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and, so far, we've hardly
even mentioned its

GREATER METER PROTECTION!

.

-

Not only is the RCA Junior Volt-
Ohmyst one of the handiest, most versa-
tile and amazingly efficient instruments
on the market today ... Not only does
it pave the way for faster, more accurate
PRT— resijtance and both a-c and d-c voliage

readings . . . Equally important, special

D-C Voltmeter ? protectgive feat?u-es );'emol:e much Ef the
danger of a costly meter burnout should you grab hold of
more voltage than you had expected or accidentally check a
“hot’ resistor. Extremely rugged meter construction also
guards against mechanical damage. This means that, besides
giving you more for your money in the first place, this sensa-
tional little instrument protects your investiment. What's more,
the Junior VoltOhmyst will quickly pay for itself in the
time it saves on a wide variety of jobs.
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A LONG-TIME INVESTMENT IN BETTER, FASTER WORK

The RCA Junior VoltOhmyst is a “junior’”
in price alone. In actual use it is an _instru-
ment that does a man’s-size job plws. Costing
only a little more than you'd pay for an
ordinary volt-ohmmerer, it gives you Elec-
tronic Push-Pull operation with all the time-
and trouble-saving features of the famous
Rider VoltOhmyst circuits and with the
addition of an isolated A-CRectifier-type Volt-
meter with 1000 ohms per volt sensitivity.

RCA Junior

VoLtOHMYST
3495

Net Price Complete. Stock No. 165 It measures d-¢ voltages with constant meter impe-

dance of 11,000,000 ohms on all ranges, This means a
sensitivity up fo 3,666,666 ohms pervolt! Yet it is exiremely
stable ! It will not disrupt operation of sensitive CirCuits.

SOMETHING TO REMEMBER WHEN YOU BUY TEST EQUIPMENT

Although moderately priced, RCA Test Equipment is not built down
“to a price.” Instead, it is built up to a standard of efficiency—the highest
in the field today. It is designed in the firm belief that the “cheapest’’ equip-
ment any service technician can buy is the equipment which is quickest to
pay for itself in the time it saves him, plus the extra jobs it permits him to
handle. Moreover, RCA Test Equipment is built around the famous and
pioneer Rider “Signal Tracing” system which replaces old-style, hit-or-
mics service methods with a quick, systematic course of procedure. “Signal
Tracing” has proved its tremendous value, not only to leading technicians,
but 10 leading laboratories and manufacturing plants as well. It is your
safest, surest road to faster, more accurate work with consequent greater
profits—and the RCA-Rider Chanalyst, that originally made this system
possible, is your “Open Sesame!"” to its many benefits.

Not what you pay for your Test Equipment—but what
your Test Equipment pays you. That's what really counts.
And RCA’s policy of “Minimized Obsolescence’’ protects
your investment!

It has six full scale voliage ranges from 3 10 LO0O volts
and measures resistances from 0.1 10 1,000,000,000
ohms! It eliminates time-taking shorting of leads and
zer0 re.settings when changing ohmmeter scales. One
wide-spread ohms scale assures extreme accuracy and
easy readability. In brief, the RCA Junior VoltOhmyst
provides you with a quick, accurate and easy-to-use
means of checking every conceivable A.V.C., A.F.C,,
FM discriminator circuit, or Oscillator Grid Voliage,
with the signal present, checking bias cells or insulation
resistance, obtaining practically any needed resistance
and d-c voltage reading. .. as well as handling any a-c
voltage checking job that might pop up in your work
=—at an absolute minimum price.

See it at your nearest RCA distributors—or write for

bulletin. It is an instrument that no wide-awake tech:
nician can afford to miss! Sooner or later,why not now?

1663900
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See the tamous RCA
Oynomic Oemonsirator.
Learn how RCA TVest
Equipment solves rervice
problems taster and more |
profitably. Ge! the focts!

7 ' i
W‘ YOUR KEY TO SYSTEMATIC -
2 SERVICING FOR GREATER PROFITS

RCA MANUFACTURING CO., INC., CAMDEN, N. ). * A Service of The Radio Corporation of America. In Conada: RCA Victor Company Limited, Montreal
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J. E. SMITH, Presldent, Natlonal Radlo institute

Established 25 years

He has directed the training
industry than

of more men for the Radlo
anyone eise.

Set Servicing pays
many Radio Tech-
nicians $30, $40, $60
a week. Others hold
their regular jobs
and make $5 to $10
extra a week in spare

Broadeasting Stations em-
ploy operators, in-
stallation, mainte-
nance men and Radio
Technicians in other
capacities and pay

Loudspeaker System
building, installing,
servicing and operat-
ing is another grow-
ing field for well
trained Radio Tech-
nicians.

$10 to 520 a Week In Spare Time

1 repaired some Radlo gets when I was on my
tenth lesson. 1 really don’t gee how ¥ou can
give so much for such a smell amount of
money. 1 made $600 In a year and 2 half. and
I have made an average of §10 to $20 a week
—just spare time.

JOHXN JERRY, 1529 Arspahoe St., Denver, Colo.

Makes $50 to 560 a Week
*1 sm_making between $30 ond $60 a week <
sftor a1l expenses are psid. and I am getting
all the Radlo work I can take carc of, thanks
to N. R. L H. W. SPANGLER, 126% S.
QGay Bt., Knoxrille, Tenn.

Operates Public Address System

“1 have a position with the Los Anteles Clrll
Servlce, oOperating the Public Address System
in the City Hall Councll. My salary is $170 &
month.”” R. H. ROOD, R. 136, Ciwy Hall,
Los Angeles, Calif.

ﬁmf/& [mflﬁ&

I want to send you a sample lesson, ‘“‘Broadecast,
All-Wave Television Superheterodyne Receiver
Principles.” It covers the basic interferences in
superhets and how they are rectified. It brings out
the importance of the preselector, mixed first-
detector, local oscillator, intermediate frequency
LF. amplifier, tracking. peak and band pass ad-
justments, band switching and modification for
adapting to Television reception. All subjects cov-
ered with special emphasis on servicing. You can
get this lesson FREE. Just mail the coupon.

RADIO-CRAFT MARCH,

for

Many make 30340 50  week

| will train you at home for many Good

Spare Time and Full Time Radio Jobs

Radio is a young, growing field with a
future. It offers many good pay spare time
and full time job opportunities. And you
don’t have to give up your present job, go
away from home, or spend a lot of money
to become a Radio Technician. I train you
at home nights in your spare time.

Jobs Like These Go to Men Who Know Radio

Radio broadcasting stations employ Radio Tech-
nicians as operators, maintenance men and
pay well for trained men. Radio manufacturers
employ testers, inspectors, scrvicemen in good
pay jobs with opportunities for advancement.
Radio jobbePs and dealers employ installation
and servicemen. Many Radio Technicians open

You Get This Professional Servicing Instrument

This instrument makes
practically any test
you will be called upon
to make in Radio serve
ice work on both spare
time and full time
jobs. It can be used
on the test bench, or
carried along when out
on calls. It measures
A.C.and D.C. voltages
and currents; tests resistances; has a multi~
band oscillator for aligning any set, old or new,
You get this instrument to keep as part of your
N. R. 1. Course.

their own Radio sales and repair busi
and make $30, $40, $60 a week. Others hold
their regular jobs and make $5 to $10 a weck
fixing Radios in spare time. Automobile, police,
aviation, commercial Radio, loudspeaker sys-
tems, electronic devices, are newer fields offer-
ing good opportunities to qualified men. And
my Course includes Television, which promises
to open many good jobs soon.

Why Many Radio Technicians Make
$30, $40, $50 a Week

Radio is already one of the country’s large in-
dustries even though it is still young and grow-
ing. The arrival of Television, the use of Radio
principles in industry, are but a few of many
recent Radio developments. More than 28,000,-
000 homes have one or morc Radios. There are
more Radios than telephones. Every year mil-
lions of Radios go out of date and are replaced.
Millions morc need new tubes, repairs, ete.
Over 5,000,000 auto Radios are in use and thou-
sands more are being sold every day. In every
branch Radio is offering more opportunities for
which 1 give you the Tequired knowledge of
Radio at home in your spare time. Yes, the few
hundred $30. $40, $60 a weck jobs of 20 years
ago have grown to thousands.

Many Make $5 to $10 a Week Extra
in Spare Time While Learning

The day you enroll, in addition to my regular
Course, I start sending you Extra Money Job
Sheets—start showing you how to do actual
Radio repair jobs. Throughout your Course I
send plans and directions which have helped
many make $5 to $10 a week in spare time while
learning. I send special Radio equipment : show
you how to conduct experiments, build circuits.
My Course includes Television, too.

J. E. SMITH, President, Dept. 1CX

Service Techniclan for Retalil Stores
Spare Time Radio Repailr Work

Radio Service Business of My Own
Broadeasting Station Operator

National Radio Institute, Washington, D. C.
Without obligating me. mail your Sample Lesson and (4-page Book FREE.
1 am partlcularly interested Ln the branch of Radio checked below. (No salesman will call. Write plainly.}

[ ]
[) Loudspeaker Systems. Installations and Service I
1 Auto Radlo Installations snd Service

] Telerlsion

O Allearound Servicing Technician

DRAFT REGISTRANTS

If you ARE called and arg then a Radio Tech-
nician, you'll be eligible for a tommunlcations
branch of the service; in line for technlcal ratings
with extra pay.

If you ARE NOT called. you now have an oppor-
tunity to get into Radio at a time when the
Government is pouring miillons of dollars Into
the Radio industry to buy Defense agulpment,
on top of boom civillan Radio business.

Either way—It's smart to train for RADIO NOW!

Find Out How N. R. ). Teaches You Radio
and Television— Mail Coupon

Act today. Mail coupon now for Sample Lesson
and 64-page Book. They're FREE. They point
out Radio’s spare time and full time opportuni-
ties and those coming in Television; tell about
my Course in Radio and Television; show more
than 100 Jetters from men I trained, telling
what they are doing and earning. Read my
money back agreement. Find out what Radio
offers you. Mail couDon in envelope or pPaste on
penny postcard— NOW.

J. E. SMITH, President,

Dept. 1CX, National Radio Institute
Washington, D. C.

64 PAGE BOOK

4004 ﬁl’BOﬁ SAMPLE LESSON

TIf you have not deelded which branch you prefer—mall coupon now, for informatlon to help you decide. )
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REGARDING HEARING-AIDS

Dear Editor:

I have just finished reading Earl Russell’s
presumptive and faintly amusing letter in
the February issue of Radio-Craft. I feel
that this calls for a reply, as some of your
readers may take this gem of stupidity
seriously.

As the old saying goes “Where ignorance
is bliss, 'tis folly to be wise,” However, it
is more than folly and just plainly ridicu-
lous, for the ignorant to assume the cloak
of wisdom, as Mr. Russell does when he
presumes to give advice to others on the
subject of hearing-aids. A case, one might
say, of the deaf leading the deaf (astray).

Mr. Russell ““advises” the near-deaf that
the hearing-aid amplifiers described by the
writer and by Mr. A. C. Shaney do not
have nearly enough wvolume to be of real
service. Although Mr. Russell has been re-
pairing radio sets for 20 years, it is evi-
dent that he has no conception of the
difference between power amplification and
voltage amplification.

In designing an amplifier for hearing-aid
work, the object to be attained is voltage
amplification. The minute voltages generated
by the crystal must be amplified ¢enormously
so0 that high sensitivity will be obtained.
Such a device is then suitable for the use
of a hard-of-hearing person.

QOf course, there are some people who
are practically stone-deaf. Many of these
-people like to refer to themselves as “near-
deaf.” Presumably, Mr. Russell falls into
‘this category. Such people have no use what-
soever for a sensitive hearing-aid. They turn
on a 10-watt amplifier full blast, put their
ear against the loudspeaker and complain
that the outfit does not have nearly enough
volume to be of any real service to them.

Such people need great power amplifica-
tion. They require an amplifier capable of
delivering large amounts of power to the
translating device. In such amplifiers, the
A.C. plate current of the last tube must
be large so that sufficient power is deliv-
ered to actuate the speaker or earphone
with plenty of volume.

Vf course most nearly stone-deaf people
{(near-deaf)} know very well that a power
amplifier must be large. That’s why Mr.
Russell says “Hearing is the objective, not
size. Too,much emphasis has been put on
size. Why ?*

He then answers his own question by
stating that the customer wants an ‘.aid
that can be concealed. In the case of the
nearly stone-deaf person, the hearing-.aid
cannot be concealed, but in the case of the
average hard-of-hearing person, the hearing-
aid can be concealed to a great extent and
therefore it should be, especially as most
persons so afflicted are extremely sensitive
regarding their infirmity.

Mr. Russell’s unwarranted attack upon
the medical profession furnishes further
evidence of his lack of knowledge. In his
opinion, a man who has spent 20 years
fixing radio sets is far better qualified as a
hearing-aid specialist, than a man who
studied 6 years at a university, specializing
on the structure and troubles of the human
ear and who spent years after graduation
serving his fellow men to bring them better
hearing.

Mr. Russell considers the carbon micro-
phone far superior to the crystal mike. Of
course, that is his privilege. He also thinks
that the magnetic earphone is much better
than the crystal earphone. As he so quaintly
phrases it, “the crystal hasn’t got it.” I do
not know exactly what he means by “it,”" but
if he means that the crystal lacks sensitivity
in comparison with the carbon mike or the

RADIO-CRAFT - for MARCH,

Full or Spare Time
. . without leaving home

These Ghirardi
Books Will
.Help You

—at unbelievably

low cost!

LFRED A. GHIRARDI, the author of these

books, is one ot the foremost writers of
practical radio texts and is an outstanding au-
thority on radio instruction. His wide experience
as a radio engineer, radio instructor, radio
magazine editor and technical consuitant to
many prominent radic manufacturing firms and
servicing organizations has built for him an
unusually wide back round of radio knowledge
that is reflected in ?Eese three books. Every one
of them is acclaimed as being outstan ingly
superior to oanything in its field. They have
earned for themselves an enviable reputation for
thoreughness, and the dbl[lJ’ o make every
phase of the subject clear and easy to learn for
even the merest beginner, That is why they are
the favorites of radie beginners, servicemen and
experts alike, and are used as the main texts in
the basic radio Oheor( and  servicing courses
of leading radio schoofs in every English- speak-
mg countrv in the world, They have had to be
"“tops’' to earn such honorsl

RADLO PHYSICS CGUIRSE

LEARN FUNDAMENTALS
with This!

Fere in ono {nsxpensivo
volume 18 a complete Radio
Edueation for you—all tho
Basle Fundamentals clearly
explained and 1ilustrated —
right from elementary
Flectricity and Sound up
through the eniiro ficld of
Radio nnd Televislon — tho
equivalent of a 36-Book
Radlo Course all condensed
into 1 big volume.

YOU LEARN AT HOME!

Ghirardl will irain you
quickly—right in your own y
ensy chsir at home. His ex- N
plansatlons are crystal-elear,
interesting, easy to under- .
stand, And h]e‘mulse'lrs lsa 972 PAGES
cagy to learn Radlo from le, 508 _
the U. 8, Army and Navy 856 :‘};:JESW ~
and radio schools everswhers : —
uso this fery same book in QUESTIONS
thelr radio tralning course. No math—no preslous traln-
ing 18 necessary. Here's a$50.00 courso that you get
complote for oniy $4. Orderyour copy NQOW—money batk
if not satisfied. y

USE THEM 5 DAYS

Send for any or all of
today. K

not fully eatisficd, return
them in good condttion
and we wlill refund your
full purchagc price imme-
diately. You can't tose

FREE CIRCULARS

Scnd for FREE. descriptive. ipustrated cnrcular-.

SPE FOR BOTH SERVIC-
MONEY SAVING |NG BOOKS — IF
COMB = PURCHASED TO- .

before pnces
GO llP.'

* MAILBAG

INFORMATION 7/72¢ 242 BEEN LOOKING FOR!

LEARN SERVICING
with This!

This Inexpensive, blg 1300-
rage book gives you the com-
ploto famous Ghirardl training
course in practical radio serv-
fce work, The only book in
the world that teaches you
everything you neced to Know
right In your own home—
casily, and in your spard time.

Theory fromAto Z
e Test Equipment — First, a
thorough 420-page <ourse in
Test Instruments—Theory, De-
scriptions. Diagrams of all
Commercial Instruments, How
they Work, Construction Data,

ote,
® Troublc-Shooting—Next, all
newest short.cut factory meth.

Tonrn? Al makes of radio ;208 'I{-EL\?ISE.W

and clectronic (‘QU|D~ o

ment)—explained clearl

PRl TG v ad QUESTIONS

® Repairing=Then how to Allgn and Adjust receivers;
how to Repair or Rcplace faulty parta, Advanced
Y'Factory’’ Methods explained fully.

e Busintsa Promotion—How to Manage. Promote and
Advertlse a radio service shop for greatest profits.
MODERN RADIO SERVICING brings you an 1llus-
trated gold mine of servielng knowledge—all based on
practical servicing experiencel 720 Sell-Fxamlnation
Revlew Questions check every step of your study
progress, Order yours now—costs you only $4 10 learn
radio servlee work thts EASY way{ Money back If
not satisfied after 5.Day Trlal.

RADIO Jrowdte-Shoviens HANDBOOI{

SAVE SERVICING
TIME with This!

Time 1R Moncy .
Regardicss  of what radio
set you nre called upon

repalr. this new ‘- Ghlr-rdi"

youl
5!8 816 8'/:xtl PAGE&—
LUS.. DRAWINGS.
CHAHTS. TABLES—lee
Vital Information ont

Yime-Saving Troudble Case
Histories for 3,313 receivers

15,000 Superhots—Trouble-
Shwtlnﬂ Charts—Autoe Radio
Gear RMatios—Auto Radio Ine
stnllation, Servicing, Inter.
fcrence Suppression Cha

't RADID Skl S s HANDEOOK

e
W

Servicin ound Recordcrs
ang tn "s‘.":"'"'i"g'? are — 518 PAGES
Condenser Resistor Cha
ol ma ol Bim AL SizE
e 3—! e es == Co)

Transformers 1 Formulas — MANUAL
Calcutations—Decibel Charts R

=Tube Charts—Dial La Balt Filters.

Used by thousands of scrvice shops. Order yours how!
Moncy back if not satisfied!

Books Shipped Postpald Anywhere

RADIO & TECHNICAL PUBL. CO.
45 Astor Pi..Ncw York,Dept.RC-31
¥Enclosed find bayment for, and
rush to me pm:wnla wn.n }'uur
5-Day Moncy-Back G
—MODERN RADIO SLRVICING

o ;‘3: .(154..“ forelfn. ) i
Ne. RADIO =
[ |

.

|

TROUBI.I:‘-RHOOTE‘R' s

RAND $3 forelmm,

a Bo‘ru SI-.RVICING BOOKS at sﬁ 0 Special

Money- %vlnz Comblination Price ($7 foreign).

aNo. 3 DIO PHYSICS COURSE at 54.
(84.50 fomlg-n)

OFFE GETHER Boskaa b

I_OFFESpDhDEHCE C urses m

| RADIO and ELECTRICAL ENGINEERIN

ELECTRICAL ENGINEERING Cgt 834 rrnsp

w 1
uu-nl nela Prepsre ounelf. at Low cn f'ge ucrluerce
ed, you c¢an undcruund quickl

RADIO ERSTHELRIN & et Extra fine colitac In Tadio, pu

Photo-clectric work

Trains you to be supecr-service man, real vacuum tube
technician. Exper. Kits mrnllhed Diplema on complctlon.
Tuition, S25. elther ra¢. Defétred payment plan.
Get :oplel of school cotalogs. student

magazines, complete detalls, SEND NOW|

LINCOLN ENQINEEAING SCHOOL, Box 831-C27. LINCOLN NEBR.

It’s Your Job Today

to prepare for a better radio

job tomorrow!
Today’s obPoriunities ro to radlomen with TECHNICAL
TRAINING, CREL advenced technical training has been
tried and approved by more than 5000 radiomen. CREI
wiil equip you with the ability to go after—and get a

better radio job. Frep book gives detalls. Write today.
CAPITOL RADIO ENGINEERING INSTITUTE
Dept. .RC-3 3224-16th St.. N.w. washington. D. C.

1941

RADIO OPERATORS
WANTED =

The National Dofense Program s creating In-
numerable openings for Commercial Radio Oper-
ators—Now s the {ime to capitallze on your radlo
training and experiehee by obtaining a Commereial
Radio Oporator’s License and taking advantage of
the many_opnoriunities Drosented. My recent pub-
lication “RADTO OPERATOIS’ LICENSE GUIDE
heg been espeelally prepared as a Guide for those
radio men having the necessary tralning and ex-
perfence but who are unaware of the exaet require-
ments for a Commercial Radlo Operator's Lictnse—

Containing over 1.250 quesiions and answers to the
new tiyDe examinations, it wiil enable you to suc-
cessfully pass tho examinations.

Onty $3.00 Postpald—Send check or Money Order.

WAYNE MILLER

205 West wacker Drive
Chicago, [ffinols

. 51
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LEARN

RADIO

SERVICING COURSE -8 WEEKS
OPERATING ifiect: =5 MONTHS
H.C B

I’LL FINANGE YOUR TRAINING

Mail coupon today for freec book
showing how you can learn Radio
Operating, Servicing, Sound and
Television in a few short weeks in
Coync Shops and also how you can Gl
pay tuition In casy monthly

payments after graduation.

LEARN BY DOING p
On rcal Radio receiving and B
transmitting cQuipment at
Coyne. Simple. easy method of i}
practical shep training. You don't '}
need previous experience, Prepare
for Radio Operators’ Government
license Exam. and for good jobs in
Broadcast, Police Radio, Aircraft
Radio, Ships. Commercial Radio
stations, or in service shopa and
radie factorics, *‘Learn by
doing'', the quick, modermn way,
at Coyne Shops in Chicago.

EARN WHILE LEARNING
Job Help After Graduation

We assist you in getting part-time work to help pay
living expenses and give you real employment servioe
after you graduate.

fom o
H.C.,

CouPaN
TODAY

- -
LEWIS, Pres., COYNE RADIO SCHOOL,

] 500 so. Paulina si., Dept.31-8M, Chicago.'iiL. 1
1  Flease send mo your free book and details of ensy Pag-After- |

Gradustion Plan. H
1 NAME 1
1 ADDRrEss :

o

#>o % RADIO SERVICE EXPERT
- LEARN AT HOME IN SPARE TIME

The  demand for mdio ¢xperis

cvery day. Learmn this paying

under personal  guidance of

. — ohrlncer and cducator. Clear, fascinating®

instruction and cxperimental kits make icarn.

fng casy. Ecaders In the radla Industry endorse R.T.A.
methods. Spare time Profits soon pay for tralning.

NOW IS AFINE TIME TO START

New National defense Profram requires radio tralned
men In radlo factorles and every branch of U. 5. Service.
Opportunitics for sdvancement almost lmitless.
FREE Write today for compiete Information and radis
book telling whatR.T.A. training can do for you.

RADIO TRAINING ASS'N. OF AMERICA
1588 Devon Ave. Dept. RC-31 Chicago. Ui,

RADIO-TELEVISION

Oldést. largest Radio-Television school In West traing you
for good pay jab. Complete instruction including Radio
Construction and Service. Broadcast OPcrating, Sound,
Talking Pictures, Television. Public Address, etc. Flexiblo
plan to meet spacific needs of those with or without jobs.
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magnetic earphone, I leave it to your read-
ers to judge as to the extent of his technical
knowledge.

With further reéference to the sensitivity
of the “Miniature Tube Audio Amplifier”
which I described in the October, 1940, issue,
I might remind you that I demonstrated
this amplifier to the editors of Radio-Craft
and showed them that it was possible to hear
the ticking of a high-grade watch more than
a foot away from the microphone. In fact,
everyone who listened to the performance
of this amplifier was amazed at its extremely
high sensitivity.

Incidentally, practically all the well-
known manufacturers of high-quality deaf-
aids are now turning out compact hearing-
aids using—guess what—miniature tubes
and crystal mikes. It certainly looks as
though all the world is out of step but Earl.

H. G. CisIN,
New York, N. Y.

RE: “BURGLAR ALARM”
Dear Editor:

I'm just a beginner in this popular busi-
ness of radio and maybe I’'m all wrong. In
your January issue of Radio-Craft in the
“Shop Notes—Kinks—Circuits” section there
is a diagram for a very good burglar alarm.

In its present wiring form, wouldn’t the
transformer always be using current? Why
not connect the “tripping” device, in the
primary of the transformer? Then there
would be current being used while the alarm
was disturbed.

Am I wrong? If so I would appreciate
the help of all who can show me why I'm
wrong. (No pun intended, Mr. Kuntz.)

JosepH C. SEVER,
Forest City, Pa.

You are not entirely wrong. The method
you suggest will work, but generally is not
preferred. The reason is that your method
requires high voltage (110V.) being car-
ried through long leads from the trans-
former to the metal gate. This in itself is a
disadvantage and probably against the
safety code of many localities. Then, too,
a high voltage would have to be broken at
the gate contacts, resulting in excessive
sparking. Finally, there would always be the
possibility of live voltage on the metal gate
which would prove dangerous to any per-
son touching it. Mr. Xuntz’s method is
safe all-around and the generally accepted
one.—Editor

LIKES “RADIO-CRAFT” . . . .

ALMOST VERY MUCH
Dear Editor:

Speaking lightly about the Radio-Craft
magazine as a whole, I find it always in-.
teresting and worth more than its price.
T like very much each and every article pub-
lished in the magazine, especially of Messrs.
A. C. Shaney’s, Sprayberry’s, etc. I like also
the way you “streamline” it.

Your present way of binding is a very
cheap one good only for 5-cent magazines.
I am hoping that someday you would give
back the magazine its former way of
binding.

By the way, I wish to know if the kink
of Mr. James Allen, appearing in the Radio-
Craft for this month’s issue, page 255, is
appropriately illustrated.

I am a subscriber to Radio-Craft for
about 3 years now. I am determined to stick
always to Radio-Craft. My only regret is
that I wish I had subscribed to Radio-Craft
much earlier. (Thank you!—Editor)

MANUEL MADRIDANO,
Sta. Cruz, Manila, Philippine Is.

The binding of Radio-Craft was changed
for a good reason. “Handiness” is the an-
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swer. It has been found that a technical
magazine or one that is often referred-to
opens better with the present binding be-
cauge it lies flat. Most of the radio maga-
zines are now bound in this fashion.

Incidentally, we would like to point out to
Sr. Madridano that not only 5c magazines
use this type of binding. There is for in-
stance, Life, a 10c magazine, and more im-
portant than this—The Reader’s Digest, a
25¢ magazine, with the identical binding,
and with the largest circulation in the
world?!

James Allen’s kink on “Locating Breaks
in Leads” appeared in the Oct. 1940 issue
with the wrong illustration. The illustration
shown there was for an “Improvised Beat-
Frequency Oscillator” published in the No-
vember issue.

The illustration for James Allen’s kink
is so simple that we did not think it neces-
sary to run it as a correction. It merely
consists of a 1,500 V. transformer, the pri-
mary of which is connected to the 110V.
A.C. line and ‘the high-voltage secondary
terminating in well-insulated test leads.—
Editor

THE VERSATILE AMPLIFIER
Dear Editor:

I am attempting to build the “Versatile
Amplifier,” described in the Oct. 1940 issue
of Radio-Craft, as a hearing-aid for a friend
of mine. He now has one of the old type
using a carbon mike and bone conductor. He
said the bone conductor gave him better
results with that type, but far from satis-
factory. What I want to know is what woul
be the best way to couple the output to a
bone conductor if the Xtal Phones prove
unsatisfactory.

J. W. BAKE,
Kansas City, Mo.

This letter was sent to the author whose
reply follows.

In order to couple the bone conductor to
the output of the amplifier in place of the
crystal phones it will be necessary for you
to obtain a coupling transformer having a
primary impedance of 8,000 ohms and a
secondary impedance which will match that
of your bone conductor. Naturally, the pri-
mary of the output transformer will be in
the plate circuit of the 1S4 tube.

H. G. CisIN,
New York, N. Y.

LIKES OUR SIGNAL CHASER
Dear Editor:

We built the signal chaser shown in the
Sept. issue of “R.-C.” It performed better
than our expectations of it were. It was
built into a case which measured 10% ins.
high, 9 ins. wide, and 4 ins. deep. The only
changes were in using a 524 and a 1,700-
ohm speaker field.

The tuning eye failed to close at first.
After we changed the “B+" lead from
plate to target the tuning eye operated OK
from then on. So we came to the absolute
conviction that the “B." lead was shown
connected to the wrong terminal on the
GE5.

This is our first trip inte the Mailbag.

If you have any all-wave signal genera-
tor circuits that are as good as that of the
Signal Chaser, send them along with “R-C.”

So -long, and thanks a million for the
Signal Chaser and Radie-Craft and, we
hope, a signal generator.

PAGeL BRros,,
Radio Service,
Bloomington, Il
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A ""P.A. BROADCAST"

How do you do, Gentlemen of the P.A.
Audience: This is Stanley Dowgiala speak-
ing to you over Station PAS (Public Ad-
dress System) and bringing valuable infor-
mation to all you P.A. men to help you to
get better P.A. jobs.

On Qctober 12, 1940, at 8:30 P.M., the
Democratic National Committee in Jersey
City rented a P.A. system from me. I in
stalled this on their decorated truck and
their mceting began. Many speakers had
spoken and it came to my attention that the
President was to speak on the air, so 1
notified the chairman and he announced the
surprise to a large audience.

In the meantime, I got a small A.C.-D.C,
radio set, with a built-in antenna, and 1
tuned-in the station. 1 waited for the Presi-
dent to speak while the meeting was going
on. Then 1 used a special dynamic mike and
relayed the President over the P.A. system.
I merely put the mike close to the radio
loudspeaker, tuned-in the radio set full-
volume, and then the P.A. system at 9 P.M.
The President was heard distinctly for over
3 blocks and the people were amazed at
how it was done. It also won me a tip and
many favors. I made the President speak
for himself at that meeting. Some of you
gentlemen ought to try it sometime.

I also rent my P.A. system for bus rides
and supply them with recording music. I
also run dances sometimes at a charge of
25c a couple and also use records. Then
again, I am called out to weddings to play
record music. I buy all types of nationally-
sold records. [ cover the political meetings
every vear from October to election. Many
c¢lubs invite me to play music for them at
their dances or other affairs. I also cover
theatres for special occasions such as an-
nouncements, prizes, amateur hours, etc.,
and I have installed many in theatres for
their own use which they bought from me.
I even had an application from a Funeral
Parlor to install equipment for a special
occasion and to play organ music for special
funerals when their equipment went hay-
wire. I mix with all types of people. My
business name is: The Society Radio and
P.A. Service.

Always remember this: never try to get
rich fast; and, treat your customers with
respect. Give them what they want: always
satisfy them and you will be richly reward-
ed. Remember their recommendations get
results. Be honest in your work and most of
all, be presentable and show your person-
ality and smile to people. Most of all, ad-
vertise your business by printing your name
and address on your P.A. speaker cases and
carry some of your bhusiness ecards with
you.

I hope all of this information is of value
to you as it is to me. This is Stanley
Dowgiala now signing off, and wishing you
the best of luck.

STANLEY DOWGIALA,
Jersey City, N. J.

LIKES OUR NEW BINDING . . . .
ALMOST

Dear Editor:

Recently I visited the Buhl Planetarium
in Pittsburgh. There I saw an experiment on
Cosmie Rays. 1 would like to know what
is known about these rays to date, their
effect on radio waves, and the simplest ¢ir-
cuit diagram of the receiver used to receive
them.(*)

May I go on to say (changing the sub-
ject) that I very much dislike the present
method of binding.

To better appreciate my opinion, slightly
dampen thumb and forefinger. Place maga-
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zine between these with stitch about %-inch
away. Now twist thumb and forefinger. The
cover, will tear away from the stitch just
as it would il you have a few dozen maga
zines in a pile on a high table and they
fall on to the floor. Magazine sliding on
magazine with disgusting results.

Now take the old binding and give it the
finger test. The binding will not budge.
All of my old magazines have their covers.
Many of the new type do not. A big ad-
vantage of the old type is that it has an
index on its edge. 1 think it’s about time
to get back to the good binding.

ANprew M. ELLIoTT,
Ingram, Pa.

(*)See “Cosmic Rays Shortest Wave-
length in the World,” Radis-Craft, Sept.
1937; more detailed information appears in
the book “Earth, Radio and the Stars,” by
Prof. Harlan True Stetson.

May we refer the matter of binding to the
reply given in this issue to Senor Madridano.

FROM PORTLAND TO

PORTLAND
Dear Editor:

On page 658, of the May, 1940, issue of
Radio-Craft, is a problem (No. 159), sub-
nmitted by Mr. Ettinger of Portland, Pa.,
telling about the trouble he was having with
code interference on the broadcast band of
a receiver. The description of the type of
interference as given by him. brings to
mind a quite similar happening that I ex-
perienced a while back. The answer given
by vou. to his trouble. in my estimation does
not present a solution to his problem. My
reason for contesting you is best explained
by the following relation of my experience
in question:

In June 1940, while aboard the S.S.
Mauna Wea off the Pacific Coast of Guate-
mala, a small Emerson receiver (I don't
recall the model number, but it was an
A.C-D.C. 5-tube model of about 1939. It
was one of those whose cabinet was mount-
ed in an extra stand to tip the whole re-
ceiver back in order to gain a better view
of the dial from above) suddenly began
bringing in London, Berlin. and other 49-
meter stations on the high-frequency end of
the standard broadcast band, in the vicinity
of 1,400-1,500 kc. At the same time, seni-
local standard broadcast stations (among
them TGQ in Quezaltenango, Guatemala)
were coming through as well, at their prop-
er places on the dial.

There was no shortwave band on the re-
ceiver. merely the single-band standard
broadcast. The mixing-up of 49-meter short-
wave signals and standard broadcasters re-
sulted in a rather serious mess of image
whistles. Images, involving the 3rd-har-
monic of the high-frequency oscillator, is
what [ took them to be. My explanation
was.

Suppose the receiver used a 460-kc.-1L.F.,
and the dial was set at 1,400 ke. Then the
H.F. oscillator would be working at 1,360
ke. The 3rd-harmonic of the ILF. oscillator
at that time would be 5,580 kc. Then a signal
460 ke. higher, or 6,040 kc., would appear as
an image on the original 1,400 ke.

And that’s just what happened. The 49-
meter stations were held long enocugh, and
with plenty volume, to identify them and
establish their frequency. The ship’s radio
operator, when told the receiver was bring-
ing in London on the broadeast band
wouldn’t believe it and had to come aft
where the receiver was, and operate the con-
trols himself, before he'd be convinced. He
brought in London, Berlin, and several code
stations which he identified and knew their

(Continued on page 545)
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SERVICEMEN SAY:—%: Ligger Profits—
70‘: ﬂette‘c _?etvicilzi—USE GERNSBACK MANUALS

Since 1931 more and more Servicemen have been
buying GERNSBACK OFFICIAL RADIO SERVICE
MANUALS year after year. The authentic material,
easily accessible diagrams and-complete service data
make them invaluable to dealers and radio Service-
men. Without a Gernsback Manual with you on a
repair job, there's time and profit lost. Your service
kit or laboratory is incomplete without all the GERNS-
BACK OFFICIAL RADIO SERVICE MANUALS. There
are GERNSBACK MANUALS also for servicing auto-

radios, rcfrigeration and air condition'mg equipment,

VOLUME.7 OFFICIAL RADIO
SERVICE MANUAL

oLyl The newest and most outstanding GERNS-
OFFICIAL BACK Manual published since 1931. Con-
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MANUAL published in any service guide. ® OVER
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. cludes 1938 Models Not Found in_Other
Manuals @ All New Material—No Reprint
¥ or Rehash ® Master Index of 74 Pages
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ﬁ back Manuals @ Stiff, Leatherette Loose-
leaf Covers ® Size 9x12 Inches ® Net
Weight 10% lbs.

Price $10.00

s
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sideline to your Tegular Leatherette, Looseleaf Covers ® Size 9 x 12 Inches
servicing business. This ® Net Weight 8 Jbs.
complete Mam‘:ial con-
tains schematic diagrams, n .
chasais layouts, mounting instructions and trouble Price ‘7‘00
shooting hints. @ OVER 240 PAGES & OVER
500 1LLUSTRATIONS @ Flexible, Leatherette
Looseleaf Covers @ Size 9x12 Inches @ Net
Weight 18 lbs,

Price $2.50

Al B OFFICIAL REFRIGERATION

1934 OFFICIAL RADIO |\ FNNIHEEOEIS SERVICE MANUAL
SERVICE MANUAL £ o Volume 2

- B E This is the only complete refrigeration serv-
Thig Jmanual contains waluesifof LK, trans: ; R i¢e manual ever published: Contains detailed
formers on superheterodyne receivers, valua- 3 volumgEa - information on servicing, outlines of theory
ble tube data, complete list of American ¥ 3 and methods of operation, instructions for

i i the handling of refrigerants, charging sys-
broadiast sta-tlons. fre'e question and 1;insw‘er tems, diagnosing troubles, charts, electrical
service, service. material and achematic dia-

hoock-ups and a wealth of other necessary
grams., ® OVER 400 PAGES @ OVER 2,000

DIAGRAMS 6 Frexibie, Loatherstte, Losets
i 1 ® Flexible, Leatherette, o
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Weight 2% lbs.
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SERVICE MANUAL This manual is edited by L. K. Wright, = =y

who is an expert and leading authority
on air conditioning and refrigeration.
Nearly every page is illustrated, cvery
modern installation and individual
part carcfully explained, diagrams fur-
nished of all known equipment, apecinl
care given to the servicing and in-
stallation end. Necessary tools are il-
lustrated and explained, ctc. ® OVER
362 PAGES e OVER 600 ILLUS-
TRATIONS @ Flexible, Leathcrette, A

Here is the volume which shows a step-by-
step analysis of how to service any recciver.
It is one of the early editions and covers
many old scts, thousands of which are still
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Covers @ Size 9 x 12 Inches @ Net Weight
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.+ . Novelty radio sets if
they also have utility will
be more marketable

receivers in use in America today there has always been an

excellent market for so-called “novelty” radio sets. For years,

there have been crops of odd radios, many of which were
designed primarily with the idea of novelty, and their appeal
for sales was based mainly on novelty rather than utility.

Years ago, in his magazine, SHORT-WAVE CRAFT, the writer de-
sngned what “was then the first briefcase radio. It was described
in the June, 1932, issue of that magazme It was completely self-
contained, mcludmg loudspeaker, built in an ordinary briefcase.
Many experimenters constructed this set from the design given
at that time. It took the radio industry exactly 6 years to catch
up with this idea; subsequently they were manufactured in quan-
tities and still are. Here was & novelty set which at the same time
had utility. Nor was it a freak set.

Of course, there have been many novelty sets and every month
brings numerous new ones. To mention only a few of them, we
have had glebe sets where the radio receiver was installed inside
a terrestrial globe. We have lamp radios where the radio set is
contained in the foot of the lamp, the shade being the loudspeaker.
We have had book radios; and bed radios combined with lamps.
We have had radio sets where the casing was made entirely of
plate-glass mirror, The list is really endless, Some of these sets
come and go; others have a certain popularity which is maintained
for many years.

The writer here wishes to make the observation that construc-
tors who have sudden inspirations as to either novelty or utility
radio sets often rush into production without consulting a stylist.
This to the writer’s mind is the most important deficiency of these
sets, A radio set, no matter how good, will fall by the wayside and
can never attain a real sale unless it is not only designed right
but is styled right.

Nevertheless, few radio constructors are stylists, They may know
all about radio but do not understand what pleasing lines, what
decorative effects or modernistic touches should be added to make
a radio set a fast-selling product. It takes an artist and a stylist
to do this and if he has the knack for this sort of thing, he should
be left severely alone and allowed to do the designing. It is one
thing—to give a homely analogy—to be a good manufacturer of
felt but quite another to be a good fashion modiste and make a
beautiful hat from a common piece of felt.

There should also always be a distinction between the gadget-
novelty type of radio set and well-styled utility-novelty type of
set; the latterusually will sell well whereas the former will not.

There are any number of utility radio sets which as yet await
big markets—believe it or not. By utility, I refer to a radio sct
that not only performs as a radio set but has a separate utility
in addition. There have been, for instance, 8 number of clock
radio sets. Here we have the utility of a time-piece combined with
radio. The great trouble with these sets has been that the clock
usually has been of inferior quality. Usually such clocks are not
self-starting and if the current is turned off momentarily, the
clock stops and must be hand started. The best utility idea of these
sets is the type where the clock can be set by means of a mecha-
nism, so that the set will be turned on or off at a pre-determined
time. Thus, many people dislike alarm clocks but like a clock-
operated radio which turns on at a given time in the morning
and wakes them up by pleasant music rather than by a shrill
alarm. Again the manufacturers of these devices have fallen far
short, in that with few exceptions, the time-setting device is diffi-
cult to manage and is not reliable. We know of several of these
types which we had in our own home and which tended to go off
at the weirdest hours of the night, waking us up at the wrong
time, mainly due to faulty contacting arrangements.
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IT is an established fact that-among the 35 million-odd radio
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‘“RADIO'S GREATEST MAGAZINE''

UTILITY
RADIOS

By the Editor — HUGO GERNSBACK

But the most stupid part of such devices is that clock makers
still persist in believing that the day has 12 hours instead of 24!
Rather than making 24-hour clocks, they give us 12-hour clocks,
So if we set the alarm for 7 o’clock in the morning and the radio
robot dutifully wakes us up, at that hour, it will just as dutifully.
go off at 7 P.M. with no further ado. That means that we have
to hand-set it in some way and trust to our memory that next
morning it will be set right or we will oversleep. A 24-hour clock
with half of the dial dark, and half of it in a light color, is the
answer to the problem. Then if a cheap clock mechanism with a
good timing device that can be set easily is produced, many radio
manufacturers no doubt will adopt it.

Speaking of utlllt} sets, 1 can think of any number of these
but I will only give a few examples for which I know there will
be a good market, There is for instance, the Ladies’ Boudoir Radio,
small but stylish, with modern perfume bottles at each side and
other attachments of use to any woman, of which there are many.
For the he-man, I can readily imagine a Den Radie which we might
also call Smokers’ Delight Radio. Executed in the modern manner,
the radio set has pipe holders on each side to hold & number of
pipes conveniently. There can be an electric lighter with cord
attached, ash tray, even a cigarette drawer or case can be pro-
vided for. If styled correctly, it will sell well. \

Some years ago, I designed an Ezecutive's Desk Radie which
has on top a lamp with a green shade, pen and pen holders on
each side, and front space for clips, pencils, ete. There was also a
clock provided on the face of the radio set. It was described in ¥eb:
and March, 1937, Radio-Craft. This was a project for- home con-
struction, and for this reason, it was of course not styled properly.
I still believe if styled right there is a market for it.

Most midget sets in use today can be provided with an attractive
lamp on the top for very little additional cost. It seems -rather
strange that the midget-set manufacturers have not turned to this
Midget-Lamp Radio utility so far, but rest assured sooner or later,
they will.

Then there is the Kitchen Radio. Here we also neéed a clock
arrangement as the woman of the house needs a timer which will
turn on either the radio set or an alarm when a given time is up
so that the roast or the cake will not burn or get overdone. There
could be, in addition, several pencil holders; also a place for a
recipe book and one of those gadgets dear to every woman’s heart
—a mechanical list of what to buy.

And for the bedroom, we -need a good Bediroom Radio done in
the modern manner, which should have a clock arrangement to
wake you up in the morning. It can be provided handsomely with
a night-light on top of the radio receiver which can be used when-
ever wanted. Many people like to sleep with a small neon night-
light and this is'easily included as utility on a midget set. Then the
male member of the household who always thinks of something
during the night, can easily use a memo pad which is also incor-
porated into the set. This can be lifted from a small rack, molded
into the casing and at the same time, you pull out-a pencil which
has a tiny electric light attached at its end. You write your memo
without turning on any light in the room except for the stream
of light directed against the end of the pencil while you write.

Then going to the children’s room, we can have the Children's
Radio set made in gay colors, as indeed they are even being made
now. BUT we provide them with the following utility: a savings
bank can be incorporated readily into a midpget receiver which
does not operate unless you put in a nickel or a dime, when it
will play for a determined number of hours, say 3. This is a simple
utility, that will appeal to children and parents alike, and will
provide another good radio seller.
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*THE RADIO MONTH IN REVIEW

The “radio news” paper for busy radio men. An
lustrated digest of the important happenings
of the month in every branch of the radio field.

:
-
Wi L P A

COLOR TELEYISION BY WIRED-RADIO

lllustrated here is the new "off-side’ television camera designed for use in Columbia Broadcasting System's
method of Color Television. A demonstration of this direct pick-up system last month, which was attended

by Radio-Creft, disclosed man
over a month previously, "Col

improvements over the indirect pick-up system demonstrated a little
light' iflumination with fluorescent lights, for example. was a stellar

featura, Proper phasing of the 3-color, 6-sector, motor-driven color-disc in the receiver, with its companion
at the transmitter {across the street), was obtained by means of a receiver pushbutton control.

ABROAD

EATH snuffed out the lives of

D 7 members of the British
Broadcasting Co.’s staff at

the B.B.C. Headquarters in London, last
month, when a Nazi bomb traced its lethal
path into the building during a broadcast.

The Associated Press reports that, accord-
ing to the “Princeton (N, J.) listening cen-
ter” Germany in recent months has been
waging an increasingly intense propaganda
war againgt the U.S. via S.-W. radio.

A U.P. report from Alexandria, Egypt,
mentions the use of a ‘secret weapon” in
an air attack against the Italian Navy;

in the opinion of the New York Deaily News
it may be the “Queen Bee flying torpedo.”
The only authoritative advice which Radio-
Craft has to report on these Queen Becsg—
and this readers will recall—is the use of
these radio-controlled airplanes as robot
gunnery targets. The Necws gives this data
on their type of construction: biplane, about
18 ft. long and 20 ft. span.

From China comes an A.P. report that the
broadcast of one of President Roosevelt’s
fireside addresses over XMHA, American
station in Shanghai, allegedly was jammed
by Japanese interference.

An issue of PM newspaper, last month,
uses a column to tell how C,B.S. recordings

SONOYOX—SPEECH
FOR THE DUMB!

Motion picture fans and
broadcast listeners, alike
were amazed, when they
witnessed recent talking
picture and heard broad-
cast programs, in which
a person dumb—unable
to utter a word for many
ears—was able to make
imself perfactly under-
stood! A vibrator, some-
what like an electric
shaver, when held to hls
throat supplied the nec-
essary “artificial larynx.'";
shown here are Kay Kyser,
Jinny Sims, and {right)
inventor Gilbert Wright.

RADIO-CRAFT

of B.B.C. broadcasts show that an English
nightly pregram to America aims to de-bunk
German news broadcasts.

The proprietor of a bar in Padua was
fined $25, and had to park a month in jail,
for listening to a British mews broadcast,
A.P. reported from Rome last month.

A U.P. report from London tells of the
execution last month, at Pentonville Prison,
of 2 German spies caught with a portable
radio transmitter said to have been intended
to be used to send information to Germany.

The current hit show “The Corn Is
Green,” was broadcast to its author in Lon-
don because the war prevented his seeing
the show in New York, columnist Charles A.
Wagner last month reported in The Mirror
(New York).

DEFENSE

MERICA’S  defenses were

A strengthened last month when

Major Edward (“Amateur

Hour”) Bowes passed over to the Navy full

title to his 61-ft. yacht Edmar, and 30-ft.
light-cruiser Edmar, Jr.

Radio amateurs, who may have occasion
to contact the War Department, now can
call the Department’s radio net control sta-
tion WAR. Frequencies for amateur contact
are: 4.025 me., 8.5 to 4. mc., 18.82 mec., and
14. to 14.4 me.

Chairman Stephen Voorhees of the Ad-
visory Board of Industrial Education last
month urged radio manufacturers in the
Metropolitan area to aid employees to ob-
tain the free instruction being given by
New York vocational schools, in radio serv-
icing, code, and the’?ry.

Last month the American Radio Relay
League announced the appointment of a
repregentative and 6 regional advisors to
the Amateur Radio Committee of the De-
fense Communications Board. Other groups
represented on this Commitice: Federal
Communications Commission, Army, Navy,
and the National Youth Administration.

Commercial cooperation in the Defense
Program includes the following: Crosley

LY =;
REFUGEE RADIO

It was indeed a "Merry Christmas’ and a ''Happy
New Yeat' for little Allan Whittaker, a refugee from
war-torn Europe, here shown exchanging Season's
Greetings with his "mommy” during an o
broadcast to and from Europe last month. Many
arents “back home' thus heard the voices of their
oved ones for the first time since they had been
parted.
MARCH, (941
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Radio Corp. has opened an office in Wash-
ington, D. C., to speed production by better
cooperation with Government depts. . . .
Air Radio and Instrument Co. is conducting
special classes designed to train enrollees
for Defense jobs paying $125 to $200 per
mo. . . . National Union Radio Corp. has
agreed to give a month’s salary, carry group
insuranee, and re-employ staff members,
who join the Colors voluntarily or by draft.

Hygrade Sylvania Corp. will carry
the group insurance of its enlisted em-
ployees, will re-employ them, and in addi-
tion to giving a month’s salary to 1-year
enrollees, offers an additional, equivalent
sum to enrollees for 3 to 6 years’ Service
in. the Army or 'Navy. in a full-
page advertisement in newspapers, last
month, American-owned and American-
controlled R.C.A. called attention to the
manner in which its 27,000 employees are
serving in the Defense Program.

SOUND

NE of the newest uses of

O Public Address systems: a
“drive-in"” church, in St.

Petersburg, Florida, where patrons remain
in their car-seats and honk their “Amen’s.”

NEW ELECTRON MICROSCOPE
The new streamlined version of the RCA Electron
~—"Microscope, shown here, was demonstrated to the
Institute of Radio Engineers last monfh, Magnify-
ing up to 100,000 times, it exceeds by 20 to 50 times
the magnification possible with any optical micro-

scope; instead of glass lenses it uses lens-effects
obtained electronically. The Gold Medal of the
American [nstitute of the City of New York is
scheduled to be given to Dr. Wendell M. Stanley,
in February, for his work in demonstrating the prop-
erties of the 'tobacco mosaic virus,' “a particle
{seemingly neither molecule nor organism) so tiny
it is Invisible except to the Electron Microscope.

RADIO-CRAFT MARCH,
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POLICE 2-WAY
YEST-RADIO}

(Cover Feature)
New York City's Police

Commissioner Lewis Yal-
entine (left), and Mayor

LaGuardia, help Patrol-
man . William  Proctor
model the 2.way vest-

radio set developed by
Gerald 5. Morris, Supt.
of the Police Telegraph
Bureau. Cost: $145; range,
about 1,000 ft.; weight,
about 11 Ibs.
Photo—Wlde World - Photos.

“Cavaleade of America,” special record-
ings of 12 outstanding historical dramas, i
available at nominal cost to schools from the
Association of School Film Libraries in New
York City.

Each jar of Dorothy Gray, Ltd., Throat
Cream now has packed with it a 2-sided
transparent phono record. Played-back, it
spouts instructions.

Latest idea by Muzak for getting its ad-
vertising-free music into private homes,
profitably (for Muzak), involves the use of
an “injector box” which connects to the
master antenna of apartment houses. Apart-
ment leasees merely tune to Muzak’s wave-
length for all-music programs; and perhaps
pay a slightly higher rental.

F. W. Woolworth’s Xmas attraction (at
its Church and Vesey Sts. store in New
York City), a Talking “Santa,” deserves
special mention. An interphone system en-
abled a remote commentator to listen-in, via
a transducer (loudspeaker operable as a
microphone) concealed in the body of a
3-foot-high Santa Claus doll, to comments
of persons who ¢came upon the figure, un-
expectedly, at the foot of a flight of stairs,
and to startle the natives out of their
aplomb by a well-put quip or two; or even
to hold a conversation, from his place of
concealment on another floor, “with the
more hardy eustomers who ventured to reply
to leading questions, as for example the

BONE ""MEARING' TEST

An important part of the
work of the New York
League for the Hard-of-
Hearin% Inc., is the giv-
ing of hearing tests. The
"bone c¢onduction' test
of this little girl's hearing
has just been complete:
and the verdict is: OK!

1941

'"HEARING'" RUBBER IMPURITIES

The above photo show: the set-up in Bell Telephone
Laboratories for testing the dielectric properties
of “'pigmented" rubber containing not only color-
ing matter but also fillers and reinforcing agents.
A capacity - inductance bridge and 'D.C.-resistance
galvanometer are used in faking measurements.

old stand-by: “And what would you like
Santa to bring you for Christmas?” .

Bell Telephone Laboratories last month
wag granted Patent No. 2,221,956, by Ar-
thur E. Schuh, for a “soap” that greatly re-
duces grain noise in sound-recording wax
“mothers.” The usual crystallization of the
recording wax 13 eliminated by the “soap,”
a compound of stearic acid, montan waz,
sodium carbonate, and basic lead carbonate,
the New York Times reported.

The “Statewide Telephone Meeting” of
the New Jersey Bell System, last month,
brought 14,000 Company employees together
in one huge family to hear President Bar-
nard deliver a holiday message. Employee
groups in a total of 17 municipalities were
joined by the copperwire network; terminal
equipment included 60 loudspeakers and
40 amplifiers that enabled all to hear the
State-wide roll call and ensuing program,
all directed from the Mosque Theatre in
Newark; station WOR aired part of the
program over the Mutual broadcast net.
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50L6GT

NEW CIRCUITS

MODERN RADIO RECEIVERS

In this series, a well-known technician analyzes each mew

improvement

in radio receiver circuits.

A wveritable

compendium of modern radio engineering developments.

F. L. SPRAYBERRY

(FIG. 1.} INDIVIDUAL DEGENERATION AP-
PLIED TO PHONO PICKUP CHANNEL
Emerson MopeL ET.—A degenerative cir-

cutt couples the speaker voice coil to the

(erystal) pickup so that the degemerative

action applies over the entire pickup chan-

nel without regard to any other means used
in the AJF. amplifier alone.

It is well known that every component
in the signal circuit is capable of contribut-
ing something to the harmonic content.or
distortion of reproduction. Hence by in-
cluding every possible item in the electrical
part of the signal circuit within the degen-
erative action it is possible to minimize the
distortion to the greatest degree. The circuit
shown in Fig. 1, as applied to the pickup has
a special advantage, in that it greatly im-
proves the linearity or “flatness” of the
audio response. In this way the attenuation
of high frequencies due to the pickup would
be compensated-for to some degree.

[FIG. 2.) DIRECT "PHONO" CONNECTION

MADE IN SMALL RECEIVER

RCA MoneL 10X.—The phonograph jack
18 wired permanently in the 1st audio input
requiring no switching to change from radio
to phonograph operation.

For phonograph operation the phono ter-
minals are simply plugged into the jack

NO. 42

and the radio tuner is detuned so that no
signals will be received. The radio volume
control with the usual grid coupling con-
densers then serves as a tone control and
the volume must be controlled at the pickup
unit. The circuit is shown in Fig. 2. Provided
that the pickup circuit makes use of a high
series resistor, the pickup need not be re-
moved from the circuit for radio reception
because the grid circuit is not shunted with
too low an impedance for satisfactory
volume.

(FG. 3.) RECTIFIER ELEMENT USED AS
FLOATING FILAMENT STABILIZER

SiLverToNE  (SEARS, Roesueck & Co.)
MobEeL 6721 AND 6761, —One of the elements
of the power supply rectifier (25Z6GT}) s
placed in scries with the filament system
thus acting simply as a serics resistor and
having slight voltage regulating qualities.

This circuit represents an improvement in
efficiency as the 2 rectifier elements are in
series thus reducing slightly the resistance
required in series with the filament circuits.
Moreover the resistance changes in the
plate circuit of the rectifier element in the
filament circuit as in Fig. 3, are in the same
direction as the voltage changes, that is,
they both increase and decrease at the same
time. This, of course, tends to stabilize the
current in the circuit, makes the voltage at

65Q7. ISTA.F

MEGS,
TREBLE
CONTROL

the filaments easier to filter, and permits a
much simpler connection for battery
operation.

(FIG. 4.} VARIABLE TREBLE AND BASS
COMPENSATORS AS TONE CONTROLS

STEWART-WARNER Mobpers 118D1  Tto0
118D9 anp 118D1-Z 710 118D9.Z.—By-
passing the high frequencies across the up-
per gection of the volume control by means
of condenser (4) in Fig. 4 provides high-
frequency compensation. Varying the im-
pedance to the top of the volume control by
means of a potentiometer (67) permits con-
tinuous control of the treble range of
response.

As the condenser section (53) of the bass
compensator is made more or less effective
by means of another potentiometer (68) the
degree of bass compensation naturally
changes. As the impedance across (53) re-
duces, the ratio between the high and low
frequencies becomes more nearly normal.
This same adjustment increases the im-
pedance from plate to ground of the 1st
A.F. amplifier and reduces the phase angle
of this impedance (58 and 68) practically
to zero so that there is little or no fre-
quency discrimination. Thus tone is con-
trolled by 2 potentiometer actions acting on
different parts of the audio spectrum.

522

RADIO-CRAFT

MARCH,

for




(FIG. 5.) WAVETRAP PLACED
CATHODE CIRCUIT

EmersoN MoneLs FA-374 anp FA-408.—
As a parallel resonant circuit in series with
the cathods of the R.F. tube the wavetrap
for 455 ke. (I.F.) acts as an R.F. degenera-
tive circuit at 455 kc. As the cathode varia-
tions are substantially those of the grid at
455 kc. there is no cssential net voltage to be

IN R.F.

trangmitted at this frequency to the detec-
tor tube.

This eircuit shown in Fig. 5, permits full
effcctiveness of the trap without detuning
the antenna, or R.F. plate circuits, without
making any adverse impedance changes in
the R.F. plate circuit, or in the antenna.
It permits resistance coupling of the R.F.
and detector tubes with less than the usual
danger of I.F. interference.

OPERATING NOTES

Teouble in . . .

. . . CROSLEY MODEL 159—32-VOLT

RECEIVER

When one of these come in you can bet
your shirt (almost) that it will be one or
more of the common ailments that we have
usually found. Squealing and oscillation,
while tuning, is usually due to the 8-mf.,
200-V. condenser 1n the chassis (vibrator
unit is separate from chassis). This is con-
nected from “B+" to ground. Loss of vol-
ume and tone is caused by the 6-mf., 25-V.
condenser connected from the type 43 tube
cathode to ground. When replacing these
open condensers use types of a higher volt-
age rating. Common too is the need for set-
ting-up the vibrator points after they have
been in service for about 3 years. The vibra-
tor is of the synchronous type, and usually,
it will be found that with a little filing the
points can be adjusted again by means of
the 4 adjustment nuts provided.

.« .. ALL 2.VOLT SETS USING ON-OFF
SWITCHES THAT GROUND THROUGH
SHAFT

NORMALLY GROUNDS
THROUGH SHAFT ore

?Z‘l:unu \AOQrglGYAIL
0 BATIERY N i erouNe
“u 'l ~ 2-VOLT SEY WITH ON-OFF SWITCH
= GROUNDED THROUGH SHAFT~

A common fault in these sets is intermit-
tent fading, and then blaring out, at in-
tervals of about a minute, after the volume
has been turned up. The shaft becomes a
poor conductor to ground on these switches,
after they have been in use for a year, due
to oil and oxidized metal. Best repair is to
solder a pigtail connection from the movable
switch arm to ground directly. These
switches usually ground the ‘“A-" battery
lead and the “B~"" return (which is through
a bias resistor).

« « .. 1937 PHILCO FORD RADIOS

SHEET SOLOERED
OvER HWOLES

VENTILATOR

BULKHEAD

4
HOLES IN

RECEIVER REAR VIEW OF RADIO,

SHOWING BACK COVER'

~1937 PHILCO-
FORD SETS -~

RADIO
SET

A common complaint is no reception, or
possibly, reception of only 1 strong local
station. This complaint usually comes in
after a heavy rain! If you remove the front
cover of the machine you are usually greet-
ed by a shower of water. The whole trouble
lies in the fact that the cowl ventilator rub-
ber gasket becomes *dead” on the '37 cars

RADIO-CRAFT for MARCH,

and allows water to leak in which will run
into the set through the small holes.in the
back cover. The set and the bulkhead of the
car form a natural trough. The holes men-
tioned are seats for grounding straps on the
inside of the cover.

The remedy I used was to remove the
set, dry it out very thoroughly, realign, and
then before installing, scrape the paint away
from around the holes on the back cover and
solder the holes shut.

M. C. TURNER,
Langdon, N. Dak.

. ATWATER KENT 55

REDLACE WITH
+WATT CARBON
3,000-0HM

RESISTOR

o ATWATER- KENT
55~

If this set is “dead” and no click is heard
when the 27 A.F. driver is pulled out of its
socket, check for an open cathode resistor
(shown in sketch).

WILLARD Mooby,
New York, N. Y.

. MIDGETS (Using 35Z5GT Rectifier)
When the set is inoperative and the pilot
light burned out, check the 35Z5GT before
replacing the pilot. This tube has a tapped
heater, which furnishes voltage for the pilot.
One side of the heater often burns out, thus
placing a high voltage across the pilot light,
and burning it out instantly.
THoOMAS PREWITT,
Plainficld, Ind.

. .. STEWART.WARNER (models 5R4, 5R5,

5R& and 5R7}

Increasing sensitivity of BR chassis in
wood cabinets. In those locations where ex-
treme sensitivity is necessary in a radio
set, the BR wood eabinet models (5R4, BRE,
5R6 and 5R7) can be stepped up by the in-
troduction of & slight amount of regenera-
tion. This change can easily be made as
follows:

Disconnect the 0.05-mf. condenser No. 23
from the suppressor-grid terminal of the
12SK17 socket. In the Underwriters-approved
sets (model 03-5R, etc.) connect it instead
to the “B-" terminal of the volume control.
This is the terminal nearest the 125Q7 sock-
et, and is clearly indicated in the tube socket
voltage layout of the service manual. In
non-approved models (07-6R, etc.) connect
condenser No. 23 to ground.

After the condenser change has been
made, re-align the receiver. It is especially
important to re-adjust trimmer No. 9, the
broadcast oscillator padder, exactly as ex-
plained in the service manual. When align-
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(Continued from bottom of 2nd column)

ing, keep the chassis away from the loop
or oscillation may occur.

This change cannot be made on any of
the plastic cabinet bR sets (6R1 and 5R3).
The plastic cabinet sets of this series will
exhibit circuit oscillation if they are stepped-
up beyond the present limit of sensitivity by
this means.

STEWART-WARNER CORP.

. GENERAL ELECTRIC Ab3
6AB

W

6,000 OHM
RESISTOR BURNED
OUT, REPLACE WITH
10,000 OHM, § WATT

ILFT

SHORTED/’ I
400V

Bov_ "GE AGB"

Symptoms: set hums, audio section is op-
erative, but no stations are received. Trouble

“very likely is a shorted condenser as shown

in the sketch.

.« AC-D.C. SETS IN GENERAL

(a) This set would work OK for hours at
a time and then suddenly burst out in a
strong 60-cycle A.C. hum. A quick but casual
check of tubes, filter condensers, etc., showed
nothing wrong, but a jar test of the 43 tube
showed a cathode-to-heater short which was
intermittent.

(b) There is a custom, slavishly followed,
of inserting a 0.006-mf. condenser from
plate-to-ground of the output tube. Yet I
have found in several gets using 43-type
tubes that reception is cleared up, tone ren-
dered more life-like and background hash
eliminated by taking out this condenser.

(¢) Many of these scts have circuits
which oscillate from 1,000 ke. to 1,600 ke.
because there ig not enough load in the an-
tenna circuit. This condition is remedied by
removing the small (usually 0.001-mf.) con-
denser between antenna and primary coil
and substituting one from 0.02- to 0.06-mf.
condenser.

{d) Most of these sets have a limiting
resistor of 150 to 600 ohms between the
cathode of the R.F. tube and the volume con-
trol. The trouble is that sometimes these
resistors limit too much and you cannot get
that last bit of ‘“umph” when listening to a
weak station. The remedy is to take this
resistor out and connect the volume control
direct to the cathode.

J. C. RAVELLE,
Newark, N. J.

.« ZENITH (Chassis 5709)

I recently had this mode! in for service
with a complaint of weak and noisy recep-
tion and the tuning eye 6T5 also did not
work.

I first checked the 6Tb6 socket and found
the 1 meg. resistor between the plate and
target open. Replacing the resistor only
caused the eye to work very weakly on a
strong signal. I next checked the A.V.C. re-
sistors and condensers and found them OK.
The rather unusual trouble was found in a
leaky coupling condenser that connects the
antenna coil with the preselector coil.
(Please note that this is not the 1st R.F.
coil.) Replacing this condenser with a
0.000025-mf. mica condenser completely
cured the trouble.

The defective condenser is white and looks
like a resistor, and is mounted inside the
preselector coil.

C. R. PrESTON,
Grafton, W, Va.
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FLUORESCENT LIGHTING
Latest Sideline jot Servicemen

This is the 2nd in a series of articles on fluorescent lighting as it applies to the radio
Serviceman. Part I in the January issue deals with the theory of these lamps, their
characteristics and the circuits used in their application. Part 11, presented here, pays
special attention to the interferemnce which may be created in radio receivers by the
mercury arc between the lamp electrodes; and to means of combating this interference.

RADIO INTERFERENCE

PART II

on the watch for new fields of service

from which he can derive some extra

revenue, provided that these new fields
do not require him to buy new test instru-
ments, stock special parts, interfere with
his regular work schedule, require too much
study in some phase of electrical work in-
harmonious with his present knowledge and
experience in the radio or electronic field.

BUSINESS PROSPECTS

The suppression of radio interference is
an activity that the Serviceman has accepted
as his legitimate professional responsibility,
and since he is well qualified by experience
in this field and has the necessary equip-
ment to cope with this problem, it is natural
that the advent of new electrical devices,
oil burners in the past, electric razors re-
cently and now fluorescent lemps, should
mean added business for him.

The public has been quick to recognize
the many benefits of fluorescent lighting,
the result being that new lighting installa-
tions are being installed everywhere. Inas-
much as fluorescent lighting is a new and
specialized method of producing illumina-
tion, the sale of fluorescent equipment may
best be left to experienced representa-
tives of the lamp and fixture manufacturers
but after the installation is made there may
be a few instances, such as in restaurants,

EVERY wide-awake radio Serviceman is
\

JOHN T. BAILEY

Note how placing the
radio set a few feet more
distant from a noise-pro-
ducing fluorescent lamp
may completely aeliminate
noise pick-up.

i FIELD OF

_— RADIATION

night clubs, stores, residences and similar
establishments where artificial illumination
and radio are desired simultaneously, of
radio interference complaints. This is the
opportunity for the radio man and although

TYPES OF RADIATION
AND REMEDIES

SHIELD' AND GROUND ®

(ANTENNA LEAD-IN
:'Y
]

It is evident by reference

to the animated illustra-
tion at left that wun-
avoidable radiation of
interference from fluores-
cent lamps may be great.
ly mitigated if proper
attention is given to the
location of the radio set’s
lead-in with respect to
the offending lamp: and

proper placement of a

line noise filter.

L

7z

(® LINE FEED-BACK

.

(® LINE RADIATION
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the revenue from this work may not justify
its solicitation, it will no doubt lead to
future radio repair and sales work.

MERCURY-ARC INTERFERENCE

It is well known to all radio Servicemen
that when a circuit is interrupted, the spark
generated will oftentimes create a frying
sound in nearby radio receivers. A fluores-
cent lamp when operated on 60-cycle alter-
nating current is, by the nature of its
operation, turned on and off 120 tinres per
second. The mercury arc established between
the lamp electrodes causes sparking at the
electrodes where the circuit is interrupted,
thus giving rise to radio interference which
may be radiated in one of 3 ways:

(1) Direct radiation to antenna or lead-
in from lamp bulb.

(2) Direct radiation to antenna or lead-
in from power line supplying lamp.

(3) Line feedback from the lamp to radio
set by way of power line.

Oftentimes, interference may be traced
not to only one of the above-mentioned
forms of radiation but may be found to come
from a combination of any or all of them.

While the fluorescent lamp can justly be
praised for the efficient way in which it
transfers ultra-violet energy into visible
radiation for the use of the human race, it
should be reprimanded for shifting a
small amount of energy into that part of
the spectrum which we would like to have
free for radio reception. A graph plotted
with relative interference against frequency
would reveal that the broadcast frequencies
from 550 to 1,600 kilocycles are most affect-
ed. For higher frequencies, the noise is not
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usually objectionable because of the low
field strength and because the energy is
confined to narrow bands.

In addition to the radiation set up by the
arc stream, during the starting period,
the starter device may give rise to some
electrical noise. The condenser included in
the starter (dubbed a “jitterbug"” by the
trade because of its lively efforts to estab-
lish the arc it the lamp) to mininize noise
originating at this peint is quite effective
and unless the condenser is defective no
trouble should be expected from the starter.

To check this condensecr, remove the start-
er from its socket after the lamp has
started. If the noise increases, then the con-
denser is not defective. When the starter is
located under one end of the lamp it may
be impossible to remove the starter without
removing -the lamp. In these cases, remove
lamp and starter, replace the lamp and with
a short, insulated wire stripped about %-
inch on each end short the 2 terminals in
the starter socket for several seconds. Then
remove the wire and the lamp will start. If
the noise level remains the same it may or
may not be defective and a new starter
should be tried. A shorted condenser will
cause the lamp electrodes to glow without
allowing the arc to strike.

BULB RADIATION

Direct radiation from the lamp bulb is
of a low order of strength and falls off
rapidly as the distance between the lamp
and radio is increased. Although the magni-
tude of this bulb radiation varies with the
watts consumption of the lamp, bulb radia-
tion or radiation emanating from the supply
lines feeding the lamp can be avoided by
separating the lamp and radio set by at
least 10 feet.

If separation by 10 feet is not fdasible
then it will be necessary to take these pre-
cautions:

(1) Shield (and ground) the lead-in
where ‘it passes within 10 feet of the lamp
or install a noise-reducing antenna system.

(2) Provide a good ground for the radio.
1f the radio is of the A.C.-D.C. type, an ex-
ternal ground is not required because the
chassis is usually connected to one side of

the line thus acquiring a ground potential.

(3) Surround the lamp with a grounded
wire-mesh screen. This, of course, can be done
only in certain instances where the appear-
ance of a screen would not be objectionable.
The mesh should be large enough so as not
to reduce the transmission of light materi-
ally. In some fixtures where the lamps are
enclosed by glassware or plastic it is possi-
ble to install a screen cylinder between the
glass and lamp. If this is done, provisions
must be made for relamping.

(4) For radio receivers with built-in di-
rectional antenna systems, adjust the posi-
tion of the radio set to pick up a minimum
of noise.

A portable, battery-type radio set is
handy for bulb radiation sléuthing since the
line feedback factor is eliminated by this
method of probing for noise*®,

LINE RADIATION

The power lines feeding the lamps may
serve as a source of radiation to the radio
set or to the antenna system unless the
separation is about 10 feet as explained
under the discussion of bulb radiation. \The
same general precautions apply about shield-
ing the lead-in but, in addition, noise re-
duction can be obtained by applying a
grounded shield to that part of the power
line near the radio set. In many instances
this is not possible because the wires are
inaccessible within the walls or ceiling but
for extension cords in residences this rem-
edy could be easily applied. If the power
lines are run in metal conduit or are of
the BX type make sure that good high~
frequeney bonding is in effect at all junc-
tion boxes.

Line radiation can be reduced also by in-
serting a filter in the line at the lemp. This
procedure shunts the noise to ground before
it can enter the line and be radiated through
the air to the radio receiver or antenna
lead-in.

LINE FEEDBACK
If noise energy is allowed to enter the
power lines from the lamp, it may feed

*Als0 see “"How to Make a Modcrn Interferenco Locator,™
Radio-Craft, January, 1941.—&
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back to the radio set through its power
supply circuit. This energy may never reach
the radio set if the length of the line is
large because of the line impedance, there-
fore when the line is short the possibility
of feedback is greater.

Line feedback can be eliminated by the
use of filters either at the lamp or at the
radio set. The method of filtering at the
lamp may require many filters if many
lamps are contributing to the general noise
level. However, if individual filters are ap-
plied to the nearest lamps, noise trouble
should abate. Applying a filter at the radio
receiver is positive in protection against
feedback but requires greater high-fre-
quency attenuation and probably will re-
quire greater current-carrying capacity
than individual filters at the lamps. As in
any power line noise reduction work, in-
ductive - capacitative filters are more effec-
tive than merely capacitative reactances, but
the cost is greater.

The generation of noise radiation by
fluoreecent lamps is inherent in the opera-
tion of all discharge-type lamps but it is
felt that as improvements are continued in
the manufacture of this new light source,
material reductions can be expected in the
problem: of radio interference.

This article has been prepared from data
supplied by courtesy of Westinghouse Elec-
tric & Mfg. Co., Lamp Division.

" Watch for Part I11, the concluding install-
ment, of this series of important articles on
Fluorescent Lighting from the Serviceman’s
viewpoint.

OPERATING NOTES

Teouble in . . ®

. STEWART-WARNER RI356
Have just finishcd repairing a Stewart-
Warner R136 which faded badly and came
back with a bang. After replacing the 110,-
000-ohm Y-watt, and 260,000-chm ¥ -watt
resistors, the trouble entirely cleared up.
This may aid some Servicemen,
A, M. HORATER,
Bridgeport, Conn,

... RCA V-130, HF-1,

HOUSE WR-370

A rather puzzling and unusual case was
recently encountered, where the receiver
would cut off if a certain pushbutton set for
an especially strong signal were pressed.
This very strong signal, or any heavy burst
of static, would temporarily disable the set.
It was found that by removing the 1st 1.F.
tube’s grid connection, or reducing gain by
using a shorter antenna, or turning the set
off and on, would restore operation. A
vacuum-tube * voltmeter indicated that the
grid voltage of the 2nd LF. 6K7 was -35
volts. Removing the 1st LF. tube reduced
gain and the -35 changed to -3. The
changes shown in the diagram were made,
breaking the lead at X and using the parts

RADIO-CRAFT MARCH,
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¢

BIAS  CT, Powm

n-WESTINGHOUSE WR- 370

ey RCA HF-1,HF-2,0-130 ~

DET.

shown. The 2-pole, double-throw switch is a
changeover from normal to high fidelity
band-pass. Apparently the ﬁxed-blas 6K17
drew grid current with high input voltages,
cutting off. No further trouble was had when
the change shown was made. The 6K7 then
was A.V.C.-controlled.

WiLLArp Moobpy,

New York, N. Y.
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BOOK REVIEWS

T e T T

PHOTOTUBES (1940). Published by RCA Mfg.
Co., Inec. Size 8% x 11 ins., soft Ppaper cover,
illustrated, 16 pages. (Single copies available
gratis.)

In ‘“Phototubes,” are given detailed describ-
tions and diagrams for the usc of phototubes
in light-operated relays, for light measurements,
and in sound reproduction. Commercial types
of one manufacture are illustrated, and wcrking
diagrams complete with electrical values and
design data are given. This booklet is a valuable
working manual for the electronic specialist and
experimenters.

PHOTO RELAYS, THEIR THEORY AND AP-
PLICATION (1940), by F. H, Shepard, Jr,
Copyright hy John M. Coffeen. Size 6x 9 ins,
paper cover, well illustrated, 28 pages. Price, 25¢.

The author, n c¢onsulting engineer on elec-
tronic applications and formerly industrial
electronic application enfincer in one of the
largest radic companies, has prepared “Photo
Relays, Their Theory and Application,” with a
view to presenting a describntion, of photoelectric
devices, graduated from the clements of the sub-
ject to the eventual conclusion of practical appli-
cations.

Essentially practical in its treatment, this book
presents a compilation of valuable information
on the use of photocells, exciter systems, and
glow discharge tubes.

Chapter 1, Photoelectric Phenomena ; Chap. II,
Amplifiers; Chap. III, Glow Discharge Tubes;
Chap. 1V, Light Sources; Chap. V, Applications.
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NATIONAL UNION MODEL W-2
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5-Tube Superhet.; 110-V. A.C./D.C.; Automatic Yolume Control; Tuning Range 528 to 1,730 ke.; Average Sensitivity 35 Microvolts [for
0.05-Watt Output); Power Qutput 0.8-Watt, Undistorted; Power Consumption 28 Watts; Built-in Loop Antenna.

A5L6GT

500
MMFE QUTPUT

SogRe . J_ 3 01
[ols) MEG. P
™ MME e 3 adlit T
[ = ONLY—
NOT
L L L EXTERNAL
b.5. 1
MEG..
YOLUME
b CONTROL
C 1 0SCILLATOR L
VOLTAGES AT
L/co' . FORTIIG A BRETS
ALY VOLTA Tw
| SEE YO TTEES, BETEEN 35Z56T -
— (INOICATED BY X), EXCEPT RECTIFIER
3.9- HEATERS. /
| OHMS ) B /62 .
8OTTOM VIEWOF-J7— /IZ-‘._J 125K76T  35L6GT .,  3525GT
Q5CILLATOR COIL b - | X 125Q7GT 1254767 OHMS wr
a AR f I
—W" 12v. 12V, 12V, 35y,
0.25- AL AC] A€ AL
MEG. -
b d I )
v ol
PAINT { M,
MARK =
¢ 117V, 0.25- ON-OFF DiAL .
A.C.ORO.C. MF SWITCH LAMP - I F.=456 KC.'V

Complete schematic diagram of the National Union Model W-2, 5-tube, A.C./D.C. Loop
Antenna Receiver. |.F.-456 kc,

ALIGNMENT PROCEDURE

The following equipment is required for aligning:

Signal generator which will provide an accurately calibrated signal at the test
frequencies as listed,

Output indicating meter; non-metallic screwdriver.

Dummy antenna—0.1-mf. and 200 mmf{.
Volume control-——Maximum for all adjustnients. Allow chassis and signal generator
to “heat up’”” for several minutes. Connect ground post of signal generator to “B-"
(12SK7GT~—prong No. 3) in chassis.

SIGNAL GENERATOR ADJUST TRIMMERS
FREQUENCY CONNECTION DUMMY CONDENSER TO MAXIMUM
SETTING AT RADIO SET ANTENNA SETTING (See trimmer illustration)

4566 KC.  Signal grid 0.1.mf. Turn rotor to full oben 1st ILF. (C7 and C8)
of 1st-det. 2nd 1.F. (C% and Cl0)
Connect at
stator of
Jarge gang
section,

1,730 KC. Antenna clip 200 mmf. Turn rotor to full open Oscillator (C2)

1,600 KC. Antenna clip 200 mm(. Turn rotor to max. output Antenna (C3)

NOTE~—To obtain dial scale calibration, tune-in an 800 ke. signal. The pointer
should be at the 800 kc. mark on the dial. If it is not, first remove the celluloid
crystal by taking out the 4 buttons at the corner. Hold the tuning knob and shift
the pointer to the 800 kc. mark.

Caution

The metal chassis is connected to one side of the line through a 0.2-mf. condenser.
Both A.C. and D.C. power lines are generally grounded on one side. If the side
of the line not connected to the metal chassis through this condenser is grounded
and the metal chassis comes in contact with an external ground, this condenser will
be connected across the line and there will be an increase in hum.

Therefore, in any service work on the chassis, keep it on a wood or other
insulated surface to avoid contacts with ground. The person working on the set
should avoid getting in contact with any ground.

TOP
VIEW
[] Tn}usokldzmen
ANTENNA
ATEs | 28T
] ,C9
OSCILLATOR
A °3EcTion ©
cz2 """ —— ]
O5CILLATOR
TRIMMER
“clo
=
<D co
IST.1LE
TRANSFORMER

Sketch showing locations of main components and

[._J

trimmers.

L

Mational Union Model

W-2 Recelver,
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HERE'S A BIG SAVING

for Any Serviceman Who Makes Frequent Volume Control Replacements

WHAT IS IT?

This IRC Master Radiotrician’s Control
Kit, factory packed with 18 Type D
Universal Controls, 6 switches and §
extra shafts of special design (1) Enables
you to give better, faster service; (2)
Saves time and cost by eliminating fre-
quent need for ordering special con-
trols; (3) Avoids frequent trips to your
jobber; and (4) Helps systematize your
shop by supplying a good-looking con-
tainer. that enables you to tell at a glance
just what controls should be re-ordered.
You can actzally meet from 60% to 75%
of -your replacement needs with this Kit!

CAN | AFFORD IT?

No serviceman who uses controls fre-
quently can afford to be without it.
You pay only the standard net price
of the controls, switches and shafts.
The All-Meta! Cabinet (worth $2.50)
is included free.

DOES IT CONTAIN THE
CONTROLS | NEED?

The carefully selected control assortment
is based on a nation-wide survey of ser-
vicemen's needs. It includes only popu-
lar controls, widely universal in applica-
tion, thanks to the Tap-in Shafts. If you
find by experience, however, that, due to
some local predominance of certain sets,
you would prefer any other IRC Type D
Universal Controls, your jobber will
gladly make the exchange az any time.

HOW WILL | KNOW WHAY
CONTROLS TO USE ?

Included free with your Cabinet. is the
latest IRC Volume Control Guide. This
indicates exactly what controls to use
for practically ‘all sets you may be
called upon to repair.

WHAT ABOUT OBSOLESCENCE ?
The only things that cox/d become obso-
lete are the shafts and, as fast as new
shaft styles are required, IRC will have
them—of Tap-in design and constructed
for use with the Type D Controls coan-
tained in your cabinet.

ARE "MIDGET" CONTROLS

ANY GOOD?
Don't call IRC Type D Universal Con-

© trols “Midgets”! Actually, they are small.

size replicas of the larger IRC Type CS
Controls—the only small controls that
are exact mechanical reproductions of a
manufacturer’s larger controls. You can
use them satisfactorily wherever Type
CS or old-style larger controls have been
used in the past.

WHAT ABOUT TAP-IN SHAFTS ?

IRC Tap-in Shafts make controls easier
to install in a crowded chassis by obviat-
ing the necessity for removing other
parts. They won’t pull or vibrate loose.
A variety of special shafts enables you to
make the 18 Controls handle an amazing
variety of jobs, standard and special.

WHY HURRY?

Well, why postpone getting your Cabi-
net and starting to collect dividends on
a good-paying investment? And don‘t
forget the re-allocation of broadcast sta-
tion wave lengths! Countless customers
will want you to re-adjust their push-
button tuning. Carry your IRC Control
Cabinet on these jobs. You'll be sur-
prised how many control replacement
jobs you can also sell—and do the work
right then and there!

WHAT'S THE BAD NEWS?

There is none! Your total investment is
only 814.97 net (List, $24.95). This
equips you for the big majority of con-
trol replacements—and you get the
$2.50 Cabinet free. Many IRC jobbers
are glad to extend easy terms and other-
wise cooperate in making your. IRC
Control Kit actually pay for itself in the
time, money and effort it saves during
the first few months you own it!

- See it at your IRC jobber's today, or write

to us for folder.

INTERNATIONAL RESISTANCE COMPANY
401 North Broad St., Philadelphia, Pa.

TYPE D UNIVERSAL VOLUME CONTROLS

RADIC-CRAFT for MARCH,
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CROSLEY “GLAMOUR-TONE"” MODEL 26BB (Chassis Model 26)

8-Tube A.C. Superhet.; 3 Bands {550 to 1,600 ke.; 1,600 to 5,000 ke.; & to 18 mc.); Broadcast-band Built-in Adjustable Loop Antenna;
Stage of R.F.; Electric Pushbutton Tuning, Variable Bass Compensation; 12-in. Speaker; Push-Pull Output; Tome Control; A.V.C.

1LE
AMPLIFIER

AW

peak on trimmer from the closed Dposition.)

Repeat tho original allzmiment procedure for more accurate
adjustments, Always keep sfgnal generator output as low
as possible to prevent action of the A.V.Q. elreult.

Signal Gencrator

’ 24A,B,L°3GANG CONDENSER

. [
AW 0001
! — . Al
03-MEG] OZ-MEEEE | swecs | -Oll-
= L AW AOOW TONE Cf (M5,

1 MEG. Yaw
(EACH)

8

F:N

WS&,R\_{TTDN
t 1.F=485KC.
Complete schematic diagram of the Crosley Model 26BB Chassis. The inset shows how to connect a phono pickup to the circuit.
AL]GNMENT PROCEDURE me‘"zlfﬁm Rﬁia;ﬁ;lm roucc"aﬁr:nm' sw'-réguann’
Proliminary ol \ vnmmm\ TAMMER
Qutput meter connectlons ........ Plate to plate of GFGs == ) =
Goenerator ground connection .. To chassis or ground lead =
Dummy antenna to be io serles with generator ocutput | . POWER
e s 0 8w, v . ~vv.. Sce Chart below pL A
Trosition of velume control .. sraciies Foll on 15T
Positlon of tono conirel ................ Treble or Speech @ i
IMPORTANT ALIGNMENT NOTES . Y.

When sligning the shortwave bands, “QSC” trimmers care Yo7
xr;"usv. be aixefrclscd to seel that the ﬁlrc’ulle nrchxln;,gmd on Ao |
the correct, frequeney and not on the image which 1s ap- IND 65x7T
DProximately 910 kildcyeles less as indicated on-the dial,  |TSCTIHER SRS s R
To check. inereaso generator output, tune-in the generator WPYENTER
frequency apd then tune-in the image froQuency which
should be weaker than the fundamental and come in ap- "
proximately 810 kilocycles lewer on the dial than the funda- DT yon -
mental. If image cannot be tuned-in, the “OSC** trimmer ACE SR "
1s adjusted 2o the wrong peak. (Correct peak 1s the 2nd — :

PUSHBUTTON UNIT

ITEIE

Chassis view showing main components.

S0CHET

6FGG OUTPUT,

o~
e L Se——

.-......,_
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1
!
1
i
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4
I
|
{
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i

Align-
ment Dummy  Frequency Input Connection Band Tuning Cond. Trimmer Remarks
Sequente Antenna Setting to Receiver Switeh Setting Adjusted . em "
L 0.02-mf.  455ke. Grid of GASGT  B.C.  Fullopen  2231F {2} Adiust for maximoum.
. B.C. “0SC* Adjust for peak: gang docs
2. 200 mmf. 1,650 ke.  Ant. Jead (Blue) B.C. Full open e, 'swén:aw to tune through Crosley "Glamour-tona’ cansole madal
B.C. “0OSC" Adlust for maxlmum output 2688 (Chassis 26), an 8-tube superhet.
3. 200 mmf. 600 ke.  Ant lead (Blue)  B.C. A';E“’:":““O Series whilo - roc]klm; Rang covering t:':roadcas?, P?"c; gnddshorf-
Triouner through signal. wave frequencies In ands,
4. Repeat Step No. 2 to check possible shift due to serles adjustment ™ 4
.. “ANT"  Adjust for muxlmumcoulgnl;
5. 200 mmf. 1,400 ke Ant. Jead (Blue) B.C. Apg;n;jalldo Il.('l,".d"qn;.c]:’.” ‘t‘:)lm:);r. touch B.C. SC.
Trimmer ASJJusl. r?r mnxlkmum oulsm.
5 Adjust_for Deak: gang docs
A 4(?2,?,“0"]")3 S3me 40t lead (Blue)  Dolics  Full open Tol. “'0SC™ Q;J;n:laro to tunc through 1%5:;?500: EEZEE?%:JM
7 400 ohms 5.0 me. Pol. “ANT”  Adjust for maximum output TERMINALS RADIO RECESTION
’ (carbon) ° Ant. lead (Blue)  Dolico APProz. 5.0 snd Pol. “R.F.’ while rocking gang
Trimmers A(ijhruluﬁ!rh !imx?(l- G o
ugl or pciak. ang s
& %ggr‘l’f;','l‘)’ 18.3mC 14 jead (Blue)  S.W. Full open 5.w. 08¢’ not h]a\'e 10 tune through
signal.
S.W, ANT” ow
9, 400 ghms  18.0 me, ’ and “RF.* Adlust for maximum output oroT - L15)
Ant. lead (Blue) S.W. Approx. 18 5 s hil rockin ang A
(5d:bon) & i LELminer :hruughoslxnal. & ® e WIGHSIOE
SOCKETY-TO-CHASSIS VOLTAGES (157.5 V. LINE; 1,000 OHMS/VOLT METER. ON 500 V. SCALE) *10% ALL CONNECTING
6RIGT—R.F. Amp. ..... - g S Y P
6ABGT—Oge. Mod. . NOTES b 5 W b 8 am 4a B B T e A
6SKi—1.F. Amp, . - *Measure with A.C. Vm. 0 [ 187 75 0 130 *6.3 1 glimeer
63Q7—Det. A.V.C.cA'F.”.  1.B.—Junction Biock. 0 0 23 0 23 78 63  228.0 FeR AL
8J5—Phase Invert. . Max. power outbut, 117V, 0 [} 0 [ 0 110 *6.3 L] NEL & NS -
SFe—Outhut ... line, BW.; power “eon: 0 0 120 0 0 1B. ‘6.3 5.5 S
—Qutput . ... sumption, 117 V. line, ¢ 0 220 230 [} 1B, *6.3 14.5 . +
5Y30—Rectifier ...00 .0er 85 W.: drop across svesk. 0 0 220 230 o X1 g3 145  Connecting a phono pickup to the
Drop across speaker field95 V. er field. 85 V. NC 329.0 1B, *°338.0 JI.B. 358 1.1 3200 circuit.
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REPAIRING OPEN MAGNETIC
COILS

BREAK THE INNERMOST
ACCESSIBLE TURN, AND TESY

USELESS

SPEAKER
WIYH FIELD f‘

TEST FOR

CONTINYOUS
crreulT

@ WHEN magnetic coils burn out they in-

variably open at the innermost layer.
Electric clock coils, A.F. transformers and
‘dynamic speaker coils can be made as serv-
:ceable as ever by making contact with one
‘of the inner layers, inasmuch as the loss of
the dead end will never be noticed. Magnetic
coils will retain their form if one of the side
winding forms is removed.

With a needle and tweezers, the innermost
accessible turn is broken and the end that
makes continuous circuit with the good part
of the coil is determined and unwound
enough to make contact with the dead end
contact. Sometimes it is advisable to coat the
exposed side of the coil with collodion before
the operation is attempted. Often it is easier
to remove the pasteboard tubing at the cen-
ter of the coil, and pull out the exposed wire
until the break is discovered.

C. Erroy,
Philadelphia, Pa.

LOCATING ““OPENS" IN
VOICE COILS

@® I WOULD like to take this opportunity of
contributing a small time- and trouble-
saving wrinkle.

This has to do with locating an open-
circuit in the voice coil or voice coil leads of
a dynamic speaker, particularly those cones
glued to the speaker frame or those with
wires interwoven with the spider support.

This open can be determined by a check
of continuity but the exact location of the
break usually means pulling the cone off
the frame and then tracing the wire to the
break. Now here’s the kink. Piace a 60-watt
lamp in series with the voice coil and 110
volts, and as the cone is moved up and down
in the speaker, a spark will designate the
exact break. In extreme cases a larger lamp
may be necessary to provide a larger arc
but care must then be taken that the voice
coil is not left in the circuit too long as
the wire is seldom large enough to carry
heavy current.

EARLE B. KIMBLE,
Service Manager for
Pudney Bros.,

London, Onterio, Canada

e ——

NEXT MONTH:

Part I of the CLASSIFIED RAD1I0 DMRECTORY
completely revised. Reserve your copy at
your local newsdealer today. (See listing of
classifications, by months, on page 574,)

RADIO-CRAFT MARCH,
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ORE than 3,000 SUPREME Mode! 504

Tube & Set Testers in constant and prof-
itable service prove it to be the unbeatable
value jn the test equipment field. There are
many combination tube and set testers but
only SUPREME offers those necessary and de-
tirable advantages found in the Model 504.

Take SPEED, for instance. As a multimeter,
3| ranges and functions are at your finger
tips. Only two pin jacks and two rows of
quick acting push buttons are necessary to
give you complete control. Functional
switches are on one side of the panel and
range switches on the other side of the
panel. All that is necCessary is to press one
button on the left hand row for the function
desired and one button on the right hand
row for the range desired.

As a tube tester, merely rotate the smooth
acting roller ¢chart to the type desired and
"follow the arrows.”” Leakage tests are equal-
ly simple. With the same set.up just press
one button after another on the right hand
side of the panel.

Protection against QOBSOLESCENCE s Im-
portant. The Model 504 is built to be mod-
ern today, to stay modern temorrow. It
provides for all filament voltages from |.4
volts to the full line voltage, of ¢ourse, but
much more than that—it is the only Instru-
ment having the PATENTED DOUBLE FLOAT-
ING FILAMENT RETURN SELECTOR SYSTEM
which automatically re-connects every tube
socket o the proper arrangement while the

SUPREME MODEL 503

instrument is being set up from the roller
tube chart. Tube base connections on future
tubes may change to any of the many hun-
dreds of POSSIBLE arrangements and the
504 will take care "of it—automatically—
even unknown to the operator. That's why
the 504 has only one socket for each type
of tube—it Is impcssible to put a tube In
the wrong socket.

Speed in testing electrolytic condensors
too. All electrolytic capacitors, including
high voltage filter capacitors and low volt-
age—high capacity by-pass condensers are
checked ot their CORRECT WORKING
YOLTAGE on an English reading scale.

These are just a few of the many PLUS
advantages you have when you own a Model
504 Tube & Set Tester. 1t is beautiful in
appearance, sturdily built, carries a year's
free tube setting service, and bost of all, it
is EASY TO OWN. If you can afford o
telephone or if you can afford your ¢iga-
rettes, you can afford the Model 504. This
complete laboratory, combining a 7-way
tube tester, a 3l-range set tester and a
complete condenser analyzer, costs you no
more than I8¢ a day on the world's easiest
Instaliment terms.

THE MODEL 543 is one of those rare values
in a completely self-contained multimeter.
A single rotary switch provides automatic
operation of the four basic functions,
OHMS, AC YOLTS, DC MILLIAMPERES,
DC YOLTS at 1000 ohms per volt
standard senmsitivity. This handy
little instrument uses a full
meter and beauti-
= ful bakelite case measur-

S ing only 3'x535''x2".

. This is truly a
tester that will fit
your pocket and
your pocket-
book.

sire 3

SUPREME MODEL
543
MULTIMETER

SUPREME INSTRUMENTS CORP.

THE MODEL 542 is a reqgular little pocket
laboratory with five multimeter functions
including: AC YOLTS, DECIBELS, DC YOLTS,
DC MILLIAMPERES, and OHMS-MEGOHMS,
The unit is complete in every respect requir-
ing no external batteries for the ohms and
megohms ranges. A full size 3"
meter with a sensitivity of 5000
ohms per volt {200 microam-
pere movement) indicates
the readings for 24 care-
fully selected ranges
This is @ value that is
not being over-
looked by those
who desire an
ul tra portable
instrument that
possesses the
accuracy and
utility of the
larger testers.

SUPREME MODEL

MULTIMETER

GREENWOOD, MISSISSIPPL, U.5. A,

ASSURE YOURSELF OF GREATER PROFITS BY DOING RADIO SERVICE JOBS
MORE QUICKLY, USE GERNSBACK MANUALS. SEE PAGE 518,

M/DWEST

RAD/O

/n PUT THIS CHASSIS IN
YOUR PRESENT CABINET

FOREIGN R[CU’[IUN DIRECT
Liberal trade-in sllowance
on many new models shown
in FREE catalog—from 6 to
18 tubes—up to 5 bands—
including automatic record-
changing radio phomos . . .
Home Recorder, etc)
(User-Agents Wanted)

Ao SPEAXER | DEPT.

1941

12-GG

AY>T0 REPLA
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Commission has permitted Frequency

Modulation on a nation-wide commer-

cial basis, it is important that certain
improvements be made in F.M. receiver de-
sign, from 2 important standpoints:

(1) Greater sensitivity, to permit ade-
quate quieting on all signal inputs down to
the ultimate limit imposed by recelve1 tube
noise; and,

(2) More satisfactory quieting, by effect-
ing better limiter operation.

Both of these receiver 1mprovements are
necessary if the full noise-reducing proper-
ties of F.M. are to be demonstrated and
effectively employed to permit the realiza-
tion of satisfactory full-range reproduction.

N OW that the Federal Communications

SENSITIVITY

It is proposed to consider initially the re-
quirement of adequate sensitivity. It can
be shown that the receiver inherent noise
level is approximately 1 microvolt roms.,

when referred to the antenna input. This is _

determined by computing the thermal agi-
tation noise in the grid circuit and the
shot noise in the plate circuit of the first
tube. The shot noise is referred to the grid
circuit by dividing by the first tube gain.
These 2 noise voltages are then combined
by taking the square root of the sum of
their squares. This total noise voltage is
then referred to the antenna input by
dividing by the antenna coil gain.

It can also be determined experimentally
that a signal at the limiter input of approxi-
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matety 4 volts r.m.s., is required for -20
db. (or 10 to 1) noise reduction. It is thus
seen that-a minimum voltage gain of 4,000,-
000 times is required to the limiter input
and since a limitér amplification of at least
5 is required for adequate deviation sensi-
tivity, the required total voltage gain, ex-
clusive of audio amplification is 20,000,000
tintes.

The limitations on the voltage gain that
can be realized at the intermediate frequen-
cy will be investigated followed by a study
of the difficulties involved in completing the
required total gain at the signal frequency.
The solution to the problem as incorporated
in the JFM-90 General Electric Frequency
Modulation Translator (or adapter—Editor)
will then be described. This, incidentally,
is a complete frequency modulation receiver,
except for audio amplification and is de-
signed to plug into the phono jack of an
ordinary receiver.

The amplification that can be realized at
the intermediate frequency is, of course,
limited by feedback tending to cause in-
stability or oscillation, Feedback may occur
in any or all of the ways enumerated.

(a) Through common plate, screen-grid,
AV.C.,, or heater circuits.

(b) Owverall or stagt-to-stage stray in-
ductive coupling.

(¢) Overall or stage-to-stage stray ca-
pacitative coupling.

All of these feedback paths can be theo-
retically eliminated by filter networks and
extensive shielding except the capacitative
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By special arrangement with the Engineering

Department of the Radio Manufacturers’ Asso-

ciation an engineer here analyzes new develop-

ments in Frequency Modulation embodied in
a late-model F.M. set,
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feedback through the plate-to-grid capacity
of the tubes themselves. Formulas for de-
termining the maximum gain of single and
multi-stage amplifiers before oscillation
from plate-to-grid tube capacity occurs have
been developed in the “literature. Experi-
ence indicates that 2 stages of intermediate
frequency amplification prior to the limiter
are capable of supplying all the amplifica-
tion that can be obtained with stability. The
theoretical maximum stage gain of such
an amplifier is given by the equation

Gai :V =
&in -

where g, is the mutual conductance of the
tube
¢ is the grid-to-plate capacity of
the tube

and f is the intermediate frequency.

It will be noted that the gain factor of
the tube is g /c. The 6SKT7 is somewhat
superior to the 6AB7 (1853) in this respect
and hence will be considered in the com-
putations. The GACT (1852) is slightly su-
perior to both, but is not preferred due to
its high cost and somewhat questionable
reliability.

The remaining factor influenecing the am-
plification is the intermediate frequency.
Since the voltage gain per stage decreases
as the square root of the intermediate fre-
quency it is desirable to employ as low a
value as possible. It should not, however,
be reduced to the point where image diffi-
culties are encountered. For a 42-50 mega-
cycle frequency modulation band, the in-
termediate frequency should preferably
equal or exceed 4 megacycles in order to pre-
clude the possibility of images occurring
within the frequency range covered. Another
factor to consider is direct I.F. pick-up.
This renders 4 megacycles undesirable since
it would pick up the 80-meter amateur
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The use of 2 type 45J7
tubes, as in the G.E.
model JFM-90 Frequenc
Modulation receiver, af-
fords better latitude of
grid-bias control  and
also increases the effec-
tiveness against impulse
noise.

phone band. Many other considerations are
involved in the selection of a suitable inter-
mediate frequency which are outside the
scope of this article. Many of these factors
have been considered by the Radio Manu-
facturers’ Association and they have as a
result recommended an intermediate fre-
quency of 4.3 megacycles.

EFFECTIVE I.F. GAIN

With this as a basig it is found that a
theoretical I.F. gain of 122 per stage is pos-
sible. This figure is, however, subject to 2
revisions,

The first of these is a factor of 2 required
to prevent oscillation during the aligning
process, This assumes the use of critically-
coupled, 2-coil transformers and comes about
from the fact that until tuned to the same
frequency the individual circuits of each
transformer have approximately twice their
normal impedance and hence represent a
condition much more susceptible to oscilla-
tion. This then reduces the theorctical gain
to 61 per stage.

The second revision is to provide some
safety factor for variations in tubes, in-
ductances, line voltage, power transformers,
rectifier drops and tolerances in other com-
ponents. The difficulty in obtaining useful
information from this formula lies in the
proper evaluation of this second factor.
Indications are that it should be at least 2,
thus resulting in a theoretical stable gain
per stage of approximately 30. Hence, the
gain of the I.F. amplifier prior to the limiter
is about 900 exclusive of the converter gain,

The converter voltage gain is normally
included as 1.F. amplification, but since the
converter input represents essentially zero
impedance to I.F. it is not involved in sta-
bility considerations. It is obvious, therefore,
that the converter gain should be made as
large as possible, This indicates the use of
a high-g,, pentode such as the 6AB7. Oper-
ated under suitable conditions as a converter
this tube will provide about 1.25 times the
gain of a 6SK7 operated as an amplifier.
Thus the converter voltage gain should be
about 37.56 providing a total theoretical LF.
voltage gain of 33,800.

It should be emphasized at this point that
the above voltage gain figure assumes that
all sources of feedback except that through
the plate-to-grid capacity of the tubes have
been eliminated. This is never entirely true
especially when an additional I.F. ampli-
fication of 5 exists subsequent to the limiter.
Practical experience dictates that LF. volt-
age gains at 4.3 megacycles appreciably in
excess of 15,000 to the limiter input are
decidedly risky from a production stand-
point. It is possible that receivers made on
a custom-built basis could be designed with
a total I.F. voltage gain lying somewhere
between the theoretical 33,800 and the maxi-
mum practical production value of 15,000.
Suppose for the sake of argument that the
maximum I.F. voltage gain permissible
ahead of the limiter is 20,000. We previously
have found that a total amplification of
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4,000,000 was necessary. This leaves a gain
of 200 to be supplied by the R.F. amplifier.

R.F. GAIN
The antenna coil gain that can ordinarily
be obtained can be computed with a fair
degree of accuracy from the formula
"z,
P
7. is the equivalent secondary
1mpedance
Z, is the primary transmission
line 1mpedance of 100 ohms.
The factor of .707 is necessary since the
reactance in the primary circuit is not nor-
mally tuned out. Z, is represented by the
parallel combination of the tuned circuit
impedance and the input impedance of the
tube. At 46 megacycles, the former is about
15,600 ohms with a well-designed antenna
coil and the latter about 6,650 ohms for a
6AB7 tube. This gives a net secondary im-
pedance of 4,600 ohms.
Hence

Ant. coil gain=.707 V

Ant. coil ga{n=.707v

where

4600 _ 707 x 6.8=4.8

200

The required R.F, gain is then =415
4.8

The theoretical voltage gain of a single-
stage R.F. amplifier when all sources of
feedback except that due to plate-to-grid
tube capacity have been eliminated can be
computed in a similar manner to that pre-
viously employed for the I.F. amplifier. The
formula for a single-stage amplifier is

given by
g
Coane= acf
Gg=Mutual conductance of tube=
5,000 x 10-*
¢=@Grid-to-plate capamty of tube=
015 % 10-**

f=Radio frequency=50 X 10-*

A 6AB7 tube is assumed in this instance
since the computed gain can not be readily
obtained with the lower g, 6SK7, tube. A
frequency of 50 megacycles is assumed since
the highest frequency would be most sus-
ceptible to oscillation from this feedback
source, therefore

Gain= v_s,ooo_z e,120=46
314X .015X 60

As in the case with the L.F. amplifier this
figure is subject to revision. There are no
coupled circuits in the R.F. amplifier but
a reduction in amplification is necessary
to take account of variations in tubes and
other components, variations in line voltage,
etc., as enumerated previously.

As before, the-factor should be at least
2 to prevent manufacturing and field diffi-
culties. This reduces the theoretical gain to
23. Again, it should be emphasized that this
gain figure assumes that all sources of feed-
back except plate-to-grid tube feedback
have been eliminated. In an R.F. amplifier
it is even more difficult to approach this
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YOU'RE THE DOCTOR

« » « and you can prove it!

ERE IS Sylvania’s latest
sales-builder . . . a radio chas-

"sis chart that will discourage the

most optimistic home tinkerer,

More clearly than any other pro-
motion - piece we've ever seen,
“What Is Wrong with Your Radio”
convinces your customer that only
an expert can make radio repairs
...and YOU'RE THE EXPERT.

Write Hygrade Sylvania Corp.,
Dept. RC31, Emporium, Pa., for a
free copy of this mailing piece . . .
and for full information on the 25
other silent salesmen Sylvania offers
you either free, or at substantial
savings.

Sylvania’s Silent Salesmen

1. Window_ Displays, 15. Service hints book-
dummy tube cartons, lets
timely window 16. Technical manual

streamers. cte. 17. Tube base charts
2. Counter displays 18. Price cards
3. Electric Clock signs 19 %’i!"“""‘ N'"l’st.
4. Electric Window 20 She:lx;acterls e
signs : 21, Interchangeable tube
5. Outdoor metal signa charts
6. Window cards 22, Tube complement
7. Personalized postal books
cards 23. Floor model cabinet
8. Imprinted match 24. Large and small
baoks service carrying kits
9. Imprinted tube 25 Customer card in-
stickers dex files
10. Business cards 26. Service Garments
11. Doorknob hangers 2. :f’n;rlx:s-l Pusimest
12. Newspaper mats 28. Job record cards
13. Store stationery (with customer re-
14. Billheads ceipt)

SYLVANIA

SET-TESTED RADIO TUBES
Also makers of Hygrade Lamp Bulbs. Hygrade
Fluorescent Lamps, and Miralume Fluorescent

Light Fixtures. :
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condition. The actual plate-to-grid capacity
is considerably enhanced by the capacity
between the antenna and R.F. sections of
the gang condenser =3 well as by the leads
associated with the same. These leads also
provide inductive coupling which is difficult
to entirely eliminate. Indications are that
even with considerable shielding the effec-
tive plate-to-grid capacity is more than
doubled by these external contributing
sources. An an approximation, therefore, we
can assume that the practical stable gain
is reduced to a value of not more than 10.

The realizable gain is reduced still fur-
ther by an additional source of feedback
in the gang condenser of the conventional
common rotor type. This results from eom-
non impedance coupling in the ground-
returns and cannot be eliminated at these
frequencies by the expedient of employing
individual wipers_for each gang section. In
practice this feedback source reduces the
stable R.F. tube gain obtainable to a value
of approximately 6. It is possible, of course,
to eliminate this latter source of feedback
by using a gang condenser construction
with insulated rotor sections and individual
wipers insulated from the frame. This con-
struction is difficult, however, from the con-
denser manufacturer’s standpoint and re-
sults in a considerable cost increase.

It is evident that the R.F. tube voltage
gain of G, which appears to be the highest
obtainable with conventional gang construc-
tion without inviting production difficulties
from oscillation, or the gain of 10 obtain-
able with a special gang rotor construc-
tion falls far short of the 41.56 figure we
found necessary to complete our required
gain,

DOUBLE SUPERHET. {2 oscillators)

A possible solution that suggests itself is
the double superheterodyne. In this circuit
the R.F. tube becomes the 1st converter
which may Lc designed to produce an LF.
in the neighborhood of 10 megacycles. The
original converter tube now heterodynes
this 10 megacycle signal to the normal I.F.

" of 4.3 megacycles.

It is thus seen that the oscillator section
of the 2nd converter operates at a fixed
frequency while the oscillator of the 1st
converter must be ganged with the antenna
tuning condenser in the usual manner to
produce the fixed 1st I.F. of 10 megacycles.

Herein lies the main difficulty with this
circuit. We have 1 variable oscillator and
1 fixed oscillator whose fundamentals and
harmonics produce innumerable beats, many
of which will produce L.F. signals. If these
spurious L.F. signals are greater than the
equivalent of a 3 or 4 microvolt signal on
the antenna they will seriously affect the
usable sensitivity. It is generally possible
to substantially eliminate this difficulty by
choosing the 1st I.LF. so that none of the
harmonics of the fixed oscillator fall within
the frequency band covered; and by employ-
ing rather exhaustive shielding and isolation
of the fixed oscillator to minimize second
and higher order heterodyne effects. The
complication involved in this latter precau-
tion unfortunately prevents its utilization
in the small chassis space permitted by the
usual commercial recciver designs.

DOUBLE SUPERHET. (1 oscillator)

This brings us to the variation of the
double superheterodyne circuit employed in
the JFM-90 which utilizes only 1 oscillator.
Figure 1 is a schematic diagram of the
circuit employed. The tuning condensers for
antenna, R.F, and oscillator are ganged
together as usual. The antenna circuit tunes
the F.M. band from 42 to 50 megacycles,
the R.F. circuit tunes from 23.15 to 27.15
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megacycles, and the oscillator from 18.85 to
22.85 megacycles.

The oscillator voltage is inductively
coupled to the grid of the first tube V1. Al-
ternatively this coupling may be accom-
plished capacitatively. This produces by
heterodyne action a signal to which the plate
circuit is tuned. The tube also provides a
gain of approximate unity for the oscillator
frequency. Accordingly, oscillator voltage
is also applied to the grid of V2. This
operates as a 2nd converter and produces
in its plate circuit the I.F. of 4.3 mega-
cycles.

To illustrate the action by an example
consider the signal frequency of 42 mega-
cycles. The oscillator frequency of 18.85
megacycles produces a new frequency in the
1st converter plate circuit of 23.15 mega-
cycles. This, in turn, beats with the oscilla-
tor voltage on tube V2 producing the LF.
of 4.3 megacycles. Formulas for determining
the oscillator frequency -and 1st LF. for
any signal and 2nd IF. may be obtained
as follows:

Let

f=signal frequency, f, =1st LF.

f,=oscillator frequency and F =2nd LF.
then -

f—f,=f, and {,—f,=F

f4+F f—F

solving f,= and f,=

2

The performance of this circuit as used in
the JFM-90 will now be considered in some
detail. Figure 2 indicates the computed in-
put impedance of the 6AB7 tube and the
computed tuned circuit impedance both
plotted against frequency. The input con-
ductance of the 6AB7 was first com-
puted as an amplifier using the formula
g = .3f 4 .065f° This conductance was then
halved since the tube operated as a con-
verter has only half its normal mutual con-
ductance. The reciprocal was then taken to
obtain input impedance and the result
plotted. The tuned circuit impedance was
computed knowing the inductance to be
0.45-microhenry and the effective circuit Q
to be 120 with the primary loaded with 100
ohms. The net result of these 2 parallel
impedances is shown and is seen to be near-
ly constant at 7,000 ohms.

The antenna coil gain can now be com-
puted in the manner previously discussed
and the result is shown in Fig. 3. The actual
measured antenna coil gain is also plotted.
The computed gain is nearly constant at
5.8 while the actual gain varies from 5.2
to 5.6. The agreement is seen to be reason-
ably close. It should be noted that the an-
tenna gain computed previously assuming
the 6AB7 tube to be operated as an ampli-
fier was 4.8, The difference, of course, is due
to the higher input impedance of the tube
when operated as a converter.

The impedance of the 1st converter tuned
circuit and the 6AB7 2nd converter input
impedance are plotted against the 1st LF.
and are shown in Fig. 4. The net equivalent
of these 2 impedances is plotted and seems
to be approximately constant at 15,000 ohms.
The first. converter gain can then be com-
puted assuming the g. of the 1st converter
to be 2,600 micromhos. This is shown in
Fig. 5 along with the amplification as ac-
tually measured. It is again seen that the
agreement is good, the computed voltage
gain varying from 36 to 38 and the actual
voltage gain from 34 to 42.5.

The total voltage gain ahead of the 2nd
converter is shown in Fig. 6. The computed
gain is seen to vary from 210 1, 24. and
the actual gain varies from 182 to 228, It
is readily evident, from this, that we can
essentially realize the amplification of 200
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which we found necessary to provide the
total required voltage gain of 4,000,000 prior
to the limiter input.

Having disposed of the problem of ob-
taining sufficient voltage gain to produce a
signal large enough to provide adequate
limiting on any input down to the actual
receiver noise level we are in a position to
undertake the 2nd required improvement
of more satisfactory limiting.

SINGLE-TUBE LIMITER

The lémiter used in previously available
production receivers is the conventional “sin-
gle tube grid-bias” type. As is well known,
this merely consists of a grid condenser-
resistor combination in conjunction. with a
sharp cut-off pentode such as the 68J7. The
limiter also generally operates at reduced
screen-grid voltage to provide as small an
active-grid voltage swing as possible. By
“active-grid voltage swing” is meant grid
voltage variation active in changing plate
current.

The control-grid bias limiter though sim-
ple in appearance is somewhat complicated
in operation. Its purpose, of course, is to
remove amplitude modulation. In order to
describe its operation, first assume a con-
stant-amplitude signal applied to the limiter
grid having a peak-to-peak amplitude sev-
eral times the active voltage swing of the
tube. The positive peaks of this signal will
then charge the condenser sufficiently to
provide the required negative bias which
is nearly equal to the peak amplitude of
the signal. Since the condenser discharges
relatively slowly through the grid resistor
which may have a value from 50,000 to
250,000 ohms and charges rapidly through
the tube grid resistance which is of the
order of only 2,000 ohms, it is evident that
only a small portion of the signal is re-
quired to drive positive and draw grid cur-
rent, The smaller the grid leak the more
positive the signal has to go since the con-
denser then discharges more rapidly.

It is seen that with a limiter operating in
this manner the plate current flows in pulses
produced by part of each positive grid cycle.
The remaining part of the positive grid
cycle as well as the entire negative half
drives the grid beyond cut-off. Now assume
that some amplitude modulation in the form
of an increase in signal amplitude occurs.
It is evident that the grid will be driven
more Ppositive by this increase in signal
and the plate current will tend to increase.
However, the plate circuit pulse also be-
comes slimmer since a smaller percentage
of the. total positive grid cyele produces
plate current. This tends to reduce the
average plate current. The trick is to select
a value of grid resistor so that these 2
effects ‘produce no net change in the funda-
mental component of the plate pulse. The
difficulty is, however, that this balance will
only hold over a small input range, If a
signal having 10 times or 1/10 the ampli-
tude of the one considered is applied to
the limiter this balance will no longer hold
and & new value of grid resistor will have
to be found for each case.

This is one of the major difficulties with
the single-tube grid bias limiter. The other
concerns its operation on impulse noise for
which it is notoriously ineffective. This is
due to the time constant of the grid con-
denser - resistor combination which is too
slow to properly follow short-duration im-
pulse noises. The grid condenser can only
be reduced to a point where it begins to
seriously affect the sensitivity. In practice
the grid condenser is reduced as much as
possible and then a severe compromise made
by reducing the grid leak from 20,000 to
50,000 ohms. This is much too low a value
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AS CHIEF CONDENSER BLOWER OUTER
OTTO OOMPH WAS A FLOPPEROO

Ever since Otto Oomph
was a boy, he suffered from
a strange discase. Smasho-
phobia, the doctor called it
—the horror of breaking
things—but there was noth-
ing to be done about it.
When he broke a Christ-
mas tree ornament one
vear, poor Otto cried for
two days. When he grew
up, he wouldn’t shoot as
much as a clay pigeon and
even the thought of dent-
ing the fender of his car
would make him sick.

Eventually, however,
Otto became an electrical expert. That got
him a job in the Sprague lahoratories and
Otto was really happy for the first time—
that is, until someone made him Chief Con-
denser Blower Quter in the Test Division.

Now, voltage in the electric chair at Sing
Sing is 1,200 volts. In contrast, controllable
AC voltages in the Sprague lab run as high
as 7,200 (and much higher in the special
high voltage lab) for here is where Sprague
condensers really get “the works.” They are
torn apart, blown apart, tortured and blast-
ed, not only to see how good they are, but
how to make ’em even better.

WHAM! Poor Otto jumped six feet when
a can condenser, deliberately loaded with
supercharge to determine its break-down
point, exploded in a cage.

BAM! SNAPPETY-CRACK. Otto shiv-
ered as another condenser gave its life under
4,000 volts of DC. . ..

CLICKETY-CLICK in monotonous regu-
larity as AC refrigerator motor starting
condensers were switched tortuously on and
off 150 times an hour.

SI1ZZ-S1ZZLE and SISS as vapor streams
played on condensers to prove their mois-
ture-proof ability.

to permit the desired balance for normal
amplitude modulation as previously ex-
plained whiech requires grid resistance of
the order of 125,000 to 200,000 ohms.

CASCADE LIMITER

These difficulties are essentially removed
by the use of a caseade limiter. Figure 7
shows the cascade limiter employed in the
JFM-90. It will be noted that 2 65J7 limiter
tubes are emploved in cascade utilizing re-
sistance coupling between the stages. This
produces a gain in the 1st limiter of ap-
proximately 3. It will be noted, therefore,
that the maximum signal that can be ap-
plied to the 2nd limiter is only 3 times the
active grid voltage swing of the 1st limiter.
If the active grid swings of the 2 tubes
are equal, the 2nd limiter only has to handle
a 3-to-1 signal ratio. This permits the
choice of a grid resistor which will provide
an excellent balance of increased peak cur-
rent vs. reduced transit angle for all signal
inputs. The grid resistor of the Ist limiter
is 50,000 ohms and picked to provide a short
time constant and consequently good limit-
ing on impulse noise.

The large reduction of impulse noise in

the 1st. limiter makes time constant con--

siderations for the 2nd limiter much less
important, and the 2nd limiter grid resistor
can be chosen substantially without regard
to time constant. A value of 180,000 ohms
is chosen in this instance. On direct listening
tests this cascade grid bias limiter has been
found superior on impulse noises to the non-
grid bias and direct-coupled limiters that
have been tested.

The combination of greater sensitivity
and better limiting can be shown by a sin-
gle curve showing the amount of limiting
in decibels plotted against signal input.
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In a massive oven, dozens
of units were undergoing
life tests at 200° F. Else-
where, Television condensers
were telling theirstory under
3,000 to 10,000 volts of DC;
tiny electric razor condens-
ers were getting the equiv-
alent of 14 years of the
hardest kind of use; and,
almost every minute some
condenser gave up the ghost
and another fact was added
to.the science of construct-
ing condensers that excel in
the rough and tumble usage
of the field.

“] can’t stand it—I can’t stand it,” wailed
Otto at last, weeping over the remains of
an 8 mfd. 450 V. Atom midget dry elec-
trolytic. .

“Gosh, Otto,” consoled an engineer. “*What
vou worrying about ? That condenser is only
rated at 450 V. We had to smack it with a
surge of almost 700 V. before it went.””

“Sure,” sobbed Otto. “But 1 can’t stand
this business of busting things. It ain’t fair
to treat such swell condensers so downright
mean. It makes me sick. I—I wanna quit.”

And quit Otto did.

*Twas a year before we heard from him
again and then he wrote:

“Dear Boss: Maybe you think | was silly to quit my
job. but it Just isn't my nature to bust things up. I'd
go home nights and dream about condensers on those
torture racks—the finest condensers in the world Just
waiting to be blown up even if 1t took all the power in
Massachusetts 1o do it.

“But all’s well that ends well. I'm in the radlo service
business and doing fne. | use Sprague Condensers—
and boy. are they roal! Not a blow-out In a carioad.
No fallures from moisture—or anything else in fact. 1
realize |t's lardely beeause of the work you guys are
doing back there in ths lab. but | still say blowing up
condensers Is a helluva job for a sensitive man like me.

Love and Kisses. OTTO OOMPH™

SPRAGUE PRODUCTS COMPANY
North Adams, Mass.

e 100 Sixth Avenue, New York, N. Y.

YOUR OWN
MULTI-TESTER

- ST You'll save -money. Here
everything you need to'build your own versa-
tile, modern multi-tester—at typical.Lafay-
e i Rush ‘your theck or.money
for FREE:196 page Lafay-

r‘*oun pAFLA D r
ot Le‘i'chtang -Nojflaz(wp you order.

00,
oG volts to 5.000,
:Sp\&ou-. mi|li:mpocv:;:
i mperes, ohmi.
:clictr::n:indu:un:- from

charts furnished.

=
LAFAYETTE HARDWOOD CASE. Finely fmithds ‘2
open-face case, with feather handle, KI10530........0 I

o NEW YORK, M. Y.
100 Sisth Ave.
e CHICAGO, ILL.
P01 W. Jockion Bivd.
ATLANTA, GA_
245 Peachires Straet
BOSTOM, MASS,
. — 5 "R BRONX, M. T.
L& N B N §F N Kk J |
LAFAYETTE RADIO CORP.
Il Dept. 3C1—901 W. Jackson Blvd., Chicego, Ik

NEWARK, N, J.
JAMAICA, L. 1.

(] O fenclose $. ............. Rush my order. ]
. O Please rush FREE cotalog. l
(] NAME. ]
ADDRESS E
. B
CITY... . STATE. = —
N N 8 3 N N 1 N B B § |
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MODEL 1600-E
DEALER NET PRICE 21

DC scales of the instrument read: Vol-
tage 0-10-50-250-1000 (25,000 ohms
per volt); 0-1.10-50-250-500 milliam-
peres; Resistance, low ohms, backup cir-
cuit, % to 500 high ohms, 20,000-
200,000 ohms and 2 and 20 megohms.
Batteries included for all ranges but 20
megohms. 22% volt battery for that
range can be mounted inside the tester
case; brackets provided AC Voltage
0-10-50-250-1000 at 2000 ohms - per
volt. A plug-in copper-oxide rectifier,
easily replaced in case of overload, is
used to obtain AC readings. Model
1600-E, less case for mounting in panel.
. . . Dealer Net Price.... $21.00
In case with handle for portable use—
Dealer Net Price...............coccovvni . $25.50

MODEL 1620

This is a counter type, lever switch oper-
ated tube tester. Four
**quick change” non-
obsolescent features,
including RED @ DOT
Lifetime Guaranteed
Instrument. Speed Roll
Chart, New socket
panel and Switching
Section can all be re-
placed should unantici-
pated changes make it
necessary.
Dealer Net Price
$37.84
WRITE FOR CATALOG—SECTION 163 HARMON AVE.

FRIPLETY ELECTRICAL INSTRUMENT CO.

Bluffton, Ghio
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Figure 8 shows sueh a curve for the JFM-90
receiver and also includes a curve for a
representative receiver of last year’s pro-
duction which employs an R.F. amplifier, 2
stage I.F., and single-tube grid bias limiter.
The tremendous improvement in the new
receiver on both counts is immediately
evident.

"COMMERCIAL" SENSITIVITY

It will be noted that it requires approxi-
mately a 4-microvolt signal to produce 20
db. quieting. This is due to the presence of
peaks of random noise which have about
4 times the r.m.s. amplitude of 1yv. The ques-
tion might be raised of whether a 4-micro-
volt sensitivity might not have been just as
good as the l-microvolt value we were en-
deavoring to obtain. It is felt that this lat-
ter sensitivity is desirable to take care of
the variations of sensitivity in production
and possible later misalignment. Manufac-
turing final test limits are generally about
3 times that of a representative normal re-
ceiver and additional reductiong in gensi-
tivity are likely to occur in storape, ship-
ment and normal uge. It is thus evident that
some receivers in actual use will be deficient
in sensitivity possibly by a factor of 3 to 5
times.

The effect of such sensitivity loss on quiet-
ing signal input was determined for the
JFM-90 by adding adjustable bias to the
LF, amplifier to reduce the 1.F. sensitivity
by the desired amounts and then the quiet-
ing signal input measured. The result of
these measurements is shown in Fig. 9 and
for comparison a similar measurement was
made on an ordinary type of F.M. receiver
requiring a quieting signal input of 10 mi-
crovolts. It will be noted that the required
quieting input does not change for the
JFM-90 with gain reductions of as much as
5 to 1 while that of the ordinary receiver
increases in linear fashion.

IMAGE REJECTION

It is obviously impossible in an article
of this nature to cover in such detail all
the features of the JFM-90 translator. In
view of the new type of superheterodyne
circuit used a brief review of its perform-
ance as regards image recjection may be of
interest,

In the usual double superheterodyne 2
sets of images have to be considered, one
differing from the signal by twice the 2nd
I.F. and the other differing by twice the
1st LF. In the common-oscillator double-
superheterodyne circuit used in the JFM-90,
however, the 1st I.F. is variable making the

image frequency fixed at the same frequency
as the 2nd LF., namely 4.3 megacycles, Al-
though this means that the 1st tuned circuit
alone is effective in providing IL.F. rejec-
tion a value of 800 is obtained in the JFM-
90. It is felt that this is entirely adequate
from a commercial standpoint.

OSCILLATOR DRIFT

The importance of good oscillator stability
requires no comment. This problem, normal-
ly quite serious in an F.M. receiver, has
been alleviated in the JFM-90 by the re-
duced frequency at which the oscillator op-
erates, namely, 18.85 to 22.85 megacyeles.
The oscillator circuit is shown on the sche-
matic diagram, Fig. 1.

To further reduce drift a 7A4 loctal-type
tube is employed using a mica-filled bake-
lite socket. Hard-rubber stator insulation is
used on the gang condenser, and the oscilla-
tor coil is wound on a ceramic form. Trim-
ming is accomplished with an air condenser
and the grid condenser is of the zero-
temperature-coefficient ceramie type. The re-
maining drift is substantially removed with
a shunt ceramic condensér having a suitable
negative coefficient. The resulting drift is
indicated in Fig. 10.

Drift precautions are maintained through-
out the remainder of “the circuit. The LF.
trimmers are of a composite construction
having the major portion of the capacity
in a fixed silver-mica unit and only that
necessary to compensate for manufacturing
and tube tolerances in the adjustable unit.
All R.F. and LF. coils throughout the trans-
lator are wound on ceramic forms. The dis-
criminator has wider peak separation than
in some previous designs to further allevi-
ate the effects of drift and to provide less
critical tuning. The discriminator curve is
shown in Fig. 11.

The I.F. selectivity curve of the JFM-90 is
shown in Fig. 12. It will be noted that ap-
proximate critical coupling is employed with
75 ke. deviation down about 2 times from
normal input. The LF. system was some-
what over-designed to cope with the situa-
tion existing until Jan. 1 where adjacent-
channel operation of F.M. stations was
prevalent in the same locality. Eight tuned
circuits were provided in this connection by
making the first 2 transformers of 3-coil
construction.

Concluding, the writer wishes to express
his appreciation to Messrs L, M, Ewing and
W. W. Moe for the various performance data
precented and to Mr. R. B. Dome whose lec-
ture material was utilized in the computa-
tions included in this article.

RECOLLECTIONS OF BROADCASTING’'S EARLY DAYS

Versatile was the word for a radioman
back in the early -days of the broadcasting
business recalls announcer John B. Gam-
bling, for 15 years a familiar WOR voice.
John likes to remember:

... When he was often announcer, engi-
neer, newscaster, physical training instrue-
tor, all in the space of an hour and a half.
... When he used to go out on “remote”
assignments to hotels and night clubs, with
an amplifier under one arm, “B” batteries
under the other, a coil of wire on his neck,
and huge batteries in his hands which
dripped acid on his Tuxedo pants. WOR had
only one set of remote broadeast equipment
in those days, so John had to lug his load
to as many as three places during a night.
.« . When he was pinch-hitting for “The
Man in the Moon,” the first kiddie's broad-
caster (“Little Sylvia of 999 Newark Ave-
nue has been a very good girl, so Sylvia I'm

RADIO-CRAFT

going to pin a big, bright star right over
your house.”)

.« « When mike fright was so common that
a famous actress “froze’” and couldn’t utter
a word, and when in the midst of a com-
mercial program a speaker got so frightened
she fainted in his arms.

... When he interviewed the late Queen
Marie in her boudoir in a special train en
route to New York from Washington, D. C.
. . . When he took two parts in WOR’s first
dramatic show, “Step on the Stairs,” a mys-
tery thriller, announced and engineered as
well. He would monitor the program, then
dash out for his lines, then rush back into
the control-room again.

... When most programs consisted of
either/and/or a pianist and singer, and the
staff pianist used to do four consecutive
fifteen minute programs under four dif-
ferent names.
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‘ *TEST INSTRUMENTS ®

GENERAL UTILITY TESTER
For S’etvicini Electrical ﬁpp/ianced

Radio men looking for new fields to profitably explore, will do well to consider the possi-
bilities afforded by Electrical Appliances, as Mr. Litt here capably shows. The design and
use of an A.C.-D.C. “appliance tester”, measuring up to 100 amperes, 1,000 volts and 5,000
watts, and down to 1/50th ohm, and especzally devised for this service, is described in this
article. Circuit features mcorporated in the imstrument are diagr ammed and analyzed.

have been looking for newer equip-

ment so that fields associated with

radio, which their knowledge of elec-
tricity and radio covers, could be serviced.
Appliance repairs, a field very close to radio
repairing, has been sorely neglected. It is
true that most radio Servicemen have fixed
small defective equipment such as toasters
and electric irons. However the larger elec-
trical appliances have been usually neglected.
This is not because the Servicemen do not
know how to repair such appliances but
rather because of a lack of suitable equip-
ment. With a simple tester such as described
below, motors, electric ranges, heaters, irons,
washers, sun lamps, vacuum cleaners, electric
refrigerators and even air conditioning
equipment may be successfully serviced.
Further, the cost of operation of these vari-
ous appliances may be easily computed and
estimates given, all based on the prevailing
price per kilowatt-hour rate.

The Utility Tester here described (see Fig.
5 for circuit diagram) operates on simple
electrical laws and is basically a multi-range
voltmeter reading both A.C. and D.C. By
taking each section of the instrument sep-
arately, a better understanding of the in-
strument can be had.

RADIO SERVICEMEN in recent years

D.C. YOLTMETER

The voltmeter section uses a simple volt-
meter circuit known to every Serviceman.
It consists of a 0-1 ma, meter and a group
of series resistors to give the proper voltage
ranges. Six D.C. ranges are available, viz,,
0/1/10/50/100/500/1,000 volts. They are se-
lected by 6 positions on a 2-deck, 7-position
rotary switch. The sensitivity of the meter
is 1,000 ohms/volt. (See Fig. 1.)

A.C. VOLTMETER
The A.C. voltmeter is not so conventional.
It makes use of the same 0-1. ma. move-

SHEPHERD LIT'I‘

ment but with a half-wave rectifier across
it. A current-limiting resistor is placed be-
tween the half-wave rectifier and the meter. -
This resistor determines the amount of
linearity of the A.C. scale. The higher this
resistance, the more linear the A.C. scale.
An 800-ohm resistor is used in this instru-
ment to give a fairly linear scale and at
the same time eliminate needle vibration.
The multiplier resistors are placed between
the source of voltage and the rectifier.

Because of the amount of current taken
by the rectifier, the A.C. sensitivity of the
meter is approximately 400 ohms/volt. This
relatively low sensitivity is of no importance
since most A.C. voltage readings are taken
of low-impedance lines. Therefore the meter
nmovement need not be as highly sensitive as
for D.C. use. The A.C. ranges are taken
from the lower deck of the 7T-point 2-deck
switch. Six voltage ranges are available,

viz., 0/1/10/50/100/500/1,000 volts. This
allows a very wide range of voltage meas-
urements. (See Fig. 1.)

AMMETER

The ammeter circuit (Fig. 2) is also un-
conventional. It consists of a single shunt
across which a voltage drop is measured.
The ordinary ammeter uses multiple resist-
ances placed across the meter movement it-
self. These vesistances carry a large current
necessitating & switch with very large con-
tacts which is impractical on ranges over 1
ampere. The circuit used here eliminates the
need of a large switch since only a small
amount of current flows through the switch
contacts. It makes use of the fact that the
voltage drop across a resistor rises in pro-
portion to the enrrent through that resistor,
in other words, Ohm's law. If this resistance
is made 1 ohm, the voltage drop across this
resistance will be equal to the current pass-
ing through the resistance. By connecting
a multi-range voltmeter across this resist-

Illustration of the completed General Utility Tester.

ance a very simple ammeter can be had.
This resistor will have to be of high watts
rating so that the high current passing
through it will not burn it out. The volt-
meter across this resistor should have a
high resistance so that the amount of cur-
rvent drawn from the circuit will be small.

WATTS

If the amount of current flowing through
the circuit is multiplied by the voltage
across the circuit, watts or power consump-
tion results. Since this instrument contains
both a direct-reading voltimeter and an am-
meter, the watts drawn by any appliance
can easily be measured. (See Fig. 3.) The
scale of the instrument has all the necessary
computations on it, but since there is a
power loss in the 1-ohm resistor, this power
loss must be added to the scale reading to
indicate the power drawn.
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1100 HMS) Sugre Yy = 1004 i
. RECTIFIER VOLT METER 0.9-n Y. RESY EE H 1 oc. ~ RECTIFIER {
(UNIVERSAL) 's‘:«ou:-? on ELL . |
=
Ak N= 7/ 10004 10.000a o;ﬁ' 50 s, |
— GANGED — \ omse/
1 ADJUST ARAAAM e |
i i g : al
ok 5v
R | X 7 PG s te 1 / !
SouRCE Loab | crcurT : (e octy
i \ (1v, 14,
L= = 100w, t 10 So 100 SO0 looo
% D.C ~AMMETER ~ EI® Y| ~HIGH-RANGE OxmmETER~ [TIRII] L0 ~)
. AL
o %so%otsoo it A [ fumvens RS é o
(vourusvsn LR i
CALIBRATED !
IN WATTS )V, ~ i
‘) 1.:\.) 1000 F's 6n
ADJUST L 1B™
400 OHMS-PER- i Al e
VOLT (APPROX.) WATTS LOST HERE ; / THROLGH 1.5y
% v/A SOURCE EQUAL TOappLiED J LoaD | THAOUGH | " W
@ y / VOLTAGE AT SOURCE L
t V.onwy —
~D.C.aND A C VOLTMETER~ [N ~ WATTMETER ~  [EIE] | ~LOW-RANGEOHMMETER~ IR ~CompLeTE UTILITY TESTER~  [E[TEN
RADIO-CRAFT for MARCH, 1941 535



e —arTy

Save mecney on an up-to-the-minute tester in
just a few-hours spare time. 's instructive, and
you'll get o kick out of it, too. These RCP Kits
hove every latest feature in tesi equipment.
They're camplete — no extros ta buy!

MCGDEL L
41IK

SUPERTESTER

COMPLETE KIT

$17435

SPECIFICATIONS
0/10/100/250/1000/5000 veolts
DC; 0/10/100/250/1000/5000
volts AC; 0/200 microamperes
DC; 0/10/100/1000 milliamperes
DC; 0/1/10/25 amperes DC;
0/500 milliamperes AC; 0/2.5/5/
25 amperes AC; 0/400/40,000/4
megohms; (40 megs with extra
battery); Db. meter, 5 ranges =10
to +69; Capacity from .002 to 1
Mfd.; lnductance from to 70
Henries; (direct reading from
charts); 43%” square D'Arsonval
meter; Hardwood carrying case;
All necessary parts,

MULTITESTER

COMPLETE KIT

$8-49
SPECIFICATIONS
0/5/50/250/500/2500 volts DC;
0/1/10/100/1000 milliamps DC;
0/10 amperes DC; 0/10/100/500/
1000 volts AC; 0/500/100,000/1

megohm; (will read as low as |
ohm); Four Db. ranges, -8 to
~4-55; Output meter four ranges:
3” square D'Arsonval meter; Wal-
nut finish case; All necessary parts.

YOU NEED a modern meter that
tests Television and FM sets, fluo-
rescent lamps, neon signs, household
equipment, motors and lots of other
money-making service work. See
both of these latest type, value-priced
RCP Kits at your
Jobber—or send for
Catalog 124 Today!

RADIO CITY

PRODUCTS COMPANY, INC.
88 PARK PLACE * NEW YORK, N. Y.
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If a toaster is connected to the appliance
tester and the meter scale reads 440 watts,
and the applied veoltage to this toaster is
110 volts, the sum total will be 550 watts
drawn. Since the power loss in the resistor
is equal to the voltage applied, then the ap-
plied voltage can easily be added to the
scale for correct readings. This is true ir-
respective of the line voltage used. An out-
let on the front panel of the tester facili-
tates measuring the power in watts drawn
by any appliance having a standard plug
at its end. All other tests including the
watts drain of equipment not having stand-
ard plugs are made by inserting the test
leads inte the proper tip-jacks. The A.C.

readings on the wattmeter are read the’

same way as the D,C.; however, the accuracy
on A.C. will be slightly off if a large induc-
tive load is in the circuit. This is due to the
out-of-phase relationship of the current and
voltage. For ordinary work this can be dis-
regarded. The cost of running equipment
can be computed by multiplying the power
drawn by the amount of time the appliance
is used. This in turn is changed to kilowatt-
hours by dividing by 1,000 and then multi-
plying by the prevailing rate per kilowatt-
hour.

OHMMETER

The high-range ohmmeter (Fig. 4A) uses
a conventional circuit and consists of a 1.5-
volt drycell, a zero-adjusting resistor and a
100-milliampere meter. The 100-ohm, zero
to 1 ma. movement is shunted by a 0.9-ohm
resistor to obtain the 100-milliampere range.
By using this method, a value of 16 ohms
appears in the centér of the scale and the
scale reads up to and including 3,000 ohms.
This is more than enough for all appliance
work.

The low-range ohmmeter (Fig. 4B) is un-
conventional as it consists of a 0-1.0 volt
voltmeter across which a l1-ohm resistor is
placed. A current of 1 ampere or less is
passed through this 1-ohm resistor and the
corresponding .voltage drop is read. With
this method a center-scale reading of 1.5
ohms can be had. The useful range of this
low-range ohmmeter is up to 300 ohms. A
feature of this circuit is that 1/560 of an
ohm is the first scale division and can easily
be read. This is a “must” as windings on
transformers and motors often approach
this value of resistance.

This articlc has been prepared from data
supplied by courtesy of Superior Instru-
ments Co.

— R —

AGAIN, HEARING-AIDS

Dear Editor:

In the May, 1940, issue of your magazine
you have an article on hearing-aids in which
I am very much interested, as I am very
hard of hearing (so-called “deaf”), and have
a great deal of trouble with hearing-aids as
I am classed in group 4 with 85% deafness.
I do not believe the circuits you have de-
scribed will be strong enough for me, and
if you can send me the more powerful lay-
out you spoke of in. the article I will be
very grateful.

Thanks for this favor.

Epw. J. GEAR,
Los Angeles, Calif.

Mr. Shaney advised in this connection
as below.

A higher-powered hearing-aid can not be
conveniently made wearable. If you would
have no objection to having this unit de-
stgned to fit a space of approximately a 4-in.
cube, I shall be pleased to present such a
design in a future issue of Radio-Craft.

RADIO-CRAFT
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BUILD

the RADIO CITY PRODUCTS CO.

MULTI-RANGE
TESTER

Complete Kit of parts as de-
Bibed! ¢y pm = s R T 16

Special sale on Radig City Products 3446,
as featured in  December issue o
RADIO-CRAFT, Complete Kit of ggn 32
PartS i st bt n rah deiers dhmrs 8

Both Kits now ready for imm!dln(o delivery.

ADSON RADIO

201 Greenwich St., New York City

110 VOLTS AG ANYWHERE

With KATOLIGHT. Furnish standard 60-cycle
AC for operating sound truck equipment,
AC radios, transmitters, flood lights, motors,
moving picture projectors, etc.

A complete line of light and power plants
ranging up to 10.000 watts capacity. Also 6,
12 and 32 volt battery charging plants. Diesel
plants. rotary converters, and frequency
changers.

List prices $50.00 and up

Jobbers and Dealors Write for Latest Catalog

Kato Engineering Co., Inc.

MANKATO, MINN., U.S.A.

ELEMENTARY
MATHEMATICS

® EASY ~ SIMPLIFIED — PRACTICAL @

ERE_Is a hook for the business man, the toch.
nielan and eraftsman explaining and answering
every operation and meaning with Interpreting
|||ulﬂ‘l||0lll and examples.
is the kar to & simulo understanding of many
nernlelinu problems in dally [lte.
n_clear, positive and deﬂnlto ‘language, the author
pobularizes And clarifias every subject and helps the
reader 1o overcomo any apparent difficulty In the study
of mathematies.
A real home study-course In mathematles for the
student or the man who wants to achieve oroficlency
or desires to brush-up on his knowledoe.

w Entire Chapter on Special Math. —“
ematics for the Radio Technician

CONTENTS OF BOOK

CHAPTER 1. Arithmetic—Addition—Bubtraction—Muitiplie
eauon—DlviM
QNAP‘I’EI ", Fldnrlnt nnd Cancnnnlon‘—\"rlctlons—buﬂ

nla=—Percentage—Ratic—and Proportion
CNAFTER 111, The Metric System

l:um:"E:n 1v. How to Mcasurc Surfaces snd Capacity
com:
cHAPTER % Powers ana Involution—Roots and Bvolu-
GNAPrEl! Vi, Mathematics for the Mln
and Technical Crafts mln—'l‘h!r
mom-ler conversions — Graphs or
Curve Flotting—murlmms—U-e of QMNLY
the Side Rule
CHAPTER_Vil. Spcclal Mathematics for 500
cuAp‘#Eu vll'lo gemmodl 1 Galculations—
ommercial
¢sts — Diacounts — Sbort Cut POSTPAID
Arﬂhmctlc
CHAPTER tX. and M

Useful Tabln
'*Elementary Mathematics'® can be carried readily in vwropuln
Send Stamps, Cash or Money of.

TECHNIFAX

1817 8. State St. Chicago Il
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INSTRUMENTS

Vacuum-Tube Yoltmeters are of many different '(n

the above photo layout are identified as follows:

modal 60 Electronic Multitester; (4) Superior Instruments Corp. Dynarometer; and, (5} Weston Electrical Instrument Corp. model 669 Yacuum-Tube

' A

GREAT deal of material has been
A printed with reference to the basic

design and use of the V.-T. Voltmeter,
or “V..T.Vm.,” so that now it may
be in order briefly to review what we have
learned and to take stock of the methods
available to those unable or unwilling to
pay the prices asked for such equipment,
. prices which range from about $20 to over
$100 of hard-earned money. (A number of
V.-T. voltmeters have been described in con-
struction articles in past issues of Radio-
Craft.—Editor)

Fundamentally, as has been so often re-
marked, the “V.-T.Vm."” is a detector of al-
ternating current, or in other words, it is a
direct current amplifier. There is an essen-
tial difference in the operation of the in-
strument according to whether it is to be
used on A.C. or D.C. and there is a further
classification possible of the A.C. instru-
ment, which is one concerned with the fact
of its mode of operation on (a) peak, (b)
effective or (c) mean values of alternating
current.

SLIDE-BACK
The classic example, and one which you

es, and in commercial designs present quite different appearances, as here illustrated. The instruments in
RCA Junior YoltOhmyst; (2} Supremae Instruments Co. model 549 Electronic Yoltmeter; (3) Radio Cif‘ Products

oltmeter.

V.=-T. VOLTMETERS
'ﬂeoty and Practice

A Serviceman casts an expert eye over published descrip-

tions of vacuum-tube voltmeters, discusses their pros and

cons, and concludes with the construction details of a

“V.-T.Vm.” he finds exceptionally suitable in his everyday
gervice work.

WILLARD MOODY

electrical quantities, is that of the slide-
back type of voltmeter depicted in Fig. 1 ().
This type, while accurate, is apt to give
trouble, since a stable source of bias supply
is required, and, in addition, stray currents
may flow through the grid-circuit meter.
Also, it generally has low sensitivity unless
an expensive galvanometer is used in the
plate circuit at a sacrifice of ruggedness
and maintenance of calibration. Of course,
a D.C. amplifier could be used, but there

“still -would remain the necessity for adjust-

ing the meter for every single voltage test.

The main advantage of such a peak volt-
meter is its very high input impedance,
which is essentially that of the grid to

—_—

cathode of the tube. Also, it measures the
peak va!ue of an alternating current, a
useful feature in determining, for example,
the overload point in an audio amplifier grid
cireuit.

The connection from the voltmeter to the
receiver circuit being tested should, of
course, be shielded, and the shielding in-
sulated to prevent the possibility in the case
of an A.C.-D.C. receiver of shorting the
power line; or in the case of an ordinary
A C. receiver of shorting, through allowing
the cable to touch the wiring, of any sec-
tion of the set:

For stability, a high resistance, of the
order of 10 megohms, should always be
connected across the input circuit to provide

will find in many texts on measurement of . ‘pha- DI+ TAmateur Handbook 1980 Editlon, o oonetant path for the flow of direct cur-
30 1.MEG. 9.1-MF. 45 e NEGATIVE
( ) AE SPkR NP FEEDBACK
CY
INPUT ')
o.C.
NPUT 25 || «2—— e
v, N  ~STABLE )
BiAS  pC.VOLTMETER /
(FUTERED INPUT) ~ g 7
955 10MEGS 6Q7 L I
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M'!—'I' »: ~SLIDE-BACK e T recuianion =~ RIDER
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rent from the grid of the tube in the
V.-T.Vm. to its filament or cathode, depend-
ing on the type tube used. This will remove
the possibility of meaningless fluctuations
of the meter in the plate circuit. In the case
of the instrument designed to work on D.C.
a condenser across the input will filter out
the A.C. with a resultant stability, precau-
tions being taken of course that the design
of the instrument is such that if the
V.-T.Vm. is connected to a circuit in which
A.C. is flowing there will be no disturbance
‘of its value, except as concerns the meter
and not the circuit itself. This is clearly
shown in Fig. 2.

The ‘grid leak and power detector have
their counterpart in the family of vacuum-
tube voltmeter circuits. The first has great
sensitivity, but slightly loads the circuit. The
second has negligible loading effect upon
the tested circuit, but the sensitivity is not
as great. At present, most commercially-
made V.-T. voltmeter circuits are of the
“plate detection” type, although in the case
of one expensive instrument(’) a “diode-
type” rectifier is used in conjunction with a
D.C. amplifier arrangement.

In this circuit advantage is taken of the
fact that a condenser will charge up to the
maximum value of an applied voltage, in a
relatively short instant of time, and thus
there will be only a momentary loading of
the circuit. The further advantage is that in
the diode rectification circuit, independence
of frequency variation is achieved with con-
siderably greater accuracy of operation.
This is shown graphically in Fig. 3.

INVERTED TRIODE

There is still another type of voltmeter,
the inverted triode, used for high power
measurements. This is shown in Fig. 4. The
flashover voltage of the tube should be high
enough to prevent damaging the meter, in
the case of high voltage tests. This type may
be used for not-too-high (television) re-
sistance circuits, or for amateur transmitter
checking.

There are also a variety of other circuits,
most of them having no great importance,
which it is necessary to inspect to get a
clear picture of the entire field of this
type instrument (*). A study of the opera-
tion of these circuits again reminds the
Serviceman or amateur of the basic prin-
ciples of vacuum-tube operation(‘} which
are vital to the complete and useful under-
standing of the procedure to be followed in
testing with the V.-T.Vm. as well as grasp-
ing its fundamental design principles.

An elementary explanation and a simple
circuit, depicting chiefly the use of the volt-

{2) General Radio Co. ~

(%) Sylvanla News, January, 1938

{4) *"Vacuum Tubo Voltmetcrs,” K. Lorenzen, Service,
January, 1938,
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meter as a very sensitive output meter, is
available(®*) and will be of assistance to
the beginner in servicing.

"DUAL-TRIODE" BALANCE V.-TVm.

An easy-to-understand analysis of the
V.-T.Vm. is given by Terry in his “Ad-
vanced Laboratory Practice.” This discus-
sion involves a slight acquaintance with
integral calculus. A less mathematical treat-
ment is given in the “Radio Enginecring”
of F. E. Terman.

In the “Communication Engineering,” by
W. L. Everitt, there is given a splendid
chapter on the subject of detection, a real
aid to complete understanding of the
V.-T.Vm. since it is closely related to rec-
tification of alternating current as in the
detector of a receiver.

In the “Radio Engineering Handbook,”
chapter by R. F. Field on Measurements,
there is given a circuit which is of par-
ticular interest, since a form of it is today
being used, with some improvements, in
the Rider VoltOhmyst, a very good com-
mercially-made. V.-T.Vm. Turner and Mec-
Namara, in a 1930 issue of the Proceedings
of the Institutec of Radio Engineers, first
published the data. The circuit is of the
“dual-triode” balance type, and is similar in
principle to the old-style test circuit used
for checking the matching of type 45 tubes
in push-pull, as shown some years ago in
Popular Mechanics. The modern circuit, by
Rider, uses a high resistance in the cathode
lead, as shown in Fig. 4.

SERVICING-TYPE VACUUM-TUBE
VOLTMETER

The circuit which T am using, while not
so complicated, is satisfactory for my pur-
pose, as it will be for most other Service-
men or amateurs. See Fig. 5. The ampli-
fication, as given in the Proc, LR.E, is in
the vicinity of 100. This high value in com-
bination with modern high-mu tubes ren-
ders unnecessary the use of complicated
bridge circuits or D.C. amplifiers to achieve
sensitivity.

Also, the instrument can be made to check
accurately voltages and conditions which are
not so well dealt with by employment of
the oscilloscope with its manifold problems;
the V.-T.Vm.“is a time saver, not time con-
sumer. For flat-top alignment the oscillo-
scope is best in adjusting the LF. as far
as receiver servicing goes. For checking
AF.C. or AV.G, the V.-T.Vm. is my
favorite instrument. Eventually, T believe,
portable instruments of this type will super-
sede and thereby render obsolete our present
antiquated meters of 1,000 to 20,000 ohms/
volt.

The advantage of the V..T.Vm. extends

(%) “Modern Tadio Scrvicing.'" Ghiardl, p. 135,
RADIO

also to the measurement of resistance at
low current values. This is a distinct ad-
vantage, as you can get knocked on your ear
with some of the present-day. equipment
using high voltage on the Megohm ranges
of the tester.

REFLEX V.-T.Vm.

For measurement of A.C. the V.-T.Vm.
may consist simply eof an amplifier with
output meter calibrated in volts or db, and
a suitable source of calibrating voltage un-
der control, which may be checked against
the unknown, as shown in Fig. 6. A less
complicated circuit is shown in Fig. 7. This
circuit is of the reflex type, using the gain
of the triode to supply the A.C. voltage
necessary to allow current flow in the diode
which in turn supplies a negative bias for
the triode grid, reducing the plate current
by the amount or in accordance with the
value of the unknown applied voltage. This
circuit appeared some time ago in the pages
of Electronica magazine, and has bheen
slightly modified.

TESTING A.Y.C. CIRCUITS

One of the most useful features of the
V.-T.Vni. is the ability it has for checking
the A.V.C. circuit of modern radio re-
ceivers. This is shown in Fig. 8, where we
have a typical A.V.C. circuit. The test prod
may be placed across the circuit consisting
of the 0.05-mf. condenser to ground, to
check the amount of A.C. across it, If
audio .voltage appears here, it indicates that
the condenser is open or leaky and should
be replaced. If with the D.C. instrument
the bias to the controlled tubes does not
vary according to the strength of the re-
ceived carrier, being low off resonance, in-
creasing to the maximum value of perhaps
20 volts when tuned to a strong station,
then the A.V.C. supply is at fault and may
be checked by the usual routine resistance
measurements.

For the final result, the resistance meas-
urements must usually be made; why, then,
should we use the V.-T.Vm.? Because, it
saves the time that might so often have been
spent in checking the separate parts of the
network; by localizing the trouble it en-
ables the tester to service only that part
of the A.V.C. which is likely to be at fault.
The first condenser, in the A.V.C., might
have been shorted partially, without affect-
ing to any extent, the rest of the circuit.
The V.-T.Vm. confirms this, before allowing
you to rip the parts out for test.

It is also useful in determining dynami-
cally if the controlled tubes are receiving
proper bias, a point particularly important
where detuning is experienced as the result
of a change in the input capacity of A.V.C.-
controlled tubes. In this connection, refer-
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for less than $50.

GREAT NEWS!!

UtiLity TESTER

The Utility Tester is a new kind of instrument for testing all elec-
appliances—WASHERS,
RANGES, VACUUM-CLEANERS, TOASTERS, PERCOLATORS,
HEATERS, SUN LAMPS, AIR-CONDITIONING, MOTORS,
The Utility Tester enables every possible measurement necessary
to service any electrical appliance.

Mr. Radio Serviceman, here is a new source of revenue for you.
The UTILITY TESTER wiil enable you to accept and economically
service electrical and industrial jobs you have been compelled to
pass up in the past. You already possess the fundamental electrical
knowledge necessary to service electrical and industrial utilities,
and now you can have the instrument which will enable you to
apply this knowledge.to a new and lucrative source of extra income.

SPECIFICATIONS:

A.C. AND D.C. 0-100 Watts, 0-1000
Watts, 0-5000 Watts. The UTILITY TESTER reads the actual watt-
age consumption of any appliance, motor, etc., while it is in opera-
tion. Thus you can actually prove to the layman the actual con-
sumption of any appliance and compute the actual cost per hour
operation, basing your calculation on the local current cost. This
is a feature never before obtainable in any instrument selling

3 WATTAGE RANGES:

6 VOLTAGE RANGES: A.C. AND D.C. 0-1 Volt, 0-10 Volts, 0-50
Volts, 0-100 Volts, 0-500 Volts, 0-1000 Volts,

4 CURRENT RANGES: A.C. AND D.C. 0-1 Ampere, 0-10 Amperes, 0-50 Amperes, 0-100 Amperes. As far as we know,
no instrument selling for less than $50 has ever enabled current measurements up to 100 Amperes.

TESTER provides this service on both A.C. and D.C.
2 RESISTANCE RANGES: 0-300 Chms, 0-3000 Ohms. The UTILITY TESTER reads all resistances commonly used in

electrical appliances and in addition reads extremely low resistances. For instance, 1% ohms appears on the center of
the low ohms scale and resistances as low as 1/50th of an ohm are easily read. This is a feature never
before obtainable in an instrument selling for less than $50.
The Utility Tester comes complete with portable cover, self-contained battery, test leads, and all neces-

Shipping Weight 11 lbs.

THE NEW

IRONERS, REFRIGERATORS,

etc.

The UTILITY

51185

SUPERIOR INSTRUMENTS CO., 136 Liberty St., Dept. S.T., New York, N. Y.

ence may be made to RCA Patent Note
No. 101, which deals with the subject ex-
haustively. The main point is that for very
large values of bias, due to the non-
linearity of the tube characteristics, and
to cathode lead inductance within the tubes,
3rd-order demodulation effects and changed
input impedance may result, with consequent
detuning and distortion.(*)

The V.-T.Vm. is also useful for checking
the amount of hum voltage across filter
condensers, or the A.C. across any con-
denser, which is a positive indication of the
efficiency of the particular condenser under
examination. It gives itluminating knowl-
edge of the function of parts, refreshes the
lagging memory with constant evidences of
how a circuit should operate, refers you
continunusly to basic theory and radio fun-
damentals, allowing you to service all makes
of radio receivers wifth more certainty, since
knowing tube characteristies, you become
ever more concerned with the heart and soul
of the receiver: its tubos. Less dependence
is thereby placed upon circuit diagrams,
which while extremely convenient and de-
sirable, may not always be available. This
is particularly true in the case of the
Serviceman who does not live near the “big
city” and does not have access to as many
diagrams as his more fortunate city dweller.
If he will concentrate on basic circuit
data, and tubes, he will be able to service
radio receivers with a good deal more pre-
cision than would be expected under the
conditions described.

ACCURACY

The V.-T.Vm. is also a satisfactory if not
a better substitute for the oscilloscope in

(*} Radlo Today, Service. and 1CA *“Patent Note
No. 101.”

RADIO-CRAFT for MARCH,

the work on A.V.C. and power circuits. For
one thing, the input impedance is higher,
and because of the meter scale the precision
greater. The oscilloscope has the advantage
of enabling you to see the voltage being
measured, but the scale on the tube affords
only qualitative measurement and there-
fore is not as accurate as a meter scale.
In this regard, let us say that the tubes such
as the 6E5 and 6U5 are not, in our opinion,
desirable as indicating instruments in the
V.-T.\Vm., as the zero setting is none too
clear and there is the disadvantage of hav-
ing no intermediate points between the
widest opening and the narrowest of the

green shadow of the tubes. In the ineter
scale, there are definite points to which one
may refer. For R.F. tests the oscilloscope
is useless, while the V.-T.Vm. comes into
its own, In the Rider Chanalyst, in the
Supreme Audolyzer or the Meissner Analyst,
some form of vacuum-tube voltmeter is em-
ployed to check the various stages in the
receiver, while in the Weston V.-T.Vm. one
instrument serves all functions. The choice
that may be made is limited only by your
willingness, or your ability to spend. I
should say: if possible, buy commercial
equipment; but it is more fun building your
own.

SOUND IS BOOMING/ . . .

. . . 30 }Qac{io-etaét goes to town

The May issue of RADIO-CRAFT will be a '"Sound Special."” Home Record-
ing and Phono-Radio Combinations have taken the public by storm, so
RADIO-CRAFT is going to town! The May issue will be devoted mainly to

Sound. This,

of course,

includes public address as well as home recording

and phono-radio combinations.

In addition to the usual departments on this topic, there will be special
articles and construction projects which will be of considerable value to
Servicemen, Sound Specialists, and radio men in general;—not the ordinary
run of articles but specially-prepared material for this issue.

In addition to this, there will be the usual departments devoted to Servic-

ing, Test Instruments,

Electronics,

Radio Developments, etc.

Reserve your copy NOW!
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Exterior and interior appearance of the completed Modern Multi-Tester built from kit parts.

LBuild yoa'c Own Versatile
MODERN MULTI-TESTER

In the December, 1940, issue of RADIO-CRAFT the author described a simple multi-range
meter which even « novice could easily construct. This month another such wunit is de-
scribed for the benefit of readers who desire to construct for themselves & somewhat more
ambitious mudtiple test meter—one with even more ranges and greater convenience of
operation. A 200-microampere basic meter affords a sensitivilty of over 2,000 ohms/volt.

2 number of unusual features. First
of all it serves the purposes of 27 in-
dividual meters as follows:
C. voltage: 0-10/100/250/1,000/5,000
C. voltage: 0-10/100/250/1,000/5,000
.C. microamperes: 0-200
C
C.
C

THE meter to be described provides

. milliamperes: 0-10/100

. milliamperes: 0-500

.C. amperes: 0-1/10/25

A.C. amperes: 0-2.5/5/25

Decibels: ~10 to +15, 10 to 35, 18 to 43,
25 to 65

Resistance: 0-400/40,000 ochms /4 megs.

Capacity: 0.01- to 1.0 nif.

MILTON REINER

Qutput meter: Same ranges as A.C. volts.

Second, the inclusion of high current and
voltage ranges—both A.C. and D.C.—per-
mits measurement of values utilized in
cathode-ray and television equipment, trans-
mitting equipment, neon and fluorescent
lamp installations; starting surge currents
of motors, and the high values encountered
in many industrial as well as miscellaneous
radio applications. Because of practical con-
siderations—and safety—separate tip-jacks
are provided for these higher ranges.

For all normal measurements the ranges
are selected by means of the main selector
switch. Thus for all D.C. measurements (in-

20500 [¥TS
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cluding resistance), the test probes are
plugged into the pair of D.C. tip-jacks and
any desired range is then selected by means
of the switch. For A.C. measurements it is
only necessary to shift the probes to the
pair of jacks marked “A.C.”, then select any
A.C. range by means of the switch.

The circuits and discussion which follow
will enable anyone to duplicate this meter
unit. To make this entirely practical, and to
make possible an instrument of highly pro-
fessional appearance, the entire kit of parts,
including the embossed panel, all resistors,
jacks, switches, the meter (with its A.C,
D.C., High-Ohms, Low-Ohms and Decibel
scales), and a sturdy wood case with car-
rying handle, have been made up in the
form of a coordinated kit which is both
simple to put together and low in cost.

The R.C.P. model 411L meter employed is
of the sgquare type, 4% ins. wide x 4 ins.
high, with the outer scale approximately
3% ins. long. A 200-microampere d’Arsonval
movement is utilized, its readings at full-
scale accurate to within 29%. All resistors
supplied with the kit are accurate to within
2% of their rated values.

The complete circuit is shown in Fig. 1.
But to facilitate matters for the student or
novice who may wish to construct such a
unit—and do it with a full understanding of
the functioning of every circuit—the indi-
vidual circuits for the various types of
measurcments are shown in the other
illustrations.

CIRCUIT BREAKDOWNS

Fig. 2.—Figure 2, for instance, shows the
complete circuit utilized in measuring direct
current. In these measurements the 3vd deck
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(C) of the 3-deck, 12-position selector
switch is not employed and is therefore not
shown.

Considering the meter circuit alone for
the moment, it will be seen that it represents
a closed loop of 1,000 ohms, consisting of the
500-ohm resistance of the meter itself, and
the sum of 7 other resistors in the circuit.
There are actually only 6 such resistors
shown but the A.C.-D.C. switch has a re-
sistance of 0.02-ohm which must be included
in the calculations.

When current is applied across any por-
tion of this resistance part will flow directly
through this shunt and the balance through
the meter. Where the resistance of the
meter branch is high as compared with the
shunt branch, then the current through the

‘meter will be small. In the 10-ma. position

of the switch, for instance, the shunt is 20
ohms while the resistance of the meter
branch is 980 ohms. Only 1/50th of the total
current will flow through the meter and
10 ma. would therefore have-to be applied
to the circuit to drive the meter to its full
200-microampere limit.

The division of the current is inversely
proportional to the ratio of the resistance
of the two branches. A more simple way to
determine ‘the extent by which the meter
range is multiplied by any given shunt, s
to find the ratio of the shunt to the .total
cireuit resistance, then multiply the normial
meter range by this value, inverted. Thus
in the example cited the ratio is 20/1,000ths
or 1/50th. Inverting and multiplying we
have 200 microamperes x 50 equals 10,000
microamperes, or 10 milliamperes. In the
1l-ampere position of the switch the re-
sistance included in the shunt js 0.2-ohm.
The ratio is-0.2/1,000 or 1/5,000. This gives
200 microamperes x 5,000 equals 1 ampere,

While there is no marked switch position
utilizing the maximum sensitivity of the
meter, the 0-200 microampere scale can nev-
ertheless be used. This is accomplished by
setting the A.C.-D.C. switch in the A.C. po-
sition and the Range Selector switch in the
“l Amp.” position. With the test prods in
the D.C. jacks the measurement range will
be that of the meter itself. While there is
some resistance in series with the meter,
with this arrangement, its effect is neg-
ligible.

In the A.C. ranges (Fig. 3) the principles
and arrangement are similar except that in
this case the normal current range of the
meter is no longer 200 microamperes. Due
to the rectifier in series efficiency is reduced
nearly 60%, the sensitivity of the meter
becoming 476 microamperes as a result.
Further, in this instance, the meter is shunt-
cd with a fixed value of 178 ohms, so that
the effective sensitivity of this meter and
fixed shunt combination decreases to about
1.8 ma.

A.C.-D.C. CONSIDERATIONS

Calculations become a little complicated
where a rectifier is emploved and for that
reason it is often considered more simple to
select some convenient value for the shunt
network, dividing this up into units in in-
verse proportion to the desired current
ranges. Then if the fixed shunt is selected
to provide the correct meter reading for
any one of the desired ranges it will be
correct for all. In this case, the shunt net-
work totals 1 ohm. The correct fixed shunt
was found to be 178 ohms.

It might be added here that the 2 low-
value resistors in series with the meter have
no part in the functioning of this circuit.
Their value - is too small to influence the
total series value appreciably. They are ac-
tually used in the D.C. positions and for
A.C. measurements it was more simple to
leave them in than to arrange to switch
them out.
RADIO-CRAFT
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In order to use the same meter scale and
muitipliers for both D.C. and A.C._voltage
measurements it is necessary to shunt the
meter during D.C. applications to make its
sensitivity the same as when the rectifier
is in the circuit. It is for this reason that
the 362-ohm shunt is employed in the D.C.
voltage measurement circuit of Fig. 4. As
before, the 2 small resistors in series with
the 362 ohms have no place in the circuit but
are left in as a matter of convenience,

With the meter shunted to sensitivity of
476 microamperes (2,100 ohms-per-volt in
voltage measurements) the multiplier values
work .out as shown in Fig. 4.

In the A.C. circuit, for voltage measure-
ments, Fig. 5, the ohms/volt sensitivity is
the same as for D.C. measurements. Here,
however, there is no shunt across the meter
for reasons already explained. It might be
well to point out here that the full-wave
rectifier is conductive through the meter
only on one-half of each cyele, the other
half-cycle being bypassed around the meter
by the other side of the rectifier. The pur-
pose of this latter branch is to prevent high
inverse voltages developing across the recti-
fier during the inoperative half-cycle—volt-
age which on the higher ranges would be
sufficient to cause the rectifier to arc over.

OHMMETER

In Fig. 6 are shown the ohmmeter circuits.
In the 40,000-ohm position of the switch we
have the standard ohmmeter circuit. In this
case the meter is shunted by 5.06 ohms, re-
ducing its sensitivity to 20 ma. The internal
series resistance is 275 ohms plus approxi-
mately 5 ohms represented by the meter and
its shunt, plus whatever is added from the
variable “Ohms Adjust” resistor. With the
7.5-volt battery this results in a total of 375
ohms but as the battery drops the variable
resistor provides means for compensating
the drop in order that the ohms scale still
will remain accurate. This will hold true
until the battery has dropped to 5.5 volts.
Beyond this figure the “Ohms Adjust” knob
will no longer permit full-scale deflection
and the battery should be discarded.

The 4-megohnt circuit is similar to the
one just described except that the shunt is
eliminated, allowing the meter its full sensi-
tivity in order that high resistance values
may be measured without resorting to high-
er battery voltage.

The Low Ohms circuit varies materially
from the others in that the resistance under
measurement is shunted across the meter,
instead of being in series with it. In this
instance the meter is again also shunted
with 5.05 ohms, making its total resistance
5 ohms and its sensitivity 20 milliamperes.
The battery, its variable series resistance

‘and the fixed 275-ohm series resistor, also.

constitute another shunt across the meter.
Because this latter combination will be ad-
justed for a resistance of about 375 ohms it
has no material bearing on the overall re-
sistance of the meter circuit.

When the resistance to be measured is
connected to the input jacks its shunting
effect will decrease the meter current. If it
is 5 ohms, for instance, it will cut the meter
reading to half-scale, Thus very low values
of resistance can be measured with accuracy
—down to less than 1/10th-ohm.

CAPACITY METER

The capacity measuring range of Fig. 7
utilizes the ability of condensers to pass
alternating current and the fact that the
amount of current passed varies with the
capacity. For this measurement the usual
A.C. tip-jacks are connected across the A.C.
line as though this line voltage were to be
measured. The switch is set in the 250 V.
position but with the separate “Capacity”
switch in the circuit the 250-volt multiplier
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eTEST INSTRUMENTSe®

BUY DIRECT FROM THE MANUFACTURER AND SAV
THE NEW MODEL 1240 :

TUBE TESTER

@ Instantaneous snap switches
reduce actual testing time
to absolute minimum.

® Tests all tubes 1.4 to 117

volts.

@® Sockets for all tubes—
_No Adapters.

Superior is proud to offer the new-
est and most practical tube tester
ever designed, Unbelievably low in
price—unbelievably high in per-
formance,

* Tests all tubes. 1.4 to 117 Volts, in-
ciuding 4, 5, 6. 7. TL. octals, loctals,
Bantam Jr., Peznut, single ended, float-
Ing filament, Mcreury Vapor Reetlficrs,
the new S serles, In fact, ervery tube
designed to date.

* Spare socket Included on front Ppanel
for any future tubes.

* Tests by the well-established emission
method for tube quality directly read
on the GOOD 7 BAD seale of the meter.

* Jewel Drotected neon.

* Tests short8 and leakages up to 2 meg-
ohms in all tubes.

* Tests leakages and shor1s in all elements AGAINST all eclements

: ’,:l["cs:s IB()l‘ll’liid pl]ates ’1" rectitiers, ) 1)) [tiobed:

e3t8 lidividunl scctlons such us diodes. 3 S g
Tty (e an ! Beotionar usl triodes. pentodes, ete., in multi-purposs tubes.
* Features an gtiractive etched aluminum panel.

* \\'urt(i on 00 (0 125 volts 60 cvelos A.C.
Model 1240 comes complete with instroctions and tabular data for every known

type of receiving tube. Shipping wei i ” 1,7 W
e S, 1Pping weight 12 pounds. Size 6” x 714" x 103",

THE NEW MODEL 1230
SIGNAL

GENERATOR
with FIVE STEPS or
SINE-WAVE AUDIO

SPECIFICATIONS
RADIO FREQUENCIES from 100 K.C. to 80
Megaeyeles In 7 bands by front pancl switch
wanipulation. All dircet reading and accurate to
althin 1% on I.F, and DBroadcast bands. 2%, on
higher frequencies. The R.F. 1z obtalnable scp-
arately or modulated by any one of the five Audio
Freaueneles, s
AUDIO FREQUENCIES: 5 steps of SINE-WAVE
andlo 200, 400, 1000, 5000 and 7500 cycles WITH
OUTPUT OF OVER 1 VOLT. Any one of the
above frequencies obtainable separately for scrv-
ieing P, A.. hard-of-hearing alds. ete.
ATTENUATOR: Late deslgn, full-rango stten-
uator used for controlling either the pure IL.F.
or modeiated R.F.
CIRCUIT: Tho Model 1230 cmploys sn $mproved electron coupled oscillator cizcult for the R.F. affording positise
Drotection agalnst rregucnc drift and a8 Hartley osciliator cireult for the A.F. scetlon.
DIAL MANIPULATION: {arno 5147 dial etched directly on front panel, using a ncw mechanically perfected
drive for Zer!eﬂ. vernier control.
APPEARANCE: The front Danel Is otched by a recently perfected Drocess which results §n a 1ife-long attractivo
finlsh and the instrument comes housed in a streamlined shielded cabinet.
CURRENT SOURCE: The Model 1230 operates on 90 to 130 rolts A.C. or D.C. sny frequency.

The Model 1230 comes complete with tubes, shielded cables, moulded earrying $1285
handle and instructions. Size 14” x 6” x 11", Shipping weight 15 pounds. ONLY e

SUPERIOR INSTRUMENTS CO. *°° KewVori, Re%: 5™

Amozing New “WALSIO”
S5TH I'I.E DRIVER

{for 1adio men. elect
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resistor is shorted out and one of 32,000
ohms substituted. At the same time this
“Capacity” switch cuts in a variable “Cap.
Adjust” shunt across the meter so that full-
scale deflection is obtainable for any value
of line voltage by a simple adjustment of
this shunt. When this adjustment has been
made, the condenser to be measured is con-
nected by means of another pair of test
probes across the “Capacity” jacks. These
jacks are a special circuit-closing type which
connect the condenser in series with the
circuit, but when no tips are plugged in
automatically close the circuit. Capacity
readings are made on the regular 0-50
volts scale in conjunction with a conversion
chart provided in the instructions which
accompany the kit. Another such conversion
chart permits inductance measurements with
this same cireuit.

To obtain readings in decibels the instru-
ment is used exactly as when measuring
A.C. Voltages, except that the values are
read from the separate “Decibel” scale on
the face of the meter. The decibel calibration
is for a b00-ohm line. For lines of other
impedance, a table of correction factors for
lines of from 5 to 1,000 ohms is available.

LIST OF PARTS

BRIGHT STAR BATTERY COMPANY
One 4%-V,, No. 51-17;

One 3-V.,, No. 50-1,

AMERICAN PHENOLIC CoORP.
Eight Amphenol tip-jacks (6 red—2 black);
Two Amphenol high-voltage tip-jacks (red).

WIRT COMPANY
One D.P.D.T. slide switch.

YAXLEY MANUFACTURING CoO.
One twin series closed-circuit jack.

Rapto CI1tY PropUcts COMPANY

One copper-oxide rectifier;

One tapered rheostat (and switch), 18,750
ohms;

One 3-gang 12-position sclector switch;

One tapered rheostat 2,260 ohms;

One wire-wound molded resistor, 100 ohms;

One large bar knob;

One 4% in. microammeter 0-200 microA.,
model L 411;

Eleven flexible wire-wound resistors, 2% %
accuracy, 1 each of the following resist-
ance (ohms) values: 275, 5.05, 480, 18,
1.8, 0.18, 0.8, 0.08, 10, 362, 1178;

Three shunt resistors, 2% accuracy, 1 each
of the following resistance (ohms) values:
0.02, 0.012, 0.008;

Four metallized resistors (2 matched pairs,
5.26 megs. per pair), 1% accuracy;

Four special molded carbon resistors, 2%
accuracy, 1 each of the following resist-
ance (ohms) wvalues: 20,600, 210,000,
525,000, 1,575,000;

One carbon resistor, 5% accuracy, 32,000
ohms;

One carbon resistor, 5% accuracy, 27,600
ohms;

Two bakelite resistor mounting strips;

One drilled and etched panel model L 411K
size;

One hardwood case (with battery compart-
ment and handle).

Misc.
One small round knob;
One small round knob with pointer.

(A kit of parts for the Modern Multi-
Tester can be supplied by leading Parts job-
bers and radio mailerder houses.)

This article has been prepared from data
supplied by courtesy of Radio City Products
Co.

T e T

Due to unforseen circamstances, a number of
interesting articles scheduled to appear in this
issue of RADIO-CRAFT had to he held over for
the next issue. WATCH FOR THEM IN THE
APRIL NUMBER!
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/ HOWARD
94] COMMUNICATION RECEIVER
~_ ¢ THE FIRST TIME!

- 23,95 and $39.95 “Ham" Receivers
With Tuned R.F. on All Bands

Again HOWARD leads the field with a new line of communication
receivers that are outstanding in both performance and value,
Foreign and weak signals are tuned in with surprising- ease.
Selectivity, sensitivity and signal-to-noise ratio are equal to radios
costing twice as much. All models tune from 540 K.C. to 43 M.C.
(556 to 7 meters) on four overlapping bands. Designed and built
in the famous HOWARD factory, the oldest in America.

The HOWARD Progressive Series Plan permits you to start with the Model

"435-A" 7.Tube Receiver, and later add to it in easy stages until you have MODEL 43-A_7.708f communication receiver, built for
a complete 15-tube receiving station that will rival laboratory equipment. amoteurs and short-wove listeners who desire reception from
: all parts af the world. HMds highly efficient stage of tuned

EF onb c:l:j Your ;Jonds, uvoR core 'éamfu'meé 1.H F, ts!cli'ge,

1 {4 'l - road band spread tuning that ‘can be logge as built-in
490 14-Tube Prﬂ!eSSIonal 82" Howard-Jensen electro-dynamic ‘specker, with connections

for extra speaker: Front panel “has headphone :jack, AYC
YOfF-On'’ switch, BFO “Off-On’’ switch and -pitch :on'ro| AF
Gain  volume control and Main Juning ond Band Spvend

tuning dials. Supplied complete
with tubes. 95
Net Price b

1o AMAteUrS pastg .5 fewrdid JFE ESAES - ¢ .
Terms: $5.99 Down Payment, $2.12 per month for 12 months,

MODEL 436- A—-B TUBE receiver. ldentical to above Model

435.A, but has a built-in automatic noise limiter that proc.
hcolly eliminates auto ignition interference and gréatly re-
duces static. Madel 436-A also has the fomous HOWARD
inertia Tuning Knobs for fast, fly-wheel action

on both main ond band spreod tuning dials. $3995
Net Price

t0 Amateurs . .....c.ccceraree e en
Terms: $7.93 Down Payment, $2.83 per month for 12 months

The finest receiver built for either communication or entertainment
reception. Has two stages af tuned R.F., large callibrated band
spreod dial, air tuned I.F. transformers, variable 1.F. selectivity,
temperature compensated oscillatar, split statar tuning condensers
with ceramic (steatite) insulation, variable avdio fidelity, 8 watt
push.pull output, outomatic noise limiter, and every other worth
while feature. The Model 490 is the result of years of engineering
and development. Never befare; outside of laboratories, was a
radio of this quality available. Foreign and weak signals whip in
‘ with ease. On broad fidelity the reception of music is equal to re-

production by finest home radios.

Complete with 14 tubes, large external speaker in matching cabi-
net, and complete crystal filter.

e e s e, $149°

Terms: $29.90 Down Payment, $10.56 per month for 12 months MODEL 437‘A—9-TUBES. Hos! ol ke foatures. oF Models
435.-A and 436-A, plus an additional stage of |.F. and Crystal
Write me for any amateur or shortwave radio equipment in any catalo? sPi’;t:::ng. CC%’;:"':"L,:” |°e|s';"'c':3’sf°f" unwanted 50
or advertisement. Or send me your order and I guarantee that you can’t Net Price
buy for less or on betier terms elsewhere. Write and tell me what you fo Amdteurs ............ ... ...
want and how you want everything handled. Your inquiries invited. Terms: $10.90 Down Poyment, $3.85 per monthfor 12 months
MODEL 437-A complete with crystal. (Nate: It is recommended
ﬂ g ﬂ that crystal be.purchased with receiver
O elll'y, WSARA to assuyre proper alignment.)
Net Price t0 Amateurs. ... ... .oooiuenioeneanann $62.00

HENRY RADIO SHOP " Vissoin
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*SOUND-

SOUND ENGINEERING

“Free pe.ﬂ'jn_ and -ﬁc{w'do‘cy Service
For Kadio- é‘caﬁt Subscribers

Conducted by A. C. SHANEY

This department is being conducted for the benefit of RADIO-CRAFT subscribers. All
design, enginecering, or theorelical questions relative to P.A. installations, sound cquip-
ment, audio amplifier design, ete., will be answered in this gection. (Note: when questions
refer to circuit diagrams published in past issues of technical literature, the original,

or a copy of the circuit should be supplied in order to facilitate veply.)

No. 15

MODERNIZED AMPLIFIER
The Question . . .

I am enclosing a circuit diagram (Fig. 1)
of an amplifier which I obtained in 1935 or
1936. This unit is of course quite obsolete,
due to high-drain tubes being used, such as
a B9 driver which is a 2%-volt tube and re-
quires 2 amperes for its heater.

I would appreciate it very much if you
would send me any information on reducing
the drain and improving the amplifier as a
whole.

Could a 59 be changed to a 42, triode-
connected? I have done this, but there seems
to be' too much distortion.

T am a subscriber of Radio-Craft, and like
it very much. Please continue to run your
Sound- Department, as I have learned a
great deal from it.

Ep CORRELL,
Silverkill, Alabama
The Answer . . .

A recommended circuit is given in Fig. 2.
You will note that quite a drastic revision
has taken place, not only in circuit, but
in tubes, as well.

You will rarely find an obsolete amplifier

cirenit that can be moderunized by simply in-
terchanging tubes.

One of the reasons the 42 (triode connect-
ed) did not operate satisfactorily as a 59
triode-connected, is that the latter is capa-
ble of delivering much more undistorted
driving power (a 59 triode delivers approxi-
mately 1.26 watts; a 42 triode delivers ap-
proximately 0.8-watt). In addition, the driv-
er transformer originally designed for the
59 driver will not operate as well with a 42
driver beeause of differences in recommend-
ed plate loads. Assuming that you were will-
ing to replace the driver transformer, sub-
stitution of a 42 in place of the 59 would
save approximately 1.3 amperes, but the
driver transformer would still undoubtedly
be the limiting factor in the operation of
the amplifier. Your present amplifier draws
approximately 4.8 amperes at 6 volts. The
revised circuit draws approximately 2 am-
peres, which is a saving of nearly 59%.
Furthermore, the performance of the latter
amplifier will greatly exceed that of your
original model.

You will note that the driver transform-
er has been completely eliminated and an
electronic inverter substituted, instead.

Electronic mixing is also efnployed in order
to avoid the possibility of tontrols develop-
ing noise when used ahead of the 1st stage,
as in your original model. When the 10-meg.
feedback resistor is connected from the 500-
ohm tap of the output transformer to the
grid of the 6SC7 inverter, the gain should
be reduced by approximately 5 db. If the
gain is increased, or oscillation is encoun-
tered, the plate leads of the power output
stage should be reversed.

With 300 wvolts available at the “B+”
point, the amplifier should deliver approxi-
mately 19 watts. A 5,000-ohm plate-to-plate
transformer should be used. Your present
class B transformer is probably 4,000 ohms
plate-to-plate, and I suggest you try this
unit before purchasing a new one. The low-
er impedance will reduce power output
slightly.

Thank you for your commendatory re-
marks.

8-CHANNEL ELECTRONIC
MIXER
The Question . . .

Preamplifiers and mixers for several high-
impedance microphones are common and
easily obtainable, but little need has ever
been found for a mixing system for several
high-output, high-impedance inputs such as
used for phonograph and other electronic
devices,

5S({TRIODE)

o
= LOW-LEVEL. HIGH* IMPEDANCE INPUTS~

W-CHANNEL ELECTRONIC MIXER~
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Senn ror These FREE CATALOGS
~ AND SAVE TRANSPORTATION COSTS
ON ALL YOUR RADIO EQUIPMENT

Check This Map—and See How You Save
You Pay Shipping Charges Only From

Your Nearest Sears Moil Order House

ree,

Send for these FREE books Today!
If you want the Public Address
Equipment book, write for F732RC-3,
...or the Radio Equipment and
Supplies book, write for F117RG.3,

/
LOS ANGELES

MINNEAFOLIS
KANSAS CITY

SEATTLE _

Chances are you're a Service Man or *"Ham’’
who’s “sweet” on good Radio Equipment
but don’c much care for high prices.

If you are, then you’re in for a treat when

you get your new Public Address or Radio
Equipment book from Sears.

You’ll see the most complete and up-to-

date assortment that anyone could ask for
—top-qualityEquipmentatthoselowprices

CHICAGO

*SOUND e

o %}—PHILADELPHIA

Sears are famous for. What’s more, you
can buy it all on Sears Easy Payment
Plan!

And. don't forget—when you buy from
Sears, you pay shipping charges only from
yorr nearest Sears Mail Order House! You'll
save Time—you’'ll save Money—and you’ll
be Satisfied! Sears-Roebuck’s famous Money-
Back Guarantee absolutely protects. you.

SEARS, ROEBUCK AND CO.

Chicago, Philadelphia, Boston, Kansas City, Minneapolis, Atlanta, Memphis, Dallas, Seattle, Los Angeles

The growth of the electrenic musical in-
strument field has brought forth a need
for such a system, and I would like to have
your assistance in designing one for an
Electronic Orchestra which I am organiz-
ing.

I intend to use this with a standard am-
plifier. I will need 3 microphone .inputs and
at least 5 input channels for high-output
electronic instruments. Each input must be
controlled separately without having any
effect on the other input channels. This is
necessary, as foot-control units will be used.
I intend to build it on a separate chassis
so a power supply can be included with it,
if necessary.

CHARLES FrEY,
Ottawa, Ohio

The Answer . . .

The type of circuit you require is illustrat-
ed in Fig. 3. You will note that electronic
mixing is used throughout. Four twin tri-
odes (6SC73) are employed to provide 8
grids, each one of which connects to its in-
dependent volume ‘control and associated
channels. Three 6SCT7s are used as preani-
plifiers for the_microphone input channels.
While independent volume controls for the
high-level inputs arc connected in this cir-
‘cuit, these may be eliminated if the foot con-
trols of each clectronic instrument are to be
used only. On the other hand, it might be
desirable to use both controls. The one on
the instrument for the musician to adjust,
and the one on the preamplifier for some
pre-determined maximum. setting.

Some economy could be effected by using
1 common cathode resistor and bypass econ-
denser for all 6SC7 tubes, this would require
a 500-ohm resistor and a 100-mf. bypass
condenser. You will note that % -meg.
isolating resistors are employed in the plate

RADIO-CRAFT  for MARCH,

circuits of the 6SC7, so as to avoid undue
shunting between channels. All resistors
may be of the carbon %-watt type, except-
ing those otherwise indicated. Reasonable
carc should be exercised in placing the pow-
er transformer and filter chokes away from
any of the input circuits so as to aveid hum
pick-up. The électronic mixer should feed

inte a voltage amplifier which employs a.

tube having a comparatively low input ca-
pacity. Otherwise, appreciable loss of high
frequencies may result. A 6C5 is excellent
for this application.

Keep a Weather Eye Peeled! .. .
-« for the May Issue of RADIO-CRAFT:

It is the big issue of the year, devoted in the
main to Sound. In addition to the usual ma-
terial, it will contain special theoretical and
conatructional articles on Home Recording,
Phono-Radio Combinations, Public Addresa
Systems, Amplifiers, etc. Sound is booming!

- . 80 RADIO-CRAFT is going to townl

RESERVE YOUR MAY ISSUE NOwW

| re———

MAILBAG

(Continued from page 517)

frequencies, and so changed his mind about
their being rebroadcast from local broad-
cast band stations, as he previously claimed
they were,

Now I'd like to aid Mr. Ettinger with his
troubles, and I believe this will explain them.
But I'm at a loss as to how to go about
correcting the trouble. It would lie, I believe,

in some method of suppressing all harmonics
above the fundamental of the H.F. oscil-
lator.

1 hope this may prove of some help to,
some one, and that I may receive some word
on how to cure this trouble.

J. W. DEMKE,
Portland, Ore.

R ————

NEWS SHORTS

Requests for F.M. licenses last month in-
cluded Muzak Corp. (New York), and Sea-
board Broadcasting Corp.. (Glenside, Pa.),
thus bringing the total of applications for
station licenses to 68; 7 construction per-
mits for F.M. stations in the New York
area have been granted by the F.C.C.

The 20th Anniversary of Radio has come
and gone. It lcaves in its wake this indelible
fact: as of Jan. I, 1941, there arec in the
United States a total of 50,100,000 radio acts

1941

(a National Association of Broadeasters es-

“timate ).

New York City is contemplating the use
of 2-way radio equipment aboard ferrieg oa
a convenience to the boat-travelers, Mayor
LaGuardia acknowledged last month.

The $4,500,000 Edison Memorial Bridge
over the Raritan River at Trenton, N, J.,
was dedicated last month.
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FINEST RADIO BOOK

RIS v sa

the 1940- 41 Radio-Television Reference Annual
With $1.00 subscription to
W LT, oo _comptimente e vant to sond s oy of he 1040 ADIOTELEVISION REFERENCE

N\,

RADIO - CRAFT
subscription offer NOW. This ofier is hoing made for a timited time only.

The 1940 RADIO-TELEVISION REFERENCE ANNUAL has 68 ovages, large size 8% x 11YVa, with
over 170 illustrations. The contents 0 this book has never appeared before In handy book form. Its Pages
cover practlcally every branch Of radio sound, public ‘address, servicing, television. ¢onstruction articles
for ‘advanced radlo men and technlclans, time and méney-saving kinks, wrlakles, useful clreuit inferma.
tion, “ham’ transmitters and recelvers, and a host of other data.

The Annuals have alwhys been regarded as a standard reference work for every practieal branch of radie
operation and service. This Imnedltlon ably*sustalns this revutation. Every radic man wants 8 copy
of this valusble book. Just as this book will be of unquestlonable valus to you. so. too, wlll avery
monthly. fssus of RADIO-CRAFT. This magazine brings you big value every month. it keeds you
Intelligently Informed about new developments In radio and felevision. You want the news, want it
fully but conclsgly, want [t first—that is why you should read RADIO-CRAFT regularly.

Thls .very speclal offer Is made for just one purpose——we wani you as a regular subscriber. The Anaual,
whose c_oztcnts appears at the rlght, is not sold, but a copy ls FREE %o you H you subserlbe now.

Read the summary of contents
in this FREE BOOK!

THE 1940 RADIO-TELEVISION REFERENCE.

ANNUAL contains & collection of the best and
most important articles, Coveéring as they do
nearly every branch of radio, they form a handy
reference works. In addition, many time and labor-
saving kinks, circuits and wrinkles, tried and tested
by practicing Servicemen, experimenters and .radio
fans have been ipcluded. This book cannot be
bought anywhere at any price. Yet it is yours by

merely Bsubscribing, Use the convenient coupon
below.

BEGINNER'S SIMPLE INEXPENSIVE
CONSTRUCTION ARTICLES .

Beginner's Breadboard Special - & 1-Tube High-Gain All-
Ware Recelver—Wiring Pointers for Radie Beglnners—A
Watch Charm Size 1-Tube Set—Beglnner's Simple Volt.
Mitlismmeter—Making a 1-Tube Broadeast Loop Recslver
—A.C.:D.C. Power Supply for Battery Portables—A 1-Tube
Short-Waver with Band Coll Switching,

MORE ADVANCED SET CONSTRUCTION

The ""High-Sess 4" Broadeast Lamp Radlo—How to Build
a 6-Tube 1.4-Volt .Short-Wave SuDerhel for the *'Ham'
or Short-Wave Fan—Build the '‘Lunch Box 5" Super Set - .
a Broadcast :
Together § Tube DBroadcast Set—Tho_“'5-in-4"" All-Ware
Radio for A.C. Operatlon—An Easily-Built 3-Tubo Midget
Broadcsat Superheterodyme Recelver. \

THE SERVICEMEN'S. SECTION

Bass Tone Control—Simplified Variable Selectivity—Praoe
tical Servicing Pointers—Servicing Univorsal A.C.-D.C. Re-
celveru—]{l]llnﬁ) the ‘‘Intermitient’* Bug—A Bervice Shop
A.C-to D.C. Power Supply—Sideline Money for Service-
men—Adding A.V.C. to any Screen-Grid T.B.F. Recelver
—Iron Partlcles in Speaker Alr Gap.

TEST ENSTRUMENTS

A Uscful Noon Lamp Tester—An InexDensive Output Meter
—Making Millilammeter Multipliers—Home-Mades Frequency
Modulator—The Busy Screicemen’s V.T. Volt-Moter,

PUBLIC ADDRESS AND AMPLIFIERS

Build this Combination A.C.-D.C. Radio and Inter-Com-
municator—Speaker FPlacement in P.A. Work—The Deslgn
and Construction of an Inexpensive All-Push-Pull 10-Watt
Amplifier—Obscure Sources of Hum in High-Gain Ampli-
gurliﬂﬂmr to Build s High-Fidelity 5-Watt Versatile
mplifier.

YHAM" SECTION

Ultra-High Frequenc? Antennas—The Beginnoer's Low-Cost
Xmitter—Bfodulator Meter—Phone Monitor—The Begin-
ner’s “Ham' Racelver—2% Meter Acorn Transceiver,

TELEVISION

How to Build 8 441 Line T.R.F. Television Recotver—Use~
ful Notes on Television Antennae.

MISCELLANEOUS

Simple Photo-Cell Relay Best Up—Making a Burglsr
Alsrm—How to Build A.C.-D.C. Capacity Eelay—How to
Make a Modern Radio Tressure Locator.

USEFUL KINKS, CIRCUITS AND WRINKLES

Making & Flexible Coupler—Two-Timing Chime—A Simpls
Portable Aerisl—An Improvised Non-8lip Screw-Driver,
NOTE: The book' contains numerous other useful Kinks,
Circuits and Wrinkles,

SAME SIZE AS -
RADIO-CRAFT 3

not listed here.
(approximately)

45 ARTICLES
(approximately)

170 ILLUSTRATIONS
68 BIC PAGES |

THIS COUPON BRINGS YOU THE ANNUAL
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Representative Phono-Radio-Recordin
B, LafayeMe Radio Corp.; C, Radole

sets for 194l. Shown above are newest products of the following companies: A, Emerson Radio & Phonograph Company:
Co.; D, Allied Radio Corp.; E, General Electric Company; F, RCA Mfg. Co.; G, Wilcox-Gay Corp.: H, Howard Radio Co.

- HOME RECORDING
ﬂeOZy and Practice oé Sound-on- Disc

Sound recording equipment introduced in 1940 enabled radio men generally—Servicemen,

experimenters, etc.—to “feel their oats” in this new field. Radio manufacturers finding

wide acceptance of modern sound recording facilities have gone to town in incorporating

sound recording equipment in their new lines for 1941. Mr. Queen draws on his wide prac-

tical experience as a sound recordist to tell RADIO-CRAFT readers short-cuts and recom-

mended procedures for oblaining best results with sound recording equipment. A useful
bibliography on sound recording concludes this article.

sets are featuring a sound-on-disc

recorder as part of the combination,

so that it is possible to make record-
ings either from the radio set’s output, from
a microphone, or from both simultancously.
There is also available on the market sep-
arately various types of cutting heads, screw
feeds, motors and pickups so that the ex-
perimenter may assemble his own recorder
utilizing his own ideas in the building. The
response from the public this past year
shows definitely that home recording is here
to stay and is becoming an entertainment
and educational necessity. This has been
made possible by modern developments
whereby a result may be obtained comparing
favorably with many professional discs and
with the expenditure of far less time, effort
and money.

RADIO-CRAFT

MANY of the current lines of radio

for MARCH,

I. QUEEN

PROSPECTS

The progressive radio salesman and Serv-
iceman would do well to gain a firm knowl-
edge of the principles which are involved so
as to be able to solve difficulties which may
arise in this new branch of radio. An en-
terprising technician will find dozens of
practical ways in which to profit by selling
accessories, and repairing and sectting up
apparatus for recording enthusiasts.

The first sounds of the baby, a child’s
musical accomplishment, and family har-
mony groups, may be recorded and placed
away in an album te be brought out time
and again for entertainment or to refresh
the memory. The historic broadcasts of
these critical times will become invaluable
in the future, while favorite broadcasts may
entertain again and again. “Special occa-
sion” greetings recorded and sent on to dis-

1941

tant relatives and friends take on a new
personal meaning. There is no surer way of
checking on code-sending ability or musical
study than by listening to oneself over and
.over again.

The business opportunities involved are
many. Sales messages may be sent from
headquarters to branch personnel, and store
demonstrations become far more effective
when accompanied by a spoken sales mes-
sage. Small sound-effects records may be
made up and sold to dramatic groups or
parties.

To aid the radio man to take advantage
of these opportunities, only a few of which
have been enumerated, this article will de-
scribe the principles involved, the systems
used, and how to surmount the difficulties
which may be encountered. It should prove
of interest to both beginner and to those
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who may have had some experience with
home recording.

THEORY

Thomas A. Edison found when he spoke
into a horn directly connected to a needle,
that the latter vibrated in aceordance with
his speech. He wound a metal foil about a
revolving c¢ylinder and placed the fixed
needle in contact with the foil. The vibrat-
ing necedle scratched-in lines in the foil,
and when the ncedle was again allowed
to move over the foil, the original sounds
were reproduced. Because the cylinder was
ineconvenient to handle and difficult to make
use of when duplicates were required, the
dige is now commonly used (except for ma-
chines such as the Ediphone). Also, the disc
allows recording on both sides. The grooves
along which the vibrations take place are in
the form of a spiral from the outside to-
wards the center of the disc. R

The usual cutter takes the form of Fig. 1
which shows the scheme of a magnetic cut-
ter. The soft-iron armature is placed be-
tween the poles of a powerful permanent
magnet on the pivot P. Turns of wire are
wound about the armature and on passing
audio currents through the winding. the
movement of the armature is passed on to
the needle at the end, causing a lateral vi-
bration of the latter about its central posi-
tion. Damping is vequired to bring the
needle back to its neutral position when no
modulation is applied, and this may take the
form of rubber or oil damping, the latter
being more efficient but expensive.

Assuming for the imoment that the un-
modulated or “silent” groove appreoaches a
straight line such as at the edge of the
record; a high frequency will look like
Fig. 2A while a low frequency of the same
power level will be as in Fig. 2B.

It is seen at once that the amplitude of
the lateral movement depends directly upon
the voltage applied to the cutter and that
the limit is reached when this is sufficient
for the needle to swing from its groove
into the adjacent one, ruining the record.
There is also a limit to the high frequency
which can be recorded, since the higher we
go the more the tendency of the needie to
move at right-angles to its groove, which is
impossible.

Edison'’s invention used the wvertical cut
in which the needle vibrated up and down
along its groove as against the common
lateral cut which is being described. While
the first was unsuitable for common electrical
recording, its one big advantage was that
its volume level was not limited by the
proximity of the grooves. It is desirable to
put on the disc the maximum lateral swing
possible; and, qn the other hand, it is eco-
nomical and practical to place as much sound
on one record as we can. For ordinary home
recordings it js customary to use a cut of
approximately 100 lines or grooves per
inch. The spacing is determined by a screw
feed which carries the cutter slowly while
the turntable revolves.

A magnetic cutter needle assembly pos-
sesses a fair amount of inertia’ and so tends
to move at a constant speed along the
groove. For example, let us apply a given
power at different frequencies to the cut-
ting head. At 100 cycles then, the needle
will have half the amplitude as at 50 cycles,
since at the former frequency it is changing
direction twice as much. The distance trav-
eled therefore will be the same for both. This
is called a “constant velocity” charaecteristic.

Playing-back with a magnetic head will
be normal since the higher frequency, caus-
ing a more rapid fluctuation, will develop
twice the voltage, but since the amplitude is
half, the voltage for both recordings will
be equal at the playback output.

A serious difficuity will take place in re-
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cording since the lower frequencies will cut
over the grooves long before the higher
ones, and the space available will be wasted
when recording the latter. To solve this,
cutters are purposely restricted in their low-
frequency response in assembly and made
to follow a “constant voltage"” characteristic
fromn about 350 cycles down, that is, in this
range, the amplitude is governed only by the
voltage and not the frequency. In the play-
back, of course, means are taken to raise the
“lows” considerably to make up for their
deficieney. In cutters there is also a delib-
erate cutting down of the extreme high fre-
quencies since it has already been shown
that such frequencies at high amplitude can-
not be cut by a needle.

Crystal cutters are also used to some ex-
tent. These are worked on the same princi-
ple as crystal microphones and have the
same limitations as to humidity and tem-
perature. They cannot stand nuch over-
load, but have good frequency response. Un-
corrected crystal cutters follow a constant
voltage characteristic and the input must be
corrected electrically if an ordinary cutting
is to be made.

DISC SPEED

There are 2 general speeds now in use,
78 r.p.n. and 33 1/3 r.p.m., the former be-
ing eommon for home recording. Diameter
sizes are usuvally 10 ins. and 12 ins. although
smaller. ones are available. Considering
linear speed along a groove, it can be seen
that near the edge of the disc the diameter
is much greater than near the center. From
the previous discussion, it is readily under-
stood that the greater the linear speed, the
better will higher frequencies be cut, so that
near the center of the disc there is a falling
off of fidelity. This is usually not very
noticeable unless the grooves are very close
to the center, and could be remedied by
gradual manual control as the arm moves
along. An ordinary tone control could be
utilized.

While it is unlikely that the experimenter
or home recordist will encounter 33 1/3
r.p.m. recordings as often as the faster
ones, a description of the system used will
be given.

This slow speed is used extensively for
transcriptions and formerly for movie work.
A 16-in. record rotating at 33 1/3 r.p.m.
gives a full 15-minute recording when cut
at approximately 125 lines-per-inch. Be-
cause of the close groove spacing, the maxi-
mum modulation applied must be below that
of home recordings, but due to the fact that
the discs are made of a special low surface-
noise-level material, more amplification may
be used in playing back. The slow speed
shows that with the same equipment poorer
fidelity will be obtained. However, proper
equalization of the “highs” brings them up
when playing back so that high fidelity
results.

Near the center of the disc, however, the
fidelity is decidedly poorer due to very slow
speeds. To overcome this, several steps must
be taken. First, the equalization of the
highs must proceed progressively while the
disc is in motion; that is, while cutting, the
highs must be boosted far®above normal
while the inside is being cut and not so
much as the grooves nearer the edge are
cut. Secondly, since the needle will dull after
a few minutes’ use, and since it cannot be
changed while the recording or playback is
taking place, it is started at the inside and
allowed to work out towards the edge. While
the ncedle is new and can best follow the
high frequencies, it is near the center
grooves; after the point has rounded off
slightly, it is following the grooves nearer
the outside, thus balanecing the result. Prop-
er equalization may take place automatically
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(as governed by the position of the arm),
or manually, 0

WAX VS, INSTANTANEOUS

Professional and commercial recordings
entail intricate processes, which are avail-
able only to manufacturing concerns which
specialize in them. A brief description will
be given. d

The cutting takes place on a heavy, thick
disc made of a wax-like material. The wax
is then sent to be processed as follows:

It is “painted” with an exceedingly fine
copper powder which makes it conducting.
On immersion in a copper-plating bath a
thin copper layer is deposited upon the wax
and the two are then separated. The copper
layer is backed up with suitable metal and
is known as a master. It is the reverse of
the wax, and cvery fine ridge in one has
a corresponding depression in the other.
The master may be used to stamp out play-
back records in a press. If records are re-
quired in large quantities, the master under-
goes additional, similar processes which give
a “mother” similar to the wax and a “stamp-
er” similar to the master. This safeguards
the master against damage.

The home recordist on the other hand is
interested in only one or possibly a few
playback dises. There are several types of
blanks available for such instantaneous re-
cordings. The oldest type is the aluminum
disc which is somectimes pre-grooved, that
is, it >equires no feed screw. The cutter
simply widens the groove and modulates it.
The present-day and most satisfactory
blanks are those made either of heavy card
or thin metal and coated on both sides
with celluloid. The latter may be cither
nitrate or acetate. The former is highly in-
flammable and should be handled with care,
while the latter being absolutely safe is
widely. used. Both are excellent materials;
they have low surface noise, and they cut
easily, thus requiring less needle pressure.
With good care such records may be played-
back hundreds of times. In cutting celluloid-
coated discs, a thin thread of material is
cut from the surface and means are pro-
vided with recorders to have this pushed
out of the way of further cutting. Because
no additional processes are involved with
these type discs, the quality is excellent and
noise¢ low.

Three general types of needles may be
used with instantaneous recordings: (1)
steel, (2) alloy, and (3) sapphire. The
first is very inexpensive, but wears quickly,
s0 that the beginning of the record is better
than further on, though good results may
be obtained. The alloy needle is long-lasting
and can be resharpened inexpensively, giv-
ing economical and satisfactory service. The
sapphire is the most satisfactory in service
since it may be used a comparatively long
time before resharpening is in order. It
should, however, be handled carefully be-
cause it is brittle and therefore susceptible
to damage.

Additional copies of instantancous discs
are best made by re-recording the first from
a second turntable, the output of the play-
back being fed into the amplifier and the
output of the amplifier supplying the cutter.
Because of the fact that the noise in the
“master” will be present in all the others,
it is advisable to make these duplicates be-
fore the first has been played more than a
few times. If quite a few copies are wanted,
it is best for the individual to decide wheth-
er to make all the discs from one, or after
a while, to choose one of the duplicates for
{urther re-recording. With care, and the
use of new needles all along the line, very
little additional noise will be introduced.

The turntable used for both cutting and
playback should be free from slight varia-
tions of speed under varying load. For in-
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stance, the cutting stylus when fed high-
level sounds must cut through more disc
material, and unless the turntable can sup-
ply this load, there will be momentary varia-
tions. In playing-back, these changes of
speed will manifest themselves as “wows.”
A momentary decrease in the recording
turntable will result in a momentary in-
crease of frequency in the playback, and
vice versa. The average ear will detect a
1% change in frequency.

MICROPHONES

The recordist will in general use either
of 3 types of microphones: (1) the crystal,
(2) dynamic, or (3) velocity. The crystal
is a very good talking mike and has a
high output so that it requires no special
preamplifier. Certain models come in direc-
tional types and are valuable where room
reverberation is likely to be met. Being a
high-impedance mike, it cannot be used very
far from the amplifier unless transformers
are used to and from the line. They may
be susceptible to humidity and high tem-
peratures.

The velocity microphone is a very low
Jevel device but has an excellent frequency
and directional characteristic. 1t may be
spoken to from either front or back, its
sensitivity dropping off gradually and at
the sides it has practically no response. Its
low impedance makes possible long lines to
the amplifier (which must be equipped with
a matching transformer). The velocity type
cannot be used out-of-doors due to wind.

The ‘dynamic microphone is probably the
most rugged of all and can be used under
practically all conditions. It is somewhat
directional especially to voice frequencies.
It is usually of low impedance, and though
its sensitivity is somewhat low, its output
can easily be amplified to proper level.

The power level of electrical devices such
as microphones is measured in decibels
(db.). The definition of the decibel iz 10
times the logarithm of the ratio between
2 given power levels. In practice one level
is chosen as reference or zero decibel and
the given level is compared with it. For
those little acquainted with mathematical
procedure it may be stated that tables of
logarithms are readily available and require
no . calculation. Suppose we wish to know
the level of a power 10 times greater than
that of the refercnce value. The logarithm
(from the tables) of 10 is 1, and 10 times
this value is 10, resulting in an answer of
10 db. To simplify calculations it may be
remembered that every time we multiply
a power by 10 we add 10 to the db. value.
The level may be so many db. plus or minus
depending upon whether it is higher or lower
than the zero value. In most instances the
zero level is 0.006-watt. Because 2 vacuum
tube is a voltage-opecrated device, when
microphones are concerned, it is usual to
choose reference value as 1 volt per bar,
the bar being a unit of air pressure (created
by the sound). The bar is equal to a mega-
dyre per square centimeter.

MONITORING--MIXING

There are 3 distinct purposes of monitor-
ing the sound input as the recording is tak-
ing place. First, we wish to check-up on the
quality of the sound and make sure that
nothing has gone wrong as far as mike and
amplifier are concerned. Second, we wish fo
make sure that the level is as high as pos-
sible for high ratio of sound-to-noise with-
out overcutting. Third, we must obtain
proper balance between the several sound
sources (assuming more than one).

To accomplish the first purpose it is
necessary to listen to the sound either
on headphones or on & speaker. Since the
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latter would interfere with the original
sounds (if a microphone is being used), the
headphone method is recommended. Inci-
dentally, the latter excludes sounds which
may be present but which are. not being
picked up by the mike, so that only the
sounds actually recorded are heard. Most
complete recorders do riot come equipped for
headphone operation. It is nossible to place a
high-resistance ’phone across a_ low-impe-
dance cutting head {assuming the D.C. is ex-
cluded from the circuit) for there will be
only slight change in resultant impedance;
or, a pair of headphones may be connected
into the amplifier at the detector output,
and some switching arrangement made for
shutting off the speaker.

When using the microphone in anything
but a small, well-furnished room it may be
noticed that a distinct echo or reverbera-
tion is present. This is due to the fact that
the sound is being reflected from walls,
floor and ceiling. A heavy rug on the floor
will decrease the difficulty while curtains
and drapes will help as far as the walls are
concerned. Since close mike talking in-
creases the sound input without producing
a corresponding increase in reverberation,
this may be tried, although with some mikes
it is not good policy to talk too closely,
breath noises being accentuated.

It must be understood that what we nor-
mally hear in a room and what a mike will
hear in the very same room may be two
entirely different things! With 2 ears, we
have the faculty of being able to concen-
trate on wanted sounds, subconsciously re-
jecting interfering noises. We may, for in-
stance, be able to carry on a conversation
in & room filled with other voices, even when
the latter are loud compared with the first.
A mike, however, not having this charac-
teristic, picks up sound only in relation to
their strengths. A room which may seem
correct for microphone use may give poor
results when actually monitoring on the
'phones, and on the finished record, due to
reverberation or outside noises. A direc-
tional mike will greatly decrease reverbera-
tion troubles.

As stated above, we wish to cut the record
at as high a level as possible for best re-
sults. For this it is best to have a visible
means of control, the eye being more sensi-
tive to intensity changes than the ear. It
is common practice to utilize a “tuning eye”
or electronic visual indicator for this pur-
pose. Several tries will determine how far
the eye closes for maximum modulation and
this amount must not be exceeded at any
time, A more precise arrangement would be
one using a meter to show the power level.
Two general methods are in use: (1) the
vacuum-tube voltmeter; and, (2) the cop-
per-oxide rectifier. One of the figures shows
the connections involved.

The vacuum-tube voltmeter is biased al-
most to cut-off, and as a result, the D.C.
meter in the plate circuit will indicate rela-
tive voltage inputs. Its advantage is that it
takes no power from the input, but on the
other hand, it requires a filament and plate
voltage supply.

The other method uses a rectifier in con-

‘junction with a D.C. milliammeter, The

audio frequencies are changed to D.C. The
rectifier usually takes the form of copper
washers, one side of each of which is
oxidized. The pure copper is connected to
the positive side of the output.

The bridge connection shown in the dia-
gram will give the greatest output with
least strain on the rectifier elements for a
given voltage input. The elements are some-
what sensitive to temperature and humid-
ity, breakdown occurring at about 150
deg. F. The diagram shows a tapped sece
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ondary in each case, so that maximum mod-
ulation on the meter will be obtained at a
convenient scale setting (somewhat past
half-way). The needle is unable to follow
the peak of each individual frequency and
will simply follow the average contour of
the envelope. A little practice will enable
the recordist to obtain maximum cutting
stylus vibration without danger of over-
cutting.

To obtain proper balance between several
inputs, it is an absolute necessity to listen-
in to the output of the amplifier. It may
be necessary to incresse or decrease the
radio set’s output in relation to the micro-
phone sounds. If two or more performers
are being used on the microphone their
relative positions from the mike may have
to be adjusted until they are nearly equal
(unless one is simply an accompanist).
Only monitoring will determine this.

Varying the power levels of electrical cir-
cuits until they can be combined at the
desired volumes is known as “mixing.” The
devices used for this purposerare known as
pads. The levels are not increased but the
stronger ones are brought down to the
level of the lower ones in every case. The 3
general types, in the order of their effec-
tiveness, are the L, H and T.

The diagrams show pads arranged for 2
inputs, but more may be used, of course.
In following their hookup it can be seen
that only a portion of the input voltage.is
applied to the cutput. The 2 horizontal arms
shown in the T-pad are varied simultaneous-
ly. Only in the latter is the impedance of
either circuit unchanged by variation.

MATCHING IMPEDANCES

The impedance of all electrical circuits
must be matched as to impedance for maxi-
mum power transfer and minimum distor-
tion. For example, having a 200-ochm micro-
phone, we cannot connect this directly to
the tube input, since the latter is of very
high impedance. Figure 5 shows the pro-
cedure. The mike is connected to a 200-ohm
primary and the tube input is connected to
a wvery-high-impedance secondary, The
transformer then would be known as a 200-
ohm-to-tube input transformer.

A high-impedance crystal mike could be
connected directly to the tube but since &
long line entails electrical losses, we would
in the latter case use the procedure of Fig.
5. Long lines may efficiently carry energy
when at low impedance such as approxi-
mately 500 ohms. Two transformers will
thus be needed. Crystal cutters being of high
impedance require a high- 1mpednnce trans-
former secondary with the primary match-
ing the impedance of the output tube.

Magnetic cutters are usually (a) 8, (b)
500, or (c) high-impedance, and should
be connected to the output tube accordingly.
A high impedance may be connected directly
across the output-tube transformer primary
using merely a large condenser in series
with the cutter to keep D.C. out. An 8-ohm
cutter may be substituted for the voice coil
of a speaker, since the latter is also 8
ohms. Both cannot be connected at once
because the resultant impedance is then 4
ohms. If the speaker transformer secondary
has a tap for 4 ohms this can be done, how-
ever.

One principle not well understood even
by some technicians in regard to impedance
matching is the following. Suppose we have
a transformer marked 500 ohms on the
primary and 200 on the sccondary. It is
perfectly permissible to connect to the pri-
mary a device with & 1,000-ohm impedance
if we also double the impedance connected
to the secondary (400 ohms) Likewise, if
we use an impedance of '1% times the
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marked value on the primary we must do
the same at the secondary, and so on. It
is not advisable for most transformers to
more than double the marked value as
above, for best response. When choosing a
transformer, its frequency characteristic
should be kept in mind.

EQUALIZERS

An equalizer as its name suggests is used
to equalize the frequency response when,
due to inherent characteristics, such need
is necessary. It is simply an elaborate tone
control. The calculation of constants for
specific equalization is very complicated, so
it is best to judge by listening to what is
proper equalization in any given case. Fig-
ure 7 shows the fundamental circuit in-
volved. When the circuit 1s tuned to the de-
sired frequency range, a high voltage is
built up at this frequency band and the
others more or less bypassed. Variation of
the resistor determines the amount of
equalization. Figure 8 shows another method
whereby a band of frequencies may be by-
passed when the circuit is tuned to it and
the other frequencies are passed on without
much attenuation. Both circuits may be used
to simultaneously drop some frequencies
and bring up others.

PLAYBACKS

The finished record is the only test as to
how our best efforts have resulted, and cer-
tain precautions and care must be taken
so that the dises may be played back a great
number of times faithfully. Just as in re-
cording, there are 2 general types of play-
back apparatus in use: the crystal; and,
the magnetic. The crystal pickup is in wide
use, offering very-high-fidelity results and
a large voltage output. The highs are espe-
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cially good, thus bringing out needle seratch,
and a scratch filter is sometimes used in
this connection. Since this filter eliminates
not only scratch but also the higher sound
{frequencies, it is a question whether it is
desirable where high fidelity is a requisite.

Since a crystal assembly is much lighter
than a magnetic one, it is possible to manu-
facture such a device with a pressure on the
dise of only 1 oz, or so. This light pressure ’
results in exceedingly long life for both
records and needles, and in fact, the life of
a sapphire needle in such a device will be
indefinite.

When steel needles are used in the aver-
age pickup, it is advisable to change needles
often, since a dull needle will wear the
grooves down quickly besides greatly adding
to the noise level.

Several models among the pickup arms
available feature a device for securing
tangent tracking of the groove no matter
what the position of the arm is with respect
to the record. This is desirable from the
standpoint of long life of needle and disc
and a minimum of noise. The arm must
always be free to move easily from side
to side, as it follows the grooves.from the
edge to the center, or otherwise more wear
will occur on one side of the groove and
needle.

If trouble is had from an “echo” at cer-
tain places, it is due to the needle pushing
the walls of the groove from one groove
to the next as it moves, that is the varia-
tions along one groove will be partly re-
produced along the next. This may be due
to excessively high modulation applied to
the cutter which, however, has not quite
overcut into the next groove. Improper
depth of cut will also cause this. Insufficient

(Continued on page 560)
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MODERN MICROPHONE TECHNIQUE

This is the 2nd article in a series of 8 designed to answer many queslions on
the choice and use of microphones (and on amplifier input considerations)
in Public Address work, and Home and Semi-Professional Home Recording.
Sound specialists in every branch of the field were consulted during the
preparation of this article in an effort to present concrete, applicational in-
formation on this topic. Part I, last month, analyzed Crystal, Dynemic,

Velocity and Cardioid microphones.

PART II—The Microphone and Its Relation to the Amplifier

Recording the children's
growth audibly in rec-
ords for the family al-
bum is the latest use
made of home recording
equipment, Junior and
sister are shown Thera
preparing for a record-
ing with Philco's profes.
sionally-designed  home
recording apparatus while
mother sets the blank
disc in place, Note P.M.
dynamic microphone
[arrow).

I of this series may help the technician

to select a particular type of micro-

phone for his application. The next
step involves the technigue of connecting
the microphone to the amplifier. Specific
types of installation will necessitate the
selection of a particular kind of basic micro-
phone. The academic conception of “‘connect-
ing” a microphone to an amplifier simply
means running the two wires from the mi-
crophone output to the amplifier input. In
actual practice, however, a number of fac-
tors tend to complicate this apparently sim-
ple procedure.

BASIC CLASSIFICATIONS

Electrically, microphones may be classi-
fied into 3 distinet groups:

(1) Resistive

(2) Inductive

(3) Capacitative

Resistive microphones are those types in
which the prime moving element is resistive

THE basic requirements cutlined in Part

in nature. This is particularly true of the

carbon-type microphones, wherein carbon
granules are empioyed. Its impedance is ex-
actly equal to its resistance. When this
microphone is coupled to a low-impedance
transformer, the output terminals of the
microphone are resistive because of the re-
flected resistance connected to its primary.
When the carbon unit is coupled to a high-
impedance transformer the output terminals
of the microphone become predominately in-
ductive because the coefficient of coupling is
usually low (in high-impedance tranforma-
tions).

Inductive microphones are those types in
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which the prime moving element is inductive
in nature. This is particularly true of dy-
namie microphones, wherein a moving coil
is employed. Its impedance is practieally
equivalent to its inductive reactance. Its
D.C. resistance usually is negligible. When
this moving coil is coupled to a transformer,
the output terminals of the microphone are
inductive, because of the reflected inductance
connected to its primary.

Capacitative microphones are those types
in which the prime moving element is capaci-
tative in nature. This is particularly true
of the crystal-type microphone. Its im-
pedance is equivalent to its capacitative re-
actance. When this crystal unit is coupled
to a transformer, the output terminals of the
microphone become capacitative, because of
the reflected capacity connccted to its
primary.

THE MICROPHONE LINE

Although microphone lines, per se., may
appear to be a prosaic item for discussion,
a brief analysis of the types and their
characteristics will disclose some unusual
problems.

Microphone lines may broadly be classi-
fied into long and short. While there is no
arbitrary classification of the two, 100
feet is popularly regarded as the dividing
line. In other words, microphone lines up
to 100 feet are usually construed as short
lines. Those exceeding 100 feet are con-
sidered long. This terminology, of course, is
confined to microphone lines only as dis-
cussed within the scope of this series of
articles.

RADIO-CRAFT for
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Microphone lines may also be shielded or
unshielded. If shielded, the lines may be com-
posed of 2 wires and a shield, or a single
wire with a surrounding shield. The shields
of such lines may or may not have an
external insulating cover.

Microphone lines may further be classi-
fied as high impedance or low impedance.
While no official line of demarcation differ-
entiates either type, popular terminology
has restricted the use of “low impedance”
to all lines up to and including 600 ohms.
All other higher impedance lines are simply
classified as ‘“high impedance.” They may
range up to 100,000 ohms.

Most popular high-impedance velocity
microphones are terminated at 10,000 ohms;
others at 5,000 ohms, and some as low as
2,000 ohms. The relative importance of these
terminal impedances will be discussed after
the various characteristics of lines have
been covered.

LINE RESISTANCE
Microphone lines display 3 electrical char-
acteristics:

(1) Resistance.
{2) Inductance.
(3) Capacity.

Brush ''Sound-Cell” Crystal Microphones: AR 28
{with transformer); AR 43, R43; BR2S, R22; BI.
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The quantity of these characteristics is
determined by the length and type of line.
The relative importance of each of these
3 characteristics will greatly affect the
selection of the output impedance of the
microphone as well as the input circuit of
the amplifier.

The resistance of a line is proportional to
its length, and therefore, actual resistance
of any microphore line can be found by
either direct measurement or by referring
to copper-wire tables. This resistance plays
no important part in high-impedance lines.
In a low-impedance line, such as 50 ohms
or 2b ohms, the resistance of a long micro-
phone line can introduce a. considerable loss.

This is illustrated in Fig. 1 where E is
the voltage generated by the microphone,
ZL, its terminal impedance, RL, the resist-
ance of the line, and ZLY, the input trans-
former. Although ZL may equal Z1?, the loss
becomes appreciable when RL approaches Zr.
The loss in db. may be expressed mathe-
mnatically as follows:

ZL+RL+ZL!
Loss db. = 10 Log
ZL

It will be noted that the loss becomes
smaller as ZL and ZL' become large, with
a given fixed value of RL. This simply means
that the line resistance may be neglected
in high-impedance circuits. In calculating
the line resistance, 2 wires should be taken
into consideration, that is the one going
from the microphone to the amplificr, and
#ts return lead, so that the actual wire
lergth would be double the distance of the
nicrophone cable.

Another point to remember in employing
long low-impedance circuits is that fre-
quency discrimination will occur when line
losses become large. This phenomenon is
brought about by the fact that the inductive
generator is feeding the resistive-inductance
network. The resistance displaying a non-
frequency discriminating characteristic while
the load may display a frequency discrim-
inating characteristic. This condition would
bring about a loss of low frequencies, which
may sometimes be desirable.

LINE CAPACITY

It is apparent that a shielded wire will
bhave some capacity. It is also obvious that
11e longer the shielded line, the more the
total capacity. Likewise, the less the distance
ceparating the wires (the center wire and
its shield or each of the twisted wires),
the smaller -will be the capacity of the line.
This line capacity is of a negligible value in
low-impedance lines, but may assume an
appreciable value in a high-impedance line.

The capacitative characteristic of lines is
of great importance when dealing with
erystal microphones, because the crystal mi-
crophone is a capacitative generator, as il-
lustrated in Fig. 2. This device has effective-
ly no series resistance. Any capacity con-
nected in parallel with it will only reduce
the voltage output, but will not introduce
any frequency discrimination.

This ecan easily be analyzed by referring
to Fig: 3 wherein a crystal microphone is
connected to a cable having measurable ca-
pacity Zc. The voltage which appears across

Zc
Zc will be proportional to . As Zc
Ze + Zx
and Zx are both capacitative in nature,
their relative impedance will remain pro-
portional through the entire audio spectrum
thereby accounting for the fact that no dis-
crimination occurs when long, capacitative
lines are used in conjunction with crystal
microphones (which do not employ internal
step-down transformers).

This capacitative nature of a long, high-
impedance line, however, will greatly im-
pair the original characteristics of an in-
RADIO-CRAFT MARCH,
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-ductive microphone. It may, under some

conditions, actually resonate at some audio
frequency, and thereby produce a very un-
desirable peak. Furthermore, it will nearly
always introduce an appreciable frequency
discriminating characteristic, usually a pre-
dominant loss of high frequencies.

Therefore any high-impedance inductive
or resistive microphone will lose high fre-
quencies when coupled into a long, capacita-
tive line. Capacitative microphones, on the
other hand, will not display frequency dis-
criminating characteristics when coupled to
such lines, but will suffer reduction in
output.

LINE INDUCTANCE

When a twisted pair of wires are run for
an appreciable distance, the line may dis-
play, in addition to resistive and capacita-
tive characteristics, an inductive reactance,
which is effectively placed in series with the
generator, as illustrated in Fig. 4. If the
microphone is of an inductive nature and
the amplifier input of an equivalent induc-
tance, no frequency discrimination will oe-
cur, but a drop in effective voltage will be
noticed at the amplifier input.

It will be noted that this nicety of fre-
quency balance is only maintained when the
characteristics of the line are similar to
those of the microphone and the amplifier
input. When variations exist between these
3 elements, some form of discrimination will
occur. The usual end result is a loss of high
or low frequencies.

These phenomena are outlined for the
technician so that he may affect suitable
remedial measures and eorrect any notice-
able discrimination in the coupling link be-
tween microphone and amplifier.

AMPLIFIER INPUT TERMINALS

Input terminals -of all amplifiers can
broadly be classified into 2 groups:

(1) High Impedance

(2) Low Impedance .

The high-impedance type may be further
classified into resistive or inductive.

All low-impedance inputs employ trans-
formers for matching the line impedance to
the input grid circuit. Some high-impedance
inputs similarly employ transformers. This
is particularly true of bridging amplifiers,
wherein a 5,000-chm input is bridged across
a 500-ohm line so as to provide minimum
loading effect. All ordinary high-impedance
inputs are terminated directly into the grid
circuit of an amplifier without any inter-
vening component.

If an amplifier employs an input trans-
former, the characteristics of this latter
unit are just as important as those of the
transformer employed within the micro-
phone. The frequency response of any in-
ductive microphone can be no better than
the frequency of the transformer into
which it feeds. As most input transformers
must be built small to avoid excessive hum
pick-up, an appreciable amount of loss is
usually encountered because of transformer
inefficiency.

When it is difficult to decide whether or
not to use high- or low-impedance lines,
the disadvantages of an additional input
transformer within the amplifier should al-
ways be taken into consideration. Its re-
sponse and efficiency are of vital importance.
Furthermore, a low-impedance microphone
necessitates the use of 2 transformers, one
within the microphone and one within the
amplifier. On the other hand, high-impe-
dance crystal microphones require no trans-
former, while high-impedance velocity or
dynamie microphones require a single trans-
former within the microphone itself, and
none in the amplifier.

For a non-frequency-discriminating mateh,
it 18 important that the inductive smicro-
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phone feed into an inductive input having
similar impedance-frequency characteristic.

This general rule holds true for all ideal
coupling circuits between microphone and
amplifier. When a cross-match is made, that
is, a capacitative. microphone coupled into
a resistive input, or a resistive microphone
coupled into an inductive input, some form
of frequency diccrimination is sure to occur.
Under some conditions, this type of dis-
crimination may be desirable and used to
full advantage In most cases, however,
the technician is unaware of, and therefore
does not control, the dlscrlmmatmg charac-
teristics introduced by the link whicl: cou-
ples the microphone to the amplifier.

MICROPHONE EQUALIZATION

Frequeney discrepancies which may exist
in a microphone, its coupling link, amplificr
input, or speaker, and its acoustic caviron-
ment may be compensated-for by suitablc
selection of equalizer circuits within the
amplifier proper.

For varied applications, it is usually ad-
visable to provide a variable set of equalizers
so that any predetermined frequency re-
sponse charaecteristic may be obtained from
the entire system from microphone to speak-
er or recording head. The design of equal-
izers is both wvaried and complex. Design
details are beyond the scope of this discus-
sion. Some fundamental principles, how-
ever, will be outlined in the hope that tech-
nicians may be able to correct for some fre-
quency diserepancies.

The most distorted form of discrimination
oceurs when the character of the original
sound is altered to a noticeable degree. This
usually oecurs when the system attenuates
or accentuates either or both high and low
frequencies. Ordinarily, elaborate equip-
ment would be required to check thc overa]l
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response of a complete system. In all prac-
tical work, however, a competent technician
can easily judge what type of discrimination
is taking place, so that fundamentally, the
problem evolves itself into incorporating an
equalizer within the amplifier, which will
attenuate or accentuate cither one or both
the high or low end of the audio spectrum.

A simple high-impedance accerinating
circuit, which can easily be interposed be-
tween 2 high-impedance stages, is illustrated
in Fig. 5, Likewise, a high-frequency attenu-~
ator is illustrated in Fig. 6. Basic low-fre-
quency accentuation and attenuation cir-
cuits are given in Figs. 7 and 8, respectively.
The degree of equalization desired will de-~
termine the values of the various resistors,
inductances, and capacities.

Some experimentation will usually pro-
vide the desired degree of equalization.
Where a complex frequency discrimination
occurs, as when the frequency response
characteristic is composed of predominant
hills and valleys, the design of a suitable

- equalizer becomes involved, and unless ab-

solutely necessary, should not be attempted
by the layman.

EVALUATING THE FREQUENCY
DEFICIENCIES -
When a system is being judged for lack

or presence of any portion of the spectrum,
care should be taken not to be misled in the
wrong direction. For example, a system that
has a predominant bass boost can sound as
though high frequencies were lacking. On
the other hand, a system that accentuates
high frequencies, may appear to be lacking
in lows. It is obvious that the best corrective
method is to eliminate the source of trouble
and not introduce an additional source of
diserimination.

For example, the system which has exces-
sive highs and appears to lack lows may
be subjectively corrected by introducing a
bass accentuating circuit. This is not the
most desirable procedure to follow, for it
is usually much simpler and more economical
to reduce the excessive high frequencies.
This latter method will not introduce any
secondary troubles, such as increase of hum
when low frequencies are accentuated., It
is hoped that this discussion will bring to
the attention of technicians, many condi-
tions with relation to the use of micro-
phones which affect the overall response of
the system and that better judgement will
be exercised in the selection of various
components in view of the characteristics
outlined.

The following, concluding article will
outline several points which should be con-
sidered when actually using the micro-:
phone,
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INDEPENDENT
POWER SUPPLIES

.qm,a'cove Budio O'at/aat

Fized bias, an important feature in audio am-
plifiers, has been thus far supplied by either
expensive or inconvenient devices. The author
of this article has developed very unusual and
economical circuits to be used in their stead.

JOEL JULIE

plifiers it is often advantagcous to have

more than one independent power supply.

*Changes of current in one part of the
circuit affect the voltages of other parts of
the circuit. Generally in radio receivers all
the voltages are obtained from one power
supply, since this is the cheapest method of
obtaining the desired result. However this
situation has its advantages for the Service-
‘man inasmuch as it affords him an oppor-
tunity to suggest to customers improvement
in operation through the addition of a sep-
arate power supply, as for example one of
those here described, to achieve greater op-
erating efficiency (primarily, greater am-
plifier power output—greater dynamic range
—for a given input), and hence, improved
tone quality.

Let us concern ourselves in this article
only with the factors affecting the power
output. The power output of an audio stage
depends largely upon the plate supply and
grid supply voltage of that stage and the
stability of those voltages
under different loads; this
stability is what is usually
called the regulation of the
power supply.

I N MANY receivers and in many audio am-

REGULATION

As far as class A operation
is concerned where the oper-
ating point is chosen on the
straight part of the charac-
teristic we would have no
trouble with the regulation
of the power supply, since the plate current
remains practically constant under varying
signal strength. In class A then, we can get
along successfully with one power supply,
obtaining the grid voltage as a voltage drop
on a cathode bias resistor or on a resistor
placed between the minus (-) terminal of
the plate supply and the ground. These ar-

This circuit, by elim-
inating  the  extra
winding of the frans-
former, makes passible
the use of a standard-
type transformer. It sug-
gests a less expensive
equivalent of the circuit
shown in Fig. 2,

rangements are known as sgelf-bias since
the plate current is fed through a resistor,
providing its own bias. Fized-biag is o bias
voltage supplied by an independent source.

The great majority of output tubes will
work with practically the same degree of
efficiency with fixed-bias or self-bias -under
class A operation. Significantly, most tubes,
though, operate more efficiently if fixed-bias
is lapplied, even though operated in class A
only.

SELF-BIAS EFFICIENCY

In class AB operation,
where the operating point is
chosen near the cut-off point
of the characteristic, the
plate current of the output
stage varies considerably
with the variation of the sig-
nal strength. If self-bias
were used the variations of
the plate current would cause
variations of grid voltage,
thus causing displacement of the operating
point of the output stage. A class AB stage
operated in such a manner would not work
very efficiently. In fact a pair of 2A3s will
supply 15 watts output at 300 volts plate
voltage with fixed-bias as compared with
only 10 watts output with self-bias; a pair
of 6L6s will supply 40 watts at its maximum
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ratings with seif-bias as compared with 60
with fixed-bias. The same ratio of power
outputs holds true with almost all the out-
put tubes. Strangely enough there are some
tubes, like the 6F6, operated as a pentode,
that will work as efficiently with self-bias
as with fixed-bias even in class AB. The
number of these tubes, though, is very small.

For those cases where an independent
power supply for grid bias is necessary,
various arrangements were used in the past,
which were either inconvenient or expensive,
or both. These are still being used today-—
bulky “C” batteries or cxpensive, complete-
ly independent “C"” power supplies. In Figs.
1, 2, and 3, is shown a convenient and cheap
method of obtaining a fixed “C” supply
voltage, which is adaptable to many condi-
tions of service.

SINGLE-ENDED OQUTPUT

In Fig. 1 we have the design applied to
a condition of transformerless operation
(A.C. only). We use a voltage doubler oper-
ated as 2 independent power supplies. One
section of the rectifier supplies the plate
and screen-grid voltages; the other section,
control-grid voltage. The field of the speak-
er is utilized as a filter choke for the con-
trol-grid voltage. Provided that the capaci-
ty of condenser C1 is large enough the plate
voltage of the output tube can be taken

Rl S MOTE: DO
o= NOT CONNECT|. |

T2

PUSH-PULL
OUTPUT
STAGE

VRt
RECTIFIER

R3
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from the cathode of the rectifier.

That arrangement will provide for better
regulation and also will make available to
the output stage, the maximum voltage ob-
tainable, or 120 wvolts.

The appropriate values of resistance and
capacity when using a type 43 power am-
plifier and 2525 rectifier, for example, would
be about as follows:

RESISTORS
R1, 75,000 to 100,000 ohms, Ya-w.;
R2, 400 ohms, 10 W ;

CONDENSERS

C1, 40 mf. or more, 150 V.;

C2, 16 mf., 150 V;

C3, 30 mf, 150 V;

C4, 25 mf,, 26 V;

Misc.

Field, 2,000 ohms;

Choke, 400 ohms, 12 hy., 30 ma.;

Transformer T, output 4,500 ohms (im-
pedance).

A type 43 tube operated in such a manner
would deliver about 1% watts; a 25B6
would deliver as much output as a 6F6 hav-
ing 250 volts on its plate. It can readily be
seen that in small A.C. receivers, the cost
of the power transformer can be saved
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while we may still obtain as much power
as we could with the transformer. As com-
pared with the regular voltage doubler this
circuit has many advantages, the most im-
portant of which is better regulation and
of course, the welcome feature of a fixed
“C” bias supply.

This circuit makes possible for the first
time, the attainment of fixed-bias in trans-
formerless-operated apparatus, without the
necessity of using batteries.

PUSH-PULL TRIODES

In Fig. 2, a circuit of 2 independent power
supplies is shown using a single transformer
of exactly the same size as if 1 power supply
were used. The only difference is that the
high-voltage winding is divided into 2 parts;
one that supplies 815 volts for the plate
voltage, and one that supplies 140 volts for
the control-grid and field excitation—if for
example we are considering a pair of 6A3s.

The rectifier VR2 is heated from the same
source as the receiver tubes. Its cathode
is connected to ground. As a result we may
increase the output of the amplifier from
10 to 15 watts without increasing the size
of the transformer.

As a 2nd advantage the lower operating
voltage for Cl1 may be mentioned. Ordi-
narily for this case if field, plate and con-
trol-grid voltages were to be obtained from
1 power supply, the operating voltage for
C1 would have to be about 455 volts, neces-
sitating the use of a high- voltnge condenser,
or better yet, 2 condensers in series. A 3rd
advantage is better regulation since the field
excitation is obtained from the bias voltage
supply, thus making the resistance of the
plate supply circuit as low as possible.

Under these conditions we would have
for the values of the component parts—

RADIO-CRAFT

using, for example, a pair of 6A3s as the
power tubes, a 5T4 rectifier, and an 84 grid
and field supply rectifier—the following:
RESISTORS

R1, R2, 50,000 ohms, %-W.;

R3, 20,000 ohms, 15 W.;

R4, 600 ohms, 10 W.;
CONDENSERS

C1, C2, 8-mf., 350 V.; \

C3, 30 mf,, 160 V.;

C4, 30 mf., 100 V.;
Misc.

Field, 760 ohms;

Choke, 100 ohms, 12 hy., 125 ma.;

Transformer T1, output 3,000 ohms plate-
to-plate;

Transformer T2, power, 5 V. 2 A.; 6.3
V., 4 A,; Sec. 1, 125 ma,, 275 V. rm.s.; Seec.
2, 100 ma., 125 V. rms.

PUSH-PULL PENTODES

Fig. 3 is almost identical with Fig. 2, the
only difference being that here we do away
with the extra winding of the transformer
and make possible the use of just one or-
dinary-type transformer. The bias-supply
rectifier VR2 gets the A.C. plate voltage
directly from the A.C. line. Here too .we
use the field as a filter for the “C” supply.

Those who desire to build a 60-watt am-
plifier will find the following data useful.
The values are approximate, as a result of
calculation. Tubes used are taken to be 2
6L6s in the output; as a plate voltage recti-
fier an 83 is used; the bias voltage rectifier
VRZ is an 84.

CONDENSERS

Cl, 8 mf., 450 V.;

C2, 16 mf, 350 V.;

C3, 30 mf., 125 V.;

C4, 26 mf, 25 V;

RESISTORS

R3, 20,000 ohms, 20 W.;

R2, 240 ohms, 10 W.;
Misc.

Transformer T1, lnput for class AB: for
GLGs;

Transformer T2, output, 3,800 ohms plate-
to-plate;

Transformer P.T., power, 5 V., 3A.; 6.3
V., 4A.; 490-0-490 V. r.m.s., 250 ma.

The value for resistor R1 can not be de-
termined without the exact knowledge of
the current taken from off the point “B+."
Its value should be calculated to deliver 300
volts at the point “B+.”

The circuit of Fig. 3 means something
special to the Serviceman who builds his
own audio amplifiers, and to the amateur
who wants an efficient plate modulatoer. You
can actually get 60 watts out of a pair of
6L6s without the need of using 2 power
transformers or 1 special transformer ex-
pensive for its extra windings.

There is a very important item to be
remembered in making such a change. That
is, whenever fixed-bias is used the total re-
sistance in the grid circuit should under no
circumstances exceed 50,000 ohms.

The application in Fig. 3 combines most
efficiently the faetors of ecomomy, simplicity
and versatility that typify our new circuit.
As a means of obtaining satisfactory, fixed
“C" bias it is far in advance of previous
methods, and those designs presented here
can be used to good advantage in the con-
struction of most receivers and power am-

plifiers.
L ] * *

It should be mentioned as a precaution
that no direct ground connection should be
used in sets employing circuits of Figs. 1
and 3, since one terminal of the line is con-
nected to the chassis. If grounding is neces-
sary, it should only be done through a
condenser.

Note: The author reserves all rights to
the commercial application of the material
contained in this article.
MARCH, 1941
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using a tap on a single winding or autotransformer; B,

The Oscillator may fake any one of 3 basic circuit arran

ghemenh: A, shunt feed,
shunt feed, using 2 sep-

*ELECTRONICSe

arate coils electrically connected; and C, serias fead, by means of separate coils.
Compare these working diagrams with- the theoratical oscillator circuit, Fig. 1A,

VACUUM-TUBE OSCILLATORS

Ond #ouf ﬂey Work

What are the factors which enable a vacuum tube to generate alternating current, i.e.,
function as an oscillator; and, frequently of more immediate importance to Servicemen,
which may cause an oscillator eircuit to cease operating ? These fundamentals are here given
microscopic examination. Any radio man reading this article, if he takes care to absorb the
information it presents, cannot fail to have o firmer grasp on one of the basic building
blocks of modern radio transmission and reception. This article, by the Chief Instructor of
a well-known radio school, has been reprinted by special permission from National Radio

heterodyne receiver and in radio servic-

ing equipment, we find oscillators pro-

ducing the signal. It is this oscillator
that supplies the signal that is so essential
in carrying out our work. Since it is so im-
portant in radio, let’s study in greater detail
how it works. That is, how does an oscillator
operate in generating the signal and how
does it continue to develop a signal after
it is placed into operation?

' N every radio transmitter, in every super-

OSCILLATOR CIRCUITS

There are a large number of different
types of oscillators in operation. There are

Ip
b
S
2
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oscillators which maintain oscillation by
ionization of gas and by the projection of
electrons through. chambers where the rate
of travel of the electron determines the
frequency of oscillation. In this discussion
I am going to cover only the operation of
the better-known oscillator circuits.

The oscillators that are used most extena
sively- in the radio field are, for example,
the tuned-grid, the tuned-plate, the Arm-
strong, the Meissner, the Hartley, the Col-
pitts; the ultra-audion, the push-push and
the push-pull types with either the tuned-
grid or tuned-plate, or both.

In my discussion I will cover these circuits
and their operating characteristies. It will
be pointed out that when you understand
the characteristics of oscillator circuits
which depend upon capacitative or inductive
feedback that you will understand the oper-
ating characteristics of all of the conven-
tional types of oscillator ¢ircuits mentioned
above.

PHASE RELATIONSHIPS

It can be stated that the primary require-
ment in order to sustain oscillations in
either an inductive or a capacitative feed-
back circuit is that the applied grid-to-
cathode voltage must be approximately
180° out-of-phase with the plate-to-cathode
voltage.

This means that when the grid-to-cathode
voltage is rising in a positive direction the
plate-to-cathode ‘voltage must be dropping
in a negative direction. That is, the tube
itself acts as an amplifier. Then, too, if
the reversal is of a sine wave character the
waveform of the signal generated will be
a pure sine wave. Remember that the volt-
age applied to the control-grid of a tube
which is not overloaded controls the plate
circuit output waveform and that the
triode tube is easily adapted to the inductive
or capacitative feedback types of oscillating
circuits.

194)

In an oscillatory circuit the tube does not
become an oscillator—it continues to act as
an amplifier—amplifying the voltage which
i3 applied to its grid circuit and sending it
through the circuit coupled to its plate.
When the plate circuit is properly coupled
to its respective grid circuit so that it con-
tinues to amplify the signal it excites itself,
the circuit and the tube become an oscillator.
Since the tube continues to operate as an
amplifier even though it is in an oscillatory
circuit let us study some of the important
characteristics of vacuum-tube amplifiers.

BASIC CIRCUITS

In Fig. 1A is shown a triode having elec-
trode supply voltages. Its operating point
being at e on the Eg-Ip characteristic curve
shown at B,

It can be shown that as the grid voltage
of the tube is driven in a positive direction
by some force that this will result in a de-
crease in plate voltage between P and K.
This is due to the increase in plate current,
the voltage drop being in the plate load
and the polarity or phase of the voltage
in this circuit being in a negative direction.

Now when the grid is driven in a negative
direction in the grid circuit the plate circuit
voltage goes in a positive direction.

This can be proven by Fig. 1B, Point 1
on the grid voltage moves positive to point
2 and the plate current increases from point
3 to point 4. An increase in plate current
means a drop in plate-to-cathode voltage;
and from a high positive value to a less
positive value with respect to the cathode.
It is therefore evident that the voltage ap-
plied to the grid-cathode circuit must always
be 180° out-of-phase with the change tak-
ing place in the plate circuit of the tube
in order to have the tube excite itself and
thus maintain oscillation.

So long as the signal voltage on the grid
of the tube does not swing beyond points
& and ¢ on the Eg-Ip curve there will be
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no waveform distortion introduced and if
the coupling between the grid and plate
circuit permits uniform waveform changes,
then a sine wave will be developed in the
plate circuit and consequently at the out-
put of the oscillator. This condition of oper-
ation is known as “class A" amplification.

AMPLIFIER CHARACTERISTICS
The efficiency of an oscillator is dependent
to a large extent upon the class of opera-
tion. As in the case of the various classes
of amplifiers used, the class A, B and C, the
efficiency of the oscillator tube is the same
as if it were an amplifier insofar as the
tube is concerned. Figure 2 shows the rela-
tionship between the grid bias voltage, grid
swing and plate current for the 3 funda-
mental types of amplifiers all of which may
be used in the operation of an oscillator.
The outstanding operating characteristics
of a properly-operated class A amplifier is
the fact that the variations in excitation
do not produce a change in the average D.C.
plate current. That is, the increases in plate
current are equal to the decreases and for
this reason the average current taken from
the power supply does not change. The grid
excitation signal never drives the grid posi-
tive with respect to the cathode of the tube.
In the class B amplifier increases in grid
excitation produce proportional increases in
the average D.C. plate current, that is, an
increase in excitation raises the output of
the oscillator. The grid excitation is suffi-
cient to drive the grid positive but not off
the straight portion of the Eg-Ip curve.
The class C amplifier is operated so that
further increases in grid excitation show
no further increases in the average plate
current. This condition of operation can
only exist with the flow of grid current.
The grid is driven positive and far enough
to cause plate current saturation, It can
also be stated that an oscillator employing
a class C amplifier has very high harmonic
content as the -plate current exceeds the
saturation point as can be seen at the upper-
right in Fig. 2.

HOW PHASING IS OBTAINED

As stated there must always exist a 180°
phase shift in the voltages between the grid
and plate circuits in order to use a triode
as an amplifier tube in an oscillator circuit.
This. required phase shift can be obtained
by means of a transformer or through the
aid of a phase-shifting network or phase
inverter consisting of another tube.

Most oscillatory circuits use a transformer
consisting of either 1 winding having a
tap on it or 2 separate windings. For ex-
ample, Fig. 3A shows a tapped transformer,
often referred to as an autotransformer.
The position of the tap being selected to
give the required excitation voltage for the
class of amplification desired.

The transformer winding gives us the

desired phase shift because one end of the.

winding will always be of opposite polarity
with respect to the other. No ¢oil or winding
on a transformer can have the same polarity
when the winding is wound in one direction.
One end will always be positive while the
other is negative. This is the condition
when all turns are linked together by the
same electromagnetic field.

If we use an oscillator coil having 2 wind-
ings then the windings must be connected
s0 that the grid end of one winding will
be of opposite polarity with respect to the
plate end of the other, thus keeping the
180° phase shift. The connections will be
as shown in Fig. 3B.

COIL POLARITY

Oftentimes the Serviceman is required to
make an oscillator coil replacement and he
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is confronted with the job of connecting the
unmarked leads of an oscillator coil to pro-
duce oscillations.

In order to connect the coils of an oscilla-
tor so the phase will be correct, refer to
Fig. 3B. Note that a and d are at opposite
ends of the oscillator coil. If lead ¢ is con-
nected to the plate coupling condenser Cpe
then to insure proper polarity lead b must
be connected to the grid coupling condenser
Cge. It isn’t difficult to remember this re-
quirement. I always says that ‘“when the
grid is at one end of a coil form having
2 windings then the plate must be at the
other end of the coil form when the 2 coils
are wound in the same direction.” That is,
these 2 leads are always on the opposite
ends of the 2 coils or at the 2 inside
terminals.

This rule holds good regardless of the
placement of the tuning condenser or con-
densers or the method used in supplying
power to the oscillator circuit. The tuning
condenser or condensers do not shift the
phase of the voltage across the coils suffi-
ciently to stop oscillation.

FEEDING POWER TO OSCILLATORS

Figure 3B shows how the power or elec-
trode voltages are supplied to the tube so
it can amplify by what is known as the
ghunt or “parallel” feed method. The signal
voltage generated is in parailel with the
path taken by the power to the tube
electrodes.

In Fig. 3C the same circuit components
are shown but connected to give us the
gerics feed method of supplying power to
the tube electrodes. Note that the coupling
condensers are now bypass condensers and
are connected to the cathode of the tube.

1t is, of course, possible to use the series
feed in the grid circuit and the paralle! or
shunt feed method ‘in the plate “circuit or
shunt feed in the grid circuit and serles
feed in the plate circuit. The method of feed
selected by the engineer in the construction
of the device may be any one of these com-
binations. The series plate feed method being
somewhat more efficient than the shunt feed
method as this. method prevents Rp from
shunting the plate circuit of the.oscillator.
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AUTOMATIC "C" BIAS

Although the circuit shown in Fig. 3A has
a “C” battery to enable class A operation
of the tube at a given point on its Eg-Ip
curve, it is possible to obtain class B and C
operation by omitting the battery.

This latter is possible because the upper
end of the resistor Rg will become negative
when the grid is driven positive by the ex-
citation signal. The grid serves as the anode
and the cathode of the tube as the cathode,
of a rectifier tube. The positive end of the
resistor Rg being connected to the cathode
Rg may be considered the load on the rec-
tifier. The voltage across Rg is dependent
upon its current and resistance.

Now that we know how the proper polar-
ity of the winding can be ascertained, how
power may be fed to the tube and how the
grid bias can be obtained automatically, let’s
determine how oscillations are developed
and maintained.

GENERATING OSCILLATIONS

Assume that the cathode of the tube in
Fig. 3B is at its operating temperature and
that the “B” battery voltage is applied
instantly.

Upon application condenser Cpe will start
to charge up to the value of the D.C. volt-
age dropped in the resistor Rp. Plate cur-
rent will start to flow through winding L2.
This causes a magnetic field to be present
about coil L2, This field would appear to be
of a steady value because the flow of the
D.C. plate current is assumed to be con-
stant. This is not, however, the cass. The
moment the plate voltage is applied the
magnetic field about coil L2 starts to expand,
which according to the electromagnetic law
would link the coil L1 (due to its inductive
relation), and would consequently induce an
e.m.f. or a difference of potential across it.

If then, the coils L1 and L2 are wound
as stated above where coil L1 would pro-
duce a positive potential at the terminal e
and a negative potential at &, the grid which
is connected to a would receive a positive
charge. This immediately partly neutralizes
the “space charge” between the cathode and
plate and allows more plate current to flow
and at the same time causes the production
of a negative grid bias. This causes a greater
field to exist around coil L2 and results in
a greater positive charge on the grid. The
plate current then increases and in turn
applies a greater positive potential to the
grid.

Of course this action continues until the
plate current is limited by the emission char-
acteristics of the tube or by the automatic
“C” bias voltage which is developed by
the rectified grid current which is across
the resistor Rg. The turns ratio and am-
plification factor of the tube will also affect
the peak value of plate current.

When the peak plate current value has
been reached, the magnetic field collapses
and as a result the grid is driven negative.
This causes a reduction in plate current
which tends to aid in making the grid more
negative. The grid may be driven so far
negative that the plate current is completely
cut off as shown in Fig. 4C. No further
changes will then occur in the negative
direction and again the magnetic field col-
lapses. Then the complete cycle of operation
will be reversed and as before the opera-
tion will start all over again.

Thus it can be seen that the polarity

of the coils L1 and L2 must be correct to
cause the proper changes in plate current.

TURNS RATIO

It should also be evident that the greater
the turns ratio of L1 to L2, the higher the
voltage across terminals ab. That is, the
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voltage across winding L1 should be high
and naturally the greater the number of
turns in coil L1, the higher the voltage de-
veloped. This will mean more excitation volt-
age and also a greater plate current as more
power will be required to supply the extra
excitation, These facts also apply to the
operation of the circuit shown in Figs. 3A
and B,

The turns ratio factor is also present
and holds true when the interelectrode
capacity of the tube is used in tuning the
entire circuit and when the tuning con-
denser is connected between terminals a and
d in Figs. 3A, B and C. When the tuning
condenser is connected across either coils
L1 or L2 then the coil without the con-
denser across it has the least number of
turns. This is due to the fact that the con-
denser tunes the circuit to resonance and
allows a higher voltage to exist across the
coil and naturally with a larger magnetic
field.

EXCITATION REGULATION
For a given plate supply voltage it is

possible to find the correct eacitation
voltage by either selecting the proper num-

WARNING!

Unless you reserve your copy of the. May
issue of RADIO-CRAFT NOW, your dealer
may be all sold out. This is because the
May issue is going to be a special one on
SOUND.

In addition to the usual material, this
issue will contain special theoretical and
constructional articles on Home Recording,
Phono-Radic Combinations, Public Address,
Amplifiers, ete. It is going to be an im-
portant issue for Sound Specialists, radio
Servicemen and radio men in general.

Sound is booming! ... 80 RADIO-CRAFT
is going to town! RESERVE YOUR MAY
ISSUE NOW.

ber of turns or regulating the coupling, or
both, in an oscillator circuit. The excita-
tion voltage is also affected by the auto-
matic bias voltage placed on the oscillator
tube and the load coupled to the output
circuit.

For efficient operation of the oscillator
circuit and for a given power output we
must select the correct amount of excitation
to give the class of operation consistent with
the type of performance we desire. This
value will usually be for the least amount
of plate current that will give the most
power output. There are other factors such
as frequency stability and waveform that
must be taken into consideration in the
selection of the circuit values. It is the work
of the radio engineer to select the proper
operating characteristics of an oscillator
circuit.

The output of the oscillator is affected by
a change in the oscillator plate voltage for
a given turns ratio or coupling between
the grid and plate circuits. It is also a fact
that an increase in the D.C. plate voltage
causes an increase in the D.C. plate current,
the generated R.F. tank voltage, the R.F.
tank current, the R.F. grid and plate cur-
rent as well as the self-adjusting grid bias-
ing voltage.

These factors are all related to the power
supplied to the oscillator for a fixed amount
of coupling. It can also be stated that for a
given supply voltage it is impossible to
change any of the other currents or voltages
in the oscillator circuit without changing
all other values. This means that an increase
in the coupling of the load to the oscillator
circuit will affect all of the values of cur-
rents and voltages, that is, their relation-
ship to the other values.
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GENERAL DISCUSSION

In discussing how oscillations are main<
tained we stated that the plate current in-
creased to a value established by the emis-
sion characteristics of the tube. An oscilla-
tor tube functioning in this manner will not
operate very long as it will lose .its ‘emis-
sion and become defective. It is for this
reason desirable to provide a self-biasing
resistor having a value of resistance which
causes the production of the automatic “C”
bias voltage that will give class B or C
operation of the oscillator tube. Lower effi-
ciency of operation is obtained when using
either class B or A operatign.

The sclf-biasing grid voltage thus de-
veloped should limit the peak plate current
rather than the emission characteristics of
a tube in a well-designed oscillator circuit.
The ability of the self-bias voltage de-
veloped to limit the plate current flow is
often referred-to as a “braking action” that
limits the grid A.C. voltages for a fixed
amount ¢f excitation and prevents them
from reaching unsafe values of operation.
I will add that if we get a clear picture
of what takes place in an oscillator, the
cffects of changing any factor in the cir-
cuit can be cxplained very casily. Let us
see what is the basi¢ action in an oscillator
circuit. .

When the oscillator reaches its final osecil=
lating condition, we know that the grid is
driven sufficiently positive to produce grid
current which in turn develops across the
grid resistor a definite negative “C” bias
voltage. This voltage establishes a new
operating point on the Eg-Ip characteristia
curve. The A.C. grid voltage drives the grid
positive and negative with respect to the
operating “C"” bias value as shown in Fig.
1B, always sufficiently positive so it creates
this “C” bias voltage. The plate current
flows only during that portion of the:grid
cycle when the grid voltage is less than
the cut-off value. This iz the point where
the grid voltage stops the flow of plate cur-.
rent. The higher the excitation the smallen
the operating angle for the plate current.
For class B operation the operating angle:
for the plate current will be less than 180°.
WAVEFORM ANALYSES -

In Figs. 4A and B we find the plate and.
grid voltage curves respectively. Note that
the A.C. grid voltage decreases to a maxi-}
mum while the A.C. tank circuit or plate,
voltage increases to a maximum. This is. the;
correct phase relationship between the in-
put and output voltages of a tube used in.
an oscillator. The plate current as shown,
in Fig. 4C, and as pulse ip represents the
driving power to sustain oscillations, it. is
this change in current that is fed back

- into the tank circuit to set this resonant ¢ir-

cuit into natural oscillation.

The area of this pulse when we view it as
a graph represents available oscillating
power, the greater the area of the plate
current pulse the more the power avail-
able. Technically speaking any increase in
peak current, any increase in the operating
angle, and any trend to make the size of
this pulse steeper and more flattened on top
indicates more operating power; for all of
these factors increase the area of the plate
current pulse ip.

The amount of power consumed by the
oscillator has a number of important func-
tions to perform. It must overcome the
losses in the tank circuit (resonant circuit),
overcome the power lost in the grid resistor,
the power lost in the grid cathode of the
tube, overcome the power dissipated in the
plate cathode circuit of the tube supply
power to the load and any other incidental
circuit losses as well as to develop enough
excitation to drive the grid circuit of the
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tube in order to produce the correct amount
of plate.current.

MAINTAINING OSCILLATION

If we assume that there is a tendency
for the A.C. grid voltage to increase, then
immediately, the grid current increases and
consequently the bias voltage becomes great-
er. This in turn reduces the operating angle
of the plate current pulse, even though the
current peak may tend to rise. Less power
will then be available for oscillation and
the braking action takes place preventing
more power from reaching the circuit and
consequently preventing the grid excitation
to increase. If the grid A.C. voltage drops,
the “C” biasing voltage is automatically re-
duced as the grid current is reduced and
in turn the plate current flows over a greater
portion of the cycle, resulting in the appli-
cation of more power to overcome losses
and again drive the grid up to a point
where all losses are supplied and the grid
excitation is sufficicnt to sustain the oscil-
lating condition.

The basic braking action is the inability
of the oscillator circuit to draw enough
power to take care of all current demands,
and as a result the circuit sets itself to a
definite operating condition and balance.

For example, if we increase the grid re-
sistor value from a low value to a slightly
higher value the initial action results in an
increased “C” bias voltage. As this takes
place the operating point on the Eg-Ip curve
of the tube is further negative. The grid,
however, must draw current to supply auto-
matic “C" bias voltage, and to do this the
A.C. grid excitation increases. Because of
this grid circuit action the peak plate cur-
rent goes up slightly but at the same time
the operating angle decreases. The power
drawn by the circuit depends on both the
operating angle and the peak plate current.
If we increase one and decrease the other
by a small amount the circuit will draw
more power increasing both the grid ex-
citation and “C” bias voltage. Again the
peak plate current increases but it is per-
fectly possible for the operating angle to
decrease so much that the amount of power
drawn starts to decrease at the point where
maximum power is drawn from the supply;
balance then occurs and the circuit condi-
tions are stabilized. Of course we can make
the grid‘resistor so high in its (ohmic)
value that this condition of maximum power
is far below any condition which would exist
for normal circuit values, and a large-value
grid resistor may aectually produce less
power in the oscillator circuit than normal
low grid resistor values. Increasing the grid
excitation (using a given grid resistor),
may also decrease the power developed, be-
cause the operating angle is decreased more
than the peak increase in plate current.

If we increase the D.C. plate voltage,
the Eg-Ip characteristic instead of being
held at the operating point as shown in
Fig. 1B will move toward the operating
point b, Therefore for an increase in plate
voltage the grid current will be greater as
the grid voltdge is increased, and conse-
quently & higher negative “C” bias will be
produced, as it will be required in order
to cut off plate current. Since the grid A.C.
voltage must always drive the grid positive
to produce the automatic “C” bias voltage,
and as this “C” bias voltage is greater than
the cut-off bias, the result is a much stronger
current pulse; the plate current increases,
as explained above. Under this condition
more oscillating power is available and
greater power will be received from the
oscillator.

With the usual testing instruments avail-
able to Servicemen, only the D.C. plate volt-
age, the D.C. plate current and the self-

RADIO-CRAFT

biasing grid voltage can be measured with
a voltmeter having a “high-resistance per
volt” rating. When there is any increase
in the automatic D.C. grid voltage for a
given value of grid resistance we have an
indication of more A.C. tank voltage. This
fact should be remembered and taken into
consideration when servicing oscillators.

_The auther of thls articie is on the teachlug staff of
National Radio Institute.

HOME RECORDING

Theory and Practice
of Sound-on-Disc
(Continued from page 551)

depth of cut may cause difficulty in tracking
and the playback will slide from groove to
groove. If the cutter has adjustments for
varying the angle of needle and depth of
cut, experiment will show that one adjust-
ment will give a cleaner cut and a minimum
of scratch. The best way to check-up on fin-
ished records is to examine the grooves by
means of a high-power magnifying glass.
A light coming at an angle on the disc will
show the grooves as dark and the surface
or *lands” as white. Unusual wear on
records may be detected in this way before
the discs are entirely ruined.

An ingenious device for playing-back
records, due to Philco, is the photoelectric
cell reproducer.* The assembly consists of
a bulb, a vibrating mirrer attached to the
needle, and a photoelectric cell as shown
in the diagram. The vibrations of the mirror
modulate the light passed to the cell. The
light is supplied with an R.F. current well
beyond audibility. The result is that the
needle assembly possesses very little inertia,
having no work to do but move the tiny
mirror.

The principle of creation of sounds by
a vibrating mirror modulating a steady light
source is in a few respects similar to the
galvanometer method of recording on film
which the writer described in a 3-part ar-
ticle in Radio-Craft beginning November,
1937. In these articles there is also a full
account of monitoring, mixing and studio

" procedure which the reader will find helpful

for recording on disc. It is hoped that this
present article has been of help to all
readers, who now own recorders or who
contemplate acquiring such apparatus in the
near future.

Technicians interested in sound recording
may also wish to look up one or more of
the following articles which have appeared
in past issues of Radio-Craft.

“Correct Playback of Spot Recordings,” Part I,
Oct. "37; Part 11, Nov. '37.

“How to Conduct & Sound-on-Film Recording
Studio,” Part 1A, Nov. "37:. Part 1B, Dec. '37;
Part 1I, Jan, 38.

“Phono Pickups on Parade,” Part I, May '38;
Part 11, June '38.

“A Modern Amplifier for Recording and Play-
back,” April '39.

“Simple Technique for Making Home Talkies,™
Part I, March ‘39; Part II, April ‘39.

“Scratch Filter Design.”” Feb. "40.

“A Low-Cost Amplifier for Recording and Play-
back," April '40.

“Profits in Recording,’” T.rt I, May °39: Part
11, June "39.

“Constant Groove-Speed Recording.” Aug. ’40.

“Recording - Playback Amplifier Has Direct-
Coupled Qutput Circuit and Equalized 30-Watt
Output,” Nov. 40,

“Recording Pointers.” Jan. "41.

*See **Photoelectric Phono Pickup,’’ Radle-Craft, Sept, *40
MARCH, 1941
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THE “ACCELETRON"

g'enetated fnetgy oﬁ
2,300,000 Volts!

new device which gives electrons the

smallest negatively charged particles
of matter known to science, almost the
186,000-mile-a-second speed of light in a
glass doughnut of less than a foot in diame-
ter, was described to the American Physical
Society last month by Dr. D. W. Kerst of
the General Electric Research Laboratory
at Schenectady, N. Y.

In the course of their whirling the elec-
trons gain 2,300,000 volts of energy, some-
thing hitherto requiring much larger ap-
paratus and great insulation, Dr. Kerst
disclosed. The device is expected to make
possible the easier performance of experi-
ments in physics,

The accelerator looks like a miniature
atom smasher of the cyclotron type but un-
like cyclotrons, which can handle only
positive ions at great speeds, it accelerates
electrons.

Instead of being made of solid iron as in
the cyclotron, the accclerator’s magnet,
which surrounds the glass vacuum chamber,
is composed of thousands of pieces of iron
so that it can Le used on alternating cur-
rent. Instead of the electrons encircling the
magnetic core by following a coil of wire,
as they do in a power transformer, elec-

AN Induction Electron Accelerator, a

*RAD

IO DEVELOPMENTS®

Electroscopic study, of the radiations
D. W. Kerst of the General Electric
Radio-Craft shows Dr. Kerst examining the dough
—in which electrons gain almost the speed’o

by the “Acceletron,” or Induction Electron Accelerator, by Dr.
ﬁesearch Laboratory. The ‘'spot"

illustration on the cover of
nut-shaped vacuum.tube—or "race-track' for electrons
light; and develop millions of volts for use in atom.

smashing and other fundamental physics cxperiments.

trons in the induction accelerator do not
“travel on wires but are free to circulate
about the magnetic core in the doughnut-
shaped vacuum tube,

Hence they make many revolutions, the
equivalent of a many-turned winding in an
ordinary transformer. In 200,000 revolu-
tions the electrons gain about 2,300,000 volts
energy and travel approximately 60 miles.

At the end of this long flight the electrons
are directed against a target. The present
laboratory model of the accclerator, small

enough for use on a tahle, produces radia-
tion equivalent in intensity to that of 10-
millicuries of radium. Larger models, which
can be constructed on the samc principle,
are expected to give more energy.

Dr. Kerst is a native of Madison, Wis.,
and a graduate of the University of Wis-
consin. He later was a member of the
faculty at the University of Illinois and
while there did the initial work on the
induction electron accelerator {(or “Accele-
tron,” as Radio-Craft calls it).

Stevens Institute of Technology has

been uz:d experimentally during recent
rehearsal periods at the Metropolitan Opera,
according to an announcement made last
month by Edward Johnson, General Mana-
ger.

The experiments have been devoted pri-
marily to creating acoustic conditions on
the stage which are as satisfactory to the
crtists as the acoustics of the theatre are
to the audience. Through the use of sev-
erzl elements of this “Robeson Technique,”
it is now possible for offstage choruses and
upstage singers to hear the orchestra as
easily 2= if they were standing by the foot-
lights. Orehestral balance can be preserved
backstage in a manner not possible by tra-
ditional methods. Soloists are being assisted
by the tse of the acoustic envelope an-
nounced .recently at the Chicago meeting
of tho Acoustical Society of America. By
the use of this technique, a singer on the
stage is able to hear himself as if he were

RADIO-CRAFT MARCH,

SOUND control apparatus developed at

for

ROBES
OF ACO

<€ Paul Robeson, concert
vocalist, is shown here
(and on Radio-Craft's
cover) with the equip-
ment he uses to control
concert-hall acoustics.

FPhoto — Courtesy  The
Evening Bulletin (Phil-
adelphia, Pa.).

in a small, highly reverberant room. The
audience is totally unaware that the Tech-
nique is in operation.

The experiments which have been in
progress since October are being undertaken
ag a cooperative enterprise by the Metro-

ON TECHNIQUE
USTICS CONTROL

politan Opera Association, Stevens Insti-
tute of Technology, The Rockefeller Founda-
tion, and Theatrical Protective Union Local
No. 1. They are being conducted under the
supervision of Harold Burris-Meyer of
Stevens Institute of Technology, who pio-
neered much of the sound control technique
now used in radio, motion pictures, concert
and the legitimate theatre. The Robeson
Technique has yet to be tried out for record-
ing-or radio but the desjrability of its use
seems_probable.

Concert singers and instrumentalists per-
form by choice in small, highly reverberant
rooms since in them they are able to hear

BACKSTAGH

STAGE

Fig. 2. Frequency characteristic of equipment used

in the Robeson Technique. Only *'significant’ fre-

quencies are fed back to the performer. The selected

fraquency band constitutes a hi?hly directional

beam, at an optimum intensity fevel, which only the
performer can hear.

1941

Fig.. I. Diagram showing instrument placement on

concert stage for Robeson Technique. The letter

S indicates the peosition of the singer: M represents

the microphone (located in the foo"ighh trough);

the audio amplifier and loudspeaker are off-stage,
out of sight. .
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themselves easily. However, they deplore
the acoustic conditions of most large concert
halls and auditorinms. The nature of the
complaint is that the artist cannot hear
himself.

The results of not being able to hear are
the catalogue of the artist’s woes: tension,
inability to relax, a feeling of being ill at
ease, of low vocal efficiency, forcing the voice
in an effort to project, using a higher key
than is best for the song in an effort to get
out more volume and fill up the house.

Several years ago, Mr. Paul Robeson dis-
covered that if he stood in front of the
speaker of a public address system which
was being used in the concert, he enjoyed
some of the desirable acoustic conditions
usually associated with the small studio.
Last winter, on the occasion of the stereo-
phonic recording of the first Forest Scene
from The Emperor Jones, technicians of
Stevens Institute discovered the possibility
of using this phenomenon to surround the
performer by an “acoustic envelope” tai-
lored to his demands. Experiments were con-
ducted in the Maplewood (New Jersey)
Theatre ‘which has many acoustic limita-
tions. A simple set of equipment was then
devised for Mr. Robeson and used by him
on a concert tour.

The first step in devising the system was

to find out what it was about the acoustics

of the small, reverberant room that was
significant as far as the artist is concerned.
It was found that the artist hears himself
if he can perceive a diffcrence in any char-
acteristic of sound between the original
sound as jt leaves him and the reproduced
sound as it comes back, It is the difference
which counts. L

Time differences are most useful: If the
artist hears the reproduced sound later than
the original one, he is perfectly satisfied
that he is hearing himself, and he is able
to do this even though the reproduced sound
be of much less intensity than the original
one, It seems entirely logical that time
difference should be satisfactory since time
difference is a characteristic of long rever-
beration or room reésonance,

Time difference is achieved by placing a
directional speaker 50 feet or more from
the artist, or by pointing it at a surface
which will reflect the sound to the artist so
that the path from the speaker to the
artist is more than 50 feet.” See Fig. 1.

Low frequencies lack directional charac-
teristics; are not readily absorbed by wall
surfaces or audience; and, when a footlight
microphone is used, the system will pick-up
low-frequency sounds transmitted by the
floor if the system responds to low fre-
quencies. High frequencies, on the other
hand, are directional enough to be kept
away from the audience and are absorbed
readily encugh so that they are below back-
ground if they ever do get out.

The response curve is not particularly
critical, and as shown in Fig. 2, is cut off
below 500 cycles, has a flat peak at 2,000
cyeles from which it drops off slowly, and
is .down 10 decibels at 6,000. Thus only the
signifieant harmonics are projected to the
artist.

The Technique is fully effective when the
sound level, at the position of the artist,
is not measurably affected by turning the
system on or off. A level set well below the
point of regeneration for the empty house
is safe, and more than adequate for the
full house.

In the first concert in which the Technique
was tried at Carnegie Hall, Mr. Robeson
was able to sing “Water Boy” in a lower
key than he had ever used before for that
number in concert. “The enthusiasm of the
artists who have tried it beats anything of
the sort I -have encountered,” comments
Professor Burris-Meyer,

RADIO-CRAFT .

OPPORTUNITY AD-LETS

Advertisements in this scction cost 15 cents a word
for each insertion. Name, oddress and initials must
be included at Lhe above rate. Cash should accom-
pany sl ctassiffed advertisements unless placed by
an accredited advertising agency. No advertisement
for less than ten words accepted. Ten percent dis-
counl Sir issues. lwenty percent for Lwelrc Lssuce.
Objectionable or misleading advertisements not ae-

cepted. Advertisements for April, 1941, issue must
reach us not later than February Tth.
Radio-Craft ® 20 Vesoy St. ® New York. N. V.

BOOKS AND MAGAZINES

ASSURE YOURSELF OF GREATER PROFITS BY
doing radio service jobs more qulckly. Authentic service
fuides show you the wsy to locate and correct troubles
in any radio receiver. Gernsback Oficial Radio Service
Manuals show You how to complete more repair jobs in
less time—how to carn more moncy by faster Bervicing.
Rederaft Publications, 20 VeseF St.. New York Clty.

WE MAVE A _FEw HUNDRED RADIQ ENCYCLO.
pedias, by 5. Gernaback, second odition, orikinslly sold
at $3.98. Book has 352 pages, welght 3 [ba.. #Jze 9 X
12 inches. Red morocco—kerniol ficxible binding. Send
$2.49 In stamps. cash or_money order und book will be
forwarded oxDross collect. Technifaz, 1915 So. State Street,
Chtcago, I1llinois.

WHAT DO YOU KNOW ABOUT AMPLIFIERS_AND
Sound Systems? The Amplifier Handbook and Pubilc
Address Quide covers P.A. from A to Z. Most complete
and authentle book pubilshed on the subject. Contalns
80 Dagos of vitsl Lnformatlon on Amplifiers, P.A. SYstems.
Sbeakers. Accessories, Plckups. Microbhoncs, ete. Printed
on fine costed stock, with numerous, photographic iilustra-
tions l(l)’ld cxplonatery diagrams, and only 25c. Ses
hago 570.

EDUCATIONAL COURSES

CORRESPONDENCE COURSES AND EDUCATIONAL
books, &lightly used. Sold. Rented. Exchanged. All sub-
fects. Satisfactlon guaranteed. Cash paid for used courses.
Completo detnils and bargain calalog FREE. \Vrite Nelson
Company, 500 Sherman, Dept. C-242, Chicago.

MANUSCRIPTS WANTED

WANTED—MANUSCRIPTS, PDEMS. SDNGS
publicatlon. Fertuny's, 87 Firth Ave., New York.

PATENT ATTORNEYS

INVENTORS—TAKE PROMPT STEPS TO PROTECT
vour invention. Deloys are dangerous. Get new FRER
book, ‘‘How to Proteet Your lInvention™ and ‘‘Invention
Record” form. Prellminary informatlon free. Reasonable
fces. Consclentious counsel. Easy payment plan. Learn
how to protcet and scll your invention. Wrile us today.
MeMorrow and Berman, HRegisicred Patent  Attorness,
176-C  Darrister Bullding. \Washington, D. C.

PHOTOGRAPHY
1/100,000 OF A SECOND SPEED FLASH UNIT FOR

Stroboscopic  Photography. $200.00. Apt. 63, 782 West
d Ave., New York City,

FOR

RADIO

WE BUY AND SELL USED RADIO TESTING EQU(P-
ment. Timo payments if desired. Harold Dacis. Inc..
Jackson, Mise,

WANTED: ELECTROLYTIC DETECTOR. SLIDE-PLATE
varlablo econdenser (preferably Unltod). Magnavox modal
TRF.5 sct. carly studlo-type carbon microphone in case,
rotary spark gap and Thordarson “‘Flexible” transformer,
Tuska '"Superdyne,”’ Adasms-Morgan wooden casc brass-
plate condenser, ‘'Grant’* ‘loudspeaker. Will swap hotno
radlo set, car-radio sct., meters, etc. K. Bernard, 40
Munning Ave., No. Plainfleld. N. J.

» RADIO KITS

RADIO KiTS—$3.95 UP, SINGLE BAND: ALL WAVE.
5-10 tubes. Fluorescent 1lghting. Save 50%. McGoo
Radlo. 1'-2035, K.C.. Mo.

TECHNICAL ART SERVICE

DRAFTING AND ART SERVICE—A COMPLETE
Service for the industrisl snd Commcreial Msrkelers.
If your business or piant can't afford a deslgning or
drefting Staff, don't let Lhis Btop You from going ahead
with that new product you intend marketing. or that
catslog of mechanical or electrical itoms which neods
fne datailed drawings and highly retouched photographs.
Any mechanleal, electrical or radlo problem ¢sn be solved
for you by our assoclated otaft of deslgners, draftsmen
end artists, and technicsl copywriters. Write for any
additional information 21 to methods and price for this
service. Tec-Art Drafting Service, 228 Charlotte Terrace.
Roselle Park. N. J.

DRAFTING SCHEMATIC DIAGRAMS SEND US A
rough sketch of Your clreuit. Estimates by roturn msil.
Our prices are moderats: our work guarantced. No jobs
too big or small. Wm. Kadlecek, Jr., 440 East 85th 8t.,
New York. N. Y.

TEST INSTRUMENTS

SUPREME 590—$524.00. TRIPLETT 1177 OSCILLATOR
and Tester, $14.50. 13§ Vine St.. Plymouth. Pa.

If you subscribe now to RADIOQ-CRAFT
you receive valuable premiums abseclutely
FREE! A Genuine Electric Dry Shaver-—see
page 567. The Radio-Television Reference
Annual—sgee page 546.

for MARCH, 1941



1941 SUPER SKYRIDER

The Hoallicrafters

2611 S, .

Indiana, Chicago,

HE latest Super Skyrider has a tuning

range of from 500 ke. to 42 mc. in 6 bands.
Other features include € degrees of selec-
tivity—3 with crystal, 3 without; 2 high-
gain R.F. stages; front-panel antenna trim-
mer control; headphone and phono jacks;
temperature-compensated high-frequency os-
cillator; provision for mobile or battery
operation; remote standby control; noise
limiter circuit; heat oscillator; free-wheel-
ing band-spread dials, and a main dial hav-
ing an auxiliary micrometer scale—Radio-
Craft

RECIPROCATING ELECTRIC
TOOL

H & H Research Co.
1925 W. Buena Vista, Detroit, Mich,

HE tool looks like a portable electric

drill but instcad of the usual rotary mo-
tion, it has a reciprocating motion. By in-
serting files, hones, saws, and other tools
in its chuck, it can be made to perform a
large variety of machining operations which
heretofore had to be done by hand. A very
handy tool to have around the service shop.
—Radio-Craft

INTERCOMMUNICATOR

Phileo Corporation
Tioga and C Sts., Phila., Pa.

HE “Philcophone” is an inter-room con-
versation system comprising a master
station and one remote station. Master sta-
tion is equipped with 5 pushbutton controls

RADIO-CRAFT for MARCH,

*LATEST RADIO APPARATUS®

so that 4 additional remote stations may be
connected to it. A 6th button marked
“Quiet” leaves the master station in a
“standby” condition so that any message
from remote station is instantly received.—
- Radio-Craft

NEW AUTO ANTENNA

Ward Products Corporation
1523 E. 45th St., Cleveland, Ohio

HE “Flex Angle” antenna is

of the 2-bolt single-mount, 3-
section telescopic type with an
extended length of 68 ins. It is
designed to fit all types of cowl
contours. A simple adjusting
nut at the base permits the an-
tenna to be adjusted through a
range of 16 deg., permitting the
vertical antenna position to fol-
low the design of any cowl, The
antenna proper is shielded from
noise and moisture. The anten-
na Jead is shielded from noise as
well as protected against under-
fender water and slush.—Radio-
Craft

BALANCED PHONO PICKUP

Fairchild Aviation Corp.
88-06 Van Wyck Blvd,, Jamalce. N. Y.

ODEL 209-3 phono pickup has an ex-

tended frequency range of from 40 to
6,000 cycles. Its needle pressure is adjusta-
ble from 1 to 3 ozs., and is set by means of
a calibrated scale. It is a crystal cartridge
unit with a sensitivity of ~31.6 db./500,000,-
ohm load with 0.0004-in. groove at 1,000 cy-
cles/second. Because of the natural charac-
teristics of the crystal, very little mechan-
ical damping is employed. All mechanical
joints ride on ball bearings.—Radio-Craft

HIGH-CAPACITY MERCURY
SWITCHES

Durakool, Ine.
1010 Main St., Elkhart, Ind.

ALTHOUGH smaller in size than previous
switches, these have greater current
handling capacity. Model A-5M will safely
bhandle 10 amperes. It is especially adapted
to snap acting mechanisms as well as tilt
acting mechanisms. Model A-10Z will han-
dle 20 amperes. Both switches will safely
withstand operating speeds of 5 times per
minute, 24 hours a day.—Radie-Craft
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LEATHER

BILFOLD /
withoul :

For the nominal amoum of 93¢ we will send you
the followiniz values
1. One duo-tone Impe rishably ctched Bronze Name
Plnte, slze Ix 134 inches with your » Social Sccurity
number and name permanently atamped upon it.
2. One¢ Genuine Leather Bllifold. size smxa Inchce
in natural brown color. with four compartments.
A8 per HIustration above.
Thie Pocketbook §s our frec
lutely no strings of any kind.
becouse we expect you to do us a favor hy showing
vour name plaie to your friends. to intereat them in
ordering onc for themselves, That's all. Help us and
you wili profit vourself.

Ac‘r NOW! M1t iithe, Gounoalbetow and enclase §5c In
¢ bronze hame plate and the Leather
Billfeld will be tor\mrdod to you at ouce.

WL L LY L L R L]

resent to  you. Abso-
‘e make you this glﬂ

8 PREMIUM DISTRIBUTING SERVICE L
[ ] ergley Bidg., Chicago. Dept.

(] Enc¢losed nnd 35¢_for which mnﬂ to the address g
below, 1ol Security Bronze Plat d  the
8 Genulne Leuther Bilifold «Without extra cost. per B
§ Your offer. [ ]
: My Soclal Security Number I8 ... ....ovvesoren s L}

[}
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FREE

300 Ways to
Make Money

’/// eetriin S

MAIL ORDER PLANS

40,000
WORDS
in TEXT!
"CASH IN"
)Ou get ALL the
real money.-make.
ers — dozens of
Drofitable tested mail

order plans, confiden-
tial business seerets,
dozens of practical test.

ed formulas, successful
tested schemes—actual ex-
Defiences of men who have
started on a shoestring—with less than $10 capltal.

Buyera of This Book Tell Us—

‘'Bigrest vajue I've yet to u;- Book s uorﬁh at

Icnst l dotlor.” uda, B'klyn
Your book Is o8 d ll not better than othcrs
solllnl at $1.00." eorge Brunet, Montreal. Can.
“CASH IN is the Lest value T have yot to see in

inc mall order ficld.* wrence Fox, Brooklyn. N, Y
“CASH IN'" contains only tested Ideas covering every
type of full—or spare-time enterprise—It’s a ““master-
picce’” in huslness ventures.

O AINS NO ADVERTISING.

SENT FREE TO YOU

NO STRINGS TO TRIS OFFER.
NO FURTHER OBLIGATIONS TO YOU!
Send 3¢ U. S, stamp to pay for malling charges

NATIONAL PLANS INSTITUTE

246-R Fifth Ave. N.Y.C.

564

IMPROYED TRACEOMETER

The Hickok Electrical Instrument Co.
10302 Dupont Ave.,

Cleveland, Ohio

HE addition of a self-contamed speaker

increases the versatility of this instru-
ment by permitting the monitoring of R.F,,
I.F, and A F. channels. Other measurements
permitted by this instrument are signal
strength in microvolts in the R.F. and LF.
sections; oscillator voltages throughout en-
tire range; all D.C. voltages, A.V.C. and
A.F.C. voltages; power in watts up to 300
watts. All measurements do not disturb nor-
mal operation of circuits under test. May
be used on F.M.,, A.M. and television receiv-
ers. Known as model 155 Traceometer.—
Radio-Craft

INTERFERENCE LOCATOR

Sprague Products Co.
North Adams, Mass.

MODEL IL-2 serves the purpose of lo-
cating and isolating radio interference.
It operates either from: self-contained bat-
teries or from the A.C. and/or D.C. lines.
Equipped with a directional loop antenna as
well as an extensible pole antenna, as il-
lustrated. Its 3 tuning ranges are: 500 to
700 kc.; 1.7 to 5 me.; and 15 to 32 mc. Its
sensitivity is such that an input signal of
less than 2 microvolts will produce a deflec-
tion of 10% on the output meter scale, In-
dication is both visual and aural, Size,
15 x 11 x 8 ins. Weight, 23 lbs—Radie-Craft

LINE-NOISE FILTER

Sprague Products Co.
North Adams, Mass.

ODELLF-2is

a multiple
section inductance
and capacity fil-
ter of the plug-in
type for use on
very troublesome
sources of radio
interference.
Should be installed at the power outlet of
any interference-creating electrical appli-

RADIO-CRAFT

ance drawing up to ‘%-amp. Measures but
2%x1%x1 7/16 ins. and designed for 115-
volt A.C. and/or D.C. lines.—Radio-Craft

CABINET KIT

New England Radiocrafters
Brookline, Mass.

HIS kit contains 2 aluminum ends sup-

porting 4 super-masonite sides, to make a
¢abinet 6x6x9 ins., easily cut, drilled or
stamped with simple tools, or reduced in
size to fit compact assemblies. Extremely
light weight, but rugged. Extra parts avail-
able at low cost for rebuilding, Useful to
the amateur, experimenter, Serviceman or
custom-builder of radio or electronic equip-
ment.—Radio-Craft

RECORDING BLANKS

Howard Radic Company
1731 Belmont Ave., Chicago, lll.

EATURES of these blanks are: flame-

proof; shearing qualities claimed better
than “nitrate” materials, permitting clean-
er groove cuts without tearing; the special
coating on the heavy metal cores are very
hatrd, assuring long life and reproduction of
high frequencies; there are claimed to be
no layer definitions, as shown by a cross-
section examined under a microscope. This
prevents any stresses being set up between
layers which, with time, cause groove dis-
tortion. Discs are available to dealers in an
attractive display cabinet.—Radio-Craft

MAGNETIC RECORDING HEAD

Shure Brothers
225 W. Huron St., Chicago, HI.

ODEL 44A is a wide-range magnetic

record cutter recommended for use
with home recording equipment. Operates
directly from the voice-coil winding of the
output transformer. Stiff moving element
pelmlts recording on practically all record-
ing materials. May be used with almost any
radio set. Impedance 10 ohms at 400 cycles;
resistance 4 ohms D.C.; suitable for output
eireuits of 4 to 8 ohms. May be used with
steel, alloy-tipped or sapphire recording
stylus.—Radio-Craft

“PEN-OSCIL-LITE” R.F.-l.F.-A.F.
SERVICE OSCILLATOR

General Test-Equipment Co.
213 Crosby Ave., Kenmore, N. Y

HE uniqueness of the vest-pocket Pen-

Oscil-Lite lies not so much in the circuit
as in the electro-mechanical design that
makes possible such a mechanism in so small
a space and with such low power require-
ments,

Circuit-wise, according to the manufactur-
ers, the Pen-Oscil-Lite consists of an inter-
rupter which creates a square topped wave
followed by an extremely steep wave-front
pulse. On a peak vacuum-tube voltmeter
this pulse measures in excess‘of 125 volts
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into a 10-megohm load. Because of the steep-
ness of the wave-front -of this pulse, tran-
sients are created which cover the spectrum
from the audio to extremely high radio fre-
quencies. These transients are modulated at
the interrupter frequency of about 700
cycles.

Receiver circuits, to which the Pen-Oscil-
Lite is coupled, are shock-excited into oscil-
lation or response at their natural fre-
quency. Can be used in R.F,, IF and A.F.
circuits.—Radio-Craft

PORTABLE P.A. SYSTEMS

Webster-Chicago Corporation
5622 Bloominadale Ave.,

Chicago, Il

Jt CONOMY, performance and portabili-

ty” is, according to the manufacturer,
probably the best way of describing this
new economy line of P.A. equipment. Avail-

-able in 3 power sizes, this new line is the

answer to the smaller band’s, traveling
show’s, carnival's, etc., demand for a com-
plete portable P.A. system priced within the
scope of their limited budgets. The entire
system, consisting of amplifier, two 12-in,
speakers, microphone and connecting cable,
is housed in a single carrying case.—Radio-
Craft

18-W. BATTERY/ELECTRIC
MOBILE AMPLIFIER

Thordarson Electric Mig. Co.
500 W. Huron St,, Chicago, Ili.

AN 18-watt amplifier and, phono-player
operated from either 6 volts D.C, or
115 volts A.C. Suited for all mobile and
portable applications. Plays either 10- or
12-in. records at constant speed with either
battery or A.C. operation. All controls and
connections are on the front panel. Has
phono and voice channels, and provisions for
mixing both. Known as model T-30W18.—
Radio-Craft

PROFESSIONAL DISC RECORDER

Phonotone Laboratories, Inc.
Washington, Indiana

HIS professional disc recorder consists of
three units; viz., a motor driven recorder
with high-fidelity cutting head; . weighted
turntable; crystal pickup and volume con-
trol; 18 watt amplifier for recording and
reproducing and for use as a P.A, sys-

RADIO-CRAFT for MARCH,
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.~RADIO COURSE $405

Ilow8 749 Servicemen Obtained Their Training
POSTPAID

You may also get exact reprint of the regular $39.00
Radio Technical Institute course for only $1.95, the full
price, This is the latest radio servicing course complete
in every way and exactly the
same as the much higher priced
original lessons.

AMAZING REDUCED PRICE

WILL HELP YOU
GET A RADIO JOB

“I think your course

is tops.”" Leonard D. Repair all radio sets expertly, learn new sbeed-tricks of
Robinson, Toronto, servicing, short-cuts, prefit making ideas. Brush up on
Canada. Intest servicing methods. A single hme-savmg hint will

more than pay for the special $1.95 price for the complete
course and =all supplementary
materinl. Make certain of
your Place in Radio. Learn
to repair all radios quick-
ly and properly.

LIMITED OFFER

Wrlte to us today while
this efter 18 .In efTeet.
Only a llmited Quantity
of courses printed to sell
at the reduced price.

FOR HOME-STUDY

Get ahead fn Radlo
with thie practleal train-
ing. The lessons are
clear, interesting, casy
to understand and use.
Final exam ‘and diploma
avatlable after course {s
finlshed. Look the coprse

FINE COURSE

. “I would like to say
| you have a very fine
Radio Course.”” Wil.
ford Sanders, Jr.,
Parrish, Ala. You
can get started in
Radio with a total
i investment of only

$1.95. This is the
lowest priced radio
i training. Act today.

GREAT HELP

"I consider the course
a most valuable addition
lo my radlo library.
Also, my diploma fim-
presses my  customers
end, thereby, helps my
business. 1T would not

Part with r? ‘over without any risk.
part with my course for
any sum if I could not a mm -—--1

: ’g%‘l‘é'h“.ij‘e°‘é‘f’usc':‘m“m?| 10 DAYS FREE EXAMINATION ,

format

Courtne¥, Augusta, Ga. gUPREM:’E h’g?"}:ﬁ?T'Olei Room 635 .
® 37271 W. 13t . cago,

RECDMMENDED I Ship the complete course on approval without any obligation to .

buy. I may keep the course for 10 days. If, for any resson, I em
FOR BEGINNERS not Dleased, you Fuarantee 1o refund my moned.

a
- 1
¢ [\m'mﬂbgd

Complete

. "IA'f\EuIEXl::EnT;znd O I will give 81.95 imd 15¢ postafe.to the hostman. I

ﬁlsltrnu&adcl:urs{efsnﬂy): O sm scnding $1.93, the full price, ship postpald. 1

1 He"hamnnc“ remonl. l ENATI 3wl 27 7 i P 0 Bk Bt B s b B i — (S '

b B O AGAreSE: ..ttt e e e e e e e ]
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A NEW BOOK TO ADD TO YOUR TECHNICAL LIBRARY

A"TOMOB“.E RAnlo—PrincipIes & Practice

by B. Baker Bryant

how to install and service the modern auto-

mobile radio recelver. All of the non-esscnilal
details which have crept into the profession have
becn weeded out. Each tople is trested 50 ns 0
contain a Dprecise sitatement of the fundamental
principie invelved. 10 amsure Lhe reader's clear une
derstanding of this principle, without distracting his
attention by the discussion of a multitude of details
and mathematical expressions, ‘which are primerily
for the enginecer, and tend to confusc rather than
clarify a statement for the auto-radio-techniclan.
A practical treatlse based on oractical cxperience
by woractical rodlo pcsole for the oractical radio.
techniclan.

Brief Outline of Contents—

introduction—The Auto-Radlo Art.
Features of the Modern Automobile

acelver,

installations of Autemobile Radics and
Anteana.

The Automobile High and Low Tenslon
Electrical Systems.

Autemoblle Eisctrical Disturbances.

Vibrator Converters and Motor Generators.

Service Hints. Classified Automoblle In.
stallation Notes, and Conclusion,

ALY o A
5 i Send _30c_ check. money order, un-
7 by 4 used U. S. stamps. or coin for your

A COMPLETE compilation of pertinent data om

copy of ‘*Automobile Radio—Princi-
Dles & Practico'—it wlll be sent to
you .postpaid upon receipt of Your
remittance.

RADCRAFT
PUBLICATIONS, Inc.

POSTPAID

Size—6 x 9
Inches

64 Pagcs
Stiff. flexible
covers

Numcrous

ilustrations

diadrams 20 Vesey Street, New York, N. Y,
i
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(10 BEST

RADIO FANS EVERYWHERE-—these
fine ten cent text books give you an
excellent foundation for the atudy of
RADIO. They are clearly written, pro-
fusely illustrated and contain over

15,000 words in each book. You'll be

RADIO

sooks 1 0%

amazed at the wealth of information
contained in these handy books. Ex-
cellent for reference—ideal for every
technical library. YOUR MONEY BACK
if you are not satisfied.

PROMPT SHIPMENTS

No. |

HOwW TO BUILD FOUR
OOERLE SHORT WAVE SETS

Theousnnds of radlo fang have
bullt the famous DOERLFE Short
Wave Radlo Receivers. So In-
has been the demand
for these receivers, as well as
construction dctails. that this

oW 10 BLILD

heok has been speclally pub-

lehed.

Conulns EVEnY‘l’ulNG thM ha-
been  printed

ﬂmoua receivers.

No, 3

ALTERNATING CURRENT
FOR BEGINNERS

This book Kivts the beRlnner a
foothold In clectricity and Rndlo.

Flt‘ﬂﬂ-e circults sre oxplained.
Ohm's Law, one of the funda-
cnlnl laws of radlo. is cx-
I)Inlnt_-d. the fleneratlon of al-

ti
amperes.
watts are exblalned. 8 d

Neo. 2
How TO MAKE THE MOST
POPULAR ALL-WAVE |- and

2-TUBE RECEIVERS

This book conmlnn a nunmiber of
exccllcnl scts of which
nve appeared’ In bnn issucs of
“ADTO CRAPI' These &
been carcfully enZinecred.
Bre . not expe: r|menm Nm. only
are meuc sets desc In
ut it conunnn all ol the
Illus(.rn(lonl hookups.

ALL ABOUT AERIALS

This book c¢xplains the uu-orv
underlying the tarloun typog of
acrials: ¢ Inverted L. the

Douhle Dﬂublcl‘

mers. A.C. r
motors and fenerntors.

elv
wove recel\crs m!d tor all- wnva
recelvers.

No. §

BEGINNERS' RADIO
DICTIONARY

e!c.mNEﬂS you puzzled Ly mdio lan-
an
m] ou define  Fre-

| DI ioNARY

> ode? Fole?
La

used
lnnlrunlon book
boo!

U need thi
K In your librefy. 3

No. &
HOW TO HAVE FUN WITH
RADIO

Stunts for Parties. practlenl
Jokes, scientiflc experimenis and
pther nmuscmonls wnlch can be

done with radio set are
cxplllned ln I.hla fnuclnaunsi‘ vol-
tells how mal a

noulpnpc talk—how to produce

s||cm. music for dances—=how
visihie music—how

mnkc & “nllcm

usable by

make toys which dance to rodio

music, cte.. ot

No. 7
HOW To READ RADIO
AGRAMS

All of me symbols commonly
used in rndlo dll ramas am pre-

sented in this K,
Ith pictures of the -nnnrn:us
Y reprosent and explanations
;:Iv ng an ¢asy method o m: B
orize them. This boo
Wi

gazine, also i
dozen plcture- wlﬂn{hdlnmms of
simple radio sets tha ca
builg.

No. 8

SIMPLE ELECTRICAL
EXPERIMENTS

100 Inleresting and prac-

described in thls
every branch of clectriclty—from
simple  experiments with mag-
ncln to hig (nnuen ‘'atunts.
All of the ¢xveriments de-
scrihed can be carried vut with
llmyle arnnrnlu: most of which
can und about the home.

e v =

L
RiE,

RADIO FOR BEGINNERS

Hugo Gernsbnek. the Internation.
o pioneer, numor
hose famous m

AND" TELEV!SION’
and RADIO-CRAFT are ﬁ
ml'l;.lor;’s‘ mres another lrlumv

K. ny

inner \\ho rv:adn 1t will s:et n
horo! und work in rodlo
expialned In
and through
Illuatmtions.
used to make the
mysteries of rndlo clear,

No. 10
TELEVISION
Every onc ls asklng the question
How does televigion work? This.

0 0

Look expisins all of the differont

ByStems of teltvislon from tho
to the mo:

cked up by
lelev!slon camcra and bmndcnl
t? our home. cte. Varloua types
of
el

televislon syslems are  de-
ribed.

BOOKS ARE

Every book In the GERNSBACK EDUCATIONAL LIBRARY has 32 nafes—svith iflustrations verying frow
30 to 66 in number. Each title volume contains over 15.000 words. Tositlvely radio’s gr
do not think these books worth the price asked. return them in 24 hours and your money w

ALL UNIFORM

eatost book buys! 1f you
ill be instantly refunded.

RADIO PUBLICATIONS e 20 VESEY STREET e NEW YORK, N. Y.

II-----_-------------------------------------------------
8 RADIO PUBLlCATIONS. Dept. RCSdI

4 20 VESEY STREET. NEwW YORK.

@ Gentlemen: Plense send immediately, FOSTPAID the book numbers circled betow, 1| am enclosing ...... 2¢nis
§ —e3ch beok being 10c.

2 1 2 3 4 5 6 T 8 9 0

[ ] NEW NEW

M {J S8end FREE listing of 48 new 10¢ publications.

: NAMO Srirn vt 855 o Tsir iy TorTy g T = P eo. AdAress .oi...coe-is ks o L SR il @
B ity bt i ) 708 5 6l B O MBI 2 e Der e mee e ey ik, BIVBY8 i e A e 0 B o 1 o e
1 Remit by check or money order—reRisier letler it sou send ellh or unused U, 8. Dostage stamd
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tem; and a P.M. speaker, furnished in 12 or
15 in. diameter, The weight of all three units
combined is approximately 65 lbs.—Radio-
Craft

“ROSTRUM" P.A. SYSTEM

Erwood Sound Equipment Co.
223 W. Erie St., Chicago, Il

COMPLETE P.A. unit in all details

contained in one portable case: the
amplifier, loudspeaker, microphone, controls,
etc. Removal of the cover gives.access to a
reading platform illuminated by a miniature
lamp. Ideal for hotels, lodges, small churches
and other gatherings.—Radio-Craft

2-SPEED RECORDING NEEDLE

Recoton Corp.
178 Prince St., New York, N. Y.

HE Stellite Cutting Needle is, according

to the manufacturer, the only needle of
its type (not being a jewel) which will cut
331/3 and 78 r.p.m. recordings with egqual
facility, It is composed of a hard Stellite
tip inserted in a duraluminum shank. It
assures noiseless, high-fidelity recordings for
several hours, and then may be re-sharp-
ened. Needle has 2 patented edges, viz.: one
cutting, and the other polishing; thereby, a
smooth, shining groove is left.—Radio-Craft

10-CHANNEL MARINE
RADIOPHONE

Hallicrafters,
Indiana Ave,,

Inc.

2611 S. Chicago, 1ll.

NOWN as the “Seagoing” Model HT-12,

this radiophone is a 50-watt unit com-
prising a 10-channel receiver and-a 10-
channel transmitter. All channels are
crystal-controlled which permits the elim-
ination of manual tuning. A voice-controlled
automatic relay system eliminates manual
switching. The power supply is & separate
unit available in 2 types, viz: operation from
12-volt ship’s battery; and, from a 110-volt
A.C. source. The receiver is a sensitive 7-
tube superhet. with 1 stage of preselection,
and with A.V.C. and Q.A.V.C. systems.—
Radio-Craft

PUSH-PULL VIBRATORS

The Turner Co.

Cedar Rapids, lowa
UTSTANDING
feature of this

new line of vibra-

tors is that they do
not depend on the
springing action of

the vibrator, but
instead, employ an
equal amount of

magnetic power to
push and pull the

reed and its con-
tacts. This results
for MARCH, 1941



in cleaner, more positive contact on each
swing. Piling and chattering are eliminated,
R.F. hash reduced and mechanical noise low-
ered to a very low level.—Radio-Craft

IMPROVED CUTTING NEEDLES

Audio Devices, Inc.
1600 Broadway, New York, N. Y.

CUTTING needles with Stellite and Sap-

phire points further improved to provide
improved frequency response and lower
noise level, These features should be of
interest to the critical home recordist ag
well as the studios and broadcast stations
now using the newest type of extremely-
wide-range cutters. For convenience in
operation the thread throw has been in-
creased and improved—Radio-Craft

SUPERFINE LUBRICATING OIL

The Davenoil Co.
158 Summit St., Newark, New Jersey

THIS lubricating oil has been expressly

prepared for delicate and precise instru-
ments. It will not leave a residue of dirt or
sticky gum. Recommended for laboratory
test equipment, watches, cameras, micro-
scopes, etc. Furnished with metallic ap-
plicator.— Radio-Craft

DYNAMIC “DISPATCHER"
MICROPHONE

Universal Microphone Co.
Inglewood, Cal.

. . AT L 24
ENGINEERED primarily for operators of

wired music systems who must have their
hands free for operating phono-turntables
and gain controls. This type microphone is
being made available in 12 different models
and impedances. The unit includes 7% ft.
of flexible cord, weighing a total of but
1% -1b.—Radio-Craft

LIGHT AIRCRAFT RECEIVER

Harvey-Wells Communications, Inc.
Southbridge, Mass.
DESIGNED expressly for use on light air-

craft, this receiver is designed func-
tionally on the actual requirements of pri-
vate aviation as found through actual flying
experiences of the company’s personnel,
and by close contact with private pilots.
Known as AR-2-A, this 4-tube receiver

RADIO-CRAFT MARCH,
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weighs but 9 lbs, complete with heavy-duty
batteries, battery case, cables and head-
phones. The size is 6 ins. wide x 4% ins.
high x 4 ins. deep. The set is a superhet.
with a continuously variable tuning range
of from 198 to 405 ke.—Radio-Craft

FLUORESCENT DESK LAMP

Eagle Electric Mfg. Co., Inc.
59-79 Hall St., Brooklyn, N. Y.

FLUORESCENT lighting is going over like
hot cakes and there is no reason why the
Serviceman who has a little store of his own
or the Serviceman-Dealer should not cash-in
by selling units such as the one illustrated
here. This unit is an all-bakelite desk lamp,
complete with starter switch. The base is
heavy cast metal, lending ruggedness to the
entire unit. Shade has baked white enamel
reflector which is adjustable to foecus light
where desired. Known as the Fluralamp
model 552, this lamp uses a No. T8 15-watt,
18-in. fluorescent bulb. Designed for use on
110-120 volts, 60 cycles A.C. Measures 15 ins.
high by 18 ins. wide. Other meodels also
available.—Radio-Crajt

Coil
1"Sp’kV

DATAPRINTS

TESLA-OUDIN COILS

20c Ea.
{(Data and Drawings only.)
36" 8p'k Tesla-Oudin Coil 40c¢
(1 K.W. Exc. Trf. Data incl.)
8” Sp’k Tesla-Oudin Coil 40¢
(%4 K.W. Exc. Trf. Data incl.)
8” Sp’k Oudin; 110 Vt.

“Kick Coil”
3” Tesla Works on Ford

4
ibrator Hi-Freq. Coil 40c

in_ order for 10

type...... 40c

................................. k]
Induction PIPE &
ORE LOCATOR

x> Induetion Type, Data ..... 40¢

) Tadlo: JIFne.) sis it L medd sy 40¢c

5 Meter Superhet,

1, Meter Tr. & Rec.
20 A.C. Probs. & Ans.
20 Telephone Hook-ups
100 Mech. Movements
20 Motor Hook-ups
Television Hook-up
20 Elec. Party Tricks
Solenoids and Magnets

—get list.
Fry Egegs on Ice!
|| Experimental Photo-
phone
{1 Radio Control for
Models

Diathermy Apparatus
Inductor Organ

More DATAPRINTS 40c cach!

Electric Refrigerator
Wheatstone Bridge
‘Weld. Transf. 2 K.W.
Rewinding Armatures
String Galvanometer
2¢ Simple Bell Circuits
Steel Wire Recorder!
Water Wheels

Water Turbines
Photo Cell and Relay
Ring 4 bells: 2 Wirte
20 Tesla Tricks
Polarized Relay
Induction Balance
Electric Pipe Thawer

Single, 40c cach.

Special Prices: 4 prints $1.00; 10 for $2.00;
Get New Catalog 100 A.

The DATAPRINT Co.
Lock Box 322D, Ramsey, N. J.

é"et This Electric 'pﬁry Shaver
ABSOLUTELY FREE!

OPERATES ON
110-VOLT, 60-CYCLE
A.C. LINE

Gentlemen: En

WE SHIP ELECTRIC DRY
SHAVER THE SAME DAY

Shaver.

N L DL LT ]

YOUR SUBSCRIPTION Name
ORDER 1S RECEIVED. .
Address
T city
CLIP COUPON—
TReqi - !
AND MAIL! egister letter I
1941

subseription to RADIOQ-CRA
immediately FREE. ELECTRIC DRY
§2.75). In U. 8. add only 25c addltional to cover shibDIng charZes on

[ New Subscriber

JUST THINK OF IT—you can

et absolutely

FREE, the useful DRY ELECTRIC SHAVER
which is shown at the left. This ELECTRIC
DRY SHAVER is sent to-you by the publishers
with a one-year subscription to RADIO-CRAFT,

guarantee.

AMall

DRY

Here Are the Features of Thé
ELECTRIC DRY SHAVER

Constructed of metal with attractive red bronze
Anish. Seientifically constructed to give a perfeetiy
clean shave. 5-foot rubber insulated cord and plug.
Constructed to last for many years.

to enter

RAD1O-CRAFT

RADIO-CRAFT, 20 Vesey Street, New York, N. Y.

closed find m‘zr re‘mlr.hnce of $2.00 for which enter my
o

T _one_year
SH.

(Bend remittance by chéck. money order or unused

¥ou gend cash or stamps.

(12 TIssies). Send mao
(Canada end foreign

O Extend Present Subscription

Stato
U.S. Postago Stamps.
RGC-341

Operates' from | 10-volt, 60-tyels A.C. elec-
tric line. Carries & two-year manufacturer's
A fine quality, celf-sharpening
toliet necessity.

Send your subscrintion 1o RADIO-CRART
;g;‘ugnla; g_eka}r_};uz luu:s) and recelve at:-
LE_ong of theso romarkable
Electric Dry Shavers. 3 h
aro accepted or you may extend-your pres-
¢nt subseription another (welve months.
your remittance of $2.00 (plus 25¢
for shipping charges on Shaver) to the
publishers. (Canada and forelgn
$2.75.) _You will recsive your
ELECTRIC SHAVER im-
mediately by return matl.
coupon  below
subseription.

New subscribers

Use
your

20 vesey Strest, New York., N, Y.

[l
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e LATEST RADIO APPARATUS"

SEMI-COMMUNICATIONS
RECEIVER

Echophone Radie Corp.
201 E. 26 St., Chicage, Il

ODEL EC-1 “Commercial” has features
many of which are found in regular
communications-type receivers. For instance,
its tuning range is continuous from 545 kc.
to 30.5 me. The illuminated dial is large and

fully calibrated for all bands and also in-

cludes a separate band-spread scale and
pointer, actuated by a separately-controlled
clectric band-spread system. Other featurcs
include . headphone - loudspeaker switch,
‘beat-frequency oscillator switch (which cuts
out the A.V.C. system automatically), and
a stand-by switch. A 5-in. P.M. speaker is
self-contained in cabinet.—Radio-Craft

NEW ANTENNA
Alesi & Fener
132 Nassau St., New York, N. Y.
HE Vertrod, claimed by manufacturer to
eliminate most of the man-made static
which has previously defied the best efforts

Antennae
cart be mounted anywhere
at any angle. ceerconly @
screwdriver 15 required.

of engineers, employs entirely new principle,
Line interference is effectually prevented
from reaching aerial. Supplied in convenient,
compact package, Vertrod aerial can be
quickly set up, wherever 4 ins. of space are
available. Patented rotary base accommo-
dates aerial to any surface or angle. Only
a screwdriver is required for mounting.
Solid duraluminum parts insure greatest ef-
ficiency and durability.—Radic-Craft

HOME RECORDER

General Eloctric Company
1285 Boston Ave., Bridgeport, Conn.

ODEL J-629 is a 6-tube A.C. receiver

incorporating a combination phono-
graph and recording mechanism., Housed in
a table-model cabinet, thc instrument is
compact and an entertainment unit complete
in itself. Both pickup and cutting-head are
of the crystal type. Turntable speed is 78
r.p.m. The receiver is a superhet. with a
tuning range of 550 to 1,600 kec. and an un-
distorted output of 2 watts.—Radio-Craft.

< ———

NEWS OF
TELEVISION

LTHOUGH air television ac-

A tivity has been in the dol-

drums of late, laboratory

work seems to have progressed almost un-

abated. One of the developments having

exceptional portent was the installation,

by N.B.C. last month, of a special filter

unit which enables the antcnna of station

W2XWG to transmit both television and

Frequency Modulation programs, and the

cue signals from a 3rd transmitter, simul-
taneously and without any interference.

The U. S. Department of Commerce re-
ports television set manufacturing amount-
ing to a total of 4,091 eets, at an average
price of $200, during 1939.

Allen B. Du Mont Labs. announced that
the delay television-tube, which affords 626-
line flickerless scanning at 15 frames/sec-
ond, now is available with a white screen
(which therefore supersedes the earlier
orange-screen type).

Impormnt Annoumement

to All Servicemen!

NOW YOU CAN JOIN THE NATIONAL RSA
“For On/y 3/.00 « yea'c./

RADIO SERVICEMEN
OF AMERICA, INC.

Every Serviceman can have a voice
in his destiny in his own industry!
The RSA extends its services and
makes it possible now for all Serv-
icemen to enjoy the advantages of
membership in this national organi-

zation for only $1.00 a year.

Yes—for as little as 2¢ a week you get the RSA
Membership Certificate and receive the RSA
House Organ. You have access to the RSA Tech-
nical Helps Bureau, and you are able to partici-
pate in all the other functions and benefits which
the RSA offers.

it now!

ssReliable Service Assured’’

JOE MARTY, JR., EXECUTIVE SECRETARY
304 S. DEARBORN ST., CHICAGO, ILLINOIS

568 o

RADIO-CRAFT

As rapidly as local chapters are formed, pro-
tected territories will be established for them.
Applicants in present chapter areas will be re-
ferred to the local chapter.

This is your opportunity. Don’t let it slip away.
Join now with thousands of your fellow Service-
men in this great organization—the organization
that’s doing things for you!

Fill out the coupon, attach a $1.00 bill and mail

RADIO SERVICEMEN OF AMERICA, INC.
304 S. Dearborn Street, Chicago, Illinois

$1.00 enclosed for 1941 National Dues in RSA.

Radio-Craft—Mar.

for MARCH, 1941



”/Aete to .ﬂay .‘7!..

* CLASSIFIED RADIO DIRECTORY®

SECTION VI

CLASSIFIED RADIO DIRECTORY

Handy Buying Guide, by Products and Manufacturers’ Names and Addresses, for the Entire Radio Industry

There is no charge for regular
light-face listings in the Classi-
fied Radio Directory. This service
is absolutely free. However, if
dominant bold-face listings are
desited, we make a charge of $2
for concern names and §1 for
trade names for each bold-face
listing. Please write to the Ad-
vertiging Dept., Radio-Craft, 20
Vesey St., New York, N. Y., for
details,

TUBES (& PARTS)

Ballast (regulating) . . . BR
Cathode-ray o e
Industrial . . IN

Miniatures (hearmg aid and/or
radio receiving} .. M

Photocells . . P
Receiving (lncludlng rechf’ers)
.« . RR

Transmiﬂing ‘. o & w IX
Voltage control . . . . . V¥V

AMERICAN TELEVISION CORP., 130 W. 56th St.,
New York, N. Y. —C

AMPEYRITE COMPANY, 561 B'way., York,

ARCO TUBE CO 227 Cenfrol Ave., Newark, N, J.—

Gyl
CANADIAN MARCONI ‘CO., Montreal,

New

Quebec,
an.—BR, P, RR, TX, ¥V, M
CLAROSTAT MFG CO |NC 285 N. &th St
Brooklyn, N. Y.—BR
CONTI ENTAL ELECTRIC CO., Geneva, |Il.—IN, P

CRUMPACKER DISTRIB. CORP.,” (801 Fannin S$t.,
Houston, Tex.—BR, P, RR

HAROLD DAVIS INC l428 W, Capital St., Jackson,
Miss.—BR, C, RR, TX,

DOW RADIQ SUPPLY ¢o 1759 E. Colorado,
Pasadena, Calif,—BR, RR, TX

ALLEN B. DU MONT LASS.. INC., Passaic, N. J —C

EITEL-McCULLOUGH, INC., 798 San Mateo Ave..

San Bruno, Calif.—TX

ELECTRONIC CONTROL CORP., 2667 E. Grand
Ivd., Detroit, Mich.—P

ELIEPS:TRONS INC., 127 Sussex Ave., Newark, N, J.—

FARNSWORTH TELEVISION & RADIQ CORP., 3702
’FX Pontiac St., Fort Wayne, Ind.—C, IN, P,

FEDERAI‘: TELEGRAPH CO., 200 Mt. Pleasant Ave.,

ewdar

FISCHER DISTRIB CORP 222 Fulton St., New
—BR, C, RR, M

ork. N. Y.
GENERAL ELECTRIC do Schenpedady N. Y %
X,

Bndtieport Conn.— ¢

ABORATORIES INC 326" N. Knox Ave
Chicago, Ill.—P

GOLDENTONE RADIO CO., 15123 Warren Ave.,
Dearbarn,

HARRISON' RADIO CO |2 W B way New York,
N. Y.—8R, C, P. RR,

HECII\:T’Z & KAUFMAN LTD Soufh San Francisco,

alif. —T

HERBERT H HORN, 1201 S, Olive St., Los An-
qgeles, Calif. —BR, IN, V. M

HYGRADE SYLVANICA CORP 500 Sth Ave.,

—| RR,

HYTRON CORPORATION 76 Lafaveﬁe St..

Mass.—BR, C, IN, P, L)

Salem,

JNEE D MANUFACTURING CO 4|1I Ft. Hamilton
Pkwy., Broolrlyn N. Y.—BR

KEKN RAR% TUBE & LAMP CORP., INC.—Owensboro,
v.—|

T'BR I\;cELROY 100 Brookline Ave., Boston, Mass.—

M & G. HEARING AIDS CO., 30 N. Michigan

Chicago, |ll.—

MONTGOMERY WARD & CO., 819 W. Chicago

Ave., Chicago, IIl.—BR, C. RR, TX. M

NATIONAL UNION RADIO' CORP., 57 State
St.. Newark, N. J—BR, C. P, RR, V

q the possibility of occasional errors an

New -

This DIRECTORY is published in sections—I1 section per month. This method of publica-
tion permits the DIRECTORY to be constantly up-to-date since necessary revisions and
corrections can be made monthly. All names preceded by an asterick (*) indicate that
they are trade names.

If you cannot find any item or manufacturer in this section or in previously-published
sections, just drop us a line for the information.

Nore: Section I of this DIRECTORY was published in the .October, 1940 igsue, Sec-
tion }/IRpresegted here, concludes the 1st Edition of the DIRECTORY. Next month: Sec-
tion evise

d omissions ih the preparation of this Classified

While every precaution is'taken to insure accuracy, Radio-Craft cannot guarantee against D

Directory. Manufacturers and readers are urged to report all errors and omissions at the
earliest moment to insure corrections in the very next issue.

NORTHERN ELECTRIC co., LTD 1261 Shearer St.
Montreal, Que., Can.—BR IN, P, RR, TX, ¥, M
OFFENBACH ELECTRIC cé 1452 Markef 5., San
Francisco, Calif.—BR

”2;"‘?,? mmo & TELE\IISION CbRP Tiogs &
PHOTOBELL CbRPOPRATION 123 Liberiy St.. New
RS BT e N
R?PIO EQUIPMENT CORP, 32\? am St., Bufalo,

RADOLEK COMPANY 50| W éandol h St.,
o, |l v,

RAY?HEON PROD CTION ¢orzp

Ave., New York, N. Y.—IN,

RCA MFG. CO., INC., Front a Coop er Sts., Com-

den, N. J.—BR, C, IN, P, RR, TX,

ROGERS MAJESTIC CORP LTD 622 Fleet St.,

Toronio, Can,—

MAURICE SCHWAkTZ a. so~ 7|o m Bwoy Sche.

IN, P, v, M
SHECLEY RADIO CO..iB4) s, ‘Flocer S Lot An-
eles, Calif—BR, C, P, RR, V
585 CINEMA SU:PLY CORP., 63 I1th Ave.
e .
SUN“;ZADIO 0., 212 Fullon St., New York, N, Y.—
BR, C, RR, TX V. M
TAYLOR' AIkaONE PRODUCTS, Hangar 1S, Long
Beach Airport, Long Beach, Calif.—M
TAYLOR thJBES I_FIC 2341 Wabansia Ave., Chi-
TILT%N ELECTRIC CORP,, 15 E. 2bth St., New York,
ur:'lrso EILECT&ONICS CO., 42 Spring §t.,
WESTINGHOUSE ELEC. & MFG. CO., East Pitts-

0, IN
ZENI?H RADIC ‘CORP.. 8001 Dickens Ave., Chicago,
|_

Chi-
420 Lexington

Newark,

VIBRATORS

{Also see Battery Chargers, Eliminators &

Rectifiers)
Aircraft e e . A
Aute-radio 3 .. . AY
Farm-radio . . . . . . FY
Inverters . . . ., . . . |

Neon Lighting g € o N
Radio transmitting . . . RT

AI;IERICAN TELEVISIO’I‘: & RADIO CO., 300 E. 4th
Minn.—
THE BENWOCD LINZE COMPANY 1838 Washing-
ton Ave., St. Louis. Mo.~—I|
C?:NADIA\N MARCONI CO., Montreal, Quebec,
—A
CE:ITRDIAN RADIO CORP., LTD., Toronto, Ontario,
an,—A
CRUMPACKER DISTRIB CORP., 1801 Fannin St.,

Houston, Tex.—AV, FV, | 1
428 W. Capital St.,

HAROLD 'DAVIS, INC Jack-
son, Miss.—AV, FV

DOW RADIO SUPPLY CO 1759 E. Colorado, Pasa-
dena. Calif —A

2667 E. Grand
122 W New
New York,

ELECTRONIC CONTROL CORP.,

Blv

ELECTRONIC LABORATORlES INC.,
York St., |nd|anapolls Ind
ES:IEYYMFIG CO., INC., 305 E 83rd St.,

FISCI-\!JERADISTRIB CORP., 22 Fulton St., New York,

H¢RI1ISONYRADIO CO., 12 W, Broadway, New
or
HgRTMAN ELECTRICAL MFG. CO., Mansfield,

hio—N
THE HICKOK ELECTRICAL INSTRUMENT CO.,

10514 Dupont Ave., Cleveland, Chio—A
HERBERT H. HORN, 1201 5. Olive St., Los Angeles,
Calif.—AV, FV,
KAA'R ENGINE’%RING CO., 419 Emerson St., Palo
Al
LAFM’ETTE RA‘I:DVIOICORP 100 6th Ave., New York,
FRED M. LINK 125 W, I7th $t., New York, N, Y.—

M & H. SPORTING GOODS CO., 512 Marke? St.,

Phila., Pa.—A
P. R. MALLORY' & CO., v3029 E. Washington St.,

Indianapolis, Ind.—AV

MEISSNER MFG. CO., Mt. Carmel, [IL—AV

MONTGOMERY WARD & CO., 419 W. Chicago
Ave., Chicago, Ili.—I

OAK ‘S\AFE COD., 1260 Clybourn Ave,, Chicage, I,

OFFENBACH ELECTRIC CO
Francisco, Cell

1452 Market St,, San

PHILCO n DIO & TELEVISION CORP., Tiogs &
rCY phila., Pa.—AV. FV

RADIO ELECTRIC SERVICE CO., INC., N. W. Cor.
7th & Arch Sts., Phila., Pa—AV, FV, |

RADI(Y) EO\}JII;MENT CORP., 326 Elm St.,

N ¢ Buffalo,
RADOLE:(H C(A)MPANY &1 W. Randolph St., 'Chi-

MAURICE SCHWAQTZ % SON, 710-712 Broadway,

Schenectady —AYV, FV,
SETCHELL CARLSON INC., 2233 University ‘Ave.,
3. Flower St., Los An-

St. Paul, Minn.—A
SHELLEY RADIO CO 1841 3.
eles Calif,—
S N RAVDIo co 2 Fulton St., New York, N. Y.—
TAYLOR 'AIRPHONE PRODUCTS Hangar 15, Long
Beach Airport, Long Beach, Calif.—

UTAH RADIO PRODUCTS CO.. 812 Orleans St..
Chicago, Itl.—AY, FV
JAMES IBRAPOWR CO., INC 341 N. Crawford

Chicago, ll.—.

vICTOR ANIMATOG RAPH conp Davenport, lowa

WIRE

Antenna (receiving) AR
Antenna (transmitting) AX
Antenna, Transmissign (receiv-
ing) . . .+ .« . ATR
b, Tianesan (transmit-
ting) . .. . ATX

Concentric cab]e L a sl

Cords (aﬂechmenﬂ 4w CA
Hookup . . . a o H
Insulated cable . S e
Litzendraht {"Litz. ") .. w
Magnet . Mw

Microphone cable W o oa e M
Radio harness . RH
Resistance . . o & RES
Resistance cords .

a n R
Shielded . . . . . . . SH

When writing te companics listed here plecase mention that you saw the lsiing in the Radio-Craft “Classified Radio Dircctory”’
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Order your copy NOW—the only

P. A. HANDBOOK

MOST COMPLETE
AND AUTHENTIC
P.A. BOOK PUBLISHED

THAT no book has yet been publish [ voLumMe
s et a 85 o8, Daer, published whien eovers A MATCHLESS

ndred .- .engineer-
e in, Ghe fomplate. authentlc Volume s Atmowt  fim pmnenes 300 TOUSLTEES Rate or. b, nftneer-
rint Which covers Publle Adaress tom A L 2°F 18 finds the AMPLIFIER HANDBOOX AND PUBLLC AOD.
go bridgo this wmg.-p":ldh“rg." '”?O%R‘xrzr' wlill ORESS GUIDE. With essentisl :ecnmul’dasm comnl{;s
ublish “a complete. magnificent volums on Public from nn o

tive—that every man engaged In radic can have both of mb"e‘Mdenv::y o

- O IUrces.
different  Bubjects

o - t;‘“ |lv l-ﬂg‘t o
um . 3
B i every Soacalvanis ranch oOr 8ub-division

snd ooeration of scund systems. The edito THE CONTENTS
- rial pages
Tustrations Shat’ i Instruction gnd":::vﬁfw wih L To sciually ehow he scopc mng mamnituae of the
cs ¢ PLIFIER BOOK AND 8
gf.:lsﬁslooullgl:urc:u WANDBOOK AND puUBLIC AD. GUIDE. an,analysis 2! the contents 18 found at the
Grusa’ il e TTula Tpast RANDBOCK on Fubllc Al righe. Racuiar G tresndes of fas radrial fosturey
v who con- within ench pa cular section. orou rea
slstently bulld. service and stlt sound cquipment. the contents chows the compbletencss of thia book.

RADCRAFT PUBLICATIONS w 20 VESEY STREET = NEW YORK, N.V.

RADCRAFT PUBLICATIONS, INC. # 20 VESEY STREET * NEW YORK. N. Y. RC.344

Gentlemen: Enclosed find my remittance of 25¢ for which send me POSTPAID, one copy of your NEW—
1940 AMPLIFIER HANDBOOK AND PUBLIC ADORESS GUIDE.

A Resume of the Contents of the

AMPLIFIER HANDBOOK
AND PUBLIC ADDRESS GUIDE
FOREWORD

INTRODUCTION
Definitions—decibels, frequency, in-
ut, output, impedance, ete.
SECTION I—SOURCE
Carbon microphones (single-button
and double-button)
Condenser microphones
Velocity (ribbon) microphones
Dynamic microphones
Crystal microphones  (sound-cell
types, crystal diaphragm types)
Cardioid microphones
Contact microphones
Phonograph pickups (magnetic types,
crystal types)
SECTION I1—AMPLIFIERS
Voltage Amplification
Design of resistance-coupled volt-
age amplifiers
Commercial voltage amplifier
The Power Stage
Class A amplifiers
Class AB amplifiers
Class AB, amplifiers
Class AB: amplifiers
Class B amplifiers
When to apply class A, AB, and B
amplification
Power Supplics
Half-wave rectification
Full-wave rectification
Voltage doublers
Filter Citcuits
Power supply regulation, etc.
Practical Hints on Amplifier Con-
struction
Microphonism
Placement of components
Tone compensation
Inverse feedback
Remote control methods
SECTION III—DISTRIBUTION
The Loudspeaker
Dynamic speakers
Speaker performance (frequency
response, efficiency)
High-fidelity speakers .
Speaker Bafiles and Housings
Outdoor speaker installations
Power cone speakers
Radial (360° distribution) speaker

baflles
SECTION IV-—COORDINATION
Input impedance matching
Matching speakers to P.A. installa:
tions
Phasing speakers
Effect of mismatching speakers to
amplifier output
A typical P.A. installation (in a
skating rink) :
SECTION V—USEFUL PUBLIC
ADDRESS DATA AND IN-
FORMATION
Speaker matching technique
The ABC of Db, VU, Mu, Gm and

Sm

Charts and formulas useful to the
practical P.A. sound man

Handy index to important articles
on public address and sound

Send me ........ othors, for friends. also POSTPAID @ 25¢ eech. i
NAMA i commrdsmsbdiomaTnwam e & o s & 00 006 1 0 0 6 g 46 0 4 F X (Y T |
(e S St Sy SUAL0 g @ gy ST o bl T B i |

Remit by check or money order; registoer lelter I

it you send cash or unused U.8. Postage Stamps.
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Mail Toda’y.’
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Shielded ignition . . . . S
Wire shielding . . . . SW

THE ACME WIRE CO., 125 Dixwell Ave., New
Haven, Conn.—AR, LW, MW
INC., 225 King St.,

ACORN INSULATED wme co
Brooklyn, N, Y.—

ALDEN PRODUCTS cb 7|s Cenfer St., Brockton,
Mass.—AR, C, CA, CH LM, . s,

ALLIED RADIO CORP 833 W. Jackson Blvd., Chi-

cago, IllL.—AR, AX, ATR ATX, C, CA, WC. GU,
H, L LW, MW, M,'RH, RES, R, SH, S, 'SW

ALPHA WIRE CORP 50 HOward St., New York,
- Y—AR AX ATR ATX C, CA, WC, GU, H,

| SH
AMERICAN PHENOLIC coap 1250 Van Buren St.,

Chicago, |Il.—ATR,
ATLAS SOUND coap |45| 39th St., Brooklyn, N. Y.
BANK S MFG. HCO 52}9 N. Winthrop Ave., Chica-

[ g
BEILDEN MFG CO 4647 W. Van Buren St. Chicago

II.—AR, ATR ATX . CA, WC, H, I, LW,
MW M. RH R
ﬁRACH MFG CokP ss Dickerson St., New-
k N. J.—AR. AX
BRUSH DEVELOPMENT to 3311 Perkins Ave.,
Cleveland
BUD. RADIO INC. Meros Cedar Ave., Cleveland,
io—M
CANADIAN MARCONI CO, MonIreaI Quebec,
Can—AR, AX, ATR, ATX, &, CA, H, I, LW, M.

RH
CA:NADIAN RADIO CORP., LTD., Toronto, Ontario,
. an.—A

CLAROSTAI MFG cS:o INC., 285 N. &th St
CONSOLIDATED WIRE & ASSOCIATED CORPS., 512
S. Peoria St. Ch-cago iIIl—AR AX. ATR, ATX, C,
?VA/WCH . LW, MW, M, RH, RES, R, SH. S.
CORNISH wme CO., INC., I5 Park ‘Row, New

Y.—CA, GU
CRUMPACKER msrm conp 1801

Fannin St.,
Housfon wTe:—AR ATR, CA, I, MW, RES, R,
DOOLII'TLE & FALKNOR INC., 7421 S. Loomis

Blvd., Chica

HAROLD DAVIS, INC 4za w Capital SI Jackson,
Miss.—AR, AX. ATR R 1 LW, RH,
RES, R, S sw

DOW' RADIQ SUPPLY CO., I759 E. Cclcrado. Pasa-
dens, CaIIf—AR AX, ATR, ATX, C |

ALY R,'SH, S, SW
DRIVER- HARRI$ COMPANY, Harrison, N. J.—RES

EAGLE ELECTRIC MFG. CO., INC., 59 Hasll $t.
Brooklyn, N. Y.—CA
H%GH H. EBY INC., 4700 Stanton Ave., Phila.,

. THE ELECTRIC AUTC.LITE CO., American Wire

B‘lv. 3522\#24”1 St., Port Huron Mich—AR, H,
ESSEX VI)IRE coup |43|o Woodward Ave.. De-
troit, Muc —A C CHLLWL MW, M,

RH
FEDEhAL SALE$ co 24-26 S. Jefferson St., Chica-

FIECHER DISTRIB. CORP., 222 Fulton St. New York,
Y—AR AX. ATR, ATX, c. CA. WC, GU, H,

I MW, M, .S

M. M I’-LERON 3 SON, INc ||§ N. Broad St.,
Trenton, N, J—AR, SH

GENERAL CEMENT MFG. CO., 919 Taylor Ave.,

Rockford, Ill.—H
GENERAL ELECTRIC CO., Schenectad &
Bridgeport, Conn.—AR, ¥ C CA
LW, MW, w

wC, H, | MW, M,
GENERAL INSULATED wmr: cdRP éa Park PIace

New York, N.

E. GUTHMAN % ¢o |N¢ 400 S. Peoria St.,
Chnca o, ll.—LwW, MW

HARRIS N RADIO & 12 w Broadwa New
Y N. Ve AX I'R A WE. G

w M, s sw

HOLYOKE WIRE AND CABLE CORP., 720 Main St.,

Holyoke. Mass.—AR, CA, H, I, RH, RES, R, SH,

ng? WEBBIN(;} CNO P. O. Box 1495, Pravidence,

b 'I?OI S. Olive St.,

Calif —AR, CA Sw

HOSKINS MFG. cd Detroit,
Mich —RES

E. F. JOHNSON COMPANY, Waseca, Minn.—AX,

ATR,
KELLOGG SWITCHBOARD & SUPPLY CO., 6850 S.

Los Angeles,
4445 Lawton Ave.,

Cicero Ave., Chicago, IIl.—H

LAFAYETTE RADIO C RP., I00 Mh Ave New Yorl:,
N. Y.—AR AX ATR, ATX , GU,
1, Lw, MW, M. RES, R, 5’ w

FRED M. LINK, lzsw |7Ih Sf New York, N. Y.—C

LOWELL INSULATED WIRE c 171" Lincoln St.,
Lowell, Mass.—AR, CA, H SH. $

Vo RC»McELROY 100 Brooklme Ave..

M. & G, HEARING AIDS CO,,

Boston, Mass.
30 N. Michigan

Ave., Chicago, Il.—CA
M. & H. spormne eooas CO, 5|z Market St.,
Phula Pa —A TX ¢, Ca, WC, 6U’

H, ['LW R S, 3

MEISSNER MFe co MI Carmei HL—LW, MW
MONTGOMERY WARD & CO., 4i9 W. Chicago
Ave., Ch:ca?:. III—AR v,}x ATR, ATX, C, CA,

H, M
NEW €NGLANb ELECTRICAL WORKS, Lisbon,
N. H.—1W, MW, SwW

When writing to companies listed here
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NORTHERN ELECTRIC CO., LTD., 1261 Shearer St.,

Montreal, Que., Can —AR. AX, ATR, ATX, C, CA,

M RH RES, SH ~

OFFENBACH ELECTRIC CO., 1452 Market St., San
Francisco, Calc‘I—AR AX, ATR, ATX (e

WC $H, S, sw

v,
PHIL(fO RADIO a. fELEVISION conp f.oqa &
"C'l Sts., Phila., Pa.—AR, CA, H, |, M, SH

RADIO  ELECTRIE  SERVICE CO.' INC.. 'N. w.

Cor. 7th & Arch SIsUPhlla Pa.—AR, AX, ATR,

ATXCCA CG,H,,LWMWM,RH

S
RADI(‘) EOUIPMENT CORP., 326 Elm s¢
N —AR AT, ATR, ATX, WC, GU,

Buffalo.

SH. S, sw
RADOLEK COMPANY, 601 W. Randolph St., Chi-
cagc III—AR AX ATR A X, %H Lol G

1 LW
REX BASSET, INC 2|4 $oar BIdg Mules Mich.—C
REX RHEOSTAT CO., 37 W. 20th St., New York,

N. Y.—RES

THE RIVERSIDE METAL CO., Pavilion Ave., River-
side, N. J.—RES

JOHN A. ROEBLING'S SONS CO., 640 S. Broad

Trenfon IS\I J—AR, AX, C, WC GU, H, I,
RUPPS A'SSEMBLING ) MFG woaxs 2341 Semi-
nary Ave. Chicago, l.—C
MAURICE §CHWA2 2 SON. 110712 Sroaduay.
SchenecIad Y.—AR AX, ATR,
wC ,LW Mw, b, RH_ RES R, SH.

S,
SELECJAR MFG. CORP., 30 W. I5th St., New York,
SHELLEY RADIO CO., 184| s Flower St Los An-

geles, Calif.—AR, CA, H, I, M, SH, §
SUN RADIO CC., 212 Fulton $I New York N. Y.

—AR AX ATR ASIX C, CA, WC, . Mw, M,
TESHNICAL APP\I{.IANCEACORP 17 E. 16th St.,
TILTON ELECTR'IC coaﬁ IS E. 26th St., New York,
424 War-

UNIVERSAL MICROPHONE CO., LTD.,
ren Lane, Inglewood, Calif.—M
WéNUCHARGER CORPORATION Sioux City, lowa—

LITERATURE

Follom’n? is 8 listing of those companies which pub-
lish catalogs, house ergans (C, or HO, respectively),
of both.

Whether these publications ‘are available gratis (F),
or whether a nominal charge is made (¢), is in-
dicated.

Finally, identifying letters signify the particuler
gmup te which this IIIeraI‘ure is directed (Engineers,

ealers, Servicemen, etfc.).

Please mention RADIO CRAFT when writing to
these organizations.

NATURE OF PUBLICATION

Catalog ................... C

Construction Booklet . ... ... CB

House Organ ............ HO
CHARGES

Free hadbiithalsmil. .. BT F

Price awéiaumd a8 o8 euaass c

AVAILABLE TO
Anyone [being all-inclusive, no
other listings are given, if A"
is indicated)
Amateurs {licensed radio) . AR
co

Consumers ... .......... N
Dealers .. ... ............... D
Distributors .. ... ......... DIS
_Electronic Specialists . ...... ES
Engineers . ....... .......... E
General Experimenters . .. ... G
Jobbers ... ...l J
Manufacturers .. ........... M
Marine Supply ............ MS
Musicians . . ............. MUS
Radio Stations ............. R
Servicemen . ... . ............ S
Sound Specialists ........... SS
Talkies Owners . ... .......... T

THCE bACME ELECTRIC & MFG. CO. Water St.,
ACOUSTIC CONSULTANTS. INC., 1270 sth Ave.
New York, N. Y.—C, F, AR, D, E, G, M, S, S§

ACRO TOOL & DIE WORKS 2815 Montrose Ave.,
Chicago, IIl.—C, I M

H. W ACTCN CO., INC., 370 7th Ave., New York,
Y—C, F. D, M, S
ADVANCE ELECTRIC CO 1260 W. 2nd St., Los
Angeles, Calif.,—

AECR vOX conpomnorq New Bedford, Mass.—
M,

A 5, 5§

ALDEN PRODUCTS cd 715 Center St., Brockton,
Mass.—C E, M, S

ALLEN ELECTRIC & EQUIPMENT CO., 2101.2117

N. Pitcher St., Kalamazoo, Mich.—C, F, [» Y
ALLIED RADIO CORP 833 W. Jackson Blvd., Chi-

gs H.—C A
ALI.II ON BAFELE CO., 722 Beres Ave., Gadsden,
Ala—H
ALPHA wnze CORPORATION 50 Howard St., New
N. Y—C A
AMERICAN COMMUNICATIONS CORP., 123 Liber-
ty St., New York,
AMERICé\hN CONII?IENSER CORP 2508 S. Michigon
(]
AMERICANS MBLEM co. INC., Utica, N. Y.—C,
AMERICAN GAS ACCUMULAIORACO,, 1029 New-

ark Ave., Newark 9
AMERICAN LAVA CORP., Cherokee Bivd. & Manu-
facturers Rd., Chaﬂanooaa, Tenn.—C, F, M, E
AMERICAN PP-IENOLIC CORP IZSO w van Buren
Chicago HO,
THE AMERICAN ROLLING MILL co Middletown,

hi
AMPERITE' COMPANY 561
N. Y.—C,
AMPLIFIER CO OF AMERICA 37 West 20th St

New Y A
AMPRO CORPORATION 2839 N. Western Ave.,

Broadway, New York,

Chicago, Il.—C, F
AMY, ACEVES & KING, INC 1l W. 42nd St., New
York, N. Y—C, F, M_ E, D. §

A D
AI;I,SLEYNRADIO io%# 4377 Bronx Blvd., New
APPROVED TECHNICAL APPARATUS CO., 123 Lib-

erty St., New York, N. Y.--C, F,
Aacg 'IF’UBE CO., 227 Central 'Ave., Newark, N. J.
ARLA\IOX MFG CO., 430 S. Green St

l.— El
ASTATIC MICROPHONE LABORATORY, INC 830
MarkeI St., Youngstown, Chio—C, F, ™, E, D, SS,
AR

G,
ATLAS CONDENSER PRODUCTS CO 548 West.
chester Ave., New Yorl 3 C, F, M, D

ATLAS PRESS CO Kalamazoc, Mlch.—C, F, A
AT_L(A:S SOUND CORP 1447-39th St., Brooklyn, N, Y,

AUDIO DEVELOPMENT cO., I23Evaanf Ave. N,

Chicago,

Minneapolis, Minn.—C, F, "M,
AUDIOGRAPH SOUND svsrms, 1313 W. Randolph
St., CIncago Mm—C, H, F, E D, 5,
DOJ AU LD Co Sth Ave., & Sth St., Columbus,
AUTOCRAT kADlo co 3855 N. Hamillon Ave.,

Chicago
THE AL?IOMATlC ELECTRIC‘\L DEVICES CO., 34
o—C, F, A

E. 3rd Cincinnati, Ohi
BAKER & co INC., 113 Astor St., Newark, N, J.—
Chicea-

BANK'S MFG. CO., 50|9 N. Winthrop Ave.,

go, I.—C, F, M.

BARK!ERE WILLIAMSON Aldmare Penna.—C, F,
BELDEN MANUFACTURING CO., 4647 W. Van
Buren Street, Chicago. IlI.—C A

BELMONT RADI o CORP., 1257 Fullerton Ave., Chi-
cago, |ll. D

THE Isenwobo LINZE co 1838
Avenye, St. Louis, E

A BITTER CONSTRUCTION CORP., 27-01 Bridge
Plaza N. City, N. Y-C, i)

BLAW- KNéx CO Pittsburgh, Pa—C, F, M, R

BLILEY ELECTRIC CO., 200 Union Sfahon Bldg.,
Erle Pa —C, HO {({o regular Bliley distributors

Washington

A
BONE PRODUCTS CO.

13139 Hamilton Ave., De-

troit, Mich.—

BOONTON M%LDING Q.. 326 Myrile Ave., Boon-

L. 3 hJRACH MPG CORP., 55 Dickerson St., Newark,

AI;AL/EN BRADLEY CO., 1326 S. 2nd St., Milwaukee,

15¢C

L. s BJRA%H EAFG CORP., 55 Cickerson St., Newark,

BRIGHT STAR BATTERY CO., Crooks & Getty Aves.,
Clifton. N. J.—C,

BROWNING LABORA’IORIES INC.. 750 Main St.,
Winchester, Mass.—C, A

BROWN MFG CO 403 W. Baltimore, Detroit,
Mich.—C,

THE BRUSH DEVELOPMENT CO., 3311 Perkins Ave.,
Cleveland

BUD. RA DI, mc 5205 CecIar Ave., Cleveland,

F, E. D G, M,S, S5

BURGEéS BAgTERY €Ol P O Box 121, Freeport,

BUSSMAI;IAN l/léGFCO University at Jefferson, St.

CAMBRIDGE INSTRUMENT éo.. INC., 3732 Grand
Csenfral Terminal, New York, N, Y.—C, F, M, E,

THE ALLEN D. CARDWELL MFo CORP., 81 Pros-
pect St., Brooklyn, N. J.—C, F, M, E, D, G, AR

CARRIER MICROPHONE CO., 439 S. La 8rea Ave.,
Inglewood, Calif. D, AR

F, M,
CARRON MANUFACTURING cO. 4IS 'S. Aberdeen
. Chicago, Il.—C. F, E, D, §, S5." G, AR

please mention that you saw the listing in the Radio-Craft “‘Classified Radio Directory”
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CARTER MOTCR CC.,, 1608 Milwaukee Ave., Chica-

.—C, F, M, E 85, G

CASTLEWOOD MANUFACTURING CO., 12th &
Burnett Sts., Louisville, Ky.—C, A

CHARGIT CORPORATION Anderson Ind.—C, F, A

CHICAGO, MOLDED PRODUCTS CORP., 1020 N.
Kolmar, Ave. HO, E'

CINCH MANUFACTU%ING CORP., 2335 W. Van
Buren St. Chicago, Ill.—C M

CIRELE 7 MANUFRCTURING Cou 720 Monmouth
St., Trenton, N. J.—C,

CLAROSTAT MANUFACTURING 'cO. INC., 285-287
N. &th St., Brookiyn, N. Y.—C, .A

THE CLOUGH-BRENGLE CO, 501 Brosdway, Chi-
cogo, IIl.—C, LE D, § S5 G, AR

COLE RADIO WORKS 85 Westville Ave., Caldwell,

N. J—C,

CONDENSER PRODUCTS CO., 1375 N. Branch St.,
Chicago, .—C, A

CONSOLIDATED WIRE & ASSOCIATED CORPS
512 S. Peoria 5t., Chicage, lI1.—C, HO,

CONTINENTAL CARBON INC 13900 Loram Ave_
Cleveland, Ohio—!

CONTINENTAL DIAMOND FIBRE CO.,

F
comweman. ELecTric CO., Gengva, Il.—HO,

CORNING GLASS WORKS, Corning, N. Y.—C, F, A
CO_Ig\IISH WIRE CO., IS Park Row, New York, N. Y.

THE GEORGE F. CRAM CO 730 E. Washington St.,
Indianapolis, Ind.—!
CRESCENT TOOL & DiE CO
Chicago, IN.— F, A
CRUCIBLE STEEL CO. OF AMERICA, 405 Lexington
Ave., New York, s B B M
CRUMPACKER DISTRIB CORP‘
Houston, Tex.—C, AR ,

CRYSTAIL EAR, INC., 2007 S Mlchgan Ave., Chica-
go, —L, F,
DAYCO RADIO CORP., 915 Valley St., Dayton, Ohio

—C, F,

DAYTON ACME CO., 2339 Gilbert Ave.,
Ohio—C

TOBE DEUTSCHMANN CORPORATION Washing-
ton St., Canton, Mass.— M,

DeVRY CORPORATION Chi-

440 Lafayette St.,

Newark,

4 | 40 Belmont Ave.,

1801 Fannin St.,
S, SS

Cincinnati,

T ' Armafage Ave.,
ca y—

DeWALD RADIO MFG CORP.
New York, N. Y.—C, F, D, §

DIAL LIGHT CO. OF AMERICA INC.. 90 West St.,
New York, N.Y.—C, F, M, E, D, $5,'G, AR
DOOLITTLE & Fﬁ(\:LKNOR INC., 7421 Loomis Blvd.,

Chicago, [1l.— A
FG CO., 1713 W. Hubbard St., Chicago,
M, E, AR
DREEMDELSMEG co.. wis.—C, HO, F, M,
DRIVER-HARRIS CO. Harrison, N. J.—C, HO, F, M,
ALLEN B. IBU MONT LABS., INC.,

C H
E. 1. DU PONT DE NEMOURS & CO.. 626 Schuyler
Avc Arlington, N. J.—C, F, M, E, &, 55, G

EAGLE ELECTRIC MFG. CO.,
Brooklyn, N, Y. —i
EASTERN MIKE STAND CO
Broakl n, —C, A
I‘I EBY "4700 SIenIon Ave., Phila., Pa.—C,
EI'CAOR INC 515 §. Laflin St., Chicago, I1l.,,—C, F,
EISLER ENGINEERING CO., 750 S. 13th St.,
‘N —C, F, D, M
EITELAI\"IICCEULLOUGH INC., San Bruno, Calif.—C,

ELECTRIC SOLDERING RON CO., INC., West Elm
St., Deep River, Conn.—C, F A

Racine,

Passaic, N. J.—

INCS 57.79 Hall 5t,,
54 Christopher Ave.,

Newark,

ELECTRONICS APPLICATIONS, Brunswick, Me.—
ELECTRONIC LABORATORIES, INC., 122 W. New
k St., Indianapolis, Ind S, F, ‘M, E, AR

n.—c,

ELECTRONIC PgODUCTS CO., 5t Charles

M,
ELECTRO PRODUCTS LABS. 549 W. Randolph St.,
Chicago, (II.—C, . E, D, S, 8§ G,

ELECTRO-VOICE MFG COMPANY, INC
South Bend Ave., South Bend, Ind.—C, F,

GEORGE D. ELLIS & SONS, INC., 309 N. 3rd St
Phila., Pa. M
903\ Giddens-

1239

—C,
ENGINEERING RESEARCH CORP.,
Lane Bldg., Shreveport, La.—C, F, M,

ER(I:E EESISTOR (S:ORP 644 W, 12th St.,
M, E
ERWOOD SCUND EOUIPMENT CO., 224 W. Huron

Erie, Pa.—

Chicago, I1I.—C,
ESPEY MAN FACTURING. CO INC., 305 E. 83rd
St.. w York, N. Y — D, S
THE ESTERLINE ANGUS CO INC Box 594, In-
dianapolis, Ind.—C, HO, F M, S
EVIEIR NCU PRODUCTL? 919 N. Latrobe Ave., Chicago,
EXECUTONE, INCORPORATED 4|s lexmg'on Ave.,

New York, N. Y.—C, HO, F. E. D, S, $5 &

FAHNESTOCK ELECTRIC CO 46 44 11th St., Long
Islend City, Y.—C,

FARNSWORTH TELEVISION & RADIO CORP
Esst Pontiac St., Fort Wayne, Ind.—C, F,

JOHN E. FAST & CO 3123 N. Pulaski Ave., Chuca-

o, HL.—C, F, M, E S5 G
FE%ERAL SALES CQ., 2426 S. Jelferson St., Chi-
cago, I.—=C, F, M, E, 55

When writing to companies listed here
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FEDERAL TELEGR%PHHgo 200 hgf Pleasant Ave.,

FINCH TELECOMMUNICATIONS INC., 1819 B'way,
New York, N. Y.—C, F, E,

FISCHER DIS;RIB CORP 222 FuIIon $t., New York,

FI%HER RESEARCH LABS., Palo Alte, Calif.—C, F,

A. B. FISHWICH RADIO CO 139 West 4th St,,

Cincinnati, Ohio—C E D

M. M. FLERON & SON. INC 3 N. Broad St.,
Trenton, N. J.—C, F, S

THE FORMICA INSULATION CO., 4614 Spring
Grove Ave., Cincinnati, Ohlo—C M, E

THE FORNSBERG MFG : |2s Sedview Ave.,
Bnd%cporf Conn, D

FOWLER MANUFACTURING co ‘No. 9 Rutger St.,
St. Louis, Mo.—C, A

GARDINER METAL CO 4820 S. Campbell Ave.,
Chicago, I1l.—C,

GAROD RADIO CORP 70 Washmg'on St.,

GELARDIN INC 2I 29 Washm ton SI Brooklyn,
M C E, D, (G
GENERAL CEMENT MFG CO
Rockfard, 111.—C, SSh
GENERA_IZ:CERAMICS co Plant No. 3, Keasbey,

GENERAL  COMMUNICATION PRODUCTS CO.
6245 Lexington Ave., Hollywood, Calif.—C, F, E.

D,
GENERAL DRY BATTERIES INC 13000 Athens Ave.,
Cleveland, Ohio—

Brooklyn,

9I9 Ta lor Ave.,
AR

E.

GENERAL ELECTRIC cb Schenecfady N. Y. &
Bridgeport, Conn.—

GENERAL INSULATED WIRE ¢o 53 Park Place,
New York, —C.

GENERAL RADIO co., éo SIaIe St., Cambridge,
Mass.—C, HO, F, M E

MWA GEREFTT’(‘:ORP 2947 N. 30th St., Milwaukee,

15—
GLOBE PHONE MANUFACTURING CORP., Read-
Mass.—C., E, . G, AR
GOUDENTONE RADIO co

15123 Warren Ave.,
Dearborn, Mich.—C AR
GORDON SPECIALTIES co {104'S. Wabash Ave.,
Chicago, I.—C, F, M, E. D, S, S5 G, AR
CARL GORR PRINTING CO 26I5 N. Ashland Ave.,
Chicago, 111.—C,
GRAY RADIO CO., 730 Okeechobee Rd., W. Palm
Beach, Fla.—C, F, A
GUARDIAN ELECTRIC MFG. CO. . 1862127 W. Wal-
t St., Chicago, 11l.—C, . D, 5 G, AR
ROBERT ‘M. HADLEY CO 709-11 E. bist St., Los
Angeles, Calif.—C, A
THE HALLDORSON' CO 4500 Ravenswood Ave.,
Chicago, IIl—C, HO, F, S
HALLICRAFTERS 2611 Indmna Ave., Chicago,
1N.—C,
HAMMARLUND MFG. CO., INC., 424 W. 33rd St.,
New York, N. Y.—C, F, A
HAMMOND' INSTRUMENT CO.,_ 291S North West-
ern Ave., Chicago, N

H C
HAMMOND MANUFACTURING CO., Guelph, On-

tario, Can.—C, F,

HARDWICK HINDLE INC., 40 Hermon S5t., New-
ark, N, J—-C F. A

DC HARRELL, 1527 East 74th PI., Chicago, Ill.—

HARRISON RADIO CO 12. W. Broadway, New
York, Y.—C, F, A

HARVEY- WELLS COMMUNICATIONS INC., Box
100, Southbridge, Mass F, A

HEINEMANN CIREUIT BRE'AKER CO Penna. Ave.

& m St Trenton, N, J.—C,

HEINTZ & KAUFMAN LYO., Soth San Francisco,
Calit.—C, F

HEWLETT- PACKARD CO., 481 Page Mill Rd., Palo
Alto, Calif.—C, F, A

THE HICKOK ELECTRICAL INSTRUMENT CO 10514
Dupont Ave., Cleveland, Ohic—C, F, A

HERBERT H. HORN 1201 S. Olwe St.. Los An-
eles, Calif.—C, o]

HC WARD RADIO cd 735 Belmont Ave., Chicago,
1.—C, F, S, AR

HYGRADE SYLVANIA CORP 500 Sth Ave., New

Yor —C, 35¢ A
HYTRONACORP 78 I.aIaveHe St., Salem, Mass.—

C
HYTRONIC LABS., 76 Lafayette St.,
IDEAL COP;:IAMUTATOR DRESSER CO., Sycamore, III,

ILLINDIS CONDENSER CO 1160 N. Howe Street,
Chicago, I.—C, F,

INDUSTRIAL CONDENSER CORP
Ave., Chicage, II.—C, F, A
INDUSTRIAL INSTRUMENTS, INC., 156 Culver Ave.,
Jersey City, N. J.—C, F, M, E, D, S, S5 G

Salem, Mass.—

4049 Diversey

INSTRUMENT RESISTORS, INC., 25 Amity St., Little
Falls, N. J.—C, F, M, E

INSULATION MFG. CORP, 555 W, Wash.
ington Blvd., Chicago, IIl-C, F, M, E. D,

5,585 G

INSULINE CORP. OF AMERICA, 30.30 Northern
Blvd., Long Island City, N. Y.—C, F, A

INTERNATIONAL RESISTANCE CO 401 N. Broad
St., Phila., Pa. C, F S’ 85, G, AR

CHARLES JACK MANUFACTURING CORP 7 E
Philadelphia St., York, Pa.—C, F,

THE JACKSON ELECTRICAL INSTRUMENT (clo)®
129 Wayne Ave., Dayten, O.—C, F, M, E, D,
S, 55, G, AR

JADUR IhéPORT CO., 21 W, 19th St New York,

JAFIIETEE I’\:AFG CO., 556 W. Monroe St.,
JEFFERSON ELECTRIC CO., Bellwood, H1l.—C, F, A
RAY JEFFERSON INC., 182 Milburn Ave., Baldwin,

—C, D. S, MS
JENSEN RADIO MFG. CO 6bﬂl S. Laramie Ave.,
Chicago, I.—C, F,

J. F. D. MANUFACTURING CO., 411l Ft. Hamilton
Parkway, Brooklyn, N. Y.—C, F, A

E. F JOHNSON COMPANY, Waseca,

HOWARD B. JONES, 2300 Wabansia Avec.
H.—C, A

Chicago,

Minn—C,
. Chicago,

KAAR ENGINEERING CO 619 Emerson St., Palo
Alto, Cali M, 5
KATO ENGINEERING COMPANY INC.I 30 N.

Front St.. Mankato, Minn.—C, F. A

KELLOGG SWITCHBOARD & SUPPLY CO., 6850 S.
Cicero Ave., Chicago, lIl.—C, F, M

KENYON TRANSEORME: CO., INC., 840 Barry St.,
INC., 205 Oneida St.,

KING LABORATCORIES Syra-
KRhfIEUTER % cd EIN% S'ssss 18th Ave., Newark,

. KURZ- KASCH INC 1421 S. Brosdway, Dayton,
hio—C M,

LANFA‘;ETTCE RADIO conp 100 6th Ave., New York,
LAMPKIN LABORATORIES Bradenton, Fla—C, F,
LAUREHK RADIO MFG co 39|a Monroe Ave.,
Wayne, Mich.—C, M,

THFE AUéog COMPANY New Holstein, Wis.—C,
LEACH RELAY "CO.. 59I5 Avalon Bivd., Los An-
geles, Calit.—C, F, A

LECT_IEOHM. INC., 5133 W. 25th Pi,, Cicero.
LeFEBURE CORPORATION, m Qakland Road, Ce-
dar Rapids, lows—C,

LEOTON RADIO COo., 83’ D:y St., New York, N. Y,

—C, F
LETERSTONE SALES CO., 2515 'S. Wabash Ave.,
hicago, Ill.—

LIBERTY ENGRAVING & MFG. co 2911 S. Central
Ave., Los Angeles, Calif.—C, A

THE LIFETIME ORP., 1825 Adams §o Toledo, Ohio
—C, F, M, AR

D,
THE LINCROYPHONE CO.. INC., (66} Howard Ave,,

Utica, N.
JOHN 'E. LINGE '& SON INC, 28h 1.
Ave.. Camden, N. J—C

LITTELFUSE, INCORPORATED 4757
Ave., Chicago, IIl.—C, F, _M, E, S,

LOWELL NEEDLE CO., INC., Putnam, Conn.—C,

F, D

LUMENITE ELECTRIC CO., 407 S. Dearborn $t,,
Chicago, IIl—C, F, M, E, D, 5, 8§, G, AR

M, & H, SPORTING GOOA)S CO., 512 Market St,,

Phila.. Pa.—C, HO
100 Brookline Ave.,

& Buren

Ravenswood
S5

TCR MCE{.ROY Boston, Mass.—
MAAS "& WALDSTEIN CO 438 Riverside Ave,,
Newark, N. J.—C,

MAGIC 'ART PAINT ' CO Box 23, Hasbrouck
Heights, N. J.—C, F. A

MAJESTIC RADIO & TELEVISION CORP., 2600 W,
S0th St., Chicago, 41.—C, F, A

P. R. MALLORY & CO INC., 3029 E. Washington
St., Indianapolis, Ind.—C_F, A

MARI\NE CRADIO CORP,, 117-19 188 St,, Jomaica,
MEISSNER MANUFACTURING CO., Mt. Carmel,

1.—C, G, A
MELLOPHONFE %mzp 65 Atlantic Ave., Rochester,

Y. —~C, E
MICAYINSULE\TOR CO ' 200 Varick St., New York,
MICAMOLD RADIO CORP 1087 Flushing Ave.,
Brooklyn, N. Y.—C, S, $S, G, AR
CHARLES MICHELSON ELECTRICAL  TRANS-
CRIPTIONS, 67 W. 44th 5t., New York, N. Y.—C,
A
MIDWEST RADIO CORP., 909 Broadway, Cincinnati,
Chio—C, A
MILES REPRODUCER CO INC., 812 B'way., New
¥—C, F, A

York, N.
JAMES MILLEN MFG. cO INC., 150 Exchange St.,

Malden, Mass—C, F, E D, G, A
MIMS RADIO CO P O Box 504, Texarkana Ark.—.

MINOR RECORD CORP 58 W. 2Gth Sf
N. Y—C £ D,

MONTGOMERY WARD & co 519 W, Chlcaga
Ave., Chicago, Ill.—

MUELLER ELECTRIC CO I583 E. 3lst., Cleveland,
Ohio—C, F,

MUSIC MASTER MFG DCO 508 S. Dearborn St

Chicago. [ll.—
MUSICRAFT RECORDS INC., 10 West 47th St
DINC 30 E. 42nd 5t.,

New York, N,

NATIOI‘#AL CARBON CO

NATIONAL DOBRO CORP 400 S. Peoria St., Chi-
cago, ll.—C. F,

NATIONAL UNION RADIO CORP’., 57 State
St.. Newark, N. J.—C, HO, F, CB, 10c: A

NEW ART SPECIALTIES, INC., BI& W. Erie St Chi-
cago, Il—C, F, M, E

New
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THIS IS YOUR OPPORTUNITY TO SUBSCRIBE
TO RADIO-CRAFT’'S SISTER PUBLICATION

RADIO PARTS  IRADIO & TELEVISION

AND ACCESSORIES - AND RECEIVE VALUABLE PREMIUMS!

ERE is some real BIG NEWS for you! Through
a fortunate arrangement which we have been
able to make, we can now offer you FREE pre-
miums of such extraordinary value that they over-
shadow anything we have ever offered in the past with

subscriptions to RADIO & TELEVISION Magazine.

FREE:

ELEPHONE
3 JACK

» frame
B substantisl 1°'¥glrcull

PUNCHED CHASSIS

3 1ated
R B phone s‘cco'nlrﬁ\ type. | Heatvy J"“ss“
NEVER BEFORE, in the 11 years’ history of the maga- 2:):,::;\21:"““5_‘\0:23 steel” oty
zine, have we offered such worthwhile premiums. All L s tnsoried. C‘f:d\h: Jaedete-
of these radio parts and accessories can be used to ed when DIUE 08 rposes 0
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24 mos. for $3 (saving you $3 over the single-copy price)

And, of course, the longer your subscription
runs, the more merchandise you obtain FREE. As
we expect a tremendous response to this offer, we
would suggest that you send your remittance with-
out delay, as our supply of parts is limited and we
won't be able to duplicate this offer again.
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SHORT while ago we were informed that one of the largest surplus houses in the East was
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LOUDSPEA manufacturers thousands of dollers.
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For each 7 months’ subscription ($1.00) you
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For instance, if you send us a seven months® gubscription at $1.00, you
are entitled to 15 points’ worth of free merchandise. You may order one
No. 4 (b points) and one No. 7 (10 points). Or if you wish, one each of
;n;mbgrz:s& 8 and 4 (each b points), or any other combination which totals

points.

Similarly, if you send us a 16 montha’ subseription (32.00) You may
order any combination of merchandise which totals 30 points. On a 24
months’ subscription ($3.00), any combination totalling 45 points.

Due to the high cost of the merchandise, we cannot ship the articles

This is positively the first time that we have been enabled to make such an unprecedented
offer which in many waya sounds too good to be true. Nevertheless, we vouch for it in every way
and we know you will not be disappointed.

This special arrangement enables us to offer you this valuable merchandise FREE with your
subscription to RADIO & TELEVISION magazine, at a price which is already a tremendous

receive 15 points’ worth of merchandise free.
receive 30 points’ worth of merchandise free.
receive 45 points’ worth of merchandise free.

prepaid, therefore we show the weight of each piece. packed. If you wish
your free parts sent by parcel Post. please add to your remittance s
sufficient amount to cover postage. Or. if you would rather have us send
the parcel express charges collect, we will be glad to de so.

Please remember that we do not sell these orticles. You cannot buy them
from us at any price. i

In order to make sure that you receive your parts promptly, ORDER
TODAY. Fill out the coupon, clip and mail to us together with the proper

remittance.
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* CLASSIFIED RADIO DIRECTORY*

NOBLITFSPARKS INDUSTRIES, Columbus,
d—C, F, E. D S

INC.,

OAK MANUFACTURING CO., 1260 Clybourn Ave.,

._Chicago, Ill.—C, M, E

onwr ANUFACTURiNG CO., 4835 W, Flournoy
St go, HI.—C, F, ‘A

OstN MANU FACTURING CO., 362 Wooster Ave.,

Akron, Ohi
Minne.

Long

io—C,

D. W. ONANS & SONS 43 Royalston Ave.,

E. 33
OXFORD fARTAK RADIO csonp 915 \Avﬁ Van Buren

New York
PAR-METAL PRODUCTS coﬁp 32.52 49th So

Phlle -

PEERLESé ALBUM co INC., 38 W. 2Ist St

apolis, Minn—C,
opsmmo MFG. co St. Charles, (IL—C, F, M,
Chicago, 1l.—C, F, ]
PACENT ENGINEYER_IEGFCORP 79 'Madison Ave.,
PARAPHONE HEARING "AID, INC., 4300 Euclid
Ave., Cleveland, Ohio—C
Island City, N. Y.—C, F,_ M'E, D, 5,
w}uL [ BEEKMAN 4250 Wnssah:ckon Ave
D,
PERMé PRODUCTS CORP 5415 Ravenswood Ave.,
Chicago, Il.—C, A

New

PETERS rll RADIO co 205 N, I7th St. Council

uirs, Qe

PHILM()REWMANUFACTURING CO 113 Universi-
ty Pl New York, N. Y.—C, Lk D.S. S5 G

AR
PHONOTONE LABORATORIES INC., S. E. I5th St.,

Washington, Ind. H A

PHOTORELL CORPORATION, I23 Liberty St,, N. Y

—C, F, M_E AR i

PIERSON DeLANE INC ' 2345.47 W. Washington
Ivd.. Los Angeles, Calif.—C, F, AR,

PILOT PADIO ORP 3706 3th St

City, N. Y.—C,
PIONEER GEN E MOTOR CORP.,
hnca% 11.—C

PI?NEER S| EIé\LTY ‘CO., 5100 St. Jean Ave., De-
roit,

PITTMAN ELECTRICAL DEVELOPMENTS CO., 127
Nippon St., Phila., Pa.—C, F_ M, E, D, G, AR

POIN ETTIA, INC., Pitman, N: J.—C,

PRECISION APPARATUS CO 647 Kent Ave., Brook-

PRECiSION CRYSTAL LABS.
Springfield, Mass.—C, F, A
R ISlON PIEZO senvuce 427 Asia St.
PREM%X PRODUCésAN.agm Falls, N. Y.—C, F,
PREMIER CRYELAL LABS., INC., 53 Park Row, New
PRESTO Recqumé CORPDZ4SZ \gJS SSth St..
oUAM NICHOLS COMPANY, 33rd PI. & Cottage
Grove Ave., Chicago, III——C
RA{CON ELE$TRIC EO INC.,'52"E. I9th St.,
RACDEX CORP., 1733 Milwaukee Ave. Chicago, Ill.—
RADIO DESIGN CO., 1353 Sterling PI.,
Yi—=C)

RADIO ELECTRIC SERVICE CO !NC N. W. Cor.
7th & Arch St.. Phila

E
Long Island
466 W, Superior

Springfield Airport,
Baton
New
New

Brooklyn,

RADIO ENGINEERING'LABS iNd: 35 54 35 St.,
Long Island City, New York, —C, F,
RADlS MFG. ENGTNEERING., wc 1t Hamson

St., Peoria. II.—C, F, A

RADIO NAVIGATIONAL INSTRUMENT CORP., 500
Sth Ave. New Yor Y.~ N

THE RADIOTECHNIC LABORATORY 1328 Sherman
Ave., Evanston, 1Il.—C, F, A

RADIOTONE INC 7356 Melrose Ave.,

Calif.—C,
RADlO TRANsCElVER LABS B&27 [15th St.,
mond Hill, N. Y.—C, F,

Hollywood,

Rich.
RADOI'.IE)EFEOM'PANY 801 w Randolph St., Chica-
°|
RAY-O-VAC COMPANY No. 2317 Winnebago St.,
Madison, Wis.—C, F
RCA Mi‘__\NUFACTURINé CO., INC., Camden, N. J.

READRITE -METER WORKS, Bluffton, O.—C,
REE(C:)TONACORP I78 Prince St., New Yark N Y,

F

REGAL AMPL|FIER MFG CORP., 14 W. 17 St,
New York, Y.—C, 1

REMLER COMPANY LTD 2|b| Bryant St.,
Francisco, Calif. D

REX RHEQSTAT CO.. 7 w. 20th St.,
N.-Y.—C

JOHN F RIDER PUBLIS’-I-:ER INC.,

A

New Y.—C
THEd RIVERSIDE METAL Cco.,
side,

San
New York,
404 4th Ave.,

Pavilion Avé.. River-

N, J.

ALBEFLT £ ross Bi,ch 7341 Wolfram -St., Chi-
ROTOPHONE chRORATION 2 Journal Sa.,
Jersey City J.—

ROWE! RBustaies U2 Monroe St

|
Toledo, Ohio—C, F, DNcE: S,
WALTER L. SCHOTT CO,, 5264'/2 W, Pico
Blvd., Los Awgeles Cehf—C F. A
MAURICE SCH ARTZ & SON, 710-712 Broadway,
Schenec'ady, S. G, AR

sc:coh mo LAﬂs INC., 4450 Ravenswood
<

o, IN.—C, HO, F A
SEATTLE RADI SUPPLY co INC., 2017 2nd Ave.,
Seattle, Wash.—C
SENLECYTAR MFG CORP 30 W. I5th St., New York,

F
SELF- VULCANIZ|NG RUBBER CO. INC 805 W
Washingion Blvd., Chicago, III—C

SENTINEL RADIO CORP., 2020 Ridge Ave., Evans-
ton, HI.—HO D. S

SHAKEPROOF LOCK WASHER CEO 2501 N. Keeler

Ave., Chicago, Il.—C, F, M,

SHA:.LCROSS M}[:G CO., 0 Jackson Ave., Colling-
dale,

H. B. SHERMAN MEG, co 22 Barney St.. Batile
Creek, Mich.—D, F. D, s
SHUR_ECBROTHERS 2255 w Huron St., Chicago,

Preceding Listingsin RADIO-CRAFT'S
CLASSIFIED RADIO DIRECTORY

Sec. 1, Oct. '40;
Antennas & Accessories
Automatic Tuners & Parts
Auto-Radio Controls

Battery Chargers, Eliminators & Rectifiers
Batteries, Dry & Wet

Cabinets

Coils & Transformers (R.F. & |.F.), & Accessories
Sec. |, Nov.

Condensers (Vanable)

Crystals {Quartz)

Dials & Parts

Electric Fence Controllers
Electric-Generating Machines
Electronics

Electronic Musical Instruments & Parts
Frequency Modulation Equipment
Hardware—Connectors & Misc. Parts
Headphones

Hearing-Aids

Hearing-Aid Parts

Insulation

Intercommuniceting Systems

Line Filters

Sec. I, Dec. '40:

Magnets

Mefal & Special Fittings (for Radio)
Metal, Ore & Oil Locators
Microphones

Noise Elimination Equipment

Paint, Cement & Wax Products
Plastics

Plastic Molders

Radio Logs, Maps & Globes

Receiving Sets (including Adapiers & Converters)
Records ‘& Record-Playing Equipment

Sec. 1V, Jan. '41:

Recording Equipment

Resistors & Volume Controls (Attenuators & Net-
works)

Schools

Service Manuals, Books & Magazines

Servicing Equipment

Sound Systems, Amplifiers & Accessories

Sec. V, Feb. '41:

Speakers (& Parts)

Switches & Relays

Television

Test Equipment—Laboratory & Production
Tools

Transformers & Chokes

Transmitters {& Equipment)

The above back-issues of Radio-Craft are cuail-

able at the regular price of 25¢ per copy.

Next month: Section | of the Classified Radio
Directory, revised, with new classifications, and
new names and addresses added; and with obsolete
listings removed. Reserve your copy, today, from
your regular newsdealer.

M»S\RK SIMPSON DISTRIB CO., INC., 16 Hudson

t.. New York, N. Y.—C, F, J
SIMPSON ELECTRIC co sm 18 W. Kinzie St.,
Chicago, II.—C, F, M AR
SNYDER, INCORPORATED Noble and Darien St.,
Phila., Pa.—C, F, 5
SOLA ELECTRIC CO 2525 Clybourn Ave., Chicago,
11—C. F, D, 55, G, AR
SOLAR MFG conp Avenue A & 25th St.,
Bayonne J—C F, A
5. 0 CINEMA SUPPLY coap 836 11th Ave.,
New York . F, M, D S 8§
SOUND APPARATUS CO ISO W. 46"\ St., New

York,

N. Y~C, HO D. S,
_SPEgKOPl—JvONE RECdRDING & EOUIPMENT

C &0th St., New York, N. Y.—C
SREED\»CJAY MFG. CO., I1B34 S. Sind Ave.,
11—
SPENCER THERMOSTAT CO., 34 Forest St..
ss—C, F. M
svg»«sue *PRODUCTS CO.. North Adams,

STANDARD ELECTRICAL PRODUCTS cO., 7
Sibley St., $t. Paul, Minn.—C,
STANDARD' |EZO ¢0., Cedar and Louther Sts.,

Carlisle, Pa.—C F,
STANDARD TRANSFORMER CORP 1500 N. Hal-

sted St., Chicago, !Il.—C,

¢|cero
Attle.

Mass.—

ZIERIC

STSNSLEY TOOLS, New Britain, Conn.—C, F, M, E,

STARK ELECTRICAL INSTRUMENT CO., I6IA Kin
St. W., Toronto, Ont., Can—C, F, M, E, .g.
SS, G. AR

THE' STATES CO., 19 New. Park Ave., Hartford,

onn—C. F, M'E, D, S, G
STEVENS WALDEN, 'INCORPORATED, 475 Shrews-
bury Worcesfer Mass.— A
FOW! STEWART MG, CORP., 340 W. Huren St.,
Chicago, Il E
STEWART 'STAMPING CORP., 621 [. 2I6th St.,

M, 133
STRUTHERS DUNN "INc.,’ IJIS Cherey St.,

STUPAKdFF LABORATORIES INC 6627 Hamilton
Ave., Pittsburgh, Pa.—C

SUNDT ENGINEERING CO 4656 Ravenswood Ave,,
Chicago, iIl.—C, F, 's

SUN RAolo CO., 212 Fulton St., New York, N. Y.—

136 Liberty St

C.
SUPERIOR INSTRUMENTS CO .,
New York, N. Y—C, F, AR, D, E, G, S, 55
SUPREME INSTRUMENTS 'SORP., Howard  St.,

Greenwood, Miss.—C, F,
TALK-A-PHONE MFG. CO., 1219 W, Van Buren St.,

New
Phila.,

Chicago, IIl.—C, F, D, J. S, ss
TAY BERN E UIPMENT CORP., 135 Liberty St.,
New York, Y.— A {special literature

available fo Police & Gov't Depts.)
TAYLOR TUBES, INC., 234} Wabansia Ave., Chi
cago HI.—F (at therr dnsfnbufcrs). 5¢ {from

pany direct);
TELEVISO PR"ODUCTS IN(‘: ||35 N. Cicero Ave.,

hica
TELEX ?RODUCTS co., M.nneapolls Minn—C, F,
THORDARSON ELECTRIC MFG. CO., 500 W. Huron
Chicago, IIll—C, F, A
TOhIIK (h:AFG CO., 1912 N. Magnolia Ave., Chicago,
THE TORK CLOCK CO., INC., | Grove St., Mt.
Vernon, N. Y—C, F, M, E, D. §
TRANSFORMER CORPORATION OF AMERICA,
66? gﬂoos!er St., New York, N. Y.—C F, M, E
TRANSMARINE RADlO |NC 1184
Hewlett, Y.—C, D, S
TRAV LER RADIO & TELEVISION CORP.
uren, Chicago. |Il.—! D
TRICO FUSE MFG. CO 2948 N. Sth St.,
wis.—C, F, D, E. M
THE TRIPLETT ELECTRICAL.INSTRUMENT SO

Broadway,
. -1034 Van

Milwaukee,

286 Harmon Rd., Bluffton, Ohio—C, HO,
D, S. S5, G, AR

TROY RADIO" & TELEVISION co 1144 s‘ Clive
St., Los Angeles, Calif.

THE" TURNER CO. 909-17 Ave Cedar Rapids,
lowa—C, F, M, E, D, §. §5. G. AR

UNION STEEL CHEST CORP., 54 Church $t., Le
Roy, New York— D'

ursénso ACINEPHONE (‘:ORP‘ Tomngmn. Conn,—

UNITEb ELECTRONICS CO., 4 Spring St
Newark, N. J.—C_F, M, E

uwrso QCIENTIFIC LAB 6NC 440 Lafayette St.,

UNITED STATES TELE\/ISION MFG, CORP., 220 E,

t St., New York, N. F, D

UNITED TELETONE CORP |5o Varick St., New

York, —C, A

N. Y

UNITED TRANSFORMER CORP |50 Varick St.,

ork, E, 'S5, G, AR

UNIVERSITY LABORA‘I’ORIESD 195 ¢2ryshe St.,
M

York, N. E,
UTAH  RADIO PRODUCTS CO.' BI2 Orleans St.,
Chicago, Il—C. F. M, E, D, §. SS. AR J

VACC(F) RIP CO.. 2023 ‘Detroit Ave., Toleda, O.—
THE' VALPEY cmrsrm.s, Box 321, Holliston, Mass.—

=) G. M, SM, §S
THE VEGCA FCo I55 ‘Columbus Ave.,
vsnn FLEX ILLINOIS ssmme CORP
acine Avenuve, Chicago, I —C, F
JAMES VIBRAPOWR OO,

Chicago, IIl.—C

THNE \\I{IBROPIFE )BCO INC., 332 B'way..
vivl TONE CO., 6321 Gratiat St., Detroit, Mich.—
WARD' LEONARD ELECTRIC CO.. 31 S. St.. Mount

Vernon, N.
WARD PRODUCTS CORPS IS'éB E. 45 S?_ Cleveland,
1700 W. Washington

Naw

Boston,
2|38 N.
SS, AR
Crawford

New York,

hio—C,
WARWICK MFG CORP.,
Chicago, I1I.—C, F, D,
EBER Mé\CHINE CORP., 59 Ruiter St.,

THCEh WEBSTIE”R CO 5622 W. Bloomingdale Ave.,
ica
WEBSTE?! ELECTIIC COMPANY Wis.—

WE$TERN sourw & ELECTRIC LABORATORIES,
INC W. Kilbourn Ave., Milwaukee, Wis.—

wegroNA ELECTRICAL INSTRUMENT  CORP.,

WlNCHARGER CORPORAFTION Sioux City, lowa—

WE::RT COMPANY,SSZZLZT GvAreene St., Phils,

X-L RADIO LABORATORIE'S 420 W. Chicago Ave.,
Chicago, Il

MFG. CORP 385 Gerard Ave.,
Y—C, F, M, E D.SS

Rochester,

Racine,

Pa.—

New York,

When writing to companies listed here pleasc mention that you saw the listing in the Radio-Craft “Classified Radio Directory”
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SMALL INDUCTION-TYPE A.C.
MOTOR REPAIRS

OPEN-CIRCUIT DUD STARTING WINDING

Y3 B2

220V.
&4—————YOLTAGE SUPPLY——»@

TO CONNECT FOR [10V., PARALLEL Al A2 ANO B1.B2.
THEN CONNECT CONDENSER FROM LINE THROUGH
SWITCH TO CENTER OF PARALLELED COILS.

® RADIO Servicemen frequently have oc-

casion to repair washing machine, refrig-
erator and small bench machine motors. The
majority of these motors are of the induc-
tion type using a separate starting wind-
ing of a finer gauge wire than the main or
running winding. About 809 of the failures
of these motors are due to the starting wind-
ing burning out because of the centrifugal
switch sticking. To rewind this winding
takes time; too, there is always the danger
of damaging the main winding during re-
pair, resulting in a complete rewind. How-
ever, by connecting a condenser of from 2
mf. to 4 mf. capacity, and of theé rated volt-
age of the motor; and also disconnecting
the faulty starting winding from switch,
the motor will now start as good as new, i.e.,
converting motor into ‘a “capacitor” type.

I have used 4-mf., radio-type condensers
on several Y% -horsepower motors with suc-
cessful results, saving time.

The.exact type and size of tondenser for
any size motor may be calculated from the
following formula:

E
(A) Z = — where
I
Z—=impedance of motor
V=line voltage
I=motor current in
amps.

(B) C=%

2xf
where
C=Capacity in farads of re-

quired condenser.
27f—6.28 x frequency of line.
Z=from above formula (A).

R and X; of motor may be neglected.
Above, for a %-h.p. motor, works out to ap-
prox. 5 mf. but in practice even a 3-mf.
condenser gives sufficient field phase dis-
placement to start the motor.

WANDSWORTH,
Kotze Road,
Mowbry, Cape Town, South Africa

ELECTRIC BENCH FLASHLIGHT

OV PORTABLE
“ac ELECTRIC
ANY OUTPUT FLASHLIGHT

TRANSFORMER e

SMALL BOX TO HOLD
e TRANSFORMER

@ IN order to save on flashlight batteries,
I devised the power supply arrangement

RADIO-CRAFT for MARCH,

T — . - - —

* SHOP NOTES—KINKS—CIRCUITS ®

here illustrated, for bench use.

An output transformer will frequently
serve in this arrangement. The transformer
may be enclosed in its own box, as a safety
measure, as illustrated.

A. MARINO,
Staten Island, N. Y.

REPAIRING SPIDERS

SPIDER HOLE FOR
SCREW
CONE
CARDBOARD
LOUD- 015C
SPEAKER

® WHEN the spider on dynamic loud-

speakers which have the spider located
in the center of the voice coil becomes weak,
it may be strengthened in the manner here
illustrated.

Cut a thin pasteboard disc with the same
diameter as the spider. Coat the spider and
one side of the disc with household cement.
Place the two together and allow them to
dry for at least an hour. When thoroughly
dry, center the voice coil and the speaker
is ready to use. The pasteboard dise serves
also as a dust cap.

ROBERT ROBINSON,
Silver City, New Mezico

HANDY ANVIL
@ HERE is an idea simple enough in its
conception, yet an extremely useful sub-
stitute for a bench anvil, the idea for which

TE

F=A=N

CORE REMOVED
MAY BE USED AS BENCH aNVIL

might not occur to some radio experi-
menters. I made my “anvil” from an RCA
electrodynamic loudspeaker. T find it useful
for clinching rivets by putting a rod in the
center hole in the top. Of course not all
speakers are constructed in exactly the
same way.

WaLTer C. MUELLER,

Chicago, 111,

INTERFERENCE ELIMINATION

METAL
WALL
PLATE
Ne1T N (OUTLET)
RUBBER= &
INSULATED SCREW B
WIRE e
A v
or gy
400V -
2 RADIO
(eacH) RECEIVER
(TAPE UP CONNECTIONS AND CONDENSERS)

® NEXT time you fail to obtain satisfac-

tory reception, try a pair of 0.1-mf.
condensers across the line, as shown in the
sketch. In a 15-story apartment house, with
elevator and other noise, a Strémberg-Carl-
son table model played very well on a short

RADOLEKS //=2/7 1941
FREE,

=

b Brings

—

“RADIO PROFIT GUIDE”

BARGAINS Like This

You Hundreds of
One !

and supplies.

'SOUND SYSTEMS

601 West Randolph Sireet
Chicago, Illinois

1941

GET THIS BIG FREE
BOOK OF EVERYTHING
NEW IN
RADIO AT
Bargain
Pricese

Shows hundreds and hun.
dreds of up-to-the-minute
radio parts, sets, accessories,
ham gear, electric appliances
Indispensable
to every amateur, experimen-
ter, set builder, sound engi.
neer and serviceman. Keep up
with radio and all its phases
—send for the big FREE Rado-
lek Profit Guide now! DON'T
WAIT—SAVE MONEY, AT
RADOLEK. AddressDept.C-52.

RADOLEK COMPANY

*
9

Special Value!
Professlonal Type
HOME RECORDING DISCS

(Heavy Metal Core—Non Flammabte)

10" only 19¢ each

Made by foremost manufacturer.
Proven equal or superior to any discs
of this type regardless of cost. These
blanks have very slight imperfections
hut guaranteed to make perfect record-
ings or your money back. Coated on
both sides. Big savingst

8" Discs—10c; 8'"==14¢; 10""==19¢;
1c less in 25 lots.

Send no money—shipped €.0.0. vlus postage.

Order Today!
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®

BOOK REVIEWSe

—GEOPHYSICAL—
PROSPECTING OUTFITS

BLUE PRINTS and INSTRUCTIONS

For Building the Following Treasure
Finders and Prospecting Qutfits

Folder No. 1. The “Radioflector Pilot”—con-
gists of a_2-tube transmitter and 8-tube
receiver. Principle: radiated Wave from
transmitter loop is reflected back to receiver
loop. Emits visual and aural signals. Tubes
used: two 1ABG—two INEG—one 1HSG.

Folder No. 2. The “Harmonic Frequency Lo-
cator”’—Transmitter radiates low frequency
wave to receiver, tuned to gne of Harmonics
of transmitter. Using regenerative circuit.
Emits aural signals. Tubes used: one 1G6G
—one 1INGG

Folder No. 3. The “Beat-Note Indicator"—Two
osacillators sp adjusted as to produece bheat-
note. Emits visual and aural signals. Tube:
used: Three type "30.

Folder No. 4. The *“Radio-Balance Surveyor™
~—a modulated transmitter and very sensi-
tive loop receiver. Principle: Balanced
loop. Emits visual and aural signals. By tri-
angulation depth of objects in ground ecan
be established. Tubes used: Seven type "30.

Folder No. 5. The “Variable Inductance Moni-
tor"—a =single tube osecillator generating
fixed modulated signals and receiver em-
ploying two stages R.F. amplification.
Works on the inductance principle. Emits
aural signals. Tubes used: six type '30.

Folder No. 6. The “Hughes Inductance-Bnl-
ance Explorer’—a single tube Hartley os-
cillator transmitter and sensitive 3-tube re-
ceiver, Principle: Wheatstone bridge. Emits
aural signals. Tubes used: two type '30—
one type '32—one type '33.

Folder No. 7. The *Radiodvne Prospector”—
a completely shielded instrument. Principle:
Balanced loop. Transmitter. receiver and
batteries enclosed in steel box. Very large
field of radiation an.J depth of penetration.
Emits aural signals. Tubes used: two IN5G
—one 1G4G—one 1H6G—one 1Q5—one 1G4.

With any one of the modern geophysical
methods described in the Blue-Print patterns.
Radio outfits and instruments can be con-
structed to locate metal ond ore deposits
(prospecting) : findlng lost or buried treas-
ures: metal war relics: sea and land mines
and ‘“‘duds’; mineral deposits; subterranean
water veins: oil deposits (under certain eir-
cumstances) ; buried gas and water pipes;
tools or other metallic objects sunken in wa-
ter, ete.. etc.
Each set of blueprints and Imstructlons enelosed In
henvy envelops (9%:* x 1214%). Blueprints 22" x
34%: elght-page |llustrated 8'3~ x 117 fold- 50
or of Insteuctions and constructlon data ¢
Add 5e¢ for postage

Shinsing yorant 2 T oot Thla"75¢ o sty $3.00
[] anywhere in A
- gm gy » (]
TECHNIFAX
GC-34§

1917 6. STATE ST. CHICAGO. ILL.

L L E T T R T T Y T
1 TECHNIFAX 017 so. state. Chicago. 1ii. }
8 Enclosed herowlth $........ for which mail to 8
:address beiow: [}
g Treasuro Finder No, . 2. 3, 4, 5 6 7. :
: Complete set of seven folders. OJ ]
[ ]
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[ ] [ ]
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antenna and ground connection. Without the
filter there was a terrific racket. In a case
in suburban territory, shortwave reception
in the presence of a trolley, as well as
apartment house elevator interference, was
practically impossible.

In a second case the filter not only cleared
reception but also raised the apparent signal
strength of the overseas broadcaster. In still
anether instance, where a vibrator-type in-
verter was used for supplying power from
D.C. to an A.C. phonograph-radio, the filter
cut out the vibrator interference on Radio.
The writer is convinced this kink will pay
dividends, and it 1s obviously cheaper than a
regular line filter. Only precaution is this:
use plenty of tape for good insulation.

The condensers, in series, are shunted
across the power line; the junction of the
2 condensers is connected to ground (the
wall-plate).

WiLLArRD Moobpy,
New York, N. Y.

BOOK REVIEWS

TR e i s

STUDY GUIDE AND REFERENCE MATERIAL
FOR COMMERCIAL RADIO OPERATOR EX-
AMINATIONS (1939). Published by U. 8.
Government Printing Office. Size 5% x9 ins.,
Flexible paper cover, 96 pages. Price 15c.

Technicians who wish to learn the telegraphic
code as revised last year in accordance with the
Cairo Conference, should obtain a copy of *'Study
Guide.™

This book contains questions which are repre-
sentative of the scope of questions contained in
the various elements of the Commercial Radio
Operator's License Examination—by the Federal
Communications Commission.

This book is divided into chapters as follows:

Element I—Questions on Basic Law; Element
11-—Basic Theory and Practice: Element III
Radiotelephone; Element 1V—Advanced Radio-
telephone; Element V—Radiotelegraph; Element
V1—Advanced Radiotelegraph.

ELEMENTS OF ACOUSTICAL ENGINEERING,
by H. F. Olson (1940). Published by D. Van
Nostrand Company, Inc. Size 6 x 9 ins., cloth
cover, 430 pgs. Price, $6.00.

The sound field at last has a book all its own.
In “Elements” the Director of Acoustical Re-
search of RCA, and lecturer in Electrical En-
gineering in Columbia University, has drawn
upon his wide experience to prepare an o&xcep-
tionally useful treatment of acoustical principles
and their applications—which extend throughout
nearly all fields of enginecering. Complete work-
ing methods are given in this well-illustrated
book.

The range embraces Radio Broadcasting. Radio
Reccption, Public Address, and Sound Motion
Pictures. This book offers extensive treatment of
the following topics: Sound Waves: Acoustical
Radiating Systems: Mechanical Vibrating Sys-
tema: Electrical, Mechanical and Acoustiesl
Analogies: Acoustical Elements; Driving Sys-
tems ;: Direet Radiator Loudspeakers: Horn Loud-
speakers: Microphones; Miscellaneous Trans-
ducers; Measurements; Architectural Acoustics.
and the Collection and Dispersion of Sound,
Speech, Music and Hearing.

INTRODUCTION TO POLARIZED LIGHT AND
ITS APPLICATION, (1940). Published hy
Polaroid Corporation, Cambridge, Mags., size
514 x 8% ins., paper caver, illustrated, 46 pgs.
Price. 50c.

Experimenters, and more particularly, elee-
tronic specialists, will be interested in this new
book which discusses polarized light from first
principles to its practical application through
the medium of Polarcid.

Polarized light finds its application in radie
as an important eclement in, for instance, cer-
tain types of television operation. For experi-
menters in this field, therefore, the page “‘Ref-
erence on Polarized Light” will be especially
welcome-
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WITH

SPRAYBERRY
RADIO TRAINING/

OVER 100 EXPERIMENTS

plus Many Other Special Features
ALL DESIGNED TO HELP YOU MAKE FAST PROGRESS!

SPRAYBERRY Training starts right at the beginnlng of Radio . . . unfolds each
subject in a simplified, logical, understandable style. You easily learn Television,
Frequency Modulation, Signal Tracing. Mobile Radio (Auto-Tank), Aviation Radio,
Electronics, Facsimile Radio. Radic Set Repair and Irstallation Work. You learn quickls
in your spare hours . . . AT HOME QR AT CAMP.

Training Prepares You for a Business of Your Own . ..
Or Good Radio Jobs at Excellent Pay!

The rreat, fascinating and progressive field of Radio and Television offers many
opportunities to the man who wants to get ahead. There is good money to be made,
My Training is designed to give you quick access to these opportunities. SPRAY-
BERRY Methods are thorough and practical. Your Training will not interfere with
your present work.

You Get Professional Test Equipment
plus Experimental Outfits!

+ - « Includes 146 RADIO PARTS for hullding a complete Receiver, RADIO TOOLS
and a modern TESTER-ANALYZER. You also teceive 8 BIG SHIPMENTS OF RADIO
EQUIPMENT for conducting actual experiments with your own handa. I show yoo
how to crente Radio defects . . . how to ¢orrect
them, This practical ‘‘beforehand’ experience
will come in handy again and again When
you are called on to do actual Radio repair
work later on.

READ WHAT THESE FELLOWS
SAY ABOUT THE NEW
PRACTICAL SPRAYBERRY

TRAINING Equipment
EARNED $250 SINCE STARTING B
‘I have only completed one-third of the Sprayberry Course 0O &8
r and 1 find nlrew interesting; which makes It (I-asy i]o Ilear{l. Y
“By devollng several hours of my spare tlme dally to .
slud);mu and servielng. | have madelﬂhnm $250 ‘er])ssbslnce No Previous o
starting the Course.”* Earl W. Hastetter, R. No. 4. 1«banon .
4 ] Experience Needed Personsd

**S0 MUCH FOR SO LITTLE"™

‘Now Just a few words about your Course—the more 1 get
1. the more 1 wonder how you can glve so much for

It makes no difference
what your education has
been. | can fit you quickly
for a qood-paying Radio job.

mMake it easy for you to
grasp Radio principles and
remember them. Your suce
ccss is my full responsf.

EARN WRILE YOU LEARN v e e ccecccccceccccccceeeoan.

Property

little,
“1 befleve it to be the flnest of Its kind obtainable, and
would urge amyone wishing to study Racle scrlously to
ke your Course.” George W. Elllott. 521 Elwyn 8t., Nelsoi
C., Canada.

““MADE OVER §300 NET IN SIX MONTHS'

“While 1 have not hung out my ‘shingle’ wet, I have My BUSINESS RUILDERS show ¥ DELAY ' ACT Now'
made over £300 net in the nast slx months, dolug sotne full You how to Dut your cquln_mcnl to H M
and some part time Rad!o serviclng. actuzl use [n handllng money-making
.1 am completely gatisfied In every way with your Course. Radlo Service Jobs shorily after you
and [ am mighty glad 1 sifned on the 'dotied line.’ maklng begin  trainina.

SPRAYBERRY ACADEMY OF RADIO

F. L. Sprayberry, Pres.
420-C University Place, N. W.
Washington, D. C.

= me a student of the Sprayberry Academy of Radlo.” Wendell Learn More About the
L5 M. Caldwell, 83 Hickory St.. Rochestor, N. Y. SPRAYBERRY Mecthod
e Y - o HH And How Easy It Is to Start
Cash In on Radio’s Rich Opportunities  Are Mox Fasyieiseostart
mental Course and Advanced Tralning
No matter If you desire to BE YOUR OWN BOSS In your own busliness or Course . .

( . all features are fully de-
Id down a good job in Radlo, my Training wiil Qive you the useful {nforma- seribed In my new, valuable 52-page
and knowledge to win success. Days of delay mean Precious time wasted. FREE Book. Send for ¥our copy, No

t training for a money-making Radlo career—right now. ohligation.

—_THE SPRAYBERRY COURSE 1S SOLD
EMEMBER UnDER A MONEY-BAGK AGREEMENT

WSH THIS COUPON for BIG FREE 200 A

Tear ofl this coupon, mail in envelope or paste on penny Postcard.

Please send my FREE copy of “HOW TO MAKE MONEY IN RADIO."

GIVING COMPLETE FACTS



PACKED IN ONE
CONTAINER

TWO DRAWER
STEEL CABINET

Here's a honey of a
steel utility cabinet
with the drawers par-
titioned to make it
easy for storing small
parts. You'll find this
cabinet a mighty use-
ful addition to your
shop equipment and
best of all . .. you get
it FREE on this limited
offer. Don't delay.
take advantage of
this deal and get your
FREE steel cabinet.
Cabinet size is —
length 11%”, width,
92", depth, 5".

© 1940 N.U.R. Corp.

57 STATE STREET, NEWARK, N. J.

CONDENSER
ASSORTMENT

LIST

$1435

This fine assortment of pop-
ular type N.U. condensers
will move fast, give you a
good profit end insure the
good will of your customers,
If your dlready using N.U.
condensers. you'll be sure to
snap up this offer in a hurry.
Ii you don’t know yet how
really good N.U. condens-
ers dare, here’s a great op-
portunity to try them! The
assortment! you get on this
limited offer consists of:

1—AT2015
1—AT8250
1—AT4450
1—AT8150 3—ATB450
1—ATI161S 1—AT1645

3—T601
4—T602
3--T605
5—T610
2—T623

3—JB8450
1—IB8845
1—SC8450

re To Get These
enser Specials!

CONTENTS —

RIT CONTAINS:
1 WALSCO STAPLER

9599 For Comddersers | T quamry
$299 o6 Depoait Seheso

EVERY RADIO SERVICE
MAN NEEDS IT . . .

New quiomatic stapler for
quick and easy installation
of lead-ins—indoor anten-
nae — running leads and
power cords, P.A,. installa-
tions and other shop use.
Usual dealer price $3.30.

3 B D D o 0 D B s e b g B

LIst Value of N.U. Condensers In Kit, $10.00. Deale
Price Walseo Stapler, $3.30 (Packed Togather
YOURS FOR ONLY $7.00

YOURS FREE ON THS N, U. CONDENSER DEAL

DEALER PAYS s5.00 FOR CONDENSERS, THE ADDITIONAL
$2.00 1S REBATED WHEN DEAL REQUIREMENT IS COMPLETED.

HOW YOU GET IT
Just order from your N.U. distributor. Your total payment is
$7.00. You sign an agreement for 75 points and deposit is
refunded when the 75 purchase points are completed. Points
can be used on N.U. Tubes, Sound X/Tra Tubes. N.U. Radio
Batteries or N.U. Condensers. The National Union Pregram on
free equipment has helped thousands of dealers to own the
“{inest radio shop in town".
POINTS ARE COUNTED AS FOLLOWS:

1 Tube = 1 Point, 1 Electro Condenser — | Point, 10 Paper
Condensers — 1 Point, 2 Numite Condensers — 1 Point. 1 Radic
Battery — 1 Point,

See Your Jobber or Write
NATIONAL UNION Rﬂnl




