
an extra tenth of an ampcre in the antenna
—but thev are all wrong. The most effeetive
signal is your goal. Try to push a nice,

steady, dear cut signal out loven 1l the
audibility 1snt quite s~o <tithing you can
worh r1ings around the tcllow~ with itoppy
stgnals that it takes a nind 1cader to copy
The most Gicctive s1izail s «<cddom the
loudest onc m these davs of shorter wave-
leneths an hegn v v a mor <~ 1o s the
clear, stcady note that gets through.

The causes of unstoading s usually he m
the powar supply, 10 th kaying svstom. o
in the tube adjpus ot kaop che tempara
twie of the tube stcadv, Avord onessive
erid exatation  Sce that the 1 gulation of
the pewar supply is ghod <o that the plat
voltage isn't jumpig around «very tyme the
s tis hevad  Use much capaaty across the
tube circuit and httle inductance (to swamp
out the vanallc tule capaaty). heop the
tube Joad small conparad to s rating I
using large capasities across the wuhe ar
cait rcmembar that we are maatne:, lage
cnculating curr ms o the tuned anrcurt
Short hcavy leads are necessary (v nan-
tamm good can nutter efliciency

D FECTINCG W A TLY STONATLS

There 1s but onc good mcthod of detect-
mg wobbly sigaals and unsteady waves. No
on can copy a station that scnds dots on one
frequeney and has such a <hatt i notc that
the last part ol the dashes are 1ccenvad hall
a dcgrec o1 a degrce oft the pomt wnare the
dots cone 1m oon the tunct. A mcans of
havning to the signal night at the trans-
nitter 15 desnnanle The yropa changes n
the transmittar can o made best whan one
can, at the <aimc tnac, listea to the signal
as though rccavme it at o destance

An amshidded recava tuned  to o the
tundamental ot thce tansmtter will pick
up nuise from the pratc supply o1 trom RF.
voltages lealing into the powar  upnlv ar
cuits or picked un on battary liads to the
1ecernner. Recenvme rubos will be paralvred
by voltage mpiessed on tham trom the
<trong local field  Tuning to haimonics will
be <lhightly more <atisfactorv, though the
harmonics will not nocessanly bo just ke
the fundamental m v b h we are chiflyv in
terestod

An mexpensine shulded 1receiver-oscil-
lator tuned to the wavdlength of the tyans-
mrtter and locatcd ncar 1t <o that adjust-
ments can be made whil» usme the hed-
phones 15 best, though admnttedly a <pecial
1eccnver 1s not absolutcly nucessarv,

A metal box or pail, a 199-tube with rubber
suspension, a variable coadenscr of about
00015 miaofarads, a coil bult according to
details below the wiuing dragram, a 49 -
volt C battary for “A™ <upplv, the smallest
type 223,.v0lt blech B-battay, and a fila-
nrent control 1ack are all the apparatus 1«
quired with the exception of phones and
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Most of this can be obtaimned
in thc avarage Npamentor’s “junk box™
in shoit order, If such equipment s con-
structed, many good usces will be toand tor
1t on ditterent occasions .

The filament-contiol jack 15 connccted so
that pluggmg m the phonos automatically
turns on the filament of the 199.

phone-plug
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is so ofttn dong, it will be very
difficult 1f not mmpossible to avoid “hand-
capacity”  eftects. The  cexact  arrange-
ment of the apparatus 15 of lhittle mmport-
ance as long as the wires do not “shimnv”,
since the <hightc<t vibiration will destioy the
tiuthfulness of the 1¢snltant signal.

Phones can be plugged quickly bacs r
and torth fiom thc regular tuner

to this “monitor-hbo\”. Coils to

cover different bands can be wound

on tube bases and plugged into a |
UX sacket or they can be of the
L.or(ns tyvpe conrecting to
four hinding posts mounted 1 a
row on a ~tiip of hakchite  Winng
should  present hittle  difficults
thongh «ave should be taken to see
that othctr than @ounded leads
do not make contact with the sur
tace of the contanci.  The nced
for care even mm this reeard has
been 1educed in this o<allator be
connect e the negative side of the
plate battery to the gounded side
of the filament, Thotorc,in order
to avord filament burn out from
crossed wires, il 18 only noeessary

to keep the positive filament lcal
wcll msvlated.

The tuning condenser is con-
nected aciross the grd codd on'n
~so as to allow the ground-
mg of s frame  If the condenser 1s wired

across hoth o d and plate (ncuits, as
U\ 199
L J—
i
= g
=3 = =)
= Cettfa o7
= G,
= L -—
———
I - —
- _——_— sune &
e 1k
WIRING DIVGRAM OF PORIABLL, RLCOEIYLR-
OSCILLALOR
I, and 11 5 wnd 9 turns of 22 guage for 20 meters

12 and 15 turns of 22 guage for 10 meters.
26 and 26 turns of 30 guagc for S0 meters

The coils 1m¢ wound on a bakehte tubc sochat (13
diamaier)

C 1000 micromicrofarads fixce

By connccting an antcnna te the prid through a
‘Midget” condenser, placmg a 30 000 ohm variable
resistance an the * B battery laad for regoneriuon
wontrol and adding a grid Itak and condonser the
osallator can be convertad anto a portable recanver
st ehle for cimpmng expeditions

THF MONITTOR-BON USFD 10 (HECK THL

CIEARACIER O1 THF SEGNAL

AMOCERE ON ITPPANSMITIIR ADIUSIMENT

[f th antenna s ‘uncd to exact 1o<onance
with the primary ond the coupling 15 very
close, the Tow pn 0 st myv stop osaillat
g o1 osctllatc un~tvly Th» couphing can
b Toosencd or aithir one of th (ncunt may
be detuned a tr {1 With the antenna de-
tuncd <o the antcan cwrent s about minc-
t nchs of o5 manimum value, almost any -
thing can hapnen ond the <t will «till
o~ tllatc on the propar wavelength N s
often better to op rete shghdy detuned than
to opcrate w1 h tanh tight coupling and
very closc to resonenee whar amvthing that
happens can thiow the <tgnals out

The antcnna coupling  has  the most
matrhcd effcct over the hay chnps, Ley
thumps and thc note By varving the

coupling and antcnna tuning, pomts will be
found wheie the note clears, where chirps
disappear, and whoro thumps are greatly
1cduced,  In some cases scvere chnps or a
mushyv note found on onc ~ide of the reso
nance pomt will disappear when 1esonance
' approached from the other <ide, as by
changimg the antcnna tunmg

The steadiness of the wave is influenced
bv the mechanical stitfness of the antenna
sistem, the firmness of mounting of the n-
ductances, the antenna couphng and the
capacity imductance 1atio in the primary
arirourt By opcrating with a <mall -
diwctance and a large tuning condenser—sav




92 THE RADIO AMATEUR’S HANDBOOK

500 mucromicrofarads on 40 meters—the
most striking stability can be obtained even
with fluctuating supply voltages and a
shaky antenna system. Heavy conductors
and a very excellent condenscr in the osail-
latory circuit are essential Some power
mav be sactificed, but the 1¢sult 15 deaidedly
worthwhile.

Sometimes trouble will be found with the
radio-frequency choke col or colls.  When
worhing below 20 meters wavclength, chokes
n series with the filament leads will help to
get more antenna output. Often choles n
the 110-volt power supply lcads to the sta-
tion will be helpful in prcyventing loss of
radio-frequency energy. R . chokes so
used give the high ficquency mmpulses a
backstop “on which to get their feet placed.”
Chokes in the set should be mounted at right
angles to the main coil to avoid harmful
coupling effects.  Theire 15 bound to be some
coupling 1f the coils are ncar together cien
if thev are located at right angles. A
greater distance will aid materallv m mm-
proving the operation or 1f this 15 1mpos-
sible, the position may be changed until the

THE INTERNALS 01 1HE MONITOR-BOX

right point of lowest coupling 1s found. A
“difterent” choke nav oftten make an .-
provement when all other adjustinents have
been 1epeatedly made without much suceess

The point of lowest coupling can be fonund
most casily bv expamment.  Altanating
curtent can b 1un through one coil while a
pair of sensitive phones 15 connected to the
other (o1l. One coil 15 then vared until
there is mimmmum pick-up as mdicatcd by
the weakcst sound in the tclcphon vrccanears

When two tubes are used m parallel the
gnrid leak needs but half the resistance value

to give the <ame gnd bias effccts. As the
mput to the tubcs 15 mcareased. 1educe the
grid lcak resistance m stops. On most
wavlengths the giid leak may be connected
1ght across th» gnd condenscr.  To:
shorter wavelength operation, hewever, 1t
1s desnable to keep less maternal at gnd
voltage to nmuinmimize the capaaty effect.
For twenty metcr sets (and lower wave-
lengths) run the gnid Icak from the grid
directlv to filament with a radio ficquency
chole (80 turns magnet wne space-wound
on a ;" woodcn dowel) 1n <ertes. Ina ar-
cutt where the controls mterlods, changing
the g11d and plate ¢lips will also change the
wavelength appreaiablv. Allowance must
be made for this in jugehng thr chips Usu-
allv the farther frcm the center of the coil
the clips are moved. the highcr the wave-
length.

In general, the Migher the grid leak re-
sistance the better the cfliciency. thouzh the
wave form under conditions of veryv high
eflictencv so obtained mav produce strong
harmonies. Using the smallest number of
gr1d tuins possible mm a Hartley cneuit wath
a leak of about 10.000 (hms <should gne
splendid efficiency and a fine steadv <ignal
with a fcw harmomes. Ihgher impedance
tubes <uch as the UX-R32 requine corres-
pondingly higher grid leak values

For short wave operation suitable precau
tions should be taken to prote t the tube
against abnormal conditions.  B-sides the
burnout of giid or plate leads fiom ¢x
cessnive RO cunients at u' va high fic-
quencies, there 1s danger of msnilation hreak-
down or puncture of the glass <«tcm. Th»
plate and gi1id leads will handle from five to
ten amneres safely (denending on th: <17
of the tube) and a {fuse placed lo-e to the
grid or plate taminil rated at a Dhttl: less
than five ampcres will often <ave a tube
Never operate a tube when plate or end
leads show color. Tt is host to 1cduce plate
voltage or plate currant 1f necessarv to avowd
biushing or overheating, aprlving all the
remedics mentioncd for 1cducing or aveid-
ing parasitic osaillations.

When a circuit has both high distnibuted
capacitance and a lumpcd capaatv across
1t there mav be two resonant frequencies in
the aircurt, one du> to the lumpcad value, the
other to the distributed valucs acting 1 con-
junction with the mductance of the faults
co1l At cartain adjustments the <ct s hable
to become unstable, flopping ovar to the
“oth1”- frequencv which 1s apparently not
affected much by varving tho tuaireg con-
d nscr betwern catun Limits If the
natmal paried of a ccil happeas to be in the
tunime 1anze, care must be taken not to
opcrate on this wavelength  If the grid cn-
cuit happens to have a natural w neleneth
near that of the secondary arcwt the tube
1~ linble to want to osallate at this fie-
quency. By bimlding good coils of low dis
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tributed capacitance and by putting m gid
chokes whenever we parallel tubes we have
minimized the chances of getting nto
trouble from the<e causes.

TYPICAL “BRI ADPOARD’ LAYOUT

The apparatus constituting a can-mittcr
can easily be put together on a horizontal
or vertical “biead! oard”, the vertral ai-
rangement being bcst for locations where
floor space 1s at a premium. Fnst oet
the baseboard of sufficient <ize to mount all

P et §
&L;dhumwm ‘ .
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SHORI-WAV LD
Condensers

“BREADBOARD™
Spuaal Natwonal with Valvet Verner dials, 250 unt. max
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easily be changed without upsetting every-
thing as might be nccessary 1n the case of a
panel oufit encloscd 1in a cabmet. A typical
layout of a sending <et on a large “bread-
board” is shown 1n the photograph.

Thus far in this chapter on the sending
set everything has been made as easv as
possible. Both the apparatus and adjust-
ments described are pairticularly of interest
to begmning bra<s-pounders because of low
cost and simphicty of construction and ad-
justment. If this manual were prepared for
starters-in exclusnelv we <hould be tempted
to stop 11ght at this pomnr. In the remainder

TRANSMITTER ARRANGEMENT

apacity

Plate blochmg condinscyv—DMica and coprer of about 1900 uut. (finad).

Gridleak—1.,500 to 5,000 ohms An
will be excellent tor the purpose

RCA

Icak 1s shown bat a Lasvite non-tnductive leak
A aingle UV-203-A tube worhks micely with a 10,000 ohm leak
Two tubes paralldled nocd but 5,000 ohms leak resistance to pive the same
with verv hugh plate impedince require much higher values of grid hias resistance

bias svoltage Tuobes
See the table

giving vacuum tubd imoedinces el<cwhdere m this Handbhook

A large space has becn lcft for different types of helices, the
Tbe plate supply for the tube somes m from the right through the
The filament supplv source connects to the two bhinding posts at the front
of the set while the ant«nna and counterpoise ¢onnect at the left

are clearlv shown.

hve bm: 137\ 32"\ ¥,
ridin-frcquiney ol ahes whi?

Although two antenna and

counterpoise series condinscrs and meters are shown, but one 230 microni.crof irad vatiable con

densecr and one 0-2 ampere meter ard

necessary

in the antenna circvit Onc two, or four

UV-203-A tuhes can be used, wiring the set <o that they are n parallel or nsaing two tubes on each

half of the <vclc with 60 or 500-cvcle A C plate suppls.

wire

The set 1» wircd with No. 10 enameled

Plate current, filament voltage and antenna current are measured with Jewell meters.
The coils shown are of edgewise wound copper strip, spaccd with percelain heads

You can use

the flatwisc-nound coils deccrihcd elsewnhere and the repular Hartlev circuit, giving the wavedlength

ranges shown 1n the curves

the parts. Next lav out the apparatus neat-
ly, supporting condcnsers and meters on
brass angles, and screwing everything down
firmly.

A numbcr of Fahnstock clips will do nice-
ly for making connections. For a per-
manent  “breadboard” lajout a taiminal
board with bracket sunports and 832 o
10:32 brass machine screws for conmactions
is recommended.

When evervthing has been  fastened
securely the wiring mav be done. A heauti-
ful outfit can 1cs<ult. pleasing fiom the
standpoint of low cost and accessibility of
controls The apparatus and wiring can

Nate the ready accessibility of every prece of equipment

of this discussion of transmitters some other
encuits and more complicated sets will be
described for the chap who has a complete
station but who ncvertheless wants to in-
vestigate other cnrcuits, try cervstal control
and what not.

TUNID-PLATP-TUNED-GRID

Because of the nuniber of clips on the coil
in a Hartley circuit, the wavelength of this
arcutt cannot be shifted from band to band
as quickly as some other circuits. The best
Hartley wave-change arrangement is prob-
ably one in which the coil for cach band is
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mountcd on a sub-base with five hushy plues
htting 1nto jJachs on the transmitter pancl
or base—the canncctions on each o1l ad-
justed permanently <o the be~t point 1n cach
band 1s available mstantlv by pluggmg m
the right coi1l and <etting the condenser at a
predetermined point

The mcreasing nced for an arnrangement
for quekly shifting the wavclength of the
transmtter as well as the receiver wrthout
decreased efficiency has mad< the tuned-
grid-tuned-plate circuit popular (despite
the addition ot one contiol) hecause thie
cncmt gets anay from the multiphary of
chips necessarv for satisfactory adjustment
of a Hartley circut.

A diagram shows the development ot th
tuned-grid-tuned-plate arrangement fiom
the plate-tichler schcme which was fully
plained back m our diccussion of recenners
It will be remembered that unless the platc
tichler was coupled closely to the grid -
cuit there was not safficient feedback <o
oscillations could build up (B). By c(on
necting a condenser across the plate coil
(C) and tuning that, the circurt can be made
to oscillate even though theie 1s zerto mae
netic coupling between the plate and grid
circuite—the giud-plate capaaty coupling
(inherent in the tube it<elf) 15 now 1¢
sponstble for our oscillations., The plate
tuning condcn<er made it nos 1ble for us to
build up rf voltage across the plate-tuned
anurt (whon adjustad taaly dloscdy to the
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grid cncuit wavelength) until thae was
suffiaent feedback (thiough the plate-giid
capacity) for sustained oscillations to build
up. Though a shight feedback voltage might
build up across an untuned plate co1l, there
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would gencrally be too small a fcedback for
maintaining <tablc escillations.

In the T.G.-T.P. arewmt as used at most
amateur stations the two tuned coils are
made almost altke There 15 no nced fm
this as the carrent 1in the gnid coil 1s much
smaller <o that a small coil tuned by a more
compict (though just as good) condenser 1~

Varable
B
—HV CA‘)
Ordinar,
Ord/mzry Londmsr/r . :;s;ﬂ;g, /;/‘07; v
L g
= 2
T“'
- f{., | /ov
“T
by pass =
T —
e ®
Il‘
FILTER RECT 1oV
{recr 15 §.|§_
PRACIICAT ARMSIRONG (IRCUIT

pafectly all nght, The scts worhing with
this circuit genarally use a rather large
capacity -to-inductance ratio as compared to
the sets built on other circurts. There 15 a
good reason for this. The giid circuit is
(usually) the controlling arcuit and while
it 1s tuned to the sendimg wavcelength the
power available is not so large that it 1=
hard to mahe a tuned arcuit that 1s good
«nough. The plate circurt 15 tuned a hittle
helow the transmutting wavelength and
therefore the currents i it do not get up to
such tewrifving values, It is possible to
work the circuit with the plate controlling,
in which case the plate (ncuit has an ex-
trentely high cnculating current and the
heating (RI) 1esults 1in somewhat lower
 fficiency.

The most common complaints from ama-
tcms usmg this arant are that the oscil-
tator takes far too much plate current when
the plate and grid coils ave tuned to the
~ame warelength,  This difficulty is espe-
aally noted 1n sets using 203-A tubes on the
20- and 40-mcter bands and otten with other
tubes when used m 20-meter transmitters.
I'he trouble i almost every case 1s due to
too large a feedback from plate to gmid, The
mver-excitation of the 203-A grid may be
due to the high gnd plate capacity of this
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type of tube and 1 other cases to grnid and
plate bloching condcnscr~ of ton high capac-
itv. The reactance ot a condenset of given
size goes down rapidly with mncicasmg 11e-
quency, which scives to aggravate this
tiouble at the highr i quencies (20
meters).

Of cour~c a very simple wav to got 11d ot
an excessne plate current i~ to nus-tune the
plate cuncart o1 gnd cieut The trouble
with this 1~ that one has a good chance ot
having the tube go scurrving from cne wave
to the other, frantrcallv tiyimg to a com
modate both cncuits and atha managing
to be unsteady and to produce a rough nots
ot clse producing two wave-
lengths, both of tham un<leady -

The best wav to make the ¢
cuit hehave prop 11y when sueh

tioubles acc absaved s to
adopt the modification shown

at A in the diagiam of practical
Armstiomg araats Smcee th
gi1d Condepscr 1S5 1M scies with
the lcedbadk capwrt 1t an 'l
made <maller *o cut dowyr th
fcedbach— o1 the g1y d Irod ca,
be ¢ nnceted to th prd o al ot
a point of lowcr vottize cha
the top The crid lcak 1s shown
connected  dinne t to filan
but 1t mayv he ahoat as well o
put it across the gnid condonsa
The R «bole (in scries wita
the leak) wiil not nced to handl —
quite as nmuch 1 {0 woltage m
the latter casn.

Bcdlow about 30 mcters the
cneurt may show amthar undestable offcet,
arting as thmeh C ard € wae in parallel
across the grid conl i o terminming the wave-
lingth  of  osalatim Fottunately  this
offect dors not hecowe promuinent until we
tiv to uce the (ncoit hadow the 21 metar
hand (swhich 1= the <hoit st wavclength in
which 1ts use s practwal)

AP TG TAYOD

A practical layvout of apparatus i~ ~shown
m the phctograph  The coils from Ilctt to
night are antenna cotl, plate cotl and ghid
coill. Note that the coills are mounted at
tight anelcs ond senwc dirtance apatt to
avord magnctie coupling Fetwoon plate and
e11d which would oth rwise o cul At the
center fiont 1~ the <ocket for a 1T X210 o)
anv smallcr standeid Fase tube Ncar 1t
are the filhirwent byv-pas- condensai~ €6 and
7. the small fined grid a~d plate bloching
condenser~ C1 and (5. and the gnd leak. a
1.000 ohm I.ovatc resistor The two dises
on the base ne honavcomb-wound chokes
RFC1 and RIFC2  For lhigh powcr, better
choke constiuction s rccammendcd On the
pancl from left to nght e the antenna

REAR VIFW O
Note the

ammeter, the tlamont voltimeter, and the
plate mput milltanmmeter  (perhaps non-
essential but all very usetul). Two binding
pusts on the tiont of the panel provide con
nections  for antcnna  and  countarporse
Pelow the metars, lott to night, are the tun
g conden~ai~ for antcnna, plate, and giid
Frve mote binding posts on the panel (night
s1de of photograph) are usad tor making the
powcr conncctions for filament heatmg and
plate supplev as <hown more cdlearly i the
schematie diagram

The gi1d and platc crrcuits ot the tube aic

cach tuned by a plug m col across which 1~
a 0005 microtarad variable condenser. The

= — e -

1

rP-T
arraigement of wpparatus and wdl-balanad pandd

PLUG-IN COIT TRANSMITTIER

condenser readings for any particular wavc-
length are ncarly dentical, the conditron tor
hest operawvton bang whan the plate circunt
o~ tuncd to a wavedlength <lightly below the
~ending wave so as to ginve the efleet of an
inductive plate load. Tuning the gnid cii-
cnt <should control the wavelength T he
grrd and plate blockime cond nsers mav be
amvthing from .0001 to 00025 ut . as thew
valucs are not atical The smaller capac-
itv 1S to be prctenad on the shorter waves
The gnid and platc blocking condensais, mn
thc case of low powcr, mav be ordinartly
Dubther or Sangamo recenving condenseis
If control of the giid oxcrtation 1~ desited,
a 00035 miaofarad variable i series with
& 001 miaotarad fiinad naca conde nscr may
Fe used as a guid caphwaty having high
bhreak-down voltage., Too small a capadity
cannot be u «d, as 1t may mtciiac with th

tcedback thre the tuoc and causc troubl» 1n
starting oscillations The fil iment 1~ by

pa sed. at the tube, by two papor condensers,
which mav be 001 micifarad or larger.

The lcak 1 <hown ~huntud from grid to
filamcnt, although 1t mav, of course, be con-
nected ditectly acros~ the grnid condenser.
The grid lcak will vary with “he tube Tt s
suggoested that a tapped 10,000-ohm leak be
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tried. 5000 ohms is about 11ght for a 210,
a 201-A or a “VT2”, but for a 171 or 112
much higher 1esistance (15,000 to 20.000
ohms) is bettcr. In am casc the grid leak
Jhould be made for trynsmission. Reeciv-
mg giid leaks of the carbon or metallized-

| 4ntenna

Plate ond
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ARMSTRONG (T.P.T.G ) TRANSMITTING CIRCUIT

Shunt feed plate supply 15 throrgh rf. (hoke No. 1

‘1he condenser capacities are statcd n puwofarads

(same as micromicrefarads), The tunming capacitics

C-1 and C-2 are larger and the blocking capacities

C-4 and C-5 are sma'ler than usual. This steadies
the wave.

glass sort seldom have enough heat-radiat-
g ability to render them sate.

The coils are provided in parwrs for opera-
tion on different bands. Those shown in the
photograph are made of No. 14 enamellcd
wire space-wound on a sheleton tramework
of micarta rings thiee mches m dianmeter.
A hmged antenna coil of 6 turns 21 mches
in diameter 1s placed at the filament end
of the plate coill. The antcnmma encuit s
tuned by mecans of a vanable condenser in
the counterpowe-ground lead. Two plug-
mn cotls of eight tuins cach are built for
working on 40- and 80-mectcr bands. Simla
cotls of three tuins cach will tune to points
in the 20- and 40-meter bands. Coils ot
No. 12 or No. 14 wne space-wound m the
open will handle inputs up to 100 watts
without burmng up. While the wire may
get hot with the lgher powers the electrical
loss 1s small quantitinvely. No. 14 wire will
probably handle the full output of a 50-
watter, though this 1s about the hmit. For
more powertul transmitters laiger wne,
34-1nch brass stiap or 3/16-mnch copper tub-
ing is recommended for coil constiuction.
In building a T.P.-T.G. transmitter for the
utmost efliciency and flcabithity 1t 1s sug-
gested that a whole bunch of coils be con-
structed so that the “best” coil will be avail-
able. Coil-condenser tuning 1anges may be
estimated by consulting the mnductanre-
capacitv-wavelength chait elsewhere in this
Handbook. Usmg tuning condensers of
.00015 mcrofarads max. (a receiving con-
denser for the grid areuit, and a transmit-

ting condenser of high voltage break-down
for the plate arcuit) about a dozen coils of
one, two, four, s1\, seven, eight, ten, twelve,
sixteen, twenty, twonty-tour and twenty-six
turns will covar the four uscful amateur
bands 1 good shave. For sets usmg tubes
larger than the UX-210, plate and grid con-
densers niay be Faradon UC1646 fixed mica
condensers, 000037 niaciotarads each. Ths
will be satisiactory for T.P.-T.G. sets on 20,
40, and 60 metars.  For longer wavelengths
bigger condensers will be needed.

The design of the tiansmitter depends to
a great extent upon the type of tube and
power mtcnded. In any case the grid tun-
mg conden~ r nmay hc an ordimary single-
spaccd 1ecenmg variahle. For one or two
UX-210' the antcnma and plate tuning con-
denscrs may also b r.ceving umits. For a
fifty-watter, the jlate and antcnna con-
densers had best be double spaced. The
range of the meters depends upon the tube
m use. For one or two 210's the milham-
nteter should be 100 to 120 full scale; for a
fifty wattcr a 0 300 m a. scale will be about
night. The usual 0-15 A.C. or D.C. meter
across the filaments can be selected as soon
as the filament heating source 15 decided
upon. An A.C. mctar will worh (though
with unccrtain ascuracy) on D C. supply
while a D C. instrument mav be r1ummed by
connecting 1t to an A.C. sourcc.

1
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SAME C(IR(UIT MODITILD 10R SERIES
FLITD Ot THE PLATE POWLR

N\ote the change in the position of RI'C1 and in the
position and capacity of (-1. lhe advantage of this
change 15 that any “bump~’” in the choking action
have very httle effect, provided (1 has a capacity of
at least .0005 pf. The di~advantage 15 that the rotor
of €11~ “hot.”

[WETD]

The qucstion of power supply again de-
pends upon the tube i usc. For the fila-
ments, a step-dewn tian foamer may be u<ed
with a primarv rhcostat to adjust the volt-
age to the corrcct value for the tube.

The et mav 1l o he 1un fiom a half-or
full-wave rectifier, unnltered, or even di-
rcctly from the ace. hine. Care <hould be
talien that evrvthing is tight and that there
o1 no swirging leads, Lexing wibration.
ctcetera. os these will cause unsteadiness
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and consequent poor transmission.  Th kev
should not he on the ba<eboard of the set,
in fact the set should be on rubber sponges.

TUNING

With the antenna coill at nght angles
(that 15, very loose coupling), set the giid
tuning condenser at center scale, press the
key and 1apidly vary the plate condenscr
back and forth around 50. The plate cur-
rent will decrease to a mimmum at reso-
nance and inccase as the pomt is passed
Watch the tube and raise the key m-
mediatelv if the tube begins heating dan-
gerouslv. The approximate tumng adjust-
ments, when sctting un for the first time,
can most ~afelv and conveniently be found
bv using 1educed plate voltage. When the
mintmum plate carrant mentionad above is
found tale a reading on the wavemeter o
listen in on the recenver for the wave. Re-
adjust bath plate and grid cond nser< until
the de<ived wavelength i< had. Then couple
the antenna tightlv, prcss the kev and tune
the antenna condenser for miximum radia-
tion current  Thn 1etune the rlate con-
denser <hightlv for an increased reading
This will dicturb the wavelength slightlv
and a small readjustment all aronnd <hould
be made Open and close the kev <lowlv
and sce that the antenna current comes up
to the same point each time, in ohor words,
«ee that the wave 1s steady

If unsteadv, loosen the counling and re-
tune. The hiche<t antcnna curtrent on a
given wave, with a steadn wave, is usuallv
the be«t although the fellow at the ather
end, if h<’s honest, can tell vou much hetter
than the antcnma meter will - Do not he too
qure that the hoving and wave are OK just
hecause the antenna mcter ¢omes un nromnt
Iv. Make sure by taking vour receiver into
another room and lLictering (withont a ve-
(eiving antenna), or hv n<irg a monitor hox
queh as has been descived  The best ad-
justments <should he loeged <o thev can be
dunlicated at will - We will want to work
meach bind on a catain wavdongth <o that
owm fi'ends can find us ouicklv—another rea-
<on for logeing the condenser setting and
the number of the coils

THL COTTILIS CIRCT,I

In the Hartley crreut a maznctic foad-
back from platc to 211d causes oscillation
In the tuncd-phitc-taned-grid anangoment
a capaative { edbarh hrom plate to end 1~
responsible for th» acana that takes plawce
The Colpitts cocuit actiom s based airnlul,
on a capaatin o (v ctrie feedback, though
not through the mter-eliment capacity ot
the vacuum tube < If

In the Hartlev anrcuit the gnd chip con

e

connects to the other end and the filament
goes in hetween the two.  With 1 f. cvrients
flowing in the cnil-condenser cireuit there is
a “voltage diop” acro~s each section of the
co1l (due to its inductive reac tance). This
“voltage drop” always acts so that the grd
voltage Is exactlv opposite to the plate volt-
age. When the 1 f. ¢/d voltage swings up
the r.f. plelc voltage swings down. The
filament 15 hetween the gud and }late m
potential.

In the Colpitts (ncuit, coils and con-
densers have been swappad around so that
m cffect the hlame nt 1~ tapped to the center

C
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SIMPLEST FORM QF COLPITTS

of a condenser with the grid and plate con-
nections at the outside terminals. With
rf. curtents flowmg i the coil-condenser
cireuit there 1s a “voltage drop” across e.ach
section of the condenser (due to its capaci-
‘t‘l\(' reactance)  This acts as above. The
voltage diops™ of plate and grid Qrcuits
are exactly opposite 1n phase, with the fila-
ment n batwaen the plate and grid as far
as voltage 1< (o mcained Hartley action i
dependent on voltage drops across different
paits of a coil  The Colpitts action is de-
pendent sinularly on voltage drops across
different sections of a condenser.

The differences 1n all civewits are prin-
51])(111\ m case of adjustment and (ontrol
The Colpitts controls <omewhat differently
than the otheis.  Output and cfficiency will
1cmain ahout the ~amc, however., In look-
g at the oncuit diagram the first thing we
nouce 15 that the erid-leak connects from
the g1 td duectly to the filament with a small
choke in scrics to heep v.f. leakage currents
down. While we bad some choice in the
ratter in the Hutlev and T P-T.G. eireunt »
th < conncction of the giid leak is mlit':
necessarv 1n the Colpitts ciecnit. A leal
connceted aanss C wovld he useless as ¢
ould not affmd a4 1etmin path to filament
(" actimg as a blacking condenser with in-
finrte impedance as far as D C. s concerned).
Inaeasing the capaaty of C, rvaies the
v avelength and maeases the grid feedback.

nects to one end of the coil, the plate clip Increasing C. al<o raises the wave but re-
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duces the grid feedback. Tt is simply a
mattcr of adjusting the proportion of volt-
age drops across the two condensers by
changing their size (and therefore their re-
actance). A wave change 15 also caused,
because changing either conder<er changes
the effective capacity across the coil. To
keep the grid excitation constant and change
the wavelength. C, and C, can both be in-
creased or decreased together. A separate
control of grid excitation can be had by
making grid condenser (' variable or by
adding a chip conection to I, <o that the lead
from (. does not necessanrily connect to the
extreme end of the LL.-C circuit.

In using a practical form of the Colpitts
arcuit for transmitting the contiols must
be kept down to a ireasonable number and
so 1t may be desirable to forego separate
clip connections for control of grid excita-
tion, particulaily as (xtia leads hung on a
circuit at different point< tend to bring in a
double tunming effect at the <hortest wave-
lengths we use,

There are <ever il advantages of the Col-
mtts circmt that sheuld make it more popu-
lar than 1t 15 to-dayv for <hort-svave trans-
mitters and receivers The conl us d 1< not
bristling with (hips (Iike the Hartles) which
means~ that 1t 1« a plendid cnant for use
with 4 tcw plue i colls for ounkh wave
changing Dy u me a bholanced ange-
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SOME VAR(ATIONS OF THE
HOFFMAN~BALANCED COLPITTS CIREUIT

ment and modifying our <implest foim a
hittle we can get 11d of the necessity of usine
plate and grid rf. chohes This 15 a splen-
did 1dea for use 1 an outfit for workh «n
different wavelengths because one doesn’t
have to warry about plug-in chokes ior the
highest efficiency—a practical necessity f

we plan to change our wave over a very
wide range. The Colpitts circuit as shown
goes down to our shortest waves with ease.
As soon as C_ and C, have been put on the
sante shaft or otherwise coupled together
mechanically the adjustnients are as easy
as with the other ¢ncmts and the wave-
length can be changed with the gnd exaita-
tion constant.

In the fir-t paragraphs of our discussion
of the Colpitts ¢ncut attention was called
to the fact that thae is alwavs a pomt of
zero voltage betwen platc and giid. both
between the two ends of the coil and be-
tween the two condenser~ That means that
there is no ».f. voltage between points x and
v (even though there 1s the entire d e plate
potential betwcecen them). Shetch A dis-
closes that the plate blocking condenser C.
has been tahen out and that the plate supply
is bemg fed to the center of col 1. -1.. The
high voltage is all over the coll and ~tator
plates of both tuning condensers—but we
have climnated the necessity for a plate
choke coil.

If ¢ and C, have the <ame capadity,
I. and L, will be about equal in turns, but
if ¢ s larger as 1t sometimes 15, the ar-
rangement will be in balance aga'n when the
B feed point is moved down <o that L s
smaller  The voltage node (Zcro) moves
down the co1l <omewhat as the gnd excita-
tion is decrcased by usimg a larger canacity
at ¢ without o proportionate mercase n
the capacitv of (.

A good wav to find the nodal point is to
put an v f choke 1n the B-plus lead and to
hunt rf voltage over the whole coil with
a neon tubh» mdicator or msulated metal ob-
ject In<ulation is important hae as the
cotl 1< alive and dangerons Hands off! The
connection for plate feed should be made to
the 7cro point on the co1l when 1t 1s located
If 1t'S not exactly right, leave the r.f choke
m the plus lead to keen what little voltage
I~ nre<ent where it belongs., The choke i-
1clioved of the major part of its regular job
at anv rate

If a laige capacity be placed at ¢ as
shown m <hetch B it will have verv hittle
fTect on the dictiribution of rf yvoltages
over the coill  TU will pive us two pointe al
about the <ame v { yoltage and insulated
with rcancct to do. voltages, This con-
denscr <horld be canable of withstanding
the plate voltage and handling the eirculat-
ing cerrent and <hould he at Ieast ten times
the ¢ ity of the tuning condensers  The
etid-1 1k and B nlus leads mav now be con-
rected < dragrymmed  No chohes of any
A ~crmmtien are 1oft in our ¢heuit Neither
iv o cnid condenser abeolutely nreded. €
heen hioh voltaee d ¢ off the prid.

Cotle and condencers can he <dleeted a-
usual bv reference to the chwt C_ and C
hoth eanv the cireculating current and must
be transmitting conden<ers or at least
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doublc spaced receiving condensers 1f much
power 15 used  Remember that condensers
m series hive a smaller efiective capacity
than ather condenser taken by itself. Two
0005-microfarad condensers on the same

<hatt m series will behave hihe a «<1a.gle
tuning condenser with  a  maximum  of
00025 microfatads. U~ce  the effective

capacity value when determining cotl «<zes
i designing a transmitter. C s often
made the laiger of the tumng condons 1-
<0 that thc voltage dron «cross 1t will bhe
considerably less  than the diop acvoss ¢

(* should have twice the capacity of O to
mahe the g¢11d excitation have the optimum
value unless a small grid condenser 1< used
to limit the 1 £ gnid voltage.

IHI UL 1IRATDION

At A we aamn ~how o diactam of the
ampleet form of a Colpitts encurt. In B
we have moved the plat» blocking coracn-
<e1 W +th no (ffcct excnt to put plate volt-
1ge on the <tator of C1 making 1t dimaar-
ous to touch. The ¢uid lcak has bon
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COLPILIS AND ULIRATL DION

moved to the center o1 the col as just
desentbed i the Hotfman bal inccd Colpitts
(rieait. Boas still a4 Colpitts cairemt
agtam O <hows (1 and (2 cut down to
sa0 ol 1cvnoved  This anancement s
commiontv 1<ferivd to as the ultraudron ar-
(it The tunad cnaut cousists ot the col

A STATION A

L1-L2 1 scries with the capacity between
the plate and ¢11d  The wavelength can be
shortcned by the simiple process of cutting
down the size of L1 and L2. When these
coils are cut down to he mare (onnecting
1 wd~, tuhes rav be nmade to o- allate mecee-
Iy on waveleneths as ~hoit a~ one o1 two
meters, the lowa Lomt depeading on the
<ize of the giid-plate tube capacity which
i~ different m dificient tubes. Note that
m D 1u1s necessary to connect the grid leak
and plate fexd close to the stopping con-
denscr, It 1 al-o nree~sarv to use good
1 f. ¢hokes at the points shown.

The hstributed capaaty m the plate
choke very hhddy by-piasses some 1.0 ener-
2y to the tilament by way of the power

+
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T e Cz)f here
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N
Cz T
THIY TEFD-POINT MOVED TO €11 DOWN TIIL
RT. VOLTAGE APPLIED 10 11
the urcut 18 now series feed. that 1= the rf and

d « hoth go thru the plate col.

supply (hilter condenser). This 15 avorded
. the mactical and final artangement of
appatratus by moving the plate chohe con-
nection to the c¢iid end of the tuned conden-
«cr-cotl (ncuit as shown in the next dia-
gram. Thnis 1~ in rcality a chance fiom
~hunt o1 pualldd plate feed to series feed.
I'he harmfu! distitbuted capecty is now m
Lant with (2 whete 1t does some goud

There s also less rt. voltage at the choke
li~m. the series arraneoment, which 18 bet-
tot \ ranable higa-tesistance leak of

100 or 15000 ohms will enable ns to ad-
Just thc bias to the Lest operating value
The plug-in colls  for our practial
vluaud on et vhich wo are now 1eady to
bmld are constiucted just hle the coils
descnib d o the fust pairt of this chapter
¢\, tothat the antcnna or secondary cotls
1e vound on hlochs addcd to the pnimary
franes after the trass stiip 1~ mm place.
lh* <econdarics are wie-wound, lessening
the cajacty hetween windmes, This is good
con~{ruction electricallv b cause the antenna
Qrent 1s net nearly as larze as the con-
derscr-cnl curteat and conductors heavier
thin No. 11 wite will seldom be requned
n o amat.ar lavout  In discussing the
thcory of ultiandion cnewit~ we explamed
hov the cireut woill 2o all the way down



100

to about one meter wavelength when all
shunt capacities were taken out and the
colls cut way down. To1 all our useful
wavebands (20, 40, 80, and 175 meters) a
good tran-mtting condenser will be need-
ed to tune the coil as the tube capaaty 1t-
self will not be nearly enough. This 1s fine
because 1t will steady the notc A 0003
nucrofarad condenser <hould be used. Coil
~1Zzes may he noted in the photogiaph o1
taken directly from the paragraphs on cotl
construction.

A PRACIICAL ULTRAUDION T1OR QUICKLY
SHII IING: 10 ONE OR ANOITHLR 01
SEVI RAL WAVITBANDS

Any transmitter can be <hifted fiom one
wavelength to another after a fashion. On

THE RADIO AMATEUR’S HANDBOOK

creuwrtd. Next think of “plate tuins™ n
the ultiaudion as those turns on the plate
<tde of the “voltage <sero” pomt on the coil.
Connccting coudenser € 2 as shown will shitt
tne node or sero point toward the grid end
of the ¢ircuit I 1csmng (2 will cause a
decrcase 1 plate cuttent and an ncrease n
output tfrom the <icuit (incrcased eth-
crericy ). With (2 of too large capacity
there will be tho httle grrd ¢satation and
the set will stop oseilating. (2 1s not
aiticar and when once adjustcd 1t may be
lett alone for 20-, 1)- o1 »0 meter opeiation.
For a UX-210, (2 can be a midget conden-
~¢1 of 50 to 100 nuciomiciofarads capacity.
Varymg (2 chanecs the wavelength shght-
Iv tut not as much as might be expeeted.
This doesn’t matter much as C2 1s usually

left alone when once coirectly

COILS TOR THE 20-, 10- A\D S0-MLC1ER BA\DS

At the left
primary and two-tuin sccondary.
ates 1 the

the hehis,

the chowe of (nnct and the arrangement

of coils depends how ha d a job it 15 to
chancc and al<o Low lov | 1t wnl take

In the chapter on an*»as a gcod method
of shitting antennas quichiy for wo L on
20, 40 o1 0 meters on shoil notice is
described. Havin., h '~ tenboraray  ais-
posed of the antenna prob em lct's now take
a look at a practical uliiaudion arranpe-
ment.

If we connct povwr to the cincuit <hown
in C it will o~allate plenhidl, —bnt the
needle on the plate nilhian meter 15 prob-
ably trying to wind it~af up on 1its hear-
ings in the meter cas: Al ow~aillatirg
circuits depend on feed-sa k and the com-
monest cause of high plitc curient 15 too
laree a fcedb ok Whare docs omr feed-back
come from and how m.yv 1t be ¢ontrolled,
then?

There are no sphit co.l and spht o1 den-
densers m the ultraudior 1f L1 and L2 1< a
single coll — therefoie thaie aie no plote
tuins and giid wns that « o0 bhe adjusted.
Ho vever, the feedbach voltage can be
thought ol as app «a1mo ac.oss the gnd-
filament capacity (as it would in a normal

15 the 40-meter transformer which has a
The primarv winding tcrmmn
brass (bps at the (nds of the longest woodin bar
The secondary terminals point forward from the topmost har of

T adjusted.
The complete encuit diagram
with constants and the side

view of the sct tell about every-
thing else of possible interest.
The two radio-fiequercy chokes
at 9BIIR arce rather interestny,
serving as fiont lcgs for the
transnuticr  wmounting. These
chokes are wound with No. 4
wite on paratline mmpiegnat
wooden dowels. The first few
tuins are space wound; a singl
lavax winding 1s contmucd tor
several inches to care for 20
and 10 metors and a serambled
winding added at the end to
supply  «<nough 1ndactance to
take care of 50 meters efficient-
Iy Alolc s dnlled nthe dowel at cach end
of the w nding and {'ie connectire leads are

S-turn

Y

[ \Cgf here

CONIROLTING FET'DEACK IN A PRACTICAL
ULIRAUDION ARRANGLEMIINT

The r.f. voltage to the grid is prohablv caused by the
voltage drop across Cof This can e varied by <hunt-
e condenser C2 across (s and the filamont as shown.
lhe plate blocking cordonscr kaep~ the plate
voltage off the grid and 15 movad down to the grid end
of the condcnser-cotl aircmit i« <shown to make our
feedhach control possible usins as few parts as pos-
sible, The c17e of Cs does not matter as TIong as 1t 18
large because C.f 15 in scries wath at.

pa ~ 1 throuzh th <o psles wd <ecured by
wedeing with a sharpened match-stick
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1141 MASIER OSCIET ATOR CIRCULT

It 1~ mmportant abnc all else that we
should have a stcudy note.  While the ordi-
nary anancon ent of apparatus gives a raa-
con tbiy steady v1enal, the addition of a mas-
tcr o~uillntor tube with an oscitlating cncurt
ot 1ts own will in~ute a note that 1~ steadier
than v~ual with 1(spoct to antenna chanacs,
By addire a quartz crystal to the lajout,
const nt troquendy transmission ¢dan be ob-
tamned under «ll conditions—mote of that
fatar.

The master o~uillator arcur 1s ~o named
because 1ts output i1s used to control the
frequenty of the ~ct in~tcad of usmy 1t to
fecd the antcnna diectly as usual The
master osillator can be ¢ y~tal controlled or
rot; 1t can cmploy anv of the commonly
u~cd vicwm tube drcuts; the princ pie 18
the sonie 1 amy event  Fhe R, output
(L the master oscillator 1s all used for con-
trolll ¢ the end arawt of a radio-fiequency
amplifict, corumonly known as the power
amphuer. One has to sta! with a steady
osa'l ticat bofor¢ the amplificr can amphify
a steady o-cillation  Thacfore 1t 15 a Job
of fitst importance to bhwild a <tcady oscil-
lat v

The jow 1 amjhfier erds are contro'led
By cucrey tiom the master oscillator. There-
tore, a lar a1 amount of the amplificr’s
plate yowa e available for the antenna
than noraally the cas . (O course the
ccoromy of the (vtra tule rcquired as
qaster  osallator 15 pootl) The fie
qut (v of the output 1s the same a3 the
frequency of the master oscil-
latcr’s resonant  cneunt Th
owplt Ht the powner amphfier i~
fod 1{o the antenna cither !
dnecily  through an  output
transfoimer or hy means of an a
mtcrmediate (ncuit to make the N
nroblem of steadincss casier 11
the case of a highly tuned
antempa Too mamy  amphfi
tuhes 1 parallcl or too large
a tuhe cannot be fad by one
small praster osullator.  The
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the master o-ullator platc lead The proper
size ol iresistor can he calculated easily
Lknoaing tlie pla e cunent znd the voltage
ra‘ine of thc masta osullator tube. The
an ount of voltage which nust be absorbed

SIDI VILW 01 1HI Ski SHOWING HOW THE
R . IRANSTI ORMERS oRE P1UGGED IN

by the 1¢~ ~tor dsidad by the plate current
will give the 1sistince - alne just a simple
appheation of Dhm's Law.

I'he filanient o1 both ~he miaster oscillator
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IHE COMPLI'TE CIRCULY @1 1HE ll{AI\m\ﬂl 1ER

oscillator should alwavs be large
enoueh to supply the grid loss
of all amplifier tubes, Under cer-
tam conditions, the power awm-
plifier must be neutralized like
the 1 . amplificrs uscd 1 so

L1, L2. Plug-in r.d. transiermeor as <hown 1n Photo.

C1. Tuning condenscr, 300 pfd.

(2. Regeneration control coadenser, 75 pid.

(3 Antenna tuning condun~er, & 0 pfe

(1, C1. Two Micadons, cach of 3010 pfd capadity.

C3. C3. Two Micadons, 2000 pfd cach,

L.3. Antenna loading indu tonce 21 turns wpaced 4" on 17

o 1 1 e 1 form. The antcnna «ystem n b ansthing desired, provided it
manvy noadcast “((“01? anc has a fundamental around 35 meters lhe one at 4BHR con-
for the same rcason With a sints of a 3~ foot verticd antenna and 38-frot horizontal
mast r osci'lator power ampli- counterpoise,

fier arrangcment a swinging

antcnna has liss tendency to change the and powa amplificr tubcs can also be

wavelength than is experieneed with an
oscillator couplcd duectlv to the antenna.
The plat- powar ~up plv for both o~cillator
and amplifier can be fiom the same -ource
11 anccti e of tube «iz¢s The plate voltaue
for the smaller master oscilltor tube must
be cut down by putting a serics rc sistance in

heated fiom he <amc s)iice. Once again,
a spee al 1es1-tmee probbly will be needed
I scries witn the master H~allator filaments
to diop the nlament voltaze to the right
value tor smuller tubes.

Th exatin . veltace for the power am-
phtier 1s obtundcd by taking the reactive
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drop across pait of the plate coil (Hartley)
or plate condenser (Colpitts). The filament
cireuit is common to both master oscillator
and power amplifier. The connection to the
power amplifier gnids from the plate (ne at
of the ma-ster osctllator can be made throuch
a vanaeble condenser for the purpcse of
varving the amo n t of exaitction  Hoas just
as well m<tcad to adyu t the hp to u-e
mo.¢ ot lcss tins of the Haitley plate
cord af that ¢ rcut 1~ u~cd  Adjusting the
mwaster o~cilitor 1~ cartied oat just as dis-
cussed elsewhere tor anv transmutter. R.F.
chokes must be pliced 1n the plate ~upply
I 2ds of brth mast 1 osallator and powci
amphifier  When tubes ar¢ paralleled n the
power ampifur small chhkes o1 1esistances,
jerhaps bsth, will b noclcl i thy end
and plate leads of cach one to reduce loss
from para<itic osaliition, (¢specally wh n
high-frequen- v opaatiop 15 imtendad).

An outbut tran~formar can be u~dd to
couple the powar amplificy to the antcnna
arcurt. It ~hould be buwlt and adji~*cd ~o
that when the ancnna s disconnected and
out of ture, the plite curt nt of the amph
fier drops to a low valuc. Tae primary
should be made ot large wie 1f 1t 15 tun d
with a condenser—otherwise, small wire can
be used (for the 1adio frequency component
of the plate current 1~ no larger than the
Jdirect curient component). The primary
should be wound and connected 1n the plate
circutt of the amphtier and tcsted with the
master oscillator without at first attempting
to transfer any power mto the antenna. The
number of turns in the primaiy should be
adjusted so that the plate cutient 1s 15
1its normal value (o1 lcss) under operating
conditions. No. 24 o1 No 26 wne on a .-
inch diameter form will make a good
prmmary tor an output transtormer. Use
about 15. 25 or 10 turn~ for a set thaot 1s
gome to work on 10, &0 or 175 mcters
respectively. Try different numbers of tuins
until the best adjustment 1~ locatcd—then
remove most of the dead-end tuin< The
secondary (antenna) coil should fit closely
over (or mto) the primary. This winding
will depend altogcther on the particular an-
tenna to be uscd. The reactance of the sec-
ondary ot the output tiansformer and the
reactance ot the primary <hould be i1n the
same ratio as the antenna reactance to the
plate impedance ot the amplificr. When the
secondary is worhimg micelv, a final adjust-
nient of the primary turns will be needed
to compensate for the effect of the added
mutual nductance.

Keymg in such a circuit must be accom-
phshed 1n the power amplifier. The master
oscillator 1> allowd to o<aillate stcadily and

the hey 15 usually placed m <eries with the
power amphfier’s gnd lcak so that the
amvhfier blochs wh never the hey 1~ opencd
and thc plite cunient falls to za10 The
Lench-typc of relav opening hoth plate and
grid circuits can be uscd to hey the power
amplifiecr to good advantage. In modulating
such a circuit as this, the 1egular Hesing
sy~tem chould b» u~ed with thc modulato:
tube capacaty the same as that of the powet
amphfict. If a4 hieh g11d hias 1< used on the
mo lulator ¢ven a4 greata numbar of tubes
may he desirable. It is nmof satisfactory to
attempt to modulate the power supply of
the wmaster-osallator arewmt.

PROPT R TUBI COMBINAIIONS

Ma ter O~cillator Pewer Amp fier

1 UN20IA, UNHI2 o TNIT) 1 UN210
1 1i\210 2 UN\210s o1 1 UV203A
1 UV203A 2UV203\ o 1 UV201A

In building a «ystal controlled outfit o1
using  a tiastar osallator encuit, the ap-
patatus <hou'd fiist be <et up on o board
where everythme 15 accessible and whete
all the parts can be observed carefully and
chanced 1if found dctcctive. Aftcr the
bieadboard outht 1~ worlung coricetly, the
parts arc casily mountcd n pancl jorm if
th < des rad,

CRYSTIAT cONTROI
Another intacsting  development until
recently Fevond the means of most be-

ginners 1s the use of quartz crystals for
controlling thc frcquen 3y of the trans-
mitter. The main advantage 1s an abco-
lutely stcady note whose piteh neror varies
or swimes due to movam 1ty of the anten o
or to sl ght ¢hanacs 1n the constants of the
tube arcut A erystal properly used pro-
vides wavelno th cortiol not appreachad
in ary other torm of transmitter.
Although an osallator whose frequency
15> ddternmnnad by a quartz crystal of the
proper size mm its gnid (newmt can  be
coupled ditectly to an antenna, the (nergy
that can he dinectly contiolled by a (rystal
is so lmited that the civstal is usually
placed m a mastcr o~allator (rant and a
jower amplilier uscd to put more constant
froque ey encroy i the antenra. The right
tubes to e1ve ample o1id control of cortiin
czed powar ampliies were hrtad in tabu-
lax form  The voltace ind platc comrent
rat'nes of these tubes mav be found 1n an-
othar chaptcr Ochcr combimmations such as
a VT2 mastcr o< llator contiolhme an I
tube power amphficr mav suggest them-
selves —our toblc 15 not a complete one,



BUILDING A STATION 103

Mott amateurs purchose thenr quatz
crystals cut ground, and guarantced to
o~ llate i ore of the amateur bands. As
good crystals mre availlable ror fan prices.
there 1~ no patticular 1ea~>n for mantion-
nz the lahotious process of making crystal
oscillators from the rouch quartz ry-tals
hrte. A mcthol for tcstinz ery~tals and
«ome notes on opc1ating with avstal con-
tiol are ¢urte in order, however.

Qu.1tz cry~tids ate usefal mn radio work
chrefis  because oy then  plezo-dectre
propcrties Moy othar hinds of «rystals
act 1 the samc way hut thev are not as

4 L

+ o+ + + 4

T
‘v

At At
Crovtal ey

CRYSTAL ACTION

<uitable mwochantcally or do not have as
mathed  dlectrical  properties as  quarts.
C1ystal action can be undaistood best by
comsidering what happons when a crystal
1~ supportcd between two metal plates to
which a vot e 1s anphicd  As indicated
by the d acicm, the ¢1v<tal hccomes <horter
along the hncs A B and C-I) and longer
Jdonz the hites V-C and B-IY It acts as
thoueh 1t wer hang squcezed by the two
metal plates 1t the polavty 1< 1cvased,
the mecham al ~train 1~ 1¢versed alo. The
(hanges in dimensions are verv, very small
hut they are thae just the <ame If
me hantcal pressure 1~ apphiad to a cry~tal,
tie opposite o ton tihes plac» and 1ts st
faces becone cloctiwcally charecd. Just as
i the ca~c of a nindilum displaced from
1t~ normal po 1twon, a «vstal whosc shape
has becnn char _cd by m chamaal ov electiieal
means  wilt ammediately actuin to ats
oneinal dimensions  In deing ~o, 1t swings
thiouch the “/cro” position and o~allates
hachward «n! forward — at radio fie-
quency. \ avstal can be mde to oscillate
at two ddfiniie f1oquenaes determined by
i thickness 1 the ucual position or when
supported cndwise

\ (1vetal ~hould t e cround with ab=olute-
Iy flat and parallel surfaces. If the thick-
pess 1s not uniform 1t mav not o~allat .
The <hape of the crystal 18 not 1mportant.
It 1~ comenicrt to have 1t rectancular
o1 encular but an arreenlarly  <haped
arv~tal vill b qust as satistactory it at s
of unmiform thickness and h s no ~«cratches on
the flat surfaces.  The thinner the crystal,
the lowor 1ts fundamenal wavelength. Grind-

mg  to 1educe the fundamental can be
undertaken with a nmsture of No. 301
powdered emei1v and kerosene, pushing the
(rystal i ardes on a flat glass ov steel
plate. The final ¢iinding <hould be done
with No. 100 carborundum and o1l The
erystal should be cleaned firequently with
cathona or catbon tetrachloride from a
pyrene fne extineuisher and tested for
wavelcneth, If the ciystal was cut with
its leneth parallel to the optical (Z) axis
which wuns yvertically through the crystal
patallel to the <idcs, 1ts thickness parallel
to the X axis (which mav bisect any of the
angles ot the crv~tal) and its wadth parallel
to the Y avi~ (which v perpendicular to
any of the <ides of the crystal), 1t should
oscllate at a wavelength proportional to
the thickness (about 105 meoters wave-
leneth par nullimeter thickness of the iys-
tal).

TESTING THE CRYSIAL

\ 1cecaving tube can be connected in the
(lumentarv ervstal areuit shown to test

aystals. A fanly hich plate voltage and a
C-hatterv of —1.5 to —10 volts should be
used  The cml L and condcnser ¢ should

be chosen to tune ovar the wavclength range
1 owhich the aystal 1~ exnected to ocallate
The hot-wire or thermo-coupled ammeter
(\) <hows a ddflcction only when the
a1y stal s csallating fFor a te<t circuit,
psing a r1ecenving tele a 0-100 milliampere
hot-wite mcter will b plenty big <nough
As the ¢ nden~ct and (el ave tuned to ap-
proach the natural frequency of the aystal,

b
_ElmENTARV CRYSTAL CIRCHT

the hot wire metay wiall <tait to read. The
neatcr the condenser-coll arcurt 1s tuned to
the trequency of the crystal, the greater will
be the deflectim until at re<onance, the tube
will stop o~ctllating becanse the tuned choke
1eaches an yticmely hegh value of mm-
pedance at the working frequency. In a
transmitter, this arewit is always tuned to
a wavelength a litrlc lese than the natural
wavelength of the ciystal  The L-C ciremt
can be varied within quite large hinnts with-
out changing the heat note that the crystal
controlled tube gives when loosely coupled to
an oscillating receiver. Meters in the grid
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and plate leads of the erystal testing cireuit
will ernve a positive indication of oscilla-
tion if one does not happen to have an R.F.
meter of the rieht scale size. Anv meter
put dvectly in the erid lcad should have an
R. F. choke in <elies with 1t to protect the

-
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w
o
o
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Q
5
x
FREQUENCY
RESONANCE CURVE OF CRYSTAL
AND TUNED CIRCUIT
meter and the combination of meter ard

chohe should be ~huntcd with a larce R. I,
hypass condenscr to mahe the test outfit
work 1ichtly.

Ciystals also can be tested by <etting up
a circvit <suvch as (ll.wmmme(l to show c13~-
tal action. A o1l (L), condenser (C), and
RF. ammeter () are connected in seiles.
Across the condenser-coil circuit is the
quartz ciry~tal to be te-ted. mounted between
two flat metal plates A high frequency
driver 15 coupled to the co1l <o that the cur-
rent mdicated on A can Lo plotted 1oy dif-
ferent fiequencies of the diviver. If the
arystal 1s a vood osallator, a pomnt w.ll be
found wheie the curient m th> T-C (neut
drops shaiply. I( C 1~ vanable, the setting
can be changed so that the 1.-C eirtemt
resonates at the same firequency o~ the
arystal at which sctting the dip on A will be

__[_
lC‘rys/alJ

CIRCUIT USED TO SHOW CRYSTAL ACTION

Driver ~o

as th» «y~tal ab otbhs
Thie frequency 18

more pronunced
power from the dinver.
bound to be cther the fendamental or a
harmonic frequency of the «ivstal \
shetch of the ve<onane carve of the crystal
and condenser-coll encmt 15 shown to
illustrate tettar what happcns 'n testirg
crystals. If a end-emirent o0 plate cur-
rent mcter 1~ usad n the dranver, a ¢h nuee
in the deflection of the meter will ~show both
the resonant point of the L-C citcuit and the
natural firequeney of the crystal 1t 1t e
a good one.
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If you come across a ery<tal that re-
fuses to o~aillate even after repeated giind-
mg and cleanme and a careful mspection
to see that th 1e aie no scratches to be
ground out, 1t <till may he possible to cet
some 1esults fion 1t by means of a little
regeneration mn the arvstal cortrolled en-
cuit.  Inciease the numbrr of titns m the
plate coil a httle. It th <~ does not do the
trick by iereasing the feed-backh throuzh
the tub¢ capaaty. add a small coil (L1) m
the erid cnncwt  If the ervetal has any os-
allating properties at all 1t will pick up and
dotenmne the ficqueray of osuillation when
the re<t of the enewit i~ time [ to r wly the
1i.ht trcquency. Tor »0-metets the g¢rid
co1l ~hould have atout 135 twins of wne 2
inches m diametcar. The 1ight ¢combination
1~ not critical and can casily be ifound by
tial. Don’t add anv e11l coils 1t you hune
a crystal that does oscillate satisfactorly.
Crvstals always arack 1t vitratad too hard
and not a thing will be add d 1n the wav o
control by using regeneration with a good
aystal Somctimes a poor aystal can be
niade to work bv putting a <mall co1l n
sc11cs with it as diagrammed.

MO NTING

The simplest wav to mount a ery <tal 1« be-
twecn two absolutely flat smooth metal
plate~ Rra <« platcs which have been
tutned mm a lathc and eround flat with fine
emery have boon successtully used 1 a num-
bcr ot nstallations  The plates must be
hept clean, fice fiom bhoth moisture and
finzer mark~. lh¢ vibrations of the crvstal
can take place when the civ~tal 1~ mounted
loo<ely between the plat.« o1 (ven when th ¢
vlates are prossed quite tightly together as
1s usually the co~e Anyonc con bwld a
cord mounting <mular to the one u-ed at
4XE. Make the platcs at lcast a1 mn h
squate and about 1 ~“ thick.  The plates
mav be held together either by eravity alone
or bv a light <primge pu<hing down on the
upper plate. The «vstal alwavs starts
oscillating by tself every time the plate
power 1~ apphied as by keying provided the
arcutt 15 properly  adjusted A Ditle
pre~sure 1s probably bes<t to hold the crystal
mrmly 1 placc and to m~ure cood contact
with 1its smfaces which will m an cood out-
put and frequeney control  The top plate
should float free on top of the crystal

In putting the «rvstal into the mount-
me do not handle 1t with grcasy finzas.
This  will  positivedy prevent  oscillation.
Cry~tals can be (lcaned as often as neces-
saty 1n carbon tetrachlotide or i most any
otber smular ei1cise <olvent It does not
matter whether the surface of the erystal
1~ hi_hly polishcd m not  Crystals with a
frosted fimsh appcar to make just a~ good
osillators as those with a clear polished
surface.
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OPFRATION

The elementary aircuit that was shown n
one diazram i~ the basis of mo«t all the cir-
cuits usmeg a crystal to g1ve a stcady note.
A UX-2101s probably the largest tube that
can he dwreetly crystal controlled. If a
UX-210 tube 1= used instead of a recerving
tube and th plate voltave rarced to about
350 wvolts (with —221: to —45 volt (-
battcry), the plate coil (I'Y can be coupled
directly to the tuned antenna (newit mak-
mg a very good constant trequency tians-
nutter. The end choke (Rr() should be
wound with firc wite and made a~ ~mall as

L

nystﬂl = ¢

B

ir]epE

ADDING REGENERATION
WHEN THE CRYSTAL WONT OSCILLATE

po~siblc. A soon a~ the antenna 1< tuned
to the wavelength of the crystal (or even to
one of 1ts harmonis) <ome power will be
absorbcd and rodiated. The amount of
powcr from a UX-210 1s hmmted and 1f
mote output 1s desired, the camc circmt and
tube can be used as mastor osollator and a
larger amonnt ot antenna power obtamned
from the pour «mphfic,  Be careful never
to overload the UX-210 c¢rystal controlled
cireuit.  About 350 D. C volts and 30 nplh-
amperes plate input 15 all that most c1y~tals
will stand without ovcrheating and (rack-
ing. Some will not even stand as much as
this without shattering mto fragments from
the intense intar-molecular <trains of osdil-
lation.

It 1~ best not to attempt to usc a cry~tfal
that is too thin  Although 1t is po~sible to
erind cry<tals to work on the forty meter
waveleneth bind that osallate very de-
cently, they il not hand'c verv much
powcr without ovarh atineg, (racking and
shattenine It i< far better to use erystals
ground for wavelength longcr than 175
meters The additional thickness 15 a
factor of saf ity on yowr investment. If
the crvstal ha< a natural wavclength of
just two o1 three times the wavelength «n
which you wish to operate, you can operate
the antenna by tuning it to onc of the har-
monics. Botter <till, you can build a trane-
mitter using the crystal in the master oscil-
lator arcuit, tuming the output circurt of

the power amplifier so that 1t amplifies the
proper haimonic—a  dodee  that  saves
neutral'zing  thc power amplhificr which
ordinarily 1~ necessary when amphtying the
fundamental of a crystal.  The powcr am-
| hfier ¢an always be depended on as a
1ehable frcquency doubhne cucuit not 1e-
quiring neutrahzation when <o operated

ADJUSTVMENTS

Before mentioming vaiious combinations
of tured input and output cnreuits that will
enable us to operate 1n any wavelength band
using a 160-meter crvstal we are going to
explain the adjustments of a4 aystal con-
trolled set such as <h>wn in the diaoram
assuming that we want to operate on the
fundamental of thc crvstal. The master
osaillator 1< ~hown at he right hwiag the
tuned circurt 1-C The power amplifier
(shown neatrahsed for fundamental opera-
tion) 1s at the left. Ity tuned output cn-
cuit is L. .C The master osallitor adjust-
ments are carried out like thaise of any
stmple transmitting araat. The condenser
' 1s adjusted for maximum cutient m the
L-C aremt with a nunmimum icadme of
plate mulhhammeter (MA). Listen to the
beit mote 1n an o<cillating rccenver on 20 or
10 meters (double-harmonic) and make sure
that 11 1~ <trtone and <tcady.  Couple L to
[, for the time L g in o1der to tune the
antenna to 1csonarce by noting the proper
adjustments of C and I. to =ive the maxi-
mum deflection on A..  When this has been
done, L 15 coupled to L lcaving the ant - nna
tuning the <ame. Next the power amph-
fier and clip 1< connected to some point on
the plate end of co1l L —a few turns inside
of the plate chip of the master o~eillator
will be about rizht. You are now 1cadv to
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neutral ce the ampliner aramt by ad;sting
condenser C, This will be possible only
if the o<allator and amphfier aremts are
properly 1solat d o1 <hiclderd.

There is usuallv <ome regeneration pres-
ent in an amplfict areuit all the time due
to the tube inter-electrode capacities and to
the disposition of coils 1 the encut. If
the feed-back reaches a large enough value,
the crystal will become shattered. 1f opera-

i
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tion on the fundamental is intended, the
mastcr osallator should be bwlt in a com-
pletcly shielded metal box. Each stage of
power amplification (1if there 1s more than
one) must al<o be similarly shiclded to make
complete neutralizing possible.

In reutrahizing the power amplhfier start
by turmirg on the filament supply tor both
the ma<tar o~allator and the power amplh-
fier Llube« Cennect the plate supply to
he master oscillator but not to the power
amplifier tube. Now adjust C, until there 15
a nmummnin change in the deflection of MA
when tenming condenser G, in the amplhiher
areurt 15 varted  1f the master oscillator
1~ well-shiclded wo that complete neutraliza-

;
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mum plate cnrrent and at the same time
verv little change in plate current (MA)
when C) 15 vaned.

Now somewhat reduced plate voltage (as
always m testing and ad,usting) can be
applied to the power amphtier. L. and G,
are adjusted until the enncuit hits resonance
with the master oscillator fiequency. A,
now shows a reading becaus~ the antenna
cncnit was previously tuncd to the right
wavelength and is now coupled to Li. C: and
C» are now adjusted for maximum antenna
current. If MA, 1eads too much or the
power amplificr shows undue heating, the
bras voltage on the amphfier can be in-
creased (1t is usually about 107 of the
amplifier plate voltage). An
other remedv 1s to loosen the
antenna coupling or to add
turns in L, to raise the external
MA plate impedance.

+ 325y

With full voltage on the am-
plifier it mav he advisable to
change the grid clip position on
the master oscillator plate coil
to get more input to the ampli
fier grids. If so. move it toward
the plate clip of the oscillator
Changes in grid clip position
will necessitate a shight read

TEUR STATIONS FOR THE 80-METFR BAND

A single UX-210 1< used as the crystal-controlled master osciliator
One or two UV -20314"s can he used in the power amphfier which

justment of neutralization (and
probhably of the oscillator too)

v neutralized by

amplifier circuit, which mas
causing the crv.tal to (rack

L and L1—10 turns R C.A. coil.

12 -1 turns of the came.

R1 C—200 turns No. 36 D.CC

wooden form.

C 500 wuf vanable condenser

€ 1—25%0 uuf variable condenser

¢2 130 wuf varmahle condenscr

( 3—2.000 uuf. fixed condenser

V—0 15 volt A C. mdcter

\—hey

wire wound

(1 te prevent too much regeneration n the
fced hack inte the crystal arant

on a4

When evervthing is working
nicely note the setting of ' and
then change it until maximum
antenna  current is  obtained
Make anv other slizht readiust-
ments  that seem  necessary
from the loolks of the tubes or
readings of the meters before
~tarfing to operate.

1, dia

( t—A 250 ppf. variable condenser which has heen double «paced

Thiy can be made from a recenving condenser
(,—0-100 milhampere thermo-galvanometer
A and A1—0-3 ampere thermo-ammeter.
MA—0-100 millhampcre scale D C.
plate supply cirewit

MA1—0-"00 milhampere scale D C. ammcter for the power am-

phfier.
C—RBAT—221 to 30 volts
C2—BAT—90 svolts

tlon 15 possible there wall be hittle or no
thanee 1n the plate current of the master
o~allator if ¢ 1< adjusted after the proper
< t*ing of Cy 1< found.

Next it will be necessary to readjust the
mast 1 o=cillator tumng condenser C for a
maxilmum 1eading on A with minimum plate
current. Then further adjustment of
neutralizing condenser C, will be requred.
The two adjustments should be 1epeated
unti! there 18 maximum R. F. current in
the master oscillator L-C circuit with mmi-

ammeter tor the

Listen to the beat note of the
oscillator on a 1eceiver When
the amplifier is keved, the tone
should <tav the same with an
increase in audibilitvy If the note
changes it indicates that the
cireuits are not well-tuned or
that there is quite an amonunt of
feedbaek.  IFeedbackh alwavs is indicated
by an mcreas<ing cuirent in the L-C* drecut
or by an ncreacing deflection of the
thermo-couple galvanometer G 1n series with
the crystal. The antenna and amphfier
must be kept carefully in tune or the ampli-
fier tube or tubes will overheat. On the
other hand, if the crystal stops oscillating
or if the master osallator tube 1s removed
from its socket, the power amplifier oper-
ates quietly at no load.

U \-210
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AMPLIFYING HARMONICS OF A C RYSTAL

An extra-hich bias voltase on the giid
of the cryvstal o-cillator tube tends to make
the haimonics mn the output of the o~ullator
mote pronounced. This s desirable when
one vants to pick off a particular haimome
for exciting the grids ot the power amph
fier tubes.  When the power amphifier 1s de-
pended on to act also as a frequency
doubler it 15 desirable that this, too
have an unusually high grnd hias and
for the same reason, to emphasize

cuit of the ampliticr and the 7400 ke, o1 10
nreter output 1s u<ed to fced che antenna-
counterpoise system With a 160-meter
crystal it 1s possible to operate without
ncutralizing on either 20, 40, or 80 meters
As usual the power amplifier 1s depended
on for frequency doubling. A carefully
orranged mput cncuit to the power ampli-
fier picks the desned harmonte. Twice the

the higher ficauencies and obtain N .

more output on the shorter wave- M_g'q_ Rl a1 l Tog 4
lengths than would otherwise he pos- LE L é @ fé’}‘ ‘ L,EJ_ |
sible. Giid bias is best provided hy T il (Y T é ) T Py
a large C-battery. Though it can be [ | i

taken from the drop across a re- L—i Wr«lf——{ X _l:{——i———«
sistor in the negative plate lead, this ;T : < N I

varies when the power amplhificr 1s
heyed which makes the C-hattery the
more suitable of the two methods. It

will seldom be necessary to use over

50 volts bias on a UX-210 or 100 volts

bias on a UV-203-A, as most crystals -
are rich in harmonies.

Usually a erystal controlled set 1s
butlt to operate on some wavelength
within one amateur band which 1s
a comparatively simple job. The
easiest arrangement, permtting the

use of a fairly thick ecrystal and
avoiding neutralizing, employs a
master oscillator adjusted for 160-

meter operation, with the power am-
plifier output circmit and antenna
both tuned to &) meters when 1t s
desired to send on that wavelength.
The use of high grid bias on both
oscillator and amplifier helps the out-
put considerablv., Of course an 80-
meter crystal will easily produce a
good 40 meter signal by tumng the
power amplifier output encuit and an-
tenna to the second harmonic of the

I [RPLY v

THE (OMPLEIL WIRING DIAGRAM

The parts above the cross-line are on the top shelf and com
prise the transmitter propa
on the lower shelf whick 15 the power supply unit,
tants not given 1n the text ir—

The parts hddow this in a0
The con-

. n R3—12,000-0hm lavite rewstor to redace piate voltage for
crystal in sinmlar fashion. osallator.
Ri—Ordinary filamont rheostite cach <uit Jd "o o party v
tube.

A\ FTENIBRTL CRYSTAL CONIROITID
TRANSMITTIR

( 5—Stopping condensers,
C6 Couphing condensers, Sangamo mica,

01 microfarad cach.
001 microfarads

The antenna and ground conncctions may be made 1 ans

Next to be deseribed 1s a practical
workable set which can bhe built for
less than two hundred dollaxs, com-
plete in every detail. This set not
performs well but it is semi-portable.

The transmitter propar consists of two
tubes, one UX-112 and one UX-210. The
first, which 1~ the osallator tube, 15 quartz
controlled at 1671 ke. (160 meters) and the
second harmonie is prcked out by a tuned
circuit for impression on the grid of the
amplifier tube at 3748 ke, or 80 meters. This
frequency is again doubled 1n the plate cir-

only

one of several other ways to suit the location,

mput frequency s obtaincd from the output
There are two rectificts, one a full-way
set using two UXN-216-B tubes which o
vides plate current for both the oscillataa
and the amplhifier; the othcr a half-vwave <t
with a 201-A to <supply the C-voltage for the
amplhifier. A resistance of 12,000 ohms
series with the osaillator plate reduces the
voltage to a switable value. The variou
voltages and currents are: oscillator, 175
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volts, 25 M. A.; amplfier plate, 500 volts,
60 M. A. (while excited) amplifier grid 125
volts.

The rectifiers occupv the baseboard and
lower half of the panel, while the shelf and
upper hall carry the oscillator and amplifier
tubes, nieters, switches and tuning elements.

To simphfy the wiring diagram the trans-
mitting c1itcut 15 shown separate from the
rectificrs.  The coil L4 1 the plate cireurt
of the ostillator tube 15 a single layer coil
with the turns adjustcd so that the crystal
opcrates propetrly without a tumng con-
denser acioss this coil, thus (llmimating one
control. No data can be given on this, for
it will vary with different trequency quarts
plates. With a 160-meter (1ystal 1t consists
of 40 tuins of No. 20 wnne on a form 21"
in diametcr The simplest way to get this
mmductance night 1= to put a 5 ampere metcr
in the tank circuit L1-C1, Now if the coil Lt
has been wound proviously  with what
1s known to be too manv turns, the tank
current will rmse gradually as the wire 1
removed f1om L4 one turn at a time, If the
proper pomt is passed, the tank current falls
off rapdly. If too many turns are used,
there 15 a tendency for the osallator and
amplifier arcutts to osaillate of their own
accord.

When the arcuit up to this pomnt 15 work-
mmg at its best. connect 1t to the amplifier

TIIE RADIO AMATEUR’S HANDBOOK

wavenieter should have at least a 2-ampere
meter 1n setries.

The transnutter should now be working
properly. Under these conditions, the am-
phtier 1s taking about 60 M.A., the osal-
lator about 25 M.A. If the quartz plate
holder 1s touched on the grid side, or e
moved from encuit, the high frequency out-
put of the amphfier diops nstantly to z«ro,
and the plate current nearly so.

It should be noted that a comparatively
high value of C-voltage 1s being used on the
amplhifier. This produces a badly distorted
output, but this i1s just what 1s desired, fo
1t means increase m the value of the hai-
nionics, and greater ouput at 40 meters. The
value of C-voltage 16 adjusted by changmg
the 5000-ohm 1esistance R2.

The grid carcumt of the master oscillator
contains the 160-mctar crystal. The I.-C
output crcuit of the master oscillator 1c¢--
onates at 80 meters, however. In the lead
from the master osallator plate to the L-C
s0-nicter-tuned aircumt 1s the special coil
mentioned to enable the master oscillator to
operate under such conditions. The ehp to
the power amphfiax grds 1s taken off the
[.-C co1l outside the conncction which goes
(thiough L1 special coil) to the master osail-
lator plate instead of being connected be-
tween the plate and filament chps as usual.

The output of the power am-
plifier 15 tuned to 40 meters

(slightlv retuning the 80-meter
resonant P.A. input cirecuit if

necessaty).
With this arrangenient the
special co1ll 1 the oscillator

plate circuit can be shorted out,
[L.-C tuned to 160 meters, and
the amphher output and an-
tenna tuned to 80 meters for 80-
meter woth. 40-meter opera-
tion was explained in the para-
graph above and requires am-
plifier output and antenna tuned
to 10 meters.  For 20 nieters
the 40-nicter svstem is used ex
cept that the output encuit of
the amplifier and the antenna
are now tuned to 20 meters. It

On the upper deck at the right 15 the osallator LC circuit, then
the oscillator tube with the (1vstal mounting between 1t and the
lo the lett ot the tuhe mav be seen the grid-aremit
also the mounting for the coil L4 which coil 18 plugged
out to show the A. C. voltmeter switch. This coil is wound on the
Next v a meter re-
sistance, the milliammeter, the coupling condensers €6 and thn
(elosely grouped) the amphficr grid choke, resstor R3, plate
At the Teft 14 the amplifier

reader.
R I C

standard Gonaral Radio plug-in col form

voltmeter switch and plate voltmeter.
tube with 1ts rheostat and LC crreunt

tube, 1etuning the 80-meter tank cireuit 1.1,
C1 to resonance. Now couple a wavemeter
to the output coil L2 of the amplifier, and
tune thc~ce arcuits to 40 meters, shghtly re-
tuning the 80-meter tank if necessary. The

1s well to remember the thump
filter when transmitting wnh
the amplified harmonics of a
cerystal.  The filter should go
between the kev and the plate
input to the power amphfier. A
150 000-ohm 1esistor acioss the
key helps materially 1n reducing
troubles fiom thump by keeping
oscllations at a very low value
with the key open.

Looking at the front of the set we have at
the left an A.C. filament voltmetcr. A
rotary switch is provided so that the fila-
ment voltages mav be read for the oscillator,
amplifier, B-iectifier and C-rectifier. The
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central meter 15 a Weston 0-100 milliam-
meter connected to a Western Electrie 272-A
two-posttion switch so that it may read the
plate cuirent for cither the oscillator or the
amplifier, The meter at the rght s a
Weston 0-1 milhammeter connected n series
with a 1-megohm resistance which makes
the meter mto a high-resistance voltmeter
giving tull-scale ddflection at 1000 volts. The
ordinary type of voltmeter is entirely un-
smtcd to this purpose because of the rela-
tively laige current that it requires.

The mmportance of the low oscillation
plate voltage to avoid fracturing crystals
should be emphasized again. Because of
the low voltage used, no C-battery s used
on the oscillator g11d.  Its addition cuts the
plate cmrrent as would be expected, but the
output goes down too, so there s no ad-
vantage.

Inaeased power is perfectly possible bv
adding more amplhification after the UX-210
now used, but 1t will he necessary to neu-
tralize this last stage. Tubes up to 250
watts can be exated with a UX-210. There
1s bound Lo be some plate-grid feedback in
the 250 watt tube which may operate as a
paitiallv neutialized R.F. stage, oscillating
only when additronal grid v ower 1s supplied
under crystal contiol fiom the UX-210.

SPECITICATIONS IN DETAIL

Coils- L1, o~aillator plate coil, 28 turns.
1.2, amplfier plate coil, 20 turns; both
wound with No. 11 wire on 3”7 hard 1ubber
threadcd tube, thicaded 8 to the inch.

Tunmng coadensers: Cl1 and €2, General
Radio type 247, maximum capaaty, 250
wufd. (21cquined).

R I (hokes: (maihed “RFC” in diagram),
100 turns No. 30 D.C.C. on 1” form (3 re-
quucd).

(Centcr-tap reeistance R.: About 100 ohms
of No 40 resistance wire on cither side of a
center tp (4 required). Each half of each
resistor 1s by-passed by a Sangamo fixed
condenser, capacity 001 ufd. (4 r1equired).
None necded on 1cctiier filaments.

Transformers: To permit the use of two
transformer co10s of the same type one-half
of the B-rectificr supplv windimg was put on
each cote as <hewn n the diagram. The
cores are General Radio type 273 and the
windimes are as sollows:

Coils K—110-volt primary, 800 turns No.
21 enameled.

Coills T.—S-volt filament secondaries, 62
tuins No 1TDCC

Cwls M— 600 volt  plate  supply  sce-
on i (v 1100 twas No. 34 enumcled

Coil N—290 volt grid supply, 1400 turns
No. 36 cnameled.

Rectifier chohes, 1.3: General Radio tvpe
366.

Rect fier condenscr, C4: Anv make of con-
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denser that will stand the voltage. This
means about 200 volts at the C-flter, and
800 volts maxmmunit at the B-filter. The
capacity of each condenser may be 3-ufd. for
the B-filter and 4-udd. tor the C-filter.

PLANNING A MORL POWERIUI, CRYSTAL
oulill

The values to use i the condenser-coil
arcwits may be taken from the caves given
with the constructional mtormation on flat-
wise-wound transmitting coils. Suppose we
consider an example of the airangement of
the difterent constants 1 a typical arystal-
controlled master-osallator power-amphfier
arcurt.

Master O-allator—One TUX-210. Gid
crant contamns 160 mcter quartz crystal.
Plate circuit is tuned to 160 meters by a
0005 ntd. (max.) vatiable condenser used
across about 14 tuins 1. flat-wound copper
strip, pitch 1.7, diameter 5”7

Power Amplifier —One or two UV-203-A
(or UX-652) tubes with filaments heated
from source common to hoth M O. and P.A.

40-mcter operation: The P.A, grids con-
nect through a speaal *“fined-tun»” (ol
(construction and adjustment explained in
previous paragraphs) buwlt tor a period of
50 meters when 1in «n wmt, to a (hip connee-
tron to a point outside the M.O. plate chp
in the L-C arcwit. This special cotl is an
important part of the imput arcmt and must
be partially shielded or 1cmetelv located at
right-angles to other coils to reduce pick-up.

The plate (output) orcuit s tuned to 40
meters by a .00025-utd (max ) vanable con-
denser across several turns of a 10-tuin coil
of 1;”-stnip, pitch 1.7, dvymcier 57, In
selecting condensers, note that any tvpe of
relation between angular rotation and ca-
pacttance 15 sati~factory bocause the set-
ting once tound 1s not vairied in operting

The antenna is coupled to the c¢oil in the
output circuit and the radiating system
tuned o the 10-meter wavdlength.

80-mctcr operation: The special coil is
shortcd with a switch <o that the imnut to
the girids of the P.\. 15 160 meters, deter-
mined by the 160-mieter L.-C outpul of the
M.O. tube. An adju~tment can be found
where it will not be ncccs~arv to change the
position of the P.A. mout clip at all.

The P.A. output (ncmt 15 now tuned to
&0 meters by increasing the capacitance <et-
ting of the .00025 ufd (max.) condenser a
predeterniined amount. The antenna s also
tuned to 80 metaor~

Metcas—One velimetor aaoss the source
of filament-Leating current will mke 1t nos-
sible to hold the 1 ght adwustmnt of fila-
ment voltage on all tuber, oncc the proner
drop across a resistor in ~ertes with the UX-
210 master osecillator ha been found. Plate
current meters should be provided to read




1o

the master-oscillator and
and power-amphher plate
curients separately. An
R EF. ammeter o1 other
tesonance-indicating  de-
Vice 15 necessaly 1n the
antenna eirceuit and can
be used 1 each condense: -
ol c¢iremt  also —though
the use of a wavemetar
and observation of the
change 1 deflection of
the plate-curient meters
at 1esonance will be all
that 15 required i most
cas¢s for tuning the L-C
clreuits.

A C OPERATION WIIH
CRYSIALS

Another advantage of
c1yvstal control (bestdes ab-
solute steadiness) 1s that a
1ather poor source of plate
voltage may sound very
well indeed 1f a crystal 1s
used. A erystal controlled
set will readily suppress
a bad commutator 1nipple
fromt a motor generator.
No matter what sort of a
poorly-fittered plate sup-
ply sou have, crystal

control will :11\\;1_\< steady 12— 6 turns No 12 wire hing«d on hard rubba form,
and tmprove the note, Al-
modulatcd note 158 moie  vantages scem to o outwelgh  the  disad-
vantages 1 most nstances.

Cryswal control can he applied to almost
anv anangement of apparatus and plate
supphv. T

though a shghtly

pleasant to copy tor howms at a stretch than
oven a cerystal controlled one. there 15 no
doubt that quaitz crystal contiol is worthy

of more general adoption.
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10-MEITER A C (RYSIAL-CONIROIIND
SENDING SET
l—1lapped plate transformcr. 100 volts hetween 0 and 1.
between 0 and 2.
11- 250-watt filament transformer with a 12 volt <condary.
R—2 ohm rheostat to adjust filamonts of crystal tubes
R1—Primary theostat to adjust all filaments to supply voltage condition<
R1 (C—200 turns No. 30 D (.C on half-inch wooden dowels tapped every
20th turn aftcr the ~0th <o that the **best” adju~tment can be used.
—2,000 puf. Sangama blocking condensers
1—2,000 ppui. mica Hoching condensers (7500 volt hreakdown)
2—400 puf. fined mica gird condenser (1,000 volt hreakdown)
}o—Double-spaccd Cardwell racanving condonser, resuttant mas. capacity
250 juf.
(1, (5 and (6b—National or ( vndwdll 100-4f
( —BAT—10 volts
MA—0 300 milhiampere ) ( ammdler
A1-12—0 7 ampere scale thamo ammeter
I 11—11 turns flatwise-wound % hiass strip spaced
inches

COMPIEIE (IRCUEL OF A

1500 volts

C
C
(
(
tran~-mitting condunsers

Mameter {1 _

Its several ad- D C. 15 not available, A.C. can
be used. The note will be
vary clcarly and prettily
morvlated indced, broader
than the usual crystal
control'led not+ but much
<harper than any sig
mil! frtom an ordinary set
cmplovimg a so-callcd self-
otifving encuit wath
A\ (. on the plate. The
“1ystal tends to continuc
n oscillation even during
the *Zero” part of the
AC cyele which gives a
clear ratthng note with a
60-cycle supply and a
pretcing whine if a 500
cycle supply 1s used.
Although a crvstal will

not  swveecssfully  control

moie than one TUX-210

OF' AN A.C CRYSTAL-CONIROITLD IrANswiticr  with D C o plate supply.

USING TWO UX-210° AND 1WO [V 203-1 5 two  TX 210 may  be

Note that the coils in the master osallator and power amolifier (ircuits are 1o 1"1' the l.]\u‘ll pu<.n-
at a distance and at right angles to mahe the coupling haiween them as low  DUll - seif-rectifving  cir-
The cryvstal is mountcd hetween the two hrass plates and the ¢t for A C woll Be-

output 1s greatest when there 1~ a lhittle pressure exerted on the top plate by
I'he
mounted on the rear left corncr of the frame work ard the serics (ondenser
and antenna ammeter will go on the panel 1n front.

the photograph for clearness

in adjustment of the spring.

fveen 370 and 400 volts
A C mav be successfully
apphed to such an ar-
rangement Two tubes

hinged antcnaa covphng corl can he

They are omitted from
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can be used in this fashion working right
into the antenna or if more output 1s re-
quired a power amplifica can be added The
connections of a crystal controlled push-pull
A.C. master oscillator are shown on the
nght of our diagram. The left hand tubes
are those of the power amplifier. Doth sets
of tubes can be fed from one tapped high
voltage transtormer as shown or a trans-
former with but one voltage can be used
with the proper 1iesistances in the plate
leads to give the necessary voltage drop for
the smaller tubes in the master oscillator.
In this instance the antenna 15 working
against ground instead of with a counter-
porse as usual.

The photograph shows how the paits are
conventently mounted. The coils are spaced
far apart and at 1ight angles when the
master oscillator 1s not shielded to keep the
coupling between them low so that there will
be lhittle feedback to endanger the ciystal.
The chokes are wound on small dowels
using fine wire. The sockets shown are pro-
vided for two UX-210"s and two UV-203-A’s
A good mounting for the crystal 1~ shown
in the photograph. When a set 1~ shielded.
it is important that the coils be <mall to
keep the magnetic field from <preading out
and inducing heavv R.F. cunients in the
shielding. Such eddv currents will cause
a serious power lows 1f the <ct 1< not vay

carefully planned and constiucted. An un-
neutralized set working on amplified har-
monics of the crystal 1s best for the nex-
perienced builder to attempt.

HARMONICS AND 1 REQULNCY DOUBLING

Many folks seem to have become confused
in the application of the mathematies of
harmonic froquencies and frequency
doubling 1n figuring out various combma-
tions of crystal-control and power-amplifier
encuits.  An example o1 two should dlear
everything up nicely.

The harmonics of a 160-meter crystal are
usually referred to as follows: fundamental
or first harmonic 160 meters, second har-
monic 80 metcrs, third harmome 53-1/3
meters, fourth harmonic 40 meters, fifth
harmonic 32 meters, ete. The values are
obtained by dividing the fundamental by the
figure which represents a desired harmonie.

When a 160-meter <rystal 1s used in the
grid circuit of a vacuum tube used as a fre-
quency doubler, the output (plate circuit)
will deliver 80-meter energy. Each stage
of doubling used actually doubles the fre-
quency or halves the wavelength so that in
successive stages of doubling we will have
160 meters, 80 meters, 40 meters, 20 meters,
¢ t¢



CHAPTER VII

Power Supply, Keying and

Interference

UE to the fact thal transmtting
vacuum  tubes require high  volt-
age ducct curient while our local
supply source provides low voltage

altcynating curront, most of our discussion
of “ponar supplv” will davote itsclf to the
accessories and cicuits by which what we
have may be contcited imto what we want

The gencral rcqunements of a “good”
power supply ate the same for low-power
and high-powct set<. They are quite easily
met m~ofar as the low powcr sets ate con
cerned.

SIFADY SIGNALS Vs 10OWER SUPPLY
Th plat ~upply st hue good tegula
tion. The voltage must temam farly con-

stant even though the output load 15 vanied
over wide Imats. If the voltage dcivered
bv the plate supplv drops to 75 or 50 percent
of 1ts no-load value when the load 1s on—as
1~ <o often the case—it will he possible to
avo1d kev-chitvs onlv by using <ome svsten
of heving which allows the tube to take tull
power duning both characters and spaces
This artangement 1s usuallvy most undesit-
able. It 15 helpful to conneet a 1esistame
load equal ot gicatcr than the tube load
arro~ the D C. <ource in some cases so that
the varation n load (and voltage) by key
e 15 not so great  1his method 15 waste-
ful of power. hovever.

A transformer of ample 1ating, a rectifier
system- if one 15 uscd—working below its
masimum capacity, and filter chokes of low
resistance a1 absolute necessities.

Of equal miportance 1s the constancv of
the filament <upplv. In manv cases whare
the high voltage transformer <etves m the
dnal role of plate and filament supplv the
filament voltage 1~ droppad whenever the
load is plac<d on the high veltage windings
Key-chirps are tho rcsnlt. In the low-
roncted transmittar a separate filiment
transformer is the cure, but even this pre-
vistont 1s not sufficient 11 a high-powar d
outfit opar ting from an over-worhed 110-
volt line. In<uch a case some form of com-
pensating winding on the filament trans-
former 1< often uscd A telav connected m
parallel with a keving r lov mav be made to
short out a small 1 <istance (rheostat)
placed in <eries with the filament trans-

Elimination

former to compensate tor the hin: diop if
desired.

LOW-IPOWLR SUPILY

“Does our powcr supply tor the low-power
transmitter lead us to worry about a lot of
expensine and compheated apparatus?”
someone ashs. No, indecd, there are several
ways of equippimg our sct with a smtable
power supply that meets all the general re-
quirements at low cost.

Several “bloeh” B-battcries (diy cells)
can be purchased and will tulfill evcry nced
A dynamotor running from the A-battervy
may provide high-voltoge supplv. A plat
step-up transfornur can b used with a
1ectifier and filter as will be descibed. We
can use a transformer and self-rectifying
atreuit. Pahaps a B-el mmetor which s
nothing more than a <elf-contained trins-
former, rectifier and filter, wall fit mto our
picture better than homc-bumlt appatns,
especially 1f we happcnt to hare a smitable
one. A high-voltage battery of storage cells
can be used 1if provisions Jor charging i,
floor space requirs ments and mitial cost ar»
not drawbacks. Since the appearance ot B-
climinator . manv ~torage B-batferies hnve
been turned 1n to ietail 1~ whe would be
glad to get thcm oft the <hclves at low
prices.

DRY ( ETTS AS PLATI

Dy cell batteties usually ¢in be obtamed
i 221, or 45-volt umits for plate supph
work. Thev are madc m odd <17« for use
in flashlights The No. 6 div cell (11
volts) 1~ famihat to all of us for gas engine
igmtion or to light the filam nis of ow
“peanut” (N) tubes

The 227_-volt batteries (17~ 11,7 x 8")
usuallvy have about 5700 millicrapar howms
capacity when dischaiged intermittently at
rates not m excess of 30 milhampares 200
houts of operating vse can be (xnccted when
using such battcries with a UX-210 t1 s
mittineg tube With 201-A tubes (ven
longer life can be (xpccted  Of com=e th-
thickness of the 7me shell the <halire to
prevent cvaporation, the compo<ition and
disposition of the electiolvte, and the de-
polarizing elements used will have a great

SUPPTY
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deal to do with this hife. Qur figures are
metcly 1epresentative of some of the bat-
teries  available from reputable manutac-
turcrs,

Battery capaaty will be reduced if bat-
terwes are kapt 'n too dry a place, espe-
cially 1t they arc not sealed well, as the
clectiolvte will civ out  In damp chimates
therc 15 apt to be leakage betweon the cells
of mgh voltege battaries 1if 11¢ autions are
not taken. In cold climates Latteries keep
very well Fut mav show a temporary loss
of voltage as the activity of the chemuwals
15 decreascd by cold.  In this case the volt-
age will 11~ as curntent is drawn f1om the
batteries due to the heat generated on the
mstde.

The hire and capaaity depend on the size,
weirght, constiuction, on the adaptability to
service and on carc in nstallation and usc.
The amapcie how capaaty given above is
reprosencatine of the average medium sized
221,volt, 15-ccdl, 3-pound B-battery. Of
cources th: figure~ would be the same for a
45-volt, 30-ceil, 10 pound battery made by
the same fiom. The exact battory dimen-
stons are bound to vary <somewhat, as thewe
battcries have bcen manufactured in a
vartety of s12¢s and ~hapes to suit the many
kinds of broadcast 1eceners brought out in
the last fow vear In gcn1al one can go
best bv the weight —the larger and heavier
the battcry for a enven voltage, the longer it
can be devendod on to last 1f 1t is made bv
a well - ovn manufactuier instead of by
some fl*-by miphat concarn.

Div cell batteries are nof suited for use
with Inger « ts than thosc using one UX-
210. Thc economy is 1ather poor bevond a
-mmlliemnae discharge rate. Such bat-
terwes ar o coaparatnely light., Thev are
1edy to u- . and thev have done notable
work 1n <short-ware transmitters used hv
exploter~ 1in the far North on <everal occa-
sions.

The hogmmng amateur will have no
t1ouble 1n starting off with a set using «small
tubes with a div 1l batterv of two or three
hundicd volts for plate supply. A kLeving
filter mav be used with hatterv plate supply
to haep hev-chichs from making the <et a
local nuisce

1AL RY LIHIMINATORS

In the la<t fcw vears a number of subst-
tute~ for A aad B batteries have been ad-
vanced  Of cource these devices were made
to use vith vacuum tube 1cceiving sets but
thev enter the picture here because thev
con be iscd warh transmitter s that you build
using reccnving tubes.

Thes> battarv (himinators of course arn
designed to plug into vour local 110-volt
Wtean~tire cuntent cdircuit and there arve
several types on the market, all containing

SUPPLY

a step-up transformer, rectificr, and filter
and diflering from one another prinaipally
i the type of rectific: used and the means
tor detaanmmng and regulating the output
voltages.  As far as using such arrange-
ments with a recanar arc concaaned we are
pethaps unduly pessimistic and (xpect to
stick night by the usual form of A and B-
batterics for a long time 1 the future. Bat-
tary current 1s 100 ¢ quiet and undcr no
crrcumstances do we get mto trouble with
fluctuating voltages, noises brought in fiom
leaky power lincs, and the Iike.  Under cer-
tamn conditions a B-ehhminator will be satis-
factorv, Lut ~eldom will 1 (»wtion be quiet
over the whole wavelength range of an
osllat g 1ccenver such as that used mn re-
ceiving code from contimuous-wave stations.

A few of the D-climmators give a good
duneet current output at between three and
four hundred volts with fanlv decent 1egula-
tron.  Using one on « <mall recening tuhe
transmitter gives ecxcellent results after
boosting the voltage as high as it will go
and connecting the B-eliminator in place of
a transformer or other high voltage plate
supply.

The key may be placcd 1in the 110-volt
Iine or n the d.e. output leads.  Both should
be tiied. The 1. gulation of these elimina-
tors 1s sometimes poor, which mav gne rise
to “yooping” if the key 1s in the d.e. output.
On the other hand if one tites to hey in the
110-volt line to th» clhimnator the filter mav
not permmt the d¢. voltage to rise and fall
fast <o that the keving w 1l nct be ddean cut.
The dots may even be missing entirely.
When the kayime s rot quite night in either
the output or thc inut. one s compellcd to
<short-aircuit sowe of the filter chokes ot the
B-«ub or clse disconnect <«ome of the con-
densers tolciating come rnipole for the sake
of improved keving., Of course all this is
useless 1f the tran~forma and 1ectifier of
the B-cub a1e nct fit to provide «ufficient
plate carrent for the tiansnuttar. That
<hould be mvestigated fist

RE GUI ATION

When we speal of the voltaee 1egulation
of a transformer. gencrator, rectifier, filter,
or rectifier-filter coml ination we are talking
about the variation 1n the veltage the device
delivers with the “load” that 1t hondles.

A reetifier filt 2 delivers 350 volts, 45 maa
to a UX-210 with the key pressed. We lift
the kev and th. voltage at the output
terminals of th> filter tiscs to 500 volts
The regulation from full load to no-load 1~
the difference or 150 volts  Regulation 1«
often expressed a~ a percentage. Voltage
vegulation is the ratio of the difference in
full-load and no-load voltage to the rated
load voltage.
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The tube load 15 not necessanly full load
for tlhus rectifier.  If we design om 1 tifia
nltar to give an output of J30 volts, 100
m.a, (35 volt-amps o1 watts), and happ n
to be using it under-loaded, we have 42867
as a value ot r1egulation for about half-load
\ 1cgulation (uive tor the outfit can b»
plotted showing what the percentage regu-
. lation of volts delivercd will be for different

loads.

The regulation of mercury-are and syn-
chronous rectifiers 1s very good. Big filters
and transformers having lots of resistance
and reactance have notably poor regula-
tion. Tube reetifiers and clectrolytic r1ecta-
tiers hav ¢ quite poor 1cgulation which has to
be taken mto acconnt i bwilding trans-
mittars. The regulation of batteries de-
pends on the internal r1esistance ot the cclls
of which 1t 1s made up. This 1 tuin de-
pends on the depolanizer used, mreasing
with the age of diy cells. The intainal re-
ststance of storage cells ts very low and the
tcgulation correspondingly good (small).

Storage cells are expensive and many of
them are necessarv to give us high-voltage
power. Either Edison alhaline hattenes o
lead cells can be used. Equipment must be
provided for charging them. Distilled water
has to be added to ireplace that lost from
evaporation.  In cold climates they must be
hept fully charged to prevent freezing of
the electrolyte. After a few vears the stor-
age cells must be rebwlt or replaced and <o
the up-keep 1s also quite high

CARE OF T1AD STORAGL CLLIS

A transformer and rectifier can be used
for recharging storage cells. A high volt-
age gencrator is equally good. Storage cells
can take a small chaige continuously when
not mn use. This 15 called a “trichle”
thaige and keeps them in excellent condi-
tron. It 1s almost as good to charge bhat
teries at an s-hour rate, however. In the
3-hour rate 40¢+ of the charge 1s completed
in the first 2 hour~, 30°% 1 the sccond 2
hours, 207 m the third 2 hows, and 10
in the la<t 2 houts. A tapaing charge 1
best. A good overcharge should be given
once a month. The lead cells will gas on
becommg ncarly chaiged. In overchairging
cells, discontinue the charge after the gas-
«ng has taken place for about an hour, Use
only distilled water when it is necessary to
add water.

T.ead cells normally give about 22 volts
cach. When the cells are diccharged the
terminal voltage 1s about 2 to 18 and the
<pecific gravity of the electiolvte 18 1150
On completing a charge, the terminal volt-

age may bo as gh as 27 o1 258 par cell,
winch todl raprdiy to 22 when the chargig
1~ Jiscontiucd A (hatged «ddl has a
spcafic gravity of 1250 to 1300 A good
hydiomctcr cost S0¢ and 15 th surest
dicator ot battory condintons that weo can
use.

The <ale chargmg rate dopend« on the
s1z¢ of the platcs (ampere-hours capacity of
th battery ). The lower the chargmg rate
the lcss the hikchihood that we  dislodge
actine matcnal from the positive plates,
rcducing the capacity of our batterv. A
150-A . batterv can be chatged at as high
atate as 12 ampctres at start and 6 antperes
at finish, without dangcr of matenally de
(tewsing its hie A 100- A H battcry <honld
be startcd at about 8 5 ampetes and tapered
off to 1 amperes. A 1200 m a -hour scorage
“B” battery can be charged at a 100-m a
rate.

Conncctions to batterics <hould b hept
clean and tight. Corrosion can be prevented
by applying vasehne or girease o ht ta
minals.  Spilled aad can be neutrahized by
applyimy baking or washing soda, or house
hold ammoma.

Battcrics should not be allowed to stand
m a aischaiged condition,  Overdischag»
causes ~ulphation.  The reddich-brown posi
tive plates wmrn darker, the negatives tal«
on a light 1eddish hue, the den<ity of the
acld i sulphated cells s lowar than
others. ~eepmg the cells wdil-chaiged,
ovacharging at a high rate to 1cduce <ul-
phate, kecping deposits from under the
plates, and chargmg mdividval <icklv cells
will prevent early <ulphation of a lead cell
Storage cells should ncver be discharged
until they are absolutely dead.

One of the most mmportant things to oh-
scive 1n the cme of storage battcries 1s to
u~e the correct conncctions when chawrging
Connect the posdine texminal of the charger
to the posifive termnal of the battery, and
the negative chairging lime to the otha ter
nunal. A ved terminal. POS, or 4 usually
matks the positinne lcads A do voltmetes
can be used a~ a polanitv indicator. Tt the
wites are dimncd mm oa conducting <olution,
hyvdrogen bubbles will 115¢ f10m the neen
tive terminal. A salt-water solution or on:
made bv putting a little hydrochlorie or
mtre aad in water can be used. If sul-
phuie aad is uscd add <mall quantities ot
«trong acid to the water carefullv to avoud
tioublc friomr the hot solution. Most of the
cortoston will appear at the positive ter
nanal of the batterv  Sometimc- tlus ¢nn
Le used as< an indicator, though 1t 1s not as
1chablce as othais mentioned

Keep open flame awav from gassing bat-
teries. The hyvdrogen given off mav cause
an exploston that damage< the battery or
blows acid mto vour face Add aad elec
trolvtc onlv when dcctiolvtc has been
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spilled. Charging batteries 1n the wrong
dircetion will 1everse the negative plates.
Reconnecting correctly and giving a good
charge will correct the situation. Bad
plates which have lost most of the active
material should be replaced. New separators
are occasionally neces~sarv after a couple of
vears of service

MOTOR-GLNLRATORS AND DYNAMOTORS

A direct current motor-generator 15 an
excellent source of plate power for any sta-
tion. The rated output of the genertol
(watts) should be cqual to the product ot
the plate voltage (volts) and plate cuntent
(amperes). The terminal voltage must
match the 1ated plate voltage ot the trans
mitting tube~. It is comvenient but not
necessary to have a “field” r1hcostat m the
field of the gencrator to regulate the ter-
mimal voltage. The 1egulation of most ot
the moto1-generators on the market is good
By using a scries field winding or *‘com-
pounding” a machine, an ncrease in load
current makes the field in which the aim -
ture rotates stronger, which compensat.s
for the several factors causmg a drop 1n
voltage. A machine having the same full-
load and no-load voltages 1s known as “flat”
compounded. If the full-load voltage 1~
greater than the no-load voltage. the
machine is “over-compounded.” A motor
generator set is the simplest plate supply
source but it is also probably the most ex-
pensive.

The motor that diives the generitor can
be direct connected or belted In any case
it should drnive the generator at about it<
rated speed. Tt should be

115

ready money to spend on power supply
equipment.

Dynamotors, gascline-engine-driven gen-
erators, storage cells or dry-cell “B” bat-
teries are necessary for 1solated lay-outs or
semi-portable motor-truck outfits. Emer-
gency communication must always depend
on a local source of power, for commercial

Lighting and power are cut off i times of
(mergeny.

A dynamotor is simply a two-winding
machine. running on one winding as a motox
drven from a six or twelve-volt storage
battery. The high-voltage winding delivers
several hundred volts to the plates of owm
transmitting tubes.

ST LI-REC(TIFYING POWER SUPPLY CIRCUITS

As usual, the simplest arrangement of
apparatus gives the lowest cost and has

Specialty Company of
Stamford, Conn., who will

Filament
Xmas

rated at about 134 to 134 RFC

gime% tbe generator capac- R Plate

itv as it has to take cave B/gé‘/g: Transformer

of its own and the Condensel=

generato1s’ losses. Rheo
Motor-gencrators for T Sg

radio work can bhe ob- 3 S P

tained from the Electric i'g

E::‘ G
supply information on
their products on request.

By pass Tuns%
lamp %dlzn.serr nrermer

center

ta/a

Motor generators are ex
pensive. An A.C. supph
with a filter is cheaper
However, a motor-gen

A
:=E GLT

PG [ HOVAC

FULL-WAVE SELF RECTIFYING HARTLEY CIRCUIT

erator of the nght s
will save bother with big filters and ree
tifiers. A little filter to take out the com-
mutator ripple wmay be nccessaty. A
many-segment commutator will have httle
1ipple and will not need to he filtered ex-
cept for voice work (radio telephony). The
motor-grenerator set is noisy which makes it
impossible for some jobs. However, it 15
usually very convenient if one has the

most advantages. Taking advantage of the
fact that current in a vacuum tube can pass
only from plate to filament (any two- or
three-clectrode tube can be used as a recti-
fier), we may connect the set in either a
tull-wave or half-wave self-1ectifying cu-
cuit as diagrammed. A filament wrans-
former is the most economical means of
heating  the filaments, though batteries
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would do about as well. Plate and filament
transformers mav be purchased outright
from a number of 1eputalile manufacturers.

The ¢ hief disadvantage ot the self-rectify-
ing circuits are thit thev constitute a 100 -
modulated plate power source, the note
being termed “A C” or “raw A C.” depend-
mg on whether full-wave or half-wave

lead

Aluminum

RIIIE

Wood Strp

SIMPLY MADE LELICIROLY 11 RECTIUILR I'OR
LOW-POWER SET

rectification is used. Such a supply is un-
duly broad and therefore not to be highly
recommended except ftom the standpoint
of cconomy of appairatus and frcedom from
key clicks (due to the fact that keving in
the primary of the plate transformer per-
mits the inductance oif the transforme:
windings to have a cushioning effect, avoid-
ing stecp wave-fronts and applyving the
plate power gradually). A 25-cycle or even
a 60-cycle note 15 not cspecially pleasant.
This type of plate <upplv circuit shines
when fed from a 500-¢cvcle source, which

get 1t.  The usual mcthod s to take the A C
that we have. step the voltage up using a
transformer, change the high voltage A.C.
to D C. by using on» of the several types ot
rectifiers, and smooth out the D.C. with a
filter between the rectifier and the transmit-
ting tube o1 (ubes.

RI CIITILRS

If we want a dececent note and have only
alternating cumirent available we must al-
ways step up the voltage to the desmred value
and then pass the current through a recti-
fier and filter. “S tubes”, Ravtheon, mechan-
ical synchronous rectifiers, Kenotron or Ree-
tron tube rectifiers, mercury arc rectifiers
and electrolytic rectifiers are all used for
changing our high voltage alternating cur-
rent to pulsating direct current. Using
tubes with a sclf-rectifying cireuit is most
economical of all. but the boaxd and poor
note makes the dry cell or transformer-
rectifier-filter comnbination better A high-
voltage step-up tiansformer with a cheap
electiolvtic rectifier will pcrhaps be more
economical than batteries. A filter should
be added to take out most of the . C.
ripple with the tianstormier arrangement.

ITHLL FLICILOEYTIC BRI WITHIR

For a peimanent station the clectrolytac
rectifier is one of the best. It is balky and
sloppv but works well. Chemcally pure
aluminum is hard to obtamn, while the lead
or iton element is plentiful and cheap.

In designing a chemical rectifier be sure
to u~c sufficiently large jars to mevent un-

Submereced alumi- Tars re piired for

I late volts Plate num plite ar Biil ¢ orcc1tar

Tuhe trmas) n limps per cell tip cor poction
U\ =202 i) 40 1 «<q.m. 16
2 UX-210°s 530 90 21; «q. 1n. 21
UV-203-A 1000 120 3  sq. in. 44

gives a distinctive <hnill pierang whine, very
casy to read thiouch «latic or iterference
from low-pitched <ignals.

Bear in mind that sclf-rectifying power
supply arcuits can be used in connection
with the 1adio-frequency (ncuits that go
under the name of Ilartlev, T.P.-T.G., Col-
pitts, Ultiaudion, or Master O-<allator-
Power Amplificr. Two plate by-pass con-
densers and two 1adio-f1equency choke coils
in the positine leads will be needed. The
other details remain the same (assuming
the “paralle]” supply method 15 used).

There are severyl wavs of getting “what
we want” fiom “what we have”. We can
purchase a motor to run from “what we
have” and use 1t to dine a generator de-
Iinering “what we want” fiom its terminals
—that i=, we can 1if we have money enough
and a location for the machinery after we

due heating of the <olution. Allow 50 volts
to a jar and a cunient dencitv ¢f not over
40 milhamperes pcr square inch of aluminum
<heet. Chemical rectifiers are cheapest and
easiest of any to filter.

SOLU1IONS

A dilute solution of sodium bicarbonate
(baking soda) gives good results with low
cost. A layer of tran<former o1l on top can
be used to reduce evaporation and creeping
will not be as tioublesome as when borax
is used. Sodium-ammonium phosphate and
sodium-potassium tartiate are good but more
expensive. The use of borax requires a
saturated solution. If baking soda 15 used
there will be a heavvy white pieapitate
formed at the alumimum electrode which
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will settle to the bottom. As this does not
appear after the aluminum is formed, an
old solution can be used tor forming and the
electrodes put ito a (lean <olution after
they are tormed. Lead and 1ron are not
satisfactory for use as auviliary electrodes
in an aluminum rectifier that has an organic

p

Plate
Transformer

(LRIEERALR

(ﬁzcb armof Rectifier
has # total secondary
voftage impressed on'tt

BRIDGE -CONNECTED LEAD ALUMINUM RECTIFIER

fach arm has botal
/secundary w/tage
/

—

P
E Plate Fransformer

g with center-lagped
Seconda. ry

CONNECTIONS OF CHEMICAL RECTIFIERS

solution, but they work well with a borax
solution or with the dilute baking soda
solution. A carbon auxiliary clectiode will
be satisfactory if an orgame rectifier solu-
tion such as Qtrate, acetate, or tartrate is
used.

Liagrams of connections are shown. An
example may help. We have 2 UX-210s
that normally take 45 M.A. each of the plate
current. That makes 90 M.A. the set uses.
Our transformer ginves us 550 volts on each
side of the center tap. Assunmung 100 M A.
maxmmum load, 100 divided by 40 gives us
214 sq. in. of aluminum that must be im-
mersed in each jar to carry the current.
550/50 makes 11 jars nccessary for each
leg of the rectifier (lower diagram). We
should use 12 jars to give the necessary
107 factor of safety. Some jelly tumblers
mav be pressed into =crvice to hold the
solution. A small rack and some wooden
pieces holding the aluminum and lead ~trips
will complete the outfit.

In the bridge-connected rectifier S de-
hivers 550 volts, two rows of 12 jar< cach
being in parallel across 8, 24 jars total
number. There are four groups of <1\ jars
each. In the diagram <howing the plate
transformer with center-tapped secondarv.
S delivers 1100 volts (550 each side of center
tap). 24 jars are in series with respect to
the 1100 volts, showing that the same num-
ber of jars aie required for either connec-
tion. In the case of a center-tapped trans-
former use the voltage each side of center-

tap 1in making computations. In this ar-
1angement thcie are two groups of 12 jars
cach.

FIGURING THI

Two UX-210’s will need a rectificr with
the following parts.

COST OF A RECIITITR

25 Aluminum strips, 5” \ 1" x 1, 32" thuk $3,00
25 Lead stnps 5”7 v 1”7 x 1167 thi k 200
2n Glass tumblers 2 101 5S¢ 70
4 2” % 1" wooden strips (7 jars lona) 30
1 gross "g” blucd round-head wood sc1cw 20
2 packages 20 Mulc Team ®* horas 20

Totl 56 40

TORMING

Special care must be used 1n fir~t forming
an electrolytic rectifier, especially if the
cells are formed in series across a high volt-
age transformer. When the circuit s (losed
1t is almost a dead short arcmt across the
transformer secondary, and the current will
be quite high until the film is partially
formed. A resistance or bank of lamps
should be placed 1n series with the input to
the plate transformer. The unformed jars
are not able to rectify effectively and act as
a short encuit across the high voltage wind-
me. If fuses do not blow, the transformer
probably will burn up. Putting lamps in
series limits the transformer load to one 1t
can stand. As the 1ectifier Legins to form,
the series lamps get dimma and luger
lamps or more of them can be used until the
rectifier will withstand the full voltag.

The maximum cuirent densitv should not

excced the noimal operating den<ity.  The
'rPr/mar./
o
Reclifer
an 1o volls
filter
D

FORMING THE ELECTROLYTIC RLCTIFIT'R

More lamps are screwed 1n as rectifier forms. When

nearly formed, the lamp bank may he brideed v a

wire. If there 1s apprcaable heating, cut off the
forming currcnt until rectifier 1« again cool.

jars must not be allowcd to heat as the film
on the aluminum plates begins to break
down about 120° F. 1If thcie 1s sparking
the rate must be roduced, as the film on the
aluminum will be destroyed as fast as it is
made. A well formed aluminum electrode
will be smooth and have a thin dull white
surface. After several hours of forming the
rectifier will keep 1n condition with occa-
sional use. An aluminum oxide film and a
gas film as well are responsible for the reeti-
fving action, and the gaseous film forms as
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soon as the jars are connccted to the somce.
Therc chould be no meworks o1 santillating
sparhs on the plates. That 15 a s1gn of too
much voltage per jar and means that some
othcar “dcad” ddls are not worhing. Each
plat ~hcud have a umtorm phosphorescent
glow. .\ dark cell may be working. If
there s cnough voltage the phosphotescence
will prov 1tiis working. The cutrent carny-
g capaaty of electrolytic 1ectificrs seems
to be Limited mainly by the heating 1n the
cells Quite high instantaneous curients
can be rectitied but unless artificial cooling
of the alvnnnum elcetrode 1s pos<ible 1t 1s
necessary to tollow the preseribed current
density of 40 MLA. per squatre inch.

The rcctitier must be allonwed to foim
et adially It the voltage 1 1aiced too
quichly the «clls will heat and operations
hould be suspended until they are cool

agoem  Impure aluminum contains cairbon,
7 e ot non  Such plates will <how biown
snots,  Cells  contamming poor aluminum

will not torm and new aluminum should be
used  Whie pctrolatum can be used tor
~ciling the ccdls if desited.  Lye can be uscd
1o ¢! an the plites when 1t 15 necessary. A
hittle ammonia can be added often to replace
that lost by «vaporation. Old aluminum
hghtning anicstor concs are a good source
of pure alununum. Sheet aluminum from
the Alumimum Company of America and 1ts
avenaoes 1~ satisfactory

read 15Jars

ilon nem

Nisdars

a “back-voltage”® o1 countcr clcctiomotive
force from the charge lett in Lhe flter con-
densers which has an efiect in the rectifier
arcutt as soon as the kev s up. This volt
age 1s applied to the rectifier at the samc
time the transformer 15 applying hmgh volt
age alternating current to 1it. This may
make the voltage-per-jar too high so that
some of the aluminum films break down,
sparhling and making a “noi~e” that does
not filter out casily. A few more jars added
to a rectifier will usually (ure this trouble
permanently. The transiormer voltage that
causes break-down 1s always the “peak” of
the A.C. cycle, which 15 neatlv one and one
half times the ettective value of voltage at
which A C anrcuits are rated,

1UBE RL(TILICRS

A vacuum tube rectificr has a somewhat
greater fnst cost and mamntenance than an
clectroly tic rectifier. It 1s convenwnt, port-
able and ncat, however. It can be filtered
with the vsual 50-henrv to 100-henry choke
cotl and 4 to 8 uf. shunt capacity. Electro-
I tie rectificas have “condensct” characterrs
tics and are ea<icst to filter suecessfully
Tube rectifiers conte next in ease of filter-
mmg. They are silent 1n operation and not
as costly as motor generator supply.

The two-elcment vacuum tubes for recth

fying are now known as Rec-

trons  (formerly Kenotrons).
The tlaments give off elec-
trons when heated and cur-

rent can onlv flow through the
tubes in one direction. The
rectifying civcuit is similar to
that used with the aluminum-
lead cell. The filaments are
always at “plate” potential and
the low-voltage winding of the
filament tran<former must be

S A

% Yi1rs

o— T insulated for the high voltage.
e 7o X of ] o Separate filament transformers

A = Complete should be used for the rectifier
£ rovAC Crreant fe—_ and oscillator. The tubes are

& Ahuns A : manufactured in appropriate

o= sizes for use with the cor-

P o— respondmg oscillator tubes, and

ey the {wo-clement “Rectrons” cost
oo i s L (b about three fourths as much as

POWIR SUPPIY TOR

TRANSMIITIR

Note dectrolvtic rectificr connections and polarity.
plate transformer, 11 15 the filament transformer.
$0- to 100-henry choke L. together with C and (1
This diagram whil
suited to any of the transmitters doseribed in this Handbook was
drawn particularlyv for use with the schematic diagram given on

cansists ot
which are 2 microfarads or more each.

Page Cut No. 101

Test  tubes, jellv tumblers, drnnking
glasses, and small and large preseive jars
can be used to hold the different sized plates

When a good large filter is used there i<

ITHE 11IRST LOW-POWER

The filter s

the same sized 3-element oscil-
lators The efficiencv of the
clectrolvtic and tube rectifiers
rather low. The loss in
heating the 1cctificr  solution,
the plate of the Rectrons, and
powcr consumed by the filament
of rectifving tubes is 1(sponsi-
ble Tube rectifiers have a
lai1ger voltage drop acioss the rectifier umt
than chemcal reetificrs have.

Most of the fizst cost 1 connection with
a tube rectifier goes mto the extia filamert

T 15 the
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heating equipment. For a sending set using
one or even two UX-210’s a couple of old
style tungsten hlament UV-216 tubes will
be an excellent mvestment. Sincc tubes 1¢
quiring less filament current have come on
the market, all tvpes of tungsten filament
tubes have taken a drop m price- but they
work beautifully and require lcss attention
than the electiolvtic rectifier. The UV 2168’
will handle up to 750 volts A C without
flashing 1n the base and requite 795 volts
from a separate filament heating tirans

forma ["<e two tubes m thc civaat shown
7n::‘;:’l[ — Pate Transtormer
KRe ctroms £0 step up vollage
e
+ S — S I
K oh Vottage VALY Filamet step do un
0/rfct cv}”,:,,eg Tansformer /fm//n‘t/ed ’
TV for plate vo tage
TUBE RECTIFIER CIRCLIT

tor the TX-210 tran<smatter. Fou tubes

(two 1n series for cach one shown i the
diagram}) will stand twice the plate voltage
and successtullv run a fitty wattcr (UV
204-A). It takcs a couple moirc filament
transformars on winding~ msulated to1 hrgh
voltage if tubes i scries are uscd

GASEOUS CONDUCHION TURBE S

“S™ tubes 01 “gaseous conduction” cubes
operate on the “short path” prinaple. A
rarefied gas 15 a good m<ulator bctwaen two
points that are near cach other. Two mctal
plates are <cparated by a gas in the “8”
tube. No filament 15 required at all, When
there i< a potential difference betwcen he
plates, the few fi1ee electrons in the gas move
toward the positive electrode (anode), then
speed depanding on the volts per inch across
the gap and on the colhisions that take placc

with neutial atoms and moleculcs,  The
clection flow 15 <o <niall that 1t can be

neglected. The effect of the moviment of
clectrons 1 the gas s to “bump” the
molecules hard enough to break up the ga-
mto a great number of positive 1ons and
negative partiwcles, We sav that the gas
has bceome tonized” and that gascous (on-
duction takcs place. The “Tungar” and
“Rectigon” are cxamples of low .oltage
reetifiers depending on this prinaiple. They
use Airgon gas and a special thoriated fila-
ment, the filament being necessary for <table
opetation because of the very low voltace
at which thev work. Bv starting the tube
by spaitk discharge fiom a high-voltage
soutc e or by disconnecting the filament heat-
g sowce after starting, these tubes can
be used for battery-charging with the fila-
ments unhighted.

The size, material and spacng of the two

clements 1s mmportant as well as the gas and
gas pressure used. One of the haid <t
things 1s to prevent a change i charactens
tics ot the rectifier tube during its hife  “&°
tubes are connected just hike the aluminur
rectifier cells. Lach tube wall handle a ot
tamn voltage. Two tubes mav be uscd 1n
series to take care of twice that voeltave
Tubes placcd m patralle] will mmcicase the
anrent-carrying cdpacity propottionately

“S” tubes will handle between 750 and
1000 volts per tube A< there 15 nn fila-
mcnt to burn out ot to 1equue a Alumart-
heating source, the cost of op-ration 1s
<ontew hat less than a similar 1cctifier using
two-clement vacuum tubes.  The *S” tubcs
are hard to obtain but we hope thar manu
facture will be resumed <oon. The ncv tyne
“S” tubes have the high»1 yoltage broak
down value These 1ectiticr tubes can he
connected <mmlarlv to the vacuum tube
1ectifier just desanibed Small Ravthcon
rectifier tubcs mahe <uitable rectifiers for
low-power scnding ot~

’

MLRCURY AI'C RECIIDERS
Mercuiy arc arectifier~s operatc similady
to the gaseous conducticn tubces, the ope,a-

tion depenting on mercmiy vapo Thes

/0v

10lrarsntler
or/fi/ter

——
+

-Kect ter

1 <~ Irsulalion important

nov

SIMPEEST TORM O1 “RIEP AVIVE SYSI M
I'OR MLERCURY ARC RECTIIILRS

filter beautifully, oparatc noiselossly ane
arevery officent . The macury are 1< with
out doubt, thc 1dcal rcctifier to usc tar a
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high-power set. A cold mercury arc tube
1s quite lighly «vacvated. The are m ma-
cury vapor tahes place between a cold posi-
tive upper electiode (anode) and a pool of
mercury  constituting the lewer negative
elcetrode (cathode). This mercury pool s
incandescent wheie the arc strihes and the
tube 15 usually tiltcd to start the arc. The
load of the rectifi»r usually heeps the mer-
cury pool at a hgh temperature which 1
vely neccessaly to heep the aie properly
rectifying as 1if the “hot <pot” on the pool 15
allowed to cool off the are will go out.

The mercury are rectificr will handle over
s1x thousand volts and 1n commeraal use
mereury ares are somcetimes built to handle
much greatar potentials. The hife of a mer-
cury are tube s about the <ame as that of
Kenotrons—sometimes much greater. At a
number of amateur ~station~ tubcs hawve baen
mstallcd, obtained for hitle o0 nochime fiHom
the local electiic hght company that dis-
carded them after they began to operate un-
steadily 1n a series strect hiehting system.
Such tubes will still serve as rectifiers for an
amateur plate suppiy source tor UV-20.3-A’.
or for a U V-201-A for ycars providing th s
are mstalled carrectly at a “ham” <tation

THE RADIO AMATEUR’S HANDBOOK

The “heep-alive” circuit 1s necessary for
using the mercury aie rectiier with ama-
teur tran.mitting scts tor telegraph work
An auniliary elcctiode near the base of the
tube 1s ordinaiily provided tor use n start-
ing the aic by an mitial flash on the mamm
pouol —and this starting airc 15 kept 1 opera-
tion contimuously by our “heep-alive” cr-
cults <o that the tube wall be hept tilled with
mercury vapor even when the hey s up as
mntaanttent tdlegraph work. Lhe
auniliary and main meicwry pools are con-
nccted through an ndductance coil (to steady
the hecp-alive are and prevent 1t from gomg
out) and rcctiticr to a source of low voltage
alternating curtent (about 50 volts on crther
side of the center cap).  Tungar or Rectigon
tubes such as used m low voltage battery
chaigers can be uscd or lacking these an
electiolytie r1ectihcr made up in two hali-
gallon battaiy Jars will prove very satis-
factorv. In operating the tube the glass
noat the keep-alive arc gets hot so that one
<hould take the prccaution of mounting the
nercury arc tube m oan o1l bath to a level
som¢what above the maraury pools to §ro-
tect the glass. Use light gas-cngme o1l of
anv hand conmvenient tor cooling purposes.

The transformer supplying
thc hecp-ahve” eircuit must be

well msulated bhecause just as
n the case of the filament heat-
mg  transto.mer for Kenotron
1cctifices, the filament crireuit
of the reetitier 1s at plate po-
tential above giound. If no
one to one  1atio transformer
with a center tapped secondary
1s available for the keep-ahve
arewt, a h0-volt supply can be
used with tour laree rectifier
jars connected in a bridge av-
rangement (shown previously).

The choke can be easily hult
if a spaie tiansformer windings
of the necessarv mmductance 1s
not available. Some resistance
n serles with the choke will help
in linmting the cutrent used in
the “kecp-ahive” Qreuit to a
value which will just Lheep the

18 NGAR “RELP-ALIVE” ARRANGIVIENT AT 3AB
fuhe and the solenoid us-ed

Note the framewark supporting the
tor tilting 1t by rumote control

The cthaency of such rectifiers 1s very mgh,
there being a neghgible diop 1in plate poten-
tial within the tube  The ovarall (fiency
of cour~c 15 lowcrcd an amount depending
on the “heep-alive” circuit used and the m-
stantaneous load values on the tube. Mer-
cury are rocufiers are casy to filter, too.
The device used for heeping the hot-spot on
the mercury pool and the inductance for
Leeping the tube operating stably will be
most of intcrest to Handbook readers.

ale operating stably, preventing
the wasting of power and get-
ting away fiom the danger of
overheating the glass at the
auxibary electiode. The primary
of an R C A. 75-watt filament
heating transformer makes a good choke in
an emeigencv., One amateur used a choke
having alout K00 turns of No. 18 or No. 20
wite wound on a closed core 114" square
(cross-section). The primary of some trans-
former 1n almost everv experimenter’s
“Junk box” will be found to setve 1n an emer-
geney  The voltage used and the neces-
sarv adjustments are not critical. About 2
amperes “heep-alive” current is necessarv
for stability
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The connections of the mercury arc recti-
fier 1n transmitting circuits are just the
same as those of any of the other rectifier
types we have discussed. Keying in the
primary of the plate transformer is very
satisfactory although the key may be placed
as in any of the other circuits described.
The output can be very successfully filtered.
The diagrams show scveral different “keep-
alive” rigs. One man who did not have a
30 to 55 volt alternating current supply
available used a 112" spark coil fed by a

s10v

60~ | -

o/ o/
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Pafc Trans

~— I3 spark cod
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47 Amp, 2200 volt
G £ lype 40525

“KEEP-ALIVE” CIRCUIT USING SPARK COIL

AND SHOWING PERMISSIBLLE METHOD OF

KEYING CONVENIENTLY IF A RELATIVELY
SMALL FILTER IS USED

step-down transtormer. This is quite all
right if the spark coil 1s husky enough to
vaporize mercury. It takes a transformer
of nearly 200 watts capaaty to do this and
to supply the losses 1n the low-voltage
rectifying device, the voltage drop m the
choke and so on. Most of the stations use
the small 110 volt 10 ampere tubes success-
fully. So many styles and varieties of
tubes are available that we cannot be too
specific regarding any particular rectifier
tube. In general, the tubes are not crmtical
and a little careful expermmenting will enable
you to get one going at your station. At
least one amateur has successfully operated
one of the G. E. 10 kilowatt street-lighting
rectifier tubes (Type 40525) without the low
voltage rectifier for the keep-alive circuit.
It is best to use a rectifier as low voltage
direct current makes an arc stable.

In handhing the tubes remember that mer-
cury is heavy and it must be poured care-
fully to prevent cracking the tube. If a
tube is defective due to a poor vacuum it
will not operate. A tube having a good

vacuum will give out a cheking sound when
the mercury 1s shaken about carefully so
that it splashes a little. If there 1s much
air 1n a tube the mercury will oxidize on
trying to start the arc. In mounting the
rectifier tubes the glass should not be
clamped so that there 1s any strain on it as
it 1s almost sure to fracture after a few
hours of operation if there 1s a strain on
some part of the glass.

At the station owned by Mr. A. B. Good-
all (3AB) of Washington, D. C., the mer-
cury arc rectifier tube is mounted with the
oil jar in a wooden frame and remote con-
trolled by the arrangement shown in the
photograph and diagram of 3AB, The tube
with its frame 1s pivoted on a line through
the center of gravity (point A in the circuit
diagram) in a second laiger wooden sup-
port. A rod B is tastencd to the frame of
the tube as shown, a coiled spring pulling
down on one end of the 10d and an iron
solenoid armature of cylindrical shape ar-
ranged on the other end of the rod so
mounted that when the (o1l of wire (solen-
oid) around the armature is encrgized by
the closing of the proper relav, the magnetic
pull will tilt the tube. The low voltage
rectifier circuit supplies the current for
operating the solenoid. In the “keep-alive”
circuit is a reverse-connected relay, the con-
tacts of which are held closed whenever
there is no current in the circuit leading to
the auxiliary electrode. A storage battery
controls the power and keving relayvs. When
the switch closes the circuit to relay W, the
power transformer P and the Tungar recti-

CIRCUIT THAT CAN BE USED WHEN TIIERE
ARE TWO AUXILIARY ELECTRODES (THREE
MERCURY POOLS)

Note that no low-voltage rectifier is necessary for
maintaining the “keep-alive” arc.

fier are connected to the 110-volt mains.
The ciremit through the solenoid being
closed, the curtent goes through the sole-
noid windings, pulling down one e¢nd of the
rod and tipping the tube. The mercury flows
over, covering both lower electrodes and al-
lowing current to flow in the “keep-alive”
arcuit. This eneigizes the reversed relay,
breaking the solenoid circuit so the spring
can pull the tube into an upright position
striking an arc as 1t does it. The arrange-
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ment 15 much simpler than the somewhat
drawn-out explanation would indicate and
3AB tells us that the outfit has not ginven
the slightest trouble 1in over a ycar of use.

SYNCHRONOUS VIBRATING RECILHITITRS

The 1eader will be fanuliar with the sev-
eral makhes of vilnating rectificrs sold tor
boosting thc automobile battery All of

Relay w Reversed Relay
- = T hey
N Kol Joswich
- - -— Common

COMPLEIL RECIINIER CIRCUIT AT 3AB
Also showing Remate Control Systcm.

these rectifiers have a vibrating edd,
usually a steel rced which has been mag-
netized and which 1s defimtely polanizad
Let us assume that the fice end s a north
pole. This steel reed 15 mounted at the
central point of a W while the aims of the
W are made of <oft non on which are
mounted coils encigized by the altcrnating
curtent supply source  Before che canrent
18 turned on, the soft non coie 1~ not
defimitely polanized and the pull exerted by
the magnetized 1ead atself 15 not  quite
enough to mahe 1t move c(losing the con-
tacts connected to it, espeaally m view ot
the fact that 1t 15 attracted by each arm ot
the W ecqually and 1 opposite dnrections
If a cutrent 15 run through the winding on
the core, the cote bececomes magnctizad and
one extiennty of the W becomes a Noith
pole while the other becomes a South pole
As the f1ee (nd of our reed was mognetized
permanently to he a North pole 1t will of
course be repclled by the adjacent Noith
pole and attractcd toward the South pole
and it will move toward the South pole
closing a set of contacts. 1t the current 1
reversed, the recd will move in the oppo~ite
ditection closing the other contacts. If al-
ternating cwirvent 15 run thiough the wind
ings of the soft won core, the polarity ot the
core will be r1evarsed at the trequency of

the A. C and the 1eed will be moved bhack
and forth operating the contacts me

chanically <o that one lead of the output 1~

always posttive with 1espect to the other
lead. The aimatuie must be of the proper
s17e and stitftness and the convacts (usually
of carbon and copper to prevant <tiching)
must be carctully adjusted to give good re-
NI

The vibrating 1¢ed and non core mav be
used as the basis tar a high voltage rectifier
it the msulation o1 a Homchuger, Valley,
[' F Battciy Boostet, o1 the ike 15 1eplacad
with a well msulated mounting making use
of the old windings metrely to encigize the
vibtating recd  Usually, the vibiators are
not polarizcd as sugecsted by owr general
ovyplanation ot opaatien Lut depend en the
changes 1 total magnctic pull to oparate
tham The moving ec1mitme contacts should
e made of «ilver, worhing against sta-
tonary carbon centacts

SYNCHRONOUS RODARY RECTITIIRS

Whilc both vibrating and 10ta1 v rectifier s
ate moie o1 less noisy thev have quite high
ctiiciency as thare 1s almost no voltage drop

thiough tho rcctifier The plate trans-

former uscd with a rotary syvnchronous
60 Orrection of
Iranshormmes. Kotation

,,.\
N

OPERALION O A ROI*RY SYNCHRONOUS

RICILITIER

A—Whdad in first position

B—™Now the whadd his made one quarter turn and

rcversed the connecaons hut the polarity  of 1he

transformer his dso rovaresad ~o the cutput s uri-

dircctional 1t the cupply current as 60-¢vcle then
B s 1/120 ~ccond after A

tectificr does not nead a centar tap. Tt
amounts to a douvble-pole  double-thiow
(b . D T) polantv 1eversimg switch
opcrated at synchionous <pecd Rotai

1ectificrs must b driven by a synchionons
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motor, that 15, by onc which kecps nght n
step with the <upply trequency, m effoct
throwing a v vasmg switch (vary time the
polarity changcs betwceon the supply wites.
The diagram cexplains the opcration quite
cleanly Al the loss i mcchancal vectihors
1~ due to brash contact 1¢sistaince and to
the mechanical powar reguued for diving
It varies with the particular motor  and
brush rigging usad

No rotaryv “syne” starts “night <ude up’
moie than half the time  The other half of
the time the 1cctificr stares 1cvar  d, put-

v s

A NYPICAL SYNCHRONOUS RECIINIFR

The brush holders arc damped Wy turning the handle
which can ho opcraited while the motor i running
The whee] 15 of bakchte with the scgmaonts mouldad n

ting the positine <ide of the line on the fila-
ment centar tap and connceting the ncga
tive to the plate ol our oscillator A hand
reversing switch o1 a polarizad elayv will
quichlv correct the conncctions o1 one can
turn off the motor and allhw it to »<hp a
pole ™ The safc and scnaitle thing to do s
to put the revarsing switch in the pramary
side ot the high voltage jlite 1 instoimaa
The difficulty with most synchronovs vt
fiers1s 1 the "hash™ that 15 <cnt out locally
While the “kecp-ahve” ¢ncuit of a meoreuny
arc 1s pertectly quret and 1casonable, the
synchronous toctifter mahes such a racket
that 1t sometimcs 1~ unpleasant to have 1t
within the station—and when the hey s de-
pressad the spatrhing makes an loctrical
noise that can bc pick 1 up on all ~o1t~ of
tecennets for manv blocks awav from the
station.  Howavear one onlv needs to stop
the sparhing to have a 1cally good 1ectrhicr.
The svnchionous rectificis ot erthcr the
rtotary o1 vibrating type are (~ccllent o
cept for the fiist trouble mn stopping the

sparking  Thourh we cannot get as ¢n-
thusiastic over them as over some of the
other tipes. we can at least discuss the

’

troubles 1n filtering the output of a “svnc’
and mcntion some of the remedies

An unhltarad synchronous rectifier sparhs

very hittle, but as nmight be expected with
anv (ncuit which 15 mechamcally made and
brohcn manv times a second, 1t produces a
noisc¢ mnstcad of a musical tone which makes
us think of a good filter as an appropiate
tcmedv. The alternating current s fed into
the 1ovolving disk by two Dvushes—pulsat-
mg dnoct currtent comes out of the two
others. The biush ng can be unclamped
and moved backward and torward writh the
<t tunming until with no filter the operation
is practically sparkless A< long as the con-
tacts open and close at the time when the
voltage of the tianstormer secondary is
sevo. there wall be no sparhing. It 1s at once
cvident that as the contacts do not open and
close at quite the same time, we aie
bound to have somc voltage acioss the con-
tacts ithar at the time of making or break
ing the arcnt  The angap in the wheel
can be made small m the wheel can be made
of large diametar to get a long gap while
making the biecaking time ~hort To prevent
burnmg the insulation some 1iectificrs are
made with an gaps in the wheel but unfoi-
tunat<Iv this 15 bound to mahke the brushes
chatter at high speced which burns the wheel
vwhete the brush hits after (himbing onto
the noat segment and which manufactures an
mtolcrable noise for non-osallating 1e-
cenvers miles around.  Gaurze brushes help
<ome but they must be kept sery carefully
tiimmed

A« soon as a filter 15 connected, the spark-
g gets rapidly worse m diect proportion
to the goodness of the filter.  If a condenser
1= across the Iine next the disk, theve are
blue <parkhs which jump just before the
“makc ” This 1= because the transformer
voltage 1~ not vet cqual to the voltage left
m the filter frtom the last half-cvele. If
th 1e 1~ a cotl next the wheel thore will be a
flaiming arc at the “break.” It 15 impos-
<t le to adyust things so that we can “make”

R, . JoFilter
WAAY
From
wheel
Ra2 _
> AV

A ‘losser shock absorber

ind “hircak” the circuit when the filter and
transformer voltages ate the same.  Just as
long as there 15 a diflerence in volttage there
will be sparhing wunless some hind of an
elcctiical shock absorbor 1s provided ahead
of the filter

Resistance 1 both the positive and the
negative leads and tight nesxt the wheel
(between the wheel and either coil or con-
denser) will help. They are very wasteful



of power and make the voltage regulation
of the rectifier poor because they should
have about the sante resistance as the plate
arcut resistance ot the tube. Another
method 1< to provide each brush holder with
three brushes, a brush a hittle ahead of and
behind the main brush but connected to it
thiough about 5,000 ohms 1¢~istance.  This
will 1educe sparhing but the eight extra
brushes put a drag on the motor and tend

to make 1t get out ot synchronism.  If some
S 7
“y L
—GHE
Fromwhee/ T
G L L e

e Te

ROBERT MORRIS ORIGINAL CIRCUIT
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Caution [lee—————— 6o~
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CIRCUIT WITH KENOTRON

SPARKLESS I'ILTER CIRCUIT CONNECTIONS

An S-tubd, ractron, or dectrolytic
uscd

roctiher may  he

gauze biushes are used with httle pressure
the schame 1< good to use with one of the
filter circuits we will now <how.

As mentioned previously, 1t 18 possible to
shift the brushes <o that thaie will be no
sparking at all at “break” but this will tend
to make the sparking worse at the instant
of making contact. The best wav to stop
anv backfive was first used at 2CQ7Z and
is beautifully simple. An S tube, Kenotron
or four o1 five jars of clectiolytie rectifier
can be placed betwecn the wheel and the
filter. This aunihaiy rectificr docs not need
to stand the full voltage merely the dif-
ference voltage betwecn filtcr condenser (‘1
and the transformcr at “make” At high
voltages the S tube 1< verv <atisfactory and
at lower voltages a single Rectron (or a tube
that doesn’t osaillatc well any more) can be
used. The filamnt heatmg tiansformer
must of course have ample insulation Dbe-
tween primarv and <ccondary as 1t must
hold up under the full plate voltage. The
electrolvtic yectifier will nrobably be eaciest
for most of us to build. With such a device
we can use a good large filter and ohtain a
good note getting rid of trouble with poor
notes and from neighboring histeners-in who
might be bothered with the terrible “hash”
from an unfiltercd “syne.”  The <ize of con-
denser C1 larvgelv deternunes the regulation
If 1t is made too <mall, the output voltage
will depend on the load too much, A big
filter fullv charged is a dangerous thing
Such filters should be kept out of easvy reach
with the live parts well protected by in-

THE RADIO AMATEUR’'S HANDBOCK

sulation to prevent aceidental contact, Good
filter condensers hold a charge tor a long
time and a 250,000 ohm 1csistance or a high
voltage voltmetar with multipher placed
across the output of the filter will be useful
m dischaiging 1t quichly after use. Don’t
forget to watch {for key thump troubles.
These may be cwmicd 1if you are keyving in
the high voltage hne by putting a one
microfarad condensetr across the key con-
tacts and insertme a4 two or thice henry
choke m the hime between the hey and the
sct.

A very ~simplc method of helping <park-
g troubles 15 to use a fairlv «mall input
condenser to the filter, putting about 6,000
ohms 1n scnies with it to prevent heavy quick
surges at “make” and “break.” The «ircuit
used 15 shown and gnes good performance
except for comewhat poorer regulation.

A number of good 1otarv <ynchronous
rectifiers are available from different manu-
facturers. The Advance 1rectifier has a
brush 11g which can be (lampad by turning
the handle, making 1t easy to shift and ad-
Just the brushes while operating.  The Stahl
1ectifier has a smooth brush path, the gaps
being filled with compressed mica to resist
mjurv from flashover. The Matlo has seg-
ments on each <ide of an insulating ridge

S0 Henry RFC

o

T4/l/d SEr

mseries

! ”C”’f RFC

AC TO
RECTIFIER

NNV . RETED ac
- - - - TTETTTT JO FILTER

FILTERED D <
v TVvBE

e e e e e e

Dotted ! ~¢s arg e l1mes

SPARRLESS TILIER CIRCUIT USING

INPUT-TO-I'ILTFR  CONDENSER
SERIFS RESISTANCLE

The best spark prevention is obtaincd bv omitting the

3 in-series (ondenser arrangemdnt, using the circuit
othcrwise just as shown

SMALL
WIIH HIGI

making it possible to use segments of near-
Iv a half-circle 1n length and a <mooth path
without danger of flashover or burning.

MOTOR-SIARIING COMPINSATORS

When large alternating current motors
such as used 1in driving a ~vnchronous recti-
fier are thrown directly across the hine, a
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large amount of starting current is drawn
from the mains causing a “dip” in line volt-
age which blinks any lights connected to the
circuit. This rush of current may injure
the motor itself unless the coils are very
firmly braced and it may cause heating as
well as mechancal injury to the motor and
disk.

The diagram suggests simple metheds
that may be used in motor-starting work.
A plate-supply transformer primary wind-
ing can be used as a motor starter as shown.
It acts as an auto-transformer. The effi-
ciency is high as part of the power is “tians-
formed” while some is taken directly from
the line (the amount of power supplied by
each method depending on the ratio of the
auto-transformer). Auto-transformcrs are
chiefly used when the ratio is very nemly
“one-to-one”.

SMALL TRANSFORMERS

A transformer is an clectrical device for
changing electric power at one voltage and
current to power at another voltage and
current. A step-down transformer tales
its power at a high voltage and small cur-
rent, delivering a lower voltage and more
current. A step-up transformer dehivers
higher voltage than it takes at its input.

Filament-heating, bell-ringing. distribu-
tion and welding transformers are examples
of step-down transformers. Plate-supply
voltage and high-voltage transmission lines
between cities are fed from step-up trans-
formers.

The input winding connects to the source
of supply and is called the primary winding.
The output connects to the load and is called
the secondary winding. Any transformev
may be used for either step-up or step-down
work. To avoid confusion it is always best
to refer to transformer windings as high-
voltage and low-voltage windinas.

Most transformers that amateurs build
are for use on 110-volt 60-cycle supply. The
number of turns nccessary on the 110-volt
winding depends on the goodness of the iron
core used and on the cross-section thru the
core. Silicon steel is best and a flux density
of about 50.000 lines per square inch can be
used. This is the basis of the table of cross-
sections given in this article.

The size wire used depends on the current
expected. This will vary with the load on
the transformer. A circular mil is the area
of the cross-section of a wire one thousandth
of an inch in diameter. When a small trans-
former is built to handle a continuous load,
the copper wire in the windings should have
an area of 1500 circular mils for cach
amnere to be carried. For intermittent use,
1000 circular mils ner ampere is permissible

Let us review the theorv of transformer
operation brieflv. A small magnetizing cur-
rent will flow in the primary winding at no

load. This sets up a magneto-motive force
(m.nt.f.) and flux Lines go around the mag-
netic circuit o1 core. The flux links both
low-voltage and hgh-voltage wimndings.
This flux induces a countcr electromotive
force in the primary winding just opposite

Run
\é:

Start

®

“ & Run
§ P TShré

From
Line

b

R o
e Start
©
MOTOR-STARTING COMPENSATORS GIVE A

MOTOR LOW VOLTAGE AND HIGH CURRENT AT

START, PROTLECTING THL MOTOR ITSELDI AS

WELL AS THE SUPPLY (IRCUIT FROM OVLR-
LOAD

A—~imple compensator ciraut

B—Using one winding of a plate supply transformer
as a (ompensator

C—Another c(ompensator circuit using a D.PDT,
switch to take the compdnsator off the line after
the motor starts  This allows one to use smaller
windings, as the service is mntermittent.

to the applied e m £, which prevents much
cmrent from 1ushing into the primary. The
flux 1nduces a secondary voltage depending
on the turns per volt and the number of
turns in the secondary winding. When the
socondarv is connected to a load, the induced
voltage makes curient flow in the load. The
m.an £. produced by this secondary current
opposes the prmary mmf and tends to
reduce the flux in the core. This results in
lessened counter-e.m.f. in the primary. More
cmrent is taken from the supply line to
heep up the flux value and maintain the
~econdarv voltage under load

The transformer u-<es a httle energy to
supplv losses in the core and windings. Due
to the resistance of the windings and to
magnetic leakage paths, the voltage of the
secondary mav drop materiallv under load.
Poor regulation, 1s this is called, is some-
times useful in a speciil tiansformer. In
our filament-heating and plate-supply trans-



formars we can artengd the svindings com-
pactly, makc good ~ol'1 jonts m th cere,
use large lov-resistain o wire in the wind
mes, ond kop the P aech of thy 2n et

path faitly <hort and of good (105s-section.
This v 0l ke p the scoondars voltage qui

con tant under Yoad

In th prmaiy of a transtormer the cw

rent at ro load (magnctizimg curient) lags
th applicd voliage by noarly 99 As th

load com < on, voltage and cwitent ar

nmore nearly n phasc

A tablc 18 given showing th best wis¢
Wite and coce Uy use 1o varticul n ==
formers  The figuics 1 tae ‘bl 10t to
60 (vdle tra vrormars The design of 25.
avdde transtformars s much sl i A
shghtIv high-1 flay dons.v s b tmisaibl
B ciusc the ticquen v 1w much low. 1 th
(ross scctional area of the non musti be
greacer (o1 the number of turns pa volt con
tespondmgly lareer),  Otherwise the n-
ductance «f a certam numb 1 of turns will
be tco loy to Live the 1connod “reutancd”

THE RADIO AMATEUR'S I[TANDBOQOK

DESTGNING A PIATLL TRANSiORMER TOR
TWO 7' -WATT TUBES

Suppose we want to build a plate trans-
lormer for 2 UXN-210 (7', watt) tubes.
Gonaral amateur practise 1s to supply two
ot these tules with about 100 milhamperes
it 500 volts Allowing 250 volts drop n
e rectihier (not unusual) we will need 750
Volts at the secondaty. A transformer built
101 this voltage ¢ in be uscd with a 1esistor
to makc additional voltage drops if it s
neeessary to vorh with just one tube or
lewar voltages to prevent heating. With
onc tubc the curtrent rcquined will be less
md the 1egulation will be better. A 4,000-
ohm 1esistor carrving 50 nals (.05 ampere)
to one UX-210 will have 200 volts drop
(RD  compensating for greatly mmproved
tesulation

750 volts N 100 amperes
former output

The table gives us a probable efficiency of
about &5 o1 907, for small transformers of
this w1ze.

75 watts trans-

at the reduced freauency Ny 21 f L), Irf The numbcr of tuins in the secondary

one bwilds the <ore <o that it, cross-  windimg s govern d by the number of turns
Imput Iull-load Size of No of Tuins Per Cros~-Scection
(W e bAlicioncs Timary Wne Primary Turns Volt Through Core
Y TN aF 523 180 1147114
[ N5 21 437 3 a5 1 ~7x1%"”
190 a0, 20 o967 33 11,7x11,”
159 e s 313 281 15:"x1%"
200 e, 17 270 215 1%7x13%”
270 e 16 218 2.25 1737x17%"”
300 0907, 15 218 225 175"'x17 "
109 q90¢, 11 206 167 2 "\2 v
500 85 13 183 166 2%x214"
0 b5, 11 116 133 2wIxR2 R
1009 95, 10 132 1.20 21,7x21,”
1500 RISa g 9 109 99 2% 7x23%"

section is 21 to 22 times the volue of area
wothed out ficm the table, the same num
bar twins of wire mav b oused i o primay
conl for 23-(vcle operation It the same
core and morc turne of wne are used a
lagar “windew v b ecded for the (stra
wne and meulation Incrcasing both the
numbes of tuins por ovolt and the cross
section of the core aive  the best bolwnced
dcsien
Most 60 cvele t1 aasformais wall boha

nicelv on a 25-cvale supnhv o the applied
voltage s suthciently 1 ducad Up to »°
volts 25 cydles may be applied to a 110-volt
60-cycle winding without har n Knowing
the tiansfoim r voltag 1at'o the output
voltage will be known  The cmrrent-carry
mg carvacity will be the <ime as at 60 ¢y los
The KVA (kilovolt amperr) rating will be
about half the 60 (vcle value

m _the primary and the desived secondary
voltage (inthis case 750). Before the num-
bt ot econlary turns can be found out we
must know how many tiuns per volt there
arc m the pumaay.,  This can be found by
dnviding the number of primary turns by the
primary voltage and s given divectly in the
tiblc  The number of turns for the secon-
darv can now be found bv multiplying this
figure by the desned secondary voltage. As
v have deadad to butld the 75 watt tians-
formar (the one nearest the r1equirements
of our problent) the number of secondary
turns can now be casily found (750 x 3.95 —
2963 tuins). The <17e of wne to be used
for the secondary depends on the secondary
nrent and the allowable curient density
'nd can be found n the same way as for
the primary wire from the wire table given
m the Appendin. For this layout of equip-
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ment, look for a size of wie for the e
ondary that will safcddv carry 100 mith-
amperes (.1 amp) This 15 given 1 the
wire tables as No 30 B, & S0 It 15 a good
idea to add 3¢ to 5 of the nunmber ot
secondary tuins to the winding to make up
for the voltage drop that will occn at tull

Lep?h of 8
Gl P

y 7 — pe—
a
e?:;eeéd of
wind ng
\
- S
=
|
Length of LWtk
nd o LA

Leave fg for ./
nsulation between
wre and wind ng

A FULL SIZE DRAWING O THL TRANSFORMEPR
SHOULD BE MADE SHOWING ITHE SPACL 1O
BE OCCUPIED BY THF WINDINGS AND INSUT -
ATION, BE SURE THE WINDOW Is LARCGI
ENOUGH 10 (L1 THE WINDINGS ON BUT DO
NOT MARE 11 A BIl LARGLR THAN NECES-
SARY OR THE RLGULATION WL BF 1M
PAIRED

load due to the transformer losscs and
regulation. (1057 \ 2963 — 3110 turns)

Usually an eclectrolytie rectiicr 15 uscd
that rectifies both halves of the (vl usig
a separate secondary winding tor cach hall
cycle.  This means that unless the bridge
rectifier connection 1s uscd, two 3110 tuin
secondaries will be requited. It 15 posable
to use smaller wite in the secondary m vicw
of the fact that cach winding 15 passing
cutrent but halt the time, but 1t <
better to stich to 1,000 ¢ncular  mils
per ampeie and be <afc. ["aimg  good
sized  wirte will help to mmprove th
regulation.  The core <pecifications and
the number of tuins to use 1 the primars
are given in the table. Boatore we go aboad
with the constiuction 1t 18 noccssuy 1o
figure out the opening or window i~ that
will be necessary in the core of propar cross-
section in order to just got the windings on
without wasting any <pacc

The best thing to do 1~ to decud
on a tentatnve length of winding mak
g a full size drawing of the t1.ns
former on  a shect of  papa FFiem
the wnte table fnd out how man.

turns of wire per lavar can be obtaimmed 1n
the primary winding  Lcave at lcast 14
between the «nd of the winding itsclf oned
the adjacent lcg of tho core Divide  he
total numbcr of tuins that will be nceded
the winding by the numbar of turns per
laver to find out how many lavers will be
needed to get the rcquited numbar of tuins
on. The depth of the winding can nost be

-

to allbw 147 betwaen
the core ana tne m ade Tavey of wire for -
ulvr n Al w0 ~alaon wetwe n
favels 1 hooe o~ ) a ., oo Mo
fint heed tr CCrlodo rvou can drw
the ouhine ot tn v andie m, Just as it 1s
gomg to look as it <1y noan the dagran
The d pth of the < conle v windaimn, can he
ficarad 1 ojust th ane fa hien, using the
sane length of winun  « aes used an dhe
promary Y cnom od wir s ued ubw
tor o lvar of tan ey o bddscercanle

asceraained  Bo o suae

of wne Atthouch crouoel i ulited whne
has th best v o tactn, anotb cotton cov-
cred cramel 1 Fest to Dour lo cotton

conered wite can bo u od buc 1~ not ~o cco-

nomi al of  pace

When tnc dath ¢ todh pomiay and
coeonduy o viad oo h b n comput d,
e um o rias 1 (o rwtor of <afet )
will pive the widor of th wmlow o the
core If the diawn b gms to look Iikc D

mstcad of 1D (scc the <1< h <howmg dif-
tcrent ertangements ol ccre and waindingsy,
it will be noo ~ary o 11y o i arent vilue

fr the length of the wod ng, figuring he
Al ey

<z of the windoy out 12 11m A

R Fes

e F = ‘q‘::’/e )
2 i‘( * i j/'ea,/uu\:'r
L R
=" |
 BETTERYET

BE> BUT HARD TO MAKE

HOW THE ARRANGEMENT GF THE (ORE AP D WINDINGS
AFFECTS Tt EVOLTACE REQULATILN J- (NRe TYPL
TRANLSFOKMER

trarstormer with a latec corc ana o 1cla
tive v wmall amoun ot wire 1s best trom the
standpomt of tho cmatcwmr bulder bocanse

wite i the smaller stz w ovpensive whike
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transformer non 1~ cheap It 1v hard for
mwost amatcurs to wimd many wwrns by hand
uitle s a comvenment windine g 15 available

Attar a hittic ju.2hine with pon il and
panct the design of the vansiormear wall be
comiplcte. The noxt step will he to obtam
the matcrials and start the process of con-
struction.

Any hind of tran forric ron or silicon
steel will make a good cote. Sometimes an
old povvar transforma fhrom the local junk
vard ot from th «loctrr hight conpany can
be toin down to grt gorod and cheap core
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HOW TO PUT A TRANSFORMER CORE TOGETHER

matertals, The wiitar used the wire thus
obtamed from a wicche I compensator to put
up a complcte multi wie  antenna and
countcrposc 1 the good old trmes when lots
of wites were considcred ossentral moan
antenna sy sten, mahing a transmitting coil
and guving anway a lot of wire besides, <o
thate e other use~ for junked cranstornrer~
if you can get hold ot one It 15 not worth-
while to try to cut out cc1e matcrials your-
<elt or to usc crdiryury stovepipe 1ron as it
will nct e 4t I anmatrons ot alout 2
gauge thichn <~ heull be uscd o5 thichor
non preces will e a large loss from od v
cutrents i the core and the hcating in the
cote will be objectionable.  The 1ron must
be carcruliyv cut s~ cheo oot Jomts an the
o1e can be b1t the transtormer 1< to
have passably good 1egulavion.  L-shaped
lannnations arc convenient to use n bwld-
mg a trans’ormect Fue scpatate preces for
the four <ides can te used it thev aie 1ioe
readily obtaincd The mo thod ot asscmbling
a transfornicr core s ~hown 11 one diagram
Thice sides of the cooc can be built up. the
windings put on, and thcn the tomth leg ot
the core put 1 plwc one Innation at a
time. A1l laminatrons should he msulatod
from each other to pravent oddy anrrents
Aowing 1n the cone It thare s mon yust or
a ~tale on the ¢ore mataal vou have, that
will ~crve the paipe~c vay well  otharwiee
one side of cach piece can be coatcd wich
thin hellac. It 15 essential that the jomts
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i the core be well-made, that the joints be
square and even  Aiter the transformer 1s
assembled, the joints can be hammered up
tight using a bloch of wood between the
hammer and the core to prevent dam-
aging the edges of the laminations.
A agar box with two adjacent sides
knocked out and the cover removed
will  be hdpful in  bwlding up the
cote evenlyv. When thice logs are com-
plcted, the whole can he tied with string,
clamped 1n a vise, and the legs on which the
windimgs arc to be slipped wound with frie-
tion tape to hold them firmly i place and
to keep the non fiom damagimg windings
and msulation.

It 1~ comvenuent to wind the coils on
varnishod fullaaboard. At any rate the coils
~hould be wound on a wooden form and if
<ome fulletboard ov phable cardboard can
be put ovar this it will make 1t casy to shp
the fimi~hcd colls f1om the form to the core
without mcchantcal injury., The wires can-
not get out of place when so wound and
they are well-insulated fiom the core be-
<1des.  The wooden block should be slightly
Tweqr than the leg of the core o which the
vimding 1s to be put and it should be a few
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BRINGING OUT A TAP
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FINISHING OFF THE WINDING

inchies longar than the winding. The block
must be smooth and of just the night size.
soveral prcces ta tenad together with small
S~ 1ews at the onds will make a form of the
right <17z¢ which can be casily tahen apart
when the windimg 1s fimshed.

Iagrams suggesting ways of starting
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the winding, finishing the winding and
bringing out taps are shown to suggest the
best procedure. If a lathe 1s not available
for holding and rotating the form during
wmding, a bicycle, grinder, sewing machme
or hand drill clamped mm a vise can be
adapted for the purpose. For secondary
windings of many turns of wire a revolutinn
ecounter should be used to make the work
easy and to insure that the right number of
turns are put on each coil. It is certamly
exasperating to lose track of the number of
turns when a winding is nearly fimshed.

If a solid block 15 used for a wimding
form, a layer of string should be wound ovcr
the form before the wire 15 put on. The
ends of the string are fastened to tacks and
this string can be removed as soon as the
winding is finished, to leave 1com for <lip-
ping the winding off the form. The fullcr-
board, some thin fiber, or heavy tish papa
goes over this string <erving as a per-
manent support for the windmmg and as m-
sulation from the core. In high voltage
windings, some layers of Empire cloth
(varnished cambric) should be included m
addition and 1f a transformer to give very
high voltage is built a micarta barnier will
be necessary.

The winding itself is quite simnle. The
wire is wound on in layers as it lakes least
space when wound that way. Strips of
paper between layers of small enameled
wire are necessary to heep the turns of cach
layer even and to give added insulation.
Too thick paper must be avorded as it keeps
the heat generated mn the winding at full
load inside so that the temperature mav
become dangerously high for the m<ulatmg
materials resulting in breakdown.

1t is advisable to impregnate transformet
coils after driving the moisture out to make
them permanently good. Manufacturers do
this by putting the ¢oils in a partial vacuum,
heating, and then forang insulatimg com
pound under pressure into the corls. Trans
formers built by the amateur for filament
and plate voltage supplv can be painted with
insulating varnish or waxed to make than
nigid and moisture proof. A mixture of
melted beeswax and rosin makes a good
impregnating mixture. DMelted paraffin can
he used but it has too low a melting point
When possible, the transformer can be sus-
pended in a tank of cooling and msulating
o1l though this is not good for mdoor u-~e
as the fire hazard must be convderad
Double cotton covered wire can be conted
with shellac as each laver 1s put on. Iow-
ever, enameled wire should never be treated
with shellac as it mav dis<olve the enam 'l
and hurt the insulation and 1t will not dvv
because the moisture in the <hellac will not
be absorbed bv the insulation. Small t1 an~-
formers can bhe treated with battery-com-
pound after they are wound and assembled
Usually, a home made transformer that is
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varnished or protected from moisture by
shella¢ can be mounted as <hown m one
dragram and will stand up indetimitely under
the intermittent service of amateur radio
work. Therefore, a can of msulating
varnish or shellac and a small brush with
which to applv it will be made part of our
transformer building equipment.

In staiting the windmg, hold the loose
(nd on each «<ide of the winding form byv
folding a two inch picce of cotton tape

C.*ton lave
27 duens
,\ £ Fbe quct
8 oo &2 1uer

Litne or otter
d gra
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(\K }I STARTING THE WINDING
h

around the fin t tuin i such a way that the
following turns hold the fitst one in place.
Coil up enough wne on the end to provide
a lead fiom the mside of the coil to the
termmnal board aftay the transtoriner has
becn mounted  Atter mahing a good start,
the winding process can be speeded up. In
winding the coil. teed the wire with a cloth
over your hand about two o1 thiree feet anway
ftom the rotating form. Keep the wire as
tight as possible without danger of breahing
it. Wid the wite m even lavers with no
turns dnectly on top of cach other to take
best advantage of the available space.

When about half an mch irom the end of
the first laver, lav on some more picces of
cotton tape to bend back under the second
laycr, thus holding the end turns securely in
place. If very thin paper or no paper at
1l 1= used between lavers the =ame thing
can be done at the end of each laver. Using
verv fine wite with paper between lavers no
additional suppoit for the end turns will be
necossarv, especiallv 1f the precaution of
endimg the lavers abtout one eighth inch
from the «dge of the paper 1< observed
Where no paper 1= u<ed, run the layers as
near to the end of the form as posible, keep-
mg the wire as tight a< y.os<ible.

Kheep watch 101 shorted turns and lavers.
If just one turn sheuld become <horted in
the entire windmg, the low voltage to flow
tm 1t would cause a hcavy current to flow
which would burn 1t up, making the whole
transformer useless

Taps can be takoa ofl” as the windings are
wa e af 1t 1s desiied to have a transformer
aiving sevelal voltages  The divgram plain-
lv shows the method to be used in making
taps and in finishing the winding. The more
taps there are, the more difficult becomes
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the problem of avording vwcakenod msula-
tion «t the points whare *he taps are nrade
Taps shculd be arr imgad o that thoy cone
at the «nd «f th: laver whanaver possible.
It the wie 1~ v 1y snall, the onds of the
winding and anv taps that &1 madc should
be of heavier wit o to provice a stronga
lead  Unlcss the 1nsh d windimg s w1l
taped. a piece of fullotoard or heavy papcr
should be put over it typravent the winding
frtom 1cchamad ey as well as to mm-
Prove s appo e

IMigh vol age corls
varnishod cambre tape

should be caved with
I ow voltage coils
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WAYS OF MOUNTING TRANSFORMERS

can he tapad wath briction tapc ot wi h un
frcatad cotton v aad v oshad e
Alvavs lav the tape on moethly so that
coch tart advances helt th w dth ot the
precodimg one PPull the tape tight but not
<o tight as to pull th windine out of shape.
The lcads ~hould tc v Jdlnn alat d High
volthac lowds can't 1o thruazh v noshed
combine tuntae ot the *snazhatti™ that 1 on
1o at the local v ivho to Pice ~ of 11
tubnlay <hee lacime e good enough to
covee the Tow voltave Ioads
Wh 1 shippmg thc ¢ nls on the putnilly
asscmbled corte be suie that the lewls do
not touch the core If the wimdings fit
leoscly some small vo lon wedgos <hould b
dnven o plwe at cochond Last of all,
tho othcr Jeg of th core s put in place and
ditven up veht 1o the colls are weodged
fumly and wound t ehtlv and the core 1~
tapad, clampad v boltad between sonic
st ps of wood o1 bak hte, the tbanstoirma
v I not hum  Jt will oparate with veary
I'ttle noise anvway if th <2 procautoons arc
ol wcrved [ast ot Al the tiansforma
hoild  bhe mounted Aty Tevving the
primary winding cennected to th
Ime 1o ~cvor T hewrs + chould Yoo onls
Shohtlv warm Tt 0 draws mu h canen?
or gots bot thae o~ <m cthimg wrone and
m e« <hort «n wite ' tion e probabh e
cronpstble o hch will contimue to ¢ wise over-
heat n2 and nreworkhs Tatar
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Somc 1”7 x 17 angle non ot preces of 1ron
strap of the night size, make an excellent
mounting  The core 15 clamped tightly by
stveral bolts at the corners. The terminal
board <hould be of bakelite and situated so
that there 1s plenty of 1oom for the leads to
come up under 1t trom the windings below.
Scvcral ways of nounting transformers and
puttimg on the termimal board are shown.
B» sure to separate the terminals from the
different windings as much as possible so
that thete 1s no danger of their becoming
crossed. Ordimary binding posts, 8-32 or
10-32 brass ot mickled brass machme serews,
or even Fahnstockh (lips can be used on the
tcrminal board tor making the connections.

TIIIIRS

With all the rectifier atrangenients that
have becn descnibed a fhlter 16 essential to
taprove the note and to suppress any A C.
hum that mav get thiough from the supply
source,  Kvon with a motor generator set a
fltcr may bo neerssary to take the com-
mutator ripple or “burt” out of the note
anless thc motor generator happens to be
upplymg a crystal-contiolled set. In some
cases a suitable filter has been mentioned
when drcussing o diagramming a par-
trcular rectifier system.

A filtar of the so-called “brute foree” tvpe
usig a S0-henty to 100-hemiy choke coil in
~cties with the high voltage leads from
tcctifier to sct, and having a two-microfarad
(o1 larger) condenser across the mgh volt-
1ige line on cach <side of the choke will be
satisfactmv for filtering the output of al-
most  anv  rectifica ot the  electioly tic,
metcury-ate, Reetron (vacuum tube), or
gascous conduction tube tvpes. With the
addition ot the devices mentioned 1n connec-
tion with the syvnchionous rectifier, such a
fi'*ct of the “brute force” tvpe <hould also
gnve a fonlv good note from a *syne”, which
I~ well known as a hard subject to filter

+ 20 bo "0 Merru Choke

—ﬂmuw—’—*<
ovtr Input
o L_J frgm

to ’
24 2uf Rectifier

s ator

'BRUTE FORLE  FILTER CIRCUIT

I'he condensers across the high-voltage line
1ast alwavs have a voltage breakdown high
onrough for ~ajetv vnder no-load conditions
(when the voltage 1s highest).

When a filtcr of this sort s used the kev
must alwavs he placed between the filter and
the sct.  The filter tands to smooth out all
nicgulatitics i the supply and 1t will put
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“tails” on the dots and dashes in an attempt
to smooth out the keying 1f the key 1~ put
on the power-supply side of the mam filtcr.

One of the best ways of mmproving the
note obtained trom any trcctiha and altar
15 to “float” a high voltage storage 1attary
or diy cell battery night across the output to
the filter (or across the rectifier atself 1t no
filter 1s used).  An cniergency powar supply
can be combinad readily with the usual com-
mercial source of power i this fashion to
good advantage. Suitable relays for pro
tective puiposes should be installed to dis
connect the battery trom the ine evary time
when power 1s cut off——othcrwisc it will be-
come discharged through the rcctifier and
transformer winding. The best <ot ot a
relay to use 15 one that uses powar trom
the local mains (or from the yoctificr itsclf)
to close the connections batwecn battery and
high voltage hine when the powdt 15 put on
A spimg pulls the contact open whancvar
the power goes oft 1if a good soundar rclay
such as described i the appendin s used
A hght “trichle charge” duning the parods
when the set 1s 1 operation will keep the
storage battery charged. Tf a bunch of diy
cell batteries are “floated” in this fashion
with a 1everse cuntent of sevearal nulh-
amperes, the depolarizing eftect will prolong
the useful hite of the batteries to much I
vond the otdinary hibcral shelf Lite  Any
sort of high voltage battaiy will groatdy
mprove the note. In fadt, a battaiv s
supetior to anv kind of filtcr for most pn
poses. Anv high voltage battery should
be sectionalized by suitable switches to pre
vent leakage currents and to make 1t ¢on-
venient and safe to handle  In ~ome¢ hoad
casting stations where D C generators sup
ply hundreds of amperes for heating the fila
ments of 10-hilowatt water-cooled tubes, a
relatively small lead storage battary 1« sim
laaly used to supptress commutator ripple

AND BUITDING (HORIL COLLS
10R THE lILTIR

DFSIGNING

The design and construction of chohe cotls
to use n fltering the plate supplyv ot an
amateur transmitter can be cartied out n
the same way that the bulding of a trans
former was developed. The boesic design
punciples are the same and the buillding o
a choke cotl 15 evan simpler bocause no tan
are necessary and only one cotl 1~ vequired
on the core.

A full page chart, reproduced from QST
chows the dimensicns for building chohe-
that will meet most nceds of the amatcu
for removing the commutator nipnle from a
D C generator or ~moothimg out the 1ipple
in rectifred 25-cvcle and 60-cvcle plite sun
phes.  Of comrse the cholkes must be used
with suitable capacities to make an off ctive
filter. Though 1t 15 usually best to make
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chokes, the filtar condersers can be pui-
chased r1cadv-mad  f1om any of the reput-
wble condens v mau nacturas As this s
a4 practical 1ach 1 (han o ‘hoaretwal book,
1t 1s nou pessinle to als us the thoory ot
high-) ass anl low pass nliers Some goaod
bools on tcleptonc transm 1en trom the
neatest public by ey will cover this theory
tor teadcrs who wane 1t Choles of mduc-
tances batwern the values given in the table
can bo made by using o ~< tuins of wne n
the winding  Indudtance vanes about as
the squatre of the tawub v of tuins so that
wng half the numbar 1 turns specihied
¢1v ¢~ onc fourth the induct inee More turns
thait those spcan d m the tible must not
he used as the core will bocome satawed
Diman tons b and ¢ ¢iven m the table can
be undorsteod by 1ctarence to the diagram.
The artangemant of <o ¢ and winding 1<
upposcd to be that of the diagram. also.
The bo~t core matenial s the <ame as that
~pecificd cor buwitding vanstornicrs - sihcon
<hoct <tecl. The lam 1w ons should be L0117
{or lcss) thich covared with shodlac or rust

to roduce «ddy canreat losses Ifme 1non
wite 15 excellent as a ¢ne matenal, also
While intarlcaved cortnars are almost a

nocessity tor a good transtormer core, the
cote of vour choh  coll shaould be made with
1 batt joint An cirogap s needad moany
case to provent saturation of the core and to
cftar a means tor admu fm nt ot the n-
et ne Aftar he gy s adjstad the
cote ~hculd be «lu pea frmly <o that the
magnctic pull will not change the adju-t-
ment and to = qu t opcration  Besidos
clamping the cor L a ~substancal “Fras<” an
gap con bouscd or a wocd noor cloth wedoe
msctted m the an gon to provent vib1ation
and make the adjoromant pormanent . The
total art gap 1t th tc 1~ marc thon ong, will

of comvs he th um Hf the length of the
~eparat » il gaps
Wioe with ¢4 st hition <should he uscd

to make an cconomcal d c1ign T uer wie
uses up a great deal or spoce without giving
much md wtance Tt s bost to waind dircctly
cn the cor = with just a mmczle lava of tave
bctwern 1f pos< ble  Moic ansulation will
he 1 qurad tor ¢hokes that ave to be placed
m high voltage plate sapply hnes but this
~hould not he any thicher than s absolutcddy
N CEssa1y Betore statting the winding on

the core, put come Oitten <~ adong it
and fastcn some h vy cudboard o thin
micarta  end  flange m - phice Attar
wind'ng the coill th anc can bo tiwed
over the coill ty ke p the wne fiom
nrcadmeg Too vuch tone should not

Lo put on o1 the ¢boke will not Lkeep ool
und 1 locd conditbons The wite <1izes 1n
‘h table arc censcrv 1y and 107, motc

urtent can be carried continuously and ¢ven
mot« tham this mtermattently Tf the wind-
mg 1s very decp. the cooling will be bett »
i the conl 1s sphit into two scctions to <hp
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on each long core picce. 10 more turns
w 1l necd to be added to each coll to make
up for the magnetic leakage between cotls
which 15 mereased by <phitting the windine.
Heavy flexible leads <hould be soldered to
the ends of the coil and taped down to pre
vent their brealang off.

«-SHORT CORE PifCe

[e-LOMG CORE PIECE

WINDING SPRCE

RRRAMGMENT OF INDUCTANCE COILS

The action of a filter may be Iikened to
thoat of a big fliwheel that <tores energy
n the magnetie field of the ehoke and 1n the
electro-statie field of the condensers placed
across the hine. The filter absorbs energy
during the ‘“peak” output periods of the
rectifier, giving out this energy duwing the
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“zero” part of the a.c. cyele to keep the
supply voltage substantially constant (un-
varying) A large pavalleled condocnser
alone (75 ufd.) hdps a great deal. A
large series choke with condensers across
the hine at either «nd secems to work best
and this is commonly i1cferred to as the

’

“brute foice” type of hlter The choke
should be over 30 heniies but 1t does not
have to be adjustcd to any particular value
of nductance. Several parallel resonant
carcmits effectively (himimate one frequency.
By means of a carctully designead hlter hav-
mg high impadance to certain frequencies,
the sevaral {undamental and harmonie fre-
quencies from the A, supply that are
present 1n the output of a rcetifier can be
suppressed. Thiee good flter ciremts for
60-cyele supply are shown i one of the
dragrams.

Windings from sparlh coils, amphfyving
transformers, or anv old coils of manv turns
of small wire can sometimes be pressed into

30 Henrys

TIV 2/J/¢/s each ~.—[—I

"Brute Force’Filter

A
SECOND
[ 8EST

30 Henrys

2.92 Hy.

2.92 lly

6/.1/4{ ” //,;4tga§ﬁ4n1— [ 6/afg
T |
*Brute force” Filter plus traps
B
BEST
2 9Hy. 2 9Ky

14 85Hy 103Ky 103Ky 14 S5Hy

THREE GOOD FILTERS FOR RECTIFIED 60~ A C.

use to use with the plate supply equipment
for a low-powcr transmmtter. All that is
necessary 1s to mount them on the night <ot
of a core and to adjust the air gap. Any
transnutter using « U X-210 or larger tubes
should be provided with a good 1ectifier and
filter using onc of the chohe colls whose
dimensions are given m the table. Sets of
lower power using 1eceiving tubes can some-
times be filterad by making use of some old
spark coils such as find thar way into every
experimenter’s “yunk” box.

TORD COITS AS FITIERS TOR LOW-POWLR
SLIS

The connections of a Ford (ol and the
method of connecting two coils with their
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condensets as a filter are shown m the
sketch.  Such a filter as that described can

be made fiom discardc ! coils obtamnad 1ot
almost nothing from local automobile 1c¢-
One coil will cut down the tipple
and

palrmen.

somew hat two of them connected as

CONNECTIONS OF TWO TVPES OF FORD COILS

shown still have sufficiert inductance to 1m-
prove the tone gieatly without reducng the
plate voltage motre than 207..

There 15 a condenser shunted across (he
vibrator contacts which has a capaaty of

3 te
Fad Contacts not used
- {/vsu/.:t‘/an here between }
— " “tontalt po nts =

METHOD BY WHICH TWO FORD COILS

UR'S ITANDBOOK

sistance of the many turns of small wire is
tather high and <o the sccondaries of two
spath cotls must be conncted in parallel as
~hown to secure best vesults. Th: jrimary
winding docs nct heve much imductance and
1> of little value  The sccondary of a Ford
coll has a resistance of about 5,000 ohms
which will ycduce the plate voltage a good
bit 1t uscd by psclf.

K

GAr
ACTION

ADIUSTING  tH) AR AND  TISTING

FITIIR

The simplest wav to adjust the air gap 1
to conncet the tiltar to the load with which
1t 15 to work, chorging the an gap until the
best filtcr action 18 obsotved A too Tuige
an gap will reduce the indu tance and the
chohke will be mcfloctn A too small gan
will allow the core to beconte saturated, and
the chohe will be just a~ mditecty e

The r1ght value for the ann gap 15 one
that uses up about nine tenths of the ampere
tuins of the carl to mamtan flux in che an

H

&

ARE USED AS A FILTER IN A LOW

POWER TRANSMITTER

about 1 micofarad and which will casily
stand tour o1 five hundicd volts and (s
should be connected <o 1 18 actoss the out
put of the reetifier—it will not be as effective
1 placed noxe the tube A thin prcce ot
msulating materal must be placcd between
the contact pomnts of the coil and bctween
the lower contact atm and the core but 1t

SEC
+ 7o Prare
boh '
%o Recr —
(W] !J SEC
- 05§
MF
KEY
7o Fre

is not necessary to tear the colls down to
make use of them.

There are at least two  tipes  of
cotls, the one indwated m «(ncut A
which  has a  brass  backing  on  the

vibrator end and the once indicated m circunt
B which has a wooden «nd  The DC re

The test ot the magneto motive foice

Zop.
magnctizes tho e A\~ the permeabdity
of anr 1s umty anl that for <hcdt steel 15

about 3,000 (avcrage), the 1atio ot an to
1nton can bo detarmimad appronimatcddy but
the 1ron »aries ~o n uch that the exact value
mu t alwav be d cded by trial - For a core
of 10 total length, an an gap «t about 05
ol a hittle less will mact averige requne-
nments

Any one of th orant <hown for (estuing
filter action can he used. Dou't leaee off the
grownd  Don't tonch or wear the phoncs.
Hhigh voltagc dinrcr curient 1s dangcarous and

contact with any part ot the circut may
causc a severe burn or ven death  You
can listen to the output of (h filter without

touching the phones  After cach test, turn
ol the powar, unclamp the core ot the choke,
set the ant gap to o ditterent value and try
again - When things are properly adjusted
the sound i the phones should e very weak.,
Kheep the tddephone headsct on the table
wath one <ide groundcd.
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CODL, INTERIERINCLE PROBIEMS

Amatcurs arc oftcn unjustly blamed sot
code mterference when the trouble 15 due
to some other source. [Foreign ships and
commetcial radio telegraph services some-
tunes cause bad mterfcrence to radio tele-
phone broadcasting  This mav be cuted
manv cases by long-wave wavc traps similat
to those for short wave worl that will be
deseribed n detail  Power leahs from elec-
trircal  distiibution  svstems,  disturbanees
from thermostats in heating  pads,
flatitons, and o1l hecaters, mtaforence
fiom street car hinee, dal telephones, lToose
electiic lamps, 1gnition systoms, vibrating
battery chargels, mechanical rectifiers, and
violet-rav  apparatus are other possible
sources of mterference, not to mention the
neighbor who operatcs a “bloopar”  (an
oscillating tecenver which rteelf 1o a mimia-
ture transmitter without a license)  Manv
of the broadca t recennars sold todav ave
Still not propatly selective, espectally when
the antenna 1s connected to the “secondarv”
coil instead of couplcd to it magncticallv.
All this pomnts to the conclusion that the
broadcast histener as well as the amat<wn
concerncd must approach the interference
problem with an opcn mind and a broad
view point.

The best wav in which a sowee of code
intet ference mav be definitcly located 15
through the 1 nowlcdge of someone who can
copy code  An opcrator can nstantly dis
tingish the soutcr of mnv othor hinds of
interference, too, though his advice will be
most veluatle in code intarfaence cascs
If impos~1ble to (il in a local radio operator,
1t 15 often pocsible to bring loudspeaker ot
phons ~ ta the mouthpie ¢ of a tel phonc and
to call a radio station operator o that he
mav hsten and  mahke  recommendations
Tiouble from powar leaks mav be trwad to
its sowrce dincctly or reported to the local
officials of the lightine o1 power commanies
that are now taking an interest in such mat-
ters that affcet th public velfae Thev
are cqupped to hunt trouble a1oplwee de-
fective nsulators, remove swineing witcs,
1e-bond rails, ¢tc , as may be 1 quirad

While the advent of <hoit w nves for trans-
mitting has nunimized code-mtcifer nee, a
rossihility of trouble <till exists when an-
tennas are adjacent, when the powar sour »
for transnuttcr and broadcast 1cccner s th
<ome, and also when certain types of power
supply are used in the transpmtter If a
transtitter is too tightly counled to the an-
tenna, local disturhances arc ikely to occm
A pure direct-carrent plate sunply (B bat-
teries or motor-genciator) is hikelv to cwse
“planketing” by blockine the enids of the
receiver with large amounts of R ¥ voltage
In effect the broadcast signal 1« greatlv re-
duced m s<tiength ot shut off altogether
The use of plate supply from a <pailing

synchtonous rectifier. spaik coill used with
vibhrator, grid (chopper) modulation, or hev-
g of a ditect cunient source without any
cushroning inductance m the crcmt, 15 hke-
v to lead to certain difficulty.

The patticulat short-wave band that 15
chosen for operation will in a measutre deter -
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nine the amount of mterference trouble to
be cwpected With <switable precautions
operation in eny amateur band can be car-

1 d on contmuouslv wathout mterference
resulting. A good plate supply, a
cuitable  transmiutting  arcuit,  cortect

Leying for the artangcment wused, and
a location free from “single curcuit” broad-
cast tuners (such as the Radiola IIT and
1ITA) which are notably non-selective, are
desitable. Work in the 150-200-meter band
(adjacent to broadcast territory) 15 perhaps
most hikely to provoke local interference
trouble. 80-meter operation s less likelv
to give trouble. Inteifacnce results most
rarcly from 20- and 40-metcr stall ition

If an omateur transmitter operates on
any wavelength 1n a self-rectifving circuit
utilizing but half of the ac. cycle and local
browdcast hsteners use A- or B-elimmnators
worhig from the same source (distribution-
transfoirmer secondarvy) interference 1s cer-
tain to occur  This 1< due to a voltige drop
on just one-half (vdle that “modulates” the
soutce and affects as many people as mav be
supplied by a single tran~foimer. The cure
15 to get an indmadual distiibution trans-
former, to install another tube (or other de-
vice) working on the other half-cycle, or to
put 1n a rectifier <o that the power taken on
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both halves of the a.. (yele will be con-
stant.

Almost any other kind of amateur inter-
ference may be cwred by installing 1adio-
frcquency chokes and hy-pass condensers to
prevent R I°. leakage back into supply hnes,
by placing adjacnt antcnnas at 11ght angles
and as far apart as poaible, by usmg key-
thump filters to suppress kev clicks and
bloching effects, and by stalling smtable
wavetraps m antenna or giround leads of
the broadcast recenver to mprove its selce-
tivity at the transmitting wavelcngth.

WAVIMITI R TRADS

Any wavemetor coupled to a few tuins of
wire m scries with the antenna of a broad-
cast 1ecerver will act as an extiemelv high
mpedance at the wavclength to which it 1s
adjusted.  Signals of that wavelength will
be excluded. A wavimcter sueh as described
m the chapter on 1adio measmements will,
therefore, make an excellent piece of ap-
paratus to press mto saivice to separate
intafering <tations or eliminate code 1nter-
ferenee, providing a col 1< used that mahes
it possible to tunc our wavenicter to the
wavelength of the interfering station.

It 15 rccommended that an exponave
warvetrap be built and installed in the an-
tenna o1 ground lead whenever a <ot 1< not
sufficiently selective. A tvacuum tube re-
cenver of any kind can be 1mproved in this
manner. [Nven a single-aircwit tuner (hav-
mg dnect mstead of magnetie coupling to
the antenna) can thus r1educe or chiminate
code-interference even though the tiouble i
inherent 1n the de<ign of such a receivor
Receivers (Jose to a code station pick up

SIMPLE AND EFFECTIVE
WAVE TRAP TO REDUCE OR
ELIMINATE INTERFERENCE

Values for corland condenser
mﬁy be chosern from charts
ortables lo tune overdesired
wave/erzyt/z rarge

SET
to

forced oscillations in their coils and antenna
unless proparly shicdded, but a trap-arant
will usuallv ehiminate the tiouble.

Here are <ome sugge<tions for the con-
struction of a <uitable wavetrap for
eliminating <hort-wvave code. Inexpensive
parts mav be obtained for $1 00 or less fiom
any of the local radio retail <tores which
handle paits (1) A coil and (2) a vari-
able condenser, are the onlv parts needed
m makine an effective wavetrap. The coil
can readilv be home-made. The condenser
need not be an expensive condenser-—it need

THE RADIO AMATEUR’S HANDBOOK

not even be of the straight-line frequency
tvpe because, once adjusted, turthcr tuning
of the wavetrap 1< unnecessarv., A discarded
17-plate or 23-plate condenser of any kind
will be suitable and many <uch condonsers
of the straight-line-capacity or straight-line
wavelength type are availlable at 50c¢ or
thereabouts at local 1adio stores.  While un-
suitable for modein broadeast set construe-
tion, they are entirely suitable and practical
for wavetrap building.

The diagram <hows just how the coil and
condenser aie connected. I'mst the <ol 1«
connected across the condcnser terminals.
The antenna 1s then connected to one side
of the coil-condcnser combination, the lead
to the bioadcast r1ecener connccting to the
other <ide  Too-long antennas often make
an otherwise good broadcast 1ecciver non-
selective.  (Ovar 100 feet 1~ considered poor
practise.) The number of turns to use mn
constructing wave trap coill« (of No 16 to
No 20B & 8. D C (. wire on a 3-inch form)
is shown 1n the following table which as-
sumes a 0003 miaofarad (max ) variable
condenser Tor other <ire< of coll or con-
denser refer to the short-wave tuner chart
given clsewhere m this Handbook. It is well
to mention in passing that the coil designed
to tune to the 80-meter band will also cover
the 40-meter territory when the condenses
is adjusted to nearer minimum capacity
Several tuins nught be used in a 20-metor
wavetrap if the maximum condenser capac-
1itv were first reduced bv removing several
of the plate« It is convcnient to buy some
of the <elf-<upporting coil material bv the
foot. chopping it up into <ections having the
night number of turns.

o _Wa\ elength of

Coil (3~ dla_.)_

Iat 1taring S1enal R onnn d
150-200 meters 20-23 wurns
75-85 " 8-10
375-428 » 1-5 ”
18.7-21 4 ” 3 ”

Install a wavetiap as <hown Then turn
on the broadcast 1cccnver and tune in the
interference until at 1S loudest  Next, turn
the dial of the wavetrap until the interfer-
ence 1~ brought down to zero—or minimum
As the dial is turned, the sound should de-
rrease up to a certain point, beyond which
an mercose in volume of interference will be
noticed. The dial should be moved back
and forth slowlv several times until the
absolute zero or minimum is found. Leave
the trap-circuit adjusted to this point. It
will not be neces<ary to touch the wavetrap
or readijust further unless it 1o desired to
check the <etting in case of finther interfer-
ence. Itis a good wdea to note the dial set-
ting on a piece of paper so that it can be
quickly re-set at the right point in case it
becomes accidentally de-tuned.
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Once the wavetrap is installed and ad-
justed, broadcasting stations (an be tuned
in as usual at any point on the dial of the
broadcast receiver. The trap will not in
any way influence either the volimne or tun-
ing adjustments of the broadcast receiver.
Once adjusted for a locally intertering code
signal 1t will not be necessary to pay any
further attention to it. A wavetrap 1s
simply a tuned rejector circuit —tuned to 80-
meters for eliminating code --to a broadcast
wavelength for separating interfening
broadeasting stations. A (ode wavetrap
will not work for the latter purpose—more
turns of wire will be necessary 1 a coil tor
such a purpose.

In broadcast receivers of faulty design in
which the antenna is connected directly to
the tuming coil (as in a <ingle-circuit re
ceiver) wavetraps are helpful in adding arti-
ficial selectivity. When pos<ible 1t may be
better to get at the matter more directlv by
making a few simple changes in the recen er
It is an casy matter to add a coil of 10 or 15
turns of wire around the main tuning coil.
then connecting this “antenna coupling col”
to antenna and ground. The looser this
coupling is made the less the danger of in-
terference.

If a radio-frequency amplifier has one of
its stages 1n oscillation 1t 15 pos<ible for one
of the higher harmonics of the broadcast
tuner’s oscitlation to fall in an amateur banel
and receive a beat note with amateur <ig
nals. Similar troubles mav be noted with
superheterodyne receivers. To test for a
direct pick-up between the coils of receivar
and the transmitting antenna, disconnect the
antenna temporarilv. Shielding the 1ecener
more thoroughlv will help in caces of direct
pick-up. If radio-frequency energv fiom a
transmitter is leaking to wneighboring re-
ceivers bv wav of the 110-volt line, some
R F. chokes of hushv wire located 11ght at
the transmitter and a few bv-pass con-
densers across the line or between line and
ground mav help. A c(hange in antenna
location will be necessarv if the pick-up is
found to be made inductively from the an-
tenna. Running all house wiring in
grounded BYX <should entirelv get around
such a trouble as this.

KFYING

Keying troubles can be avoidcd by usng
keying circuits which apply the plate volt-
age gradually instead of verv sudderly. Th-
use of a suitable thump-filter (diagrammed)
will help in manv cases If a «<et 1< allowed
to oscillate weakly instead of having it<
plate voltage cut off abruptly there is less
likely to be local trouble with kev thumps.

When battery or generator D.C' is used
with little or no cushioning inductance anv-
where in the circuit to control the aprlica-

tion of plate voltage, oscillations rise quick-
lyv to their maximum value (steep wave
front) and receivers tuned to almost any
wavelength are apt to be blocked, particu-
larly near-by ones, at the instant of keying.
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PRACTICAL THUMP FILTERS

Something must be done to make the tube
start and stop osallating more gradually,
vet not too gradually or there will be no
clean-cut keying.

A key-thump filter is <imply a 3-henry
choke and 2- or 3-microfarad condenser
placed between the key and the set to do the
t1ick of slowing down the application of
plate voltage in the right amount. Several
tvpiecal keying circuits are shown as sug-

+

L RFC rooovolls
4
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“CLICKLESS” KEYING CIRCUIT USED WITH
STORAGE BATTERY PLATE SUPPLY AT 8AX

gestions to anyone experiencing trouble
fiom key-thumps,

If a ciremit 15 highly inductive the key
mav sparh or arc Connecting a high re-
ststance (or a combination of resistance and
capaaty across it) or changing the key to
some other part of the circuit may get
around the difficultv. Some experimenting
1nav be necessary to it upon just the right
values of resistance and capacity to use in
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series across the key to ehminate spairkhing
altogether.

Keying 1in the primarv of the high volt-
age transtormer s excellent with a self-
rectifying (it from the standpoint of
key-thump chmimation Keying 1n the nega-
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_KEYING CIRCUITS

tive lead to the high voltagc 1~ good practise
when rectifict and hlter are uscd, the key
being placed on the set «<ide of the brute
force filter. The aim of the key <hould al-
ways be grounded tfor safety. Keyving n
the center tap 15 popular as the negatine
grid potential (with key up) quickly brings
the plate curtent to zero with no spaiking
at the kev even in high power sets. How-
ever, this arrangement positively cuts off
the supply voltage and the RF. cuirent 1n
the condenser-coil circmt and may produce

hev thumps unless just the right gnd-leak
values are observed.

Keying 1 series with the grid choke
the grnid-leak c«ncut mav lead to consider-
able hand capaaty on the hey and 15 not
hghly recommended. However, if the key
15 some distance from the transnmtter itself,
having two small chokcs 1n the keying line
directly at the <t o1 a big by-pass con-
denser across the kev, or both, capacity
effects leadirg to fiequency change on the
shorter waves can Le avoided.

BRI \K IN OPLRAIION

In the chapter on operating practices,
brcak-m 1s discusscd  There ar» many ad-
vantages of ~uch opcration. “BK” sent once
bctween short CQ calls myites anyone histen-
mg to answer immcediately. While the trans-
mitter s gnong the CQ, the operator 1s care-
fully tunimg over the band to histen for sta-
tions calling him.  With break-in operation
1t 15 not necessary to wait until the end of a
transmmssion to ashk for repeats. A long
dash will stop the other operator and vou
can ash him what vou please. Commer-
aal station< use bicak in when working
ships at ~ca bhv contiolling transmitters
many miles awav ovar land lines u<ing 1e-
lavs to start, stop. and key the sending set.
It 1< not necessary ¢ven that the transmitter
be very far awav to take advantage of
break-in work, though generally the more
distant 1t 1<, the better the break-in system.

[astening on the receiver while sending
constitutes the basis of everv break-in sys-
tem. A <hort antcnna for the 1ecerver mav
be put up at 1'eht angles to the sending an-
tenna. Some magnet wie strung across the
room or put bchind the picture moulding wili
bring in the shoit-wave signals m fine shape
and avord the difficulties of changing ot er
the antenna from the <ending to recening
st Often, the <1ignal can be picked up
without any antcnna at all if the receiver 1s
unshielded o1 1if thare s some couplhing to
the transmitter due to 1ts adjacent location.
In this case there will be trouble 1n working
v ak-in on waselcngths close to that on
which the <nding <t operates. If the
transnntter 1< close and vou hey in the nega-
tvve high voltage lead, vou mav not be able
to copy statrons scnding on vour own wa\e-
Il ngth  Thae mav be tiouble even when
the hey is un fiom osaillations of the trans-
mittmg tubes causcd by voltages fiom the
filoment tran<foimer which come fiom an
unbalanced center tap arrangement. If this
cennot be cured by putting in a true center-
fan, it will be best to locate the transmitter
further awayv firom the 1eceiver and to use
remote control.

A satisfactorvy method
grd (nout to stop oscllation.

15 to break the
This can
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cause bad key thumps and give the oper ito
some bad radio frequency burns, too, if a re-
lay 15 not uscd  Best ot all 1~ the u<e ot a
relav that breaks Loth plate and gnid on-
curts 1 propar sequence absolutelv provent-
g oscillation, and elimunating kev chicks
due to th> fact that the o~aillating (ncutt
15 not bioken abruptly as in “gnd” keving,
but the plate voltage 1s fuist cut ott throueh

%o primary fulerum

g_/ plate Contacts

Rans or . A

e ZN7 %) —

27 ge. E g ’ ; ) 4 e grrd

&B ! of o5, atory

& _J_" C curt

To shunt or
ground of Rec set | Armature
=T
|Contacts
l I i To ée}/

Switch

DIAGRAM O A TEACH RET AY

Contacts at A dlose first heforc those at B dosc apply-
ing the platc powcr Ihe contacts at B open nrst
(a tew thousandths of & sccand boforc those at
A« hoth <dts of contacts opan positivedy thare s doad
«ilence 1n the phonds hecause all osallations are
pusitively stopped lhe avniaary contacts at ¢ open
o trifle hdfore those at A and B dlos, mahing it
possible to usc a S0-cant pony rddav with rovorsad
contacts t) shunt or ground the ~¢ ondaryv circurt ot
the recunver, heeping a high-povcrad cutht from
burming out cotls or condenscrs o mahing the »rid
leak noisy and positivddy prevanting tho re eover
tobes from bhlocking  The switch <bould be ap ned
when Listcning tor anv length ol time Such relave
mav he obtamdd from T H Runndl & (o n
New York Oy

a suitable “thump” filter <o that the osalla
tions die out more gradually - Anv tclay hay
g two scts of msulatcd contacts and st
able adjustments will do.  The Leach 1alag
diagr ammed s well-cuitad for this usc as it s
<0 attanged that the gind circuit 1< closad
fmst, the power bemng apphicd to the plate
aircuit thiough the other sct of contacts
fraction of a second latcr  The process 1
rovarsed when the key i< opandd, the plate
supply bemng cut oft fust hoving the plate
supply m the primary of the plate tians-
formet 1< possible when the et 1~ arranged
for A.C. CW. operation without a big filtyr
and rectifict The primairy 1s alwasvs the
best place to kev when possible as the m
ductance  of  the transformar  windings
cushions the putting on and off of platc
voltage, prevanting the hilkelihood of trouble -
some key thumps, A rcally good filtar wall
wipe out the heving, putting long tuls on
the dots and dashces due to the stored on vy
given up by the filtar after the kov s onenad
Sets operating trom 1ectifier and filter must

be havad in the plate arcmt between filter
and sct. Thev often tequne the addition of
a sepatate “thump” hltar betweon the kev
and the osaillator to get 1id of hcy thump.
The componsating nwcthod of heying con-
sists of keving 1 a loop of wite coupled to
the coil of the o<aillator thus shifting the
wayelength and amount of absorbed cnergy
at the same time  The key even can be con-
nccted i the antenna arcuit to shift the
tune by ~hunting a <mall co1l o1 condenser
in the antenna cncuit. However, compensat-
mg mcthods of kcving are not permissible
at amatcur sta 1ons bccause they create an-
duc and noadless mtatarence from  the
“back lash™ which 15 <cnt out with the Ley
open

W highly  recommend kheving with a
I cach type of rcdav in plate and gnd -
cwits Inman AV C C W transmittar, a single-
voltage <ource will somctimes fill the ball.
A doable contact rcday with one set ot con-
tacts 1in the plate and one in the giid cnircuit
1s guaranteed to giv e satisfaction.

MAKING A SUIIABIE REIAY

A heving 1cday can be made easily of an
old tddegraph ~ouundcr.  The photograph
shows a ~inglc contact rcdav made fiom a
~oundcr  The brass sub-base <hould be 1c-
movcd and a prece of bakehite of the same
size ub<titutcd  This can be diilled using
the brass base as a template Two additional
binding posts should be addad to the device

A GOOD SINGET CONTSCL RIELAY MADE TROM
A THITTGRAPH SOUNDFR

to make 1t easy to connect to the contacts.
Ls oty sl lues 1167 chich obtuned
t om a jewcler mahe dopendable contacts
These can be fitt °d 1into notches filed 1n the
timatute and tiamc ot the soundcr and
oldered m phice A pucce of copper b ud
1 a thim bi<s <sprme <hould be connected
Votween the U-shapad part of the frame and
the armature <o that the pavots do not iy
‘nv cuntent  In addition, 1t will be neces-
~a1v Lo festcn a bit of m<ulation between
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the armature and the back-stop serew to
keep the armature from closing the (ircuit
when the key 15 open. This can be threaded
and glued to the backstop screw atself or
made a part of the armature. Such con-
tacts are heavy enough to break the primary
Groeuit of almost any amateur’s plate tirans-
former. The relav will operate from the
same storage battcry that heats the fila-
ments of the recewving tubes o from
separate battery. It can be adjustcd to
work well at almost anv desited speed with-
out bad sparhing or sticking.

The diagram shows how a sct of contacts
can be added to the sounder-1elay to breal
the grid circuit. Remember that anything
added to the aimature must be as Lhight as
possible or the relay will be <luggish. The

8 «et ~
ADDING CONTACIS T') A ELLGR APH-SOUNDER
RELAY

screw that holds the two parts of the ai-
mature together (also acting as a downward
stop for the aimature) can be takcn out and
a thin bakehte stiip mserted just above the
crossed metal preces.  Contacts for the grid
cnrcuit obtammed trom an old sparh coil
vibrator can be riveted to the end of a thin
spiing (A) which 1s fastened m turn to the
bakehte atm. A <mall bracket bearing th»
lower contact and two flexible leads to ~wit-
able binding posts will complete the layout.

The spring (A) should be bent so that the
A-B contacts (lose just before the mamm
power contacts close and so that they opcn
only after the power s off.

RIMO1L CON1ROL

If you are one of those unfortunates who
live in apartment houses, vou can dispense
with the troubles of getting a one-wire or
two-wite R.F. feed Line n operation by put-
ting the sending <et nght at the centor of
the antenna systent on the roof. This will
make 1t very easy to u~e breakh-in and save
you from worryimg about losses 1n poor di-
electries which ave certain to be 1 the fiold
of the lead-in 1t 1t 15 brought right down to
the operating 100m.

In a remotelv controlled ar rangement, re-
lays can be installed 1n anv one of sev(ial
ways depending on the distance and on the

combmauons most desirable to fit the in-
dividual appheation. The problem 15 merely
one of turmng on and oft the filament heat-
g and plate supplv power with a switeh
and a key, usmg a mimimum number of re-
lavs and as small an aniount ot wne as pos-
sible to grve results.

Foranstallations up to 100 feet distant it
15 probauly Lest to use no special relays at
all—but to r1un the power leads through
switch and hey to the points desired. Three
wites will be necessary unlcss wnes from
the same powar soutce can be tapped at a
pomt ncar the ~sending sct to obtain a com-
mon lead tor filament and plate trans form-
s which case but two wnes will be
Toqun ed.

All icday contacts should be large cnough
to avold the possibility of stiching if the set
15 rcmote controlled. The outht must be
built sub-tantially and adjusted to operate
stably, too. Thaie 15 a lot of pleasure in
operating a set ~ome distance away and the
mmprovad brcak in worlk makes it well worth
considening, especially 1f your 1adio shack
15 going to be a small one. A number of
good relavs can be purchascd if you do not
wish to fix them up yoursell but usually 1t
Is nocessary to substitute larger contacts
than generally provided for handhng large
amounts of current. If a motor generator
Is u~cd an automatic startmg compensator
operatad by a switable 1elay will be neces-
sary fol starting up the set. If a synchion-
ous 1ectiier 15 1emote contiolled, a polar-
ved 1evasmg 1day will be necessary to
1everse the connections to the primary of
the plate transformer each time 1t starts
with the wiong polanty at the output.
Sunple 1clavs can be built as suggested or
made fiom spare bl or buzzer magnet
windings using a ~oft iron core and a pivoted
soft 1ron armature carryving the movable
contact or contacts  The genarator cut-out
on a Ford can be made mto a good relay
using the fine winding m the keying -
cuits,

The begimer should himit his efforts to
buildimg a simple and inexpensive low power
scnding set and a good 1ccenver and not at-
tempt to start off with a 1emote controlled
transmitter  The numerous “kats” of trans-
mitting and 1receiving paits on the market
mahe 1t ospeaally easy to get started right
at low cost Remote contiol 1s not absolute-
Iv nccessary to brcak-in work and it can al-
wavs be added casilv aftcr the elenients of
a station have bcen built and are in opelra-
tion  Remote control 15 the best possible
thing for the fellow with the cold out-door
shack or the radio 1oom m the attic where
the tamperature hits the 100° mark in
sumnr.



CHAPTER VIII

Antennas

HE antenna and counteipoise which

constitute the radiating syvstem ol a

transmittcr offcr an mteresting ficll

for mvestigation from mwany stand-
points. So many opinions uvf a contrary
nature regarding what 15 “lest’ have baen
oftered that one hardly knows which way o
turn.  This 1s espeaially truc m view ot the
fact that what 1~ “bcst” for one location
may be all wirong or at lcast lead onc to
perform unnecessary labois ot mstallaticn
and adjustment 1in another location,

A PRACIHICAL SENDING ANIIANNAY TOR
20, 10, AND S0 Ml LIRS

In the chaptar on transmttors, good ai
rangemonts mahing 1t pos<ible for u~ to
shitt from one band to anothcr at will were
described.  All of than of course depend on
being able to shitt the antinna lihoewisc
Therefore the subject ot a flecvable antenna
system 15 of suthamt mportance to be
mentioned tight at the begmning of this
chapter betore we gt imolvad 1 studying
methods of feeding the antcnna (f it can-
not be brought into the ~station) and the hikc

Let’s not try to ~hitt wave quickly to too
many bands. The penalty for that will be
lowered eftectiveness for owm =i1gnals on
some bands.  The avcrage oparator satishiod
himself until recently with wavechaing »
methods that wotked decently on two bands
—Dbut thaid 15 no rcason i the world wha
we can’t cover three bands completely and
be able to tahe advantagc ot good conditrons
on 20 metars when this band 1~ bettcr (faor
certain distances and times) than any of the
other bands.

The diagram <hows a dcsmable arrang
ment for wave shitting.  An antenna with
a natural period of 55 metcrs 15 first con-
structed by refarence to the “natural w e
length” chart fo1 dimensions You will
come upon this chart a fow pages teitho
along. If avertical antcnna and horvizontal
counterpoise are uscd, each will be apriov
mately 38 feet long.

At 80 meters the chips are put on L and
the antenna is loaded to tune to S maotars
by adjusting L. With the tran<nuttcr work
ing at some pomt i the $0-mctar bhaad th
number of tuin< in L 1~ changcd until th
reading on the antenna  ammeter (o
brilhancy of flush lamp 1e~onancc indicatar)
is mavimum At 40 meters the clips a1c put
on C and the antenna response period cut

down to 10 mcters by adjusting C. With
the transmittcr worhing m the 40-meter
band thc pomt of maxvimuwim dcflection on
the antenna ammetcr 16 found as betore.
At 20 mcters the clips are put on the jumper
J and the antcnna oparated regardless of
tuning.  This 15 possible because the an-
tenna resistance s <o high at 20 meters
that 1t does not tunc a~ sharply. A better
mecthod tor 20-metar operation (perhaps)
1~ to put the chips on L, tune the antenna to

/CV//J

cp 7

T__"_j 70 Set
C

MLIHOD O SHIFLING THE ANITINNA
10 .0, 10 AND -0 MITERS

OU metars, and operate 1t on the third har-
monic.  All thcse mcthods have assumed
the usual magnctic couphug to the osaillator
o1 powct amblifica

The short antenna s, 1t 1 true, a rather
poor 1adiator ot 50 meters but that 1sn’t a
scrious constdueration for, attar all, 80 meters
has proved msclf best for medmunm-distance
tratfic handhng.  “50” will not be the wave
~clacted tor DN Opaating on 20 meters
with the jumpa ot imductive loading (for
thitd-haimonic worh) the antenna cireuit
will be vary small but the <et will get out
bcautitully duc to the high radiation resist-
ance of the antenna at 20 meters. The an-
tenna ammcter 1~ quite a problem because
It~ 1angc ot 1cading must be so wide on the
diflcxent bands due to the variation 1n an-
tenna resistance with freguency A one-
amp. mcter will be about right for most pur-
poses It can be shunted with a wne 1f 1t
chows any tandoney to go off scale when we
c1eadiusted to S0 mcters

The antcnna loading coll described should
have about 21 tuins of wire spaced 14" on
a f-mch diamctaa foom The antenna
ceupling coll can be fined—a ftcw tuins
coupled (loscIy to the primary will do—and
imstead of looscning the coupling the an-
tcnn con be detuncd to produce the same
cftect. The coupling co1l should be coupled
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to the filanient end of the plate coil of Jhe
osctllator 1f possible, to avod a wnmg cffect
on the osallator when the antenna adjust-
ments are varned. The o<cillitor ~hould al-
ways be adjusted tc the wave wanted and
the antenna opaiated oft tune  Variable
coupling devices ate «ntircly parmissible but
give an additional control

When loading the antenna to work 1t on
harmonics the tuning 1s oiton not vary sharp.
Theotetically worhing on harmonics causes
the antenna to radiate 1ts cner v at various
angles above the herizon, dcpending  on
whether 1t 15 grounded or ungicunded and
which harmontc 15 being used. Most of us,
however, do not have ideal locations and of
coutse the antenna fiddd 1s distorted by o al
objucts anyway- o that 1t scams we can
sately neglect the theotv in favor of what
has proved good practise  The theorotical
busimess 1< woith mentionng m passing,
however.

THL HIER1Z ANIIANA

For tiansnutting most amateur~ use what
1s contmonly known a~ thc Heits antenna
The diagram <hows vartous forms of etz
antennas which differ prinapally viom the
type of antenna uscd fiist by Marconm and
known gencrally as the Marcont (vpe in chat
no ground connection 15 us:d. If an an-
tenna 1s used against ground (Maicom v pe)
1t 15 usually couplad to the osaillator niage-
netically by a coupling coil i the ground
lead.

It is <afe to <ay that thrce-fourths of the
amateurs transmitting todav use an antcma
and counterpoise -the bent form of the
Hertz, Although the electiic and magnet
field about the diffcrent foims of (he Ity
antenna varies so that the thice tipes of
antenna shown radiate i different wavs, all
three tvpes are usetul Tt vou airo bliwwc ]

Form 1
¥ertical

Form 2 Horizontal Form 3

Bent

Farth orSea

777 ’
HERTZ ANTENNAS

with a good location <o that vou can put up
a good antenna an'l countcrpoisc almost (n-
tirely in the open, you will find the bent
form of antenna <imple to put up and use
The ficld about the bent antenna 1~ mostls
concentrated between the upper and lower
parts when working at the natwal period
A vertical smgle wite o1 coppar pipe s
very useful for transnntting on ~short waves.
It may be supported ngidly on pillar-type

RADIO AMATEUR'S ITANDROOK

msulators o1 stood on a Pyirex bowl insulator
wll off the ground. The vertical form was
the khind of antenna oniginally used by
Hcrtz, and the oth 1 tvpes (horizontal and
hint) are merelv adaptations  The cleetr-
cal ficld (otten spohen of as the static field)
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LHE BTGH TRLQUFNCY VOLEAGES AND CUR-

RINTS IN A HLRRTZ ANTLANNA SFT UP ELEC-

TRICAL AND MAGNENIC TIFIDS WHICH ARE
AT RIGHT ANGLLES IN SPACE

The antenna first used Iy Herts was like the one

thown an this diagram  Bath ficlds (st at the same

time ahout an antcnna. onc morcasing as the other
decreases,

(NIStS as a stiess betwecn two  bodres
charged by opposite voltages  The flow ot
cuttent 1~ alwavs accompanied by a mag-
notic fidld around the curront-can ryIing wne.
How the two hinds ot fields are present and
at aght angles 10 space 18 shown i the
shatch of che original Hertz antenna.

The vcrtical antenna has distitbuted n-
ductance throughout 1« length. Each foot
has distitbuted capacitance to eval) othe
toot and to giound .\t the lower end, the
tapacitance to giound per umt length 1s
ereatest. The vartwal aerial has a natural
period dus to those distributed values. Be-
cause the capaatance 1s highest at ats
cround «nd the pomnt of highest curirent
(nodal pomnt) m such a <y<tem 1s about 1/3
the distance from the foot of the aerial to
the top.

The hornizontal antenna of course has die-
tnbuted mductance and capacitance the
sante as the othar types, but as the capaci-
fance to ground per umt length 1s the same
throughout the entne tadiating sv<tem, the
node o1 pomt of highcst current will be right
't the center when we aie wotkhing at the
natural nanod of che antenna

While the Maicom tyvpe antenna can he
nergized most casily by using a (ol coupled
to scme point in the ground lead. there are
manv comvenent and practical ways of
opcrating the Herts antcnna forms men-
tioned. If you live 1 an apartment house
looking out on onlyv an an shaft, vou need
not despaie of putting up an antenna that
will get out  Instead of trying to put up
A makeshft ontenna and counterpoise, voul
space limutations will moke 1t de<nable for
vou to put up a vertical antenna on the
roof, or a horizontal form of the Hertz
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antenna suspended on bamboo rods in a
nearby tree top. Such an antcnna can b:
cnergized by a voltage feed e as will be
eaplained.  The losses 1 a radio frequency
transmission hne are much lewear and ot
less mmportance than the vay important
losses of an antenna surrounded by biick
walls and steel girders.

HARMONIC OPLRATION AND NODAL POINIS

There are several wavs of oparatmg an
antenna.  Either the fundamantal pcariod
(first), sccond or third harmonic can be
used. An antenna can be worhed at am
haimonic 1f 1t 1« built to bhove the right
natural period. To use nJac antcnna at <ci-
eral of 1ts harmonics it is onlv necessary
to use mductive or capacitive loading (serics
coils 01 condenscrs) to change the period of
greatest response to the deeired value This
process corresponds closcv to the changing
of weights or length of a pendulum to
change the period at which 1t wall cwins
back and forth most 1cadilv. Loodrg coils
will 1aise the wavelength of gicite t 1¢-
sponse  (fundamental) while <eries con-
densers will lower the wavelength., In the
discussion of binlding tiransntting coils »
showed two loading coils made «speciiily
for this purpose  Any coil butlt of antenn
wire (or largei) on a <heleton form will
answer the purpose but the imductance of
the cotl shown 1~ about 11ght.

On anv It antenna we v have U
272,83 2,1 2. 52, ¢ete., wavelengthe—aliays
a number of half vaves We ¢opnot h o
a quarter wave o1 three quart 1 of a w v
as with a Marcom antenna, because we bave
a radiating svstem  of pafoctly  dofint
dimensions instead of a graamd of <o
what mdetermimate lenath Wath a Hats
antenna there 1« alwavs a high radio fi¢
quency voltage at the (nd of the «ntennm
and counterpoise  When operating at th
fundamental, the current 1~ hiobest at (h
electrical center of the radiatimg sy<fem,
and as we go along over the antenn thare
18 less and less aimrrent and ma  and moic
voltage The voltage drons ovar the dis
tributed mmductance of cach portion ot the
antenna build up to a high voltage at the
end.  The current flows 1 and out of the
distributed canaaitics all along th it nn
There 1s zero curtent at the ond of the
antenna hecause we have come (o the ond
of the wirte and there 1sn’t anvthine futho
on for a curtent to flon into—the wire with
its distuibuted provertics has come to an
end.  When operating at the difforent hu
monics of an antenna. there v < veopod
nodes or maximum curtcnt pomts olone the
antenna <vetem. Tt 1~ casv to <cc vhae
these will be on a <simnle honzontid o
vertiral antenna, but on the bhent antennas
it will take some thought to figure 1t out
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Voltage distnibution on an antcnna can he
rtead v mnvestigated by using a Westing-
house Spark ' (o1 other neon tube) as n
testing sparh plugs, movmng 1 along the
antenua and obsciving the glow at pomnts
of highest voltage Laching a ncon tube,
vou can trv for sparhs with a screwdniver

aneENT

ey

1s7 HARMONIC (OR FUNDAMENTAL)
Fwave on antenna

2ND HARMONIC
3 (vhole) wave on antennas

3rRo HARMONIC

4 wave on antenna

VOLTAGE AND CURRENT DISTRIBUTION OF
ANTENNAS OPERATING AT HARMONICS

Flade. Ir vou are uaing a UV-204-A you
had bettar Le caretul. The output will be
hot stuft, and althcugh 1adio f1equency cur-
rents travel on the suirtace of the wires and
the outside of the <shin and are not dan-
gerous to hife, one can get a bad buin. A
wll insutatcd metal rod will fill the bill.
It 1~ difficult to <how how the voltage and
aurent s distitbutad over an antenna of
the bent torm without usimg valuable space,
~0 we will show diagrams of a horizontal
antcnna and vou can apply the diagrams to
the vertical and bhent antennas which wall
probably be used m vour location by bending
the diagrams vour~clf, makmg the voltage
and current lines c1oss the axis at the 1ight
1 omts,

CURRINT AND VOITAG! TLIDS

Hatz antcnnas can be energized either
Ly feeding a large canrent (at low voltage)
to a pomt whare we can have current m the
ant«nna o1 by fcading a tanlv high voltage
(1 low curient) to a place where the an-
t nna 1e supposed to have a current node.
A typrcd canent {eod system 1< shown as
usc 1 by the majority of amatemr~ at the
11« ent writing At a gap (X) 1n the center
of the antcnna svstem 1s coupled a coil to
tansfer enagy magnetically to the an-
tenna. The colls ¢nable transformer action
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to take place and the voltage mduced m the
secondarv (8S) or antcnna coil by the prim-
ary (P) causes curnient to flow 1n the an
tenna at 1ts natwmal period. A series con-
denser 15 used to heep S from loading the
antenna to a hgher wavelcngth., Bewid s
acting as coupling <o 1t has a loading (ftoct
which must be nulhitied to wmk on the
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TYPICAL CURRENT FEED SYST_M

fundamental where 1adiating conditions are
somewhat better than on a higher wave
length. A (mirent fecd can be cut m at Y
or Z, though X 1~ the be<t placc tn 1t It
will not work well at V or W.

A voltagc feed can be artangad i a num-
ber of ways., A tuned intcrmodiate cncuit
can be usced betwaen the <ct and the an
tenna. One side of thrs ciraut can be con
nected at Vor W. It will work moderatch
well at Y or Z, but <hould not work at \
The antenna ammeter wall still need to be
located at (X) the current loop. Note
that the voltage-food sys<term connects to the
antenna at onlv one vlace, whilc th cunant-
feed system s connccted at two points  In
the voltage-feed airangement thore is httle
current in the hine connccting to the an-
tenna at W but quite a high voltage. A\
couplhing condenser C o1 conl I with varmable
taps (see the diagram “Hints on Voltagc
Feed”) is usually used 1o gne an mde
pendent coupling adjustment. Couplhing ma
also be varid bv changing the tap along
the antenna or bv connccting the feed lme
to some pomt on S or I It s elways best

Antenna Vol‘cge
-~ =

o
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73
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TYPICAL \OLTAGE FEED
SYSTEM

to use a coill, L, as a coupling condcnset
tends to emphacize harmonics (high f1¢
quencies get thiu a condenscr easilvy be-
cause the r1cactance 1< lower at I T.), whilc
a coll suppresses harmonics. A coil of 20
turns of No 14 wne with . <pacie b
tween wites on a 11, mch form will w nk
well for &80-meter oparatien Too many
turns at [ will make the antenna cunnt
drop and the primarv current o up because
of the too-loose coupling. Too few tuins

will mahke the antenna oscillations unsteady
or uncertain and give a “floppy” note. There
1s some possibilitvy that the feed line will
want to act as part of the antenna system.
To prevent this 1t should be kept as low as
pos-ible when feeding a vertical antenna.
Th cuient in the feedline measured on an
R1I'. ammeta probably will be between
and 10 per cent ot the antcnna current.  If
it 18 more than this there 15 some chanee
that the teeder 1 trying to act as part of
the antenna. Tt the feedev line happens to
tunc to ~ome haimonc of the antcnna there
15 bound to be trouble and a readjustment of
the coil (1) will be necessary. The be-
giner should not attempt to tackle any-
thime as ccmplicatcd as the adjustment of a
voltagc-ted Ilaits antcnna at fir~t without
assistance, as thae are s¢ many troubles to
avoid that cannot be found rnght away un-
less some one with experience is around to
help. One diagram shows where the maxi-
mum currents and voltages will be on an
antcnna opaating at diffcrent harmonices
and adjusted m ecach case for 50-meter
opcration.  The shaded points are no good
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ior making conn:ctions, while the points
marhked “I” and “E” are the ones where cur-
rent feeders and voltage feeders (respec-
tircIv) can be connected to best advantage.
The antcnna ammeeter should 1n any case be

macited at one of the voltage nodes (I).

ADJUSTING CURRFNT 11D SYSTEMS

At N 1n the current-feed diagram we have
a horizontal Hartz antcnna with a funda-
mental of 40 meters At B we have done
the usual thing——cut the antenna near the
center and put the antenna coupling coil and
two sciwes condenser~ m the circuit. The
coill alone might maease the wavelength
cight or ten metars, but the addition of one
or moie <cries condensers enables us to
countoract the mductne loading. If this
sist m oalene 1s used. the antenna (ncut is
timmead by C1 and C2 <0 we can wo k from
shout 35 meters up without trouble, which
1~ an advantage over some of the voltage-
tecd svetems. To gain ease mn adjustment
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Cl and C2 are right in the station which 1s
mpossible for some locations on account o
the waste of R.F. cnaigy by absorption m
smrounding objccts from the too-long «n-
tenna leads. Betome tedhing how to get
around the dithculty please note that 1t s
not necessary that A, and .\ 1cad the ~ame
to have this simple and ordinary curront-
teed system working well 1f the coupling
device 15 put at (he (nact electrical contar
of the 1adiating system the mcters will 1cad
alihe. It not, as 15 shown on the night ot
B, the meters are swmie to read diterently,
but this doesn’t matter It ncads an an-
tenna made of R, ammotars connceted
together to show best where the carrent
node 1s located. One metar and ONE scrices
condenser will answer the purpose for mo t
of us. If the cmrient at a pomnt off the
exact center of the antenna system 1s ma ri-
nuwm, the gireater current at the node will
also be maximum—the condition ror bpest
operation that you want.

If your location is idcal. the arrangemont
at B will be quite satisfactorv and thaie 1~
no reason for changing it. Ii vowr antcnna
15 1mcony eniently located around the corna
of the house or on the 100f, a current-1ced
svstem ean still be used and the antcnna
made tunable from the operating room by
putting up a 2-wire RF. Iine that will not
radiate. The only thmng to lonk out for 1s
to see that the line does not have too-high
resistance and that 1t does not get mn tune
with anything.

Suppose you have put up an antcnna ot
about the 11ght dimensions for 10-mctar
work and have constiucted an R I¢ linc to
take energy to 1t. Fus«t connect a meter
across the end of the R.F. hine a< mn I} Then
tune the primary and secondaiy to find what
wavelength gives most current thiough this
meter. As you are operating a “halt-wave”
antenna, the wavelength will of comse be
nearly twice the length of the wine of which
the antenna system 15 made (in mcters), bt
it will not be exactly this amount bccause
the antenna is not in free space. Now lcav-
mg the R.F. line “a~ 1=”, you <hould prune
preces off the end of the antenna until the
best reading on A 18 obtamdad whan tundd
just a very little above 375 mctars wave-
length. The meter out in the antcnna can
next be removed altogether usmg a mctar
or meters (A3 and A4) at the station end of
things for keeping tiack of what1 2o ng on
in the antenna as reflected by the mput to
the R.F. hine.

To shaft highcr 1in the 40-mctcr band tunc
the primary ciraut to the desncd wave-
length, bringing the antcnna into 1c<onance
with C1 and €2 and this time ke ping then
rapacitv settings as well as the curnrent 1n
A3 and A4 about the <ame. Usng the
R.F. linc curtent-feed syvstem at 15 not pos-
sible to put a loading coil in the antenna to

operate at eighty mcters. However, if the
antenna happens to be of the hoiizontal
Hats type, the schame used 1n E will work
well. The two parts of the 40-meter an-
tcnna can be opaated against ground or
against a4 separate counterpoilse as a T-
antcnna with a double-wue lead-in.

In building an antenna to be fcd by a two-
wire R I hine make the antenna of such size
that 1t has a natmal wavelength 5% bhelow
the wavdlength whare jou plan to work
Attach the fecd hine near the center after
cutting thc antenna i two. If it doesn’t
o all night, 1t 15 probably because the feed
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HINTS ON CURRENT FEED
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hne s unduly long.  Just as in the case of
the voltagc feoder, when there 1s tiouble of
this soi1t it will be helptul to detune the feed
line  Trv adding <ome wcries condensers
uscd i panrs and spaced along the line at
regular mtervals.  In the case of a two-wire
fced Ime 1t 1< necessarv to treat the two
sides of the hine <simlarly, for otherwise
the fields about the two wirtes will not cancel
and we will 1tun mto radiation troubles. The
tccd line will not radiate unless we give it a
chance by dming somcthing to just one side
«f1t, howcver.

In practical cunnant-teed systems one does
not use the tcmporary mcicr at the top of
the teedaas. A 1csonance lamp 1s better,
hunted by a wne 1t necessary to keep it
frtom buinout A ginid malhammeter in the
1ansmittar 15 an ¢xccllent mactical indiea-
tor of what 15 gomng on out in the antenna
and prefcrable 1f onc’s naghbors are to be
Lhept 1gnorant of the connection between
“code” and the blinking light.
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BUILDING A RADIO I'RI1 QUI NCY TRANSMISSION

LINL

The cutrents 1n R.F, transmi~sion hnes
are smaller than the antenna urents and
50 the s1ze wne used can be selected from a
consideration of the stiength n ssary {m
mechantcal support. In 2-wite hines the
voltage 1s fairly low too, and <o you do not
need to worry mu h about losses  The two

/10 w re. Jogoud.
thru cap -
e —

Aluminum - /J

Screw caps /

T compleled 5 #

o

RF LINE CONSTRUCTION _

wires cancel cach other’s effect <o thare ean
be very httle radiation  Even <ome swing-
g of the hine wites will not vary the wave
length much, A good wav ot spacing the
wites of an R F. 2-wite Iinc 1< suggosted by
the diagram In single-wne voltage-feed
systems thare are highat voltages «n the hine
and losses and insulation should be con-
sidered when it is put up

ADJUSLHING VOI 1 \GI I LED SYste Ms LT
ZE PPELIN ARRANGEMENE

As two-wire RF. hines operate <o mieels
without high losses without toamg to
radiate and become part of the antenna when

Current | -~ -
Arterna w jar
A1 Fxar 120 v

~Dead Fnded

&b se

Hork ng at 2nd
Harmo ne

To Set

'ZEPPELIN "SYSTEM uf
VOLTAGE FEED

they begin to get along, you had best stich
to the two-wire hne cven 1f vou piefer
voltage-feed to current-feed The *“Zep-
pelin” voltage-feed system 1~ shown 1 on.
of our shetches and 1s most smmple to crect
and adjust. It 1~ flexible, too, and can be
worked on any harmomc we wish without

difficulty just by tuning the primary civeuit
of the o~allator to tae desited wavelength,
T'he “Zeppchin” arrangement has one of the
Iine wites dead-ended, the other one con-
necting to the vary end ot the antenna which
15 alwavs a voltage node, no matter what
hatmonic vou are worhing on with a Heitz
antenna.  The systemn 15 very flextble and
has the grcat advantage that the wire acting
as anunna can be «ntndly 1n the open,
getting rid of troublesome absorption losses
that often keep an ctheiwise good station
from rcaching out.

A two-wie hne and a one-wne voltage-
fcedar mav be combined The greatest
trouble with most one-wine feeds you will

T ofet—
.
[
enw
L.
a ‘ howd ¢ wlove 4 ors
a <
.
' e
? J ¢ carr ment
B eSiu oy

+

r—‘% ,f §

| A= d

I - =
Taaned”

1 [EXVET

A TYP CAL TWO WIRE _EPPELIN FEED
<mmNC MONT  OR C «ND =0 MeTERS

With the transnmitter tuned to shghtlv above the wave
to he used. C 18 adiusted from mavimum until the
plate current s sufhoent and the wave steady  The
fonz feeders shown tune to three quarter-wavelengths
for 40-mdter operatwn and five quarter-wavelengths
for 20-meter work  Shorter feeders might tune to a
smaller numbcr of quarter wavelengths, 1t 1« hest to
tune to a point <hghtly above resonance and then de-
tune for stability

cannot  be
the next
wherever

find 1~ that the wavelength
changad  without a  tup  nto
lot o1 wupon the 100f or
the  antcnna  happens to be.  Although
vou  cannot  get 1id  of  this  trouble
by combimg the one-wine feed with a two-
wite ling, you can avoid the danger of 1adia-
tion from a long or high one-wne hne and
also avord ~»me of the losses and msulation
troublcs of the long one-wite system. The
1 vire part of the <ystem can be made verv
short. It sou wish you can tune the R.F.
Ime by addimg condenscrs, but the untuned
cnnewt shown 1s the best.

Lsing  a one-wite yvoltage-feed system,
some 1dea of what 1~ gomg on n the an-
unna atta the mmtial adjustments have
bcen made can be obtammed by observing
rcadings of the plate milhammetcr with the
fecdar en and ofi.  In fact the difterence of
che readimes multiphed by the plate voltage
gives a pretty good wdea of the power you
are actually putting 1nto the antenna.
(Note This is not radiated power but
1adiated powar plus all the several antenna
and fecder losscs.) A further check on ad
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justments can be made by obscaving the
cunrent on an R I, ammcta at the nodo of
the antenna or by noting the mcrcase in the
circulating curtent an the primary con-
denser ¢nncurt when the feedar 1~ discon
nected 1f a large RF. mctar 1~ avarlable
If the supplv of metas s nnted a 12-volt
automobile lamp will mahe a good current
mdicator for the antcnna attcr 1t has be n
shunted.  Put the lamp ncar the contar of
the antenna systcm about wheare vou think
the maximum curient will be at the funda
mental.  Other lamps can be loratad as
shown n the diagram if vou (\pact to
operate the antenna at harmonws Scvaral

—®_.
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2 WIRE LINE SYSTEM = ~ \:5§
AND | WIRE VOLTAGE FEED
feet of magnct wne can b conncctad

around the resonance mdicating lamp if a
UX-210 15 used, but onlv a fow m hes o1 a
foot of larger wire will e necessary 1t more
or bigger tubes are used in the transmttar

In putting up an antcnna it i< alwav s <afe
to eut the wite for a vartical ot horizontal
Herts antenna about cqual to half the wave
length you wish to usc, shortening 1t a hittle
as the best adjustmionts for a cartun wave -
length are made  H the bent form of Ttz
antenna s put up. vou can usc the chart
shown c¢lsewhere to get an wdca of how long,
to make the antenna

Assuming that the antcnna s up and the
set installed, the onlv temammng thing to do
15 to adjust the voltage-feed sy<tem Al
though the use of an intarmadiate cnourt -
desnable, 1t s simpla to explamm the ad-
lustments by tapping the feed wie dirccth
off the transnutting coil ——so that .~ what we
have shown 1n the “hints on voltige yood™
diagram  Fust connect the focder to the
co1l on the transnuttar about onc ann above
the filament ¢hip (bctween the ilamont and
plate chips). Put the otha ond ot the
feeder wirte a hittle wav oft “centar” of the
radiating systam and have but two o1 thiec
twrns of I i thc cnart Now tun~ the
primary arcurt until you get host antcune
curtent. Put the tecda wire furtha oft
center It wall be best to move 1t out abhut
a foot cach time, tuning the mmmauy cn wit
for best antcnna curient and wiiting down
values of antcnna curront, wavclength, md
feeder current 1if possible There will b
one feedcr position that will ¢ive the vaiy
best antenna current and <omcwh 1e nean
the smallest foader curnent o thao aie
plenty of mcters thy 1cadings can be tahen
and plotted as at D m thc figme If the
wavelength where best tesults are obtamed

1~ too high start taking oftf wire at ecach
end of the antanna, tahing about an equal
amount fiom cach «nd and taking less than
half what «cems to be the desned diop. By
tepeating th first procoss, another set of
anves smnlar to those i D can be plotted
and the propa antcnna langth and feede
vosttion can be casitlv tound  The points of
highcst antcnna anrent and lowest feeder
arrtent wall not be cactly at the same
wavclongth, ~o ~phit the ditterence tor prac-
tical results

When we move the feedor anwav from the
‘tentar” of the antanna we nctease the
coupling which mahcs the wave bioader.
Bavond a cortain point thete 1w apt to be
local mtarfaronce, The same eftects will be
notcd by cutting down on the number of
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tutns of L. o1 by changimg the feeder chip
further toward the plate chip. The coupling
coil o1 condenscr helps to keop the one-wne
RIY fcodar from changing the voltage and
curtent distribution in the antenna and al<o
hclps to heop the apparent natural period
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of the antenna fiom being changed by the
addition of the jeeder.

Atter the antcnna and fecder me ad
justed <o the <ct 1s worhimg proparly on the
wavelength origmally dcaded upon within
the amateur band. the ground <hould b
taken oft the filamonts of the tiwnsmitting
tubes.  Nothing ~hould ¢hangc vaiy much
If therc 1s a change in antenna cu 1ont thae
15> nothing but a poor antcnna ground sys-
tem with ditect coupling and 1t will be ncces-
sary to ~tait over agam

Working at hatmonics with a <ingle-wi.
voltage-feed hime, the aunrent curve is <hown
in G and the location of currcnt mdicators
is given at II. It will be posible to vary
the wavdlength over a band of about two
meters wide on eithar the fundamantal o1
when using harmonic transmis<ion but the
set 15 not nearly a- flexible as when using
eurrent-fted. Changimg the primarv tunc
is all that 15 necessary to change wave
length. If the vary highest efhaoney s d -
sired on cach wavelength, a lowding o1l «uch
as described under the <ubjcct of “cols”
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The ground may or may not be used when
the tuncd-mtamediate circmt 1s trrted. The
ground should have no dfect cxcept to keep
the filament cucut at low voltage where
1t badongs and the test of proper opera-
tion will still bhe operation without the
ground conncetion

BUITDING SINGIE WIRI ANITINNAS 10 HAVID
A CERIAIN NATLRAL PERIOD

Crrcunistances altar cascs. Our antenna
system will alwaves difter from a similar
ant.nna that we could put up under ideal
conditions. A chait 15 ~hown from which
thc wavdlength can be prodicted very nearly
1if thce langths of the wnes are carefully
obscived  The best wav to do 1~ to build
a goord antcnna and measwie its penod by
closing the (naut (tving antenna lead to
countcrpoise lead) and brninging a <ensitive
oscillator ncar the lead with a milliammeter
m the gnid (ncut Varving the osallator
frcquency, the rcading on the 0-1 or 0-5
mctcr will diop <harply as the antenna

B 1
NATURAL WAVELENGTH

SINGLE HORIZONTAL WIRE
ANTINNA AND COUNTERPOISE

!
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can be bwlt and lcft 1 the conter of the
antenna with onc adjustable (hip to ¢hance
when moving up o1 down within the band
In fact such a corl will make 1t ~simplar to ger
the outfit 1ight whare 1t s wantcd m a huiny
at anv time Umombaor that s alwavs
best to operate detuned sin to ten per cent
to avord mmstabihit With ~ var 1 vans ot
L. in the feeder to make the couplmg loose
and to avord the possibibty of  he soad
gettimg tuned to hartmomc of the v 1kine
wavelength you will have hittle trouble 1n
getting a ‘voltage-feed <vstcm on the air.

found The wavelength of the
at this adjustmant can now be

“tundc” s
oscillator
mcasui«d.

Supposc we happen to want to build an
antcnna 1 1 S metar wortk . To mahke the
antcnmna current low, the radiation losses
high, and the antcnna tuning conveniucnt. it
will b desiable to put up an antenna hav-
me a natwal wavdlength of nearly 90
mctcrs Retarrmg to the chart we find that
the length of the < ntenna and counterpoise
from the ~ct <hould be 70 feet. If we use
20-foot leads our flat-top portions will be 50
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feet long. The coupling co1l will “load” the
antenna to perhaps 93 or 95 mctars wave
length. The <cries varitable condenscr will
enable us to tune down to 50 o1 53 metcrs
without difficulty, however

Lafting the <ingle wite up and down abovc
the counterpoise mahcs hittle dittcrence
the fundamental. The distuibutcd capaa-
tance 1s low but the inductance 1~ hmigh A<
the wnes approach cach othar the capaa-
tance 1< mareasad <hightlv ' The imduactance
ts ncreased and the percentagce change n
natural frcgacncy s not vary great The
“effective” h 1ght 15 what 1~ changed wads 1+
and the radisting powers are best with good
sepairation between antcuna and counter-
poise,

In multi-wne antennas, the flat-top por-
tions act hike plates m a condensar and we
have a great mcrease i capactance as the
plates are allonwed to approach cach otha
The best rule to follow for any antenna is to
get the wnes m the opcn, making the
sepwration as much as is conveniently pos-
<1ble.

To use a single antenna for tran-mitting
on «!l the useful amateur bands it is only
necessary (1if antcnna and countar poise leads
come into the operating 10om) w wune th:
oscillator tube’s condenser-coil circut to the
particular wavclength dosited and to couple
this circurt to the antenna at a curnrent node
(see page 143) of the antenna circuit. The
antenna may be loaded mductivedy o1 capaci-
tively so that the operation 1s at its loaded
period or -o that it is excited at one of the
several possible combimations of harmonics
The process of loading an antenna to raise
or lower it< period of 1esponse 1« similar to
that of lengthemng or <horteming a pcn
dulum (or changing the weights) to change
its period. A suttable co1l to sc1ve as an
tenna loading co1l can readily he constructed
from the desaription of making flatwise
wound coils and the photograph in another
part of the Handbook.

TOOP ANTI'NNAS

A loop or coil antenna s of Iittle practical
use for amateur transmission over long dis-
tances. It is a good ditectional radiator
when the length of one <ide of the loop (in
meters) 1s equal or nearly equal 1o one-half
the transmitting wavelength to be used A
loop for H-meter work docs not hawve unduly
large phvsical dimensions It will he about
T1: feet long on each of 1ts fowr ~tdcs For
longer wavelengths the usc of a loop is 1m
practical because of the <ize requued to
transmit efficientlv.  The u~e of a loop hs
m the r1eception and direction-finding fic 1d«
Anv sort of a loop can be used for huntineg
down power leaks—not <o particularly he
cause of its directional charactaristics as be
cause of its portability. When neatest the

power leak, 1cception of the noise will be
loudest and otten a power hine can be fol-
lowed with a loop 1ccencr in an automobile
until the dcfcctive pomnt m the arcuit s
tcached. For broadeast reception many
tubcs m a loop recaver will be required to
gine equal rcsulis to those that may be ob-
tamed with two or three tubes working on a
~smgle wne antenna ~uch as has been de
~ctibed.  In dinection finding, the setting of
the loop for maximum and mimmum signal
1~ tound by rotating the loop. Unless the
wave front s distorted, the distant station
will he 1 the plane of the loop when it 1s
adjpsted for mavimum signal. Dirvection
determimmations are always made irom the
nunonm signal setting as the human ear
can detect changes in the intensity of weak-
Sigaals beost.

RI CLINVING ANILNNAS

A recenving antcnna <hould have low total
1c istance ovar the desited tumng range. A
simgle-wire antenna 1s considered best for
tcception as 1t will not collect atmospheric
charges to the <ame extent as a multi-wne
antenna.  The total resictance of an antenna
dcpends on the “losses” 1m ncar-by objects
as wdll as on the fiecquency of the incoming
osallations and the physiwcal properties of
the wite atself  An antenna 1s well worth
while. The c(ncrgy pick-up from a good an-
tenna will give as good rcsponse as mav he
obtamed fiom scvaral tubes with a (o1l an-
tenma. The coll or loop aerial has diree-
tional characteristics and mav be used to
immprove sclectivity or for ditectron-finding
wotl, however. 20, 40. and 80-meter «ig-
nals pound in nicely with an indoor antenna
of almost any sort

A verv long wire (several hundred feet)
will biing i <ignals with mcreased energy
but with dcarcasct selcctivity because of

L

REGULAR COLLECTOR

the high rcsistance  Short waves become
1eflected, refracted, and polarvized in trans-
nssion. A hovizontal 30-foot wire with a
coupling co1l to a 1ccenver in the center of
it brings in <tations 200 miles away with
scveral times the intensity possible with a
vartical wine of the <sante dimensions. The
mprovement over a vettical wire is about



twice as great at 10 meters as at 80 meters.
Reception with the horizontal wire for more
distant stations (1,000 miles) doc¢s not show
S0 meat an improvement over the straight
vertical wne.

Recerving  antennas  (and sending  an-
tennas too) usuallv have both a hovizontal
and a vertical part (the lead-in). A “1egu-
lar collector” 15 shown and 1, perhaps, the
best type to use for average worh., If vain.
tions 1n the strength of the vatwal and
horizontal componcnts of radio waves 1~ m
pait responsible for fading, as has been sug-
gested by some authoritres, thare 18 a
definite advantage i usirg an antcnna with
both a honizontal and a vertical portion
This should tend to mimimize any changes
n stgnal stiength due to varying polaniza-
tion effects.

It 15 interesting and profitable to compare
results obtamed with vestical and horizontal
antennas, espeaally 1if vou are <o situited
that you can put up good ones of both types
in the open (awav from house wining and
buildings that tend to <hield an antenni)
If a third antenna having both horizontal
and vertical characteristies can be used at
the same time, some mtcresting things will
be found out. Connect two antennas to b
compared to the extrenuties of a double pele
double throw switch <o that the 1ecener
can be thrown fiom the one to the other

ST N
7 AN
J /’ \\r\
[ i :
a E 2 /‘L.o |
| + L= T 1
1 ’ t ]
[ | !
4 H i
I [ -J
Ly ____. Lo-="7
l-§ 30—
HORIZONTAL COLLECTOR.

quichly and 1t will be casv to compare sig-
nals recerved fiom any distance o1 dnection.
The distance, the tinme of dav, and the wave-
length used will all have an eftcct on the
conclusions you diaw from the data col-
lected A tiue “honizontal collector™ s
shown m one of the diagrtams  Good and
poor attangement~ {01 the antenna and lead
m are also sketchcd  IFor vecenving work
the length of the antenna wite 1s not at all
cuitical  For all practical purposes a high
antenna wire of the length given i the table
can be put ur worhing “agamst ground” n-
stead of with another lower wuie which 1
usually called the counteipoise and which
comprises pait of most antenna systems
used by amatcurs for sending
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The following dimen<ions for receinving
antcnnas will prove satisfactory:

Ree v 1V« lonsth Lonath ot Sine Wi

20 o Whonetors 15 et
S0 to 100 metors 25 tect
o 1H) metars 10 foet
150 {0 200 metors 60 fect (best for goncral

amateur use
th st for broadcast
receplion

200 1o 0 mdctas 1200 fet

600 1o 2100 mctors 500 feet

A high wire in the opon s best. A Sinty-
foot ant nna will bring 1 good signils at
'l wavdengths used by amateurs. It can
he ured against ground or with a counter-
poise of equal leingth A couple of small
glass meulators or poircddain dleats should
be used at the ponts of support.

The scnding antenna or *“1adiator” 1s of
greatest importance i connection with the
tange of the station. T'he antenna must al-
wavs he bullt to fit the space we have for

1. Onlv the exceptional amatewr station
can put up the “ideal” 1adiator.
Height 1s probably mote useful than

In any case get the antenna 1 the
clear. 1t should not come near houses, guv
wires o1 trees  The wnsulation should be of
the best, as transnutting antennas have high
voltage at the far end  Some Pyrex glass
msulators will be hest.

A single-wire antenna and counteipoise is
as good as anv 1if used rightly. The an-
tenna can be about 40 to 50 feet long and
should be 40 feet high 1if pos-ible. The
counterpoise should hase the same length
and bc about 10 {fcet above the ground
When there 1s a gocd ground 1t can be used
with a< good 1csults as the counteipoise
will gnve. A water-pipe ground may or mav
not be good. Buried metal or giound rods
1n moist carth or charcotl will make a fainh
good ground The counterpoise has no pai-
ticulu advantage ever a ground when usin
a s1ies antenni condenser and a small
coupling coil and working on or above the
tundamcntal tiequency of the antenna cir-
ant  No. 12 o1 14 enamel msulated wne
will be good to use 1n the antenna and coun-
ternoise  The countelpoise 15 not neces-
sanlv dnectlv under the antenna. It should
be kept in the open, however.

The s17¢ power tubes used has nothing to
do with the choice of our antenna. The
chorce of wavdength for normal working,
the space where the antenna must go, and
the antangement for mechanical support are
the factors to be considered The antenna
dimensions given ate for use on all amateur
warelcngths The natural pcriod of the un-
londed antenni d s 1ibed will vaiv a bit
with height ond 1noth and surroundine
objects, but it will nrobhably be about 90
metas (Add length of lead-in and see
chaoit)

A small counling coi1l on the t1 »nsmitter
frame nichs un the R'F volt e for antenna
oncitation magnetically This loads the

length



ANTENNAS

antenna to perhaps 95 micters wavelength.
The seties antenna condenser tuncs the an-
tenna, pulhing the wavelength down to the
80-meter band. For 80 mieter work the
primary carcurt 1s tuned to this wavelength
also. Leaving the antcnna tunimg the same
we can shift the condenser comll cncuit tun-
mg to the 0-meter band and operatc om
antenna on 1ts ‘ccond harmomc  Takine
out the antcnna scrics condenser (shoiting
it with a wine) and putting ten or fifteen
turns of inductive loading m serics with the
antenna we can tune the r1odiating cnrcunt
to 100 meters.  With the condenser <ol ¢nt

cuit operating at 20 mcters, the ant nna will
bc exated at 1its Hth haimonic  Parhaps we
will get better recults by adding tan.
enough to tune the antcnna to 120 mctas
40-meter transmission will then be eflective
using the thnd haormonic of the antcnna
Further loading will gt the antcnna up on
the 150-200 meter wavelength for worlk up
to 1,000 milcs Worhing with indvctive load-
ing (below the fundamental frequency of th

antenna) we have high valnes o antonna

Rurda’ top of

window with

holes covbrn’;&

b rex bow!
’;.';’z’ll/u tor
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| waterouwt
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with a small couplhng coil and a variable
antenna condensar  are qust as effective.
Cage construction 15 unwieldy, expensive,
and cambersomc  Cage leads to a flat-ton
ot three or tom wies 1~ the best possible
construction 1f we nust work with heavy
imductive loading  The cages should change
to bunched lcads 10 feet before we pass
thiough the <taticn wall, however. A
bunched lead 15 best to heep the field con-
fined to the lead as we pass by the edges
of burldings, trees, masts o1 other poor di-
clectiie that wall introduce losses.

Steel butldings, mictal stachs, and wires
il have a natwal jeriod of osaillation of
thenn own dopcnding upon thenr size. It it
chould acadentally happen that you try to
cpoate yowr transmitter ncar the natusal
wavelength ot a nearbv mass of metal or
wite, that object will absorb an unusually
Tuge amount of power.  This will be ~hown
by a large amount ¢f antenna current at the
transmitter on catamm wavelcngths In
some cases 1t 1s possible to yemedy the diffi-
culties by going out wich a wavemeter and

He
f/tcetﬂlr‘n’frc B Losses i {32:;);8 and m
wall /N
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e Y L Raye
e . P v
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LFAD IN_AND ANTENNA

current, for the total 1¢sistance of our an
tenna 15 lowcr at those lowar frcquena ~
The proportion of radiated ¢ncrgy to encregy
accounted 1or 1n other losses 1~ not ~o grrcat
with immductive loading. It 15 probably more
efficient to work an antenna somewhat bclow
its natutal wavclength (above 1ts natairal
frequency). An antenna of rather large
physical dimensions with a scries tunmg
condenscr scems to bring best results Fm
regular 200-mctct oparatien o longar an
tenna 1~ highly to be desnred.

ANTINNA YRS

The T, invcrted 1., umbrclla, tan and g
are all named for thon physwal shapes
kach type has rosulted nmom attampts o
get lots of capacitoncc ot the end. high
the air. The cage spacing of wires 15 use-
ful tor getting a maximum of capacit i
m a hmtted space  The current distribuo
tron i spaced wites 15 better thin an
bunched leads, 1educing the loss r1esistance,
The dav of the lugh capacity antenna s
over as far as short-wave work 1s concerned
Single wite antennas of the mverted L type,

a pan of phoncs and pwching up the re-
radiation t1om these wites, and then con-
nccting mductances and capacities to them
in such a wav a~ to shitt the natural period
of the object out of the way.

ANTENNA POINTI RS

Recenving antennas should be woirhed at
lowci frequencies than their natural period
to enve decent sclectivity, This means that
a shoit antcnna 1~ desitable, The natural
frequeney of a tccaving antenna should be
1507¢ the working fircquency  (two-thirds
th» worhing wavclongth)

Frar~mitting oitennas shculd be woked
at highcr fiequenaes than their natural
petiod to gct best radiation of energy A
fanly long antcnna 1s best. The natwmal
pertod of a transmitting antenna should be
about 90 the worhing frcquency (1109
the worhing wavelength) or the antenna can
b worhed micely at one of 1ts harmonics,

Ihgh wires 1n the opcn are always best.

Nearby guvs <hould be bioken up to
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short lengths by porcelammn or wooden 1n
sulators. This pievents absorption of power
and added losses.

Halyards can be made of tasred hemp
1ope which will not 10t o1 contiact 1 wet
weather.

One-piece antennas are best.  Any jomts
made should be soldcred. Wes break atta
constant motion 1n the wind unless the joints
are good mechanically.

Pyiex mmsulators aie better than those of
ordinary glass which look much the same.
Glazed “wet-process” porcelam 15 accept-
able.

Bare copper wires soon collect an oxide
coating (black) which matenally 1aises the
shin 1eststance of the wne. Enamel-insu-
lated wire wastes less energy n losses and
1s best for a permanent job.

In some locations 1t 1s nccessary to clean
the soot deposits off the msulators once m
a while.

Hard-drawn copper 1s more bnrittle than
soft copper wire. Its tensile strength makes
it best to use 1n long spans.  Alu minum wire
1s haid to solder and the thin oxide on the
surface makes it undc<irable.

Antenna and counterpoise (or ground)
leads should be bunched and supported awnay
from all solid materials. There should be
free space between antenna and counter-
poise.

In putting up a multi-wue antenna first
hoist a single wite and vary the length be-
tween 1nsulators until the correct length is
found. Then in an opn space measuie the
lengths approximately.  Build the “fa1” enl
permanently. Attach insulators in series at
the junctuie of the bunidle and supporting
rope. Parallel msulators offer parallel lealk-
age paths and aie ineflfectine. The far end

of flat-top or cage can be suppoited rigidly
while the wnies at the near end are adjusted
and bound to the “ncat-end” spreader or
hoop and the joints and lcad-m connections
soldcred.

Single wire antennas are easy to build and
actually best 1or short wave work.

While extra-long antunnas scem to bring
m good signals (with <ome loss m selec-
t1vitv) no one has yet proved that they give
a better signal to-statie 1atio than a shortor
wite. This ratio 15 most mmportant in de-
ternmuning the readability of signals.

ADVANIAGL> OF LOOSE MAGNEI1IC COUPLING

Some advantages ol  loose magnetice
coupling to the antenna <ystem follow:

Sharpens the wave and matenallv reduces
kev thumps, and harmonics fiom the osal-
lator encwt, thus r1eduaing the possibility
ot causing code mtaiference.

Inareascs efficiency of tiansmitter 1n some
Cases.

Allows rapid changes of wavelength with-
out need for locating the nodal point (center
of oscllating 1adiator <vstem where the
curtent 15 mavimum and R F. voltage 1s
zero) at the filament clip or giounded pomnt.

Remov s danger of tubcs “going up” when
antenna changes or drops. inasmuch as tubes
draw noimal load onlv when the condenser-
coll ¢nncuit 1= m tune with the antenna.

moving acnal and countaipoise leads
from the inductance 1emoves the plate volt-
age fiom the 1adiatmg <vstem and mahes
1t possible to use the series-feed method of
platc <upply with <afets.

DBy <haipemng the wave, absorption losses
a1e reduced and more energy 1s concentrates
on the desitad wavelength.



CHAPTER IX

The Wavemeter—Radio Measurements

EFORE we can tell what wavelength a

station 1> u~ing and betore we can

adjust our set to comply with gov-

cinment regulations we must have
a wavemeter o1 frequency standard.  Such
an mstiument can be purchased outnight to
good advantage fiom anv of several com-
pamres.  We can save a lot ot money and
build a simple wavemeter that will an<wer
our purposes just as well, however.

BUIIDING A WAVEMIIER
THE BASIC RADIO MI ASURING INSTRUMENT

A wavemeter 15 «imply a cahbrated tuned
resonant cnncmt. A vantablc and fined ele-
ment atre used with some <01t of resonance
mdicator A co1l, varable condenser, and
flashlamp n senes constitute a wavemeter.
Sometimes a coil, condenser and neon tube
in parallel are used. As neon tubes are
not uniform and have a ciitwcal break-down
voltace we will discuss the fust kind of
instiument.

Sither the coil or condenser is made varr-
able. The shaft of the variable element is
broueht out of the ca~e and a dwal attached
which may be cahbrated dnectly mn wave-
length or frequcncy. In the simplest meter
the standard 100 dial 15 used with a hamw-
hne ndieator. The frequency or wave-
length is tead from a cahibration chart
made up for the meter.

In our metar we shall use a variable
capacitance. The vahable condenser
must be well-built.  The plates should be
heavy, well and pecrmancntiy spaced. They
<hould be fiimly bound togcethcr with large-
surfaccd separators and huskhy supporting
rods. The bearings must be metal, <hould
have no play in any dnection, and <hould
be substantial and smooth-running. Cone
beanngs are good. A geaired veinier be-
comes a necessity on the shorter waves
with condensers of high capaatance.

The coill must be non-changmg in 1ts
properties of duetance, resistance, and
distnibuted capacitance. The last two named
<hould be kept low. To accomplish these
things the coi1l form should be «troncly
built, the coil tightly wound, and the wire
bound so that the pos~ition of the turns can-
not vary. The coil termmals <hould be
fim and unchanging in their relation to
each other,

A PRACIICAL: WAVEMIIIR TOR USE ABOU1
THY STATION

The wavemeter shown in the photograph
below consists of a modified G.R. type-247
condcneer 1n a metal case, four mterchange-
able coils and a fla~h-lamp indicator. The
mdnadual coil tanses are 11 to 30 meters,

Ji

GENLRAL RADIO TYPE 3538

23 Lo 60 meters, 50 to 115 mcters, and 109 to
210 wcters, with an excellent overlap be-
tween coils. The socket for the resonance-
indicating lamp 1s arranged to automatically
<hort-erremt when the lamp 15 removed for
vee with the “chich” method to be desciibed
m this chapter.

INI\PINSIVI, WAVLME if & ASSCMBLY
But we started out to tell about bhwlding
a wavcemeter 101 use about the station. The
fnst thing to be deaded 1s the 1anse of our
meter. If it 15 to be used only for checling
our transmtting wavelength, an accmate
meter can be made using a vanable con-
denser with a low maxaimum (2)» micronncero-
farads) and a fcw coils so designed that
cach amateur bard will be spread over the
whole dial. To cover teintory between ama-
teur bands many mote coils ean be made.
Uaing the short-wave tuner chart at the end
of Chapter V, tihing the maunimum of the
condenser and a waveleneth three or four
meters above cach amateur band, the ap-
proximate size for wavemeter coils can
be readily deteimined The tuming ranges
ennen m a table 1n Chapter V where “a



neat pancl-mounted™ 1ccaiver was described
indicate that 3-inch diameter o ls of », 15,
and 29 turns will be about 11¢ht to1 coils to
covel the 20-, 10- and SO-meter bands

A geated conden<er control o1 a vainia
dial are essential 1n 4 wavemcter that at-
tempts to cover a wide 1ange of wavelengths
(such as the GR Tipe 3O~ A Ondenser
having a maximum ot 175 to 250 micro-
miciofarads 15 necessary to cotes o wode
rangc with but thice or tour coils. The size
of coils for such a wayvemeter mav be deter-
mned  from  a  capaaty-inductance-wayve-
length chait a~ de~c1ibed above,

Assunung that we have dcadad to build
an mexpensive wavemctar coverng simmply
the aniateur bands, that we ha e obtaincd
a ~ubstantial condenser ot the proper rance
and some stiong permanent forms on which
to wind cotls, all that rcmains are details of
assembly and cahbration which will be
treated fullyv later 1n thi~ chaptc: Ramem-
bering that anv coil and condenser conneeted

together constitute a wavemetar (and that
an exteinal resonance ndicator  can be
used) means for quickly  connectine and
disconnecting the diffcrent coills must now
be considered. In<eiting flexible leads be-
twecn coll and condenscr will make cahibra-
tron uncerta'n and anythine but permanent
Copper <tuips onrods of the ~ame length and
spacing for all coils mav be monnted on a
bakehite spacer and u~ed with binding posts
on colls and conden~c1r 1f desired. The
mounting shown below using Carter ot
General Radio plugs and jachs 1s 1ccom-
mendcd 1f the precaution 1~ takhen to marh
the cotls ~o that thev are always plugecd in
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with the <ame nd of thc o1l ncarest the
condenser. Capaaty eftcct~ between the
cotl and condenser must alwavs be the same
to mahe such a wavemetar cahbration te-
lanle  The coils of No 16 wie are wound
tightly on the torms, each (o1l covering an
amateur band with a <hight overlap nto ter-
ritory on cach ~ide. Atter the range covered
by the coils has been roughly checked, the
(nds of the winding arc soldered to the
plugs aftar passing through holes drilled n
the coil forms.

It 1~ comvcnient to mount the condenser
11 a small box as ~shown  The wnmg be-
tween the two jachs and the condenser
tarmunals must be absolutcly 1121d—another
precaution to mahe the calibration per-
manent,

vV PETHIR WAVIMELIIR WIITH A
16 1O ¢ ,0 MLLIERS

RANGE  OI

The cotls for this metar are made as
~shown 1n the diacram, which <hows the col
con~tiuction 1athcr well  Brass ancles are
~lotted to it mto the hinding posts and the
cnd of the ol windings are ~oldercd to the
brass anclcs. The micarta sides of the coils
protect tham from mechanwal myury and
mahe them easy to handle.

The winding of the colls theniselves may
be done casily and convenicntly by using
wite of a siz¢ to till the torm width com-
pletely with the numba ot turns to be
tsed  After the wire 15 wound on the coil
form 1t should be covered with a thich layetr
of wanad <hoeniaher’s thiead to exelude
moi~stur¢ and to mahe a panmanent coil
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DETAILS OF COILS FOR WAVEMETER

The colls used with this meter arc as fol-
lows<. A <ingle tuin of < nch biass tub-
ing eight inches m diameter, enes a
waveleneth 1ance of 16 to 43 meters; a
coll of 5 tuinms of No 12 D. C C. wire
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with a range of 33 to 92 meters; a coil
of 13 turns of No 1{ D.C (. wite with a
tanece of 70 tHy 10 meter~, a «nl «f 31
turns of No. 22 D.C C with a range of 170
to 650 meters. Smaller coils 1must be
built to cover the band from four to twenty
meters  You can eastly juggle the number
of turns to mahke the “overlaps” and ranges
just what you want them.

Or a 100-degree condenser scale, the use-

INSIDE VIEW OF WAVEMETLR
Note the back-of-panel shield, the rehuilt remoyahle
butterfly hinges. the rugged double-spaced (ondenser
The wiring 1s partly supphied by the <hicld itself.

ful poirtion 1~ from 10 to 90, and on a 1»0-
degree scale, from 15 to 165.

The tuning condenser used in the meter
<hown m the photograph 15 a General
Radio type 239 (1000 mucromrofarads
original maximum capacitance). Half the
plates have been removed and the others
put back double-spaced so that the capaci-
tance 1s now about 175 nucromicirofarads.
This arrangement spreads out our wave-
lengtas on the dial so. Every amatcur wave-
length can be accurately detcimined, which
1s the 1eason for our meter after all. Sheht
mechanical ¢hanges 1n the position of the
plates cannot greatly affect our cahbration
with a 1rugged double-spaced condenser.
This means that our calibration will be
pOmancnt which 15 of more importance
than extreme accuracy mn an amateur wave-
meter. A geaied vernier makes the adjust-
ment less critical.

A cabmet 41, inches deep taking a 63" x
8&1%” panel is necessary to hold the G. R
239 conden~er  Such cabinets can be ob-
tamned for about $1 00 fiom <ome of the
radio cabinet manufactuiers. The butter-
fly hinges can be 1emoved and <ome hinges
of the type with removable pins substi-
tuted.

In the meter <hown, one-half the butterfly
hinge was cut off. the pins were taken out
and cut, then put bach and <oldered into the
part of the hinge integral with the cover. A
Slightly weaker hinge resulted but the job
was highly satisfactorily to the builder who
wanted the convenient removable cover.

The diagram shows the circuit and the
photograph shows the assembly of the con-
denser, flash-lamp, and binding posts  The
condenser 18 accessible tor «any purpose by
connecting to the binding posts. It may be
used as a vartable standard for measuring
radio capacities if a calibraton curve (uuf.
1., condenser degrees) and cither an oscil-
lator, separate wavemeter, or receiver is
available. (Unknown capacities are reson-
ated with a given co1l and the wavelength
located. Then the standard capacity is sub-
stituted for the unknown and adjusted until
the coill-condenser arcut resonates to the
~ame wavelength.,  The capacity value is
then read directly from the calibration
cutve of the condenser.)

A General Radio dial and hair-line indi-
cator mahke close readings possible. A back-
of-panel white dial with several wavelength
~cales  for direct 1eading would Dbe
vood but special worh and design are
necessaly. Our meter 16 made of standard
parts as far as possible and anyone can
assemble a good wavemeter 1n a few hours
which will be serviceable for many years.

IFor accuracy of measurements, shielding
the nside of the wavemeter hox and the
back of the supporting panel is practically
« necessity. The amount of detuning which
will occur on short wavelengths through
body capacity if the meter is not shielded
carefully is surprising The shielding is
of No 30 gauge sheet copper in the form
ot a bo\x with soldered seams for the inside
of the case of the wavemeter. A flat sheet
of heavier material i< used back of the

Flashight
Lamp

Variable

Condenser 10585 on
Fanel
Delachable
wavemeter
Couls
—é" Ground to
= sheld

THE WAVEMETER CIRCUIT

panel. The panel shielding 1s held on by the
mounting screws of the condenser. The
edges of the copper box aie hent over the
shoulder to which the panel is screwed,
and with these edges the panel shielding
mahes contact when the panel 1s in place.
The cleats to which the panel is serewed
are fastened to the <ide of the box at such
a heieht that the panel s flush with the edge
when the shielding 1s in place. A hole
i« drtlled through the shielding on the
cleats <o that the sciews holding the panel
may be readily put in or tahen out These
«crews c¢lamp the panel shield and the
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box shield fitmly together. The shielding
15 connected to the rotor plates and to one
binding post on the panel. Thus the meter
15 completely shielded <o that there is no

TYPICAL AMATEUR WAVLMEIER

Note the calibration curve an the cover, the carrving

handle, extra cmls flask-'a np and short Grcuiting

plug to use when the “clich” methad 15 followed with
4 recening set,

capacity effect to the hand, and no pichup
of energy by the winme or imstiuments of
thc metar Tt 15 a <imple matter to line a
bo\ with standaind width <hiclding material
fastening 1t 1n place with hittle copper tachs
and then <old ting the « ams

A 100-mulliampcre full-~cale 1eading hot-
wire galvanometer or a ~cnsitive thermo-
galvanometer can be usca as~ an indicator
1f money 1= no object

Hae 1s a list of parts:

1 Genaral Ruhio type 239 100 wuf v ireable con-
donser waith ot d vanmia 13 00
Cibmct, 5” N 97 9 outaide dimonsions 1 00

Micauta pandl 6 ;7 N ST 100
Copper shicdddin to hine boy and 2o unda pandd 070
T lush-hght bulh C1n
Mintture Timp ba « mounted behind pindl 01u
Box coppar ticks from lac il haydw e «torc
2 binding po ts ithe hushicr the hottor) 030
1 dal and anl o 150
Birass anglcs, 1 10” material for ~quuc cotl sides
bus wire 532 hrawse mauchme  crows Ma-
carta tubmg 17 diamct 1 to 1’ la ths
for coill winding 100
Total $1R 60

THI RISONANCHE INDICATOR

A small flash heht bulb is the best low-
cost  1e<onance-indicating  device to use.
When the transmmtter must have 1ts wave-
length measured we ¢ ain use the wayemeter
as an absorbing circuit. We can watch
the plate milhammeter “flop” upward when
Wwe cross tesonarce ot use the flash-lamp
to glow at the resonant waveleneth., For
cheching the meter o finding out the wave-
length of different  stations on the re-
cenver, the “cbek” method 1~ used. A
low-1es1stance flash-lamp is the best. To
get best results from the “click” method
we will take out the flash-lamp and screw a
short-ciianting plug (burned out lamyp filled
with solder) 1 ity place,  Our meter
was calibrated under the<e conditions. [t
is *<harpest” tuning with no resistance in
series or parallel with the condenser-coil
cIteuit.

To avord the use of a <hort-circuiting
plug for reducing the re<istance of our
vavemetcr when usine it with a weak os-
cillator or a recennme <et. a prhup lamp
may be conrected into a <imgle turn loop
of No. 14 or No 16 wite about three 'nches
diavieter. When the single turn is held
about two inches from the wavemeter coil
the tamp will hght when the wavemeter
is n 1esonance with the transmitter. If
suth a pichup idicator is used we keep
away fiom overy chance of <light charges
m the cahibration of the meter due to small
variations i the crcunt of the meter iteelf.
The <eparate 1¢sonancc indicator pnes a

THE PICKR-UP T AMP 10 Bk PROVIDED WHEN
A WAVEMETER HAS NO RESONANCE INDI
CATOR
Having the lamp independont reduccs the resistance
of the meter, makes 1t sharper tunming, and maks
changes in cabibhration loss hikely.

very sharp response but it matters little
whether an amateur station wavemcter is
made to u~e a shoit-cincuiting plug or the
pichup loop—both methods are good. If
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you have a wavemeter without an mdicator
you can use the click method, watch the
plate current meter “flop” when jou ross
resonance, note the pomt where the an-
tenna curient changes or drops, or add a
small loop with a pick-up lamp Iihe the one
shown in the photograph.

The position of the wavemcter coil 1nela-
tion to the soutce to which it is coupled has a
direct bearing on the encrey piched up. Also
a large-diameter coil will pich up more
energy than smalletr colls which 1 one 1ea-
son why waivemeter cols should be four to
six inches in diameter.

CATIBRATING

The calibration curve is often put in
the cover and 1t 15 conmvenient to take
the cover off for use in taking down

the reading~. .\ sheet of tran~sparcnt cellu-
loid placed in front of the calibration cursc
protects it from moisture, dirt, or mechani-

Puckup cotls on eackh
melerare coupled lo
secondary tu;m_g circint of recerver

JeLc:

o p REGENERAT ON  SEC T IN NG

3
3

'

\;

Oscillating Recerver
ora low PowerC W
Osciflator butlt to
cover the wavelength
range of the meter
to'be calibrated

Standarad
Waveneter

X
=1

been checked by the Burcau of Standards
can b usad as cqually rchable “land-maiks”,
A\ <hort het ot such <hoit-wave <tations
with contect fricquenaies ot the time of 2oing
ty press with this book follow~:

NAA 1015 Vilocyclos 17 mcters
hDh A 1760 Tilo v e 63 5% mutars
WIW T Talocvede 220 meters
Wi/ T le 1302 meters
NAA S030 Khdoevdles 374 mtas
2N AL 9150 hilocvel = 3279 meters
NAA 12013 Taloey es 219 mctars
WIk 1395 ooyl 215 mcters
EANY 0120 Khi'ocsycle 119 mutas

Th» «tandard frcquenay ~chedules of 9XT1.,
XM and WWV ar¢ eiven from time to time
n OSI and on cach <chcdule one his o
portumty to check scyveral pomnts on the «ta-
t on wavemcter

Stus by putting the wavamctar col very
neatr the tuner <cconduy Tunc ma C. W,
senal and tuwrn the sccondary conde <t
knol, unuil the pitch drops lower and low:
and fimallv dicappcars altogether.  This 1~

New cvrve i
the making

New Wavemeler

() xeep recerver bare tv ascrllalin

(2) Set metersas far qua.y as possible
Lo get ciick 1n phones af resonance -
also a little away “~om each other

(3) Sel oscillating recener lo knoun
wave by the slandard

(&) Torow standar? ou” < * resorance

(8) Find same point on new meter and
mark dial setling against wavelength
on curve

CALIBRATING BY THE CLICK METHOD AND BY COMPARISON WITH A STANDARD

cal injury. A cuive supported bctween a
sheet of cardboaird and such a <sheet of cellu-
loid by strips of photocraphais’ adheave
binding tape will be portable and u-seful.
By calibration is meant the job ot findirg
out just what wavelenaths are ~hown by
different 1eadimes of the condenser <calc.
Before anyv wavelencths ¢an be put dovn
on a dial or chait we must “hnow” them.
The best standard of comparison for o
new wavenieter 1s the “Standard Frequency ™
transmisstons from WWYV (the Burcau of
Standard~ at Wa<hmeton), 9XI, 1XM and

6XBM. These stations may be piched up
sending with cextieme accumracy and on
schedule. A vav zcaurate way motar wi'l

be obtained by properly using the “re~onance
click” method of calibratine.

Some of the other stations opcrating reg-
ularly on well-hnown frequencies that have

the port that 1~ called “zero-beat.,” At
sCto-beat our local o~allations 10 the 1e-
crvar are of gust the same frequency as
the mncoming oscillations Now 1t will be
chserved thit the boat note will 1cappear

1t the conden~¢r dial 1~ moved at all n
eithar ditection. Icaving the 1eceiver ad
Jisted for zao-bait rceeption tmin th

waveneter knob <lowly. At some point

(t¢~onance) thae will ho a chich i the
rTeeen s Inc wavencter arcuit now
has thc <ame (or ncarly the same) perrod

a~ the 1ccomvime aramt. If thaco are two
¢ 1chs at <lizhtly diffaont points on  the
dial 1t mdicates that the wavemeter s
coupled too clostly to the recaver. Pnll
the wavemcter awav unul only one clich
1~ heard If no itk can le obtained the
Oupline 1~ too loo~¢ 01 there 1~ an open
m the wavemetor arcut Sometimes a



~smglc turn i scries with the secondary of
the 1eceivar may be couplad to the wave-
meter or wound dncectlyv arount the wave-
nictar conl

In addition to the four stitions men-
tioncd above th A R R L now has appomnted
some thnty "Oficial Wavdlength Stations”
who tcgulatly announce thar wavelcngth
(cortrcct withm 1 +) at the cdosc of cach
transmisston and many ot whon use 1y tal
controllod transmuttars lTor a hist of these
stattons ~ec¢ the larest S/

In case 1t s found mpossible to chech oun
wavemcter by the “chich™ mcthod tne pant
best thing 1s to calibratc 1t by com-
parison with a “standatrd” wavometer  An
osaltator mav 1o us d with bo*h the new
meter and the ~tindard, tinding the wave-
lcngth i the same wav as wh n u<ine the
warenictar on a transmidar Anyv o~cillat-
e rceenver mav b usad to calibrate a
wavencter The “chich™ mcthod will no*
onlv imdicarc rcsoratcc vith the * funla-
mental”™ frequency of an osallator but it
will alvo mdicite 1c~onance with th  har-
monu~ ot the o~allator 11 we usc  ome-
what doscr couphng than when investi-
gatine the fundamental T'he  o~allator
will have promimant harmomes 1f ats plate

voltaee is aboyve notmal  The sccand han-
menle 1~ at doable frequency  (half  the
wavelength) The thiud harmomc 1~ at

three times the fiequency ot the ¢ncut
(one-third wavcdlongth) If possiole, com-
pare vour wavemcter with a standard wave-

mcter all the wav, nsing the fundamental
frequency of the osallator and tho chick
| ‘ T
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By ENC VAL ERS
MAKING A CAL BRATION CURVL

mcthed  Tind the pcnod of the recaving
araut with the ~tidud metar Then
take the new wavamctor and find the 1¢~on-
ant clich Leave the tec vne <ot <t 1ethy
Jdone while chanemme wavemeters  Reocord
the dral 1cading of the new wavemet 1 op
posite  the wavdanoth ot the osalhitor
whrch was found u<ine the standard ot
I’lot the pomts< vou have 1ccorded on cros-
scctuen papa oas shown o the dagran
Errors will show up a~ wild pomt~. Draw
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a ~mooth curve thru all the good points you
find and go by that.

USING  THE WAVIMIITERR ON 'THE

Sl

SKNDING

In mecaswming the wavelength of a send-
ne ~et 1t 1~ very mportant to use loose
counline bctween the wavemeter and the
stnding ~et If you do not, you ar- likely
tv oarn out the lamp (or thermo-galvan-
ometer) 1n the wavemeter and i addition
tc get wione warvelength readings. Start
out with the wavemeter a yard or <o from
the hehin and work torward gradually until
vou get an ndi ation when turmng tha
condcnscr very ~lowly  When the couphny
15 loose you will get a dull red glow fiom
the lamp at the very best setting. If the
lamp hehts brightly you ate much too near
the <t

A low power et will ~ometimes fail to
heht the wavemeter lamp.  Another stunt
may  thcn be used; bring the wavemeter
rtather close to the top of the helix and
hold down the key while slowly turming the
wavemcter condenscr. When you run into
the working wave the plate current of the
~et will go up and the antenna cutrrent will
chance  Sometimcs the resonance point can
be spottcd by the changing hum of the
plate transformer Thi~ stunt can be<t
b u~cd with large <et< hy putting them on
low power.

USING THE WAVIMITER ON THID RRCEIVING
SET

The wav to use a wavemeter with a re-
cenving <t 1~ very <simple.  Make the re-
cenving  set osallate. Put the wavemeter
coil (lose to the scecondary. Turn the
warvcmetor condenser until there 1s a click
m the phones, showing that the wavemeter
has “run into” the secondary tune and
~topned o~cllation. Note the waivemeter
reading.  Then tuin the wavemeter knob
until thae 1~ another (hick and the tuner
start~ osallating avain Unless the tuner
csallates on both sides of the resonant
pomt, tcadmes are no good. Now move
the wavemeter away from the tuner until
the two clichs are very close together, per-
haps 3} dnvasions on the wavemeter dal.
The correct reading is half way between.
By working carcfully the chicks can be
madc to 1un together <o that a single chich
1s gotten right at the resonance point.

Working 1 this way 1t 1< a matter of
onlv ten mmutes work to tell exactly what
range of wavceleneths an osallating tuner
will cover

The measurement of received CW. sig-
nals 1s very ~<imple When the «<ignal has
bcen tuned 1n (tuner oscillating, of
coutrse) bring the wavemeter up and use the
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“click’” method as above. If the -ignal
happens to be coming in while vou ate
measuting, a rteading can be gottcn by no-
treing the “tweet” when the wavemeter i
run thru the tune.

In all this work use loose couphng—the
very loosest that will give 1esults.

A calibrated recerving scet can be con-
structed though 1t 1> better to heep the
wavemeter at hand and to check the wave-
length with that dnectly when desned The
apparatus may be artanged o that the
wavemeter may be used with the recenver
where 1t rests on the table at any wme
Before a recetving set 1s cahibrated we
must make sure that the antenna coupling
1s loose and that the tichler 15 not comng
to have any tumng effect on the circut. It
ts easy to chech this with the waveneter
Rentember that the wavemeter 1s 11¢ht al-
ways—the calibrated recener sometmmes

No station should be without a rehable
wavemeter. It 1s the most useful mstru-
ment for making many radio measurements.
Every cent spent for a “good” meter 15 well
invested.

LLLCERICAL MEASURIMENIS

The proper use of voltmeter and ammeter
followed by a substitution of the scale 1ead-
ings in Ohm’s Law makes the detevmining
of many arcuit constants possible.  The
simple measurements of resistance (D.C.)
and impedance (A.C.) are most important.

Electrical measurements are based on the
use of one or more calibtated instruments
espectally made for then application. These
insttuments vaiy 1n construction depend
ing on whether they are for use with
direct current, alternating curent at com-
mercial frequencies (25 or 60 cycles), or for
radio measurements where you are deal-
ing with frequencies of millions of cycles.

Two of the most important quantities to
be measured are current and toltage. The
mstrument for measuring the rate of cur-
rent flow is called an anomctcr because the
unit of current 1s taken as the “ampere”.
The umt of potential difference 15 the “volt”
from which we name the instrument for
measuring clectrical pressure a voltmneter.
Some instruments may be used for one
kind of current only; others aie suitable
for both D C. and A.C. Meters are built
on various principles, each of which has a
field of application and certain advantages
and disadvantages. Most commercial in-
struments are built 1uggedly and compact-
ly. A pivoted movement carties a pointer
moving over a scale which 1s calibrated
directly in terms of volts, amperes, watts
and so on, depending on the construction
and circuit of the instrument. In most in-
dicating instruments a fine spiral spring

holds the poimnter m its zcio position when
no cutient 1s flowing

Manyv direct curtent instruments make
usc of a moving coil pnoted between two
permanent magnctic poles. This type of in-
~trument 15 known as the d’Arsonval type,
tahing the name ot the physicist who fiist
made usc of the prinaple The deflection

ANOITHER WAVLEMETER

Showing hot-wire metcr as rosonance indicator and

giving another suggestion tor building and support-

mg wavameter cotlse This meter, halt by Y9DBE, won

4 warvemeter contest conducted by the Chicago Radwo
Irathc Association

depends on the current thiough the mov-
mg co1l which 15 conncctad to the ternminals
of the trstrument  When heavy currents
ate to be measurcd, mctal shunts are con-
nected actoss the terminals of the meter
to pass some of the current  The scale of
the meter can he cahibrated to 1ead the cur-
tent ditcctly when the shunt a~ built anto
the mstrument  llowever, a  sensitive
voltmetar s often uscd for measuing «nt-
1ent when a sot ot shunts of known 1re-
sistance 1 available The current value
1s figwred out by knowing the resistance >f
the shunt, mecasuring the voltage drop
across 1L when current flows, and applying
Ohm's Law

Voltmctars  are made by connecting a
high tesistance i ~c1ies with the d’Arson-
val movement to it the carrent flow and
powet consumptton of the mnstrument to a
small amount. The 1esistance is usually
placed tight within the irstiument atself.
The value of r1esistance, the size of the
spring, the number of turns mn the cotl,
and the stiength of the magnetie field
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(which determines the torque for a given
current) all have an effect on the range
of the meter. Any low-reading D.C. milli-
ammeter will make a good D C. voltmeter
when calinrated with a suitable external
resistor.

If you have an instrument of the d’Ar-
somval type 1t can be used cither as volt-
ineter or ammeter 1f separate calivrations
are made with various cxternal shunt and
series resistors. An external resistor or
“multipliecr” placed mn series with any volt-
meter will increase the 1ange of the meter
50 it may be used to measure higher volt-
ages than given on the scale of the meter.
The internal 1esistance of the voltmeter
must first be found using Ohm’s Law. Sub-
stitute the vahies tor the carront the meter
takes (measutred on a milliammeter) and
voltage apphed to the meter 1n Ohm’s Law
to get the 1csistance or the movement and
series resistor. A fresh 221,-volt block B-
battery will do for a source of voltage if
only a 1ough calibtation is necessary. If
the total i1c¢sistance 1n the <t of th»
meter 15 doubled, the deflection will be just
half the value tot a grven voltage that
was obtained before adding the external re-
sistor, so that the scale readings can Dbe
multiplied by two—which 1s the 1eason such
an external resistor is called a multiplier.
It it 1s desired to increase the useful scale
of a voltmeter by adding 1e<istors of un-
known value, take two meter readings, one
with the voltmetar “as 1<” and the other
with the esternal multiplier 1n serles with
the meter and the same applied voltage.
The ratio ot the two 1cadings 1~ the figure
by which anv and all scale readings of the
neter can be multiphied to give the coriect
1esults.

Any pocket voltmeter can he used as a
milllammeter 1n connection with circuits
whose 1csistance 15 comparatively  high
(compared to that of the meoter). As the
plate impcdance of small vacuum tubes 15
high, such a meta can be connceted right
i series with the ncgative lcad from the
high voltage plate supply to a vacuum tube
circuit. If one cares to alter the connections
inside the voltmeter bimnging out an extra
lead so that the movement can be used with-
out any rc<stance 1o seres with it, the
meter will have less effect on the external
circuit.  One should take precaution never
to overload the meter A calibration curve
mav be made 101 the meter or the current
tiganed out by wniting Ohm’s Law:

(1000) (reading in volts)
Milhhamperes —_— —
(r1es1stance between meter

terminals)

Direct curtent instiuments such as de-
sctribed using permanent magnets must
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never be connected in A.C. circuits. The
permanent magnets will be weakened, ruin-
ing the calibration. The pointer will tend
to vibrate but cannot tollow the alternations.
Dnect current meters of the type described
measutre the avorage value of the current
passing. This must be considered when a
D.C. mcter 1s used to measure fluctuating
current such as that suppled to a self-
teatlying vacuum tube oscillator. The av-
crage value of a complete A.C. cycle is
Zer0.

The value of an alternating current am-
pere 15 hased on 1ts heating effect which
vatwes as the square of the current. The
squate 100t of the average of the squares
of all the 1instantaneous values of an alter-
nating cutrrent over a halt-cycle is called
the cfrcctive or root-mcan-square value
which 15 a true measuie of the heating
effect. Taking the peak value of sine wave
alternating curient as unity, the average
value (sum ot all the instantaneous values
divided by the number of values) is .637
while the ¢flective value 1s .707. Thus the
plate mput to a selt-rectifying circuit as
measured on a D.C. meter does not give a
true 1ndication of the heating effect. Its
readings are arcrege readings and they

707

must be multiplied by about or 1.11 to

637
give the cflective value.

Both alternating and dirvect current can
be measured by mstruments of the electro-
dynamometer type. Such instruments con-
tain both a fixed and a movable coil, the
fixed co1l taking the place of permanent
magnets. The calibration is in terms of
the torque or torce betwen the two coils
thiough which the current is passed. As
the fned and moving coils are 1n series, the
current reverses at the same time in both
and the force of attraction between coils
15 alwavs m the same direction. This in-
strumant reads « ffcctire values of fluctuat-
ing curtent and voltage. Such meters are
usually calibrated on steady direct current,
but they are very accurate at all com-
mercial  frequencies as usually manu-
factured.

A thnd type of instrument has a moving
iron plunger which is drawn into a sole-
noid bv the curient. If the soft iron
plunget 15 well-laminated such instruments
tead cqually well on A.C. or D.C. The
better class of instrument utilizes a soft-
1ron vane mounted on the shaft in an in-
clined posttion. The vane tends to become
parallel to the lines of force from the sta-
tionary coil which is inclined about 45°
with the shatt. This instrument also
reads ¢ flcctive values and the type is quite
commonly used for pocket meters and
«witchboard instruments.

Induction-type instruments work by
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means of a split-phase alternating field.
Indicating and recording ammeters, volt-
meters, watt and watt-hour meters, power
factor meters and so on base their use on
this principle which 1s discussed 1n any good
electrical engineering text book. It should
not be necessary to add that they will work
correctly only on alternating current of
certain specified commercial frequencies.

Electrostatic voltmeters depend on the
mechanical attraction between two chairged
surfaces at a difference of potential. They
can be used for ecither A C. or D.C. but aic
unduly bulky for use below 3,000 volts
For high voltage work they are quite ac-
curate and they sometimes can be used in
amateur work for measuring plate suppl.
voltage. Condensers answer  the same
purpose for electrostatic voltmeters as do
multiplier resistances for ordina1y A.C. and
D.C. voltmeters.

Hot-wire instruments are famihar to
every amateur. The current to be meas-
ured heats a wire and the scale of the
meter 1s calibrated to read amperes from
the change in the length of the wire Such
instruments can be used with equal faaihty
for direct curnient, low-frequency alternat-
ing current, and radio-frequency alternat-
ing current measurements. A hot-wire in-
strument calibrated with direct current
will read tiue effeetne values of alter-
nating current with the possibility of shght
errors creeping in at radio frequencies due
to the capacity between terminals and to
the fact that radio-fiequencies travel on the
surface of wires rather than on the inside,
thus raising the cffective resistance of the
meter,

Another meter familiar to the amateur
is the thermo-coupled tvpe. The current to
be measured is sent through a small re-
sistance or ‘“heater” <tiip which warms a
thermo-junction. This is connected to a
sensitive galvanometer of the d’Arsonval
type which 1s calibrated directlv in am
peres at 60 cycles for commercial purposes
For laboratory measurements a sensitive
D.C. meter is used with several thermo-
couples and thermo-couple bulbs to covel
different rangcs. The couples are often
sealed in a bulb full of drv hyvdrogen which
protects the junctions from atmospher.c
changes and movements of the air. dissipat-
ing the generated heat at a constant rate
properlv constructed and calibrated, this
sort of mstrument will read effeetive values
of alternating current at hoth radio and
commercial frequencies. If the couple 1~
separate from the heater the instiument
will read equallv well on D.C. However
the wusual thermo-coupled meter sold for
radio work contains a copper-Advance
couple spot-welded to a manganin heater
strin and unless the weld covers a verv
small area there is some likelihood that
the direct current being measured will get

through to the galvanonmeter causing its
rcadings to vaty from the correct ones.
Unless the couple and the heater are in-
timately related, there 1s danger that much
of th hecat will te lost bciore 1t reaches
the couple. Hot wnc and thermo-coupled
meters can be calibratcd n either terms of
curtent ot current-squared, <o it s well
to note the tvpe ot ealimation betore mak-
g any measurements.  Current-squared
mstiuments  are  usually ealled thermo-
galvanometers.

There are cortain qualifications of all
meters that should be considered by the
prospective puichaser  For most work at
an amateur station, preasion, equipment is
neither nccessaiyv no1 desirable. Meters
should be 11ggaed, {annlv accurate and not
unduly expensive.  Parmancney of calibra-
bon 15 alwavs the first requirement; e
tieme accmacey 15 cecondary and dependent
on permanencv. A wavemeter that does
not hold 1ts calibration well is practically
uselcss  No matter how acceurately it was
cahbratcd, 1ts coviectness cannot be de-
pended on Indicatine meters should be
shielded from strav maenetie fields. should
have a suitable and legible scale. high sensi-
tivitv (low friction). and they should be
dead beat (the v nnter should come to rest
quichlv). The sprmmgs  and  magnets
should have as permanent qualities as good
manufacturing  conditions  and processes
can msure  Instrad of using a large mul-
uplying resistance with A.C voltmeters, it
15 most economical to use an “instrument”
transformcr, to step down the high voltage
Bv knowing the r1atio of the transformer,
the proper multiplving factor can be used.
The

scale mav be calibrated directly in
terms of the hicher voltage 1f necessarv.
The 1csistanec mothod is necessary for

measuring hich D C
wasteful of powcr.

voltages thought it is

In applvirg metcrs to 1adio cireuits. it is
best to gt rvtors which have a  full-
scale deflcrtion at ahwat double the value
at which vou will ordinanly woik. This
hrires the 1eadine 1n the center of the seale
and makcs it possible to use the meters for
lower or hieher 1anges  Alwavs put plate
ammeters v the s cgafine high voltage leads
when posaible. This will heep them at low

voltage (neaalv ground poteatial)  which
mahes than safe to haind'c and protects
them fiom insulation 1reakdown as well.

A meter to measure the D.C component of
the e11d current <hould Le placed in series
with the giid leak res <tor and a small ra-
dio-freaueney  choke «oil (to protect the
w ndings from 1adio-freaueney voltages that
may otherwise hui'd up arross them.) A
low 1eadine  hot-wire or thermo-coupled
meter in sories with the erid condenser
will <how that the radin frequencv com-
nonent of the grid cmrent of an oscillator
18 about proportiomal to the r.f. values
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elsewhere 1n the cinaut. It it 16 necessary
to put a D C. meter 1n a radio {requency
lcad, he surc to proteet 1t with a radio tie-
quenty  chohe of the night sizve and to by-
pass high-tiequency  currents around the
mcter and its chohe <ol by shunting them
with a condenscr of ample capaaitance A
tadio-frequency meter placcd o a lead
cartving a cutitent with both a D €. and
A.C. component will mmdicate both and the
cftect ot the ditcct curttent must e sub-
tracted out of the scale rcading to give the
value of 1adio frequency current It 1~
well to sce that a small D C and A C cur-
tent gine the same (or propc ) deflection
on the metar. too, as a httle DO getting
thiough to thc  d'Ar~onval movement
may thhiow the reading away oft. Mult
phiers for high voltage D € metars <should
be mountad whare the hive parts are out ot
reach, preterably m a grounded metal
mcased bhox.  The mcasurement or direct
cutrtent quantitics and «ven of  alternat-
g cuttents at commercral firequencies s
compatativedy stmple comparad to some of
the meastmements made at radio tiequen-
cies. JAbout all anyone necds to hnow Lo
measuie dinoct cmrtent quantitics 1 how
to apply Ohir’s law and how to connect
the mcters <o thoy have hittle dficct on the
mecasurements thamscves The mcaswe
ments  of  tadio frcquencres should  be
thought of a< simplv an advanced applica-
tion of ordinaiv altcrnating curient laws,
however  T'he construction and use of a
wavemeter (o1 radio frequency meter) has
alteady becn descnibad and now we are
gomg to touch on some of the more common
and useful measurements that anvone can
mahe at a radio station.

MI ASURING T1HII R CHORE ¢OIT INDUCTANC!

The appronimate inductance of different
choke coils at 60 ¢veles was given 1in tabu
lar form 1n the chaptcr on power supply
apparatus  Howecver, the mductance of
chole cotls 15 a vanable quantity depending
on the grade of nnon uscd in the core and
on the length of the an gap. When the
core hccomes saturated or tho frequency
varies, the inductance value will change
somewhat, too  IFor all practwcal purposes
a measirsment ot the inductance can he
made that will he much hetter than the
appronimate figures of the tahle and clo<elv
approaching the inductance actuallv ob-
tamned under working conditions

Two things about thc coll must first he
deternuned the esistance and  the im
pedance at a hnown ficquency . Thon the
imductance can he tound by solving a few
formulas o1 by the still «cimpler process of
1efetring to the chart reproduced in these
columns.

Formula A (Ohm’s Law) can he used to
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get the resistance. Formula B will give
the impeodancee.  Substituting these values
in formula C and sohving for L will give
the inductance in henries.

I'our meters should be used for making

(A) R=

(B) =z
(c)y z
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(B) Z=,§ =i10v = 134mp.
2 Z=12=8460hms

(C) z =" VR +@mfL)*
3 Z = V(40)?#(2x3 1#/6x60xL )%
4 Z=VY/600+142,/29xL2
5 Z3%= /600 + /42,129 xL2
6 Z2-/600=/42,/294L>

7 (846)*-/600 =/42,/29 xL>
8 7/5 716 ~1600=/4£2,/29X[*
9 /42,129 XL*=7/4//6

2/4, 106 _
10 L*= 42729 - 992

It L =YS502=2 24 Henrres

T ORMULAS USED IN PINDING CHOKE COIL IN-
DUCTANCLE AND THE CIRCUITS I'OR MAKING
THI' NECESS ARY MEASUREMENTS

ILhe problem ¢an be worked out mathematically Iike
thc sample shown or the inductance can be more
readilv found by referring to the chart.

the measurements if you can get them. The
connections tor making the measurements
are shown n the diagram and a sample
problem has been worked out to show how
it 1s done. If the alternating current sup-
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ply voltage and frequency are accurately
known, the values can be substituted if no
meters can be obtamned tor the purpose.
A dry cell or storage battery can be con-
nected to the choke to be measured thiough
a D.C. milliammeter using only sufficient
voltage to get a reading in the mddle of
the scale of the meter. The voltage across
the coil should next be read. Dividing the
voltage by the current (changed to am-
peres) gives the D.C. 1esistance 1n ohms.

Next, the local A.C. supply 1s taken as a
source of voltage and the same piocedule
is repeated—this tune using alteinating
current meters. The 1iesult 1s the 1m-
pedance in ohms at the frequency used
Now both the reactance and resistance of
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= A R’ 200000000 400000000 ©00 000 000
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CHART 10R 1INDING INDL CTANCE O1
1—Find the resistance of the coil (R) by uaing lormula A
2—Find the impedance of the coil (Z) by using Formula B

3—Find Z —
4-—Using the value found for 7/
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fuse 1n the circurl to protect the meters,
the ciremit and the choke itself. Suitable
A.C, meters can he obtamed trom the hign
school laboratory or perhaps from the lo-
cal electtician

Now substitute thc values in formula C.
The 1result can be obtained by working down
thiough the cleven steps shown or by fol-
lowing the ditections under the eurve after
R and Z have becn tound. If the numbe:
(Z — R obtamed lies between 1,421 and
142,100, the inductance will be in tenths ot
henties  If 1t 1< hetween 142,100 and 14.-
210,000 thc mddle hnes of figures on the
axes of the curves should be used, If the
difference of the squarcs 1s hetween 14,210,-
000 and 114,210,000,000 the mnduetance will

80000 00 000 120000 140 000
8000000 0 000000 12 Q00 V00 11000 000
800000 V00

1000000000 200 )0 00) 1+ 300000 000
f T

| | ’ |
|
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R- hy multiplying Z bv Z and R by R and subtracting
R, refer to the 60-cvcle or 2% «vdle curve and find the in-

ductance at the frequendy vou are interested in at the left ginven m honries
Note: If the (hoke has too small a core or too small an air gap it miv haome ~aturated when

carrying rectified alternating current, ~omewhat

lowcring the effactine indudctance, A very

“gskimpily designed” (hoke will lo~e necarly three-fourths of its inductance under such conditions.

the coil come into play so that the cur-
rent that flows 1nto the choke does not in-
crease as much as might be expected 1n
view of the greater applied voltage. Usual-
ly the frequency is accurate to within a
part of a cycle and anyone can find out
what it is quickly enough by telephomng
the local power house for nformation.
Unless the coil was found to have a 1e-
sistance of 20 ohms or more from the first
set of measurements, it 1s not safe to con-
nect it directly across the 110 volt mains
In any case it will be wise to put a small

be found on the scale of 10 to 100 henries. If
vou wish to use the curve, 1t 1s of course
necessaty to nicasuile the chohke coill at one
of the frequencies shown on the curve. The
25-cycle and 60 (ycle curves are most con-
venment and the maccuracy of the meters
themselves will often result 1n a greater
degree of erior than that denived from use
of the curves

In the example woirhad out we got the
values of R and Z a< 10 and 346 ohms
tespectivelv. Z — IR 714,116. On the
curves this number 15 i the middle row of
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tigures. Following the dotted line from
this point gives the inductance as 2.25
henries. The accuracy of measurement will
depend mostly on the accuracy ot the
meters used and on the care in taking read-
ings. The avaiage of several readings can
be used 1t (speqially accurate measurements
ate necessarv, A D C. mmlhameter can b»
borrowcd from the transmitter for taking
the mcasurements neccessary. Most hot-
wire and thermocoupled ammeters are cali-
brated on commeraal frequencies and can
be used tor finding the mpcdance 1f they
happen to be available in the right scale
ranges. A moving coll electrodvnamometer
type ammeter 15 best of all if 1t can be bor

towed from some laboratovy.

RADIO ML ASUREMINTS

Many pileces of apparatus can be con-
structed from spccifications or by u~ing va-
rious curves to show the combinations of
capacity and nductance necessary to covet
a certain range of wavelengths. However,
there are manv things that can be found
out only by maling actual measurements
of apparatus. The cahbration of a wave-
meter requites the use of a radio fre
quency driver as has been deseribed. The
measurement of the fundamental ard har-
moric frequencies of antennas, coils. and
of circuits contarming vairous (ombinations
of capaaty and inductance can be carried
out most comvenmently by using a radio fre
quency driver  Such a dnver is almost a
necessity for mcasurine indu-tance and
capacatance,  determuiming  the high  fie-
quency 1esistance of an antunna system at
different radio fiequencics, and so on.

A GRID M TR OSCILI ATOR

Although a 1adio ficqueney driver for
any wavelength 1ange can be thrown to-
gether on a smuill “bicadboard” at shoit
notice, it 15 so useful an insttument that an
osctllator mnioie paimanently  constructad
with plug-m coils to covar different wave
lengths 1~ desntable The oscillator should
cover all waveleneths at which measure
ments will ordinanly te nrade and it should
osaillate stronglv at all possible adjust-
ments. It 1s most convenient to have a low
reading nnlliammeter 1 scries with the
grid leak 1n the osaillator areuit for use
as a resonance mdicator between the cir
cuit driver and other tuned circuits. The
gird cnrent of an osallator drops sharplv
at resonance with another cncwmt. giving a
positive 1esonance mdication,  All that 1s
necessarv to put such a dinver in operation
1~ to conncet A-hatuwirics and B-batteries t)
the proper binding posts and to plug-in the
proper coil for the wavdength range de-
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stied. A metal box made of brass or sheet
alunnnum can be bolted together on brass
anglcs though 1t 1s usually simpler and
casier to mount the apparatus in a small
wooden box.  Shielding is not necessary or
destrable.

All the parts of a grid-meter driver can
be mountcd on a standard 3 16” panel 6”7
\ 10°. Photographs show the appearance
of an oscillator built to cover 12 to 800

+8
Rf
+A
[ =
-A-B
FHL SCHIPMATIC CIRCUIT O THE GRID METER
DRIVER (COLPIT 1Y)

last of Part«

Fube—U V-199, U \-201-A, U \-210, depending on out-
put power desired. Larger tuhes are necessary
for measuring antenna constants, Those sug-
gested are excellent for making measurements
of nitural wavelength, and determining capaci-
tance and inductance values by comparison with
known capaaty and wavelength tandards.

Sethet—Any <tandard base for the type of tuhe used.

Panel—6 "\ 107 \ 3/16 " bakehte.

Mctal box or mctal-lined hox 67 \ 41,7 \ 10”.

Dial—National Velvet-vernier.

Rf—I ilament rheostat to fit tube used

Rp—Plate supply resistance—100 to 300 ohms.

R—5 000 ohm grid leak.

Cs 6000 i fixed Sangamo or Micadon c(ondenser,

(g (p—Cardwdi double unit condenser, 330 nuf. each
nart

A—0-5 milhampere range ammeter

Iy snd Ip Cov s wond on 3 diameter, 114 long,
micarta tubes as helow

Wrnd ne of + 1 4 section

2tan of N 16 D(C

5 twins of No 16 DC(

13 turns of Na. 16 D C (.

1 oturns of No 22 DCC

71 tuins of No. 22 DC.C.

Warvelcngth range

12 to 32 meters
25 to 67 meters
31 to 150 meters
115 to 370 meters
310 to 800 meters

metars, the five plug-in coils and the ap-
pearance of the inside of the oscillator. The
~chematic diagram shows the Colpitts ecir-
cuit adapted for use n the driver. The
specifications for winding the different coils
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and list of paits required for putting such
a driver together are given below the dia-
gram, J” diameter micarta tubing 1s used
for winding the coils and each cotl 1s pro-
vided with four General Radio 247-P plugs
which slip into the binding posts on the
end of the oscillator panel. A double
unit condenser is used so that plate and
giid ciicuits are tuned at the same time.
This gives stiong oscillations over the
whole r1ange of the diiver. No radio fie
quency choke coils are 1equired with the cir-
cuit artangement shown. A cabinet or box
41,7 deep 1s required for the double unit
Caidwell condenser. The point of mimimum
deflection  of the grid-meter 1ndicates
1tesonance with any encuit or combination
of capacity and inductance to which the
drniver 1s coupled, with an extiemely high
degree of accuracy. It 1s not necessary to
use a r1esonance indicator 1n the coupled cnn-
cuit. Such an instrument is most useful
around an amateur station.

FINDING 1HI' NAITURAL PI RIOD Ol
ANILNNA 5YSTI MS

Usually the fundamental of the antenna
circuit can be found by connecting antenna
directly to counterpoise (with no inductive
or capacity loading at all) and bringing
the driver (into which has been plugged the
proper coil) near the antenna lead. The dip
on the giid-meter will occur at the funda
mental or there may be a less pronounced
dip at a harmonic of the antenna system.
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Noting the dial setting at which the grid-
meter changed its deflection and leaving
that setting as it is, the driver is next
coupled loosely to a wavemeter. The wave-
meter sctting 1s changed until another dip
of the gid-meter indicates the point at
which the fundamental wavelength of the
radiating system can be read directly from
the wavemeter calibration curves. Coils
mav be suspended in front of the driver in
free space and their natural periods
measured similarly.

If a sensitive 1esonance indicator is not
incorpotated m a diver, the airangement
shown 1n the diagiam may he used for get-
ting at the antenna tundamental by graph-
1cal means  Several different amounts of

12 10 ~00 MEIFR OSCIITATOR DRIVER AND
AlLL

Ol s

FHE INSIDE O OSCITLATOR AND CASLE

mductive loading are used. A low-reading
hot wire mctar o1 flash-lamp 1n the antenna
arrcurt s used as a resonance indicator. The
ditvar (which may be your transmitter) is
couy led to the antenna thiough a link cir-
curt constrncted of 15 o1 20 teet of twisted
lamp cord. The dinver 1s adjusted to
tesonance with the antenna for each dif-
tcrent load employed and 1ts wavelength
plotted against the number of turns of the
loading coils used. When this curve is ex-
tended to “ze1o” turns it gives the antenna
fundamental quite accurately.

VACUUM-1URE YOLIMY 11 RS

By a vacuum-tube voltmeter we mean a
combination of a tube, a sensitive milliam-
meter and the necessary batteries—this com-
bhination being so a1ranged that the reading
of the mlhhammeter is an indication of the
voltage 1miptessed on the input of the
vacuum tube.

'The general conncetions of such a volt-
meter are diagrammed. T 15 a vacuum tube
of the usual 201-A type; MA 1s a milliam-
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meter having a tull scale 1ange of about
15 milhantperes (such as i< uscd n the
gnd arcuit of drivers).  Weston makes a
small mstrument having this range, which
serves very well. For great precsion we
must use extremely accurate mcters.

With the values of filament, plate and
giid potentials indicated, the gnid of the

1S5 M4
Scaske

MA

tube 15 opcrating at a pomt well down on
the grd voltage-plate cutrrent character-
1stie, and the plate curtent will he about
one-tenth milhhampere. It now an alter-
nating potentral 1s mmipressed on the input
terminals, the gnd will fluctuate pernodical-
ly about this mmitial bras and, due to the
shape of the charactenstic, the positive
loops 1n the plate curient will exceed the
negative loops, so that we have an inerease
m out average plate current, this mcrease
varying with the mmpressed altarnating
voltage. In other words, our our plate mil-
hammeter will show an mecreased 1eading
when the A.C. 1s mmpiessed on the grid
For example, an wmput voltage of five volts
with the constants <shown will incrcase the
plate current from about one-tenth milh-
ampere to one nilliampere.

If we calibrate such a vacuum-tube volt-
nteter by varyving the mput voltage and ob-
setving the reading ot the plate milham-
meter, we can plot a curve from which we
may obtain the voltage for an, rcading ot
the milhammeter. A typical cahbration
cutve for such an instrument 1s shown

TABLE MA

10
5
25

aZ,
o
(s /
2
10 3 <40
4
5
e
7

85
14
/39
voLTs

While this 15 the general hasic type of
vacuum-tube voltmeter 1n actnal practise,
thete are manv refinements apphicd to fit ot
for varnous particular uses

The big advantagc of a vacuum-tube volt-
neter over ordimary anstruments used 1n
electrical work 1~ that no powcer 1s used 1n
the mdcter iteelf 1n making the measute-
ments It 1s readilv apparent that ordi-
narv  ‘oltmeters and amnteters are un-
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suitable tor mahking measurements of the
tmy curtents and voltages 1n 1adio re-
cernvets, A vacuun tube voltmeter may
then be used tor measuring voltages (and

currents, too) without consuming any
power from the <outce under measule-
ment. This makes 1t possible to measure

audio-frequency and radw-frequency am-
phhcation as well as many other quantities
dithcult to get at with (lumsier instruments.
Thete is a wide fheld of use tor such a
device

MI ASURING HIGH-I REQUENCY RISISTANCE

The tesistance of cncurts and conductors
to dnedt cutrent and to high frequency
current 1~ quite different At high fre-
quendcres, current tends to crowd to the outer
layers of a conductor, a condition which 1
known as “~kin cftect” caused by the field
due to the current ateelf, which s most
dense at the center of the conductor, setting
up a counter £ M F within the wire itself so
tiat most current flows on the suriace of the
wite mahing a tubular conductor as effec-
thhe as a sohid wire for working with radio
frequencres. Any disttibution of cutrent in
colls and wnes other than a umiform curient
density thioughout cach part results mn in-
creasing the effecinne resistance of the ¢oil
or conductor matenally over the D.C. value
ot resistance  Another factor rarsing Jhe
tesistanee or cotls 1~ that the nside of the
tutns has less mdudtance than the outside
<o that the current arowds to the inside due
to the lower treactance there Every stiay
field tends to cause some sort of 1edistribu-
tion of current in the conductor which raises
the resistance. The “copper loss” resistance
due to the area and conductivity of the wie
itscdf, the losses due to poor drelectrics,
corona, tadiation of energy. and the re-
si1~tance coupled 1in from adjacent areurts,
all add to give the total conductor or eircutt
resistance which 15 the hieh frequency re-
sistance that we can measure

It matters hittle whethar we are measuring
the resistance of resonant circuits contarn-
g lumped mductance and capacditance or
whether we arc measurmg the total resist-
ance of a radiating aramt made up of dis-
tuibuted values of mmductance and capac-
tance throuchout 1ts length-—the nrethods
that can be tollowed are the ~ame. The two
most common and practical methods are
shown 1 the diagram and will be die-
cussed briefly With either the variation
or the substitution method ot hinding cneuit
1esistance, a radio frequeney dinver <uch
as de~ctibed 1~ neccs~ary and a waivemeter
will also be nceded to check the waveleneth
as cach neasmrement 1s made A hink coup-
Iing ciraut consisting of two o1 threc turns
of wine at cach extremity and connected by
a twisted flexible parr 1~ also neces~<arv to
1~olate the dinver and make accurate meas-
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urcments  possible The  total leneth ot
wite weed m the hink cirant should be Tess
than « halt-wavelcngth of the arant bunz
measuted  Mctar (M) should be bhidoad
with a prece of No 1B &5 (© W. G)
wite to protcct it trom the high canrent that
obtamns 1 the artihcal load reut of the
oscllator

ITHT SULSLELL FION MIETHOD

In the substifution method of deternming
1osistance a varlable non-mductive resise-
ance and a varlable condensar arc con-
nectcd as ~hown A loading corl s broucht
mto play to load the ciamt to the appar-
most wavelength it 1= desitad to teach m
mahing measurements A sinelc-pole double-
throw ~witch 1~ uscd to make 1t possible to
~ubstitute tho “dummy’ oot (variahle
condenser, resistor and indnctance of load-
me coil) for the actual crrewt under mes-
utcment at 4 moncnt’s notice \ tharmo-
couple bulb with a scnsitinve mithiammctar
s uscd at \ to mrdwate tho amount ot
current tlowinz n cithar the ot bo ne
measured or in the artifiaal arant In
using the substitution mcthod. the antcnna
(or c<ircuit  undel mca=tmrement) 15 con
nectcd to the dinver couphng coil by throw
me the switch to the left The driver s
adjusted to resonance at which pomnt the
watcloneth and the rcading of A are care-
fullyv notcd  Then the switch 1~ thrown to
the nieht and ¢ varcd until resonince ob
tains acamm R~ now varcd until the ~ame
curtent 1s indicated on A as was provioush
notcd It may be nocessary to re-tune € for
1e~onence at the same time the fmal adjist-
ments of B oare made  Tho value of R
the re~istance at a particthar vavele neth
the value of € at the condenscr sctting '~
the cquitalent antenna (or araat) ca
pacity  The tr e capaaty diff (i~ from the
cqunalent capacity, as this method neele t-
the inductance of the antenna Tho cpva
lent approaches the tiuc at highar wave-
lengths, <o the truc antcnna capacity can b
ol tamned by plotting the cquinvdent cana -
1ty avamst the wavddeneth untl the corve
flattens out The substitution mcthod
very accurate, for the loading coil and the
thermo-couple are m the (naut tor both
positions of the switch ~o that the Tisse~ i
these preces of apparatus carcel out and
the loss 1 R s vary closcdy the same wwm
the cnrant under measmenunt  The drver
<hould be of amplc powar and the rcudime ot
metar M oshould not chanec more thim of
when the switch s opened  Momust ead
the ~am¢ with the switch doscd m oath
position o1 the rosults ane habl¢ to bc m
(riot A <teady diriva 1= absolutedy noces-
saty. The mcthod s particularly apphicabl
to antcnnas but the rosults will bo vadhicless
if the couphne changes, 1f tho drivar outpn
varies. 1f the dina s too dlosc o that

thare 1~ maegnetic o1 capadtative coupling
between loading cotl and drver, 1t there 1,
t » much rteaction between loading il anl
dinver. if thare is too nuich vcaction between
the dinver and crrcait under neasurement
(mote than 7% change m M), orf the read-
1me~ are not tahcn when tuncd to exactly
the r1esonance peoak I'h  1cading~ should
b  tahen from  about tour times the
Patutal wavelength of the antenna  to
a~ low a wasdlaneth as possible Make
measurements ¢very ten meters  or  So
mver the wholc ranec and diaw a smooth
iy through all the points on the resist-
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MEASURING ANTENNA RESISTANCE
AND EFFECTIVE CAPACITY

ance-wavelength  or
curve and it will be possible to deteinnne
the powcr i the antenna toutput of the
tra nutter) and the cthaonay of the trans-
y 1ttar by knowinz tho tesistance at the
worhing wavdlenath and makime proper sub-
~titution= 1in thc BRI tormula for powar.

1 ~1stance-frequenay

MAKRING H

A dccade 1¢sistance box 1s usctul tor
mahime moasarcments at the lonear wave-
leneths but ~ome No 30 o1 No 35 B. & S
Vdvance or Idcal 1esistance wire stretchea
¢ t ~trtaight on a board with an adjustabl»
(')~ acceptable as a substitute  The ve-
i<t tnce uscd must be larac i proportion to
the condcnsct tosistance to give accurate
yesult~ This mcans that a condenser of vedy
low cqivalent tesistance s onocessary and
that 1ts 1c~i1stance must be found and add 1
to the reaistance detammations at different
froquencies for (ztrome accuracy.

Some speaally bt rcsistance umts aie
Lccommended for the  expermcnter who

RESISTANCE STANDARDS
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wants to make a latge number of accurate
measulements.,  Ordinary 1esistance boxes
contain wite-wound units satistactory for
D.C. u1 low frequency work but useless at
very high ficquenaes on account of dis-
tributed inductance and capacitance. Good
resistance units are made up of short preces
of Manganm or Advance wire (which also
has a low temperate coethcient) sealed into
small glass tubes of umiform length and
diameter. Pyrex tubes & cm. long with an
outside diameter ot 8 mm. and a wall thick-
nes~ of 2 mm can be purchascd from the
Coinmmg  Glass  Works, Commmmg, N, Y.
About thnty of these tubes are required to
make a complete set of resistances.  The
values of resistance should range fiom one-
tenth to one ohmm 1n tunth-ohm «<teps, then
i steps of on to three ohms up to about
thirtty chms (csi~tance.  Some No. 3s, 40,
and 11 B & S. (A W.G.) Manganin wire
~hould be obtamned from the Dine: Hains
Co. or fiom Baker & Co., both of Newark
N. J. The diagram ~hows how each 1esist-
ance umt 1s constructcd  The leneth of 1c-
sistance wite o cach unit will vary from
about ';” to 2”. It 15 fuct <oldered to two
lcad wnies (No. 14 copper) using resin as
flux and just as httle solder as possible. The
lower values of resictance will be made un
of the larger wite. The ends of the No.
14 lead wnes are flad to a 457 angle, then
tinned and damped fumhy while the fine 1e-
sistance wire 15 ~oldercd to the center of the
filed <vifaces A< soon as a long .oiece of
resistance wite has been shldered to the ter-
minals 1t is tested 1in an aceurate Wheat-
stone bridge. adjustcd, 1eadjusted and
marhed with the corrcet resistance value
as soon as the final <oldering job and
measut ement has been made,

Small corks that fit tightly 1nto the glass
tubes are duillcd to take the No. 14 lead
wite and the completed 1e<1stance is care
fully mounted as shown in the shetch. The

Cork Kessance Wire Cora
Wax / | deadwire / Waix
=SSR S s = Vg

I Construction of a compleled unit

terminals are bent over at 1ight angles afte:
which some good sealing wax 15 melted and
poured into the end of the tube and ove:
the lead wire to hold it firmly in place and
to make a permanent <eocl. Care must be
telen not to get the tubes so hot that the
resistance wile becomes unsoldered.  The
leads <hould be (ut off to a uniform lencth
and the 1esi~tance values recheched care-
fully after which a tae or sticker on each
unit will keep the different values from get-
ting mixed up. A micarta panel on which
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has been mounted some small blocks of
copper i which 18" holes have been dnlled
to hold mercury, will make a fine 1esistance
board. Many blocks spaced so that the re-
sistance units fit micelv bctween any paw
will make 1t possible to get almost any com-
bination desired. Great care should be
taken never to let moie than a tenth ampere
flow thiough the r1esistances as the fine wire
will be melted off by too much current. With
some ‘ery sensitive instiuments very ac-
curate 1esistance measurentents can be made
at warelengths below 100 meters using
either the substitution or the \aniation
method that will be next described.

THI VARIAIION MI 1HOD

In using the 1esistance vuiiation method
which is perhaps easter to use 1n finding re-
sistance values bcdlow the fundamental
wavelength of an antenna and which 15 one
of the best methods to apply to any closed
R F. draut, the current 1s fiust 1ead 1n the
cncurt to be measured when 1t is tuned to
1esonance with the dinver arewmit, then a
known 1esistance (such as one of those just
descrtbed) 15 put in series with the cireuit
and the curtent again read. The connec-
tions for mrcasuring antenna resistance aire
shown on the 1tght of the “neasuling an-
tenna resistance” diagram. The unknown
cieurt resistance 15 found by substituting
in a simple tormula:

Rs
R\ =

1
— 1

Iq

Where.
R\ 1s the unhnown cireuit 1esistance.
R. 1s the known resistance added to the eir-
cuit.
I is the cuinient before R. was added.
I 1~ the current after adding R..

The re<istance obtained is that of the

entite  radiatineg  system, and includes
theimo-couple resictance, antenna resist-
ance, and loading coil resistance. The re-

sistance of devices connected in the antenna
arcuit must be found at the tiequencies of
the nieasurements and <ubtracted out of the
tesults to give the true antenna (or circuit)
resistance desired.

If a suitable variety of resistances is avail-
able (or a continuou~ly \ariable resistance),
1t may be possible to add a value of resist-
ance to the circuit so that the current (Is)
will be just half its previous value (I). In
this case, the formula vill be ~stmplified and
the answer may be read directly from the
resistance unit used or from the readings of
the decade box The denominator of the
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right hand side of the fraction will be equal
to unity. Remember that 1t a thermo-gal-
vanonieter is used 1t probably rcads cunrent-
squared and the deflection for half-current
will be % the initial value instead of % as
in the case of meters giving scale 1eadings
of curient dnectly (ammeters and nnlliam-
meters).

Just as i making measurements by the
substitution method, the (neut driver used
must be of ample size A tube at lcast as
large at the UV-203-A ~hould he employed 1in
most 1nstances  Two UX-210's will work
in a pinch. The tiansmntter itselt can olten
be utilized to save the expense and trouble
of building a «eparate poweiful o-~cillator.
The dinver must be some distance away and
very loosely coupled 1f accurate results are
desned.

By using a radio-frequency ammctar 1n
the untuned hink and holding the link-coup-
Ling constant at the system under mesure-
ment, 1t 15 possible to use a small oscillator
for making atcviate measurcments.  The
coupling at the dinver 1« made vanable and
changed <o that the R1° ammecter always
gives a certain 1eading (~av one ampele)
with the switch across R either open or
closed. This eives the same [5M F. in the
radiator under measuicement under all con-
ditions

Resistance curves of condenser-coll ¢it-
curits will usually be umform and -mooth
unle-s other resonant arcuies o1 othe:
sources of los< at certain frequencies are
coupled 1nto the cinvut under measurcment
In general the measmements made with the
highest frequcnaies will give the highest
values of resistance It must be remem-
bered that thare are several different hinds
of “losses™ that are repre<entcd 1n the total
resistance as found. “Humps” mm antenna
resistance eurves may be caused by neighbor-
ing guy wires, resonant lighting crcuts in
the field of the antenna, metal 100fs and o
on and the poorer the antenna location the
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nmote nregulanties there are apt to be in re-
sistance curves. Sometimes r1adio frequency
energy from a transmitter will cause lamps
across different parts of the house-highting
arcurt to hght dimly, a eondition which can
be checked when measuring the high fre-
quency resistance by making measurements
with the lamps 1n and out of the sockets.
Connecting condenscrs or loading coils in
the circuits 1n question will often alter their
period to some point outside the amateur
bands of wavclengths, after which the ama-
tcur station 1n question will he able to get
much better 1cesults from the hours spent
i operating the set.
The graphiwcal
antenna resistance
per  loss” 1ewistance, dielectrie loss  re-
sistance, and radiation resistance s
qaitc simple. The cumrve of total iesist-
ance plotted for different wavelengths
should be equal to the sum of these three

total
ucop_

separation  of
mto curves of

coniponents or different types of losses.
A straight Iime drawn through several
points on the trtal resistance curve
at three or fowr times the fundamental
wavelcngth may bho extended to the 1e-
sistance axis., The point where the ex-

tended line cuts the tesistance axis may be
taken a- the “coppcer loss” resistance. The
dielcctine loss will be represented by a
<tiaight line drawn from the origin paral-
lel to the fir<t hine diawn By subtraet-
imo the sum of thesc two losses at every
point along the cwrve from the line repre-
snting the total resistance loss, the ap-
pronimate value for radiation resistance
can he found This should be a smooth
uniform curve which tnise. rapidly as the
frequency goes up. [t mav be interesting
to compare the radiation resistance found
with a curve constructed from the best
theotetical considerations in which case ref-
erence should be made to pages 476 to 483
of the book Electiie Oseillutions and Elec-
tire Wares bv G. W Pierce.
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The A.R.R.L. Communications Department

HE Communication~ Department 1s
concerned with the practical opera-
tion of the stations ot League mem-
bere.  The work of the depaitment
meludes artanging amateur operatig activ-
ittes, ¢stabhishing standaid operating piro-
cedure, encouraging good operation, mmprot-
mg message relaying, and conducting tests
to these ends
The aim of the Communmcations Depart
ment 15 to heep in existence a network of
League stations made entirely ot private-
Iy-omned radio stations covenne the entite
continent of North Ametica  One of 1t~
objectives 15 to create a body of shilled op-
crators whose sarvices and abihit es will
further the gencial knowledee of the ait
of radio commumecation. The 1elayineg ot
friendly mesc<ages between differert paits
of the country without chaige 1~ one of the
most 1mpotrtant phascs of the nork cominz
undcr the suparvision of the ( ommumca-
tions  Department Amateur  operators
have also always becn of great assi~tancc
to our countiy m times ot any sort of emer-
cency i which quich communication to a
distant point has baen a tactcr, espeaall
when othar mothods of communication have
failed
These objects of our otgamization must
bc¢ borne m mind at the <ame time we as
mdnaduals, are gctting the most enjoy ment
from the pursuit of our chosen hobby Only
by opctating owr ~tations with some use-
ful end 1n view can we tmprove the setvice
which we gne otheis and naeasc the
pleasure we get from amateur radio com-
nunication, at the same time justifyme out
exaistence
The activities of the Commumnications De-
partment are arranged and recorded
thiough QST and by speaal contespondence
Tests and telays e atranged from time to
time to  develop new routes for traftc
handhing, to prepaie oursehves to 1ender
cmetgeney setvice 1n time of need, and to
brme to hght additional general radio n-
formation In this way all members of the
League benefit from the experience of ce1-
tain individuals who excel alone specified
Iimes of work.

The policies of the Communications D¢-
partment are those utging member~ to adopt

umform operatime procedure and to usc
<y~tem 1n thewrr <tation operatinze. The
(ommunications  De¢partment constantlsy

tres to mahe our communication sy~tem just

as cthaent as a non-commeraal nessage-
handling oregamization can be made Com-
phiance with government 1egulations, order-
Iy opcrating, and co-opcration with each
other and with outside mterests for the ad-
vancement of thc art, are a part of ‘he
policies of the Commumecations Department.
The first dutyv of the department to mem-
ber-<tations 1~ to supervise operating work
<o wcll that the amatcur will continue to
Justify his existence in the eyes of has Gov-
crnment  Then hce will be allowed a con-
tinuance ot the privilegces which he has re-
canved as his due i the past.

Records  of  the worth-while  traffic
handhing, of mds~age 10utine, and of specihe
tests conducted batween the dittcrent sta-
tions ar¢ hapt n the tiles of the Commum-
catrons Department and recorded 1n the
Official Orean of the Leacue, QST

It 1~ obviousIy mtpossible to distrthute up-
to the mimute infermation m  a monthly
pcriodical Therctore nmumeographed ar-
cular lctters are usad on speaal occasions.
Fhe active stations are thus hept imtormed
of the developments 1mn such a rapwdly
progressing system Thiough such letters,
through (2571 and thiouch a large volume of
1outine corespondence with indndual mem-
bers, the contact 1~ kept zood and the activ-
1ties we have outhnad arc ctteetivedy carnied
out by the mterestcd member-<tations.

Ofhcial Broadcasting Stations have been
appointad to improve on even the arrange-
ment we have just outhned. Every day of
the week at certamn hours about one hundred
stations ~end a telegraph broadeast that s
copred by hundreds of members. The broad-
casts carty the very latest information that
I~ avatlable from eague Headquarters.

Ofhiaal Wavelcngth  Stations, many  of
them cry~tal-controlled, have been selected
to aid 1 mamtaining the orderly and law-
abiding operation which 15 1n accordance
wih the polictes ot the League and of the
Commumecations  Department The up-to-
date hist of calls and wavelcngths 15 printed
m one of the rccent numbers of QST for
vour bencfit  The Official Wavelength Sta-
trons ate not appomtcd by A R R L. Section
Comn unications Manageil~s as are all the
cthar appomntces. They  are selected by
the ofhcial Wavcdlength Comnmuttee. Com-
munications ~hould be addressed to the
Commttce Chantman, M. D ¢ Wallace,
109 West Thind St . ong Beach, Cahiforma

In these pages we are gomng to explam
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the orgamzation of the Conmrmunications De-
paitment, the proper message forms to use,
and some speaial practices which experienec
has proven best.  We urge that svou help
strengthen amateur radio by studying the
operating practise suggested and by adopt-
g uniform operating procedure Keep
this book 1n your station for 1cady reference

Iiveryone at lLiague Headquatters wel-
comes criticzsm that 15 accompanied by con-
structive suggestions In tact 1t 15 only
thtouech the boosts and suggestion~ which
come from every member and operator that
We can improve out setvice to others, there-
by mcreasing the pleasure we ourselves get
from our chosen hobby.

ORGANIZALTION

The atfans of the Communications Dc-
pattment in cach Diviston arc supervised
by one or mote Sectron Communtcations
Manager each of whom has junisdiction ovetr
his section of a Dhivision

FFor the puipose of orgamvation, the
A.R.R L. divides the United States and
Ganada mto Divisions as follows:

ATLANTIC DIVISION: Delaware,
Instrict ot Columbia, Maryland, PPennsyl-
vania, that section of New Jersey with-
in the Third kFaderal Inspection District.
and that section of New Yotk within the
[Y1zhth Federal In<pection District

CENTRAL DIVISION- Ilhnows, Indiana,
Kentuchy, Michigan, Ohio and Wisconsin.

DAKOTA DIVISION: Minnesota, Noith
Dahota and South Dalkota.

DELTA DIVISION: Atkansas, Lousi-
ana, Mississippt and Tenncssce

HUDSON DIVISION: The entne Soo-
ond IFederal Inspaction Dhistrict, consisting
of certain counties of New Jersey and New
Yorh States.

MIDWEST DIVISION: lowa, Kan-as,
Missourn and Ncbiasha
NEW  ENGLAND DIVISION Con-

necticut, Maine, Massachusetts, New Hamp-
<hite, hWhode Island and Vermont

NORTHWESTERN DIVISION-  Idaho,
Montana, Oregon, Washington and the
Torntory of Alasha

PACIFIC DIVISION Atizona,  Cah-
fornia, Nevada and the Terntory of Hawan.

ROANOKE DIVISION: Notth Carolina,
Virginia and West Virgmia

ROCKY MOUNTAN DIVISION Colo
rado, Utah and Wyoming.

SOUTHEASTERN DIVISION Ala-
bama, Florida, Georgia, South ¢ arolina and
the Island ot Porto hico the Repubhic of
Cuba, and the Isle of Pres.

WEST GULI® DIVISION: New Mexico,
Oklahoma and Texas
MARITIME DIVISION Newfoundland,

Labtador, and the provinces of New Bruns-

wich, Nova Scotta, and Prince Edward Is-
land.

ONTARIO
Ontano.

QUEBLKC DIVISION.

DIVISION: Province of

Province of Que-

bed

VANALTA DIVISION: Provinces  of
Alberta and Bnitish Columina and Yuhon
Fernitory.

PRAIRIE  DIVISION: Provinees  of

Mamtoba and Sa~hatchewan, and the North-
west Terntornies

Kach Umted States Division elects a Di-
rector to represent it on the A R R.L. Board
ot Dnectors and the Canadian Divisions
cdeet a Canadian General Manager who s
also a Dnrector. The Boatd deternunes the
polictes of the League which are carned out
by paid oflicer~ at League Headquarters act-
e according to the instructions of the
Board. When the Board 1s not i session, the
officers of the League, constituting an Exec-
utive Committee, can act for the Boatd, sub-
Jject to certain hmtations

The Communication~ Depattment has a
f.cld organtzation made of othaals elected
by the mambership in a wav simlar to the
Directors.  Each Director and c¢he Com-
munications  Manager at League Head-
quarters deade the proper sectionahzing
of cach Diviaon, atter which each Section
holds an elcction tor Scction Communica-
tions Manaca Thewe tield oftiaals are
nsted on page 3, while the names and ad-
dresses of the Ditectors are piinted on page
6 of cach QST

It 1s for more ethaently collecting re-
ports from the actinve <tations and ~uper-
vising the activities of the Commumeations
Department that the operating terntory s
divded into Sections  In ecach Section there
15 a Section Commumcations Manager, who
under the direction of the Communications
Manager, has authonty over the Communt-
cations Department within his Section  lle
15 tesponsible to, and reports to the Con-
munications  Manager, except in Canada
where he reports to the Canadian Generzl
Manager.

Whenever a vadancy occuts in the po-
sttion of Section Commumcations Manager
I anv s~ection of the Umited States, 1t
island - possessions  or  territories, or the
Republic ot  Cuba, the (ommunications
Manager announces such vacancy and calls
tor nommnating petitions signed by five or
more membars of the Section 1 which the
vacancy onists, and nanming a member of
the Section as candidate for Sectron Com-
munications Manager. The closing date tor
receipt of such petitions 18 announced.

After the dowing date, the Communiea-
tion~ Manager arranges for an eleetion by
matl.  Ballots are sent to every member of
the Ieapue tewiding 1n the Section con-
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cerned, listing candidates in the order of the
number of no mnations reccived. The clos-
ing date for receiving ballots 15 announced.
Immediately after this date, the Com-
munications Manager counts the votes. The
candidate recemning a plutahity of vetes
becontes Section Communications Manager.

The Canadian General Manizn s'nufmly
manages such an election tor a Section

Com'munications Manager whancvel a va-
caney occurs n any scetion of the Domanion
ol Cunada, Newfoundland ot Labrador.

Section Communications Managers e
elected for a two-year term of ofhce.

The oflice of any Section Communications
Manager may be declaicd vacanrl by the
Iixecutive Committee upon 1ecor mendadon
of the Communications Manager, with .he
advice and consent ot the Drcctor, when-
ever 1t appears to them to be 1n the best
intetests of the membeir~hip so to act, and
they may thereupon cau-e the clection of
a new Scction Communications Manager.

COMMUICATIONS DEPARTMLNI OI FICIALS
AND APPOINIMKNIS

The following portion~, 1elating to Sec-
tion Communications Managais, Offical
Relay Statiwons, and Repotts, are reprinted
from the “Rules and Rcgulations of the
Communications Department” and <et forth
the 1egulations which govern these matters
within the department.

SLCIION COMMUNICATIONS MANAGLR

1. The Section Commiunications Manager
i~ 1e<ponsible to the Communications Man-
ager at League Headquartais tor the
efficlency and co-operation of his personnel.
His pohaes are the demoaiatic pohices of
the League itself.

2. His territorial linntations are de-
tetmned by the Divivion Dircctor and the
Conimuncations Manager.

3. He r1ecommends the appomtment or
cancellation of Official Relay Stations mn
accordance with the 1ules partaining to the
Offical Relay Station Appointment.

The Section Conmimunications Manager
exanunes application and qucstion forms,
signing the preseribed certificate of ap-
poinunent and forwarding it to the <tation
cwner when the appontment can be proper-
ly mede. Form 4 appoimtment card hear-
ing the ceitificate number 1s forwarded to
League Headquarters with tie question-
naire forms properly filled out by the ap-
plicant. Cancellations (Foim (') are made
for inactinity or for violations of any of
the rules or provisions ot the Rules and
Regulations o1 of the Othaal Relay Station
Certificate.

An apphcant who fails to qualify may

TIHE RADIO AMATEUR’S IIANDBOOK

agam apply for appointiment after 3 months
have elapsed.

1. lIle shall be responsible for the main-
tenance of the Orhaal Broadeasting Station
System within s Section, recommending
such appointments or cancellations as may
be necessary.  Due consideration shall be
given the distiibution of stations on the
different  wavelengths. There shall be
cnough stations on each, to cover the Sec-
tion.

5. He s responsible for the traflic activi-
ties ot his Section e shall appomnt such
assistants for speahe work as may be
deemed  necessary by  the Communica-
tions Manager, such as Route Managers,

Othaal Observers and the ltke. These
ofhaals  will have full authonty within
the Section over the activities indicated

by them titles. They will 1eport and be
1esponsible to the Scction Communieations
Manager 1or thar worh.  With the con-
sent of the Commumcations Manager he
niay, 1f necessary, designate a competent
Othaal Relay Station or League member
to act for him 1n a particular matter 1n any
part of his torritory.  He shall be careful to
instiuct such an appointee properly in the
duties he 15 to excecute while acting for the
SC M.

6. e shall conduct 1nvestigations of

radio  sotietics  and  other orgamzations
which are reteirad to im by the Communi-
cations  Manager.  He shall  recommend
athihation only when well satisfied that such
orgamzations are worthy of affilation with
the Lcague.
7. He shall appoint Vigilance Commit-
tecs m the centers of activity where ama-
tcar mtafaence  conditions  appear  to
mahke such conmttees desnnable 1n helping
to hghten the load of complaints received
by the Supervisors of Radio. (See Aprnil
1925 QST).

».  He shall have referred to him by his
valious appointees any cotrespondence that
may 1elate to mattcrs of general policy, o1
suggestions for improvements in conducting
the atfairs of the Leapue.

9. ille may requisition necessary Com-
munications Department supphes provided
for making appointments and supervising
the work in his Scetion. He may render
an 1tennsed postage (\pense account month-
ly.

10 Ie shall render a monthly report to
Headquarters, consohidating all the 1eports
by subjeets into a comprehensive summary.
This 1eport <hall 1cach Headquarters on or
before the fitth of cach calendar month.
It shall be made up from all reports from
O R.8. and other active stations together
with the treports from special appointees
(5) and as mentioned under the subject of
reporting.



COMMUNICATIONS DEPARTMENT

THE ROUII

While the Section  (ommunications
Manager 1s the tratue ozecutne of the
Section, the Route Manager has the prana
pal traffic station of his particular locality.
There 15 gencrally one Route Manager to
evely twenty or twenty-tine Ofhicial Relay
Stations, depending on the radio popula-
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tton ot the Soction concerncd and the
amount ot otganized actinvity. Routc
Managers maintamn good local radio con-
tacts rcgularly so that stations can b
ltned up and outes developed and
operated by radio. Route Managers co-
operate activdy with all active  stations

m their distiicts, so that cach Route Man-
ager 1s the nucleus of a4 communication net
which he organizes hunscli, and tor which
he 15 tesponsible at all times to his dSec-
tion Communications  Manager Route
Manageirs artange schedules for local traf
fic handling between the diffcrent towns
and cities 1n thar territory as well as
heeping many schedules at thenr own sta-
tion and heeping trach of between-Scction
schedules, 1eporting monthly to the S CDJ.,
who m turn teports to A.RRL IHcad-
quarters where work in all paits of the
country 15 co-ordimatcd monthly.

OL1ICIAL OPS] RV RS

Each S.C M. recommends for appoint-
ment a suttable number of Obscivers who
report regularly to the SC M on the off-
wavelength opcration noticed, sending ou?
notification forms to help amateumrs 1
keeping  within thc  assienad wavden,th
bands. When not too bu-v with this work,
the Offictal Obsavers makc gcneral ob-
servations on operating conditions taking
the proper action to hiing about improve-
ment, always repoiting the action tahken
to the Section Communications Managcr.

THL OFPICTIAL RED AY SIALIION

The Section Communications  Managc:
shall 1ecommend for appomtment as Otlicial
Relay Stations such stations of L.eague men-
bers as apply for and marit such appomt-
ment.  The rccommendation shall be hased
on the ability of the applicants to come up
to a speafied set of qualihcations.  The
applicant shall have a loval, co-opcratine
attitude; he <hall follow standard A RRT
operating practices (undarstandine and us
ing the proper message form, finish stenals,
service messaee, cable-count ehcch on mm-
portant me-sages, and so on); he shall have
a transnutter and recenver capable of opera-
tion at any time; and he must be able to
send and r1ecenve Continental code at a ratc
of at least 15 words per minute

1 It shall be the duty of the owner
of cach daily appointed Otheial Relay Sta-
tion to report mouthly to his Section Com-
munications Manager, to heep the station in
1cadiness to opcerate, to use AR R.L. oper-
ating practises exclusively, and to tahe part
m the activities of the League whenever pos-
sthlc.

2. Each Officred Relay Station shall re-
¢ 1ve an Appomntment Certificate to be dis-
prayed pronmunently m the station, a quarter-
1y bulletin ncwsletter frtom Hcadquaiters,
and a Form 1 tcporting card on which to
turn i the regular monthly 1eport to the
Suction Communications Manager.

3 Whan a swation 1s ot necessity moper-
atine tor tour months or less, the appoint-
ment mayv be hadd on an mactive list by the
Scction ( ommunications Manager, provid-
g the <tation owncr has eportcd the
focts of the case ard 1cquested that he be
oxveusad from adnve operating and report-
g duning this tinc. Inactive hists shall be
twrncd i to Headquarters by the Section
Communications Manager with his monthly
1cpott. O.R.S  appomtments shall  be
transfciable fiom one Scction to another,
with the conscnt ot the Section Communica-
tions Managers conceined who must alter
thanr records and notity  lleadquarters of
such changes, Such appomtiments shall
rot be transtcrable from one station-owner
to another.

I Tnc violation of the provisions made
above for opcra me and 1eporting shall be
sutlicicr t rcason to the Scction C ommunica-
tions Manager to 1ccommend cancellation ot
the appomtnient  The S ction ¢ ommunica-
tions Managar shall ncnty the Official Re-
lav Stations that this action s pending when
the fust anl the ~ccond teport has been
missed. The appomtment <hall be ean-
celled  automatically when the thind con-
sceutne 1cport faill o to come thirough on
time,

RIPORIS

Lach Oflical Relav Station report shall
include the num'er of meossages onginated,
delivercd, tddayed, and the total.  The
[orm No 1 rcporting card furm~hed by
th¢ ARRL. <pall be used when 1t 1S
avdtlable but the pon-arrival of this form

~hall not constitutc an ¢xcusc for not 1e-
porting.
The Section Comumunications Manager

shall conden<e all roports 1ccenved, Icaving
cut any “negatnd” mtormation His re-
port <hall not mention mactinity or non-
1cportime Traflic figures <all be separate-
Iv Lstcd at the end of the report and shall
not be included m the body of the 1eport.
The most consistent tratlic stations and the
oncs doing most experimental and other
useful worh are the ones deserving credit
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and to whom space shall bc ginven. When
possible, the Seetion Commumcations Man-
agel shall send in his veport typcus tten and
double-spaced. Section  Commumeations
Managers <hall not tiansmit the rcports
tecenved by tham to Headquartars caeept
on a 1equest to do so, but shall convider the
1cpoits a~ for than vtoimation and from

them prepate a condensed treport ot the
month’s activities and the <tatus of ama-
teur affan~ mm the tamntory undar thenr

junisdiction,

The Ofhaal Relay Station appomtment
of the Commumcations Dcpartment  de-
serves some  furthar  explanation. Tele-
graphing  mambers who  hold  amatcut
hcenses are most intercsted m this work

Before the war out lLeague was a much
~maller organzation than 1t 1~ to-day. What

traffic handling was done was performed
1 a Very  eas)-going manner.  VMessages
were not tahen serwusly by those who

sent them o1 by those who handled them.
Because therc wae fewar stations opciat-
1ng, 1t was harder to relay mossages to then
destinations Dchivertes wae the oncep-
tion rather than the 1ule

A« the Lcague (apandad motr¢ «tations
cane on che an. It becamc mercasinzly
possible to land messages 1ght at the
aty of destiation.  More messages came
our way from the public who began to
tealive that messages were actua Iv bang
delverad and handled 1 good time Ax
the scrvice mprovad, more people avaled
themselves of 1t~ use  Regular trunk and
branch trathc routcs werc artanged <o that
messages could be handled rehably m al-
most any dnection However. with the ad-
vent ot the war, this orgamvzation bccame
moperative with the dosing down of all
stations by thc govarnment.

After the war, the new orcamrzation wnt
through some violent changes  New devel-
opnients were prinapally along  (he hnes
of tube transmis<ion Nont came  the
shortar wavdengths, mahing a complete
revamping  of our communication syvs~tem
necessar)  The granting ol appointments
rght and left, the mcrcase i numbers of
mexpercneed  operators,  the new  on-
ditions under which we were oparating (on
several wavelength bands), cach lett ats
matrhk on our communication systecm Once
a nman could handle a ceitain number of
messages a month, he was granted an ap
pointment without much questioning  Be-
fore the war newcomers auntomatically cot
operating experience by listemng to com-
mercial and  government long-wave sta-
trons. DBy the timc then stations were n
worhablc shape to handle relay tirafhe, the
necessary  operating  (aperrcnce had been
gamcd.  Aftar the war, newcomas threw
sets together from the intormation then

nmade available.
mumcating  over

Stations capable of com-
thousands of miles on
~hort waves were operated by operators
whose tuners no longer 1eached wave-
lengths where good commeraal traffic was
tange cthaently handled  Lack of this pre-
linunary traimng was responsible for poor
opcrators  Unichable stations and opera-
tors slowed up trathe. Complaints were re-
cenved on the umehability ot operators and
on the poor delnvery of messages every-
where,

lanally, 1t was deaded to abandon the
old ~3~tem and to start fresh. The need
of placing a greater respon<ibility on the
traflic handhing ot ~tations was felt keenly.
A dlass of stations that could be depended
upon ~hould be c(reated! An 1on-bound
set of qualifications and a set of Rules and
Reaulations for Othaal Relav Stations were
diawn up as a standard and a foundation
for the present trafhc-handling organiza-
tion was bwlt.  Appointments under the
new system of things are no longer girven
without mvestigation A set of questions
to be answered for Conmumecations Depart-
ment  files and  recommendations to the
Scctton  Commumications  Manager are
nceessary  The present sy~tem of Official
Relay  Stations, which has been n sue-
ces~ful operation for over two yeals, 15 the
1esult.

WHY YOUR SIATION SHOULD BI, AN
OFIICIAl RFLAY SIALION

Othaal Relay Stations are the best regu-
lated and the most active stations 1n League
opcrating work to-day. Every Official Re-
lay Station has a good-s1zed certihicate of
appointment  The certificate 1s a marh of
distinction putting the operator mn a (lass
above the average “ham” The operators
ot Offical Relay Stations are well-hnown as
“rehable™ oparators and amateurs of good
~standing  The badgee of honor cairies some
waeht with (veryone who visits the sta-
tion, including the Radio Supervisor. Va-
cancies 1 the ranks of the League officials
«te filled from the ranks of the Official
Relay Stations. Every owner of an Official
Relav Station recanves a bulletin letter from
ARRIL Hcadgquarters quarterly with the
latcst <chedules, news, and procedure hints
and hedps  Speaal 1eporting cards for the
comvemence of the Ofhaal Relay Station
operators 1n reporting then trathc-handhing
work and records are sent out with the
bullctm

HOW O PICOVME AN O R &

o sccure an appommtment as Official Re-
lay Station 15 quite a stmple matter. After
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building the station and gaimng some code
speed, get 1n touch with your Scction Cont-
munications  Manager. Arrange  somc
schedules for trafhic-handlng by wnting a
few letters to the best stations you hean
consistently o different  directions from
your own station Collcct and handle same

traffic regularly and don’t  forect to
repott your worh to him on tin cach
month for a tew months Then ash jour

local trathc othaal to furmsh you with an
application blank to beconte an Othaal Re-
lay Station (or use the one pnnted tor
vour conventent in the rear of this book)
F1ll out the application blank and scndat to
Headquarters.

You will get som¢ question blanks to he
filled out and returncd to the S.C M. It
you have the necessary Lnowledge and
qualifications the S.C M. will be able to fol
low his nstiuetions and make the appoint
ment. In this event the information yvou
have sent him will be tutned over to IHcad
quarters for Headquarters files. If vou can-
not answer all the questions cortecth o3
are not quite able to mahe the ¢ ade, voul
application may be tabled for two or three
months 1n which time vou can study and
practise operatng until vou can niahe the
grade. It mav be that vou miss out on ~ome

ot the questions but get a mee letter from
the Section Conmmunications Manager ex-
plaining  the answars and notifying you
what action can o1 cannot be taken regard-
ing an appomntment.

Being rccognized as an  Official Relay
Station 15 very nmch worth whileo It s
not dithcult to obtain an appointment hut
ccrtamn requirements must he met and hved
up to 1f the appomtment 15 to be hept vahd.
Otherwise 1t would not be worth while.
Cancellations of appomtment follow failure
to 1(port for two successive months, con-

tinucd  faillure to opetate according  to
ARRIL  practices, failute to  observe

government regulations, fallme to keep a
Tee1ved and transnntter m commission, and
tailure to comply with the spint of the rules
on the apphcation form o1 certificate.

When a station 15 moperative of neees-
oty and the Section Communications Man-
agel has been dulv notified, the appointment
15 gladly held on an 1active hst over a
certain period of tnnc.  New operators are
needed among the “rehables” every day.
The appointment 1s one made with niutual
advantage to vourself and to our Com-
munications Department  Fill out the ap-
plication form as soon as yvou can qualify!
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Operating a Station

HE enjoyment of our hobby usually
comes trom the opcration of our sta-
tion once we bhave fim<had 1ts con-
struction. Upon the stat.on and its
opcration depend the traflic 1eport and the
communicatie n 1ecords that are made. We
have taken ¢vay it of care that was pos
sible 1 constiucting our tiansmitter, ow
recenver, and 1 crecting a suitable ancenna
system. Unless we mahe omrselves familiay
with some umform operating procecur, un-
less we use good judgment and care n
operating our stations, we will 1all far shoit
of 1eahizing the utmost 1 1esults achwved
More than this, we will mahe oursclves
notortous unless we do the nght thing, be-
cause we have the power to mterfare with
other stations 1f we operate 1impy operly.
After a bit of histcning-1n experience you
will hear both hinds of opcrators and 1calize
the contrast that ¢sists between the opera-
tion of the good man and that of “hds" and
“purhs” who havc nevar taken the trouble
to fanuharize thamselves with gcod practise
Occasionally vou will pich up an amateur
whose method of operating 15 <o (lean cut.
so devoid of uscless effort, <o snappy and
systematie, that vour 1espact 15 gamed andd
it 1~ a pleasuie to histen and worl with him
For efficient traftic handling, the tians-
nutter should be adjusted for most efhcient
operation on two or thice known lawful
wavelengthe  Marked or taggcd pomnts on
the coil with known condicnsar settings
de fimite wavelengths will ¢nable the op 14
tor quickly to change wavclengths (QSY)
at any time.
The operator and his mcthads have much
to do with hinting the r1ange of the ta-

tion  The operator must have a good
“fist”. He must have paticnce and jude
ment.  Some of these qualities 1 operatmg

will make more station 1ecords than many
kilowatts of power Engincering or appli d
common sense 1~ as essential to the radin
operator as to the experimuonter  Don't
mahe several changes i the < t hoping for
better r1esults. Make one change at a timie
until the basic trouble 1= found

An operator with a clean-cut, slow, steads
mcthod of sending has a e advantage over
the poor operator  Good <cnding 1= putly
a mattcr of practise but patience and jude-
ment are just as mmnoitant qualities of an
operator as a good “fist”.

The good operator send- signals which are
not of the “ten words per minutc” varretv,
but they are slow cnough so that theie is

no mistaking what he says. The good
operator does not <1t down and send a long
call when he wants to worh someone. He
puts on the phones and listens in. He goes
ovit th dial thortoughly ior some time.
The f-llow that 15 admned for his good
operating 15 the one who is always calling
some paiticular station instead of using the
“inquiry signals”. Because he listens until
he hears someone to work and then goes
atter him, our good operator gets his man
nearlv every time. A good operator
chcoses the proper time to call, he make-
plain signals, and he doesn’t call too long.
A short call 1s sufficient because 1f a station
does not get the call 1t 1s Iikelv that he is
hstamng to anothcr station. A long eall
mahes the 1ecerving operator lose patience
and look for someone else.

The adjustment ot the receiver has much
to do with successful operation, too. The
good 1recenving  oparator notes the dial
s tting and when he has completed calling
m preopar fashion, he waits a moment and
then tunes above o1 below the logged dial
setting just 1n case something has shfted
a bit 1 the 1eceiver or transmitter. The
best oparator has patience and waits a few
minutes i case of dlav at the transmitter
or 1 case fading <ignals make a second
ANSW I Hceessary

COMMUNIC ATION

Aftcr all, communication has as 1ts ob-
1°ct the exchange of thought between two
mimds.  Sometimes those minds are near
together and it 1s posaible for the individuals
concerned to comvai~e at length and ex-
change their thoughts freelv. At other
times and this 1~ when 1adio communication
1~ imohved, the individuals are miles apart
and the thoughts to be transmitted must be
conderscd to just a few words. Then these
words must be relaved or passed on from
mind to mind or opcrator to operator. When
thay 1cach then ultimate destination some-
one can mterpret them fullv if they have
heen properly and carefully handled by the
intermediate operators.

Time 15 mvolved 1 making any exchange
of thought Becausc everv man’s Life and
experience 18 mea~ured by time. this factor
heconics 1mportant 1n excerything we do or
sav. The number of messages handled, the
number of distant stations worked, the
numbcr of records made at our station, all
depend 1n some dcgree on the time avail-
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able for our hobby. The more tune we spend
at the set, the more well-hnown we become
and the greater the summation ol ow
accomplhishments.

As time 15 a factor, uniform practises m
operating have become necessary to insure a
ready understanding of what 15 gommg on
m the munds ot cach opcirator. Q7 <1p-
nals and abbicviations of vaiious sorts have
been devised and are m genetral u-e today
just because of the time clement mmvolved,
to enable evay operator to exchange n-
telligible thoughts with as httle waste
effort as possible. So proficiency in the com-
monly-used abbieviations and 1in knowledge
of uniform operating practises 15 to be de-
sired. Profictency comes with practise. In
the Appendix are the “Q signals” and some
abhreviations used by amateur operators.
We will mention some of the time-saving
things that have become standard prac-ise
among good operators and following that a
few words about relav procedume will show
how a station 1= operated to best advantage.

OPERATING RULLS AND REGULAIIONS

The Official Relay Stations follow some
general requirements for law-abiding opera-
tion which are mentioned on the appomt-
ment certificate.  Some speaific rules and
regulations have been made to r1a1se the
standard of amateur operating. Ofiicial Re-
lay Stations observe these rules carefullv.
They may be regatded as “standard
practice.”

Any actively-operating statrons will do
well to copy these rules, to post them con-
spicuously 1n the statien, and to follow them
when operating.

Here are the rules with an example of
the use of cach in actual operating

1. Use “CQ” as adopted by the ARRIL,
calling three times, signing thice times, and
repeating three times. “CQ” 15 not to be
used in testing or when the sender 15 not
expecting or loohig for an answer.  After
a “CQ” cover the dial thoroughly looking
for rephes.

Example. ——— €CQ CQ CQ U SASN
8 ASV 8 ASV (CQ CQ CQ 1T 8 ASV 8 ALV
8 ASV CQ CQ CQ U 8 ASV & ASV 8 ANV

2, When you have traflic, send a dirce
tional “CQ” (call followcd by direction,
district, or state for which you have tiatlic)
or send a “QST” hsting the states for which
you have traffic. A plam “CQ” alnays m
dicates that you have no traffic to send but
are open for traffic.

Examples: —— — CQ WEST (Q WEST
CQ WEST u 9RR 9RR 9RR (rcpeatcd three
times)

—._— CQ MASS CQ MASS CQ MASS
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u 6BUR 6BUR 6BUR (1epeated three
times) . —.—.

= — QST QST QST u 1ARE 1ARE
1ARE —... — HR MSGS I'OR MICH,
CONN, TENN, LA, TEXAS —...—
QST QST QST u 1ARE 1ARE 1ARE

3  Answaimg a call. Call three times
(ot less); s1ign thice times (or less); and
atter communication (QSO) 1s established
dectcase this Lo once or twice.

Example: — —.— 1BIG u 1IMK GE OM
QRV K (meanmg, "“Good (vening, old man,
I am 1ieady to take your messages, go
ahead.”)

f. Signing oft. When thiough working
a station send *“AR SK” tollowed by YOUR
OWN CALL sent once. “SK” mdicates to
others that jou are thiough with the
station which jyou have been working
and that you will now hsten for whoever
wishes to call. Never “CQ” after “RK”
until you have covared the dal thoroughly
looking for stations calling you.

kxamplee R CU AGN 73 ete. AR
. . - 2BBX (mcaning, “your last trans-
misston understood, all 11ght, Pll see you
again, best 1egards, I am through now and
will hsten 101 v hocver wishes to eall. This
15 2BBX <1igning oft.”

5. The proper use of “AR”, “K”, and
“SK” signals s tcqunad for uniformity n
undsistandineg what che other operator in-
tends to do. Usc “AR” «at the end of a call
or b tweea m ~ age (1t ~tands tor the end
of message or transnmission; use “K” at the
(nd of each transmission when answering
o1 vorhing somcone (it means “go ahead”);
wuse “SK” only whon signmy off (it means
“I am absolutely through working you for
this time and am now going to histen for
other stations who call me.”)

Examples: (AR) — 287 gu 1DQ
(showing that 1DQ has not yet
gotten 1in touch with 287 but has called and
1~ now listening for his 1¢plv). Used after
the signatuie bctvwecn m ossages, it indicates
the end of one mcssage There mav be a
shght pause bcfore starting the second of
the series of messagos. If —— (K) 18
added 1t means that the opciator wishes his
first message achnowlodg °d before gomg on
with the second messoge. If no “K” is

heard, picparations should be made for
copymg the second message.
(K) ——- — 2NM gu 1BDI R K. (This

antangennt 1~ vayv often used for the
achnowlcdgment of a transmission. When
onvone ovel hears this he at onee hnows that
the two stations «)¢ in touch, communicat-
ing with each othar, that 2NM’s trans-
mission was all undcistood by 1BDI. and
that 1BDI is telling 2NM to ¢o ahead with
mot* of whit he his to sav)
GCNDP utY B NR 23 R K. (Evidentlyv 9CNP
15 sending messages to 1YB. The contact
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The message was all rtecaived con
1YB tells Y9CNP to yo «hcad with

15 good.
rectly.
noi¢ )

(SK) RNM NW CUL VY 73 AR
TNT (TNT ~avs *I undeistand Okl no moic
now, sce you latcr. vary bost rcgards, T am
through with you tor now and il histen
for whomciar wishes to cddl. NI sigiiny
of}.””)

6. Achnowledging mossages o1 conversa
tion  NEVER SKND A SINGLIED AC-
KNOWLEDGE UNTIL the tiansmission
has been SUCCESSFULLY RECEINVED
“R” means “All night, Ok, T undeistand
completely.”  When a pcor oparator, com-
monly called a *Iid™, has onlv 1ccaivad part
of a mcssage, he an~wer~ *“R R RR R R R
R R R, sortv, nusscd address and toxt, pse
repeat” (QTA) and every yood operator who
hears, 1aves mwardly  The string of ac
knowledgments leads onc to believe that the
message has been correctly r1cccnved  and
that 1t can be duly filed away. By the time
this much 1s clcar it s discovered that most
of the message did not get thiough after all,
but must be r1epcated  Parhaps somcthing
happens that the part aftet the stiing of R's
1s lost due to fading or mtarference, and
1t 15 assumed that the message was onccthy
teceived.  The message 15 than hlad and
never ainves at its destination,

Icere 15 the proper procedute to tollow
when a message has been sent and an ac-
knowledgment 1s requestcd When ALL the
message has been 1eeerved conectly a short
call followed by “NR 155 R R K” 1~ «nffi-
cient, When most of the message was lost
the call should be tollowed by “PSIE QTA
ADDRESS AND TEXT K7 When but a
word was lost the last word rccavad cor-
rectlv 1v given followed by (. N
and the first word 1ecenved conectly afta
the Dbreak in the transmission R —
1IXM u 9XBP — . — CIHRISTMAS?? BY
—...— REST R — —" asks for a fill in the
text  “Chiistmas  gicetings by amatew
radio”’

7 Do not send words twice (QS7Z) un-
less 1t 1s requested. SEND SINGI E unless
otherwise instiructed by the receiving opara-
tor. When reception 1s verv poor, a QS7
can be requested to help make bettey copy
Whon conditions arc even modaately fan,
a QSZ 15 unneceesarv.  lew things are as
aggravating as peifcct transmissien with
every word coming twice Dcvelop self-
confidence m youtsclf bv not ashing others
to “QSZ” to you unlcss conditions ane r1ather
impossible. Do not tall mto thc bad habit
of sending double without a definte 1cquest
from the fellows you work

&  Be sutc the transmittar s adjusted
to give a stcady signal that 1s copiable
Floppy wabblv notes are duce to pon me-
chanical construction, imptroper oneuit ad-
justments, or too close couphng to the an

tenna  See that the transmitter is built
substantially. The apparatus should not
move around o1 vibiate as jou operate.

[ ~¢ f¢w turns 1 the antenna couphng coil
and heep 1t at a good distance from or at an
angle with the co1ll which 1s 1n the “con-
denser co1l” (ncuit contaiming the oscillator
Lub

9 Do not accept or start ncomplete
NEssages Omission of the fundamental
paits of a mcssage often keeps a message
fiom gctting through to 1ts destination.
Official  Relav  Station  appomtments  are
subject to cancellation for farlure to make
messages complete ¢nough.

10. A file of messages handled should be
hopt. Only mesages that can be pro-
duccd shall count 1in monthly reports, In
the case of ARRL stations the message
file 15 subjcct to call by local or state
ttafhe ofhicials at any vme

CAILING PRACIICE

The 15 7—-21.4 meter wavelength band 1s
2,000 kilocy cles wide  The 37.5—42.8 meter
band 1~ 1,000 kilocycles wide The 75—85.7
nmcter band and the 150—200 meter band are
but 300 kilocycles wide, It has been pointed
out by somc active mcmbers that the width
ot thcse bands should deteinnne the length
ot the call. When all amateurs operated
mostly on 200 meters, a two-mmute call was
quite comon to enable an operator who hal
sent “CQ” to cover the band thoioughly 1n
hix seaich tov stations calling him. Because
ou1 eighty-metal band 15 also a naitow one,
it 15 evident that a two-mimute reply should
suffice hete However, the forty and twenty-
meter bands aire wider  Because there is
“moie 100m” on these shoit waves (higher
f1cquencies) it 15 1easonable to conclude that
If an operator 1s hunting for stations calling
him with the thorough and systematic meth-
ods of a good operator, a longer period of
time must be allowed to enable him to use
the same care 1 covering the dial that he
used on the upper wavelength amateur
band~ Thus a fowr-mmute call on forty,
and an eight-mimute call on twenty meters
at fiist seem to be justihed to give us the

ame chance of 1aising a station that we call
that we had when only a 200-meter wave-
length was usad

These are the facts i the case It does
not follow that a blanket practise of makmg
long calls should be adopted  We think that
a modihied practise, adopted with this situa-
tion 1 mind. will produce the best results
m raising stations  Assuming that it al-
wavs does take two minutes to eover 500
htlocveles  of ternitorv when thoroughly
hunting for stations calling us, we still must
observe that 1if the eceiving  operator
starts from one <ide ot a 500-kilocyele band,
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changing his tuning at a rate that com-
pietely covers the band in two nunutes, he
will run across the station calling him n
somthing less than two minutes unless the
most unfavorable condition exists and out
station ts on the edge of the band while the
recewving “op” 1s on the other edge when he
starts to tune.  So it 1s seldom necessary to
call for the full two minutes to raise a sta-
tron if we use our best judgment and refran
from doing any calling until we know that
the recerving operator i« “doing his stuft”
and that our chances of raising him are
best.

The League has never attempted to lay
down any rules tegarding the length of a
call. The problem must be solved by the
individual operatois to fit the length of a
call to the individual case under considera-
tion.

We believe that the use of a “break-in”
system at most of our stations will do much
to obviate the necessity for long calls, W
think that i any case where 1t 15 1mperatine
that we raise a certain station, a long call 15
justified. We are strongly of the opimon
that a one-manute call with a bieak n the
sending long enough to histen for a 1eply
from the station called, followed by maore
one-minute calls 15 much better than a long
unbroken call. Such a calling scheme will
elimmate much unnecessary transmission
and result in rarsing a station as quckly as
calls of great length

In calling you should alway< <e¢nd the
call of the station wanted several times (not
more than 10 times under any (ncum-
stances). Follow this with the inter-
mediate sent carefully. Then send vomn own
station call three times. This combination
can be repeated as manv times as necessatrv.
Such a procedure allows manv stations to
log our station without turming away in
disgust at a too-long call.

The operators who seem to be most sue-
cessful m raising the stations thev want are
not the ones who use the longest calls,
Thev are the operators who use the best
judgment in selecting the time to call, and
in deciding on the number of calls that will
give the best results mn the calling period-

OPFRATING NOTTS

A real sen<itive receiver 1s often motre
important than the power input to the
transmitter in working forcigners. Thare
is not much difference mm 1esults with the
different  powers used, though a 2350
watter will probablv give 107 better <1g
nal strength at the distant point than =
1IV-203-A or two UX-210’s. other factors
being the same for the purposes of com
parison It will not do much better than
this because the field strength diops so
rapidly as we get away from the antenna

g

of a transmitting <tation. In workmng
toreign countnies and DX stations you
should be able to hear ten or a dozen sta-
tions before expeeting that one of them will
hear your call.  In general, just hearing an
occasional foreign station does not mean
that that counti1y <an be worked at your
own pleasure.

A common fault among amateurs that do
not get 1in touch with DX stations readily
1~ that thenr calls are too short  Often they
do not send enough <hoit CQ’s indicating
the country or place desned even when the
recenner 1s sensitive enough to bring i sev-
cral stations located at the desired spot
Of course the type of radiator can always
be blamed or the antenna loeation but
usually the operator has only himself to
blame

Sometimes when you are histening you will
hear a long successton of dots sent with per-
fect regulanty for s1v or seven minutes at a
time. Usually these dots come from com-
mercalal “machme” or “tape” transmitters.
When there 1s no tape with code characters
gomg thtough the machme, the mechameal
hev automatically makes dots, the purpose
being to enable the 1ecening statton to keep
tuned to the proper wavelength and to ad-
Just his recenver for maximum sensitivity of
reception. Such nterruntions occur when
the tape breaks, when 1t has to be taken out
i order to 1epeat part of a message, or
when there 1s no more traffic to be sent for
the moment.

The <i1gnal (V) or most often
C L -7 s sometimes sent for two to five
nunutes for the pmpose of testing. When
one station has tiouble 1n recenving, the
operator ashs the transmitting station to
“QRL” while he ties to adjust his recerving
set for better reception A decimal pont s
often sent by the letter “R”. Example:
230 PM 15 <ent “2R30 PM”. A lone dash
for “zero” and the Morse C (.. .) for “clear”
are 1 common use, An operator who misses
directions for a repeat will send “4”, mean-
g, “Pleace start me, where?”

Tmpropcr calling is a hindrance to the
taprd dispatch of traffic  Long calls after
communication has been established are un-
necessary and imexcusable. Some stations
are slow to replv to a call. However, the
dav of the <tation with dozens of switches
to throw 15 past Contiols for both re-
cewvers and transmitters are simpler, fewer
in number, and more effective. The up-to-
date amatemr <tation uscs a “break-in” svs-
tem of operation and just one switch
controlling the power supply to the trans-
mitter

13 ’”

‘

Poor sending takes the jov out of operat-
g There are stations whose operators
are not able to send better and those who
can send better but do not.  The latter class
believe that their “swing” is pretty. Some
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of them use a key with which they arc not
famihar.

Begmners deserve hodp and sympathetic
understandimg.  Practise will davclop them
mto good operators The bost sending <pecd
15 a mecdivm speed with the letters quickly
tormed and sent (venly with propar spacing.
The standard type tclcgraph hey 1s bost 1ot
all-atound use. Bctore any frcak havs are
used a few months <hould be <pint n
practising with a bussar.

No excuse can be made for a “garbled”
text.  Operators should copv what 1< sent
and refuse to acknowladge mossages until
every woid has ben tccenad correctly
Good operators never “gucss" at anvthing
When not sure of part of a niessag thev ask
forarepeat (QT V)Y The “hid” opcrator can
be told verv autchlyv when he mokes a mis
take. He does not usc a dcfinte “crm™
signal and go on with hix mcssage but he
usually betiave himseli by <ending a long
stting of dots and navously 1mnacasing
his rate of <ending The good operator
sends “?7” after his mistakes and <tarts
sending again with the last word <ent cor-
rtectly Unosual words aie often <ont twice
After the transmission “?” 15 <ent and then
the word 15 1y eated fcr vartfication

The ARRL <votem of g tting “fills”
on mcomplete messages 16 a good one. The
last word recenved cotrectly 18 sent follov od
bv the mtcrrogation and the first word 1¢
cened after the Ommumiciticn was again
rood. Fyervone knows the fcllew who scnds
the whole massage over to fill m one word
Nothing is quitc <o (xaspcrating When
there 1< a check, teference toat reveals miss
mg or superfluous words  Th ne (ssitv for
accuracy 1s reallv the 1cason for a check
Almost as aggravating as the 1(pcating of
a whole mcscage unnccessavily to fill 1o a
word i< the <ending of “words twic” when
reeeption s pafect Waords <hould be <ent
moie than once only when nccessarv and at
the requ-st of the 1cc nving apartor

The law concerning supcs fluous s1gnals is
totallv disregardcd by some amnatcurs Cer-
tain operators hold the Lkayv down for long
petiods of time whan t-<ting or thinking of
something to s«nd  Whnavar this 1« done
dutme operating hour< ~cmconc 1~ hothcrcd
Unnecessary mtarforonce provents some one
from gctting 1 contert vith (QSO) <ome-
one clse, and 1if mcscagcs are hang handled
the copv 1< 1tuincd  If vou nust test, dis
connect the antcpna sy<tam and use an
caquvalent “dummiy’ ontenna (mad» of
lumped rcsistance, canre 1y and inductance)
Alwavs send vour (oll occasionally when
overatme with the mtaana You mav be
h uadm Afca If s codr practise that
vou must have, by all mc s use a buzzer o
an automatic transmitter Tick o time for
adjusting the station apparatus when few
stations will be bothered.

AMATEUR S HANDBOOK

USING A BRI AK-IN SYSIEM

A break-mn system of operation makes it
possible for us to talk back and forth with
tellows we worh just as one talks back
forth over a telephone cncuit or telegraph
sistem. Using a “break-in” we can inter-
rtupt the other fellow 1f we miss a word or
do not understand him.  With a telephone
we stop talking as soon as the distant party
spcahs and nterrupts us. In a telegraph
oflice the operator who misses a word opens
his khev so that the sending 15 interrupted
and cannot go on until the receiving opera-
tor has had his sayv and again closed the
arcurt. In aradio system using a break-in
the tccavimg operator presses the key and
makes some long dashes for the transmmt-
ting oparator to hcar  As soon as he does
get the signal he stops transmttimg and
listcns to what the rccaving operator says,
after which the sending 15 rcsumed.

A sepatate receiving antenna put up at
nieght angle< to the tran-miting antenna
makes 1t possible to histen to most stations
while the transmittimg tubes are highted.
It 15 usuallv neces<arv to pause just a
montent occasionally when the key is up to
histen for the otha station.

Much uscless calling and unnecessary
transmission 15 prevented if a break-in is
uscd  Two stations can use the system to
mutual adyvantage When messages are
bang handlad, 1f some mtorference comes
m ot 1f a ward s missed due to swinging
signals, a few taps of the kev will <et thing-
stiazght m a pffy - “BK BK GA ROAN-
OKRE” (ot whatover was the last word re-
cenved correctly) will s nve time and unneces-
sary scndimg. If the tiouble continues, the
~scnding station can “stand bv” (QRX) or 1t
can take traftic until the rcception conditions
at the distant point a1e again good.

For (xample, suppose &6SF ha< a message
for New Yok Citv. e calls, “CQ NY u
SSIC ar” 1opeating the call three times.
2P hcars hin, answering “8SF u 2PF bk
n© bk me”  Whn »8SF hears 2PF, 8SF im-
mnediatcdy holds his kev down and makes
some long dashes.  2PF, who is, of course,
recaonang “brcak-mm” while he calls, stops
~cnding wh n he heats the dash  8SF then
starts to call in the 1egular manner saving,
“2PF u 8SIT ge hr msg QRV?”  Then 2PF
gives him a “ga OM” and the message 1~
~ nt without further prelimmaries.  Since
both <tations are u<sing “bicak-in”, thev can
mtcriunt cach other at anv time when some
thimg go s wiong or a letter is dropped, an1
traffic ¢ ' bhe handled m half the usual
time  Thar 1w a real “hich” that comes
from worline a “break m” arrangement,
Atter the fun 1s over, there is a wholesome
satisfaction m the knowledge of a job well
done  Swift, clean cut operation brings its
own reward.
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In calling, the transumtting operator sends
the letters “bk”, “bk 1n”, or “bk me” at fre-
quent intervals during his call so that sta-
ttons hearning the call may know that a
break-in 1s 1n use and take advantage of the
fact. He pauses at intervals during his eall,
to listen for a moment {or a replv ttom the
station being call.d, If the ~tation bang
called does not answer, the call can be con-
tinued. If the station called answers some-
one else, he will be heard and the calling
can be broken off until he has finished his
business and 1s agan histening for mote sta-
tions to work.

AUDIBILITY

The adoption of the Biitish “R” system
of indicating audibility was suggestcd some
time ago by a number of correspondents
It was printed in May 1925 QST and mn a
very short time 1t canie mto gencial use
The meanings of the several “R” signals ate
as follows:

R1—Faint signals, just audible.
R2—Weak signals, barely readable.
R3—Weak signals, but 1cadable.
R4 —Fair signals, castly readable
R5—Moderately stiong signals.
R6—Strong <ignals

R7—Good strong signals, readable
through lots of 1interference.
R8& —Very stiong  signals, several feet-

from-phones stuff.
R9 —Extremely strong signals.

RITADABINIILY

Readability is really very mpotrtant to
the traffic man. A <ignal mav be audible
all over the station, but 1f thare 1< anv great
amount of mteiference (QRM) or 1f atmos-
pheries (ORN) are pre<ent, or 1f the note
is poor (QSB), the rcadabiity may be away
down. A second figure mav be added to
the above to indicate “readabilitv”.  The
following table explains a method us:d to

indicate percentage copy or percontage

readabtlity.
9—1007 1cadable.
8— 807, 1eadable.
T — 70 1cadable
6— 600 1cadable
65— b0, readable.
4— 4077 1cadable.
3— 307 1cadable.
2— 20 1cadable.
1— 107¢ 1cadable.

A few examples of what mav be expccted,
showing how audibility and readabhity <i1g-
nals mav be interpreted, mav help. If one
is told that signals are “R99” it means t}at

the <ignals are ‘“extiemly strong” and can
be copied “100¢ .7, It certainly is not neces-
sary to send “words twice” (QSZ) to that
operator.  When told that your signals are
“R29” vou know that signals are ‘“barely
teadablc” but can be copied “1007¢” despite
the fact that they ae “weak”. It is not
necessary or desnable to send “words twice”
to him erther. A report of “R66” indicates
“strong” <ignals, only “60¢” copiable due
to disturbing noises present in the receivers
m addition to the useful signals.

MFSSAGI TRATTIC

Amateur operators can engage in friend-
Iv comversation and talk about their stations
and apparatus to thar heart’s content. Com-
nicraal operators are requned to devote all
their time to the handhing of business.
Amatcur operators usually use abbrevia-
tions and shoit-cut methods of stating
things so that a lot <an be said in just a
httle while. When two operators are in
touch, 1t 15 easy {or them to understand
cach other or to ask for more complete word-
g if there occurs a failure to interpret all
the abbreviations used

One actinity of the League that is quite
mportant 1~ the accepting and relaying of
moessages  Station owncrs mav origiate
traftic going to any part of the United
States o1 to such foreign countiies as permt
the handling of aitizen messages by amateur
operators  Messages may be aceepted from
friends or acquamtances for sending by
amateur radio. Such messages should he
put i as complete form as possible before
transmitting them, and mcomplete messages
should not be accepted. As messages are
often relaved through several stations be-
fore arrming at their destination, no ab-
breviations should be used in the text as
mistahes are bound to happen when the text
1« shortened i this manner. To people not
acquainted with radio abbreviations, mes-
sages wiitten 1in shortencd form are mean-
mgless  Delivering stations must be care-
ful to see that messages are written out
fullv.

In handling mes<age< we are doing some-
thing 1cally worth-while  We want to start
onlv good worth-while messages from our
stations  Our efforts should be dmnected to
making the qualitvy of our message <civice
high. Thc numbcr of messages we handle
is of secondary importance. The kind of
messges we origiate or start from our sta-
tions and the speed with which the messages
nass through our station and the reliability
or cccuracy with which the messages are
handl d are the things of pairamount im-
portance.

A few vears ago manv of our stations
got into the bad habit of originating hun-
dreds and hundreds of station-to-station
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messages of the “rubber <tamp” type. The
text of these messages usually 1an “TU1 ad
recd wl QSL”, and ~o many of these useless
messages were sent that our whale com-
munication machine got clogged and 1efused
to function A verv small number of the
messages handled were delivered, smmoly
because none of the messages meant ans -
thing, and because no one could waste time
in handhing them.

To-dav we are getting 807, of our mes-
sages debnvarad  Each oparator who 1eads
these pages is ashed to asswumic porsonal 1«
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To emphasize properly the standard message form
used by the ARRL we arc 1llustrating a sample
message herewith B oas a simple matter to record
the date and time of receiving and s«nding a message
if a calendar and ok are kept hands in the station
If these data and the calls of the stations concerned
are placed right on the message blanh itself, there in
never anv qudstion abhout the routing or speed of
handling messages that cannot he answered at once by
refcrence to the message file

sponsinlity tor the acanracy and speed of
each message handled <o that we can cach
have 1eason to take personal pride 1n our
operating worh and <o that we will have
st cause for pride 1in our I cague as a
whole. Do yoiwr part and we will vel reach
the 1007, fine

Each message orrgmated and
should contain the following
parts i the order grnen

handlcd
component

(a) Citv of onigin
(b) Station of ongin
(¢) Number

(d)} Date

(e) Chech (optional)
(f) Address

(g) Tt

(h) Signatumie

(a) The “aty of onigin” rcfer~ to the
name of the ity from which the message
was started  If a message s filed at League
Heatlquatters by someone in Hutford.
Conn, the preamble reads. “IL wm~g fmn
Harttord Conn 1MK Ny 457 A 9,7 ete

It a message 1~ ~ent to vour radio ~station
by mail the preamble rcads a httle dit-
tferently to show wheie the message came
from and fiom what ity and station 1t
ortygnated as well It a message was hled
at A R R L Headquarters and it 1t eame by
mail from Wiscasset, Maine, the preamble
would 1un like this to avoid confusion, *“/Ir
sy 1 Wascasset Veane via Haottord Conn
TR Ny 5580 Apnil 07 ete.

(b} The “<tation of origin” refers to the
call of the station at which the message was
filled and this <hould alwavs be ineluded
<0 that a *“service’” nessage may bo sent
back to the origimating ~tatron if something
interferes with the prompt handhing or de-
Iinery of a message  In the example of pre
ambles just ginen “TVIK™ 1< the station of
origin, that call being the one assigned the
Lcague Headquartcrs Station by the De-
partment of Conmmcicc

() Erverv message transmitted <hould
bear a “number”. Boginnmg on the first
dav of cach calendar vear, cach transnunt-
ting <t ition establishes a new <enes of num
bers, beginning at Nr. 1. Keep a sheet
with a con~ecutive list of numbers handv;
file all messages without numbars, and
when vou ~end the moscages, assign num
bar~s to them from the “number <hcet”,
~cratching off the numbar~ on that hst a-
vou do so. Such a system will keep thinegs
“traight and be vervy convenient for refer
cnce to messages origimated.

The original numbar supplied each mes-
sage by the operator at the onginating sta-
tion 1s transmitted by cach <tation handline
the message No ncw numbers <hall be
onen the message by intermedate stations
If a mcs~age 1~ hlcd at 1MK on Apnil 9 and
whon sent s given the number “nr 158” this
same call and number 1< used bv all «tations
handhing this message  The number and
date become a part of the citv-and-<tation-
of-on1gin wdentification used for the purpose
of tracing

The message ~tarted from 1MK reads,
“IM m~e fm Harttord Conn 1MK Nt 155
Apnil 9 No mattar what station handles
this message. the atyv and station of onigin.
th¢ number and the date, remain exactly the
same as 1n the onigimal and should reach
the addiressee m that form  Onlvy at sta-
tions where a messagc origiates or is filed
can a number be assigned to a message
Intcrmediate  relaving  <tations neither
change numbcars nor supply new ones to
nmessages

(d) Everv mcssage shall hear a “date”
and this date 1< transmitted bv each «ta-
tron handhng the message. The date 1s the
“dav filed” at the oniginating <tation un-
loss otherwise snecified by the sender

(¢) Every word in the address, tert, and
stgnatusc of a message counts in the check
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using tadio eable-count  Words and ab-
breviations 1n the preamble aie¢  not

counted

In the addicss, the names of ities, states
codatries or o other divisions of  tarnntorny
cuch count as one word regardless of the
number ot lctters they contamn Propeat
names 1 the addross and signatwe are
counted at the rate of one word tor cach 15
letters o1 fraction theycof The words
“street”, Mavenud”, tsquarc” or Croad™ arc
always to be counted cach as one woid
sepatately t1om the namc ot the strect, cte.,,
whether  wiitten with 1t o1 separately
Names of ships are counted as onc word
mrespective of the numbar of Icttars they
contain,  When there aie two <hips ot the
same name, the name and the call lctters ot
the “hip are togcthar counted as one wordd
The name of the state s alwavs counted a~
one word m addition to thc nante ot the
aty  Imtials m the addiess are countad
cach as one word  Kach group of house ot
strect numbars s allowed to pass as one
word, howeyver.,

It 15 customary to omt the count of the
name ot a ~tate m the chech whon oS
wittten and sent 10 parenthoses m the ad-
dress

If a2 telephone number 15 mcluded 1n the
address, the word ‘ tcdephonc” ot “phone™
counts as one word  The name of the -
change 15 an addittonal wotd 1n thc check
Cach group of five igores o1 fraction there-
of counts as one word A hyphan indicat-
g the word “1meg” mav be -ubstituted for
one figme m a telephone number without
mcrecasing the chech “PHONE CIHHARTER
328-5" counts as 3 1 the check 260397
counts as 1 m the check  “2603-9” 15 a <in
character group and accordingly counts as
21n the chech  Mixed letter and figure com-

Dimmations are counted as a word to cach
character.

Radio calls are often mcluded o the
addiress to make proper trouting  easy

(4

SXAY” counts as one word in the addiess
but as four words when 1t appear~ n thr
bodyv or signature of the message.

In the fc«f words are counted for every
frfteen charactcrs or fraction thereot it
the message 18 ploan language message.
A word contaimming from 16 to 30 lcttoas
counts “2” 1 the ¢hack As Enghi<h 1s the
business  language of the wotld, most
messages are scnme m Enghsh Mssage -
can be sent n anv languages made up of
the Arabic (26-letter) alphabet

Names of citics n the addiess count al
ways as onc word while in the text they mav
count as motre than one word dcpending on
how wirtten and transmitted  NEW YORK
CITY counts as onc word n the address
but thiee words wherever it apnears in the
bodv of the mcos<age NEWYORKCITY
is counted as one word when wnitten and
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sent without spacing between the parts.

Isolated charactais cach count as one
word. Fne figutes or less 1n a group count
as one word.  Words jomad by a hyphen o1
apostrophe count as separate words. A
hyphen or apostrophe each counts as one

word However, they are seldom trans-
mitted  Iwo quotation marh~ o1 parenthe-

S1s sigis count as one word. Punctuation is
nover sent in tadio messages exeept at the
express command of the scnder.  kven then
1t s preterably spclled out  In the text of
mossages, the names ot ships are counted
at the rate of 15 lettcrs to a word 1f the
names are written out scparately. If all
parts are jomed to torm one word each 10
lctters ot tractional part counts as one
word
Messages
longiage  moessages,

nay  be  cdassed as  plamn
codcd  messages  or
ciphc: messages., A plain-language mes-
sage bcars the same thought indicated by
the dictionary mcaning of the words used
m the toat All ordinary messages are
plam-language messages.  Every 15 char-
acters o1 fraction th reot counts as one
word. Numerals ote counted 1 groups of
five or less

Fyimples

ARRANGI MENI 1T word 2961 1 word
UNCONSTITULTONAL 2 words £5772 1 word
N-RAY 2 words 171156 2 words

ethe Iaplen 1. nt ot

In coded messages the words are all pro-

nounceable but then arrangoment 15 not
necessanldy o sentences to capress the
thought. Secvcral selected words or word

groups (apress mote (atensin e thoughts

In code messagcs eveiy ten chayacters or
less count as one word  Either dictionary
o1 artificial words mav be used but all words
must be pronounceable to take the ten-letter
count  Words containing 11 to 20 letters
count “2” m the chech  When one has a
copy of the stmple and commonly used codes
the busimess of coding and decoding 1s casy

Faamg s
CAUSTIC 1 word
COMBINZURBIOUS 2 words
AVIABI OSKki 1 word
HOO1BALIT 1 word

In apher messages the letters or figues
i cach uninterrupted <eries are counted at
the rate of 5 (o1 traction thareof) per word.
(rroups of lettars are checked at the <ame
1ate as groups of figurcs Mixed letters and
ficure combimmations count a word to cach
character “RITG™ counts as four words
unlcss 1t 18 an «stablished trade mark or
t1ade name Rdio calls are always counted
as apher  “1MK” counts as thice words in
the text o1 signature of a message (though
but onc word if sent “cen group” in the ad-
dress. For accuracy 1t <should be written
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“one mike king”. Abbreviated or miisspelled
words are counted at the “5-letter” rate m
any message where they aceidentally ap-
pear.

Examples

\YPPQ 1 word
Dow 3 words
CNQIPWL 2 words

If a message 15 wntten partly m plamn
language, pattly n cipher, and partly coded,
the words m plain language and code are
counted at the “l10-lettex” rate while the
other paits of the messages are checked at
the “5-letter” rate.

When messages ate wiitten in  plan
language and apher, the passages i plan
language take the fitteen letter ecount and
the passages in aphar take the five letter
count.

Messages mn plain language and code take
the ten letter count.

When the letters “ch” come together in
the make-up of a dictionary word, they ate
counted as one letter

Either whole o1 fractional numbers
spelled out so each group forms a continu-
ous word may be checked at the 15-letter”
rate. “FOB”, “COD”, “SS”, “ARRL.”,
“QST”, and such eapressions tn curtent use,
are counted five letters to a word wherever
they appear. Each group must of course
be sent and counted separately to mdicate
separate words. Groups of letters are not
acceptable m the addrcss but must be separ-
ated and checked as one word each.

Here 15 an example ot a “plam-language”
message i correct A.R.R.L. form and catry-
ing the “cable-count” chech:

(HR MSG FM HARTFORD CONN 1MK
NR 83—217p MAY 3 CK 51)
(to) H. W. DENSHAM
110 WASHINGTON ST
COLLINGSWOOD NEWJERSEY

PLEASE COMMENT ON PROPOSED
OLD TIMERS WEEK USING 75 METER
WAVELENGTII STOP BACK NUMBER
OF QST YOU WANTED WAS FORWARD-
ED MONDAY STOP WHAT WAVE-
LENGTH IS MOST IN USE AT 3EH
QUESTION 73 TO YOU AND NEW JER-
SEY GANG

(s12) ARRL COMMUNICATIONS
MANAGER

The count on cach patt of the messag:
is added to ginve the “chuech” shown.  Ad-
dress: 8. Text: 40.  Signature: 3. The
check is the sum of these three or 51 worls.
The parts of the message m parentheses
are alwavs transmitted but do not count m
the check.

The following words that give most
trouble m counting this message add into
the “check” as follows:

St o ooag
NEWJERSEY
175 R
QST .

SEH .

73 . oo
NEW JERSEY
ARRL .

The use of a check on amateur messages
15 optional. Where employed, however, 1t
15 a mattar of courtesy to see that the check
15 correct and 1s handed on along with the
test of the message. Very mmportant mes-
sages should be checked carefully to nsure
accuracy, and 1f an mmpoitant message s
1ecenved with no chech, a chech should be
added.

(f) The “addiess” 1efers to the name,
street and number, aty, state, and tele-
phone number of the party to whom the
message 1s bemg  sent. A “sufficiently
complete” addiess should always be given
to msure delinery. When accepting mes-
sages this pomnt should be stiessed. In
transmitting the message the address 1s
followed by a double dash or break sign
(—..—) and 1t always precedes the text.

(g) The “text” consists of the words mn
the body of the message. No abbreviations
<hould ever be substituted for the words in
the text of the message. The text follows
the address and 15 set off fiom the signa-
tute by another break (—..— ).

(h) The “signature” 1s usually the name
of the person sending the message. When
no signature 1~ given 1t s customary to in-
clude the words “no sig” at the end of the
message to avoid confusion and misunder-
standing.

T Y
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1 ORI IGN TRAFFIC RESTRICTIONS

There are absolutely no restiictions that
weareaware of concerning message handling
between amateur radio siations i the
Umted States, Canada, Hawaii, Phil-
ippine  Islands, Alaska, Brazil, Chile
and China. There is thus a splendid
opportunmity for handling a large num-
ber of citizen radio messages not only
mm cach of these localities but also be-
tween cach countiy histed.  Thete 1s oppor-
tumtv for some 1cal service to local com-
munmities everywhere that an amateur puts
up a station and gets on the job. Excellent
wotrk in such traffic handling comes to our
attention regularlv—especially when ex-
pedittons and exploring parties go to the
far parts of the earth—and now they always
take some kind of a short-wave set along for
contact work.

In a number of countries there are gov-
ernmental testrictions on traffic-handling
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activities. In England, France, Germany,
Austrahia, New Zealand, Belgium, South
Africa, Spain, Ireland, Denmark, Madena,
S. India, Indo-China, and Uruguay only “‘ex-
perimental” tiaftic can be handled by ama-
teur radio. Messages that would normally
be transmitted by cable or commeraal radio
cannot be accepted by amateurs 1 these
countries on penalty ot losing the priviloges
they do have. Experimental tratlic 15 usually
defined as that which does not compete with
or lessen government 1cvenue from existing
government telegiaph and cable services
Messages between amateurs resgarding the
technicalities ot station construetion, adju-t
ment o1 operation, mcssages 1egarding
short-wave amateur tests, those concermng
ILAR.U. and A RR L. actiites—in short,
messages that can be classihed as relating
to non-commercral business conducted by
non-commercial o1 ganizations. can be ficcly
handled, while peisonal messages and busi-
ness messages cither to or from anvone
creept an experimenter cannot be accepted
by a totcign station without much embar-
rassment.  Only a partial hist s given above
as conditions n all countries of the world
are not defimtely known.

ORIGINATING TRAITIC

Every message has to start firom some
place and unless some of us sohat some
good traffiec from friends and acquaintances
there will be no messages to relay. A num-
ber of League members have made a spccial
study of different simple methods of col-
lecting messages and we want (o mention
thowe that have jroved worthy and workad
out well in practise  Of course the «umplest
way to get messages 15 to offer to send a
few for friends, always remunding them
that the message scivice does not cost th m
a penny and that no on: can be held 1 -
sponsible 1n case a friendly message doos
not arrive at its destination or if 1t artives
after some delav. but that. aftcr all, most
messages do get through m good season <o
that sending them s really worth while

A number of our most enthusiastic traflic
handlers who are intercsted m handhing

messages in quantities have taken more
aggressive steps to secure results, One

man at least has adveirtised mm the local
papers that message< mav be phoned him
for transmission via A. R. R. L. 1adio sta-
tions. Another fellow we know has made ar-
rangements to handle a daily report on lhive-
stock and butter-and-egg marhket conditions.
Radio stations at Madison and Milwaukce,
Wisconsin, are tesponsible for conductine
the first dailly and speedv market service of
its kind. A number of the amateur fia-
ternity have distributed pads of message
blanks to a number of local stores and bu«-
ness houses. A neatly typed card 1~ dis-

1 layed near-by (yplaming the worhings of
our A. R. R. L. tiathc o1 ganization, and list-
mg the pomts to which the best possible
sc1viee can be given.

The time of collccting messages and the
list of schedules hept may also be posted

tor the benefit of those iterested. Wide-
awahe amateurs have always distnbuted
message  blanks  to  the nearest tourist

camps durning the summer scasons of recent
vears and lots of good trathe has been col-
lectad thiough a system of message-collec-
tion boves placed i public buildings and
hospitals. A <i1ign promin ntly displayed
outside the radio station has i some -
ctances proved a good soutce ot obtaiming
worth-whilc messages.  Other similar ways
of obtaimng message tiaffic will occur to
the station operatHr when he s ready to go
out atter something to do. When conven-
tions or exhibitions come to a aty thae
are always opportamties for getting a lIot ot
1eal messages to send. Some hotels are
glad to accept mesages trom gucsts to be
scnt through ncar by amatcur stations as a
speaial free service to then pations.

FTROUBLIS 1O AVYOID IN ORIGINATING TRAT T IC

Licomplcte preaombles seem to be the most
common fault 1n message handling work.
The ity ot onigin, the station of ongin, the
number, the date, and the chech are all a
part of the preamble which gocs at the be-
ginmng of every message. The city and sta-
tion of orwyin are most essential.  Without
them 1t 15 1impossible to notity the sender
that his message could not be delivered and
without this information it 1~ not possible to
route the reply speedily.  All Official Relay
Stations are instructed to 1efuse to accept
nessages without this essential information
[aery station should demand an “office of
origin’’ from stations who have messages,
mnd trathc may be nightlv cancelled (QSK)
on failure to include 1t. Thus messages will
n ver get on the air without a starting
1 Lce,

Many mcssages carnv an asifficeent ad-
iess and cannot be delivered. Onginating
stations should 1 fuse to accept message s
to tran-mit when 1t 1 apparcnt that the
address is too meagre.

Sonte stations lose track of the messages
which they accept for dehiverv or transmis-
ston. They use scratch pads to copy sig-
nals on and they never lean un  the
oncrating table ;v have a place for things,
The remedy 15 to adopt a few ot the prin
cinles of neatness and to spend about two
minutes each time yvou are through operat-
Ing to put things m ordrr Wiite messages
on mes~age blanks of a unitoam <1ze when
thev annnve at the station  Keep the mes-
sages to be sent together. A good system
to use 1~ to mark the «tate of destination in
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the upper night hand corner of cach mes-
sage, arranging the messages 1n a heavy
clip so that the names of the states are 1n
easy view. A file box may be smnlaily ar
ranged. A smple log book, a good tling
system, an aceurate wavemeter and cloch,
are sure signs of a well-operated station
The apparatus on the operating table will
tell a <story without words.

NUMRBI RING MLSSAGLS

An accurate and complete log and a “num-
ber shaet” posted on the wall of the station
or hept attached to the log <heet that 1= n
use, will help in keeping the 1ecords straight
and 1n avording possible duplication of num-
beirs on messages. Guess work and confu
sion are eliminated 1 a station of cither one
or several operators if a “‘number sheet” is
s d \ “numna sheet” system enables
any opcrator quickly to tell just what num-
t 11 nent, at helps the oparator n count
g the number of messages ormgunated 1n
a given month; and 1t mav also give a con-
venient chech with the lag in <howing to
whom each message was sent.

Take a blank sheet of paper and put a
consecutive list of numbers on 1t staiting
with the curtent message number. Run the

NUMBER SHEET OF ORIGINATED MESSAGES AT RADIO STATION
Wmf  Smien  pete |NERER  Sfon  pate
= fene e Jze | o
2 SAGN e -f2i 32
3~ “oHq v “v 3
4 /18T7u sf12f1L | 34
5 =123 e/2/6 | 33
- 38~ .a [3 36
- LR s 4 37
—8— gASE é/ 24 38
-8 ecua l-/ s/at 39
—to~ F 110G e/ f3b 40
—= gEV k] a
[H] /1810 ./ 7 ¢ 42
B 28 PY 6/>e/1¢| 43
“ §ASY o/ 12| a4
—5- T w3336 | s
L 46
17 47
18 48
19 49
20 50
2 51
22 52
3 53
24 54
25 55
2 56
27 51
28 58
29 59
30 60

numbar  m columns, ten numbels to each

group or column, and allow sufficient space

between columns for entering station calls.
File the niessages in complete toom ex-
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cept for the number and when you have a
station ready to take a message, consult
the number sheet, assign the next available
number to the message, and when the sta-
tion achnowledges the message, ¢1oss off the
number used, putting the station call after
this number and wiiting the number on the
message blanh

A new number shcet can be made as otften
as necessary. A sheet that 1s 1 use looks
sontcthmg like the illustration

Number 16 will be the next number
origimated at the station using this number
sheet

COUNITING Ml SSAGES

So that we can readily keep run of ow
messages and compare the number of mes
sages originated and delivered each month
to I arn some facts about the “efficieney” of
out worh 1 handling messages, a method
of counting nressages 15 used that gives the
desited mformation  Each time a message
15 handled by radio 1t eounts one in the
total.

A message recened i pason, by tele-
phone, by telegraph, or by mail, filcd at the
statiwon and transitted by radio 1 proper
form, counts as onc message origmated.

A message reccnned by radio and de-
livered in person, bv telephone, telegraph,
or mail, counts as one message dclicied.

A message rcccited by radio and sent toi-
ward by radio counts as two messages i¢-
layed.

All messages counted must be handled
within a 4b-hour (maximum) delav period
to count as “‘messages handled” under one
of the three classes mentioned A “service”
message counts a~ a message handled just
the <ame as any other type of amatemn
radio message.

The message total 1s the sum of the mes-
sages orignated, dchivercd, and rdlayed.

INAMPILS OF COUNTING

Durimg the “mcssage month” messages
can be easily counted bv following the
italicized rules. A monthly 1eport 1s sent
to the local traffic official of the A R. R. L.
as mentioned under the <ubject of “Report-
ing”.  The dlosing date of the “message
month” 1~ th» 26th of each month, (the 18th
im Hawair). On the 26th of the month one
operator of a laige amateur station rve-
cenaes ~everal messages from another sta-
tion (a) Some of thes» messages are
for 1elaving forward bvadio.  (b) Some of
them are for local delivery  (¢) There are
still other messages the disposal of which
cannot be accmatelv predicted. They are
for the immediate neighborhood but can be
either mailed or forwarded to another ama
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teur by radio. A <hort-haul toll telephon:
call will delievar them but the ehances of
landing them nearer the destimation by
radio ae pretty good. This oparator’s
“trich” ends at mudmght on the 25th and
he must make out the report with come mes
sages “on the hook” to be carned over fn
the next month’s report.,

(a) The messages on the hook that are
to be relayed have heen 1eceived and are to
he scnt, They eount as *‘1 relayed” in the
teport that 1~ made out now, and they will
also count as 1 relayed” in the next month’s
repart (the moenth during which they worc
forwarded by radio)

(b) DBy mailing the messages o1 phon-
mg them at once, they can count a< *1 de-
hvercd” for the carrent nonth’s 1eport By
holdmeg them until the next dav they will
count in the nc:t 1eport as “1 delivered”.

(¢)  The messages m this class should
be cartted forward into th: next month., It
they have to be mailed they will count n
the next report as “1 delivered”. If they
are relaved, we count than as “2aclaved”
“1” receved 1n the preceding month being
cartted forward and added to “1’" sent mahos
the “2 1cdaved™  If the operator wishes to
count this message at once (for the current
month) it must be mailed promptly and
counted as “1 dchivered”

Some examples of particular counting
problems follow

Th:» operator of Station A gets a message
bv radio from Station B addressed to him-
~self  This counts as 1 delivered™ by him-
self and by Station A

The operator of Station A takes a verbal
message from a fiend tor 1elaying  He
gives 1t to Station B ovar the telephonc
Operator A does not handle the mes<age
by radio. Station B and operator B count
the message as “1 onginated” A cannot
count the message as he did not start 1t on
the air.

The operator and owner of Station A
visits Station B and while operating theie
takes a message for relaving. The operatm
and owner of B cannot operate for a day
or two so the message 1~ carried back to
Station A bv operator A who relavs it along
within a few homis  The traffic 1eport of
hoth station A and Station B shows “1 re-
laved” for this work Operator A get~
credit for “2 relayed” 1f he 1< entered m
a message-handhing contest and gives de
tails of his work at both stations <p aally
for the contest

Mesagoes orviginating at anv ~tation count
onlv m the “oniginated” column,  Mcssages
recened by radio and delivered count only
m the “delivered” column Th» 1 laved
column ¢an contam cithar on odd m even
numbet of messages, depending on the mes-
sages loft ovcr for next month, the circum-
stances 1n a gnen case, and <o on  The

fotal 15 the sum of the figures m onginated,
delnvered, and relayed colamns.

DI LIVE RING MUSSAGES

The only <ervice that w » can render any-
one by handling a message comes through
*delivery”. Every action of cuts m send-
mg and relaving messages leads up to this
most important duty. Unlcss a message 1~
dcdiverad, 1t imight as wedl naver have been
sent. Sure enough, we have had a lot of
pleasure 1 <ending 1t and manv stations
have been glad to acknovledge 1cceipt and
to forward 1t by 1adio but without a de-
Ivery nothing has really becn accomplished

Right now, dchivery conditions are pretty
good. Perrodically, however, we have an
mflun of new opcrators who are willing to
get all thy tun out of handhing message -
by radio and who ar» not willing to gne
anythimmg 1 r1ctutn It a mes<age eomes
thetr way, 1t gets hled ot thrown in the
waste bashet  Often the man who sent th»
message expects an answa - Sometmmes he
wiites to eonfirm his message or to inquire
1t his friiendly mescage was reeenved. Tt
Is then that owr lLeague gats a black eve
bccaus -« of the unreliability of some 1ndi-
vidial who has allowdd a mos<age to die at
his station o1 who has been too lazv to d--
Iiver a message aftar 1t has boen reranved
and acknowledged

Thete 15 no 1eason tor anvon: to aceept
a message 1f he has no antention of 1.1
g 1t or delivenng it ptomptly, Tt s not at
all discourteous to 12tu ¢ nolitelv to handle
a message whan it will b impossible for you
to forward 1t to it~ dc tination.

Occastonally mescae delnvay can be
made through a thnd partyv not a'le to
acknowledge th: radiogram he overh ars
When a thind party happans to b in direct
contact with the person addicss d m the
message h: < able to hand him s un-
oftf (1l confirm wttion copyv and thus to make
vdelnvary much sooner thin a deliver could
be made otherwise It is »of good radio
ctionette to deliver «uch meossye < without
explaming the ctrcumstances under which
thev wete coprcd as a direct délnery dis-
credits the operator who acknowledged th:
message but who thtough no fault of his
ovn was not abl» to ddiver <o promptly
With a suitable note of explanation. sueh
dehiveries can  often improve ARRIL
s 1vice and win public commendation.  An
onerator’s oath of sccrecy prevents him
from giving out mformation of anv <ort
to anv person crcept the addressee of a
mossage It s no manner uncthical to
d hiver oan unofficial copv of 1 radiogram. 1f
vou doat to imyirove the speed of handling
o mossage or to insure certain and promnt
daln bBon’t forget that there are heavy
fines prescribed by Federal laws for divule-
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ing the contents of messages to anyone ex-
cept the per<on addressed m a message.

There are several ways of delnvermg
messages. When 1t 1s possible to dehiver
them 1n person. that 15 usually the most
cffective way. The telephone 15 the most
serviceable imstrument m getting messages
delivered without undue labor. When the
telephone does not prove nstrumental m
locating the paity addressed in the message,
tt 15 usuallv quickest to naail the message

To help 1n secuning dehiveries and making
the r1elav game very much worthwhile to
everyone concerned, here are some good
rules to follow:

Messages reccived by stations shall be
dcliverod immedatdy.

FEvoy message <shall be relayed within
forty-crght (48) homrs after reecipt, or of
tt canvot be rdlaycd withm thes time, shall
be mdailed to the addressce.

We are primarily a radio orgamsition,
and the bulk of our messages should go bv
1adio, not by mail. The point is that mes-
sages should not be allowed to fall by the
wav, and that thev should be sent on o
dehivered just as quichly as possible. When
a message cannot be ddlivered, or af 1t s
unduly delaved, a “<ervice’ message should
be wrnitten and <tarted back to the “office of
origin’.

THI SLRVICL MESSAG!

A sa1vice message 18 a message sent by
one station to another <tation 1r1clating to
the “<ervice” which we ate o1 are not able
to gine m message handling  The service
message may 1 fer to non-deliveries, to de-
laved transmission, or to any phase of mes-
sdage handhing actiaty.

Whenever a message 15 1eceived which
has 1nsufficient address for delivary and no
mformation ean be obtamed from the tele-
phone book or the citv directory. a service
message should be wiitten asking for a bet-
ter address. While at 16 not proper to ab-
breviate words 1in the tosts of 1cgulu mes-
sages, it 15 qute desivable and conrect to use
abbreviations in these “station to-<tation”
messages 1elating to traffic handling work,

The prefix: “<v¢” 1n plue of the usual
“msg” shows the (s of the message and
indicates at once that a <tation-to <tation
mcssage 1~ copune throngh  Scrvice mes-
sages should be handled with the same care
and speed that i1~ given other messages.

Suppose a 1egulation message 1s 10ce1ved
by 3CA for someone in Roanokhc, Va  Sup-
pose that the message cannot be delivered
because of insufficicnt addiress. The atv and
station of ongin of the mcs<age are gnoen
as “Pasco Washn 7GE”  In lLine with the
practise outhned above 3CA makes un a
service message ashing 7GE to “give bettor
address,” of course obtaming the address

from the party that gave him the message.
3CA will give the message to anyvone 1n the
west, of course trying to give 1t to the sta-
tion nearest Pasco, Washington, and sending
it over the greatest distance permitting 1e-
hiable communication. The message looks
something hke this:

“IHR SVC FM ROANOKE VA 3CA NR
201 Aug 19

TO RADIO 7GE

L C MAYBEE

110 SOUTH SEVENTH AVE

PASCO WASHN — . —

UR NR 87 AUG 17 TO CUSHING SIG
GICK HELD HR UNDLD PSE GBA

7 (ug) WOILFORD 3CA”

ROUTING MI SSAGES

Messages can usually be placed near then
destination. In any case they <hould be 1e-
layed to the station nearest the location of
the addiessee and over the greatest distance
which allows reliable contact.

OPERATING ON SC(HEDULES

Traffic handling work can very advan-
tageously be cairied on by artanging and
keeping o few schedules.  Bv arranging
schedules and operating the station in a
business-like way, using an accurate wave-
meter and a dlock, 1t has been proven manv
times that a maximum amount of business
can be moved in a mmimum of time and
effort  The message “hook” can be cleared
in a few minutes of work on schedule and
the station will be fice for “DX” or “ex-
perimental” work.

Every brass-pounder is urged to wiite
letters to some of the reliable and regula:
stations heard, asking if some schedules
cannot be hept a few times a week especially
for traffic handling. With rehable schedules
In operation 1t 15 possible to advertise the
fact that messages for certain points can be
put through with speed and accuracy, and
the traffic problem will take care of itself.

THI FIVE-POINT SYSTEM

To make our relaving more svstematie
the “fivc point system' of arranging sched-
ules was proposed and has worked out very
nicelv 1 manv cases. After getting the
station In good operating condition, each
station’s operator arranges to work four
stations, one north, one east, one south, and
one west These directions are not exact
but general The distances arce not too great
but they must be distances that can be
worked with absolute certamnty under any
condttions

A good way to select the four stations i«
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to listen-in and to pick out the stations
heard most regularly, operating most con-
sistently, and 1n the right direction. It is
a good scheme to “work” these stations a

few times. Write them letters and get
acquainted; then trv to arrange some
schedules. Shoit schedules are the best.

A half or quarter hour each day is enough.
Using our twenty- and forty-meter chan-
nels we can work right through the broad-
cast period.

There 1s no excuse for failure to keep a
schedule. After a hittle while, keeping 1t
will be a part of the daily 10utine, and when
the arrangement has been made after care-
full consideration bv the fellows involved 1t
will prove no hard<hin but rather a -ource
of pleasure. In an hour one can call the
four stations, clear traffic, and be free to
work other groups of “five-pointer<” or to
spend the time otherwise.

By referring to the <ketch the 1dea may
be seen at a glance. Five stars wok to-

gether, five cles, five A'S, and so on. all
over the country.

The system depends on the use of an ac-
curate clock, wavemeter and log. When
things stay the same from day to dav the
dial settings become memorized hke telc-
phone numbers and the importance of the
three items named 15 not <o great

When there 15 no traffic, a few pleasant-
ries are in order during the scheduled time
of working. Several advantages of handling
messages on schedule are evident from
whatever angle the situation 15 approached.
The use of several separate wavelength
bands for amateurs has more or less divided
us. By arranging schedules and workhing
in a business-lihe way we can make full use
of all our wavelengths.

ACCIPTING AND TRACING MLSSAGLES

Messages that are not complete in every
respect shall not be accepted for relaving.
The citv of origin, statton of origin, number,
date, address, text, and signature constitute
a complete message. The fundamental parts
of the message are r1egarded as the CITY
and STATION of onigin, a SUFFICIENT
ADDRESS to insure deliverv, a TEXT, and
a SIGNATURE  All these pairts are neces-
sary to mahke a message of value to the
recipient, to make 1t possible to dehiver the
message and to route an answer back to the
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sender. The ity and station of onigin make
1t possible to send a service message back
to the starting point 1n case of delay or
trouble in making a delinery. The date and
number are useful as the inclusion of a date
speeds up the message and the number
mahkes 1t possible to trace the messages
casily.

Tracing messages is sometimes necessary
when 1t 15 de~ndd to follow the route of a
message ot to find where 1t was held up or
delayed. Tracing 15 usually accomphshed
by sending a copy of the message and a
letter requesting that the time, date, and
station calls of the <tations from whom the
message was recenved and to whom the mes-
sage was given. be noted in the proper
place on an enclosed sheet. The letter ashs
that the sheet and mes<age be forwarded 1n
rotation to all the stations handling the
message until 1t has overtaken the message,
when the tracer 15 matled back to its start-
ing point  with the nformation collected
from all the logs along the route.

REPORTING

Whether the princdipal accomplishments
of the station are in traffic handling work
or along other lines, what you are domng is
always of interest to A. R. R. L.. headquar-
ters. Our magazine, QST, covers the entire
amateur field, keeping a record of all the
messages handled 1n different sections of
the country, giving mention of the outstand-
ing work that 1s done 1in communicating over
great distances using small amounts of
power, and summatizing all the worthwhile
activities in the sections of the magazine de-
voted to those particular actinvities.

‘We have mentioned the Official Relay Sta-
tions and the Communications Department
organization. A wpecial section of QST 1s
devoted to the Communications Department.
Each month a <pecial form postal is
sent the active <tations in the relav system
for reporting purposes  Blanks on the card
are provided <o that the number of messages
originated, the number delivered, and the
number i claycd ecan be inserted. together
with the message tofal. There is also space to
tell about the most imnortant traffic handled,
the wavelength used duning the report-
g month. the “DX” worhed. and other <ta-
tion records and actinvities, together with a
list of the stations with whom «<chedules are
kept. Ttems of gencral interest, changes in
the set, and addres<cs of new amateurs also
come 1n on this card.

Thi< information 15 wanted from everv
ovetator of an active amateur station in the
United States Each month on the 26th
(the 1%th in Hawati) the active stations send
reports to their local officials  These offi-
cials forward all the reports sent them to
Headquarters. Thev are next prepared for
the magazine. Only representative space
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ean be given cach section of the country and
almost every report received has to be
squeezed m order to get 1t mm. Repoits
must have the dead material edited out of
them to allow room for niuch active and
mtercsting news as can be gotten in.  Some-
times paragraphs have to bc cut down o
left out altogether to make the matenal fit
the space 1t 1s allowed.  Reports about what
someone s “going to do next month” and
about “burnt out tubes.” “no aafhic” o
“non-operation” get deletcd  The more
worth-while a report 15, the mote of 1t gets
mn print. If something comes 1 that s
worth special mention, 1t gets more space
mm another part of the magazine Traffic
figures and calls of active stations always
get full space The reader~ of this Hand-
book are cordially mvited to <end in their
reports to the local traffic official just as
soon as theyv have a <tation 1n operation.
Write the nearest t1iffic official whose name
appears on page 3 of cach QST. Make you:

report as mformatire and mtarestmg as
possible.
E<peaialy mpottant workh that has a

news value <hould be <sent ditect to Leagu
Headquarters at Iartford Get in {ouch
with vomr local man soon, and ash him just
when he must get a report trom you, <o that
he can include 1t with other repoits on the
day he makes up his official report.  Be smie
to make vour report as full of information
as possible, including some of the chings we
mentioned if pos<ible

Contributions to QST are welcomed bv
the Editors' Authors must 1emember that
only a small percent of the received mterial
can be printed and that it is impossaible for
an organization hke oms to pay for articles
Ours 15 a “fanuly” orgamization supported
by and for the amatcur. Contributions can-
not be paid for due <imply to the fact that
the League 15 not a commercial or money-
making o1gantzation like the ordinarv mag-
azine publishing house. Bv ecavefully <elect-
ing material the members get the best mag
azine that can be made. QST is noted for
its technical accuracv. GGetting mnto the
reading pages of QST is an honor worth
working for.

KLFPING A LOG

Everv operator of an amatew :tation
should keep a log of the operating work
that 1s done as well as of (he tests of an
experimental nature that are cained out
with the transmitter or receinver.

The keeping of a station loghbook is mm-
portant in making our station excel i everv
respect. The “log” 15 wnittcn up, nght at
the time the station 1s 1n operation  Prop-
erly kept, it becomes a detailed and interest-
ing hstory of station accomplishments and

1s frequently of great value m proving or
disproving transmissions.

Reference to a well-kept log will usually
disclose the number of the last message
that was sent, so that we can quickly find
the next number to use. The log will give
us the whole stoty of the “*where” and the
“when” of every message hat has passed
through the station

A faithfully-kept log gives absolute proof
of the transammtting work that has been eat-
t1ed on and makes the history of the .tation
always available, up-to-date, and complete.
Every commerecial and government station
keeps a log because 1t 1s a necessity.  Ama-
teurs keep a log because of the ready-
reference value in proving records and be-
cause of the pleasant recolleetions and as-
soc1ations that come from reviewing the his-
tory of friendly radio contacts and srom dis
playing the record of the accomplishments
of the station to interested ‘isitors and
friends. So by all means plan to start a log
at the same time jou start operating .he
station.

There are as manv different kinds of logs
as there are stations.  Station owners all
have opinions on the form that the log
should take. The more elaborate the log is
the more time, care, and pans are :equired
in keeping 1it. The value of the log does not
mcrease as 1apidlv as the work of entering
details mounts. Therefore, the simple loc
1s best a< we will get the biggest retura
from the time spent 1n keeping it up-to-datc

A loose-leaf notebook often proves useful
in making our log The shcets can be 1r1e-
newed each month and those used can be
taken out and fil.d away with the cards and
station records. A stenographer’s ordinarv
notebook cos<ting from ten to thirtv cents
and about 41" bv &1, takes little space on
the operating table and also makes a good
log book.
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2 10 1TRANY 10
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INigure 1

Figure 1 shows a sample page m such a
log book. A dozen pages may be ruled n
advance with vertical hines.  In the first
column the DATE and TIME are noted. In
the <econd column the calls of statione
wothed, heard, and called are put down. A
arcdle, parentheses, or a line drawn under
the call can indicate whether a station was
worked, heard or called. or simply heaid
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A special designating sign or abbreviations
before or after the call letters can show this
information.

DATk.  APRIL 10,1927 | ANS N |
L5 TIMF | CALLED |CALLID BY WKD (\)

325 P M «Q SBRC \ !

FIGURE 2

Figute 2 shows @ mote standardized form
of log. The date s usually placed at the
top m the center; the time 1s put 1in the fist
column at the left; the next two columns
show the called and calling stations. In an
additronal column 15 placed an “X” when a
station 15 called. Tt communication 15 estab-
hshed, a arde 15 placed around the “X”.

Still another column may be added for
“Remarks”. A, B, ¢, or D are often used to
mdicate the 150-200, 75-85, 40, or 20 meter
band. The letter can show whih wave-
length band or secondary coill was used.
After this letter follows the condenser set-
ting, “B-28" showing that 8BRC was usmg
the 80-meter wavelength-band and that the
tuner condenser setting was on 28 degrecs.
At the end of the hine the time of transmis-

A log 1s of great value in a number of
ways. A comparison of the operating re-
sults obtained with different apparatus in

AMERICAN RADIO RELAY LEAGUE

LOG OF STATION

Swrrr No

- raurmes

T11GURE

A simple form of log 15 shewn above, What 15 worth
doing 18 worth recording lhe ~simpler the torm s
the more of us can use 1t advantagcouslhv. We simply
offer this form as a suggestion, hoping that vou will
find 1t worthy of adoption. Every station should
keep a log of transmissions and stations worked ~o
that reports recenned can bhe verihed from the log and
~0 that the record of message-handling will he a
(omplete vne.

use at different times 15 valuable. The “DX”
ot traffic-handling value of the yarious
wavelengths over varymg distances may be
readily found from the log. The ceflect of

w | My JREDY His My His
])\H‘._ TME CALL b Ware Woatd QsB S o St Woather - l{l MARKS
Oct 1o 03l T TABR | H i~ (W R7 Run CQ s AW
1 ul20 ¥2NM | W 0 { 171 RAC fair I’ Run Vodadid  wangs too
JIGURE 3

s1on may be noted. *1s, 2r” can be used to
mean that one message was sent and two re-
cenved from 8BRC.

Figure 3 shaws a very detailed log which
really gives a lot of intormation but which
15 somew hat harder to keep 1in good <hape.
W, H and ¢ ate used for “worked”,
“heard” and ‘*called”. A bar under the
“R” 1in “RAC” may show that the note 1~
well-tectified and tfairly smooth. A line
under the “AC” can indicate that the rnipple
15 pronounced Plenty of mformation will
be available for stations wanting informa-
tion when such a log 15 kept, no matter
how late a date the request for information
15 received.

LOG S $
Prrsosa Ricoun or CoMMUNICATI0Y

X3 1 une 0 =4

= T e

[T

==

In Fagures 4 and 5 are shown some printed
log sheets that are ready for use and in
quite convenient form.  The log sheet shown
mm Fig. 5 15 stocked at A.R R . Headquar-
ters stmply for the convenience of Leaguce
members.

[oc]an )

1IGURE

weather or time of dav mav also be quichy
found. Evary change made n ewther the
transmitter or antonne systcm showld be
noted down m the log, so that results may
be comparcd tor dates before and after the
date when a change was made  No mattet
how tiivial the change, put of doun in the
log. Remember that only onc change at a
time should be made if the changed 1esults
are to he attributed to onc definite cause.

We have shown <cvaral types of log <heets
in these pages  Thae are advantages and
disadvantages to each Perhaps certamn
ideas from different log shcets can be em-
bodied 1n your own station log. Perhaps
some printed log sheets will be best for
vout work  Evervicader will wish to start
his station nght by making up an mdividual
~tation log The <impler the torm of the
log 1~, the more of us can use 1t advan-
tageouslv.,  We offer these torms of logs as
suggestions, hoping that vou will find them
worthy of adoption. Kecp «a station log!!!

WORD LIST 1OR ACCURAILI [ RANSMISSION OF

SEPARATL CHARACTERS

When sending mossages contammg radio
calls o1 imtials that are hikely to be confused
and where errors nmust be avoided, the calls
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or imtials should be thiown imto the follow-
mg code words:

A ABLE N NAN

B BOY O OBOE
C CAST P PUP

D DOG Q QUACK
E EASY R ROT

F IFOX S SAIL

G GEORGE T TARE
H HAVE U UNIT

I ITEM VvV VICE

J JIG W WATCIT
K KING X JNRAY
L LOVE Y YOKE
M MIKE Z 7ZED

EXAMPLE: 1BCG 1~ <ent as “ONE BOY
CAST GEORGE?” but put back into the first
form by the operator who dehvers the
message.

A somewhat different hist can be obtained
from the local Western Union telegraph
office and posted be<ide the telephone to use
when telephoning messages containing
initials and difficult words  The above lhs.
was made up of short words to save fime in
radio transmission while 1insumning accmacy
The W. U. list 15 best for vowce work (radio
phone, telephone or dictaphone) as the
words are sclected to cariy the proper
counds best while delivering messages by
phone.

GITLHING 111 T S

Sometimes parts of a message are not
received correctly. In that case the mter-
rogation (..——..) 1~ used between the
last word received coriectly and the first
word 1eceived after the mterruption.  Thare
is seldom any excu~e for 1epeating the whole
message to get a few lost words. The good
operator will ask for what flls he needs,
separating the different sections of the mes-
sage having mssing words by using the
break signal (—...~—) between parts.

Messages are oftcn transmitted as many
as three times at the request of the recen-
ing operator. Failing to make a complete
copy after three attempts, the recening
operator cancels the message (QSK) and
the tiansmitting operator tiies to relay the
message through another station.

QTA MSG should not be sent unless neai -
Iy all the message 1< lost. QTA FROM
.. 0. ..... is a long way of ashimg
for fllls sometimes heard i commercial
usage. The “interrogation” method is al-
ways the best especially when only a few
characters were mussed. The figme four
(4) 1 a time-saving abbreviation which de-
serves popularity with traffic men, meaning
“Please stait me, where?”

THE RADIO AMATEUR’S HANDBOOK

RLLAY PROCEDURE

Let us assume that a station in Hartford,
Conn., receives a message whose destination
1s Dallas, Texas. The message 15 at once
written out on a message blank, filling in
the ity and station of onigin, leaving only

the “number”, “rec’d”, and ‘“sent” spaces
vacant.
The operator 15 anxious to get the

message started. He sits down in front of
the set and lListens. He does not hear anv
western stations so he decides to give a
directional “CQ” as per A.R.R.L. practise.
He calls, “CQ DALLAS CQ DALLAS CQ
DALLAS u 1MK 1MK 1MK?”, repeating the
combination three times and ending with
only .—.—.

He histens and hears 9CXX in Cedar
Rapiuds calling him, “1MK 1MK 1MK u
9CXX 9CXX 9CXX ——.7

Then he answers 9CXX indicating that he
wishes him to take the message for Dallas.
1MK says, “9CXX 9CXX u 1IMK R QSR
DALLAS? QRV? K.

After 9CXX has given him the signal to
g0 ahead the message is transmitted, insert-
ing the “number” 1n its proper place, and
as<igning the next number 1ndicated on the
“number sheet”. The message 1s sent m
A.R R.L. sequence.

“Hiy msyg tm Haurttord Conn 1IMK wnr 247
Nov 11 ch 24 ToMr Frank M Coirlctt Radio
52C 2515 Catherine Street Dallas Texas
— — Conmnunications D(pa,)tnwnt sup-
plt(s un(l mcarhership hist are going torwaid
today please send your redaction to general
winmhar 372 owr wmy file —...— sig
Hovghton ——. 1IMK —.—"

9CXX acknowledges the message lke
this: “1MK u 9CXX Nr 247 R K.” Never
should a single “R” be sent unless the whole
message has been correctly recerwved.

The operator at 1MK now writes 1n the
number of the message, scratches off num-
ber 247 on the ‘“number sheet”, putting
“9CXX” after that number, and 1n ihe
“sent” space at the bottom of the message
blank he notes the call of the Cedar Rapids
station, the date, time, and his own personal
“sme”. At the same time he c¢oncludes
with 9CXX something like this: “R QRU 73
ES GB ...—.— 1MK”, meaning, “All re-
ceived OK, I have nothing more for you, see
you agamn, no more now, best regards and
good-bye, I am through with you and shall
at once histen for other stations who may
wish Lo call me. 1MK 1s now signing off.”

9CXX will come back with “I R GB AR
.. —.— 9CXX,” meaning “I understand, re-
ceived you OK, good-bye, I am through.”
Then he will listen a few minutes to see if
anyone is callmg him. He will listen pu
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ticularly for the Texas stations and try to
put the message thiough to 5ZC or a neigh-
boring station. If he does not hear some-
one calling him, he will listen for Texas sta-
tions and call them.

OPLRATING HINIS

Listen carefully for several nunutes he-
fore you use the transmitter to get an rdea
of what stations are worhing. This will
help 1n placing messages whcre they bolong

Use abbreviations m operating consvcisa-
tions. This saves time and cuts down un-
necessary interference.

Stand by (QRX) when ashed to by an-
other station who 15 having difficulty worh-
mg through yow interterence. It is equally
courteous to shift wavelength (QSY) to a
pomnt where no interterence will be caused.
Sometimes a change 1 was clength will help
the station you are working to get vour
message through mteifercnce Accurate
wavemeters at both stations will make this
change speedy and the contact sure.

Report your messages to the local traffic
official every month ON TIME. Otherwise
you cannot expect a teport to reach QST.
Reports sent to Headquartei~ are 1outed
back to the local offiials who make up the
monthly report.

Don’t tell a fellow hi~ <ignals ate RS
when you can just hear him.

Don’t sav “QRM” or “QRN” when jou
mean “QRS”.

Don’t acknowledge any message until yvou
have recenned it COMPLETELY.

Don’t CQ unless there 15 definite 1ca~on
for <o domng. When <ending CQ, use udg-
ment. Sign your call three times for ca h
three CQs.

Abbreviated standard procedure descrves
a word in the interest of bievity on the air.
If vou hear sonte old timers using 1t you
will understand what is meant bv reading
the following paragraph In handling lots
of messages with a number of scheduled
stations, most traffic can be cleared by hold-
ing all stations to 15-minute <chedules Sev-
eral <chedules should be arranged in con-
secutive otder  To get several messages
through in 15 minutes 1s0’t an easv job but
abbreviated practises help to cut down un-
necessarv transmission

1AUF u 1BMS P meaning paid, per~onal
or private mescage (adoptcd from coni-
mercial procedure) is much quicker than
HR MSG added to a call. N QSU i~ <hortar
than QRU CU NEXT SKED Instcad of
using the completely spelled out preambl:
HR MSG FM AUGUSTA MAINE 1BIG NR
156 OCTOBER 13 CK 11 TO etc transmis-
siont can be saved by usaing RDO AUGUST A
ME 1BIG 156 OCT 13 14 TO etc  Sull one
more thing that conscives opcrating time 15
the cultivation of the operating practise ot
writing down 156 1UK 6150 11 1326 with
the free hand diving the scnding of the next
message. It 1s hard to do at first, but all

these hittle points added together make the
total time saved on a mescage mean some-
thing. Of couise only <tations handling
many messages regulatly need to think of
abbreviations to this extent.  If one follows
standard practises, he 15 most sure of being
understood and it is not necessary to waste
time m explaming too-abbreviated messages
in detail. Make 1t a rule not to abbreviate
unnecessarllvy when worhing an altogether
unhnown station.

B¢ courteous over the air. Offer sugges-
trons for mproving the other fellow’s note
or operating methods. Expect and ask for
similar suggestions without expecting any
prarse Constructive things can be <awd
without being disagiecable or <ctting one’.
self up as a paragon. Be truthful but tact-
ful.

CALI BOORS

One uscful addition to every station 15 a
good call book. When stations are heard or
wothed, the first thing that mterests us is
the location. If we have messages to be
handlcd, 1t 1s absolutelv necessarv that we
hnow the location of stations that we hear
so that we mav r0ute our messages cor-
rectlv.

Several call boolis are available for small
sums of monev. However, no call books are
cver quite up-to-date bocause new stations
ate continnally coming on the an and old
stations occastonally diop out of existence
and some changc~ have taken plece in just
the short time while an up-to-date hi~t of
calls 1s bang set in tvpe by the printer.

“Amatcur Radio Stations of the Umted
Statcs” contamns a hist of the licensed ama-
teur radio stations of this countav. Experi-
mental station or “N7 calls are also listed.
This mav be obtained for 25¢ (not mn
stamps) fiom Superintendent of Documents,
Govarnment Prmtime Office, Washmgton,
D. ¢ The veatly June edition 1~ usually
availlable about October fir<t.

“Commercial Radio Statrons of the United
States” gives hists of the various commer-
aal <tations together with naval and gov-
anment heensad calls This publicition
mav be obtamdd fc1r 15¢ (not in stamps)
from Sunctintendent of Dccuments, Govern-
ment Printing Office. Washington, D. C

A complete hist of Canadian amateur sta-
tion calle can bc obtaimed for twentv-five
cents from the D partivent of Morine and
Pisheries, Ottawa, Canada.

“The Citizens’ Radio Call Book” (Ama-
tcur Edition) miv he obtammed for 75¢ from
The Citizens’ Radio Sersice Buteau, Chi-
caco HI Tt cont uns the (Alls and addiesses
of muny high-power long-wove foreign and
U. & comnier al stitiens who handle trans-
ocean traffic  In oddition 1t lists some ama-
tcurs, shmn calls, and <hoie stations handling
ship traffic. This publication s for sale on
manv newsstands also.



CHAPTER XII

The Experimenter

.2 HAVE mentioncd the experi-

menter brieflv. When the ~tation

1< first built it may be desiable to

nmahe some simple experiments or
to do a it of systematic adjusting  This
s ~0 that our transmitter can oparate at
greatest efficiency and eftectiveness  Some-
times aftcr the station has been built new
ideas will need to be worhed out evperi-
mentally  Many new and valuable diseov-
eries have been made by the expernimenter
It 1s this energetic imndnidual who has ad-
vanced the 1adio game to the stage where
we find 1t todav.

For1 most of us constant experimenting s
out of thc question We can build a good
otation at a very teasonable cost. There s
nothing eapensive o1 comphcated about our
undertaking  Onlv those of us fortunatelv
endowed with wealth can puichase all the
instruments we would Iike to have for ad-
vanced experimenting.  Not all of us have
either time or money to spend 1 a labora-
tory, let alone both  Some of us can leain
valuable things from making the most of
the experimental facilities at hand  These
men belong to the “Experimenter’s Section ’

Radio measurements are verv interesting
to the exparimenter  Onlv by comparmmg a
lat ge number of measurements on a certamn
general problem can certamm conelusions and
predictions be made A set of figures about
a certamn antenna proves nothing in general
ahout antennas  Measurements made on
hundreds of antennas which show smulari-
ties mahke 1t possible to make useful deduc-
tions from the evidence.

In c(hanging thing~ expernmentally one
must always be sure to make just one
change at a time A careful record of the
changes and thc results of each change
should be kept 1if o “experimenting” 1s to
be good for anvthing The most common
mistake of the begmner 1~ to draw conclu-
<tons from nsufficient evidence

Just as certain tools are nceded for sta-
tion-building, the cxpermmenter must have
a few good mstruments  Pencil and paner
a decentlv accurate wavemcter, some fixed
condensers of known canacity, avanablecali-
brated condenser, some fixed known resist-
ances. some 1esistance wie, a 1esistance
box 1f 1t can be afforded a -ensitive gal-
vanometer, D. C  milhameter. voltmeter
with ammeter shunts. and a thermocouple
<ensitive to small radio-freauency «urrents
make a pretty complete outfit. The first

items 1 the hst are most mmportant A~
many good meters should be added as one
can afford.

OU 1T INES

Before tackling any problem, 1t should be
outlined on paper The eaperimenter al-
ways works from what 1s known to what .~
unhnown The outhine should give (1) a
<tatement of the problem, (2) a suggestion
of all possible <olutions, (3) the logical
and most probable solution in detail, and (4)
the procedure for tial and solution of the
problem

Analvsis of a problam s <simply the divid-
mg of 1t mmto a number of pieces so small
that we ¢an grasp and handle cach one with-
out difficulty. In mapping out the attack
on something we want to find out, 1t 15 well
to split 1t into a number of sections that can
be considered separately.

Next to outhnes, tecords of what 1~ done
are  most 1mportant Readings of the
meters ~hould be tccorded for each change
that 1~ made.

RI PORTS

After the problem has been mvestigated,
a few notes on the results can be made  If
we are gomg to present the results to some-
one else for discussion o1 mformation, they
<hould be wiitten up moie fully. A com-
plete 1eport mayv have several paits (1)
mtroduction stating the problem; (2) sum-
matv of the work of others; (3) desciiption
of appairatus used, (4) the method of m-
vestigation; (5) data taken; (6) 1results
<hown bv data; (7) conclusions that can be
made; (8) summary, (if the 1eport 15 a long
one),

{The Experimenter and the
“X” Section

By Robert S. Kruse, Technical Editor
of QST

Md vou ever get sich of some radio quos-
tion and sav “By George, T am gomng to hunt
up ~omeone that will work with me and finl
out the truth about this thing!”?

If <o, then vou me the sort of man the
“X" Section was made for. There are manv
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others like you and 1t 1~ the business of the
Section to bring yvou together, to suggest
things that need doing, to help you with
your own problems and finally to turn the
rtesults over to the Radio Amateur thiu the
columns of our magazine.

THE TINKERLR

Of course, all that 1s true only 1f you don’t
happen to prefer tinkering to experiment-
mg.

To show just what I mean by that, let us
suppose that a tinkerer and an experimentet
start out to test two antennas for 10-meter
worh at a certamn station.

The tinkcter works the fust antenna for
three nights, calling different people and
asking them “How do I come in?” He may
even disgrace himself by long “CQ” calls
Evay once in a while he monkeys with the

adjustments of the sending set On the
tourth day he changes antennas—and at

about the samce time the weather changes.
He gets bach on the same wavelength (al-
most) and gets something lLike the same
power mto the tubes but makcs a careless
job of the adjustments and 1uns his tubes
a bit hotter than before. Then he starts
Im worhing stations and 1t 15 almost cettan
that he doesn’t work the same ones as be-
fore The whole mess does not work out
well and he 15 sute that the new antenna 15
“the bunk”.  When his report cards come
along he cannot for the Iife of him 1emem-
ber which adjustment he was using on the
13th when he happened to be heard by that
Afiican station.

TH! L\P]I RIMFNIER

Now the expamenter starts out by mak
mg careful notes on his onginal adjust-
ments betore he changes a single thing., It
possible he measures the antenna resistance
to make sure that he knows what powcar 1
gotng mto 1t Then he pichs a few reliable
stations and arranges to have them test with
him now —and agam a bit later when he
changes antennas.  Then he changes to the
new antenna—adjusts carefully to the same
wavel neth, makhes car ful adjustment ot
thy «nding et with about the same power
into the antenna (nof the same curiont but
the <same power) and puts down every clip
position and every meter reading.  He tries
this new combination on his stations and
finds that the results are very much pooret.

Does that <ottle 1t® I <hould <av not'
You see, the weather has chaneged and he
has noticed 1t. Theirefore he trnes antenna
No. I again and finallv tries antenna No. 2
again  In the end he finds that antenna No

215 much the better
to find out WIIY.

- and then he starts an

Is 11 WORIH WHILL *

I~ expermienting worth while?  That de
pends entirely on you. If you want to find
out jor yoursely, then the only plausible
thing you can do 1~ to experiment. 01
coutse 1f you are satisfred with an opmion
1t 15 all night to guess at 1it—o1 to askh @S/
1f anyone else¢ has done the job.

Naturally you can’t tiv everything for
yvourself—one docs not have all the monev
im the world and onc does not hive forever
Besides that, somc things can be decided
best by screntists and engimecrs—not by
amateurs  On the other hand the engineers
are sometimes wirong  Bosides that there
are some things that are not yet decided and
that amateurs can hdp to find out. Of
course one man seldom settles anything, but
1t 1~ enough satistaction to help start the
thing off. That 1s the only way humanity
«ver gots ahead—cach man builds on the
work of the last man.

Many thing~ can be done by one man
alone —but 1t 15 a lonesome busimess. Other
Jjobs cannot be done at all without help or
without cheching with <omeone clse’s re-
sults. As often as not the results do not
agree and then one starts out to find still
motr¢ new things by finding out why things
didn’t check.

Vary well, that 1~ what the Expermment-
er’s Section 1s for--to help vou with your
problem 1f we can o1 to find someone else
who mav be able to help yvou or at least to
worh with you If something good comes
out of the work we aire certainly going to
want a chance to conwider 1t for QST, but
that is not the main idea.

There are no mambership requirements
except  mterest m expanmental  radio
There 15 a problem hist but 1t 1~ only a sug-
gestion and anvone 1= mote than welcome to
woth on other things too. Eveiy man en-
rolled gets a hist of the othcr men working
at the same thing <o that he can wnte
them

Antong the things that are now being
done is the wniting of outhnes for dong
all the problents which are on the regular
hst  In addition to this the Information
Service helps the Expernimenter when pos-
~thle

To jomn the Expenmenter’s Seetion  is
simple enough just scnd a letter (please
not a postal card) to “Exnciimenter’s Sec-
tion, American Radio Relav Toague, 1711
Puak Stieet, Hatford, Conn, and sav “I
vish to jomn the X Section”  The blanks
will then be sent, togcther with the prob-
lem lists,
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Letter or

IMigure Symbol

Phonetre

Appendix

Wait . —... Int darr it dit dit

Comma (,)
—. —.— It darr dit darr dit darr

A .— D1t darnt .

B — .. van dit dit dit Colon (-) ) )
C Darr dit danr dat = Dan darr darr dit dit dit
D Darr dit dit .

)] Dit Semcolon (3)

I Mt dit darr dit —— o — . —. Darr dit darr dit darm dit
G Darr dair dit “

H it dit dit dit Quotes (“ ) )

1 it dit c— . o— . Int dan dit dit dan dit

J - Int darr darr darr S

K Dairr dit dan Parenthesis

L It darr dit dat

Dair darr

Dair dit

Darr darr dan
Int darr darr dit
Dair darr dit dan
Int darr it

Int dit dit

Dan

Dit dit darr

Int dit dit darr
Dit dan dair
Dan dit dit dan
Dair dit danr dary
Dan davr dit dit

Int dan darnt dan dan
Int dit darr darr dan
Dit dit dit dar darn:

Int dit dit dit dan
Int dit dit dat dit

— e ——.—  Den dit dan darr dit darr

Attention Call
to  precede
everv rans-
mission
— . —.—  Dan dit darr dit darr

I’'nd of each
message
(cross)
.—.—. Dit darr dit darr dit

Transmission
finished (end
of work)

v —.— Dt dit it darr dit darr

Invitation to
transnmt (go

XS TR RS NLAZ AN RO LE
|

.... Dan dit dit dit it ahead)
— — ... Darrdair dit it dat — .— Dan dit dair
= . Dair dan danr dit dat
[ — Darr dan darn dan dit
0 —  — — Darr dair darr darnr darr »00 00

Period (1)
e . Dit dit dit it dit dit

A dash s cqual to thiee dots.

The space between parts of the same
loetter 1~ equal to one dot

The space between two letters is equal to

Question (?)
e — .. It dit danr dainr did dit

Break (double
dash) (=)

E x ¢ lamation

Bar Indicating
Fractron
(Oblique
stroke)

Dan dit dit ot dan

Dart darnr dit dit darr dan

it darr dit

Dany it dit darr dat

three dots.
The space between two words 1s equal to

five dots.

1ORFIGN T1 I RS

A (German)
.—.— Dit darr dit darr

/ o
A or A (Spanish-
Scandinavian)
.———.— Int darr darr dit dan

CH (German-
Spanish)
— — — = Darr darnt darr darr
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E (French)
co— .. Dt dit daar it dat

ﬁ (Spanish)
— —.—-—  Darr dair dit darr da

O (German)
— ——. Darr darr darr dit

U (German)
o— — Dt dit daore dan

HAM ABBREVIATIONS

AA All after

AB All before

ABL Able

ABT About

AC Alternating Current

ACCT Account

ACCW Alternating current C W (Not

rectified before application
to plate circuit of transmt-
ting tubes)

ADS-ADSD Address-addressed

AER Aenal

AGN Agamn

AHD Ahead

AMP Ampere

AMT Amount

ANI Any

ANT Antenna

ARL Aenal

ART All nght

AST Atlantic  Standard Time (1
hour later than K8 T,

AUD Audible, audilnhty

AUSSIE Australian amateur

B Be

B4 Before

BCIL Broadcast hetener

BD Bad

BI By

BK Brealk, back

BKG Bookkeeping, breahing

BLV Beheve

BN Been

BND Bound

BPL Brass Pounders' League

BTR Better

BUG Vibroplex key, amateur radio
“fever”

C See

CANS
CHGS
CK

CKS
CKT
CL-CLG-CLD
CM

CN

CNT
COND
CONGRATS
CP-CPSE
CRD
ST
CUD-CD
CUL
UM
CwW

CY

DA

bcC

DFS

DH
DLD-DLVD
DLY

DN
DNT
DPR
DSTN
DSTC
DUPH
DX

ERE

M

s

EST
EVBDI
EVY

KZ

FB

FIL
FLD-FLT
FM
FONES
FR
FREQ
GA

GB

GBA

GE

GEN
GES

GG

GM
GMT

197

Phones

Charges

Check

Chokes, cireuits

Curewmt
Call-calhing-called
Communications Manager
Can

Can’t, cannot
Condenser, condition
Congratulations
Counterpoise

Carl

Central Standard Time
Could

See you later

Come

Continuous wave
Copy

Day

Duect current
Disregard former service
Dead head, service message
Delivered

Delivery

Done, dowa

Do nnt, don’t

Day Pre-s Rate
Destination

Dehlivered subject to correction
Duplicate

Distance

Here

Them

And

Eastern Standard Time
Everybody

Every

Easy

Fine business, excellent
Filament

Filed, fihng time

From

Telephones

Fou
Frequency-frequently
Go ahead

Good-by e

Guwe better address
Good evening
Generator

Guess

Going

Good morning
Greenwich Mean Time
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GN
GND
GQA
GSA
GUD
GV-GVG
HA
HAM
HD
HI
HR
HRD
Hv
HVY
HW
HWM
1
ICW
INPT
IMPT
KNW
LD-LID

LITE
LTR
LW
MA
MANI
MG
MGR
MILS
Mi
MIN
MIM
MITY
MKk
MO
MSG
MSGS
MST
MTR
ND
NG
NIL
NITL
NM
NO
NPR
NR
NSA
NT
NTG
NW
NZ
OB
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Gone, good might

Ground

Get quich answer

Give some address

Good

(ive-giving

Hurry answer

Amateur, brass-pounder

Had, head

Laughter, high

Here, hear

Heard

Have

Heavy

How, hot wire, herewith

ot wire meter

1 understand

Interrupted continuous wave

Input

Important

Know

“*1ad”, a poor operator, long
distance

Iaght

Later, letter

Low

Milhampere

Many

Motor-generator

Manager

Milh-amperes

My

Minute

Exclamation

Mighty

Make

Month, master oscillator

Message

Messages

Mountain Standard Time

Meter

Nothing doing

No good

Nothing

Night

No more

Know

Night Press Rate

Number, near, no record

No such address

Not

Nothing

Now

New Zealand

Old Boy, Othaal Broadcast

OFS

OM

00

OPN
OP-OPR
ORS
osC

OT

oW
PRI
PSE
PST
PT
PUNK
PUR
PWR
PX

R
RAC
RCD
RCVR
RDO
RDS
RES
RHEO
RI
RITE
RM
RPT
RUF
SA
SCM

SEC
SED
SEZ
SHUD
SIG-SG
SIGS
SINE

SINK
SITE
SKED
SORRI-SRI
SPK

SUM

SVC

TC

TFC
TKS-TNX
TNG
TMW

TR

Ofhice

Old man

Otheral Observer

Operation

Operator

Otheal Relay Station

Oscillate, oscillations

Oscillation  transformer, old
timer

0Old woman

Primary

Please

Paatic Standard Time

Point

Poor operator, hd

Poor

Power

Press (news)

Are, all nght, O K

Rectihed alternating current

Recerved

Receiver

Radio

Reads

Resistance

Rheostat

Radio Inspector

W nte, nght

Route Manage:

Repeat, report

Rough

Say

Section

Manager

Second

Said

Says

Should

Signature

Signals

Sign,  personal
nature

Synchronous

Sight

Schedule

Sorry

Spark, speak

Some

Service message

Thermo couple

Trathice

Thanks

Thing

Tomorrow

There, their, position 1epott

Communications

mitials, so
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TRI Try
TRUB Trouble
TS This
T The
TT That
U You
UNDLD Undelivered
UNKN Unknown
TR Your, you're
URS Yours
A% Volt
VAR Variable
Ve \ anable Condenser
VT Vacuum tube
vY Very
WA Word after
WB Word before
wD Word, would
wDS Words
WN-WEN W hen
WI-WID With
WK Work, weah, week, well-known
WKD W orked
WKG Working
WL will
WN W hen
WO Who
wT W hat, wait, watt
wUD W ould
WV-WL Wave, warelength
WX Weather
XMTR Transmitter
XCUSE IXcuse
XPLN Explamn
XTRA Extra
1L Young lady
YR Your
ZEDDER New Zealander
73 Best regards
8% Love and kisses
99 Keep out
3 Two, to, too
2DA To-day
4 Please start me, where?, for,
four
& Eight, ate
These abbreviations are used together

with manv other abbreviated words, usually
composed “on the spur of the moment”.
Study of abbreviations brings to hight sonme
methods that may be followed 1n commng ab-
breviations.,

1 A method much used 1n tormulating
abbreviations of <hort words 1< to gine the
first and last letter~ only, ehmimating all
mtermediate letters in the word.

Examples Now, nw; check, (k; would,
wd.

2 Another method uses consonants only,
ehmnmating all vowels 1in the word

Example Letter. lt1; bound, bnd; mes-
sage, msg; 1ecened, rad.

3 A thud method consists of using
phonetic spelling.
xamples  Some, sum; good, gud; says,

~e7; nmght. mte

t  Replaong parts of a word with the
letter X7 1s a method occastonally used 1n
abbieviating.

Examples: Transmitter, amtr; weather,
wy distance, dy, pross. py

/o SIGNAT S

The U'S Naval Communication Sazvwe
has a specral parlance of 1its own. 7 signals
having ~milar and 1n some cases nearly
identical meanmings to the Q@ <ignals (which
were authorized for use m commercial work
by the London convention) ate used. A
list is not presented here as it is
outside the field of amateur radio work and
chieflv of interest to membars of the Naval
Communication Seiviec  The Radio Cor-
poration of Amernica’s hizh power stations
handling commcarcial messages over great
distances have and use a «simlar <et of 7
signals to which diffaent special meanmngs
are assigned.

Q SIGNALS

Our hLst of “Q” signals conforms in the
main to the offictal international hst. The
common usage of a <ignal 1n the amateur
fraternity sometimes differs shghtly from
the official defimtion  When this occurs, the
official definition 15 given first, and then a
second defimtion follows and 1s meceded by
“(A R)” to mdweate that this defimtion 1s
the “amateur 1adio” defimtion.

To indicate which of the “Q” signals the
amateur telegrapher should learn first, the
most used are mdicated by asterishs (* ).
Signals not preccded by asterisks are rarely
or never used by amateurs



QRJ
~+QRK?
**QRK
*QRL?
*QRL
QRLL?
QRLL
**QRM?
**QRM
**QRN?
**QRN
QRO
QRO
QRP?
QRP
*QRQ?
*QRQ
*QRR
*QRS?
*QRS
**QRT?
:NQR'I‘
**QRU
w«QR\ )
*»*QRV
*QRW?
*QRW
**QRX"
*+QRX

QRY?
QRY
:«:«QRZ )

**QRZ
**()SA?

**QSA
**+QSB?
**QSB
**QSC?
*#*QSC
QSH?
QSD
QSK?
QSF
QSG
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W hat station is that? (A.R) What is your address?
This 1s (A.R.) My address 1s

(AR) Is your call-book address correct?
(A R.) My call-book address is correct.
W hat 1s your distance?

My distance 1s

What 15 your true bearing?

My true bearing 1s

Where are you bound for?

I am bound for

(A R) In what direction are your messages going?
(A R) My messages are going (north, east, south, or west).

Where are you bound from?
I am bound from

(A R.) From what station did you receive message Nr ?
(A R) Message Nr was received from

W hat line do you belong to?

I belong to the line

W hat 15 your wavelength in meters?
My wavelength 1s meters
(A R) What tune shall I adjust for?

(AR) Adust to 1eceive on meters.

How many words have you to send?
I have words to send
How do you receive me? (A R) How are

my signals?

I am receiving well. (A R.) Your signals are good.

Are you recenving badly? Shall I send -

20 times for adjustment?

I am receiving badly Please send - 20 times for adjustment.

(AR) May I test for minutes?
(A R) Permission to test granted.
Are you being interfered with?

I am being interfered with

Are atmospherics (static) strong?
Atmospherics are very strong

Shall I increase power?

Increase power

Shall T decrease power?

Decrease power

Shall T <end faster?

Send faster

Ofhcial A R R L “land SOS" for emergency only only.

Shall I send slowe1?

Send slower

Shall I stop sending?

Stop sending,

I have nothing for you.

Are you ready?

I am ready  All right now.

\re you busy?

I am busy Please do not interfere.
Shall T stand by ?

Stand by, T will call you when required (A R) Stand by for

Example  “QRX 3 min” meaning “Stand
W hen will t e my turn?
Your turn will be No.
Are my <ignals weak?
Your <ignals are weak.
Are my signals strong?
Y our <ignals are strong
Is my tone bad? (A R) How 1s my tone?
Your tone 1s bad. (A.R) Your tone s

by for 3 minutes ”

Is my spacing bad” (A R) Is my Morse (sending) bad?

Your spacing 1s bad (A R) Your Morse 18
W hat 1s your time?
My time 15

bad.

Is transmission to be 1n alternate order or 1n series?

Transmission will be in alternate order
Transmission will be in series of 5 mcssages
Transmission will be 1n series of

(A R, followed by a number.)
messages.



QSH
QS‘.]?
QS)
**QSK?
*»*QSK
*QSL?
**QSL
*QSLL
QSM?
QSM
QSN?
QSN
**QSO?

*QS0

*QSP?
*QSP
*QSQ?
*QSQ
**QSR?
**QSR
*QSRM?

*QSRM

+QSS?
**()SS
+*QSSS?
+*QSSS
++QST?
QST
*QSU?
*QSU
+*QSUF
QSV?
QSV
QSW?
QSW
QSX?
QsX
+QSY?
* *QS\'
+QSY1
QSYU
Q872
QST
*QS7 MSG

*QTA
*QTB?

*QTB

=*(QTC?

=+QTC
QTE?
QTE
QTF?
QTF
QTZ?
QTZ
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Transmission will be in series of 10 messages.

What rate shall I collect for?

Collect for

Is the last radiogram cancelled?

The last radiogram 1s cancelled

Did you get my receipt? (A.R.) Will you acknowledge?

Please acknowledge (A R) Please mail me confirmation of this trans-
mission

(A.R) Please achnowledge my signals by card I will return the favor.

What is your true course?

My true course 13 degrees.

Are you in communication with land?

I am not 1n communication with land.

Are you 1n communication with any ship or station? (A R) Can you get
in communication with soon?

I am 1n communication with through (A.R) I am
in communication with

Shall I inform that you are calling him?

Inform that I am calling him.

Is calling me?

You are being called by

Will you forward the radiogram?

I will forward the radiogram

(AR) Will you forward message Nr. by mail if you cannot
relay by radio at once?
(A.R) I will forward message Nr by mail 1f I fail to relay by

radio within 12 hours
(A R) Are my signals fading?
(A R) Your signals are fading
(AR ) Are my <ignals swinging?
(A R) Your signals are swinging,
Have you received the general call?
General call to all stations.
Please call me when you have finished (or at o’clock).
I will call you when T have fimshed (or at o’clock).
(A R.) Please call me by wire telephone at once
Is public correspondence being handled?
Public correspondence 1s heing handled.
Shall I increase my sparhk frequency ?
Increase your spark frequency
Shall I decrease my spark frequency?

Decrease your spark frequency

Shall T send on a wavelength of meters?

Let us change to the wavelength of meter-

(A R) I shall shift my transmitting wavelength to meters.
(A R) Please shift your transmitting wave to meters.

Do you wish me to send each word twice?

Send each word twice I have difficulty 1in receiving you

(A R) Please send each message twice, ‘“words once,”
In receining you.

Repeat the last radiogram

Are you 1n accord with my chech? Please repeat first letter or figure of each
counted word.

I am not 1n accord with you 1n your stitement of the number of words I
repeat the first letter or figure of each counted word

Have you anything to transmit? (A R) Have you anything for me?

I have something to transmut (A R) 1 have something for you.

What 1s my true bearing?

as I have difficulty

Your true bhearing 1s degies from
What 1s my position?
Your posttton is latitude and longitu le.

(AR ) Are you usinZ crystal control?
(A.R.) I am using crystal control.
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INITRNATIONAT INTIRMEDIALLS

nany  foreign lands are
transmittmg.  Todentity the nationality of
the <ending  station, certain mtcrmediate
<signals ware devised by the International
Amateuwr Radio Unmion and are i gencral
use throughout the world These nter-
mediates teplace the usual “de” which was
tormerly placed between the call of the
calling station and the call of the called ta-
tion. The international intermediate as now
used consists of, first, the intermediate of
the eallcd country, and second, the inter-
mediate of the calling country.

Example Brazihan 1AC 1~ calling United
States 6CGW. The call 18 sent ke this
6CGW 6CGW 8CGW nusb 1AC 1AC 1AC
In answermg 6CGW <ends 1AC 1AC 1AC
sbnu 6CGW 6CGW 6CGW,

When two stations in the same countiy
ate calling or working togcther, the inter-
mediate 1~ ginven only once  ULS. 2DD calls
U S, 5AKP Lk this 5AKP 5AKDP 53AKDP
nu 2DD 2DD 2DD.

The 1nternational intermediates

Amateurs n

E1 ROPE

1A Austina
LB Belum
O Crcchoslovakn
FD Denmirk and 1 nod ld
Fl - Spain and Andorra
I'E Trance ind Mor
PG Great Britan and Nonthan riclhand
FH Switzarlind
1T Halv
1'J Tueo Slivia
T'h Gamars
LT Norw v Spitzbaraen ad Lvas Jo ot 1 and
I'M Swaden
EN  The Ncothorlinds
O Tnish Tree St
PP Portu o Madana Id md th \zone
1Q Bul un
ER  Rouminn
IS Saom (hinlandy
FI' Poland Tsthomio I atvir Courtlind v f Tatunna
KU S S R ¢ Russii b, imcludineg Ukt une
'V Albwin
FW - Hunrun
EXY Tusembur -
'Y  Grecae
17 Zone ol the Strats
ASTA
A\ Arabia
AR —Afrhnistan
AC Chima  andudine Loty borts melu b
Manchur Monecol + and Libet
AD - Aden
Al Siam
AI' Trench Indo-C hina
AG- -Georima Armenta and A abar an
AH- Hedjars
Al—India (anl Baluchistan) and Goa

AT Tapan wnd Choscn thorea)

AR (UTnassirned)

ATl 1 Unasaigned)

AM Tuaderated Moy States (with Strats Scttle -
ments)

AN Nepal

AO Oman

AT Palesting

AQ Iraq (Mcsopol unia)

AR Svmia

AN Siberia andluding ‘Central Asia”

Al Turhes

AU - (Una signed)

AN
AR
AN
Y
\/

NA
NRB
N¢

N\ D-

N1

NI
NG
NH
NI

N.J

Nk
NI

NV
NN
NO
Ne
NQ
NR
NS
NT
N
NV
Nw
N\

NY-

N/

SA
SIB

SM

S0
SP
~Q
SR
SS

ST

SIT

W
S\
Y
~/

>-—x

P

S7
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tUnassigned)
[ nassigned)y

(I nasagned)

Cyprus

Persin

NORTH AMERICA
Al ko
Bamuda 1d
Caniada Nowfoundlaud and Labrador
Domir v an Ropublic
(Unasstened)
Bah ima Ids
Guatcmala
Honduras
Ieelind
dJam uca
(Unissignady
Leso 1 Antallos
Montco
Nicar g
British Honduras
Forto Ruwo and Vaam Ids
Cuby and ISl of Pines
Costs Raca
-Salv ador
Huti
United States of
sUnssignady
(Lnssimncd)
Greonld
—I"mama
Canal Zone

SOUIH

Americe

AMERICA
Ataentina
Braszil Trimdad 14
Chilc
Dutch Guiant
Tcuwdor and Galipwo
I rcnch Guiana
Parzuas
British Guian
Unesignady
(Unassigned)
Falklind Lds
Colombia
(U nasairned)
As cnwion Id
-Boliviy
Peru
(Unissigned)
1Unssigned
tLnsaonoa)
(Unassigndd)
LSRR TIRITRY
—Vene el ad tromd ad
Unsss nady
Unasagnedy
A Unasagnad)
Ut siene 1y

wnd St Paul Id

Archipc azo

and 1 alkland Dopondondcies

ATRICA
Abvsaama
Madizascar Rcunion Id
Balriain Convro Ruainda
An,olvand habind
Fvpt

Comoro Id
Urunds

ete

Trench West African ndduding 1o nch Sudan
Mauritamia Scnceal Fieneh Gunca Ivory
Coast Upper Volta Dahomev Cwal Tor of

the
Gambia
—Italian Somihiland
Ttalun Tibva (Tripohtama and (yronaca)
Somahland Protectorate and Socotra

Nigar Trench Togolind ete

Kenva  Zansbar Protectorate  Uranda  Anglo-
Fevptian Sudan and Taneganvihi Territory

L hxria

Tunista Al (ria Motrocco (1 luding the Spam h
Zoner Tangmer

Nirena

Umion of South Africa Northern and Southern
Rhodesta  Bochunaland  Protoctoratc and
Southwest Afric

Porteuese Guine 1 and Cape Verde 11

I'tench Cauatorial Africa and Cameroons

Rio e Oro and udjacent Spanish Zonew Ifnt

and Canarv Ids
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I 8- Sierra Leone

11 Eritrea

FU - Rio Munt (Spansh Guitia and Tarnando Po

1V 1 rench Somahland

W Gold Cout Colory Ashainty Northarn lerns
torics and Brtish lopoland

I N Sevchadle Dependenon

FY— 1 Unassag ned)

17 Moszamhigqus

OCEANTA
OA —Austraha tand Tasmant)
OD—Dutch T st Indies®
OL—Melancsia
OH-—Hawaitan Ids
OI--Micronesial
00  Polyncsia
OPF -Phihppine Tds
07 —New Zealnd
la be furth 1 partit oned when attivity wor t

SHIP STATIONS

Ship stations w th amitcur calls will place m N Ix
tore thenr usual mtermedite Foor Austrabir 34N
at sea calling U S 1AW would send  13W NUNOA
3AA ° Thoarephy woull be  33vA NOAWNT 1AM

INDUC TANCE ¢ ALCULAILION

The lumped mmductance of eells 1or 1 ans
mitting and recaving i~ taily easy to cal-

©
3,088
PE =
{ b
V4 +
3 l
~3 |
¥ 1 8
W
52 |
[}
X L2
X |
] i
o S
o] I 2 3 4 5 6
LENGTH (INCHES)
FINDING “K”
culate. Using a wavcmeter and a hnoun

can easily measure the n-
cotls to choch on out

capacitance we
ductance of variou
calculations
0395 a n
L=——- K

h

(for ~ingle lay e1 solenods)

Whee ©Lbois the mmductance m microhentics

n1s the number of tuins
a i~ the mean r1adius of the coil

(¢m.)

b is the length of coll (cm) nD
D 1s the distance between the centors

of 1two adlacent turns
K 1~ the cotl shape factor d » nd
g on the ratio 2 a b (sce chut)

Start with the given cotll diameter Using
the orarall Iength of the coll ind a value for
“h"” It the diamcter 1~ and the 1 ngth
3 go to the night from *%  on the diamctor
~cale At th samc tinc go “up™ from *5"
on the length scal Notice whare che vwo
lines meect  They noct at =X between the
Iines “6” and “7° We (stimatc the value
of “K” at 685 and proceed

Assume a transmtting <ol having 10
turns of ;7 brass strip, flatwise wound,
57 diameter (635 (m radius), and spaccd
making the overall

17 Dbetween  turns,

length (nD) 127 cm

d 635 21
n 10 1
h = 127 b

K 1~ about 68s (from chait)
(D and length cach are 57)

0395 (6 30) (10)
L = — 685 = §.64 micro-

127 hemoes.

THI INDUCTANCY (HART

Hare 1~ an inductance tuins chart for cails
ot sevaral diamctars and spaangs. Given
the manimwn and mimmum capacitance of
out variable tuming condenser and a coil
of ginven mductance we can readily find th
upper and lower wavclength ranges to which
the <t will tung, with a straight-edge
Space wound coils have lowest distiibuted

IHL INDUCTANCE CHART

capacity and arc best for short-wavc tuna
construction.

The 1esi~tance of cotls wourd with v uious
sizes of wne and spacings has been quite
thoroughly imestigated  Most of the con
dcnsers en the mathct are well designed
and the “losses” that they introduce mn the
cneuit can be neglacted A good condenset
with decent elcctrical and mechamcal 1o
tures, used with a wdll-built corlo will g
the results that we want  In general, somne



fine wire, space-wound, gives a better coil
than heavier wire, tightly wound.

A skeleton coil form 1s electrically “best”.
Coils wound on solid tubmg have 1nereased
loss-resistance over sclf-supporting coils.
Shellac should be avoided It causes in-
creased distributed capacitance  Collodion
dissolved in amyl acetate 1s the best coil
“dope” to use for protection against moist-
use. Receiving coils of No. 26 or No. 28
wire, space-wound on ~hkeleton foims, are
best for the hgher frequencices

A WAVLELINGIII (HARI

A Wavelength Chart will be found very
useful for the determination of w avelength,
indu-tance or capacity, when any vwo values

WAVE LENGTH CHART
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are hnown. But one operation is necessary.
No mathematics are needed. Both micro-
microfarads and microfarads are used in the
capaaity scale and both nmicrohenries and
millihenries 1n the inductance scale. Be
sure you are using the right units.
The chart 15 used as tollows:
A—For wavelength detet minations.
For wavelengths tront 10 meters to 1009
meters align A A.A. For from 1000 to
100,000 ahgn B B.B.
Take a straight edge such as a rule o1
piece of paper and simply lay 1t acoss
the three scales so that it intersects
with the two outer scales at known
values of inductance and capacity. It
will then cut the wavelength scale at
the cotrect answer.
Example: A (ncmt has an inductance
of 250 microhennies and a capacity of
50 ‘micromicrofarads. The
circuit will then oscillate
at app. 210 meters.

B-—Deternination of inductance

10001 01 aooo—_Fnooo if capacity and wavelength
kS 3 are known.
A :z T Example: The capacity
- B A T B used 1s .0005 microfarads
+ T and the cucuit ts to oscil-
500 1- 005 1000—1—(00,000 500-1-500 late at 300 meters. The in-
5 900 - 90.000 il luctan f
400 - 004 800 1-80,000 400--400 (‘301(() miccertl)shtte}r:i?es.ound fobe
700 4-70,000 q :
T 600 L¢o0000 o T [ C—Determination of capacity
3001-.003 T eo Y 3001300 ¥ 1t the mnductance and wave-
4 e e o S [ ’E length are known.
¥ T R 8 Example: A coil has an
200F 002 4001-40,000 4 200:‘_200%' inductance of 450 micro-
E T § ¥ $ henties and it is to be used
: 300--30,000 T in a closed tuned circuit
15040015 O 1504150 q 3
- db § T I which 1s to oscillate at 400
R + : meters.  The capacity 1s
T 200F-20,000 T N then found to b 37 y'
100—— 001 + 20 N 100d-100 © LD Bl WHTERES
g T I N = d i microfarads.
T Y T hd

N ¥ w A B I

‘3 T S 1 T IUBI RLACTIVATION
T -——10,000 ] . Sl

N so——ooos*g '%g T "36%% 50150 When the filament emission of

L T N I 8000 T “XL”-filament tubes becomes re-

~ 4 80 a 4

R 40 0004‘::) 70 I 7000 40-1-40 duced fiom many hours of

Q T [ T notmal use or from operation

60 1-6,000 p o

t, 30 1-0003 0 By 30130 at excessive plate voltage and

§ E ~ o Bl v + plate  current (this hapvens
N £ Il R 404000 R ES most often due to misadjust-
N 2010002 8 L N 20—-20 ment  or  overloading of the
¥ + transmitter) it is necessary to
F -+ 3,000 ¥ ]
i T g Lo N T run the tubes at a higher fila-
T Q a5 ~ T ment voltage than normal for
¥ > 20F-2000 + some time with the plate voltage
10 4—o0001 <7t 1010 off and the grid disconnected.
g:: ggggg : gjz g This process tends to bring
aE -oooo'l I 71 4 active thorium to the surface of

" T T the filament, renewing the avail-
6 1o |oj;1000 6 3. 6 able electron supply under oper-
5 1L oooos : 5L 5 ating conditions.
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XL-filament tubes (having thoriated fila-
ments) must be difterentiated 11om tubes
having oxide-coated hlaments (Western
Electrie) which cannot be i1eactivated. In
long-continued normal operation there 1s a
gradual decrease 1 the plate current 1e-
sulting 1n gradually decreasing output. The
old types of tungsten-fitament (bright)
tubes have a more limited emission 1emain-
ing constant until buin-out of the iilament.
XL-hlament tubes may still glow at then
normal dull brillancy atter continued use
and atter the electron emission 15 practically
zero. They may be reactivated several
times, doubling or tnipling tube hife.

Various “reactivators” on the market
differ somewhat as to the flashing voltage
and time and the subsequent ageing yvoltage
and time. Tubes of similar type made by
different concerns also differ somewhat in
filament charactenstics. The tubes must
be connected 1n a ¢nncuit so that the cooking
or ageing process at once follows flashing
While flashing and cooking aie 1ecom-
mended tor receining tubes of the XL-type
whose emission has fallen below manutac-
turer’s ratings, cooking for longer periods
(several hours 1n some cases) without the
flashing process 15 to be preferred for trans-
mitting, rectifier and power-amplifier tubes.

Il hine Anang

Tub 3 ookts 1ime N olts 1ime
UV-U\-14y 04 1 «c 1 o % min
C-C\-299
UX-201A-200A-171 1~ 1 ~cc ‘ 3-% man
CX-301A-300A-371
UX-210-2168 - - — @B 13-30 min
CX-310-3168
UN-213 CN-313 — - i 13 30 min
203-A — - o 30 mn

The tubes should test up co manufac-
turer’s 1atings after rcactivation. The grid
and plate may be tied together and con-
nected through B-battery, milllammeter and
switch to filament 101 testing enmussion. Un-
der these conditions the switch <hould be
closed very briefly while the emission cur-
rent 15 measured. 50-volts (not more) 15 a
convenient B-value for 3- and 5 volt tubes
With filament normal at 5 volts the follow-
ing minimwm values may be expected:
200-A, 12 m.a.; 201-A, 25 ma, 171, 50 m a
A UX-210 with 6 volte on the filament and
100 volts on the plate and ginid <hould pass
100 m.a. Remembcr that the B-supply
source must be of low internal resistance,
however.

M1 ASURING DISIANCIS ACCURATETY

Oftentimes 1t 15 mteresting to know just
how far away some station 1s located. In
measuring distances it is customary to
measure along the shortest path on the
surface of the eaith  This distance 1s along
the arc of a Great Circle and for verv short
distances it is practically a stiaight hine.

To find the distance of a foreign station,
or to most accuratcly find distances in the
United States, the following formula from
spherical trigonometry 1s convenient and
casy o apply.

cosa =cos beose 4+ smbsincecos A

wheie “a”, “b” and “c¢” are the sides of the
triangle, and “A” 1s the angle mcluded be-
tween the two known sides “b” and “¢”. In
this case “A” 15 the angle at the pole n-
cluded by the two merichans passing through
the two points whose latitude 1s known; 1n
other words, their difference m longitude.
The latitudes of the place are given ordin-
arily and not the polar distances, which are
the complements of the latitudes. Since
the functions of the complements are the co-
named functions of the angles. this formula
translated into the latitudes will be:

tosa =smmbsme + cosbcosecos A

All that 15 necessary 15 a table of natural
simes and co~mes and a shde rule or the
multiplication table. If one prefers, the
logarnithmie method of computation can be
used. Example: What 1< the distance be-
tween San Franaisco and New Orleans ?

Iet ' b = Sin Tranasco = 37° 15 N 122° 29" W
Ie ¢ = Nww Oileans = 29" 3% N 90° 0" W
lhen A = Diffaaence in longrtude = 32" 20

sin b sin 37 4N = 06129
sin o=
cos b
oy ¢

on A

= s 297 5% - 04995
= wos 37° 4% 2 079092
= (o5 29° 5% = 0 S6bd
— oy 32° 20 = 08119

The formula gives the distance 1n degiees
of are.  One minute of aic equals one nauti-
cal mile or 1.15 statute miles. One degree
of arc equals 60 nautical miles or 69 statute
miles.

Substituting the<e values 1n the formula:
(6129) (.4995) 4 (.7902) (.8663) (.8449) =
3063 4 5785 = 8848 = cos a a (from the
table of natural sines and cosmnes) ........
27 46’ (are)

69 (miles per degiee) x 27° = 18693.0
115 (miles per min. of ar¢) « 46 = 52.9
19159

statute miles or 1666
nautical miles

Good maps are comvenient for measwning
distances quickly and with a fair degree of
accuracy. A large map with arcles drawn
having radn suitable to the scale of the
map and your own station as a center, 1s the
best to use. When another station is located
on the map, the distance can be estimated
at once bv noting just which circles it
lies between.
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A “parcel post” map made for the use of
the Post Office Departmant 15 useful for the
traffic handlers, Tt 1~ (ross-ruled  with
hotizontal and peipendicular Lines.  The
squates are numbered.  In the Postal Guide
there 15 a complete hist ot postoffices mn the
U.S.A. and provinces. These offices are
numbered and the numbers correspond to
the squates on the maps. To find the loca
tion of a station refer to the call-book, to the
Postal Guide, and to the numbeted squate on
the map.

Having a message, it 1~ ea~v to pich a hig
atv near the ultimate destination ot a
niessage. The distance 1n miles may b
figured casilv by subtracting the numbers
appearing at the top of the map on the pe
pendicular hine above vour own “location”
square, from those above the station jou
have worked.

THI' CONMERSTON

From time to time we become mterested
m making and keeping <chedules for tests
or traffic handling with foiecign amateurs,
ot with stations 1 some other part of omn

RADIO AMATEUR'S HANDBOOK

time 1 different parts of the world. Every
ffteen degrees of longitude corresponds to
one hour time diffcrence. The use of the
table 15 selt-explanatory

Time 15 usually 1echoned by the nearest
merntdian of longitude.  Every 15° of longi-
tude corresponds 1o one hour of time The
“acto” mernidian passes through the Gireen-
wich (England) Obscivatory and mterna-
tional time 15 usually m teims of “Gieen-
wich Tune™.  Government departments con-
ceinad with timce designation uvsually 1efQr
tests to a specthed time by using a “zone”
system Each 15 of longitude constitutes
a “zond” starting with the “sc10” m ndian
(Greenwich) as Zonc 0. Eastern Standard
Time 1~ 1ctarred to as ZONE PLUS 5 time.
Paafic Standard Time s ZONE PLUS 8
time and so on I the West stn hemnisphere
time sonos  arc plus In the Eistcern
hcmisphae time sones are “minus”. For
conveniend e and to avold confusion tests are
sontetimes specifi d on the basis of number-
ing the hours hke the dial of an Itahan (lock,
from 1" to 24" ‘The dav starts with nd-
mght whirh s the “za10”, 0000, One o’cloch
m the wmainmg  Fastern Standard Time
(75th mendian time) 1S 0100 E.S.T. and

Jap
1 0 Chine Philippires
105 Indo China Strals % 1l mu »
90 Caleutta (**)

60 Mauritus Sev hullos

Ad n Somaliand Malsgascar
30 S uth Africs
16 Gurmary Italy N rias Smeden
0 England France ( MT

45 Brauil eat

60 \ye tira Porto f

~8 Washingon D ( EST
) Chiago CST

1to Den ar S

170 Sar kranaseo FST

150 Alasks
6 “anos Hawa: ('*°)

IIME AND DAY CONVERSION TABLE

Lorgtut TUD Y
EAST 180

1t nd ¢*)

1,0 east

VESTEEDAY

TOMOKIOW

/ =2

NOTES — (") %4d 12 half ho r f r New Zes
land Tne
(*%) Calcut al cal tre Sultra
for India Staniard Tin ¢
(***) Suttrat onchalf hur fr Hewsusn
Standard T e

e half h ar

NOTTS -0 » ompbt 1. 10 VM ot Qour 17 1t LPY
1 EM e

Rau th 1y mn I othus —whe tal 1+ p Man
I 1N cYorh kST 13 04AM o Tud day n Mdbourro
Austral s

Ormgais 110 PM onS 1ia 11%n Francsc 136301 M on Mon
day in New Zealand an i H n Australs
The hours of darkneess—6 PM to 6 AM are shaded

own great country I'cst  <chedules arc
often prmted or distnibuted 1m mimeo
graphed form and the time speafied s

usually that of the place where the station
domng the testing 1~ located  Occasionally
the tmme 15 changed to Greenwich Tinic
Perhaps 1t s stated m 75th Mernidian Time
When we are histeming to some of the long-
wave are and alternator stations we often
pich up time signals sent on local standard
time.  So whatever we do. soonar o1 latai
we will need to convert schedules to ot
from our local time to take advantage ot
them.

For yowm
vement conversion table which

use we are including a con-
~hows the

IL30pm EST 1w 230 EST by the same
designation As we travel eastward, we will
meet the nsimg sun Time gets later and
later Whon New Yoirk time 15 Fi 1day mght
2330 EST. London time will be five hours
later o1 0130 Gicenwich Time Saturdav
mo1 nimg The letters AST, EST, CST,
MST, and PST stand for Atlantie, Eastein,
Central - Mountamm and Paafic Standaid
Time.

CIRCUT AR [IM1I-AND DA1]  (HART

A mecthod of comparing different umes
with cach other and with G CT (Greenwich
Cral Tmi) s nccessary to get trme
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weather, and press schedule~, announced m
almost every case mn local time  In the chart
<hown, the two discs A and B <hould b
drawn carefully and mounted on cardboard
When centored and pinned together we have
a conyontent dovice to usc m working imta
nationa} schedulcs and in chechimg QXL
catds  The chart = bascd on the fact tha!
time changes an how tor cach 15 of anc

To tnd local time from a gnven GCT
smiply st the G CT mark on the given
time and 1cad the local time directly at its

mark l.«t u~ take an example  Set the
GCT mah at 0 GCT Then by

direct 1eadimg it 1= 6 pm Chicago ame m
9 am Tokio time It we mm Tokio wam 1
to find what time 1t was m New York at
6 pm Tokio time we would set the Tokio
pointer at 6 pm and 1cad 4 am o N
time

Finding dates: Supposc an operator
Los Angeles works a station 1 Tokio at
11 pm PST on June 10 Then the <hde
yule ~hows that 1t will be § pm Tokio time
The next thing is to find whether it is today
o1 tomoiion mm Tokio, that 1s June 10th m
11th  Now with the rulc all ~ct we run ou

eve around 1t m a dochwisc dnection trom
Los Angeles fo Tokio It at any pomnt n
that space the Midnight math on disc “A” S
encountered it 1s tomoriow n Tokio, ie
June 11th. If the Midnight mark 15 not coun
tered 1n this space it 15 toduw 1n Tokio For
example Suppose the Lo Angel < statiuen
worhs the station i Tokio at 1 am P& 1
June 10th  Then the Los Angeles oparatol
will know from the <lidc rule thatit1~6 pm
June 10th Tokio fime

Let us woik from the Eastan Hemis
phere bach to the Westan Suppose the
operator at the Tokio station 1 downg the
figuring. He works the Lo~ Angeles ~ta-
tion let us sav at 9 pm June 15, Tokto

time He wants to know what time 1t 15 1n
l.o~ Angeles and also what the date i~
He sets the rule to 9 p.m. Tokio time and
finds at once that it 15 4 am. n Los
Angeles.  Now for the date He reads
around  dis¢  “B” From Tokio to Los
Angeles m a clochwise direction. Notice
that 1t 1~ alwavs clockwise trom the local
otation to the distant station It any place
m that path thc nudmght mark 1~ encoun-
tered it is today m Los Angeles, 1n other
words June 15th. It would be & am. Lo~
Aungeles time, and since the midnight mark
1~ not encountered between the two, mm a
dockwise ditection from Tokio to  Los
Angeles, it 1s yosterday in Los Angeles, ie.
June 14th.

Now to find rhe diffaence in dates be
tween two ~stations m the same hemispheie
Con~ider that halt of the dicc “B™ and dis-
tcgard the other half altogether. If the
nudmght mark does not come between them,
within that semicircle, they are both today.
If. however, the nudnight mark comes m
between them the onc to the 1ight 1< one day
ahrad of the one to the left, o1 mversely, the
one to the lett 1~ a dav bchind the one to th
right

C OGD BOOKS

Fwm tend 4 anformation  on station
birlding and for advancnd theory we suggest
roference to some good books that will be
hoth helpful and interesting. Radw Tele-
phony tor Amatcins by Stuart Ballantine is
the best help to you 1n understanding short
wate transmittcis and recevers using vacu-
um tubes Thc price 15 $200 Robicon’s
Mannal ot Radio Telcgraphy and Telephony
contamns mo1  advan ed mformation and
data on tube transmission and reception
than any othet two books that we know.
It 1~ both an ecxzhaustive and an authori-
tative work  While not dealing specifically



with station-building or with the shoiter
wavelengths, 1t does treat thoroughly the
principles that underlie radio communieca-
tion. This book contams some good operat-
ing data and useful tables for the 1adio man
It 1s chiefly usetul in studying the technical
aspects of amatewr tadio work Tt 15 well
worth the $5.50 at which it is sold. The
Primeiples ot Radio Comnunication, by J. H.
Morecroft, 15 much the same sort of a book.
It sells for $750. These books find a place
in the libraiy of every radio amatewr and
engineer. The last two are more expensive
than Ballantine. Thev are very complex
and worthy of intensive <tudy.

Ballantine’s book 15 the best for amateurs
who do not cate to purchase several tests
The new and revised edition 15 handled by
the QST Book Depaitment. Beginners
should send 10¢ (not stamps) to the Supei-
intendent of Documents, Government Print-
ing Office, Washington, D. C, for Elemen-
tary Principles of Radio Telegiaphy and
Telephony (Radio Communiecation Pamph-

THE RADIO AMATEUR’S HANDBOOK

by R. R. Batcher, is also quite useful. When
certamn quantities are known from the
measurements that are briefly explained, the
solution to the problem can usually be
quickly found by using a strarghtedge to-
gether with one of the many charts given
in the hook. Van der Biji’'s Thermionic
Vaciaom Tube is the best text available for
studying the theory of operation of vacuumn
tubes 1n various arcuits It 158 written for
the advanced experimenter 1ather than the
beginner, however. Radio Instruments and
Measuroments, Cireular of the Bureau of
Standards No. 74, 15 a valuable r1eference on
the subject of making radio measurements.
It can be purchased for 60¢ (not in stamps)
from Superintendent of Documents, Govern-
ment Printing Office, Washington, D. C
QST 1s the Official O1gan of the Amer-
ican Radio Relav League. It appears
monthly, contaming up-to-date mnformation
and telling about all the latest developments
m amateur radio. QST 15 a magazine de-
voted exclusively to the radio amateur.

! -
B
B
::_
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let No. 1). It s just what its name mmplies
a valuable clementary treatise on maples
The Prmaples Underlymg Radio Commaun: -
cation can be obtained from the sam¢ ad-
dr s> tor $1.00 This gives quod wener 1l
bo keround imfarmation m pon trchmal
fashion  Radio Simplified, by Kendall and
Koehler. edited by John M. Clavton, contan »
elementary recernving  information The
would-be commeraial operator should obtan
A. R. Nilson’s Racdio Qucstions and Answci«
on the Govaynmant Eoamination tor Onera
tors (81.00) or E. E. Bucher’s How to Pass
the U. S. Government Radio Eramina*icn
(60~) before attempting to take the (xam-
mation for a commiercial “ticket”. Kverv
experimenter will want Experimental Radio
($2.00), bv R. R. Ramsey of Indiana Uni
versity. It gives a wealth of information on
making various sotts of 1adio measuroments
with manv references to the othar booke
that are worthwhtle which we have 1ecom-
mended. Prepared Rodo Measurements,

“1uiteea by and tor the amateur, 1t con-
tains knowledge supplementary to the books
we have mentioned. QST 1s found on the
bookshelves of earnest amateurs and experi-
menters everywhere. Some good books are
a worthwhile mvestment A subsciiption
to QST is equally valuable.

DRITTING GILASS

An adimary Red Devil glass cutter will
do for cutung glass panels and strips of
glass to be used as 1nsulators. Long
“shinny” glass towel bars often make excel-
lcnt antenna mmsulators. A trip to the ten
cent store will procure such apparatus.

Plate glass 15 the best kind of glass for
panels.  After 1t has been cut to the exact
“1ze 1t may be ground on the flat face of a
grindstone wheel with a rocking motion to
avold chippmg.  Plentv of water must be
used to lubricate and cool the surfaces in
contact. Thin glass can be woiked but
cracks rather easily. A 1otating wooden
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wheel and a mixture of valve grinding com-
pound and water can be used for polishing
glass using powdered pumice stone for
fimshing the job.

In dnilling glass panels or in drlling a
large pane of window glass for the lead-in
use a bit brace, a sharp twist drill and some
turpentine for lubrication. Fnst lay the
glass carefully on a flat surface—if the
glass 1s less than %4 ” thick you will have 1o
be especially careful to avoid cracking 1it.
A paper template should be placed under
the glass if there 1s to be more than one hole
drmlled 1n 1t.  With hammer and centet
punch and very hight but <harp blows mark
the points where holes are to be drilled
directly on the glass itself. Turn the gla<s
over and mark cach hole on both sides.

Place the panel over a flat surface in
which there 15 a rounded bolt head protrud-
ing slightly above the suiface. Move 1t so0
that the bolt head 15 exactly below one of
the punch maiks. Now put a <mall dnll
in the kit brace. dip 1t i twpentine and
drill right into the glass. Do not drill too
tar as the glass will split out on the other
side 1f vou do. Be careful to keep the diill
directly above the bolt head so that the
pressure is all squarely under the point of
the drill. Go about half way thmough the
panel. Then turn the panel over and dnll
from the other side drilling so that all the
holes will meet in the middle and not using
any great pressure after the holes have
<tarted to come together. Alwavs turn the
drill slowly. Keep the head of the brace
moving in different directions so the a\is
of the drill 1s ever changing. Wear glasses
to protect the eyes from flying particles and
lubricate well with tumpentine. Sometimes
revolving the drill backwards will help n
getting out little pieces of glass.

A three-cornered file or a rat-tail file mav
be used for reaming out the holes and en-
larging them to the desired <1ze for the lead-
n wire. Two rubber washers holding a
10:32 machine scew should be useful to
make a weather tight job. The files must
be turned in the opposite direction from that
in which you would turn a drill or the files
will serew 11ght into the glass and split 1t
If a three-cornered file is used it should be
ground on all three <ides for an inch fiom
the point so 1t is absolutely <mooth and the
pomnt should then be ground at an obhque
angle with one cutting edge which will cut
when the file is turned backward. Holes
may even be countersunk with the point of
a very large drill if veiv great care and
slowness in turning are observed.

ANSWERS TO SOME COMMONLY-\SKFD
QUESTIONS

How can plate input power be measuled?

Plate input power can be measured with
a plate ammeter and voltmeter (D.C. 1nstru-
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ments). A watt-meter may also be used if
the proper voltage multipher 1s available.
If an electio-dynamometer type watt-meter
1s used to measure power 1n the low voltage
side of the plate tiansformer, the trans-
former, rectifier, and ftilter losses must be
subtracted from the 1eading to give the
plate dissipation.

What does “reactance” mean?

Reactance is the property of a coil or con-
denser. It 1s that property depending on
the fiequency and inductance (or capacity)
which determines the behavior of the coil
(or condenser) 1in limiting the current that
flons when an alternating current voltage
15 apphed. Reactance 1s one component of
the “impedance”. Resistance, the other
component, 1s always present in coils and
condensers and must also be taken into con-
sideration.

In how many ways may the couphng be-
tween two tapped hinged coils be changed ?

The coupling 1n such an a1rangement may
be changed by changing the number of
active turns 1n either coil or by changing
the relative position of the coils (distance
or angle between them).

What 1s the difference between inductive
and capacitive coupling?

Whether the coupling is inductive or ca-
pacitive 15 determined by whether the two
circuits are linked by a miagnetic or an
clectro-static field, in short by whether the
Iink common to both patts of the system is
a coul or a condenser.

What does an antenna ammeter measuire?

An antenna ammeter measures current in
the antenna at the point where 1t 1s located
—nothing more. It does NOT measure set
efficiency, radiation, or energy directly.

How ¢an the power in the antenna be
calculated ?

Antenna power may be considered as the
input to the set minus the losses 1n the set,
If a resistance curve of the antenna is avail-
able, antenna power 15 (RI) wheie R 1s the
10s1stance at the wavelength under comn-
sideration and 1 is the current at the center
of the radiating system.

Here 15 another way of calculating an-
tenna power. The plate voltage times the
plate cuirent (D.C. values) gives the plate
power. The input power times the efficiency
of the set (hnown or estimated as 50 to
60%) gives the output power from the



Gauge Diam. Diam.
o. in in
B.&S. mils. » mm.

0000 ~ 460.0 11.68
000  409.6 10.40

00 364.8 9.266
0 324.9 8.252
1 289.3 7.348
2 257.6 6.544
3 229.4 5.827
4 204 .3 5.189
5 181.9 4.621
6 162.0 4.115
7 144.3 3.665
8 128.5 3.264
9 114 4 2.906
10 101.9 2.588
11 90.74 2.305
12 80.81 2.053
13 71.96 1.828
14 64 .08 1.628
15 57.07 1.450
16 50.82 1.291
17 45.26 1.150
18 40.30 1.024
19 35.89 9116
20 31.96 .8118
21 28 .46 7230
22 25.35 .6438
23 22.57 5733
24 20.10 -5106
25 17.90 4547
26 15.94 .4049
27 14.20 .3606
28 12 .64 3211
29 11.26 .2859
30 10.03 .2546
31 8.928 2268
32 7.950 -2019
33 7.080 1798
34 6.305 .1601
35 5.615 -1426
36 5.000 -1270
37 4.453 1131
38 3.965 .1007
39 3.531 -0897
40 3.134 .0799
41 ... 0711
42  ....... .0633
43  ....... 0564
4 ... .0502

WIRE TABLE

Turns per linear inch

Cross-sectional area
D.C.C. S.C.C.

Cir. mils 8q. inches Sq. m m.
211600 1662 107.2
167800 1318 85.03
133100 .1045 67 .43
105500 .08289 53.48

83690 06573 42 .41

66370 .05213 33.63

52640 .04134 26 .67

41740 .03278 21.15

33100 .02600 16.77

26250 .02062 13.3

20820 .01635 10.55

16510 .01297 8.36

13090 .01028 6.63

10380 .008155 5.26

8234 .006467 4.17
6530 .005129% 3.31
5178 .004067 2.62
4107 .003225 2.08
3257 .002558 1.65
2583 .002028 1.31
2048 .001609 1.04
1624 .001276 .82
1288 001012 .65
1022 .0008023 .52
810.1 .0006363 .41
642 .4 .0005046 .33
509.5 .0004002 .26
404 .0 .0003173 .20
320.4 .0002517 .16
254.1 .0001996 .13
201.5 .0001583 .10
159.8 .0001255 .08
126.7 .00009953 .064
100.5 .00007894 .051
79.70 .00006260 .040
63.21 00004964 .032
50.13 .00003937 0254
38.75 .00003122 .0201
31.52 .00002476 .0159
25.00 .00001964 0127
19.83 .00001557 .0100
15.72 .00001235 .0079
12 .47 000009793 .0063
9.888  .000007766 0050
7.841  .000006160 .0040
6.220  .000004885 .0032
4.933 .000003873 0025
3.910 .000003073 .0020

Enamel D.C.C.

> A mil is 1-1000 of an inch

**For hard drawn copper, increase resistance values 2 «,

Feet per pound

Bare

01c

Copper wire

Resistance carrying capacity
of wires (amperes)
(ohms per 1000 ft) at 1000 at 1500
Copper** Advance Cc.M. Cc.M.
{(approx) per amp per amp
0499 140.7
0529 111.3
0793 88.9
.1000 70.3
1260 L....... 83.7 55.7
1592 ........ 66.4 4.1
2004 ........ 52.6 35.0 =)
2536 ........ 1.7 27.7 =
3192 8.88 33.1 22.0 =
.4028 11.21  26.3 17.5
.5080 14.19 20.8 13.8 =
.6405 37.9 16.5 11.0 -
.8077 22.6 13.1 8.7 ]
1.018 28.0 10.4 6.9 =
1.284 35.5 8.2 5.5 o
1.619 44 .8 6.5 4.4 5
2.042 56.7 5.2 3.5 =
2.575 1.7 41 2.7 =
3.247 80.4 3.3 2.2 G
4.094 113.0 2.6 1.7 =
5.163 145.0 2.0 1.3 =
6.510 184 .0 1.6 1.1 ]
8.210 226.0 1.3 .86 =
10.35 287.0 1.0 .68 M
13.05 362.0 .81 .54 n
16.46 460.0 .64 .43
20.76 575.0 51 3 o
26.17 725.0 .41 .27 >
33.00 919.0 .32 .21 Z
41.62 1162 .25 17 ]
52.48 1455 .20 .13 =
66 .17 1850 .16 A1 >
83.44 2300 .13 .084 3
105.20 2940 .10 067 >
132.70 3680 079 053 M
167.30 .063 042
211.00 .050 033
266.00 .039 .026
335.00 .032 .021
423 .00 .025 017
533.40 .020 .013
672.60 .016 .010
848.10 012 .008
1069 .00 .009 .006
1323.00 .008 .005
1667 .00 .008 .0
2105 .00 .005 .003
2655 .00 .004 .0025
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transmitter ot powcr 1 the antenna -
cuit.  Substituting the value of antenna
current (at node) in the formula (I’ - RI)
gnes a value of antenna resistance at the
wavelength i usc.

SULE
Duill o o1

NUMBI RI D DRIFI

D amcter Wall e 2 tapnu net
Numler tmilsy Saew ~toclor b
l G
2 2210 12-21
1 2130 1+ 21
1 200 3 1.0
» 205
© 2010
7 200
S 199 0
0 19 0
1 19y » §o2
1t 191 0 1 1
12 1s9 0
13 1850
11 120
1 180 0
1o 1770 12
17 1730
1~ 169 5 s 2
19 16it 1.
20 1M1
Al 1790 1 &3
&5 1570
4% 1540
21 15214
25 19 5 10 21
& 117 0
27 1Mo
& 14) i3
29 Tib 0 S B
3 123 »
3 1300
12 1en
33 1io SR I AT
31 1110 —
35 1o o 0 &
ih T4y
37 1040
S R
34 0ag 3~
19 (98 o
1l [IRTAN1)
12 D35 1301
13 [{EUNT) 2 h
i1 0Nt 0
15 0=20 i~
16 o110
17 078
i 076 0
19 0730 201
50 000
51 00
52 064
53 [}
1 050
Use one size bar o ol for tappne bl Tte ol
hatd yubba
ITSEING 1O ARLILY
If no DC yvoltmatcr or ammctar of suit

able range with the tammals marked plus
or minus 15 available, some otha simple

t(sts can be apphed if one 15 1 doubt about
the polanty of a dincct-current source. The
two wites mav be dippad i oa weah <alt-
watcr solution or 1 a solution of hydro-
chlonic, sulphurnic ot mtirc aad  The larger
quantiv of bubblcs (of hvdiogen) wall come
from the negatiie terminal.

Somc test papa may be preparad by get-
ting a small quantity  of th:* necessary
chemicals from the local diug store  Dissolve
one gram (1 2%0z) of phenolphthalemn
i a httle alcohal  Add this solution to 100
cubic centimeters (35 fhud o) of a 10-per-
ccnt solution of potassium chlonde m dis-
tillcd water  Filter paper or other absorbent
papct of the same tcsture and color <should
b soaked i the solution and dried, then cut
to strips A prece ot this papet moistened
with watet and placed 1 contact with the
two wites will be stained a bnight 1ed at the
wegatin ¢ terminal.

GRTER AL PHABIT

Since Greek letters are used to stand for
many  clectincal and radio quantities, the
names and symbols of the Gieek alphabet
with the cqunalent Enghsh characters are
gnen

Gre h Gre | I nrlish
hte tan cqun ent
A ¢ Alpha a
B Bcta b
'~ Gamma &
A0 Delta d
IS+ Lpsilon e
7 - Zeta A
H 4 | Eta

= 3 Theta th
T |Tota 1
K » | Kappa N
\ ¢+ | Tambda 1
M ou | Mu " m
N+ | Nu { n
zTEt |X| i N
O o Omicron| 0
It « ™ p
P o | Rho 1
Yo Sigma <
T+ |Tau t
Y » | Upsilon u
&g Pl ph
X,/ [(h ch
Woap . ps
O o Omegd 0

FINIS
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A C Crystal-Control Transmitter 110
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Scries and Paralldd A C 30 1
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Ultra-Aud on 99 100 101
Vacuum Tubc Voltmeter 166
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Wavemcler 135
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Circnil-Driver  Specifications 161
Circu t Stab hity 74 90 91 95 96 101 10
Cireculair Ml 125
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“Chch™ Mcthod 157
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Codcd Measages 13

INDEX 213
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Forms 59
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Condensers 28
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Continuous  Wases 3R
Contributions to QST 190
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«Q 177
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Action 103 105
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Mounting 104
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irectional CQ 177
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Distributed Capacitance (T'ffect of) 31,
Distributed Inductince Cipacitance and
Resistance

29,

59, 82 92 99

142



214 INDEX
Page Page
Districts (Dept  of Commerce  Inspection) 1~ 1 rcqueney Douhling 111
Doping Coils A rainst Moisture 50 120 Frcquenev-Was el neth Conversion 36, 68, 2n4
Double Spacinzg Conddnwers 6% 76 I'ricndly Conversation 191
Diilhineg  Glass 208 Tringe Howl 66
Duilling Pancls 62 G c
Dl Sves 51 21 iaseous Conduction Rectifiera 119
Dryv Cells a< Plite Supph 112 Getting St arted 6
Contincntal Code The R, 196
Effcetine Hewght 149 150 Tcarming by Tictcning 9
Fffeetne  Value 160 Mcmornizing the Code 6
Iffective Value (A C <ind wave) 1680 207 Piacticing with Busser 7
Elcctrical Unats 31 With Audia O«cillator 7
Elcetrieaty (2:2) Recetving Code Q
Chenucal anid M rnetic Ltfects 22 Sendin r Q
Currcnt Tloctrnieity 20 Uing 2 Key . 7
I"lectrans 23 Gla~  (Drilling) 20%
Serw~ Paralldl Conncetion 12 23 Grech  Alphahet 211
Electin-Dynamometer Instruments 160 Grid 41, 73
Tleetralvtic Reetifier  Lhe 116 Grid B o 42, B8, 107
Miiasram of Connc tions 117 118 Grid Condeneer 56 77 95
Tstimatin » the Cost 1~ Grid Tieak (Value to Used R6 76 77, 92 95 o4
TCicurineg the St 117 Guid-Mater Oscillator-Driver 164
Torming the Rectificr 117 Grid Milbhimmetcr Connections and Use 72 84 145 161
Flcetromotine Ioree 23 Grid Modulat on 16
Electrons 23 40 7% Grid Potentinl 41
Flcetrostatic Voltmeters 161 Grid Turna % 100
Fmecreency Power Supply 11 Grid Vo'tn- -Plate C‘urrent 12
Fnerey 2R 29 135 74 Ground Connection 53, 51
Frror Sienal 180 192 Ground Switches 5% 51
Exceutine Committee 3 Groun hnr Antennas for Tichtnine Protection 51
Expciimenter The 194 Guy Wires 151
'S 194
L Do Shatim Ham Abbieviations 197
Fdine I Hand Caproty 57 62 91
Fault Location 66 67 a1  Harmonie 107, 111
Fedcral Radio Commission ” 17 90 Haimonie Oncration of Antennas 143
Feed-Back 43 95 100 10¢ Hartley € remt 75 a7
Feed-Rach  Control 71 %9 100 Headguartaxs (A R R T 3
Tilamant Dien Comnensation 112 Heat Tn D C Cirewits ?E
Tilaments (Oxwde Coated ‘1 horrtcd Heaviade T 4
Tun - ter) 40 41 on% Heising Modulation 15
Fills and Repe tte 120 192 go{t/ /!\r\h nn1 Th Harmeonies Loading 11'?’
: 124 134 eterody ne
F”“‘]—:?\; 0 139 High Trcauency Resistance and Measurements 166
Histors (A R R L) 2,13
Fmd Coil 131
Mcchanical Analoey 133 Horizontal Antcnna 142, 150
Testine Filtcr Action 131 Horscpower Watts  Comvcreion 5
Iilter Chekc Tnductance Chart 163 Hot-Wirc Tnstrumcnts 161
Five Point System "the 12‘1 ICW (Interrupted Continuous Wave) 45
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Receiving Aptenna\ (~e¢e Antennas) Station ‘il(:
Recening Circuits (see Circuit Diagrams) Station  Liacense 17
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Resistance, High Frequeney (formula) 168 Output (M ()‘ P A) 102
Rewistance Regencration Contiol 63 }};“"';“: the Core Together \g;
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Resonance, Current and Voltasge 31, 14 Thecory of Opcration 74 125
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Rettysmitch s ransmitter 0 70

F Transmission Lines 146 Adjustment 33
Right Hand Rule 27 Construetion 77
Route Manawers 173 Design 74
Root Mean Square Value 27 160 f:""‘t“’"q nfll'.uh 7‘1'
Routing Messages ower Supply i
Rules and Regulations (Operating Practice) :?’; Tipieal  Circurt 70

"ll“rammxttm;z %lrcunt\ (Sce Circuit Diagrams)
S L F Condenser ransmitting Coils R2, 83
Schedules ) \22 Transmitting Tubcs (table) 78
Schnell-Austin RecOiver 60 'I‘n.ml ‘(‘lrgl}lllt for Interference Fhmintion 136
Sceondary . 1n 123 TFroub'e Shooting b6 6T 94
Secrecy of Messages 15 20 - Filament Circuit Qpen
20 187
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Self-rectifying Circunts 110 113 pen Secondary
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Scries and Paral'el I'late Supply 5% 36 71 Weah Signals
Sertes Alternating Current Circuit 30 Tube Characteristics 76 R
Sertes Ant'nna Condcnser, The 111 144 116 151 Tubes 1, 76, T8
Series Connections 23 lube Reactivation 204
Series Modulation 47 Tubes 1n  Paralld! n, 7
Series-Parallel Connections 23 25 Tubes (Western Hklcetric) 7
Service Message, The 12% Tube Rcctifiers (Sce Rectifiers)
Sharpness of Tuning 12 37 39 Tuned Circuits 36
Shcllae to be Avoided 34 $un(d Grid-Tuned Plate Circunt 9 9
Shielding 62 v ning 36, 44
Ship-Shore Station N3 Tuning Runges of Coils (Se¢c Wavelcngth Reanges)
Short Wave Tuner Chart The [ Mtra-Audion 99
Signature 14
Signming  Off 177 Underwriters Rules 52
Sheleton Coil Form 5., 59 62 81 201 Lymts  Dlectrical 31
Ship Distance . 47 Unsteadv Waves (see stabihity)
Small Transformers 125 Unsteadiness T4 9% 01 95 96, 101 102, 112 14R
Solutions to use in Aluminum-Lcar Rectificr 116 Vacuum Tubes 10, 76
Soldering 31 60 Last of Different Tubes ™
Space-Wound  Coil 5% Vacuum Tube Rectifiers («e Reetifiers)
Spacing of Coils 57 Vacuum Tube Vo'tmeter 165
Spark Inductive Capacity 32, 203 Varation Mcthod of Measuring Antenna Resistance 16%
queech Envelope 47 Veetor Diavrams 30 31 32,133
Speed, Best Sending 176, 180 Vibrating Rectifiers 122
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THE AMATEUR’S BOOKSHELF

Readers of this Handbook arpreciate the necd for good radio hooks.
A number of good book- that should find a place on the amateur’s
bhookshelf are handled at A R.R.L. Headquatters by the ()ST Book
Department  Some of thcse are described i miore detail in the
Handhbool Appendix; many have been reviewed 1 ()ST. Prices
include postave,

Radic Telephony For A\mateurs, by Stuait Ballantin The most valu-

abl  <inglc book that we know of tor the amitcul Theory,
constrnuction, practice Vot particularly about telephony Hutily $2 00
1comnrended for evary amatcur 290 pp, ST A ndy . .

Manual of Radio Telegraphy and Telephony, by Comnmand 1 (now
Admural) S. 8 Robimson, U S N, publl hed by the Naval Institute

“Ranhks with thc vary best of all published 1adio matter . Not only

worth its cost but 15 pcrhaps the best 1adio Look that ¢ver ¢ um to this 8 00
desh."—QST Book R view S95 pp. 6 4 N 10 .

Experimental Radio, by Prot R R. Ramser Ih¢ book 10t the
experimentar A laboratory manual, descrtbing 85 (aadlent cxper- 200
ments that hedp m undorstanding radio work .

Principles of Radio Cemmunication, by Prof J. 11 Mor «roft An 750
elaborate gencral textbook 9335 pp L 33\ 4 .

Radio Engmeering Principles, by Laucr & Brown An exccllont gener il 3 50
tcntbook .

Radio For Everybody, by A € Lescarboura 1.50
Radio Simplified, by ~hendall & kochler, 1ovised bvJ M (laton 1.00
Prepared Radio Measurements, by R R Batchar. 2.00
Llements of Radio Communication, by Ellery W Stone . 3.00
Radio Questions and Answers, (n Govanmant Baamination for Opera-

tors, by A R Nilwon o
ITew To Pass The U, S, Government Wireless Examnation, by K. [,

Bucher .60
Ideas For The Radio Experimenter’s Laboratory, by M I Slecpar .25
Henley's 222 Radio Criicuit Designs, by Ander-on, Lewis and Mills 1.00
Henlev's Workable Receivers, by Anderson and Lowis 1.00

Read ’em and learn!

QST BOOK DEPT. iirrroro, conn.

o o) o o S S = 5



To Handbook Readers Who Are Not
A. R. R. L. Members

Wouldn’t you like to become a member of the Amevican Radio Relav
League? We need vou in this bhig organization of radio amateurs, the
only amateur association that does thmmgs.  From your reading of this
Handbook you have gained a knowledge of the nature of the League and
what it does, and of its purposes. We would like to have vou become a
full-fledged member and add vour strength to ours in the things we arc
undertaking for Amateur Radio, and incidentally you will have the mem-
bership edition of QST delivered at your door each month A convenient
application form is printed helow-—clip it out and mail it today.

Amcrican Radio Relay League,
1711 Park Street,
Hartford, Conn., U.S.A.

Being gcnuinely interested in Amateur Radio, T hereby apply for
membership in the Amercan Radio Relay League and enclose $2.50
(foreign $2.00) to cover one year's dues.®

It is undeistood that this entitles me {o recenc the league magazine
“QST” for a ~imilar period. Please bcen my ~ubseription with the

.......... cee. ... .issue.
Send “QST” and my Certificate of ATembership to the addre~s below.
Name . . .. ...........

A bona fide interest in amateur radio is the only es<ential qualification;
ewnership of a transmitting station and knowledge of the code are desirable
but not necessary.

Statien call, 1f any

Grade Oneratod’s I'cen e, 1if any

Radio Clubs of wh ¢h a member

Do you know a friend why 1~ alvo it v ~tad m Amateur Radio, wos» nimn you nught

2ne us so we may wtite him abo 't the Leacue?

Thanhs!

The ducs e 5230 p ot v ar 1 the United Stites and Posscaa ms - Canada and 4l countries in he
Amat can Postal Union 1 foragn couttrics net an the Amcrican Postal Tnon 306



TO HANDBOOK READERS WHO ARE ALREADY A. R. R. L. MEMBERS

For telegraphime members, who hold amateur licenses, and who are interested in
Communications Department work, here 1s an application blank for an appointment
as Official Relay Station. Copy this, or cut ard fill it out, and send it to A.R.R.L.
Headquatters for r1outing to the proper Section Communications Manager, if you are
interested. As thete 15 no Communications Department organization outside the U. S.
and Canada, forergn applications cannot be handled.

AMERICAN RADIO RELAY LEAGUE, INC.

1711 Park St., Hartford, Conn., U. S. A.
APPLICATION FOR APPOINTMENT AS
OFFICIAL RELAY STATION

Name . Call

Street & Numbet

City County

State L e e e dee e
Transmitting wave-lengthe spectficd on my license trom meters,
t mcters.  Actual wave-length in use. meters.

Tn malung application for appomtment as Ofiaal Relay Station, T agree:

to obey the 1adio communication laws of the country under which this station 1s
heensed, particulatly with respect to tle regulations goveimng quiet hours and wave-
lengths.

to send monthly repotts of station activities to the Section Communications Man-
ager under whose jurisdiction this station comes.

—_—to handle mes=a:zes 1 accordance with good operating procedure, delivering mes-
sages within forty-ereht (48) hours when possible, mailing to destination whenever
impossible to 1elay to the next station m line within a {s-hour period.

to participate in every AR R.L. communication actnity to the best of my abihity,
always trying to live up to those ideals set forth in “The Amateur’s Code.”

My membership in the A R R.L. expires ......... 5 0 0 0  00000000000000
month year

I under~tand that an appomtirent as Offical Relay Station may he suspended or
cancelled at the discretion of the Scetion Communications Manager for violation of
the agreement ~ct forth above.

Signed

A
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If You Want the Best in Short
Wave Reception

Build the
Aero Short Wave Receiver

Superlative performance in every respect
assured by carefully selected parts around
which set is built.

If you want a real short wave receiver—a set possessing unusually long
range, fine selectivity, great power and splendid tone qualities—build the
AERO SHORT WAVE RECEIVER.

This excellent receiver is neat and compact, and is flexible to an unparalleled
degree. It has a normal range of 15 to 130 meters, and completely covers
U. S. bands 20, 40, and 80 meters. Range can be reduce or increased if
desired (see note below). Any amateur desiring the very best in short
wave reception should certainly build this set.

These Prominent Manufacturers’ Products
Make Possible Its Excellent Performance

AERO PRODUCTS, Inc.

Supersensitive AERO Coils, in the form of the AERO Low Wave Tuner Kit,
play a big part. This kit consists of 3 interchangeable coils  Special patented
construction 1educes hmgh frequency losscs to a nunmmmum.  Price of kit, $12.50
You can lower range of set to 13 meters with AERO INT. 0, or increase range
to 725 meters with AERO INT. 1 and INT. 5. These coils priced at $400
each. The AERO Choke €0 and AERO Foundation Unit aie also used.

AMSCO PRODUCTS, Inc.
AMSCO Condensers are anothel important factor in the AERO SHORT WAVE.
One .00014 condenser and one .00025 condenser are used. These hst at $2.75 and
$3.00 respectively. AMSCO parts are noted for thewr accuracy, dependability
and fine construction.

I'’HORDARSON ELECTRIC MFG. CO.

THORDARSON radio transtormets are particulaily desirable in the AERO RE-
CEIVER. For code work the R-151 6 to 1 ratio transformer gives maximum
amplification at 500 c¢ycles. For short wave reception of broadeasting type R-152
or R-200 will give excellent volume and tone quahty. A< used n this set,
these transformers leave nothing left to be desired

Y AXLEY VMFG. CO.
You’ll hke the outstanding quality and neat fimsh of the YAXLEY binding
posts, battery switch, resistances, and 1heostat. These 1tems contribute 1much
to this receiver’s beautiful finished appearance and clectrical efficiency.
BENJAMIN ELECTRIC CO.
Benjamin sochets msure utmost electrical efficiency.  That’s why they're speci-
fied 1n this 1ecener.

Any or all of these speafied parts are available at your 1adio dealers. Get
them today. For hterature or further information regarding the
AERO SHORT WAVE RECEIVER address

AERO PRODUCTS, Inc.

Dept. 16 1772 Wilson Ave. Chicago, Ill.
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AERO Super-sensitive

For Low Wave Receiving

THE AERO
SHORT WAVE
RECEIVER

A short wave receiver built around the famous mterchangeable AERO Low Wave Tuner Kit 1=
sure to give splendid results, as thousands of radio expert~ and amateurs have proved. These

wonderful inductances are of speaial patented construction that reduces high frequency res stance
to a mimimmum.
out distortion.
eeption.

AERO Coils are wound without dope, and are capable of greater volume with-
Every amateur should use these super-sensitive coils tor pertect short wave re-

LOW WAYVE TUNER KIT, PRICE $12.50

Completely mterchangeable. Adonted by experts and ama-
teurs everywhere Range 15 to 1.0 meters. Includes 3
coils and base mounting, covering U. S. bands 20, 40 and
80 meters. You can i rease or decrease the range ot this
short wave tuner by securing the AERO Interchangeable
Coils described below.  All coils fit the same base and use
the same condenscrs.  Use cede No INT-125 1in ordering.

PRICE $12.50

INTERCIHHANGEABLE INTERCHANGEABLE

COIL. No. 0 COIL No. 4
Range 13 to 20.4 melers. 5 A .
This 15 the most emhaient }Eang( 125} tl()) 2 met{ellsi
mductance tor this low UES SAINE LEER  SUp o
band. Code number INE- with low wave tuner kit.
\§0 0 B Code number INT-No. 4.
Price . $1.00 Price . ..81.00

THE NEW A\ERO INTERCHANGEABLE COIL. No. 5
Normal range 235 to 550 meters. However, by using .0001 Sangamo fine.l
condenser across the rotor and stator of the .00014 variable condenser, the
maximum wave band of this (o1l 1« mcreased to 7253 meters. This gives
you coverage of the following bands. Airplane to Airplane, Land to An-
plane, Ship to Shore (Great l.akes), Ship to Shore (Atlantic and Pacific
oceans). Code number INT-No. 5.

Price

. $4.00 WS Y

NEW AERO CHOKE COILS

~ AERO
\\% COIL

E: BASE

Fits all INT Cwml
Code N mbr IN1
Base

Price $3 00

The new Aero Choke 60 has a uni-
form choking action over a wide
range of wave lengths It ehm-
mates so-called “holes” 1n the tun-
ing range and is exceptionally
effictent 1n every respect.

Price.. .. . .81.50

The Aero Choke 248 1s an unusual-
Iv efficient transmtter choke. It
rresents a high 1mpedance over
the usual amateur wave lengths
and handles transmitters up to 100
watts.

Price . .$1.50

AERO PRODUCTS, Inc.

1772 Wilson Ave.

AN

Dept. 16

Chicago, II1.



Inductance Coils!

For [.ow Wave Transmitting

PRICE LIST
OF
INDIVIDUAL
PARTS

THE AERO
AMATEUR
TRANSMITTER

RI AR PANIL VIEW

Here’s a new transmitter that 1~ sure to appeal to every true amateur!
Compact and pleasing in appearance, 1t has a really remarkable range
on low power. Embraces flexibility to a heretofore impossible degree,
because 1t 15 built around the famous AERO plug-in coils. Two pairs
of AERO coils cover the entire band, 16 5 to 90 meters, without gaps,
and are nstantly interchangeable. These coils operate perfectly on
low power. yvet handle 1n exces~ of 1000 volts just as efficiently. Read
the de~cription of this wonderful transmitter elsewhere 1in this ssue.
Then plan to change over to th.s ~et. It’s really very mexpensne, con-
swderng 1ts great range on low power. lete are the AERO Kits you
should use, tuning either kit with thiec good .06005 variable condensers:

2010 KIT (Code No. 2010K) . . Price $12.00
Kit contains 2 AERO Coils, 17 to 50
meters each, 1 AKRO Antenna Coil
Mounting Ba<e, 1 AERO Gnd Col
Mounting Ba<e, 2 AERO Essential Choke

Cols,

A\ If vou desire to have this set tune to 90

} ocwn meters, <imply tuy two AERO 10 to §9
&Q’\ ' meter tran<mitting coils, which plug 1n
Y, the same mounting ba<es, and woik effi-

ciently with the above 1tems.

1080 KIT (Code No. {080K) . . Price $12.00
Kit contamns 2 AERO Coils, 35 to 90
meters each, 1 AERO Antenna Cal
Mounting Base, 1 AERO Grd Coil
Mounting Base, 2 AERO Es<ent1al Cholke
Coils.

If you desire to have this et tune «lwo to
20 meters, simply buy two AERO 20 to 10
meter transmitting coils. which plug in
the same mounting bases, and wcrk ffi-
aently with the above items,

PLAN FOR D.X. RECORDS NOW

Order any of the coils described on these two pages direct from us f
your dealer hasn’t them, and <tart now for wonderful records. Speciy
code or hey numbers when ordering. 1 write at once for complete
descriptive literature.

AERO PRODUCTS, Inc.
1772 Wilson Ave. Dept. 16 Chicago, 111.

ARV

AERO
TRANSMITTI R
COIr s

In two s7z¢s Range
17 to 30 mcters
(Code No 2010C) and
Ranze 36 to 91
meters {Code No
40800 )

Piic  «ach
400

AERO
ANTINNA BASE

C e numbcr  I'ry
300 fo hold An-
tenna ol

Pric, cich
$3.00

v v

AERO
GRID COIL
BASI
Codd numba  Grd

100 To hold Gi1 d
Col

Price cach
81.09

ALRO
ESSLNTIAL
CIIOKE COILS

The finest choke ol
made

Price, ¢« «h
$1.50
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FEATURED IN EVERY CONDENSER BY

Cardtoell

You Cannot Get Better Condensers Than
Cardwell’s For There are None Better!

Cardwell Taper
Plate Receiving Con-
densers are the low-
est in losses—Dbest
for DX and selec-
tivity.

Cardwell Broadcast-
ing Station Conden-
sers are most rugged
and reliable—they
are unconditionally
guaranteed to do
their job.

Cardwell Transmitting

Condensers are known

to every amateur—they =%
need no other recommen-
dation than experience. LIRS

Vﬂ“s (-
The Allen B. Candwell [ "g
Mfg. Corporation A"

81 Prospect St. Brooklyn, N.Y.

Carvtwell

“T H K

STANDARD

ARSI



GENERAL SPECIFICATIONS

Overall Mounting Space, Square Inches 4 00
Radius of Rotor Plates Inches - 144
Area of Rotor Plates Square Inches o 3 243
Area of Stator Plates Square Inches 3 819
Insulation Contact with Stator, Square Inches 40
Shaft Diameter, Inches 25
Shaft Length from backs of panel, Inches 100
Materal of Plates Aluminum
Material of Frame Nickeled Brass
Matenal of Insulition Radion
Contact—Rotor to Frame Self Cleaning Brush
Stator Assembly Mcthod . Pressed and swedged
Rotor Assembly Method Stacked an | pressed
Frame Assembly Mcthod M whine Screws
INDIVIDUAL CHARAC I'ERISTICS
TMaximum Axr Spacing (between Plate Number Depth
Capacity Gap Price Type tator Plates) Thickness } of Plates |(back of Panel)
0002> 030 $ 400 141B 110 02537 11 21,7
00048 030" 5 00 123B 110 02337 21 3’
00048* 030 7 00 156B 110 0253 21* 4’
00096 030 6 00 137B 110 02537 41 4”
00008* 070" 10 00 197B 190 02537 9* 4’
00011 171 10 00 T183% 4227 040’ 23 [37%
00022 070 7 00 164B 190’ 0253” 21 4’
00022* 070 12 00 157B 190’ 0253 21+ 53,7
00033 084 10 00 T199% 2487 040 43 6!,
00044 070 10 00 147B 190° 0253 37 5%’
0003 219 7> 00 166Bt 500" 06257 3 101”
(Also made to special needs  Write for partic! lars.)
150 00 1666B1 Made especially to your specifications Wr for full
- particulars
FIXED CONDENSERS
[ 00075 070 7 50 501 1
040 12 Un?
00044 070 7 00 502 040 20 g': ’
00097 070 10 00 503 040 42 S
0002> 153 15 00 504 _ 040 22 51,7
+ Rounded ana polished plates ~ Two stators  Figures apply to each side.
The following table shows condens=rs which will stand up in any position with types and voltages shown
For grid or antenna turning the next smaller airgap will usually sufhce, and 1f the condensers shown 1n the
table are considered as plate tuning condens~rs the proper one for other positions can usually be determined
UX171 UX210 V203 UX852 Up
ElateRVoltige or UV202 ‘H UV203A | UV204 to Higher
cw Phne Smaller VT2 Tube 211D UV204A 1KW Power
200 200 A A
500 500 B B B B
800 600 C C C C
1007 800 C C T199 T199
1500 1000 C T199 T183 T183
2000 T199 T199 T183 166B 166B
1>00 { T199 T183 166B 166B D
{ 3000 2000 ' D D D
1 Highcr Volt g s b D D D
A Am tvp tCardwdl Rec tving ‘Con lenser T Any 070" Ar G ip Cardwell Con lens ¢
B - Any 030 Au Gp Cirdwell Condenser D —So cial mo lel of 165B or 1666B Card vell Con lenstr
Cardwell tarer reate Candensers
TYPE E TYPE"C 4
r Can ity p
Ve is Price CAPACITY 0003 F.
191 g 00007¢ $31 00 > MEDS
167 00015 4 00 Single Sectien Tyvpe 171 C %475
{23 E gggi; 3 ;w Dunl Section Type 217 C 8 00
3 I'riple Sect: Tyvp=~ 31
192 E 000+ o pl ection Typ 7C 12 00
"BALANCET"
- . —— ———
\\\—v 4 1 Car  t Pt Tyvp~ Capa 1t Price
. g (07 A 0v002L 12, 614 A 000024 22
(11 A V00040 150 £ LA 000040 250
1A 0000 0 1.0 €6 A 000050 2 5@

* Eawa s de

MYLNSETr S

O F COMPARTISON”

PONAY



You Need These

APPRO " ODucyg

They cover a wide 1ange of 1adio tequirements
may be tor the fammly I)m(u]m\t recennet ot for vour th('~l
marvel m shott wave dosign For whatever purpose you
may select a Yaxley radio patt, vou will find 1t cortect m de-
sten, faudtless i construction and dependable in opration to
the Tast degrce. That 15 why they are the fitst chowe m <o
mamy of the most promment and popular crreuts

Automatic Power
Control

Switches BB ehinnnator

and trickle  chareger m N .
combiation or cither 1t Cable Connector Plug

m~talled  alone. \uto- Y ou will readily acknowledge this
matic. 111]1(1111]]Q the hest l()()l\InQ_ Most satisfac tory

No dddS 1 $3.00 connector vou have «var seen In
D SR=SRRIIER B b saveral stvles for a4 vartety of

N 445—Multiple 1vpc $6.00 uses. from $3.00 to $4.30.
Radio Convenience Qutlets

\ radio tefinament that adds greatly to comiort, conyeniendce
and utility Fitany standard switeh box Gives vou a flosa-
bility of control and operation that 1~ tremendously satisfying
and hrmes vow radio mstallation up to the hest “tandards
ot e]tctm Nouse wning

Smele or m ganas tor a munha ot difterent connections, 1n
dudmg hattery, Toud spedaher  aetial and eround, tronr $1.00
to $4.50 (. ch

= o=y = |}

IhININArL‘ '“IL( O o }

Air-Cooled Rheostat

wd hoac s the old rehable wonder 1hoostat
ot radi Its outstandmg utility and leader
ship hive navar heen chellenzad  Smooth as w11k m opctation  huilds
up hlament voltage slown and holds ot at the proc s pomnt tor the
best reception I many sizes, trom 2 to 100 hms $1.35

Wath tne addition o1 a postne acting il imeat switch $1.75
Potentiomerers 220 ¢y 2000 ohms $1.75
Your Radio Library

s meomglate wathout @ copy ot the Titest Yaxla Price Fnt 1 ull
imtormatim on the speaalties shown above and replete with inter st
me antormation on, el dlusttations ot Yaxlev switches jachs jack
svitches phone plugs, pilat Iieht switches, brackcts and pandl hghts

Send for a Copy

YAXLEY MANUFACTURING CO.
Dept. U-9 So. Clinton St., - - - - Chicago

X\V




This is item 4--Itis a
very good set for crys-
tal control.

[T T er e

FIG. 1 THE COMPLEIE CIRCUIT

“d.e.”,

filter.

Clipped from March 1927 Q. S. T.

with from 350 to 400 volts of pretty good
In 1MK’s ease the d.c. comes from
a small _Lisco _motlor generator minus any
The crystal osul‘latcs (yep 1t docs)

deov

Bulletin 237E List over
500 combinations of

generators, motor gen-
erators and dyna-
motors for Radio. If
you have not a copy
write for one.

P S.--Have you acopy
of Filter Facts?

RFC

Tt
—

[W/V 7\4 \/}

A) uxaw

RFC

NN
L

% rf

<

H'S <% 15 1 med um power crystal contr lled

transmuteer using UX210 cryseal controlled tube
fuuding 1 UV203 A power amplifier  Filiment

and platc voltages are to_be obtuncd from {tem 34,

opcratng from either DC or AC house mains  The voltage to the filament
of the tubes 15 virniable either by the ficdd reostat in the hlament gencrator
circutt [not shown} or by the resistince in the filamene arcuit of the UX210
tube  Keying s donc in the bias circuie of the 203 A power amplifier As
the amphificr 1s NOT neutralized, the power amplificr must work on some
harmonic of the crystal tube [preferably the sccond] for all opirations in the
20 40 or 80 meter bands A crystal having 1 fundimental of 160 mcters will
a'low operation in all bands with best output in the 80 meter onc  An 80
mater crystal is best for 40 meter operation and in like manner the 40 mueer
crystal would be best for 20 meter operation  Forty meter crystals are hard to
get and blow up easily 50 fot L0 meters the 85 meter crysrai 1s used agun  Both
tubes obtain plarc supply from the plate cnd of ltem 34 the UX210 buing sup
plicd with not over 350 volts through resistence R, and the 203-A taking the
full 1000 volts

ELECTRIC SPECIALTY COMPANY

150 South Street

Manufacturers of Motors, Generators,

mane “ESCO”

Motor - Generators,

Stamford, Conn., U.S.A

Dynamotors and Rotary Converters for Radio and other purposes

Xxvi




Trade Mark

BKUMA YRLSBUG Reg. U. S

DODGE RADIO SHORTKUT

WITH APPENDIX and BETTER KEY WORK

MAKES CODE LEARNING EASY
FIXES SIGNALS IN MIND TO STICK
LICENSED HAMS
who had leained code the OLD WAY-—usu-
ally with some exceptions—and became
anchored at 10-12-15 per and could not
budge another notch have reported surptis-
ing gain 1n speed by few evenings practice
after having nremornzed code OUR WAY:

Speed Rarsed

Was To
1BXA Gough 15 25
1BEH Allen 10 15
4QY  Grogan Doubled
4UN Briggs 10 20
4ANX  Couch 10 15
2SN  Sntith 12 20
3TX  McRae 15 25
8BFG Roberts 12 20
SBHM Phillips [1927 h<t 8RHW] 15 25
sDRI llale 20 25
»CJK  McCormick 15 30
SBEO Kinnan Doubled
8ASE Pence 25
9CMW Usher 15 25
9CSK Crofts 12 20
IDMK Waffle 10 20
H9CET Anmns 12 20
9CVC Baker 12 30

Reports and infoimation mailed on request.

INTENSIVE SPEED PRACTICE
FOUND TO BE MOST EFFICIENT
BOOSTER KNOWN FOR HIGH SPEED
5AHM Wilkins, Jr.
Speed was 13 per. Shortkut raised that to
27 per and ISP boost:d thi- to 39 per. Total
time devoted to ISP was 75 minutes—3
even ngs 15 minutes cach. Have teen op
WRAE
SDRI Hale
Speed was 20 per. Shorthut raised that to
25 per and ISP boosted this to 35 per by
attention few evenings. Now KXOE-exKUF.
SBRB Garland
Speed was 6 per. Shorthut raised that to
25 per and ISP has boosted this to 30 aud

feel suie will soon do 33 or more. Now
commetcial first class.
8SBHM [1927 List 8HW] Phillips

Speed was 15 per Shorthut raised that to
2y and ISP boosted this to 35 and more 1if
could type fa<ter. No hand -ending (omcs
too fast to 1ead. Now enrolled in U. S Navy
Reserve and Army Net. Will apply for
Commetcial ticket soon.

Reg. Mail $2.50; Foreign $3.00;

Money
Order Only; None C. 0. D.

|
|

KILLS HESITATION AND QUICKLY
DEVELOPS SPEED AND GOOD FIST
CODE LEARNERS
who spent much tinte tiying all methods 1n-
cduding mechanical devices but could not
take code exann. tieport obtained lcen-e
quichly and easily atter memornzing code

OUR WAY.

Stuck Raised Spare

At To Time
2CWZ Shultze 2 10 2 Weeks
2EQ  Du Bows 7 15 3 Weehs
2BC Rolettor1 2 12 2 Eveng’s
3UU  Oud 2 12 1 Week
SAHM Wilkins, Jr. 6 18 1 Wcek
BT Mornison 5 12 1 Week
50U  Blouin 5 13 1 Week
6CDY Bannister o 15 1 Week
TAAD Nelms 4 12 4 Houts
&BRB Garland 6 12 1 Evn'g.
9BUQ Bunner 3 10 1 Hour
9EL]  Mine: 3 10 3 Days
9BNT Anderson & 20 3 Evn’gs.
9CHM Lucke 7 15 1 Wcek
9A0Q Kohler 8 20 3 Weeks

FFor locel address all calls on this page

See 1926 Othaial Liet.

Rez Mail 3 70; For 1gn $4 00; Money Order
Onlv; None C. 0. D

MORSE CODE SHORTKUT

lested by Shorthut Usais and found to
wariant clam that Ehminates all Tendency
to Mixup or Confusion.

8CJK McCormich
Whenever opportumity presentcd have aleo
given some attention to your MORSE CODE
SIHHORTKUT and can now copy twenty per
VMoi~e ea<ily. My best previous eifort was
about eight per and 1t was very difficult to
avold confusion or mixup with Continental.
This trouble has entitely disappeared since
ntemotizing Morse Code your way.

2BXY Gtundrum

“Memonized code your way 1n one hou
and to qualify practiced 15 nnnutes each
night duning two weehs. Now hold com-
meraial hicense. Have becn op on NJE and
alvo at NAIL Have been able to give very
little attention to your Moise Code Shortkut
but that hittle has helped me wonderfully.
Can now iread and copy Morse which could
not do before.
Reg. Mail $2.50;

Foreign $3.00; Money

| Order Only; None C. O. D.

DODGE RADIO SHORTKUT, Mamaroneck, New York
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ATIONAL

TRANSMITTING APPARATUS

National Transmitting Condensers

used and approved by Lieut.
Fred H. Schnell, Don. C. Wallace,
A. A. Hebert, Gerald M. Best, L.
W. Hatry, Lieut. Lowell Cooper,
and countless other members of
the A.R.R.L.

Supplied with 3 16 and 3 8
inch spacing on stator plates,—
four sizes:—

National Transmitting Condensers
—of the standard and Navy type
have been in use now for many
years, by leading amateurs all over
the world. These condensers have
been uniformly equipped with
NATIONAL VELVET-VERNIER
Dials Type A,—the original and
matchless VERNIER DIAL with
the planetary mechanism. No other
Vernier-Dial has ever been as
widely liked and used.

The NATIONAL VELVET-
VERNIER DIAL Type A may be
bought separately at the prices
listed below.

PRICE LIST A-DIALS

Catalog

Symhol  Dia

A ¢t 3 3% Counter Clechwi ¢ 01 ING7) 222
VAC C 17 Countar Clo hwise (8 100) (1M 2
1 \C 11”7 Clockwive (200 0) 1 +0 290
VAC E 117 Clochwise (150 0) (270 20

Write us for Pamphlet RAH

NATIONAL CO., INC. -- W. A.

READY, PRES. --

3 8 Spacing, .0001 $12.50
3 16” Spacing, .00015 $7.50
3/16” Spacing, .00023  $11.59
3 16” Spacing, .00045 $16.59

Price includes Type “A” Velvet-
Vernier Dial. Type “B” sup-
plied without extra charge. Add
fifty cents for Type C Illumi-
nated Dial.

National Power Transformer
Supplies proper voltages, from 110-
120 volt, 50-60 cycle curirent, for
operating Rectron or Raytheon
Tubes. Windings of heavy wire,
to carrv large currents continuous-
ly without heating or damage.
Contains also 5-volt and 7.5 volt
sccondaries, for filament ighting of
power or rectifyving tubes. High
tension rubber covered leads pro-
vided for safety. Equipped with
cord and plug.

Price
Tvpe N. 300 & 230 .
ondaries .
Tiype R, 300 v. only

sec-
. ... 81450
12.50

MALDEN, MASS.
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RADIOTRON
UX-852

A
'%\

A rugged 75 watt, low internal-capacity tube
for short wave work

HIS is RCA’s latest contribution to

Amateur Radio. A rugged, depend-
able 75 watt Radiotron, that will stand
the gafl of day-in, day-out operation on
short waves, at the same time that it
establishes new standards of stability
for the amateur transmitter.

Radiotron UX-852 has been made to
oscillate at 7 of a meter 1n the design-
inglaboratories. Its use

ure to the amateur who wants to clean
his hook on the long haul stuff without
having to worry about what is happen-
ing to the precious “bottle.” Long life
is a “built in” feature of this Radiotron.

If your dealer cannot supply you, the
nearest RCA District Office listed below
will be glad to send you Radiotron
UX.-852 postpaid, on receipt of money
order and call letters of

for four and five meter

Filament Volts 10 your station.
Filament Amperes 3.25
Plate Volts (normal) 2000
Plate Current Osc. (milliamperes) 75
Safe Power Disatpation (watts) 100

work is entirely practi-
cable, and on 20 meter
operation its stability

Radio Corporation of America
233Broadway,New York,N.Y.

28 Geary Street

. N Out-put (watts) 75 San Francisco, Calif.
and efﬁcxency.wﬂl be & Pl'lcepu * $32.50 100 W. Monroe Street
source of genuine pleas- Chicago, IIi.

RCA"” Radiotron
MADE H E MAKERS OF THE RADIOLA
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ANNOUNCING

u

Japanned
Base, . $17

Nickel-T'lated
Base, ..... 19

New VIBROPLEX6

Hrite for
FREE Folder

The smoothest and easiest-working bug made

Inproted Single-1 erer Vibyropld v=-Used by
tens of thousands of operators because of Its
ease and perfection of sending Equipped
with Simplified Trunnion Lever Large Base
Japanned Base $17. Nickel Plated Base $19

Famous Blue Racer (Mo 4 Vil oplex)—Has
all the advantages of the large model  but
only half the size In high faver with wire
less operators Japanned Base $I17 Nickel
Plated Base, $19

Special Radio Model

Furnished with Extra Hcavy Specially Con
structed Contact Points 3 16 anch 1n dia.
meter to break high current without use of
relay, $§25

Regpistered Trade

Marks Vibroplex: Bug

Expetienced operators hnow what it means to own a
wood bug. It saves the arm, prevents cramp and cnables
the amateur to send with the <hill of an expert. There isn’t
anything that will help him more than The Great New
Vibiloplex No. 6.

If vou’te just hegimning—here 1s the bug you need to
make you a good, clear sender and gine you a flying start.
It’s a bug that you’ll be proud to show and to use, be-
cause 1t 1> right up to the nunute. Sends at less than 10
per, or at any speed desired.  Can bhe used in the majority
of DX «ricurts without relay.

Now 15 the tinte to get a good bug—the Genume Vibro-
plex that for years has been accepted as STANDARD for
clarity, preacion and casc of manipulation. Over 100,000
users. Sent anywhere on receipt of price. Money order
or registercd mail.  Liberal allowance on old Vibroplex.

The Vibroplex Nameplate
is Your Protection

I'HE VIBROPLEX CO., Inc.

825 Broadway, NEW YORK
lelephones J I Albrighe,
gonquin Pressdent
6094—+412%
329

Lightning Bug

USE THE GENUINE VIBROPLEX

“THE BUG”

DO QN



Here’s the
most economical “B” battery
—not only for receivers
but for low power short wave
Transmitters

N the production of the Eveready

Laverbilt “B” Battery No 486 we
have made a great advance mm tadio
economy not only for the BCL but fou
the transmitting amateur. Here 15
what we tell the BCL. and it is just as
true for you as for him:

Evercady Heavy Dutv 45-volt “B”
Batteries will outlast any lighter
duty 45-volt “B” two to one re-
gardless of the number and kind
of tubes used. Morcover—though
lasting twice as long., they cost
only one third morve!

I

Exactlv the same uncqualled endur-
atece and dependability that make this

batterv the world’s hest buy for broad-
cast receivers, make it the hest power
source you can buy for short wave re-
ceivers—and low pover transntters.

Hook a set of Eveready Layerbilts to
an oscillator tube and vou’ll he known
on the air for the prettiest, cleanest pure
DC note that it is possible to produce.
Radio 1s better with battery power. And
we'll hack the Eveready Layerbilt to the
limit as offering the most suitable plate
supply for low power., and as giving you
that supply at the least operating ex-
pense.

NATIONAL CARBON COMPANY, Inc.

New York 5

San Francisco

Unist of Union (arbide and Carbon Corporatson

eVEREADY

Radio Batteries

~-they last longer




The ILLLPLEX 1s th- oniv
instrument thet REPROOUCLS
actual zending of expert Hpera-
tors. 1ts abibty to trans-
mit at varsing speeds ~ithout
distortidon of chuacters, wmd use
of reccrds which are too long
to be memorizcd gne it an al-
vantape over devices whire the
records  are soon  learued n
heart The records cor st of
perforated tanes and last ndcfi-
nitely One tupe sends h = times
as many words as any oher an-
strum. 1t inc sin are fu nished
Not shkort, implc worls, but
exact r1iesesag 5 radwograms cto
used ip every day work

The 2ntire outfit 15 kunt com-
plete i 1+ handsome, j|ortabl
cabinet contamming the world
best jhonogriph motor  speea
regulator anl batteries th oper-
ate e telegraph ajparitis
With r without kev and .ounder
or buccer Tully quarant. d

Tapes covering more than 100
Comm srcial subjects, 31 cach

ELECTRICALLY
IRIVEN
TELEPLEX

For institutior s
equIring constany
~sendiy for sov-
cral nours, we «in
furnth an Fle -
trically iven
Teleplex Wri.e
for particulars

You can quickly learn

Code at Home

With The

Automatic Code Sender

Why waste months 1 tiresome
practice when the TELEPLEX will
teach you the code (Morse or
Continental) 1 less time and with
less effort 11ght mn your own home?

Learming the code with the TELEPLEX 15
simple as A.B.C. and more fascinating than
any game. It 1sn’t necessary to memorize the
code—the TELEPLEX teaches you to 1ead it
by sound. There’s no warting for ~ome one to
practice with you The best operators in the
business are always at your command—day or
meht, when you ovn a TELEPLEX.

Frerywhere the TELEPLEX 15 hailed with
enthustasm. Executnes 1eccommend it.  Wire-
less operators use it to learn Morse and to de-
velop speed 1n code practice. Morse operators
use it to master Continental. Beginners wel-
come it as the quickest, easiest and least ex-
pensive way of learming the code. It 15 also
widely uced by leading Universities, Telegraph
and Technical Schools and U. S. Navy.

Any number may lis-
ten to the TELEPLEX.
Anyone can operate 1t.
Whether for profit or
pleasure, the TELE-
PLEX provides the
easiest way to learn
code. .

Write for FREE literature.

Teleplex Co.

76 Cortlandt Street

NEW YORK
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TWO WA YS you can be sure of
Your Wavelength

By using an accurate wavemeter
with a resenance indicator lamp

By placing a Type 358 wave-
meter tuned to yvour proper wave-
length close to your transmitter
while it is being operated, you
have an excellent means of de-
termining whether or not vou are
on jour wavelength.

If vour transmitter is properly

tuned, the indicator lamp will

g G light every time you touch the key.

; ey If the lamp does not light. you may

-%“ » know that your transmitter is off

wavelength and should be re-
adjusted.

[ - :
TYPE 358 AMATELR WAVEMETER, Price $22.00

The Type 358 waven eter 1~ especially designed for amateur use n checking wave-
lengths. 1t covers 1 ranze from 15 to 220 meters, by mterchanging four coils of low
lo~s construction. These coils are carefully wound on threaded Bakelite forms, thereby
insurimg accuracy and permanence of cahibration. Coil ranges are as follows.

Coil A 15 to 28 meters Coil C 54 to 114 meters
Coil B 26 to 56 meters Coil D 105 to 220 meters
Type 358 wavemeter, with calibration chart $22.00

By controlling your shortwave transmitter output with a quartz plate

The Type 276A Quartz Plate 1s mtended for use by amateurs in controlling the
frequency of transmtta s

The plates are grounded to oscillate at one specified frequency only, and thus limit
the output of the tran~mirter to one particular wavelength.

Type 276A QUARTZ PLATES are supphed at random frequencies between 1750
and 2000 k.c

They provide harmonics 1 20, 10, and 80 meter plates and may be used for trans-
mitter control on the-e wayselengths. Cahbration 1sto % ¢c. All plates are guaranteed
to oscillate when uscd as dnected.

Type 276A Quartz Plate » 2 AT $15.00
Type 356 Quartz Plate Mounting 1.00

Other General Radio apparatus for amateur shortwave use includes

Receiving and Transmit- Vacuum Tube Socket  Potentiometers
ting c(ondensers Audio Tran<formers Stand off and Antenna Insulators
Coils and Coil Forms Rhceostats Hot Wire Ammeters
WRITE FOR CATALOG 926-A

GENERAL RADIO CO., CAMBRIDGE, MASS.

A. R. R. L. MEMBERS ATTENTION!

You are not all located within shopping distance of a dealcr stoching General Radio parts Remember
that we will deliver, pos pmid. anywherc 1n tne United States, any of our radio parts on receipt
of current cataloz price

Also if we can be of her to vou in <upolying technical mmformation, we will weleome your
cotrespondence. Have you a Bulletin No 926 1n your file” If not, a post card will bring 1t
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HIGH VOLTAGE

FILTER CONDENSERS

Manufactured by Dubilier Condenser & Radio Corp.

13% mfd. 1000 volts rated D.C. Working Voltage Extra Special at $1.38 each
7 mfd. 600 volts. rated D.C. Working Voltage Extra Special at $3.50 each
3 9 mfd. 900 volts rated D. C. Working Voltage Extra Speaial at $2.70 each
Manufactured by Stromberg-Carlson Tel. Mfg. Co.
312 mfd. 600 volts rated D.C. Working Voltage Extra Special at $1.78 each
All of thc~¢ High Quablity T lcr Condense1s, are brand ncw,
and guaranteed as rated Thet are «xeellent for use n your Trans-

mitter, Lliminator or Lxpcrimental Work

FILTER CHOKES KENOTRON RECTI?T&;.JUBES

85 Mills. MFD. BY GENERAL ELEC. CO,

o oD R These rectifting tubes operate
These‘ale ‘el‘\. efﬁc.lent on 1 filament oltage from
chokes for use in Filter & to 10 Volts and draw 114
s R | e amps  They  will safely  stand
Circuits for your Trans- an AC. mput voltage up to
mitters, A & B Elimi- 750 Volts and pass plenty of
b cutrent  and voltage for the
nators or Power Packs. pla e of the Transmitting
Tul
. These Choke Coils are whes
very well constructed and are made with
air gaps to prevent magnetic satura-
tion from direct current.
NEW IN DRIGINAL CARTONS

SPECIAL AT $1,75 Each PRICE ONLY $1.25 Ea.

Western Elecrtic V.T. 2 Tubes (Rated at 5 watts)

Fine for C. W. and Phone transmitting also Power Amplifying tube.
Filament 712 Volts. Normal Plate voltage. 350 volts.
Oxide coated tlament of pure platinum. New and standard base.
SPECIAL at $4.50 Each
These Are lirst Grade Tubes, Not (2nd Grade) Yellow Capped

@ POWER RHEOSTATS @

Model PR-535

Vor controlling filaments of UX210, 216B ard 251 Tubes, afso the new RC A
UY227 and UN227 A C Tubes

Each Rheostat has two windings giving four differcnt re<istance values from 13 t>
6 ohms, and his a large rated current ¢ urrying capacity up to 23 amps

“$275Ea. SPECIAL PRICE, 65c¢ Ea.
MESCO WIRELESS KEYS

MFD. BY MANHATTAN ELEC. SUPPLY CO.

These keys are well balanced, fully adjustable and mounted on
wood base. New. List §2.00 cach. SPECIAL AT 95¢ Each

G. E. and Ward Leonard Resistors (Heavy Duty)

Iine for Grid Leaks and for use in Elimmators.
G.E.—5000, 1600, 3200, 4000—(Tapped at 3380), 4000— (Tapped at 2600),
8500— (Tapped at 4250), 1100— (Tapped at 900), 1100— (Tapped at
700 and 800) ohms.
W.L.—2600, 7000, 1100— (Tapped at 300 and 400) ohms.
The General Electiic wirewound resistors will earry 55 Wattsand the Ward
Leonard Vitrohm resistors will carry 60 Watts in continuous duty.
Your Choice at Special Price of 8F¢ Each

A FEW LEFT %0 iR mnnd e ey Special at $4.75 Ea.
AMERICAN SALES CO. 21 WARREN ST., NEW YORK CITY

50 Henrys

Thev are also very efficient
rectiners for use 1 ‘B Bat-
tery I hminators

STANDARO BASE
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You can now have
Weston performance |
in matched instruments |

If you are using three or more instruments on
your transmitter for filament voltage, plate cur-
rent and plate voltage indications, it is always
desirablethat these panel metersshould match

‘yn size, appearance and performance.

Model 301
31, "diam.

panel instruments for alltransmission and
FOR reception uses. Whether you areoper-
PANEL ating D. C. or A.C.,highvoltageor low
_ voltage, you cansecureamatched set of
&%UNT Weston Instruments that will exactly
meet yourrequirements. Moreover,
2" and 3!y these small panelinstrumentsare
Flush Type D. moderately priced and there is
C., A. C and no reason why youshould not
Thermo-Couple have the complete Weston
Instruments. equipment youhavealways
wanted. Noothermeters ]
D. C. Models 506 and
301 Filament or Plate

can compare with them
. in electrical design and I
Voltmeters (Resistance- performance, and their
62,125, 200 and 250 ohms
per volt)-Filament Amme-

Weston now has a complete line of radio :
|
1
|

Model 476 use to the amateur
increases in value

tersand Plate Milliammeters. 3'," diam. with the rapid
A. C. Models 517 and 476 Volt- developments
meters, Ammeters,and Milliam- towards low
meters wave length

reception.

Models 507 and 425 Thermo-Am-
meters, Thermo-Milliammeters and
Wavemeter Galvanometers, (resist-
ance, 5.2 ohms )

Model 425
3 "diam.
The most highly sensitive and accurate

small panelinstruments made—full Weston
reliability, quality and refinement of construction for

the radio amateur’s sending station equipment and receiving
sets. Write to our radio department for full particulars and
let us assist you with your problems.

WESTON ELECTRICAL INSTRUMENT CORPORATION
3 Weston Avenue - - - Newark, N. J.

/Q.jestoo\

-
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Power!

Listen, hams, whether you are talking short-wave transmission o1
just good broadcast reception, you are today talking in terms of POW E R.
That’s the keynote of radio progress in all directions. No longer are we
content with mere microwatts or microamperes in our circuits. And not
every variable resistor in sight will do the bigger job now called for when it
comes to handling honest-to-goodness energy. As usual, however, your
old friend Clarostat has kept in step with developments, and here is the
answer:

Five years of persistent, concentrated and specialized effort to develop a
satisfactory device that would provide the convenience of the variable re
sistor and the reliability of the fixed resistor, have gone into the develop-
ment of the Clarostat design. The well-known Standard type has found
wide application in radio B-eliminators, receiving sets, and in the smaller
radio transmitters. And the same sound design, on a necessarily larger
scale, has made the Power Clarostat possible. So much for today. But

when larger variable resistors are required, Clarostat will be the first to
build them.

Dig, husky, handsome. The
Power  Clarostat  employs
sante dosign as well-known
Standard Claiostat, but on «
larger scale. In  several
turns of the knob, it provides
wide 1ange  of 1csistance
settings.

Supplied m three vresistance
ranges for radio power and
transmitting purposes: 0-10)
ohms; 25-500 ohms; 200-
100,000 ohwms. Conservative-
ly rated at j0-watts.

The fact that others have seen fit to copy the
Clarostat and to offer something ‘‘just as good
as the Clarostat’’ speaks for itself.

Wite for oar Diteratire on the nse of the Power and Stand-
ard Clarostats. Ask yowr local 1adio dealer to show you
these tmproved rvariablc resistors.

AMERICAN MECHANICAL LABORATORIES, INC.

Specialists in Variable Resistors
285 North Sixth Street 88 Brooklyn, N. Y.

CLAROSTAT

ANV




A.R.R.L.
APPARATUS

Essential equipment for every
live Amateur Station «+ +

A.R.R.L. Log Sheets

AMFR CAN RAD O RELAY LEAGUE

LOG OF STATION . Designed by hams for hams. 81,

- o ) 11 bond paper, punched tor standard
thiee-ring  loose-leaf Innder., 125
sheets postpaid for $1.00 or 500 for
$3.50.

Members’ Correspondence

— R — - - -
Stationery

Wiite vour 1adw letters on League
letter-heads - 1t identifies vou with the | 0 Tl"ﬂé'ﬂ-“-:ﬂ!{“_.% 6
biggest 1ado orgamrzation in the —==
world.  Lidhogpaphed on &' < 11 B gareceesecr '
heavv hond paper. 100 <heets post- )
paid tor T3¢ or 250 sheets for $1.70 .
Sold to members only. =

- — J - ‘ | \

"HE AMERICAN RADIO RELAY LEAGUE

X RADIOGRAM ¢ Official A.R.R.L. Message Blanks

f i Wiionsd Ml B bl Most convenment form. Designed by
" - the Communications Department of
ol o = = the ARRL. Well printed on ood

| bond paper. Size 2 x 7%. Put up m
| pads of 100 sheets. One pad postpaid
tor J5e or three pads for $1.00,

RADICGRAM

AMERICAN RADIO RELAY LLAGUE

Message Delivery Cards

Neatest, simplest way to deliver a
message to a near-by town. On U 8.
stamped postals 2¢ each  On plamn
cards (for Canada, etc ) Ic each post-
paid. - S

bl

American Radio Relay League
1711 Park Street Hartford, Conn.
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The Radiostat for Transformers
of 500 watts or less

Two Filament Control Rheostats
that improve every amateur transmitter

THERADIOSTAT isanAllen-Brad-
ley graphite-disc rheostat to be used in
the primary side of your filament
supply transformer. It will easily
handle transformers up to 500 watts.
It is poor practice to put filament
rheostats in the secondary side of the
transmitter, because it throws the
center tap off. The highly polished
mounting plate and dandy knob im-
prove any set, and its smooth, noise-
less operation is a distinct surprise.
J. D. Slaughter, SAMF, says ‘‘One of
the most wonderful instruments manu-
factured since introduction of tube trans-
mitters.”’

A. H. Buch, 8BAMS, “One knob brings
cénter tap where it should be for efficient
operation.”

BRADLEYSTAT E-210 is a compact
graphite-disc rheostat for two 5-watt
tubes. By usirg it in the primary side
of the transformer, the center tap is
not displaced, and the transmitter
efficiency is greatly improved. Like
the Radiosta:, one knob provides
noiseless, stepless control, Panel
mounting is easily made,ortable mount-
ing can be used.

F. D. Fallain, 8ZH, SAND, WGF,
WEAA, says, “It appears lo me to be
the best obtainable. No jerky reading on
meter. It is the smoothest ever.”

J. C. Lisk, 8CCI, says, “}f I could not
replace, would not sell for several times
original cost.”

Use ALLEN-BRADLEY Radio Devices for Better DX Efficiency

Mail the Coupon for Prices and Data

Bradleystat E-210 for

10 watts or less

»

Allen-Bradiey Co.
277 Greenfield Ave., Milwaukee, Wis.

return mail, pnces and blue prints on

0O Radiostat {500 watts)
0O Bradleystat E-210 {10 watts}

Name . ... .. = .

Address -

‘Gud news, OM, abt ur DX rheos. Send me by

p o a n e e w ety

EEER R T
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The name Burgess has a real back-
ground. The Burgess Battery Com-
pany has come to be one of the
outstanding figuresin the dry battery
field. Burgess Batteries for years
have been recognized as a standard
of quality. Théy have been selected
for use on expeditions to all corners
of the globe where dependability was
an absolute necessity. They have
back of them years of scientific re-
search and a record of satisfactory
service.

And in the Amateur field Burgess
Batteries stand out like a beacon
light. From the days when the
“Ham'’ game was all there was to
radio right up to the present—Bur-
gess has been a name to conjure with.

m

The four Burgess Plants: h
1]

Jll

I

e
ol

Madison, Wisconsin
Freeport, Ilhnois
. Niagara Falls, Ontario

Winnipeg, Manitoba
¢

BURGESS RADIO BATTERIES
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World Radio History







