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1 CANT FIND OUT
WHAT'S WRONG —
GUESS I'LL MAKE A
FO0OL OF
MYSELF

WITH MARY

HELLO, BILL— GOT A \

u:aes THE 'moum.e,snu., IN THE
FIRST 1.F. AMPLIFICATION STAGE. L
LEARNED THAT TEST EVEN BEFORE
1 STARTED TAKING THE COURSE,
Bill. 1T'S DESCRIBED IN A
FREE LESSON WHICH THE
NATIONAL RADIO INSTITUTE
; SENDS YOU WHEN
YOU MAIL A
COUPON FROM
ONE OF THEIR ADS

‘\ Coupan RIGHT

o
:
x>

R ST

et

St

BILL, YOURE ALWAYS
FOOLING WITH RADIO — =
OUR SET WON'T

WORIK — WILL
Yoy FIX 1T

YLL TRY, MARY,
JLL TAKE
HOME TONIGHT

P,

riz' EuFRLA l

~ TOUGH ONE
10 FIX?

LET ME

HELP YOU /7

LEARN

I'VE SEEN THEIR ADS
BUT | NEVER THOUGNT 1
COULD LEARN RADIO AT COMPLETE
HOME~-I'LL %

HELLO-JOE -~ WHERE ‘VE
YOU BEEN LATELY-
AND WHERE DID YOU

I'M CONVINCED NOW THAT THIS
COURSE 15 “PRACTICAL AND

7f saY- wueas
| DI YOu LEARN
o\ THRT TEST? ITS
A GOOD ONE

IVE BEEN STUDYING RADIO AT HOME, BILL,
WITH THE NATIONAL RADIO INSTITUTE. YoU
OUGHT T0 TAKE THEIR COURSE. 1VE GOT
A GOOD RADIO JOB NOW, LETS MAKE A
CIRCUIT DISTURBANCE TEST— 4TARTING WITH
r* THE AUDIO OYTPUT STAGE
AND TESTING EVERY STAGE
RIGKT BACK TO THE
ANTEKRNA. LISTEN FOR
THE CLICKS WHEN 1
\A‘P THE GRID LEADS

e ﬂ‘%’%}
=41,

, THE GOVERNMENT NEEDS
CIVILIAN RADIO OPERATORS.
t AND TECHNICIANS, IF I'M

OR GET A JOB
IN A BROADCASTING

ULL ENROLL NOW

STATION QR AVIATION

N PRAFTED, KNOWING RADIO

O P U

MAIL THEIR

AWAY

(1 will send yoﬁ a lessoﬁ on |

AND THEN | CAN MAKE
REAL MONEY FIXING
RADIO SETS

X (5 OR INSTALI.’AND SERVICE
LOUD SPEAKER SYSTEMS

3 "ﬁ"r'

RADIO OR
‘POLICE RADID

CAN WIN ME EXTRA RANK
AND PAY. HUNDREDS OF
N.R.|. TRAINED MEN
HAVE GODD RADIO JOBS

L

You cemtaiLY Kiow 1 THANKS! 1T CERTAINLY 15

RADIO. s0unDS As [ EASY TO LEARN RADIO THE

5000 As THE DAY N.R.L-WAY. | STARTED ONLY

tPOUGKHT 1T, A FEW MONTHS ASO, AND I'M
- [/ ALREADY MAKING COOD MONEY.

“THIS SPARE TIME g
WORK IS GREAT
FUN AND

Radio Servicing Tips FREE

TO SHOW HOW PRACTICAL IT IS
TO TRAIN AT HOME FOR

_ GOOD JOBS IN RADIO

PRETTY SOON
TLL BE READY
FOR A FuLL
TIME JoB

Every man who works on a Radio Re-
ceiver, either professionally or as a
hobby, shouid have a copy of my Free
Sample Lesson, “Radio Rcceiver Trou-
bles=—Their Cause and Remedy.” 1
will send you your copy without obli-
gation if you ‘will mail the Coupon be-
low. It will show you how practical
my lessons are—give you a real idea
of the vast amount of information my
Course gives you,

More Now Make $30, $40, $50 A Week
Than Ever Before
Tho Radio repair business 1s_booming now,
because manufacture of new_Radlo sets has
been discontlnued and the 57.400.000 home
and auto Radies require more repalrs, tubes,
parts as they pet older. Many Radlo Tech.
niciang have thelr own Radlo businesses. The
882  Broadeasting  Statlons _employ Radio
Technlelans and Operators. Radin factorles
are recelving milllons of dollars of Govern-
ment orders, .Aviation, Commerelal, Police,
Ship Radio stations. Public Address Systems
aro other opporiunity flelds. The Gnvernment
needs many Radilo Techniclang

tor good
Clvilian jobs,

EXTRA PAY IN
ARMY, NAVY, TCO

it E‘
{ Men likel) to uo into &
"‘n mliltary serviee, sol- 7>
dlers, sallors, marines. sheuld ‘mall the
Coupon Nowl Yearning Radio helps men
Rel exira rank. cxtra prestige, more in-
teresilng duiy'at pay up to several times
a private’s” base pay. Also prepares for
goord . Raclo. joka after rervice ends.
‘l\:l“;ﬁ"SMART TO TRAIN FOR RADIO

RADIO-CRAFT for

JuLy,

Know Radlo as
Tralned Technicians Know It

My Course 18 thorough, practical. 1 give
you basic tralning In Radle Theory aond
Practice — the working principlcs of both
Cominercial and Military Radio equlpment.
You understund your  work—lknow just what
‘10 do Instesd of just relylng on mechanlcal
abillty to Aix a few common faults and makeo
a few simple adjustments. That’s why many

cn who have been in Radio before cnroil-
ing report that my Course heiped them make
imere money, win guccess. 1 train you, too.
for Televislon, a promlsing field of future
opportunlty.

Beginners Quickly Learn to Earn
$5 to $10 a Week Extra In
Spare Time
Nedrly every nelghborhood offers opporiun)-
ties. for & good part thine Radio Technlclun
to make cxira money fixing Radio scts. I
glve you speclal tralning to show you how
to. start cashing in on these oppntunities
early. You get Radlo parts and Instructions
tor bullding test equlpment. for comducting
experimenis that give you valuable, practleal
experience. My 50-50 mclhod of tralning—
half with Radle parts’ I send you. half
studying m)y Lesson Texts—makes leaming
Radio at home Intercsting, fascinailng, prac-

tical. 2
MAIL THE COUPON
Get my Sample Lesson and G4-page Book
“Rich Rewards in_ ltadlo” at once. They'ro
free. Seo what Radio offers you ag a skilled
Ttadlo  Technician or Operator. Jearn how
practical 1've made Iny Course, Read Jot-
lers fromm more than 100 men I have tralned
telling what _thev are deing,
the Coupon NOW-—in an cnvelopo or pasts
it on a_ penny postal.
). E. SMITH, President, Dept, 26X
Hational Radlo Institute
Washmgton, D. C.

1942

carning, Mall

). E. SMITH, Presldent
National Radio Instltute
Established 27 Yeers

He has directed the
training of more men
4or the Radio Indus-
try than anyone else,

[ OUR WORRIES ARE OYER.
| HAVE A GOOD JOB
HOW, AND THERES A
BI0' FUTURE AHEAD
FOR US IN

OM BiLL- I'M sO
GLAD | ASKED YOU.
To ¥IX OUR RADID.
|1 GOT YOU STARTED
THINKING ABOUT
RADIC AS A CAREER,
AND NOW YOURE
GOING AHEAD

Mr, ). E. Smith, Presldent. -Dept. 2GX
Nationa! Radlo Institute, Washingien, D. C.

Mail mo FREE, without obligation, Sample Lesson and 64-page book '‘Rich
Rewards In, Radio.” which tells about ltadlo's opportunities and explsins your
50-50 method of tralning men st home to be ltadle Techniclans and Operators. I
{No salesman . will eall, erto platnly.)

Address

Lc“y__-__-—_-----—_-
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RADIO-CRAFT

for

TO WIN THIS WAR, more
and more billions are needed
and needed fast—AT LEAST
A BILLION DOLLARS A
MONTH IN WAR BOND SALES
ALONE!
This means a mwmum of 10 percent
of the gross pay roll invested in War
Bonds in ever{ plant, office, firm, and
factory in the land.
Best and quickest way to raise this
money—and at the same time to “‘brake”
inflation—is by stepping up the Pay-
Roll War Savings Plan, having every
company offer every worker the chance
to buy MORE BONDS.
Truly, in this War of Survival,
VICTORY BEGINS AT THE PAY
WINDOW.
If your firm has already installed the

Pay-Roll War Savings Plan, now is the
time—
1. To secure wider employee par-
ticipation.
2. To encourage employees to increase
the amount of their allotments for
Bonds, to an average of at least 10
percent of earnings—because
“token” payments will not win this
war any more than “token’ resis-
tance will keep the enemy from
our shores, our homes.

If your firm has not already installed
the Pay-Roll War Savings Plan, now #
the time to do so. For full details, plus
samples of result-getting literature and
promotional helps, write, wire, or
Elx_hone: War Savings Staff, Section E,

reasury Department, 709 Twelfth
Street NW., Washington, D. C.

U. S. War Savings Bonds

This space is a contribution to America’s all-out war program by

RADIO—CRAFT:

JUuvLy, 1942

www americanradiohistorv com
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l How to Step Up

e‘s
2
3

|

OR some time Sylvania has been

wimming its line of tubes so as to
ease the replacement problem.In many
cases, by multiple etching, we've com-
bined two or three tubes in one.

That means that on many service calls
where formerly you needed several
types of tubes, you can now do a good
job with just one type.

But that’s not all. Several slow-moving
tubes have been lopped off. That
should speed up turnover and stream-
line your inventory.

To help you get the maximum use
and benefit out of these changes, we've
prepared a Tube Simplification Chart.
This gives a complete list of the
Sylvania Tubes for which replace-
ments are available, along with the
substitute best adapted for cach.

These charts are available at your
local jobber’s. Better get ome right
away so you can put your tube stocks
on a war footing now.

And while you're at it, take a ‘good
squint at chat line-up of punchy sales
heips below. Check off the ones you
needand see yourjobberaboutthem. If
he can’t supply you write to me in care
of Hygrade Sylvania, Emporium, Pa,
Dept. C-7

1. Window displays,
dummy tube cartons,
timety window stream.
ers, otc. {From your
Sylvania jobber oniy)

2. Counter disploys

3. Electric clock signs
4. Electric window sigas
5. Quidoor metal signs
6. Window cords

7. Parsonalized postol
cords

8. Imprinted match books
9.imprinted tube stickers
V0. Business cords

11. Doorknob hongers
12. Newspaper mats

13. Store stgtionery

14. Biltheods

15. Service hints booklats

16. Technical manyal
17.Tube bose charts
18, Price cords

19, Sylvanio News

20, Characteristics sheels
21.interchangeobletube
charts

22. Tube complement
books

23. Floor model cabinet
24.large and smollserv-
ice carrying kits

25. Customer cord Index
files

26. Service gorments
27.3-in-) business forms
28. Job record cards
fwith customer receipt)
29. “'Radio Alert™ Post-
cards

30. Radio Carstaking
Hints ta the Housewife

SYLVANIA

RADIO TUBE DIVISION

HYGRADE SYLVANIA CORPORATION
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MR. DEAN GOES TO TOWN

TOWARDS

TELEVISION anp F.M.

D/ -POLE
STATION — 4 —r—
REFLECTOR 61| '
_ frit @~ THIS IS USED MOSTLY FOR THE SOSEMCS
o A ROD TELEVISION BAND

ENOS CONNECTED TOCETHER
, BROOM STICK

Dear Editor:

My wife’s article, “Television and the
School Room” which appeared in the Aug-
ust 1941 issuc of Radio & Television and
for which she won a year’s subscription has
been a source of ribbing to me cver since.

The fact that you have been showing FM
dipoles in your recent issucs, gives me a
chance to get back at her by suggesting
how cither FM or television dipoles can
be made at a low cost,

The enclosed drawing shows one of my
television dipoles that can also be used for
FM. It is easily made, very light in weight
causing no damage to a roof, and most of
all costs about the same as a doublet aerial.
Although the cost of iron or brass welding

B BOLT TO KEEP POLE +
FROM GOING DOWN PIPE

WOODEN PLUG TO
STRENGTHEN BAMBOO
POLE SOAS TO BE ABLE
TO TIGHTEN BOLTS.

BAMBOO POLE

EQUIPMENT
2- BRASS or IRON WELDING RODS &1
2- o “ - - -

58 o
1+12° BAMBOO POLE ¢ 4 WOODEN PLUSS.
I+ BROOM STICK
2 3" ANGLE I1RONS

49 24" STOVE BoLTs.

VENT PIPE NOTE = ONE 34 WELDING ROD AND ONE 3'~ 4"
B0TTOM OF BAMBOO po1 g WELDING ROD SOLDERED TOGETHER TO
TAPED 50 AS NOT 1O SHIFT FORM 5’055.
N i TWO HOLES
/44{!4{’./.!. L B ODF TCRG DSILLED 1N BACH END

OF THE BROOM STICK AND THE ROPES INSEATED

rods would be more expensive now, the
whole dipole including 100’ of twistecf pair
lead-in wire only cost me $1.25 last fall.
$ 95 100" twisted nair lead-in
25 four welders rods
.04 two 3" angles
01 four stove bolts

$1.25
WM. A. DEAN;
Chicago, 1l
Dear My. Dean: We assume that Mrs.
Dean is letting you read her copies of
Radio-Craft. Therefore we'll try to even
the score by beginning a subscription for
you when hers expires. We trust you will
et her read your copies.—Editor.

e

: R&T

Dear Editor:

I happened to be reading some back issues
of Radio-Craft and Radio & Television,
when I ran across an article in the “Mail-
bag’ about “Keep R-C for the Servicemen”
%Ragio-Craﬂ for Jan.-Feb., 1942) by Mr.

eced.

From what I gather from his article, he
has been strictly a servicemain. I should like
to know what radio communications in our
war today would have been if we had not
had radio amateurs to explore and cxperi-
ment and open this field up to the industries.
Amateurs devcloped the short waves clear
down to 10" meters, then the Government
came in and secized the short waves, after
the amateurs had proved that S-W com-
munications could be used across the oceans.
They were put in 5 bands, but they didn't
get sore about it, they just kept on experi-
menting and improved their equipment, A
lot of their ideas are incorporated in pres-
cnt-day equipment.

T am not saying that servicing isn’t im-
portant, but it isn't half as important as
Radio Communications to our Armed

RADIO-CRAFT

www americanradiohistorv com

FOR THE AMATEUR

Forces in all parts of the world.
Yours for a swell nagazine.

KEEP 'EM FLYING.

Louis CrowNING,
Madison, Indiana.

—— R P —

AUTHORS PLEASE NOTE
Dear Editor:

I think yours is the best radio publication
on_the market at present, and I read each
month’s issue through several times before
I get all the useful facts out of it. You
might, if at all possible without making the
production lcss interesting for the rest of
us radio men, print more dope on audio-
frequency distortion, compressor-expander
AF. amplifier and a slide-back vacuum-
tube voltmeter using the GE5 “Eye Tube”
for the slide back. I would prefer that this
work on 250-300 volts, with a 15-50 meg.
scale.

WiLLiaM Lroyp GeorGE REID,
Regina; Sask., Canada.
JULY, 1942

for



www.americanradiohistory.com

COIL-FORMULA BOTTLENECK

Dear Edilor:

1 have been constructing a superhet. re-
ceiver, and there is onc problem that I
encountered that has caused a bottleneck in
the building of this set. This problem,
which many other experimenters must have
come across, is the one of finding the valucs
for the High-Frequency Oscillator’s coil
and padder condenser. I have asked every-
where with no success, and it is beginning
to look like there is no formula, and ¢hat I
will have to use the slow method of trying
all of the likely values until the right one
is found.

My receiver uses a 465 ke. I.F., with 140
mmi. tuning condensers in parallel to 3-30
mmi{. trimmers, and is to cover from ap-
proximately 535 kec. 1o 30 Mc. in six bands.
As 1 have pre-wound mixer coils, it is ncces-
sary to make the oscillator coils track iith
them so the mixer coils can Temain as they
are,

With the cxception of “The Radio Am-
ateur's Handbook,” I have found no hint
of any kind to the answer of this problem,
so T would appreciate it very much if you
could supply the formula, or recommend a
publication on this matter.

WiLLiam F. SANTELMANN, JR.
Washington, D. C.

(Formulas for calculating coils involve
a number of physical factors and are not
simple, but tables and graphs are available
which simplify such calculations. Padding
condensers likewise present no great prob-
lems to radio engineers. These calculations.
however, are 100 technical for the average
cxperimenter, who would do well to follow
standard designs.—Editor)

TOBACCO-TIN HEARING AID
Dear- Editor:
It may be of interest to you to know that
I have been in need for a hearing aid for
quite a while, but could not afford to get
one. Then a friend told me about the article
“A Tobacco-Tin Hearing Aid" by Samuel
B. Simer, which appeared in the March
issue. of Radio-Craft. I only hope it will
fill my needs. I have had an ear specialist
“chart’” my hearing and give his rather ex-
pensive advice. Now I can go alhead with
constructing the aid.
GeorGE GARRETT,
Weiser, [daho.

ALERT READER
Dear Editor:

In Radio-Craft for May 1942, page 569,
“The ‘Lunch Box’ Radio Receiver” was first
printed in Popular Mechanics for February
1937 on pages 258, 259 and 152A, and was
then the “Hurricane Emergency Receiver.”
So it is not a new Hook-Up. Your poten-
tiometer across the 6 V. “A” battery is not
printed (should be 5000).

Rosert B. McCuULLEY,
Long Beach, Calif.

A JOB FOR ANYBODY
Dear Editor:

Will you please tell me what sound system
studio, radio phovwograph store, theater
talkie supply coupany, or radio-sound-tele-
vision shop, situated in Chicago, would real-
ly be able to rebuild and convert a silent
16mm home toy motion-picture projector?
I would like to have mine converted into
any home-made 16mm Filmgraph disc talkie
film and regular sound-on-film with special
rebuilt-in sound head reproducer attachment
equipment.

Yours for Victory,

TED MARYANSKI,

5002 N. McVicker Ave.,

Chicago, Illinoss.
RADIO-CRAFT Juiy,

for
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Radio-Craft’s Youngest Contributor

WESTERNELECTRIC CARSON TRANSMITTERA.
BUTYON,OR ersumul

SMALLF)BER BLOOK _%fson wooD
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7 ﬂ’/
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chsimme MICROPHONE"
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Foeco b, 2l Bl Hepbina..

' Aged2, :
Dear Billy: not. We believe that soon you may be able

We were very glad to receive your con-
tribution and as you seec we are publishing
it in the front section of Radie-Craft
rather than in the Kink Section. Your
drawing. which we reproduced exactly as
you made it, is excellent.

‘Of course you know that while the trans-
mitter button will work, a facsimile will

to add at lcast one stage of amplification
to your microphone. So that you.may keep
in touch with radio developments we are
entering your name for a year's subscrip-
tion to Radio-Craft beginning with this
issue. We hope to hear from you again soon.

Sincerely,
Editor

PAGING MR. GUTCHMAN
Dear Editor:

In your April issue, page 451, you pub-
lished a letter Crystal Detector to the Fore!
signed by Eugene R. Gutchman, who
omitted his address. If you get his address
give him mine or run an answer in your
next issue. Thanks.

E. H. HeintzE,
Box 764,
Elko, Ncvada.

WANTS R-T FEATURES
Dear Editor:

I am happy to have this opportunity to
express my opinion concerning whether or
not Radio-Craft should be an exclusive
Serviceman magazine. Personally, I feet
that since Radio-Craft has incorporated
Radio & Television (which I believe was
one of the finest magazines published for
the cxperimenter), it is obligated to the
readers of that magazine to include in the
combined issue at least the most popular
departments and features of it. I feel that
those articles dealing with construction and
theory of amateur cquipment should not be
excluded from your future issues. Likewise,
the radio experimenter departments would
be sorely missed, should they also be elimi-
nated. Although the war has had a very
decided affect on radio as a hobby, as long
as any equipmient can be scraped together,
there will be radio experimenters.

JAMES ALEXANDER,
Terre Haute, Ind.

1942
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LONGER PLAYING RECORDS
Dcar Editor:

For years back there have been a number
of new systems and materials used for re-
cording purposes which were better in
many ways than the standard record. Now
we have your article on the paper disc

recorder in the May issue.

Why is it that the public can’t buy rec-
ords that will play for 30 minutes or an
hour? I would like to put longer composi-
tions on and let them run without a break.
but all we can buy anywhere is the stand-
ard 12-inch record which could be had 30
or 40 years ago, with only added improved
reproduction since radio became popular.

H. WiLs,
Toronto, Canada.

Dear Mr, Wills:

Your complaint is justifiable and should
be a challenge to the record industry. Ad-
mittedly 4% minutes of playing time does
not permit a sufficient amount of con-
tinuous recording for the music lover.
Whatever the technical difficulties which
might have existed with acoustic repro-
ducers, current developments indicate that
with the lightweight pickups now available
a greater number of lines-to-the-inch can
safely be used in the recordinig process to
extend the playing time to six or seven
minutes, without resorting to siower record
speeds or special equipment. After the war
is won we may expect to sec numerous
commercial developments of this kind.
—Editor
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AGAINST THE BACKGROUND OF EXPERIENCE

Against the background of millions of radios
built for American homes, RCA now is build-
ing racliio apparatus to strengthen the world-
wide life-lines of American communications
ashore, afloat and aloft. Radio has gone to war!

Almost the entire development of radio as
we know it took place during the two decades
between the last war and this one. During that
time, RCA Laboratories worked unceasingly to
perfect existing devices and to invent new
ones. Qut of this research came the finest
civilian radio equipment the world has

ever seen...and the finest military radio equip-
ment ! For the RCA Manufacturing Company
is today on a war footing.

Some day, when peace returns, against this
dual background of manufacturing experience
in peace and war, RCA will turn from military
to civilian radio—and gear its production to
build new radio and television sets for the
home—post-war radios designed to  +*******"2

: H
incorporate the latest scien- ! BUY :
tific lessons and discoveries Euﬂi:l‘):nz
made in RCA Laboratories. 3 "~ 3

Radio Corporation of America

PIONEER IN RADIO, ELECTRONICS, TELEVISION
RCA Building, New York
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. « » The Radio
Paul Reveres
Are Here . . .

MMEDIATELY upon cntering the war, the United States
I stlenced all amateur transmitters, This happened on December

8, 1941, Several thousand radio amateur stations were allowed
to continue operating because they were required {for radio war
cmergeicy communication, However, on January 9th, the Federal
Communications Commission, on behalf of the Defcnse Com-
muaications Board, closed down these amateur radio stations too.

Last. month (early in June) the FCC announced complete new
radio regulations—a revolutionary feat for the United States.

_ In a nutshell—and giving you only the barest outline of the
important and complex new emergency radio service—the set-up
will work somewhat as follows:

There is to be inaugurated immediately a War Emcrgency Radio
Service {(WERS), which will operate two types of stations:
(1) Civilian defense stations embracing amateurs, experimenters,
etc.; (2) State Guard stations, operated by State Guard members,
etc. These services, it should be understood, are ONLY for cmer-
gency war communication. Both services are to operate exclusively
on the present amateur radio wavebands: 112-116, 224-230 and
400-401 Mc. So far it does not appear that the 5-meter band has
been allocated.

It should be understood that the WERS will be purely a Civilian
Defense project which has nothing whatsoever to do with any
amateur organization, cither national or local. The plan is also
revolutionary in the respect that instead of licensing individual
operators, the municipakty will be licensed instead. The munic-
ipality then will he responsible for the operation of all stations
operating in the Emergency Civilian Defense Communication—
whether they arc fixed, mobile or portable.

It is contemplated that individual transmitters will be identified
by special serial numbers. Tt has as yet not been determined what
the individual calls will be or how they will be arranged—if by
number, by call letters or otherwise. Each municipality will have
a sort of supervisor called “Radio Aide”; or a Cominunications
Officer, probably under the military command of the Citizens
Defense Corps (CDC).

WERS operators will be carefully selected by the Radio Aide
who is responsible for the personncl. The entire purpose of the
set-up is to make certain that not only good radio men will be
selected for the service but that there will be no question as to
their loyalty. To this end, the Radio Aide will have a difficult task
of not only selecting the technically best men available, but all the
men will be investigated, not only for operating proficiency, but
they also must furnish proof of citizenship, they must be finger-
printed, etc.

The entire service is to be so geared that in case of invasion,
bombing, or other war upset or disaster, instant radio communica-
tion can be established when telephone or telegraph wires or cables
are cut. By having a complete nation-wide WERS network, it can
be readily scen that in case of bombing, invasion or military
débacle, the emergency radio network will be able to function inde-
pendently and smoothly.

RADIOC-CRAFT for JulLy, 1942
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‘"RADIO’S GREATEST MAGAZINE'’

A GREAT RADIO
OPPORTUNITY

By the Editor — HUGO GERNSBACK

That this is a2 most important and necessary undertaking in war-
time can easily be visualized by what happened in France. When
France was invaded in 1940, the Germans tried all sorts of tricks.
They got hold of telephone lines, then called up the next town or
village telling the Mayor that the Germans were heading for his
town and had already surrounded it. The speaker then suggested
that the population should immediately evacuate the city. Asa
matter of Tact, most of these fake phone calls had no basis of fact,
but they accomplished their purpose, that is, they threw many
parts of the country into a terrific confusion—which was exactly
what the enemy wanted. The War Emergency Radio Service would
make such tricks most difficult, if not impossible.

It should be noted that many of these transmitters, either port-
ables or mobile, will be operated by radio personnel who need not
know the code. In other words, the service will largely. be phone-
operated, and the sets used will probably all be of the walkie-
talkic type.

And here is the great opportunity for radio men of all classes
and all ages. Whether you are a radio amateur, a radio service-
man. or a radio experimenter, you can do your bit for your coun-
try by volunteering for the new service. Thousands upon thousands
of simple transmitter-receivers will soon be in operation. The
transmitter may not have an input of more than 25 watts. For this
reason, it will probably not carry more than 25.to 50 miles at the
most, except under unusual conditions. Inasmuch as the CDC will
not be able to get sufficient instruments or “gear”, (as the amateurs
call it), it is up to the citizens to supply the apparatus themselves.

Now it is a fact that almost every radio man—be ‘he amateur or
experimenter—has sufficient spare radio parts in his possession
with which to build such a transceiver. Radio-Craft has described
many of these in the past and will describe many more in the
tmmediate future. In any event, those radio men who get on the
scene first and enroll their services will no doubt become important
links in the WERS.

It is not neccssary that hundreds of dollars are spent in the
building of such gear. The main idea is, it must operate perfectly
and wmust stay on its frequency. No doubt every municipality very
soon will be equipped with a special set of calibrating instruments
by means of which the transceiver will be calibrated as to wave-
length, and it is most important that the frequency shall not vary;
this is one of the rigid requirements of the F.C.C. If this were
not the case, there would be too much confusion in the resulting
interference.

Sometime in July, every Civilian Defense Corps will have ready
complete instructions and probably booklets giving all the informa-
tion in connection with the WERS and other technical information
necessary for™he operation of transceivers.

In the mecanwhile, the important thing is to get ready—to get
your rig built—with all possible speed. Events are moving rapidly
and it is quite conceivable that sometime during the year many
gf these units will go into action on an honest-to-goodness war

asis.

Let radio men be ready for war and show the country
what we can do.
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*THE RADIO MONTH IN REVIEW*

A Digest of News

Events of Interest

to the Radio Craftsman

B
3

-
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Motor-driven device for automatically tuning the power amplifiers to the desired frequency, a new
development and one of the more important contributions to the unusual flexibility of the CBS short-
wave plant.—Courlesy International Telephone and Telegraph Corp.

CBS S-W NETWORK USES NEW DESIGN FEATURES

The two new 50,000-watt short-wave
transmitters and the thirteen directional an-
tenna arrays of the short-wave broadcasting
plant of the Columbia Broadcasting System
near New York were designed, manufac-
tured and installed by associate companies
of the International Telephone and Tele-
graph Corporation in co-operation with the
CBS engincering staff. These are stations
WCRC and WCBX which, along with 10,--
000-watt station WCDA, serve the “Net-
work of the Americas,” made up of 76
Latin-American stations, with programs
from the United States.

The flexibility of the design permits any
of the three radio-frequency assemblies to
be connected casily and quickly with cither
of the two sets of modulating equipment
and with any of the thirteen antenna sys-
tems. Two complcte transmitters are nor-
mally operated simultaneously ; for instance,
one may bhe serving South America, the
other, Europe. The third frequency, nor-
mally pre-tuned, js connected to a third
antenna array and held rcady for immedi-
ate service by means of the instantancous
frequency-change feature of this equipment.

This installation is the only one in which
tuning of the higher power stages is con-
tinuously variable for the complcte range
from six to twenty-two megacycles from
the front panel of the cquipment. A motor
driven “dolly” arrangement operating on
a worm drive beneath cach power amplifier

648

enables the attendant to tune any of the
three amplifiers to. the proper frequency in
any of the six international bands auto-
matically, and he may change frequencics
quickly in an emergency should the fre-
quency in use suddenly become “jammed.”

The exciters which generate the radio-
frequency . current, the modulating units
which superimpose the audio frequencies,
and the power amplifiers which develop
the 50,000-watt 100 per cent modulated R.F.
power delivered to the antennas are com-
pletely interchangeable, Any ecxciter, any
modulator and any amplifier may be com-
bined in scquence as desired. Any power
amplifier may be connccted with any of the
thirteen antennas systems by the turn of a
wheel on the switching system. This method
is superior to others.

Of the thirteen directional antenna sys-
terns, four direct a “beam” on the west
coastal region of South America, three on
the cast coastal region of Southl America,
one on South America generaily, onc on
Mexico and Central America, onc on Eur-
ope and three are reversible between Europe
on one side and Mexico and Central
America on the other.

This reversible feature is another inter-
csting development. Three of the antennas
may be reversed 180 degrees so that they
serve Europe at certain periods and Mexico
and Central America at others. This is
accomplished by remotc control.

RADIO-CRAFT
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G.E. EXPANDS TRAINING
ON RADIO AND WAR DEVICES

General Electric Company last month
expanded its trdining program to teach mili-
tary men and its own employees how to
mantain in the field the great variety of
war devices, many of them new and highly
technical, which the company is making in
vast quantities.

Vice-President Roy C. Muir, chairman
of the company’s education committee, ex-
plained that Navy men were being given
instruction in the care of submarine propul-
sion equipment; British and Canadian as
well as Army and Navy air men were being
taught maintenance of airplane equipment
for high altitude flying, and that both Army
and Navy men are learning the care of radio
cquipment, searchlights, gun controls, air-
plane locators, and similar devices.

“Graduates of some of these courses are
now in_England, Hawaii, Africa, and In-
dia,” said Mr. Muir. “The number is con-
stantly increasing, The civilian engineers
travel in trans-Atlantic and trans-Pacific
planes and are glad to take many of the
risks of soldiers to keep equipment function-
ing where it is needed.

“In the majority of courses, we are teach-
ing teachers who will go out and train
hundreds of others. Every effort is being
made to keep instruction abreast or ahead
of production to insure proper use of equip-
ment when they reach the scene of action.

“This is a war of science. A new type of
engineering is required. Electrical machines
and circuits must be co-ordinated with
highly complex mechanical mechanisms, op-
tical systems and radio. Some entirely new
things have been developed.

“All that has been learned in the last 20
years about electronics, frequency modula-
tion, television, and high-frequency phen-
omena is now being applied tothe airplane
and warship. Light-weight instruments,
generators, motors, complicated control sys-
tems, armament, and ignition systems have
been designed to withstand vibration and to
operate in planes from sea level to high alti-
tudes under widely varying humidity and
temperature conditions.

“Electrification of a warship has become
much more complete and complicated. Auto-
matic controls, shock-proof mounting, mine
protection, radio communication, signaling
and detection arc among the things requir-
ing highly trained men.”

The principal war-training courses are
being conducted in half a dozen of the
company’s plants where the products studied
are manufactured. Smaller courses are
under way at a number of Navy yards, air
fields and aircraft. factories.

An additional building is planned at one
plant to house laboratories and classrooms
for a new course in high-frequency phen-
omena to be conducted by the radio depart-
ment. This will accommodate 100 engineers
at a time. They will attend classes and
laboratory sessions 54 hours a wéek and
will also prepare ouitside work.

The first graduates of a course in the use
of aircraft locators which General Electric
organized for the Navy are now in the
fighting areas. A similar course is being
organized for the Army at another plant.
Signal Corps men and civilian employees
of the Army will study the latest develop-
ments in radio communication and detection.

In space once used to store home appli-
ances, an aircraft armament school is un-
derway. Classes will include Army Air
Corps officers, G. E. engineers, and pos-
sibly engineers from aircraft manufacturers.

Instruction has been given for some time
at another plant in the operation of the
turbo-supercharger, which enables planes to
maintain spced and power at high altitudes.
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FM LISTENERS PREFER
SERIOUS MUSIC

That FM listeners are more interested
in-Brahms than in ball scores-was indicated
hy recent surveys in Philadelphia, Detroit,
New York, Boston and Chicago, according
to FM Broadcasters, Inc. The belief that
persons have purchased FM receivers be-
cause they preferred the interference-free
tonal fidelity of frequency modulation was
shown in replics from set owners in “all
income levels from clevator operators -to
bank presidents.” Most of them were “aver-
age, nuddle-class folks.”

The latest research was conducted by
WS53PH, of Philadelphia. Here is what they
found after questionnaires from almost 500
M listeners in all payroll brackets had
been tabulated :

When offered a selection with virtually
every type of radio program to choose fromn,
409% selected symphonic music as first
choice. Classical and light concert music
finished second and third with 12.7% and
12.0%, respectively. Popular music was
named first choice by only 5% of those
replying, while news, talks, and drama re-
ceived less than 1%. The preponderance of
second and third-place choices indicated
that the taste for better types of music
runs far ahead of any other types of radio
programs. )

Included on the ballot were popular music,
ballads, Pan-American music, c¢lassical and
popular vocalists, military bands, drama,
sports and news—in addition, of course, to
symphonic, classical, light concert and
chamber music. But only the last four
seemed to get Philadelphia FM listeners
very excited.

ZENITH SURVEY FIND$§
FM FUTURE PROMISING

Three of the pioneer manufacturers of
FM receivers—Zenith Radio Corporation,
General Electric Company and Stromberg-
Carlson Manufacturing Company—last
month began a secries of surveys on the
future of FM broadcasting.

Zenith, the first of the companies to
announce its findings, sent its questionnaircs
to all of FM’s operating commercial and
experimental stations and to holders of and
applicants for FM construction permits.

The average FM station today, according
to the Zenith survey, is on the air daily for
eleven hours and twenty minutes. Although
licensed to usc 13,190 watts, it operates
with only 5,950 watts becausc of incomplete
equipment. The average FM station (to the
cxtent of 59%) does not yet scll commercial
time, but virtually all FM outlets expect to
do so in the future. There is a lively pros-
pect of new stations going on the air, despite
curtailments, in August, Scptember, and
November.

Zenith officials sum up the outlook with
this statement: “There is no denying that
a continued war emergency will cut into
available manpower, and the lack of equip-
ment such as high-frequency tubes will tend
to reduce schedules. But, from the con-
sistent note of remarks, we do not expect to
sec them eliminated. The only shutdown
discovered thus far was the cxperimental
rig of a radio manufacturer. Personnel, it
was said, was required for war work.

“The prominence of FM in the military
picturec promises much advancement and
general spreading of knowledge of high-
frequency radio among communications
men. The FM broadcasters are smart to
hold their forts so well. Peace will find them
ahead in the greatest radio rush we have
ever scen,”
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ANNOUNCERS TO DESCRIBE
NETWORK DELAYS

Aiming at tnore intitnate contact with
the general public, Ray Diaz, chief an-
nouncer of the Blue Network, last month
set a new policy whereby staff announcers
will bring the radio audience closer to the
technical side of network operations. The
newly formulated instructions cover an-
nouncements in the case of program delays
or cancellations because of technical diffi-
culties.

Although the public has been given a
ghmpse of the inside of a newspaper, a
motion picture and the inner workings of
other industries, off-the-air radio operations
have never been described because of the
belief that the explanations would be too
technical for the listener. It is now believed,
however, that radio tcchnique can be ex-
plained 1n simple language.

When a scheduled program did not go
on the air on time because of a power fail-
ure, for examnple, the annownicer traditional-
1y followed a standard procedure and made
an announcement about “conditions beyond
our control” to precede the substituted pro-
gram, thus leaving the radio audlence curl-
ous as to the nature of the “conditions.”
Under the new policy announcers will ex-
plain what caused the program failure and
how the problem is being handled, and then
try to build the listeners’ interest in the
fill-in show-—usually music—by giving some
details of intercst.

A recent broadeast from Hollywood failed
to go on the air and, after the announcer’s
brief statement, an organ recital began
without any further explanation. Under the
new policy, the announcer would have ex-
plained that the program did not come East
because of the failure of the equipment
that reverses the flow of sound currents on
the radio cables.

The previous program had been directed
from East to \Vest and the cables had to
be reversed to transmit the scheduled pro-
gram. After this explanation, the announcer
would tell about the fill-in.

Another set of instructions will he put
into practice as a result of suggestions
madc by patrons who were present at dance-
band ‘“remotes” during airings of the or-
chestra. Many persons were interested in
the activity on the bandstand prior to the
hroadcast and in most instances their curi-
osity went unsatisfied. In the futurec an-
nouncers will take over the public address
system a few minutes before air time and
give a brief talk explaining that the net-
work is about to broadcast the music and
include a few details about the radio tech-
nique. They will say that the engincer on
the stand is connected with the radio studio
by a private line and will receive a signal
when the studio has completed station iden-
tification. At signals from the announcer.
as the latter will explain, the enginecer will
cut in the various microphones around the
dance floor, this step-by-step procedure
meanwhile being described.

FLY OPPOSES PLAN
TO SPLIT UP F.C.C.

James L. Fly, chairman of the F.C.C,
last month appeared before the House In-
erstatc Commerce Committec and stated
his ob_rcchons to a bill that would revise the
communications law and separate the com-
mission into two divisions, one to handle
public communications and the other to
supervise private communications.

The prescnt was 1o time “to disrupt a
war agency” “effect a basic reorganiza-
tlon,” Mr. Fly said. “The best thing to do
is to lcave the problem alone.”
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P. R. Kalischer, metallurgist, inserts in socket a new

electronic tube he has eveloped at Weshnghouse

Electronics Laboratories as a "watchdog' of produc-

tion to help reduce spoilage of parts for planes,
tanks, guns and other machines,

ELECTRONIC TUBE COMBATS
WAR MACHINE RUST

A new electronic “tool” to reduce spoilage
of war-machine parts has been developed at
the Westinghouse Rescarch Laboratories in
Pittsburgh, it was disclosed last month. This
device is a dewpoint recorder, which can

detect minute quantities of moisture in gases

1.000 times as dry as sumifier air.

The essential part of the recorder, devels
oped by Philip R. Kalischer, Westinghouse
metallurgist, is an electronic tube. It can
detect as little as 4/1000ths of 1 per cent
of water vapor in these gases and is ac-
curate to within one degree of temperature;

All steel machine parts used in planes,
tanks and guns require hardening in heat-
treating furnaces through which such gases
as hydrogen are forced to exclude air ordi-
narily containing enough moisture to rust
hot stcel, Mr. Kalischer explained.

“But even with this technique, moisture
can not he entirely excluded from the fur-
naces, since traces of oxygen present in ‘the
gases combine with the hydrogen to form
water vapor,” he said. “To overcome this
ohstacle, blotterlike drying agents such as
aluminum hydroxide are placed in tanks
through which the gases flow on their way
to the furnaces.”

The dewpoint recorder tells when the
gases require drying, and it also tells when
a drying tank becomes saturated and will
absorb no more moisture. The furnace gases
must then be routed to a new drying tank.

The contents of the recorder’s tube are
similar to a radio rectificr tube, which is
used to transform alternating current to
direct current. But the radio tube contains
no gases, whereas gas from the hecat-
treating furnace flows continuously through
the recorder’s tube.

Mr. Kalischer explained that electrons
(negatively charged electrical particles)
travel from the tube’s hot filament to a metal
plate. As long as dry gas passes through
the tube, clectrons flow steadily, producing
an unvarying electric current-in an external
wire circuit. But when water vapor is pres-
ent in the gas, some of the clectrons adhere
to the water’s oxygen atoms, reducing the
electric current. By mneasuring the flow of
current, a meter indicates the moisture in
the gas.
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M;:. Kroll holding the unit designed and built

by him.

Top and front panel views of the Substitutionalyzer showing placement of parts.

How to Build

a Substitutionalyzer

BENJAMIN KROLL

substitution box useful for determin-

ing the proper value of resistance or
capacity that would put a radio set in work-
ing ‘order. But by including a buzzer-type
signal gencrator and a neon tube in the same
box we get the Substitutionalyzer—a test in-
strument that makes use of all the compo-
nents, separately and together, to yield many
tests otherwise not easily obtained. This
unit is especially useful to the beginner in
service work, but even an old-timer will ind
it well worth the space it occupies in his
service kit for the number of uses to which
it can be put.

M ANY servicemen have found the simple
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The Substitutionalyzer was built in a
3-inch by 5-inch index-card box, which the
reader will recognize from the photographs
as the cedar type purchascable in 5- and 10-
cent stores for twenty cents. Although we
considered shielding the inside walls of the
box by gluing in tin foil or abandoned con-
denser foil, we decided that it would be
more patriotic to contribute the foil we had
on hand to the war effort. (If shielding is
found desirable the inside walls may be
painted with colloidal graphite, as explained
i the June, 1942, issue of Radio-Craft,
page 589—£Editor.)

As can be secen from the drawings the
Substitutionalyzer contains two wire-wound
volume controls which are used for variable
resistances. One 1s 0-5,000 ohms, the other
0-2 megohms. The 5,000-chm control is
mounted under the cover on the lower left-
hand side, the 2 meg. control is mounted in
the same way on the right-hand side. These
variable controls are connected to two sets
of jacks, as shown in the diagram.

Next a 12-tap rotary switch is mounted
under the cover in the upper center. To
cach tap is soldered the positive of the two
clectrolytic condensers and the leads not
marked “outside foil” of the other six con-
densers. The remaining taps are used for
the four fixed resistors, with values as
shown. The negative leads of the electro-
lytic condensers, the condenser leads marked
outside foil and the leads of the resistors
are twisted together and brought out to a
common jack, this common tap on the
switch being the positive connection.

To calibrate the variable resistances con-
nect an Ohmmeter in series with each and
select various reference points along the
scale, marking the values which later can
be inked in. By substituting different values
in the circuit a “dead” set can be made to
play, and the performance may even be
improved by trying a value of condensecr or
resistor different from that specified in the
original schematic. By using a wire jumper
between the fixed resistor and variable re-
sistance, as theé dotted line on the diagram
shows, any resistance value from O to 4
megohrmis may be inserted with the added
safety of the fixed resistors in series with
the variable control to protect it from burn-
ing out in case of a possible overload.

The buzzer signal-generator is built into
the lower right-hand side of the box. It
consists, of an ordinary house buzzer, a
flashlight cell, a small condenser, a switch
and two tip jacks. The diagram shows the
simplicity of the circuit. Broken coils and
open circuits can be detected. As the output
lead is touched to different parts of the
circuit, the buzzing is heard in the speaker.
When the buzzing stops an open circuit is
indicated. By working from stage to stage
the trouble is isolated and corrected. A pair
of shielded probe leads should be used for
the above tests to kcep the output from
radiating in all directions, thus preventing
pickup by various parts of the set under test.

The neon is built into the front center of.
the cover, one of the leads going to the
negative of one volume control, and the
other to the positive of the other volume;
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Circuit disagram of the Substitutionalyzer.

control. The neon is used for testing polar-
ity of circuits, and for type of current, A.C
or D.C. One plate of the neon will light if
the current is D.C.; both will light on A.C.
The neon can also be used as a continuity
tester by using the line current in scries as
current source. The combination of the dif-
ferent parts lends itself to other tests. For
instance, by attaching the test prods to the
output of the receiver (just ahead of the
output transformer), the neon will serve as
an output meter. Note results just as if a
meter ‘were being used. The neon will glow
brighter as the set is correctly aligned. Or,
the unit can be converted into a lcakage
tester. Connect the ncon in series with the
2-meg. resistor to a D.C. source, a 90 V.
battery or recciver “B" supply. Touch the
leads of the condenser to be tested across
the neon terminals. If the neon flashes on
and off the condenser is good. If the con-
denser is Jeaky there will be no response
from the neon bulb.

LIST OF PARTS

CONDENSERS

One Cornell-Dubilier, dry electrolytie, -type BR.
50 mf. 60 V, W. V.

One Cornell-Dubilier, dry electrolytic, type BR.
8 mfd. 460 V.

Cornell-Dubilier paper condensers, type DT
One 1, mfd. 400 V, D.C.
One .5 mid. 400 V. D.C.

Two .1 mfd. 400 V. D.C. (One for buzzer signsal
generator.)

One .05 mfd. 400 V. D.C.
One .01 mfd. 400 V., D.C.
One .006 mfd. 600 V. D.C.

RESISTORS AND VARIABLE CONTROLS

One LR.C. wire wound control, type W-5000,
5000 ochms i

One I.LR.C. metallized control, type 18-139, 2 meg.

BADIO-CRAFT for JULY,

One LR.C. insulated resistor, type BT-1, 20,000
chms

One LR.C. insulated resistor, type BT-1, 50,000
ohms

One L.R.C. insulated resistor, type BT-1, 500,000
ochms

One LR.C. insulated r@sistor, type BT-1, 2 meg.

MISCELLANEOUS

One Yaxley single gang 12-tap switch, type 3100
Eight tip jacks (4 red and 4 black)

One G.E. neon, Y-watt, 106-125 volts, type T4

One shielded pair of test leads and prods

One SPST toggle switch {for buzzer-gencrator)
Three pointer knobs

One cedar filing cabinet (5 in. x 4 in. x 3 in.)
One large flashlight cell

Substitutionalyzer with cover raised to show
internal arrangement of parts.
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| RADOLEK P.A. SYSTEMS

*SERVICING-®

| LOWEST PRICES...]
FASTER DELIVERY ot

RADOLEK

LARGEST STOCK OF )

e

EVERYTHING IN RADIO

il b 8

T

Thousands of progressive serv-
jcemen rely on Radolek for
their complete requirements of
repair materials. Radolek has
in stock for prompt de}wery
replacement parts to repair any
radio—every type of tube, trans.
former, speaker, condenser, vql-
ume control, resistor, auto radio
accessory, ctc. Everything you
need at lowest prices. You get
what you want when you want
it—Radolek understands service
problems—gets your order to
you in double-quick time. Buy-
ing from Radolek mecana
Greater Vanlues, Better Service
and More Profits. The big new
Radelek Radio Service Guide'is
yours FREE for the asking.
Send for your copy today!

t

FOR EVERY REQUIREMENT

Thousands of successful Radolek
P.A. installations are proof of
quality, superior design and top
performance. Complete systems
for permanent, portable or mobile
use—wide choice of microphones,
speakers anhd related equipment.
Radolek P.A., Systems give you
more for your money in Perform-
ance. Styling, Dcpendability and
Rescrve Power. Select the P.A.
apparatus you need from Rad-
olek’s big new FREE catalog.

RADOLEK REPAIR SERVICE

Let Radolek repair your damaged or
burned out transformers, coils, speskers,
test cqulpment, etc, Mony Iems cannot
now bo roPhaced and therefore repairing
{8 the only alternntlve, Tralned crafts-
men, uslng precision tools and factory
methods, assure perfect jobs equal to 1

new.,  Wrlte  for
prices or better
still, send in any
article to be re-
palred. It wlll be
handled promptly.

RIS

RADOLEK CO., Depl. C-58
601 W, Rando(ph St., Chicago, i1
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YOU FIND BETTER
RADIO SERVICE
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CONDENSERS
abao

Transmitting tubes, panel
lamps, cathode ray tubes, ex-
citer lamps, sound equipment,
photo electric cells, sound ac-
. cessories, dry batteries, flash
light bulbs.

NATIONAL UNION invites , , .

All radio service dealers to enjoy
the benefits of the N. U, Shop
Equipment Plan. The latest in
tube testers and test equipment
are available to you . .

More than 60.000 com pleted
deals prove the success of this
plan. Investigate now.

N. U.
k Your L
?)rssmbulor or Write

NATIONAL Illll(lll
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‘57 STRATE ST..NEWARK.N.J.
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AMQNG the many faults which a re-
cerver can develop, and one of the
hardest to locate, is that of instability. It
may be just perceptible, or immediately ob-
vzous and ranges from the hardly audible
motorboalmg at full volume to a violent
succession of whistles as the tuning con-
denser is rotated.

The cause of such mstabnl:ty may be a
change of circuit conditions in either the
AF, RF, or LF. circuits. It is known that
this effect is caused by unwanted coupling
between two or more. successive circuits or
by self-osciilation of a particular stage.

Whistles in  superheterodyne receivers
need not be regarded with grave concern
in every case. All receivers of the low LF.
type and particularly those without a pre-
selector stage have seli-generated whistles
on the broadcast band at least, usually on
that part of the band which comcxdcs with
a_wavelength equal to the 2nd harmonic
of the intermediate frequency. This is due
to a beat effect between the output of the
second detector and a received signal.
These self-generated whistles, or image
frequencies, have to be considered when
the receiver is designed, because very little
can be done about it afterwards,

TYPICAL CAUSES

The cause of instability in a rcceiver may
be fairly simple, such as wrong operating
voltages on LF. or converter tubes. Per-
haps it is duc to screen-grid bypass con-
'densers having become open circuited, or to
the shiclding of coils or leads which have
become  disconnected or which have de-
vcloped high resistance to ground. Metal
tubes may develop queer tricks. The con-
nection between the metal coating and the
cathode sometimes works loose and often
' provokes acute instability. Anything, there-
fore, which tends to reduce the cfficiency of
mtcr-cxrcunt shiclding or decoupling or in-
‘troduces unwanted coupling by high-resist-
ance contacts, must be suspected when nor-
mal stability is affected.

A systematic check of all the possible
causes, starting with the simplest, is the
best procedure. First of all it should be
noted what type of instability has developed.
Is it present all the time or only on the
wcaker stations? Docs it occur only at cer-
tain positions of the dial? Does the set
scem lively, etc? A carcful test will often
give a clue to the whercabouts of the trou-
hle. For instance, unstable conditions which
show up only at certain positions on the
tuning dial are frequently caused by poor
contact to the different rotor sections of the
ganged tuning condensers. If this is sus-
pected, and, for that matter, at any timc
a set 1s being given a “surface” overhaul-
ing, these contacts should be removed, and
their surfaces cleaned. On replacing, the
contact tension should be increased, and a
smear of vascline applied to the bearing
surfaces, It is also advisable to examine
carefully the continuity of the ground wire.
There are many commercial superhets that
do not function properly when worked with-
out a ground, while nearly all high-gain
TRF sects develop self-oscillation at the
high-frequency end of the band without
the stabilizing influence of a ground.

VISUAL INDICATIONS
[ Keen visual observation has always been

a necessary asset to rapid fault-tracing in

RADIO-CRAFT

wwWw americanradiohistorv com

CURING INSTABILITY
IN RECEIVERS

JAMES GIBBONS

radio rececivers. Quick perception will often
reveal in a fraction of the time faults which
could be found only in a gencral way by
much tiresome routine testing. It is there-
fore good practice to make a careful exam-
ination for obvious defects. Be always on
the lookout for traces of electrolyte around
the bases of tubular clectrolytic condensers.
This sometimes dries and makes detection
difficult, but it always impairs good con-
tact, and increases the apparent power fac-
tor of the condenser, causing reduced gen-
eral performance, abnormal hum level and
reduced B voltage in condensers; and low
volumc thin rcproductlon, and mstab:hty
in the case of filter condensers. Press afl
coil cans, tube shields, etc,, firmly down on
their bascs giving them at the same time
a twisting motion to make sure of a good
biting contact. Be suspicious of all ground
lugs, making sure of their electrical con-
nection to the chassis; remember that high
resistance contact to ground of shielding
and decoupling components has been pro-
ductive of more cases of instability than any
other single cause. Check carefully all sol-
dered connections to sockets and decoupling
components. It takes very little time to re-
solder many joints, while a poor one which
goes undetected is probably the most diffi-
cult of all faults.

Many rough, hut informative, tests can
be made before the chassis is removed from
the cabinet. If the-main filter condenser is
suspected of being open-circuited, a sub-
stitute can be tried betwcen the B+ side
of the output transformer and chassis, or
between the screen grid terminal of an out-
put pentode and chassis. Sometimes, too,
stability can be restored by touching the
mietal coating of one of the tubes. The
implication here is obvious, and that par-
ticular tube and stage should be checked
without delay. Screen-grid decoupling con-
densers can likewise be temporarily con-
nected between the appropriate contact on
the socket and chassis, if the mecchanical
design and layout will permit. If not, re-
move the chassis right at the start and work
in comfort. Always re-arrange as before
any inter-circuit wiring disturbed dormg
tests. This is important, as neglect ta do so
may provoke further instability, and cven
A.F. circuits are somctimcs quite eritical.

STRAY COUPLING

Volume-control wiring should always be
treated with respect. The volume-control
potentiometer in many sets is used as, or
part of, the signal diode load resistance; it
is therefore in circuit with the high gain
end of the I.F. amplifier and sccond detec-
tor. Any carcless derangement of its at-
tendant wiring may cause unwanted self-
generated  whistles by reaction  between
ncarby leads carrying R.F. currents. The
writer knows of at least onc commercial
superhet which was cured of a nasty whis-
tle by altering the wiring to the volumc
control, thereby climinafing acute 2nd-I.F.
harmonic feedback. It is so often the small
things which make the big differences.

Open-circuited secondaries are another
causc of greatly reducc«d pferformancc, to-
gether with lively “chirps” all over the
scale. A voltage and current test will, how-
ever, always give a clue to this dcfcct as
it removes the bias from the succceding

(Contined on page 688)
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PUTTING OLD SETS
TO USE AGAIN

HARRY 8. BIXBY

ITH the discontinuance of production.
Woi receivers many older sets that have

been in retirement will be brushed up

and put back into service. Probably
some will need only tubes to put them inlo
good operating condition, but there are others
which will require a general overhauling to
get the best out of them. This overhauling
should be done systematically and may well
be divided into four classes: R.F., AF,
power supply, and miscellaneous (speaker,
wiring, etc.). Some of the most common
sources of trouble will be described here,
together with possible remedies.

R.F.—Corroded contacts on rotor of vari-~
able condenser: Clean thoroughly with car-
bon tetrachloride (it is a good idea where
the condenser is especially greasy to dis-
assemble, clean the whole condenser with
carbon-tet, oil lightly, and reassemble).

Corroded connections on coil, condenser,
or 'tube sockets: Wipe off the corrosion and
go over the connections with a hot iron.

Open coils: Leads will generally be found
broken near the terminal. Solder flexible
leads, taking care that wire will not break
beyond soldered joint.

Poor contact tn grid caps, especially the
omes that are held together with a rivet:
The hest way is to replace the cap, although
it miay be possible in some cases to solder
the’parts togcther.

Leaky, shorted and open by-pass con-
denscrs (ave, screen, cathode, ctc.) : Replace
them.

Noisy and open resistors: Checle for noise
with pair of headphones and battery. Replace
if noisy or if value has changed considerably.

AF.—Condcnsers and resistors: Check
for noise, opens and shorts and replace wher-
cver necessary.

Noisy and open transformers: Check for
noise with headphones; if bad, replace or
change to resistance coupling.

Noisy volume conirols: Some of the wire-
wound types may be disassembled, cleaned
with carbon-tet, and reassembled; some of
the carbon types can be treated similarly,
others will have to be replaced.

POWER SUPPLIES—OQpen chokes:
Opens may sometimes be found at end of
winding and repaired: but if they are lo-
cated in the winding they must be replaced.
A wire-wound resistor of equal D.C. re-
sistance might Le substituted if hum won’t
be too objectionable.

Condensers and  resistors: Check for
opens, leaks aud shorts, and replace de-
fectiver units. It is a good idea to use an
auto-transformer and run the set for an
hour or so at slightly higher voltage than
normal. Good units will stand the overload
without any trouble; any unit that shows
up as defective would be liable to go bad
during use and should be replaced.

MISCELLANEQUS—Field coils should
be checked the same as chokes. Wiring
should be checked for leakage and corroded
connections  should be cleaned and re-
soldered. Antenna and ground conncctions
should, of course, be checked and the an-
tenna itself should be looked over carefully
for poor connections.

Here are also some gencral suggestions
offered with a view to wartime conservation
of materials:

In these days when vital materials arc

RADIO-CRAFT for JULY,

scarce, every effort should be made to use
as few new parts as possible. This does
not mean that only used parts should be
used in replacements, but that careful rea-
soning should be indulged in plus a check-
up of what is on hand before purchasing
new parts. For example, let us start with
resistors,

Some sets use R.I. filters as in Fig. 1.
The condenser shorts and burns out the
resistor. Most serviceimen will replace
both. Generally, removing both and short-
ing the resistor terminals will put the set
in operation. Of course, if the voltage is
very much higher than usual, or if the set
breaks into oscillation, the filter will have
to be used. But this is not often the case.

ﬁ)eS/S‘fbor_v = Cond r
bt out_ Tars e g+

Another thing about resistors—it is scl-
dom necessary to usc the same value as the
one to be replaced. The cathode resistor
for a variable-mu tube often may be twice
as high as its rated value without cutting
the amplification seriously. However, other
factors help determine the amplification,
so there can be no hard and fast rule. On
the other hand, rcsistors in a voltage-
divider circuit carrying large amounts of
current should be approximately the same
as the original. And, of course, resistors
in direct-coupled amplificrs and some phase
inverters should run very close to the orig-
inal values. Scrics resistors for screen-grid
and plate supplics may be varied as much
as 25 per cent, -although as a rule a screen
resistor should gencrally be higher rather
than lower to avoid too high values of
screen voitage.

Condenser values, generally speaking, are
more critical than resistor values. The
capacity of filter condensers in A.C. sets
seldom can be. reduced without raising the
hum level. Occasionally a 4 mf. condenser
can be substituted for an 8 mf. with little
change. The same applics to A.C.-D.C. sets.

*SERVICING ®

The author, an Erie County (N. Y.)
Serviceman, has had considerable ex-
perience in repairing old sets for
farm folk. Obtaining replecement
parts frequently would mean long
waiting periods and miles of travel.
Since the compensation seldom war-
ranted these double trips, Mr. Bizby
hod to devise the. simplest possible
means of putting these old sets in
working order. His advice should
prove useful to Servicemen now faced
with wartime shortage of parts.

However, the capacity can be reduced con-
siderably in sets that are used on D.C. only.

The value of coupling condenser in the
audio portion of a receiver is seldom criti-
cal, and values from .02 mif. to .1 mf. make
comparatively little change in the output.
Better bass respounse, as a rule, will be
obtained with the larger values. The values
of cathode bypass in the power stage can
be lowered sometimes to about 8 mf. with-
out noticeably affecting the output.

Filter chokes generaily will be replaced
by similar ones. Ficld coils may have less
resistance than the original if the first sec-
tion of the bleeder has additional resistance
added. Sometimes even that is unnecessary,
and any changes made from, for example,
1500 ohims to 1250 ohms, or vice versa, may
be made without any other changes, Quite
often a break in field coils may be found
and the coil repaired, thus making replace-
nient unneccessary.

When the primary of a push-pull input
transformer burns out and a reasonably
good replacement is not available, tone
quality nearly as good as the original can
be had by using a resistor in the plate with
a coupling condenser to one of the push-pull
erids, as in figure 2. 1t is not claimed that
the voltage on the grids will be equal, but
for practical purposes it is difficult to tell
the difference.

Some manufacturers took great pains to
assure the serviceman that only a replace-
ment part of tleir manufacture could be
used in their set. This may be true to some
extent as regards to R.FF. transformers
where the coils must match a certain tuning
condenser, but virtually every other part
can be interchanged with a similar part of
different manufacture. Certainly a thou-
sand-ohm one-watt resistor is the same
whether A, B, or C makes it. One may
have a larger safety factor than another—
otherwise they are the same. The same
applies to fixed condensers. LI, transform-
ers have different gain ratios and care
should be taken for that reason in using
other makes. Oscillation or lower volume
than normal may result if the gain is not
approximately the same.
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Two sections of experimental laboratories at the Signal Corps’

Radar Division.

In response to numerous in-
quiries from readers eager to
offer their services to the
U. S. Government, Radio-
Craft is pleased to publish
full information regarding
positions open to Radio Serv-
icemen as well as to labora-
tory and administrative
workers,

RADAR LABORATORY
NEEDS SERVICEMEN

Camp Evans, Belmar, New Jersey, has

a large number of vacancies in Civil

Service positious for men and women

to work on secret Signal Corps equipment.

--Tn addition to very many opportunities for

‘Engineers, Physicists, and Electricians,

‘there is an especially urgent need for Radio
Mechanics.

Licensed amateurs or persons who have
completed a defense course in Radio are
desired for appointment as Junior Engineer-
‘ing Aides (Radio), at $1440 per annum.
Qualified radio servicemen may be eligible
for appointment at $1800, $2000 and up, in
accordance with the length and quality of
their expericnce.

Persons who desire to participate in the
National Victory Programn by accepting
appointment at Camp Evans should write
to the Special Representative, U. S. Civil
Service Commission, Radar Laboratory,
Camp Evans, Belmar, New Jersey.

LOCATION

THE Signal Corps Radar Laboratory,

The headquarters of the Laboratory is

at Camp Evans, Belinar, N, J. Installation
and maintenance work is done wherever
Radars are needed by the Army.

The Laboratory is located on the shore
of the Shark River, 2 miles from the town
of Belmar and 4 miles from the famous
seaside resort of Asbury Park. Belmar is
about 60 miles south of New York City,
124 hours by convenient commuting trains.

The Laboratory now occupies several
buildings which the Army purchased.

The work is administered and supervised
by a group of commissioned officers of the
United States Arniy. The remainder of the
personnel consists entirely of Civil Service
employces, There are no cniisted men in
the Laboratory.

The civilian personnel includes the high-
est type of professional and semi-profes-
sional employees carefully sclected and hired
under Civil Service regulations.

Office hours are from 8:00 A M. to 4:30
P.M., Monday through Saturday. A skele-
ton staff is maintained on Sundays and
holidays.

654

The nearby citics of Red Bank, Long
Branch, Asbury Park and Belmar offer
many opportunitiecs for rentals. Since with
the large growth of the Laboratory (par-

ticularly in the summer season, when the

resort, demands are heavy), accommoda-
tions may be scarce, the Govermment is
planning a large housing project within
walking distance of the Laboratory.

PLACES TO LIVE &

A list of possible rentals is on file at
the Laboratory to help those searching for
a place to live. All the nearby cities and
towns are well provided with good elemen-
tary and high schools and churches of all
denominations. Monmoutli Junior College is
in Long Branch and Rutgers University. is
about 40 miles away in the city of New
Brunswick. ‘

The neighboring resort towns offer the
finest ocean beaches for summer recrea-
tion. In addition, the entertaininent and
recreation features are available along the
boardwalk. New York City is near ¢cnough
so that it is possible to go to the theater in
Times Square and get home the same eve-
ning. The cities of Long Branch, Asbury
Park, and Belmar arc connected with the
Laboratory by convénient bus lines. There
are also bus lines betwecen the cities and
to and from the beaches.

OPPORTUNITIES FOR TRAVEL

All civilian employees of the United
States Government may be required to
travel anywhere, as their duties require.
However, civilian cmployces are not sent
into combat zones without their consent.
For the installation and maintenance of
Radars some employces will travel to any
part of the world where war operations are
going on or may take place.

Employees who travel are farnished
transportation plus an extra per diem pay-
ment of $6 in the United States and $7
outside.

MILITARY STATUS

Employees of the War Department enjoy
the same status as civilian employces of

RADIO-CRAFT
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other Government departments. They are
not in the Army and are not subject to
military law. Through the development and
production contracts which the Laboratory
has made with many of the large indus-
trial coricerns of the United States, there
will be opportunities to meet representa-
tives of these industries.

Exemption from the draft depends upon
your classification. The Laboratory can be
surc of keeping only those who are already
exempt, or who have proved themselves
indispensable to the work of the Labora-
tory.

Regardless of your classification you must
always notify your Draft Board before you
travel. If your classification is 3A, that is,
if your local board has granted deferment
because of dependents, then it will not affect
your coming to duty with the Laboratory.
If vour classification is 1A, you should ob-
tain permission from your local Draft Board
and state that you arec going to be em-
ployed with an agency which is a vita] part
of the war program.

EMPLOYMENT OF WOMEN

Because of the Army’s demand on the
men of the nation, the Laboratory expects
to use women for many operations formerly
performed mostly by men; for instance; the
Laboratory would welcome women em-
ployces who can function as mathcinati-
cians, physicists, radio engineers, mechanics,
testers, and draftsmen, as well as in the
more usual ways as administrative em-

ployees.

Because of the vital importance of the
work of the Laboratory in the supreme na-
tional effort to win the war, the Laboratory
does not look with favor upon requests for
resignation or transfer. While it is true
that soldiers fight the war, they cannot
fight without equipment. It is the function
of the Laboratory to provide some of this
cquipment and any delay in operations
caused by personnel changes means a delay
in delivering essential fighting tools te the
troops.

for JULY, 1942
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Make a Fluorescent Display From Old Radio Parts

The Serviceman who is eager to improve the appearance of his shop or the Experi-
menter who wants to enhance the lighting in his home can duplicate the display
fixture described by using octal sockets, a line-cord resistor and some wire.

LUCGRESCENT LIGHTING is be-

coming onc of the “musts” of any

modern and well-equipped business.

The advantages of this relatively new
form of illumination for either ordinary
lighting or {for display purposes are too
well known to be enumerated here. Sufhce
it to say that fluorescent lighting is def-
initely better—physically, economically and
practically.

The development of the fluorescent tube
was the first real improvement in lighting
since Thomas Edison gave the world the
electric tight, and, in the opinion of the
writer, had it come a generation or so
sooner, many pieces of expensive optical
glass would have been made instead into
lowly window panes.

Possibly the only disadvantage of flu-
orescent lighting is the high initial cost. If
one can stand this first cost, the investment
will take care of itself. However, there arc
always ways and means, and, as with all
other things, a little first-hand knowledge
of the subject will cnable the clipping of a
corner or two. In fact, expert knowledge
of how a fluorescent light works will en-
able any radio man to reach into his junk
box and come up with a fluorescent fixture.

PRINCIPLES OF OPERATICON

While much has been written on the sub-
ject, it is likely that a review of the funda-
mental of the fluorescent circuit will be
helpful. It consists of three basic parts:
the lamp, which contains an individual fila-
ment in cach end; a ballast to limit the
current flow; and a starter to pre-heat the
filaments so that thcy emit an abundance
of clectrons to strike the arc. Adl these parts
arc directly in secries (Fig. 1). When the
current is applied there is no drain and
the full line voltage is applied across the
starter. This is a small glass bulb con-
taining an inert gas and a bhi-metal sirip.
The line voltage arcs across the gap. heat-
ing the strip swhich expands and touchcs
the other electrode, closing the entire series
circuit. Current now flows through the
ballast, both filaments ‘and across the
starter, which is now a closed switch. When
the filaments are heated they start emitting
clectrons, and in less time than it takes to
tell it, the bi-metal strip cools (because the
arcing stops when the contact 1s made) and
contracts to its former open position. This
breaks the filament circuit, which in turn
applies the full voltage to each end of the
fluorescent tube. As the filaments have been
heated and have released clectrons, these
electrons now rush to the charged electrodes
and the arc is struck. Of course, the heat-
ing of the filaments also heats the mercury
in the tube, vaporizing it and affording a
low-resistance path for the clectron flow.

The current path is now through the
hallast up to each filament and through
the tube (Fig. 2). There still is a poten-
tial applied across the starter, but this po-
tential is now approximately half what it
was because of the voltage drop across the
ballast when the arc was struck. The char-
acteristics of the starter are such that the
reduced voltage will not arc the gap. As a
result the starter remains idle until the full
line voltage is again applied, which occurs
when the arc ceases.
RADIO-CRAFT JULY,
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WHY A BALLAST 1S NECESSARY

Now the reason for the balast is simply
this: A mercury arc must have a current-
limiting device in series with it. The arc,
being of negative resistance, would draw
from its power source enough current to
melt the electrodes if a positive resistance
were not used. Consequently there must be
sufficient resistance in the circuit to limit
the current fow te a safe value.

Inductive ballasts arc preferred because
the inductive foss is not so great as a pure
resistive loss and also because the surge
developed when the starter opens the fila-
ment circuit helps to strike the arc. In
addition, an inductive device opposes voltage
changes and has a tendency to decrease the
stroboscopic  effect {rapid flickering)
caused by the cyclic rise and fall of the
A.C. voltage.

RESISTOR BALLAST {5 SUITABLE

Although commercial fixtures use induc-
tive: ballasts, this does not mecan that in-
ductive ballasts are essential. Resistive
ballasts work surprisingly well, and since
resistors are items that the radio service-
man has access to, these are favored in this
article.

Resistive ballasts can be used only on
lamps of 24 inches (20 watts) and smaller,
unless a higher line voltage (220) is avail-
able. AN our experiments were made with
the smaller tubes on a 117-volt line.

The first experiments werc undertaken

to eliminate the starter, or to find a sub-
stitute for it. This was very simple. Two
pieces of wire run from contacts 3 and 4
(in Fig. 3), touched togcther for a few
seconds and then broken will light the tube
as effcctively as a manufactured starter. A
single-pole switch is ideal, and we decided
on using a smail pearl push-buttan of the
door-bell variety. The manufactured start-
ers have a small condenser (.006 mf.)
across them to assist in striking the arc.
We found that instead of placing this con-
denser across the switch points we could
place it as shown in Fig. 3 and get better
results. Connecting the condenser from one
side of the line to the body of the fixture
lowers the static_charge and this Las quite
a bit to do with the amount of voltage nec-
essary to strike the arc.

LINE CORD RESISTOR FOR BALLAST

Finding a suitablc resistive ballast was
nct so easy as finding a starter, and cvery-
thing from Red Devils to light bulbs were
tried. When we finally hit upon an A.C.-
D.C. line cord we met with success. Con-
pections are shown in Fig. 3. One wire is
not used in a single-lamp setup. The cord
must be 150 ohins for 20-watt tubes and
210 ohms for 15 watts. For 15-watt tubes
we used the T-12 or large (1}27) type.
The static charge on the larger type is less
and these are more casily started. Some
dificulty was experienced in starting the

(Continxed on page (691)
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'‘BAGKGROUND,

THE LATEST!

New RADIO-CRAFT Library Books

Wos. 25, 26, 27 and 28—have just come off the press.
‘Theso four books aro all on timely subjects and we Tecommend overy
one of them to you strongly.
Now, more than ¢ver, radio education has become a burning question.
If you are to be in {he National Serviee; in the Army. Navy or Air Force—
practieal radlo knowledgo 13 of paramount importance. YOU CAN GEY BEYVER
RATINGS AND ADVANCE QUICKER IF YOU HAVE A GOOD RADIO

Conversely, il :you .aro not with the armed forces, therc §s a whale of a job
10 -be done at home. With more and moere men going Inlo the service, the
demand (or practical servicemen becomes greator cach day. Thercfore wo say:
PRDFiIT BY THESE UNIQUE BOOKS., WHICH ARE PRICED SO LOW
THAY THEY ARE WITHIN YHE REACH OF EVERYONE'S. PURSE.

No. 25—~HOME-MADE RADIO TEST INSTRUMENTS

This book Includes articles covering a wido range of test apparatus of live
interest to every radio man. Scrvicemen will find many circults in thls book
to make their work more profitable. New ideas in test equipment make it
Possible to service radio receivers more aquickly.

Laboratory workers and_oxDerimenters will find many articles which deseribe
in detall constryetion and use of atl essential radio test units—mulil-moters,
osclillators, stage-analyeis testers, oscliloscope equipment, V.-T. voltmeters, etc,
Even sdvanced technicians will be Interested in the eircuit arrangements showing
the new and improved varietions of well-known, bgsic test cquipment. A MUST
for every serviceman. This book contalns 86 illustrations.

Outline of Contents: A Low-Cost Signal Chaser—Signal Tracer Test Unit—
Simpilfied Practlcal Signal Traocer—~—A Home-Made infinite-Reslstance Tube
Checher—Build This Direct-Reading V.-T. Voitmeter—Haow to Make a Modern
V.-T. Voltmeter—Measuring High Values of A C. Voltage and Current With a
Low-Range Meter—How to Make a Meter-Range_Extender—How to Bulld a
Practioal Tube Tester and Set-Analyzer Adapter——The Beginners' Simple Volt-
Milliammeter—Bulld Thia Simplified Ncon-Type Test Unit—Midget Oscillo-
scope—How to Make and Use a Frequency Wobbler—Double Tracing Your
Oscilloscopc—Home- Mades Frequency Maoduiator.

No. 26—MODERN BATTERY RADIO SETS

Whether You are a radlo man or a beginner, tho artleles fn this book give
¥ou bagle ejreuit arrangements or clementary radio Feccivers which serve the

@HE four latest books of our woll-kmown RADIO-CRAFT Rcd Books—

,Gual role of tenching the eclements of radio reception. as well as making

perfectly-opersting 1- and 2-tube radlo recelvers. Plcture dlagrams and bread-
board layouts Ralore. .

Advanced radlo- sct bullders are offeresl more complicated arrongements.
Laboratory workers and cngincers will find ln many of the articles efreuit and
eonstructional features which have become enmmerelal practico. Many entirely
new fdeas are given in this hook. One of the most Important solumncs we
recently sgued. Thia book contains 76 fllustrations.

Outline of Contents: Beglnner’s [-Tube High.Galn All-Wave Receiver—
Beglinners-Bulld This [-Tube Loop Receiver—A *‘3-in-1'' Battery Portable—An
Easily: Bullt **Fleweiling Superregenerativa’™ 2-1n-1 *‘Card Fils’* Battery Set—

2-Tube Superhet. With Pentagrid Repenerative 2nd-Detector—The 4-Tube
Superhet. Vacation Portable—The *“‘Lunchbox 5'' Battery Portable—'¢The Sea-
farer” Loop-Type Beat Radlo Set—4-Tube Pormeabllity Portable—An All-
Purpose Pertable—A Typical Commerolal 3. Way Portahle (Pitot Models X-1452
and X-1453)—Switch for Varying *‘C'* Bias on Batiery Radlo Sets—Making a
Simple Portable Aerial—Making a Plfot-Light Fuse—O0ld Auto Sets for New
Cars—Using a toop Portable In Cars—Quasi-Elecetrie Soldering fron—Lamp
Bulbs as Reslstors.

No. 27--MODERN RADIO SERVICING TECHNIQUE

Here Ix a book of groat Impertanes to every radio man, overy radio engincer,
and particularly all radlo servicemen. A list of the contents which follows
shmes the importance of this hook, litcrally jampacked to over-flowing with
radio-moal. Whether ¥ou are a servieing heglnner Or whether you aro an
experiencod servleoman—you will find many fmportant helps in this volume.

Book Is eminently practical and wlll solve many problems for you. More
fmporiant: It will show you man¥ short-cuts. all calculated to save your timeo
and patlenco. Practical evoryday datn on standard receivers abpears throughout
the book. A whale of o book compressed into a minimum of space. Contalns 88
jmportant {llustrations.

Outline of Contents: Elementary Servlcing Techniaue—Correct Procedurs
for the Servicing Beglnner—Elementary Procedure for Scrvicing Radie Sets—
A.F.C. Alignment Made Easy—Dynamic¢ Servicing—Dynamie Vesting .Simplifies
Servicing—Modern Recelver Yest Rcaquirements—Servicing Universal A.C.-D.C.
Receivers—Sorvicing “'Orphans™ and Private-8rand Sets—Emergency Servicing
Without Test Mcoters—Servicing Colis—Servicing R.F, Goils—Servieing Oscils
latar Colls—General Information—RMA Transformer Color Code—What Causes
Echo, Fading?—Radio Service Puzzlers.

No. 28—ALL ABOUT FREQUENCY MODULATION

Hero Is a compleic compllation of pertinent data on the entire sublect of
the new cominf art of Frequency Modulation, -

There is no question but that Fredueney Modulation is already revolutlon-
iZing radlo broadcasting in thls countr¥. Were it not for the war. there
would now be a tremendous boom In this new art—yet, even with war restrle-
tlons imposed upon ft, Freaunency Modulation s stiil jumping ahead by
leaps and bounds.

With Freduency Modulation no longer a theory—with Tundreds of statlons
already dotting tho land and with countless hundreds of others to come
when Deaco 13 achleved once more—every radio man should read up and know
all_thero is to Know on thls most important subjeet.

This particular handhook 18 chuck-tull with a treméndous amounl of
informailon which you pronably will not find in any similar beak in print

Outline of Contcats: The ABC of F.M.—Frequency vs. Amplitude Modula-
tion—Basic Facts About F.M. Broadeasting—Construction—Build This Prac-
tical F.M. Adapter—Audio AmpPlification—F.M. Audio Amoplifler. Part i—
F.M. Audie Amplifler, Part 2—F.M. Audlo Ampilfier, Part 3—F.M. Service
—Part |. Antenna lInstallation and Serviee—Part 2, Reeelver Alignment and
Diagnosis—Part 3, Test Equipment for ¥.M. Serviting. Enginecring—Part |,
The How and Why of F.M.—Part 2, The How and Why of F.M.—Theory
gnd Deslgn Consideratlens of R.F. and I|.F. Coils in F.M. Receivers.

SPECFAL SEND-NO-MONEY OFFER

It 18 not neccssary thot you gend momcy with order.. If Fou wigh to take
advantago of oyr C.Q.D. Dlan. simply cut out the coupon, pasto 1t on o post
card and sénd it to us. Books will bo sent to You Immediately.

All four books are listed uniformly at 50¢ cach. No discount on lcse than
three booke.

If you wish to tako ndvantage of our special offer. ordering three books ot
more, we mako an unusual low prico to you as follows:

3 books—81.25
4 books—$1.50

Do not fail to send coupon today!
RADCRAFT PUBLICATIONS. INC.
25 West Broadway, New York, N, Y.

FesssssssssssssessseeeeniSaasEaaann:y
0 Raderaft Publications, Inc., 742 1
1 23 Woest Broadway, I
New ¥York, N, Y.
B Gentremen: !
[ ] Rush to me by return mall, 83 per your speclal offer. the following
g Dbooks: (Check Looks selceted.) M
§ [ No. 25~HOME.-MADE RADIO TEST INSTRUMENTS. 1
0 No, 26—MODERN BATTERY RADIO SETS.
I O No. 27—MODERN RADIO SERVICING TECHNIQUE. [ |
§ O Ne. 28—ALL ABOUT FREQUENCY MODULATION. 1
1 I will pay postman $1.00 (if two books are ofdercd) plus a few g
cents postage. and charges. 51.25 for three books, plus & few ctnts
I postage and charges. $1.50 for four books, Plus a fow cents postage B
§ and charmes. WE CANNOYT SEND A SINGLE 80c 800K €.0.D. T
[ ] [}
i NAME F O P B T L R R PR T PRI |
n ]
f ADDRESS .....- SRR S | = S R SRR aN o505 0 5 MG S0 7 G I |
[ ] [ ]
B CITY t...ucucsennucnnann sreaasasaaaaans STATE «ocovennanunncn [ ]
fave ahipping and C.0.D. charges! Check here #f you scnd caah with
1 Emc:? (Cnsﬁ,p LF.S. new postage stamps, money order, check.) Forcign :
8 Countrics no’ €.0.D. Add 2076 to all Prices quoted.
Lsassssssesssssssssseassssasenssseesal
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*SERVICING
How WPB Tube Curbs May Affect Serviceman

Of the 349 recciving tube types discon- or nearly similar characteristics were pre-
discontinuing the manufacture of certain timied by the W.P.B. order, only 80 tynes viously available.

types of receiving tubes, except for war currently listed by RCA are affected. In The table shown on this page lists these

production orders, does not scriously affect most cases the Serviceman will be able to 80 types and includes also 60 additional

the Serviceman. use one tube where threc tubes of similar (Continned on page 691)

HE recent War Production Board order

Tube Type RCA REPLACEMENT Tube Type RCA REPLACEMENT
Discontinued Direct Possibic* Key No. Discontinued Direct Possible* Key No.
1A5-G 1A5-GT/G — GA7S — GAT (3)
1A5-GT 1A5-GT/G — OABS 6AB5/6NS -
1A7-G — 1A7-GT (4) O6ABG-G — 6K6-GT/G (4
1B4-P — 1A4-P (4) OGAB7 6AB7/1853
1B5 1B5/25S — GACS5-G 6AC5-GT/G —
1C5-G 1C5-GT/G — GACS5-GT 6ACS5-GT/G —
1C5-GT 1C5-GT/G — 0AC7 GAC7/1852 —
1D7-G — 1A6 (2) 6ADG-G — 6AF6-G (4)
1E5-GP -— 1A4-P (4) OGAEsS-G GAES-GT/G —
1E7-G | - 2-1F5-G (4) 6AES5-GT 6AE5-GT/G -
1F7-GH 1F7-G — GAEG-G — —
1F7-GV 1¥7-G — GAE7-GT . — 6SN7-GT 14)
1G4-G 1G4-GT/G — 6B7-S.-- — 6B7 (3)
1G4-GT 1G4-GT/G — 6C5-G 6C3-GT/G —_
1G6-G 1G6-GT/G — 6C5-GT 6C5-GT/G —_
1G6-GT 1G6-GT/G — oC7 —_ 6R7-G (4)
1H5-G — 1H5-GT (4) 6D7 —_ 6C6 (2)
1J5-G — 1GS-G (4) OE6 — —_
IN5S-G —_ INS-GT (4) 6E7 — 6D6 2)
1N6-G — 0G5S 6U5/6G5 —
105-G 1Q5- GT/ — 6HG6-G 6H6-GT/G —
10Q5-GT 1Q5- GT/ —_ 0H6-GT 6H6-GT/G —
2B7 — 6)5-G 6J5-GT/G —_
2ES —_ 6J5-GT 6J5-GT/G =
3Q5-G 3Q5-GT/G — 6K6-G 6K6-GT/G - —_
3Q5-GT 3Q5-GT/G —_ 0Ko6-GT 6K6-GT/G —_
5X4-G (4) ONS5 GABS/ONS -—
5T4 — 5U4-G (4) ON7-G ON7
’ 6N7-GT/G —
SW4 SW4-GT/G - 6N7
5W4-G SW4-GT/G —_ 6N7GT 6N7-GT/G —
SW4-GT SW4-GT/G =
5Y3-G 5Y3-GT/G — 6P5-G 6P5-GT/G —
5Y3-GT 5Y3-GT/G — 6P5-GT . 6P5-GT/G —
6A4-LA — K6-GT/G 4) 6P7-G . — 6F7 (2)
6SA7-G 6SA7-GT/G — 25AC5-G 25AC5-GT/G —
6SA7-GT G6SA7-GT/G — 25AC5-GT 25AC5-GT/G —
6SK7-GT 6SK7-GT/G — 25B5 — 25L6-GT/G 4)
65Q7-G 65Q7-GT/G — 25B6-G — 25L6-GT/G 4)
65Q7-GT 6SQ7-GT/G — 25B8-GT — —
6T7-G/6Q6-G 6T7-G — 25L6 25L6-GT/G —
6U5 6U5/6GS - 25L6-G 251.6-GT/G —
6V6-G 6V6-GT/G — 25L6-GT 25L6-GT/G —
6V6-GT 6V6-GT/G - 25N6-G — 251.6-GT/G (4)
6V7-G — 85 (2) 255 1B5/25S5 —
6X5 6X5-GT/G - 25Y5 — 2526-GT/G (4)
6X5-G 6X5-GT/G — 2526-G 2526-GT/G
6X5-GT 6X5-GT/G 25Z6-GT 2526-GT/G =
6YS5 — 6X5-GT/G (H A = 1G5-G €
6Y7-G —_ 6N7-GT/G (4) 35AS5-LT I5A5 —
624 84/6Z4 — 35L6-G 35L6-GT/G —
625 — 6X5-GT/G (1) 35L6-GT 35L6-GT/G =
6N7-GT/6 (4) 35Z3-LT 3523 =
627-G - 6SC7 (4) 35Z5-G 35Z5-GT/G o
6SL7-GT (4) 3525-GT 35Z25-GT/G ==
7A7-LM 7A7 == 48 = —
7B5-LT 7B5 — 49 = 1J6-G 4)
7B6-LM 7B6 -— 50Y6-G 50Y6-GT/G el
7B8-LM 7B8 — 50Y6-GT 50Y6-GT/G =
7CS-LT 7C5 — 50Z7-G — 50Y6-GT/G (4)
7G7 7G7/1232 —_ 55 — —
12A5 ’ - K6-GT/G (4) 79 — 6N7-GT/G (4)
12B7 14A7/12B7 = 84 84/6Z4 :
12SA7-G 12SA7-GT/G o 89 — —
12SA7-GT 12SA7-GT/G —_ 1171.7-GT 117L7/M7-GT =
12SK7-GT 12SK7-GT/G — 117M7-GT 17L7/M7-GT —
125Q7-GT 128Q7-GT/G —_ 11726-G 117Z26-GT/G —_
14A7 14A7/12B7 _ 11776-GT 11726-GT/G -—
15 — — 1837483 — 45 (€)]
25A6 25A6-GT/G — 485 — 27 4)
25A6-G 25A6-GT/G - 1232 7G7/1232
25A6-GT 25A6-GT/G —_ 1852 6AC7/1852
25A7-G 25A7-GT/G — 1853 6AB7/1853
25A7-GT 25A7-GT/G —_

*Indlcatoa that the L¥pes In this ecolumn may be used a8 replaccraonts_for tho RCA (ypes discontinued by making the chankes &s lndlcated by the key numbers. 1. Rcqulres
2, or 3. Noto: When tube types other

wiring change. 2. Requlres socket change.

3. May roquirc shiclding. 4.

ay requlro combonenta or adfustments, additionsl to those of 1,

than audio or roctifier tyDes arc replaced, reallgnmont of the recciver s recommended.
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| a
324 Radio Service Data Sheet
LAFAYETTE FE 250 SERIES 12-TUBE, 5-BAND A.C. RECEIVERS
FUNING
EYE
L e Ll N O S v RESETTING THE PUSHBUTTONS
VM AAE _fprquy 26 R3 Q1 20 W9 gu8 47 e 1S 1d4d  necos Pull one of the pushbuttons all the
2 WETER yonTwAVE PO @ 983 39 %8 81735 86 %4 %) 02 M3 81 nuevmm - way out as far as it will come. Tune in
.,.t‘.é‘g,é'im“._ﬂg S8 88 66 bw &S0 A0 800 62 600|387 s o8 the itat;,mi, ytla(u want and turn the tun-
<5 [ | = —_— = - . ing knob back and forth until the sta-
SvAvigns T i J%%mm tion is clear and distinct, using the
tuning eye as an indicator. Now push

—— the button hard all the way in to lock

the station in place (push directly on
; lllE front of button). Continue setting each
E | pushbutton in the same way. If pressing
the proper button does not tune the
TREBLE oL ?ASS gt;ztmn hselected yoﬁx dld1 nkot push the
A E / ING H utton hard enough to lock it in place
CO%L CONTROL,  #usnouTTORs \‘“‘r‘.“n"" KNOB - CONTROL when setting up the station. '
O ALIGNING INSTRUCTIONS
. CAUTION: No aligning adjustments
0 Mt -l L A
’5"&5‘:?" Song; Bt T masn should be attempted without first thor-
E S5 ot “am oughly checking over all other possible
RADIO—PH(NO BAND SWITCH causes of trouble, such as poor installa-
ON-OFF SWITCH tions, open or grounded antenna sys-

i tems, low line voltage, defective tubes,
condensers and resistors, In order prop-
erly to align this radio, the chassis
should be removed from the cabinet. Al-
though the short-wave bands on this
radio are of the band-spread type the

L] alignment procedure is not difficult.
1 6US T However, because each short-wave scale
- Bw ’ 65Q7 - 6SQ7 eovers only a small portion of the short-
She - DL E— @ wave spectrum you must do the work
=7 LQ]____I carefully and your oscillator must be
 — Dial scale and chassis accurate.
o ‘ wews of the Lafayettc Do not re-align the band-spread scales
- FE 250 Serics chassis unless you are positive they are out of
<= which is housed in dif- adjustment. When adjustment is neces-
ferent styles of cab- sary proceed as follows.
incts, Provision s .
=2 - made in this rceefver ‘Tune set to the high frequency end
3 & for connecting an F-M of dial scale on any band.
g LZOG Rotate each iron core until the fine
- seore marks are even with the edge of
SR the coil forms.
You are now ready to continue with
the trimmer adjustments as shown on
- the alignment chart.
CHASSIS VIEW
ALIGNMENT PROCEDURE
® Tone control—Treble.
® Volume control—Maximum all adjustments. .
® Usc an all-wave signal gencrator which will provide an accurately
calibrated signal at the test frequencies listed.
1
SIGNAL GENERATOR 3 ’ .
BAND Frequency Dummy Connectiont Position of Dial Pointer Trimmers _Ad)usled
Setting Antenna to Radio Band Switch Setting to Maximum
L F 465 Kc. .1 MFD. Grid of 6SK7 (LF.) Broadcast m,sfzogiﬂc. On Top of Output LF.
455 Ke. .1 MFD. Grid of 68A7 Broadcast ntsfftoro)i?{lc. On Top of Input LF.
Set Dial {See Trimmer View) C21—0Osc.
31 METER 9.6 Mc. 400 ohms Antenna lead 31M 2t 0.6 ]lac (See Trimmer View) Cl12—R.F.
BAND M = 5 (See Chassis View) C4—Ant.
3 Trimmer View) T14—Osc.
49 METER Set Dial b et ;
6.1 Mc. 400 ohms Ant lead 40M (See Trimmer View) T8—R.F.
BAND e iy nrenngte at 6.1 Me. (See Trimmer View) T4—Ant.
25 METER Set Diat {See Trimmer View) T156—Osec.
BAND 11.8 Mc. 400 ohms Antenna lead 26M ISR (Sce Trimmer View T9—R.F.
19 METER e S - T (See Trimmer View) T5—Ant.
N . {See Trimmer View) T16—O0sc.
B 16.2 .Me. 400 ohms Antenna lead 19M t5°1‘5 12";" (Sec Trimmer View) T10—R.F.
AL 10.2-he. (Sce Trimmer Vicw) T6—Ant.
Set Dial (See Trimmer View) C18—O0sec.
BROAD- 1600 Ke. 200 mmf. Antenna lead Broadcast at 1600 Ke (Sec Trimmer View) C13—R.F.
CAST : {Sec Chassis View) C3—Ant.
. Rotate Core T11—R.F.
BAND 1400 Ke. 200 mmf. Antenna lead Broadeast '1tsgt‘1010)lf'£c Rotate Core T2—Ant.
* * {See Iron Core Adjustment View)
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Radio Service Data Sheet
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R1, R2. R30—25M Ohm. 1/3-Watt Resistor
R3, R6—1 Mecgohm, 1/3-Wait Resistor
R4—250 Ohm, 1/3-Watt Resistor

R5—SM Obm, 1/3-Watt Resistor
R7—25M Ohm, 1/3-Watt Resistor

R8—6M Ohm, 2-Watt Resistor

R9—10M Ohm, 2-Watt Resistor

R10—1 Megohm. In Tuning Eye Cable
R11—500 Ohm, }/3-Watt Resistor
R12—10M Ohi,. 1/3-Watt Resistor
R13-—1500 Ohms, 1/3-Watt Resistor

R14. R15—2M Ohin. 1/3-Watt Resistor
R16—1 Megohm. 1/3-Watt Resistor

R17. R19, R28—500M, 1/3-Wat1 Resistor
R18—250 Ohm, 2-Watt Resistor

R20. R24, R26—50M Ohm, 1/3-Watt Resistor
R21—120M Ohm, 1/3-Watt Resistor
R22—Volume Control (500M Ohmis)
R23-—1.5 Megohm. 1/3-Watt Resistor
R25—5M Ohm, 1/3-Watt Resistor
R27, R29—250M-Ohm, 1/3-Wat Resistor
R31. R35—150M Ohm, 1/3-Watt Resistor
R32—350M Ohm, 1/3-Watt Resistor
R33—200M Ohm, 1/3-Watt Resistor
R34—75M Ohm, 1/3-Watt Resistor
R36—2 Megohm, 1/3-Watt Resistor
R37—50 Ohm, 1/3-Watt Resistor

Condensers

C1. C5—.0005 Mica

C2—.002 x 600-Volt Tubular Condenser

C3. C4—RB.C. and 9 Mec, Dual Adjustable An-
tenna Trimmer

C6—.1 x 200-Volt Tubular

C7—.00001 Mica )

C8—9 Mc.. R.F. Adjustable.Trimmer

C9—B.C.. R.F. Adjustable-Trimmer

C10, C11—.1 x 400-Valt Tubular

C12. C14—.02 x 600-Volt Bakelite

C13—.0005 Mica i

C15. C17. C21—Electrolytic Filter Condenser
30 Mf.; 30 Mf.; 10 Mf. x 450 Volts

C16—R.C. Oscillater Adjustable Trimmer
Condenser

C18—.0002 Silver Miea

C19—.00005 Mica , .

C20—9 Mec. Oscillator Adjustable Trimmer

C22—Electrolytic Filter i6 Mfd. x 350 Volts

C23, C24—.015 x 600-Volt Tubular

C25, C33—.1 x 400-Volt Tubular

C26, C31—.1 x 200-Volt Tubular

C27, C34—.05 x 400-Volt Tuhular

C28—.05 x 200-Volt Tubular

C29, C30——.0001 Mica

C32, C38—.00025 Mica

C315—.008 x 600-Voit Tubular

C36—.00009 Mica

C37—.003 x 600 Volt Tubular

Miscellaneous

§5—Basc Tone Switch-—Threc Positions
S4—Treble Tone Switch—Three Positions
§3—Phono-Ou-Off Switch

B1—Bias Cell. 1.25 Volt Potential
P1—6-8 Volt Pilot Light Bulb. Type T-44
P2—6-8 Volt Indicator Light T-44
TI—Loop Antenna Assembly.
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Gives up-to-date information on the
wide range of Ohmite stock resist.
ors, rheostats, chokes and switches
used in all types of applications,
Helps you select the right units for
each job easily, quickly, Sead for
Catalog 18 now — it’s Free.

Handy OHMITE
Obvirds Lover

L
oy
1

Figures ohms, watts, volts, amperes
—quickly, easily, Solves any Ohm’s
Law problem with one setting of
the slide. All values are direct read-
ing. Noslide rule knowledge neces-
sary. Size 44" x 9",

Yours for only 10c. At your
Jobber or send coupon.
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SERVICE QUESTIONNAIRE
WITH ANSWERS

WILLARD MOODY

QUESTION: What is the decibel?

ANSWER : The decibel is a ratio.approxi-
mately equal to the smallest difference
that can be detected by a normal ear when
listening to variations in sound intensity.
A decibel 15 equal to 20 times the logarithm
ol the voltage or current ratio and 10 times
the logarithm of the power ratio. The volt-
age output of a device or the power output
of a device is divided by the voltage input
or current input of that device or the power
input of the electrical device or machine.
pads, filters and
other electrical apparatus arc rated in terms

. of the decibel.

QUESTION : How may the turns ratio of
the outpul transformer be determined?

ANSWER: A 1-volt signal may be ap-
plied to the secondary of the output trans-
former and the primary voltage, which is
in the step-up direction, can be measured

| using a vacuum-tube voltmeter or other

high-resistance voltmeter. The turns ratio
wilt be equal to the voltage ratio. The turns
rafio squared times the impedance of the
voice coil at 400 cycles will give the re-

' flected impedance for all practical pur-

poses. In servicing work the impedance of
the voice coil may be assumed to be the
voice coil resistance multiplied by the fac-
tor 1.5. In servicing, it is convenient to use
a universal output transformer with several
impedance taps that can be selected to
match a given tube or circuit. Instructions
of the manufacturer come with each trans-
former and show the proper method of con-
nection for every jaob.

QUESTION: What is image frequency?

ANSWER: The image frequency of a
radio receiver may be simply expressed as
the fundamental frequency to which the
dial is tuned plus twice the intermediate
frequency, where the oscillator is aligned at
a frequency higher than the signal. For ex-
ample, assume that you have a recciver
employing 175 kilocycles i.f. and that the
dial is tuned to 700 kilocycles. The image
frequency of 700 will be 700 4 350, or

1050 ke.

The action may be bricfly illustrated. As-
sume that since the signal frequency is
700 kc., the oscillator frequency will be
700 4- 175 or 875 kc. It is known that
when you have a frequency of a given value,
beating another frequency against it will

| produce a sum and a difference. The sum

will be 875 4- 175, or 1050 kc. Thus, it can
be seen that the i1mage {requency is equal
to the signal frequency plus the if. value
multiplied by 2.

Let us take the opposite case and assume
that the oscillator is aligned at a frequency
lower than the signal. 1f we have a 700-kc.
signal and the i.f. is 175 ke., the oscillator
will be 700 — 175, or 525 ke. If we have a
525-ke. oscillator signal, the frequencies
produced will be 525 — 175 or 350 kc., and
525 + 175 or 700 kilocycles. We thus sce
that the image frequency will be lower than
the signal frequency, since the oscillator is
aligned on the low side of the signal. This
image frequency is 350 kilocycles and is

RADIO-CRAFT
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exactly twice the i{. frequency away from
the signal in a negative or lower frequency
direction,

When aligning short-wave receivers, image
frequency is an important problem. 'i‘he in-
termediate {requency of all-wave ‘reccivers
is generally in the neighborhood of 460 kilo-
cycles. Assume, then, that you have a signal
of 7000 kilocycles. The oscillator is set at
7000 + 460, or 7460 kilocycles. Assuming
that the 1.1, is 460 and that the oscillator is
aligned on the high end of the signal, or
at a higher frequency than the signal, the
image {frequency will be 7000 plus twice
the value of the i.f, or 7920 ke, However,
in .most short-wave receivers the oscillator
is aligned at the low-frequency side of the
signal. This would mean, in the case cited,
that the oscillator signal would be 6540 kec.
With this 7000-ke. signal and 6540-ke. oscil-
lator value, the image frequency will be
on the low side of the signal or 7000 minus
twice the if. value. This means that the
image frequency would have a signal of
6080 kilocycles, In adjusting the short-
wave receiver, the first peak of the trim-
mer condenser fromi maximum capacity
would be chosen. If the sccond peak were
chosen, the radio frequency system of the
receiver would be aligned at the image fre-
quency and the sensitivity would suffer as
the receiver is’tuned throughout its dial
range. This is a frequent cause of misad-
justment in short-wave receivers, and a
casc of so-called “dead spots.”

It is cssential for the serviceman to get a
ciear -conception of image frequency in or-
der to adjust these receivers properly.

QUESTION: How may interference be
picked up as the result of an oscillator har-
menic ?

ANSWER: Suppose that the receiver dial
is tuned to 700 kilocycles and that the in-
termediate frequency of the receiver is 460
kilocycles. The oscillator for the standard
broadcast band set will then be 700 + 460,
ot 1160 kilocycles. The sccond harmonic of
this oscillator will be 1160 + 1160, or 2320
kilocycles. If a police station or very pow-
crful amateur station is operating on a
frequency in the vicinity of 2320 kilocycles
and the receiver has no adequate pre-selec-
tion before the first detector, the interfering
signal pick-up may be quite appreciable. A
great deal of interference is laid at the door
of the amatcur, when in reality the real
cause is poor engineering of the broadcast
receiver. The F.C.C,, or Federal Communi-
cations Commission takes this into account
when considering cases of interference.

QUESTION: What is the range of the
F.M. station?

ANSWER : The range of the I M. station
will be primarily governed by the height
of the transmitting antenna. Line-of-sight
propagation exists in the frequency modu-
lation transmission spectrum, and the dis-
tance that may Dbe transmitted in miles is
given by the equation 1.56 X the square
root of the height of the transmitting an-
tenna. This is cssentially the linc-of-sight
path at sea level. If the antenna is located
on a4 mountain top or other similarly high-
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placed position, the distance that may be
trausinitted is increased several times. The
f.m. waves, of coursé, travel in a straight
line and do not {ollow the curvature of the
carth, nor are they reflected by the Ken-
nelly-Heaviside layer. At the time of his
death, Marconi was experimenting with
bcndmg of ultra-high-frequency waves, but
as yet no success along this line has been
achieved.

QUESTION: What is a siniple explana-
tion of the process of reflection of a radio
wave from the ionisphere?

ANSWER: The angle of incidence will
always be equal to the angle of reflection.
If you take a rubber bhall and throw it
against a solid wall at a certain angle, the
angle or reflection will be cquivalent to the
angle of incidence. If the ball strikes an
angle of 30°, it will be reflected at an angle
of 30° in the opposite direction. When a
radio wave is sent out from a transmitting
aotenna at an angle of a certain value and
strikes the ionispherc at, say, 30°, the re-
flection will occur at the same angle. The
result is that the wave may be bounced
against the ionisphere and be reflected back
to carth, and again be reflected from the
carth up to the ionisphere and down again,
until it reaches thc peint where it is re-
ceived. The skip distance, so called, is de-
pendent to a great extent upon the fre-
quency employed at the time of day or
night that frequency s used. This explains
the long-distance transmission of radio mg-
nals. Mathematical physicists at onc time
proved -definitely that a radic wave could
not- be sent around the earth, but amateurs,
experimenting, found that it could. The
mathematicians completely overlooked the
possibility of an ionized layer located 200
or 300 miles above the earth and acting as
a curtain or reflecting surface for the radio
waves.

QUESTION: What is the most cfficicnt
conductor of clectricity?

ANSWER: Silver is undoubtedly the fin-
est conductor of electricity available to
man. The metal copper comes next on the
list and prominently following copper we
have aluminum and other materials, notably
iron, steel and substances which conduct
heat. As a matter of fact, the properties of
heat conduction and conduction of clectric
currents are closely related. This is proved
in everyday lifc by the great distribution
of aluminum cooking utensils, which con-
duct heat efficiently and which also conduct
clectricity cfficiently. It is interesting to
note that high-voltage cables used for over-
land power transmission employ aluminum,
duc to savings in weight and smaller strain
imposed on towers or supports. Copper is
comparatively heavy by contrast with
aluminum.

CALL FOR RADIOMEN

Radio-Craft frequently receives requests
for listings of radiomen in different parts
of the United States who might be available
for various branches of Government work.
Radiomen who have not previously repgis-
tered with Radio-Craft and are citizens of
the United Statcs are asked to submit name,
age, address, and classification of “type of
work bricfly on a postcard and mail it to
Radio-Craft’s Emergency Aid Burcau, 25
West Broadway, New York, N. Y.

for JULY,

Operating Notes
Trouble in . . .

. ... AC.DC SETS USING 50L6 OUTPUT
TUBES
Distortion that occurs shortly after turn-
ing the radio sct on is very often caused
by faulty SOLG tube. Replace with a new
output tube,
Jorce Esconar,
Mexico, D.IF., Mexico
. AIRLINE MODEL 62-333, $62-303 OR
62-403
When oscillation or whistling occurs on
tuning in some stations and set will not
align correctly, notice whether customer has
changed the A.V.C. and Oscillator metal
tubes for the glass type. If so, change them,
a 6HG6 and a 6C5 tubes, for the metal type.
Then proceced to align correctly.
JorGe EscoBag,
Mexico, D.I°., Mexico
. PHILCO RADIO MODEL 270 OR 270A
If all the voltages and tubes test OK and
the set brings in about two stations very
weally, the trouble can be traced .to a
shorted cathode condenser in the second
detector circuit. The radio will not operate
without the condenser.
SparkY's Rapio & ELec. SERVICE,
Hanover, Kansas.

. FARNSWORTH AKLS®
In cases where a loud hum, somctimes
tunable or inoperative on both radio and
record, the trouble will usually be found by
replacing the green insulated wire that runs
from the variable transformer of the vol-
ume through the coiled wire shield to the
terminal rear of the chassis. A spot will be
found on the insulation that apparently
causes a short circuit.
MarsiALL J. WAGNER,
Baltimore, Md.

. RCA VICTOR MODEL 10T—i0K
If scnsitivity of these models drops very
low, check the bias switch (S7) in service
d1agram which is of the slide type, and is
operated automatically by the ranie sclector
control. The purpose ol this switch is to
increase sensitivity on the short and inter-
mediate wave hands by reducing the residual
bias on the A.V.C. and detector tubes.
When this switch is turned clockwise it
may stop and stick in that position and causc
decrease in sensitivity. To correct this trou-
ble. clean the contact points of the switch
and lubricate the movable parts.
Frep KARpPEN,
Johnstoum, Pa.

. PHILCO {940-41
Complaint of pushbutton drift off sta-
tions on a Philco 1940-41 with permeability
tuned oscillator on pushbutton tuning can
be corrected by replacing dual 370 mmf.
fixed condenser that is placed across the
oscillator circuit with a new Philco part or
two silver mica condensers of approximate
value.
MARrSTIALL J. WAGNER,
Baltimore, Md.

RCA
Dcﬁc:cnt crystals on record nlaycm arc
usually easily detected by pressing on the
side of the tone arm while playing a record.
Press toward. then away from the center of
record, noting change in volume. Be surc
that the ncedle is a good steel one when
making the above test, as some special
ncedles give a misleading test.
MAaArSHALL J. WAGNER,
Baltimore, Md.
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*SERVICING®

EXTENDING 3-VOLT A.C.
METER RANGE

HE Serviceman who owns a low-range

A_C. meter that he hasn't used since [ila-
ment voltages rosc from.2Y2 volts upward
will be interested in learniug how [ put my
0-3 Weston voltmeter to use again.

Because of the scarcity of meters infor-
mation on this conversion job, which makes
use of old parts, extends the range to 750
volts and includcs provision for output
readings, would undoubtedly be of value to
other Servicemen.

I uscd the laminations of a burncd-out
trans{ormer that had a 34-inch by 34-inch
cross section. In this particular transformer
I was able to salvage only the laminations
and the form on which the wire had been
wound. Assuming, however, that the Serv-
iceman has only the laminations to begin
with, the actual form can be made from
about five layers of heavy kraft paper.

M 0-3v
WESTON
25mf
7
o0 s
cC 3 8 6 40 150 750 (o]24
VOLTS AC ABOUY 4300 ABOUT 15000

WRE WOUND  WIRE WOUND:
esw Sow

The first winding to be made is the 3-volt
winding which cornects to the meter as well
as to the 3-volt terminals (sce diagram).
In my case this winding consisted of 36
turns of No. 24 cnamel wire. This was fol-
lowed by several layers of brown paper
insulation. The sccondary winding was
made as follows: I wound 95 turs, brought
out a tap, added an additional 95 turns,
brought out another tap and added 290
turns, using No. 28 cnamel wire. This gave
rcadings of 8 16 and 40 volts. For the
higher voltages I utilized wire-wound re-
sistors of sufficient wattage to avoid over-
heating.

To duplicate these resistors the Service-
man can use wirc-wound resistors having
slides or taps to enable him to adjust the
voltage readings accurately. This can of
course be donc from the A.C: 110-volt linc.

A .25 mt. condenser in series with a com-
mon terminal brought out to another jacik
permits using the mcter for receiver output
readings. The accuracy of this mcter is
surprisingly good. | have found by com-
paring it with other meters that it is with-
in 5 per cent. The advantage of a trans-
former arrangement is that it puts sufficicnt
load on the circuit under test and gives a
good idea what the voltage under load
would be.

D. V. Chambers

. EMERSCN AC-DC 1941
In cases where a sharp sixty cycle hum
that sounds like an outside interference,
the trouble usually disappears when a strong
signal is tuned in. Replace 20-20 mf. filter
condenscr.

MarsHALL J. WAGNER,
Baltimore, Md.
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*SOUND®

War Use of Records

Improves Tonal Range

British find accuracy of aural training a valuable supplement to older closs-

room methods, and in teaching trainees to learn by ear all the sounds of war

make marked technical advances which are expected to result in peace-time
recordings of better quality and greater fidelity.

phonograph record—she is using it to
teach people the art of war. In fac-
_tories, in the three fighting services
and in many obscure branch of war un-
knewn to the gencral public the record is
proving itself a valuable aid in training.
But the debt is not all on one side. In
return for its usefulness in time of war,
the art of recording is itself being revolu-
tionized. Already, because of the excep-
tional quality of the sounds which have
had to be recorded, it has become possible
to register tones never previously realized,
an achjevement which will have much bear-
ing upon the post-war rccording of music.
Much more has been learned about the
flexible record, the cost of which has so far
been prohibitive. But possibly the greatest
benefit likely to arise from these wartime
developments is in the educational field,
where an entirely new technique is being
cvolved.

BRITAIN ‘has found a new role for the

TEACHING WOMEN MUNITION
WORKERS

Simplest of all the recordings is the
straight talk for the factory worker ex-
plaining how his or her work fits into the
general scheme of war production. These
have been enormously successful, both in
giving the workers a clearer technical grasp
of the subjcct and in encouraging them to
great cfforts. Then there are the training
records, which teach girls new to mechan-
ical things the purpose of various tools,
such as lathes, milling machines, microm-
eters, and so on. Another type of record
reminds them how to avoid specific faults
in their work. Mechanics in the Royal Navy,
the Army and the Roya! Air Force make
use of similar records, adapted to their
special requirements.

TRAINING AIR PILOTS BY RECORDINGS

Training establishments in the R.A.F.
are making use of records, either for the
technical ground staff or for flying crews.
An important part of the Link trainer, the
device in which pilots learn “blind” flying,
is the reproduction on phonograph records
of the sounds of engines, etc.

Records of the sounds of machine guns,

of different calibers of shell and of signals
of various kinds are in usé every day, as
are recordings of orders for loudspeaker
reproduction and for immediate operational
requirements,

Records do not, of course, entirely re-
place the human instructor, nor are they
mtended to do so. But they do give a clear
and accurate rendering which can be re-
peated as often as it is needed. No longer
do “rookies” have to brave the wrath of
the tired sergeant-instructor when they
have not quite grasped the subject being
taught ; they neced only ask for the record
to be played over again. Another feature
of the record is its absolute accuracy,
Everyone knows how ecasy it is inadver-
tently to distort messages, instructions, etc.,
when they come second, third or fourth
hand, by word of mouth or even in writing.
But the phonograph record tirclessly re-
peats the original statement word for word
and cannot be altered.

APTITUDE TESTS FOR CODE MEN

The record is also an important medium
for aptitude tests, for example, with radio
code men. This job calls especially for a
good sense of rhythm, for the code man
listens not to the actual dots and dashes
but to the rhythmical forms they make. It
is often very difficult to tell whether
trainces will make good code men .until
they have gone through their preliminary
training, for however intelligent they are
they may be found entirely lacking in this
particular quality. Before they lcarn a sin-
gle letter of the code the men are given a
test in which various sounds are played
over to them, and they are asked to distin-
guish hetween them. In a great number of
cases this weeds out men who are unsuited
for the job.

ONE OF THE BIG INYENTIONS
OF THE WAR

Most interesting of all the devices now
used is one which combines vision and
sound, like a “talkie” with phonograph rec-
ords. The joint work of an engineer, a
recording expert, and a man skilled in pho-
tographic layout, this system, called the

Synchrophone, has ushered in a new era
in training and instruction.

Better than a film because it can be
shown in daylight and stopped at any- point
and repcated, better than biackboard and
chalk because an infinite variety of moving
designs can show “how it works? better
even than books becausc several long de-
scriptive chapters can be conveyed in a
few moments, this is one of the inventions
that show up in every war and become a
part of history. There would be a fascinat-
mg story in any of the instruction series.
shown on this instrument, but this is not
the time to tell it. Indeed, there are very
few outsiders who share the secrecy which
surrounds the invention, Even the manu-
facturers of the records do not see the
pictures, and the picture-makers do not
hear the records.

EVERY AUDIBLE TONE

CAN NOW BE RECORDED

Thesc arc some of the uses to which pho-
nograph records are put in training the
men and women m the Services and on the
lome front. But there are many other uses,
fromn the recording of speeches supporting
war savings campaigns and giving instruc-
tions to the civilian population in emergen-
cies to the part it plays in intelligence work.
Propaganda also makes full use of it with
recorded talks sent overseas to broadcast
from minor radio stations abroad.

In all this work British recording en-
gineers have been faced with technical
problems of great intricacy and, as has
been indicated, they have added much to
their knowledge in solving them. The neces-
sity of recording with absolute fidelity those
sounds never before heard on a disc has
considerably broadened the spectrum of
sound. The tonal range has been stretched
to three or four octaves above the highest
note on a piano and to a full octave below
the lowest piano note. In short, they have
pushed recorded sound to the limits of the
useful range of audibility.

All this will mean more perfect record-
ing of music when peace returns, and bet-
ter value for money in the quality range
of records.

{(From Rap1o-Crarr’'s London
Correspondent)

RECORDS SOLVE OVERSEAS LANGUAGE PROBLEMS

arc learning to speak Chinese by way

of phonograph recordings, according

to information from the Linguaphone
Institute of London.

A big demand has grown up in the last
few months for recorded language courses,
not only in Chincse but also in Russian.
In many parts of the country men in the
services have formed study groups to help
them to learn French and German as well
as Russian and Chinese. Policemen in
Britain are forming groups to give them-

862

BRITISH soldiers, sailors and airmen

selves a knowledge of German and Russian,
Home Guards are also occupying their spare
time in picking up German at their guard

posts.

The Friendss Ambulance Unit which
worked on the Burma Road, has had
courses in Chinese. Courses in Spanish have
hecen sent to America for the U. S. Air

Force, and other U. S. forces are learning

" Russian.

A record course in English is popular
with ‘sailors in the Norwegian and Dutch
merchant services, and French Canadian

RADIO-CRAFT
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soldiers are also using the record system.
The Free Services of France, Norway,
Czechoslovakia, Poland and Holland are
about to learn to speak English in a course
which is being recorded with the aid of
B.B.C. announcers.

Ninc out of ten of the language courscs
now being produced in Britain are going
to the services. The chief demand is for
Russian, Chinese and German, although
courses in Arabic, Hindustani and Japanese
have been taken up by certain service per-

sonnel.
1942
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RCA SOUND INSTALLATICNS
EXCEED RATE OF 5 A DAY

The actual number of new uses to which
sound amplifiers have been put since the
National Emergency was declared will not
be known until after the war, when the
numerous applications will be permitted to
be disclosed publicly.

There are, however, many types of in-
stallations now being made which are per-
forming uscful functions in a varied num-
ber of applications, and general information
on these are available.

George Ewald, RCA Commercial Sound
Division manager, reports that 155 sound-
system installations, including many of
novel and unusual design, were completed
during a recent 30-day period.

Sound f{acilities and fire-alarm signals at
a mid-western aircraft plant have been tied
in through the installation of a complete
plant-wide sound systern. By means of a
special relay panel, the system permits fire
signals to take precedence automatically
over any other function, regardless of how
the controls are set.

The system employs a signal-generator
functioning as a fire alarm and coding signal
generator, with a beat-frequency oscillator
as time and paging signal generator. Dis-
tinctive tones arc obtained by setting the
two devices at different frequencies. Equip-
ment in the control station covering the
flight arca can be tied in with the main
system by throwing a single switch. The
two guard towers at the plant are covered
by additional systems with speakers mount-
ed on turrets above the searchlights.

Installation of a paging system in the
freight transit sheds of the Mare Island
Navy Yard has resulted in a marked speed-
up in freight movements. The system has
overcome the sharp differences in noise
levels in the sheds, and announcements can
now be clearly heard at all times.

Two industrial guard systems have re-
cently becn instalied at the Minncapolis
IHoneywell Regulator Company and at Gen-
eral Mills, Inc. These allow instant com-
‘munication between guard stations at plant
ciatrances and look-out stations and the cen-
tral guard office as well as for the trans-
mission of alarm signals. The cquipment
installed offers protection against any pos-
sible action of saboteurs.

RCA equipment has been installed in the
laboratories of the Minnesota Department
of Highways. The equipment, consisting of
a standard amplifier, loudspeaker, crystal
cartridge, and oscnllograph, is being used in
an effort to discover types of concrete con-
struction capable of withstanding destruc-
tive yibration,

The underground * namng room of the
Inland Steel Coal Mines in West Virginia
has been equipped with sound facilities.
Provision is. made for general announce-

ments, safety talks, transmission of emer-
gency alarms, and a long distance telephone
connection permitting the president of the
company to address the men in the “wait-
ing” room from his desk in Chicago.

IFour complete paging systems have been
installed at the Naval Air Training School,
University of JTowa, Iowa City. The equip-
ment connects the field house, administra-
tion offices, and- dormitories for instant
commumcatlon, paging and time.sirnals.

Two RCA sound system installations
marking an important step in the accept-
ance of industrial sound by established, con-
servative firms were recently completed at
Warner-Swazey, Inc, and at the Cleve-
land Graphite Bronze Companv. of Cleve-
land, Ohio. The two companies required
plant-wide systems affording {acilities for
paging, signaling, sound distribution and
other sound needs nccessary to the opera-
tion of the plants.

Sound facilitics for air raid and fire
alarm signals, music reproduction, paging
and general announcing are now available
at Kaufmann's, Gimbel Brothers and Frank
& Seder departinent stores in Pittsburgh;
at Marshall Field’s in Chicago; and at
Sears Roebuck in Houston, Texas, through
the installation of RCA sound systems. The
department store installations were placed
by Hamburg Brothers, RCA Victor Dis-
tributing Corporation, and Sound Sales &
Engineering Company of Houston, respec-
tively, The Pittsburgh stores report excep-
tional results promoting “special” sales by
means of the sound systems. A general in-
crease in sales throughout the stores has
also been noted since the installation of the
systems, and executives report that the
music programs have a favorable effect
upon employees in reducing fatigue.

A group of Carnegie Illinois Steel Com-
pany workers have purchased a portable
RCA sound system to provide facilities of
music, safety talks and general announce-
ments at their meetings. The employees of
the Pittsburgh plant acquired the system
from Hamburg Brothers of that city.

A portable RCA public address system
has been presented by the Joshua Hendy
Iron Works to its Employees Association
for use at meetings, entertainments and
other such functions. The equipment was
ohtained from the Lco J. Meyberg Com-
pany of San Francisco.

During the same 30-day period RCA
sound systems were installed in 56 indus-
trial plants, 27 government projects, 20
churches, 23 schools and colleges, a hos-
pital, a hotel, and in such miscellancous lo-
cations as department stores, radio stations,
funeral lhomes, bowling alleys, a Red Cross
Hcadquarters, a Salvation Army post, a
fuel company, a restaurant and a golf club.

—— I ———

Women Urged to Study for Station-Operator Jobs

Radio engineering authorities say that
women can easily meet the requirements
now in effect for restricted radiotelephone
operator permits. It is believed that per-
sons of normal intelligence should be able
to pass the examination for the restricted
radiotelephone operator’s permit after 8 or
10 hours study of the FCC study course
for this examination. The Study Guide and
Reference Material for Commercial Radio
‘Operator Examinations may be obtained
from the Superintendent of Documents,
Government Printing Office, WashmgtOn.

RADIO.CRAFT for JULY,

D. C, for the sum of 15 cents.

This latest action of the FCC wartime

policy of coming to the aid of broadcast
stations on the matter of operator and
operation requirements is specifically di-
rected to the problem of low-powered
broadcast stations operating on frequencies
assigned for local services. There are 441
licensees benefited by this action. Eaclier
FCC relaxations of operator requirement
rules with respect to broadcast stations
were published in the June issuc of Radio-
Craft, page 605.
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4 STANDARD TYPES
‘of Amperite Regulators replace over 400
types of AC-DC Ballast Tubes now jn use.

‘Amperites are real REGULATORS . . . have
| patented Automatic Starting Resusfcr whlch
'reven?s initial surge and saves pllo' lights

WAY TO REPLACE

BALLASTS

WRITE FOR REPLACEMENT CHART

lAMPERITE @ 561 GROADWATY, NEW TORK, M. T.
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®TEST INSTRUMENTSe®

Photograph of Vibrator Tester with front panel tilted
forward from chassis to show placement of parts.

As Mr. Carpenter points out it is very
difficult to prove to the average cus-
tomer that a “B” supply vibrator
needs replacement. With the record-
ing analyzer deseribed by the author,
it bécomes a stmple matter to prove to
the customer that his worn vibrator
should be replaced. The tester can be
made from odd parts.

ood and
wnward)

Recorded graphs showing responses of
worn’ vibrators, in the order (reading
of "qond ' ‘“'going" and 'gone.”

Making a VIBRATOR Tester

become one of the greatest sources of

profit within the reach of tic radio

serviceman. However, there is one profit-
able item that is too frequently neglected,
hecause the serviceman has no means of
deﬁmtc]y proving the state of its deteriora-
tion. This neglected part is the wvibrator,
without which we would not have the mil-
lions of auto radios now in service. The
vibrator is as important to the auto radio
receiver as is the power company's dynamo
to the radio in the home, yet it will fail
gradually so that its failure 1s not noticed
until it is completely worn out. These old
and sluggish vibrators will cause many ex-

IN the last few years, the aitto radio has

H. L. CARPENTER

tra noises and a loss of power, ¢ven though
the radio still operates.

It is difficult to convince many car own-
ers that they need a new vibrator hefore
the old one fails entirely, unless we have
some way to show the difference of opera-
tron between his old vibrator and a new one.
About nincty percent of my service work
is on auto radios so I have developed the
tester here described and have found it to
he a convincing aid in vibrator selling.

This tester works on the principle of
the oscillograph that was used i the fac-
tory and laboratory before the advent of the
cathode-ray tube. Instead of showing the

Diagram showing arrangement of Vibrator Tester.
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wave form on the screen of a tube, it writes
it on a strip of paper so that it may be
prescrved and compared with others. In
the accompanying graphs are shown the
wave from a new vibrator and those of
other vibrators in different stages of wear.
The top wave form shown is that of the
new vibrator, a Mallory type 4-4 universal
vibrator, such as is used in ‘the majority
of sets. "The center graph shows the same
type vibrator after heing in service for
cleven months. The bottom wave form is
from a vibrator that has reached the end
of its operation life cycle. This last vibrator
caused fuses to burn out after a few minutes
operation. The operator can make several
graphs of vibrators in various stages of
wear and make a chart for reference in
future tests.

CONSTRUCTION

The construction must be Ieft partly to
the reader’s own imagination, as it is built
mostly of odds and ends from the junk box.
The first thing to mount on the chassis is
the motive power for the pen. This con-
sists of an old dynamic spcaker, with the
cone removed from the voice coil. The
larger the voice coil the more power we wiil
have in the drive. The field coil is connected
as shown in the diagram, using the OZ4
tube as rectifier so that the tester will oper-
ate immediately, without waiting for tubes
to warm up. A fibre disc is cemented to the
voice coil with a hard-drying cement (Tres-
tor’s cement is best); and a brass screw.
fastened to the center with a brass nut. To
this screw is fastened a small brass or steel
rod, which runs through a guide at the
other end of the chassis. For this rod and
guide I used the two top scctions from a
telescopic antenna, cut to about eight inch-
es in length. The top section serves as the
rod and the sccond section as the guide or
bearing. This rod must move freely and
have no drag, cxcept that exerted by the
voice coil spider. To the center of this rod
is soldered a clip to hold a fountain pen,
so that the point of the pen is slightly in
front of the rod. The paper used is a roll
of adding machine paper and is mounted
in the frame of a tuning condenser taken
from an old radio set. A roller is fastened
to the front or top of the frame so that
the paper may be drawn smoothly under
the pen with the pen resting directly above
the roller.

JULY, 1942
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We now have a motor-driven pen that
will oscillate back and forth across the
paper, matching in frequency and ampli-
tude, the voltage applied to the armature
coil. The power for this motor is derived
from a transformer and dry-disc rectifier
from an old A.C. dynamic speaker. The
transformer is connected as an auto-former
so that it will deliver sufficient current to
operate the vibrator, and the rectifier is
connected with all the plates in series so
that it is operating half-wave. This hookup
will have an output of approximately six
volts. One side of the six volts output is
coniiected ‘through the armature coil to the
center-tap of the vibrator transformer.
The other side to the center test jack
through one pole of a DPST spring return
switch, The switch I used was the lever
type such as used in private address sys-
tems. The high voltage side of the vibrator
transformer is uscd in the conventional
manner with a OZ4G tube to give the
approximate operating conditions under
which the vibrator should be tested. The
load for this tube consists of a filter choke
from an A.C.-D.C. set and a 20 mf. 400
volt condenser with a 20,000 ohm 10 watt
resistor in series with the choke. Four buffer
condensers are used and the proper one may
be selected by a tap switch as shown. These
condensets must be rated at a minimum of
1000 volts.

In mounting the OZ4G tube, it should
be as close to the pancl as possible, and a
hole .cut in.the panel directly in front of
it. This will show if the vibrator is putting
out enough voltage to operate a radio set

* as it .will cause the tube to glow.

To test a vibrator, connect the center test
jack, using short leads with small battery
clips, to the reed or ground of the vibrator.
Connect the two outside jacks to tlie mova-
ble points of the vibrator and pull the paper
slowly through the slot in the panel, while
holding down the test switch, A little prac-
tice will be needed to learn the proper
speed at which to pull the paper through.

The only parts that nced be purchased
for this tester arc the roll of paper and the
pen. The pen should be one with a round
point. The one I used was an INK-
OGRAPH. Any parts distributor will be
glad to furnish a base diagram chart for
all types of vibrators, and after a little
experimenting the builder will become ac-
quainted with the most popular types, so
that he can connect them for testing with-
out further reference.

EVERYBODY’S SALVAGING

A company that formerly burned off the
rubber insulation from copper wires and
cables so as to salvage the copper, now
salvages the rubber by squeezing the wire
or cable through a set of rollers, thus per-
mitting the rubber to be easily removed from
fhe wirce.

All the short stubs of welding rods are
saved for rcturn to the welding supplier for
credit.

All worn out or broken steel punches, dies,
drifls and high speed tools are salvaged.

On its lead-burning operations, it is sup-
plying the lead-burners with wooden buckets
so that the lead scrapings can be salvaged.

All burned out electrical fuse cases are
collected and rcturned to the manufacturer
for refilling.

Dry coil batteries of all types, including

the flashlight types, are collected when
worn out for the zinc salvage.

RADIO-CRAFT for JULY,
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CONDENSER-TESTING
ADAPTER

JAMES R. LANGHAM
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any AC-DC volt-ohmmeter into a

condenser tester. It is simple, inex-

pensive and remarkably cffective in
determining the value and leakage of a con-
denser.

Two 117Z6 tubes in a voltage-quadrupler
circuit give 600 volts of direct current. This
permits testing of either a paper or mica
condenser at rated voltage for leakage by
putting the condenser in series with the
meter. A one-megohm control is used for
obtaining the approximate rated voltage of
the condenser and a circuit-closing pair of
tip jacks serves to regulate the proper volt-
age beforc inserting the condenser.

As for capacity tests, most meters have
a 10-volt AC scale, and with an ordinary
bell-ringing transformer (35¢ in. most dime
stores) you can obtain 10 volts very cheap-
ly. With the condenser in scries with the
nieter you will find that different capaci-
tics deflect the needle by different amounts.
Reactance varies inversely as capacity.
Meters of different sensitivity will require
diffcrent calibration. For my own meter
I have made a scale based on observation
of the amount of deflection for known
capacities. I have printed my scale on the
meter itself in red ink, but a conversion
chart would do just as well

To test a condenser for capacity you
simply throw the switch connecting the
transformer and disconnecting the DC,
Then turn the meter to the ten-volt AC

HERE is an adapter that will convert

©
CIRCUT CLOSING
TIP JACKS

scale and insert the condenser in the jacks.
The needle will drop to some valuc, say
4.5 volts. On my meter that would mecan
the capacity was .025 mif. If the ncedle
does not move, the condenser is shorted.
If it goes to zero the condenser is open.
Since only ten volts are applied, low-volt-
age electrolytics can be tested without fear
ot harming them.

For leakage, throw the switch the other
way. Connect the DC voltage scalg of the
meter and adjust the control for the rated
voltage. Then insert the condenser. -Any
voltage on the meter will be leakage:
Caution: 1f the condenser shows no. leak-
age, tap it. Tap-it strongly and in several
directions before turning the meter to a
lower scale. A good condenser should go
right down to the 200-microamp. scale
without any sign of leaking.

A further test of leakage is to raise the
voltage across the condenser some ten or
twenty percent above the rated voltage.
A good condenser will stand it perfectly.
A poor one will leak. In this way you can
get an idea of how it would behave under
a starting surge.

This device cost me about $2.60 last year
when I built it. The parts iight be a little
higher now, but not much. In conjunction
with a small volt-ohmmeter its usefulness
is extraordinary. I have never had a con-
denser pass the test of this device and not
work perfectly in a set.

T0 YOU,
MISTER

Many Jobbers still have
SUPREME Instrumenits in
Stock. Tell us the instiu-
ntent you want. We'll do
our best 1o gel it for you.

From the first SUPREME instrument.
and through the fourteen ycars since.
the acceptance. loyally and co-opera.

tion of servicemen everywhere are
latgely responsible for the excellence
of SUPREME instruments today—and
our ability to produce them in quan-
tity dor our armed forces. If you could
not get the new egquipment you
wanted this year, just remember that
it is now doing duty for us in some

SERVICEMAN

GREENWOOD, MISSISSIPPI, U. S. A,

spot on the globe and
iepresents part ol your
contribution to Victory.

SUPREME

INSTRUMENTS CORP.
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*ENGINEERING *

MUTUAL INDUCTANCE

A Simple Method of Calculation for Single-layer Coils on the Same Form

Prof. Nagaoka's formulas and figures for
the inductances of single-layer coils can be
used to find the mutual inductance of two
coils when both are wound on one form.
The two coils may be close together or else
they may. he separated by an air space. The
first case is shown in Fig. 1 and the second
in Fig. 2, the latter being the more difficult.

e | e —— 2 Ty
Fig. I—Two coils touching end-to-end.

Once the mutual inductance is calculated,
the coupling coefficient may be calculated
from the formula

M
# = ———, The L, and L. are the self-
VL,L,

indactances of the two coils and M the
mutual inductance. The “k” is the coupling
coefficient. ‘Capital K is reserved for the
constant in Prof. Nagaoka’s formula or for
the constant in the particular form of hi
formula i use in finding the self-in-
ductances.

His work has been described in a recent
article* and the formula

N¥»K
= is given with a table of values

1¢°

¥
of K for various ratios of —.
i

The way in which those results can be
used to calcutate mutual ‘inductances is as
follows. The total self-inductance (L,, , say)
of two coils L, and L, in series, aiding
cach other, is known to be the sum of their
self-inductances plus twice the mutual in-
ductance,

L1+L2+2}\( =L1|=

If, then, in Fig. t the mductance of the
whole coil s caleulated, as L, and L, can
be calculated too, M is the only unknown;
and so

M=3(,.—L—L)

The inductance of the whole coil L,,,
and the inductances L, and L, are calculated
in accordance with the article in the Aprii,
1941, issue.

Take the following as an example of the
calculation ‘of mutval inductance. Let the
coils be 1 inch diameter, let the first be of
75 turns 1 inch long and the other 150 turns
2 inches long, the two coils just touching

*“Inductance Calculations,” by S. W. Amos,
Wireless World, April, 194},
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end-to-end as in Fig. 1. In finding in-

d
ductances it is the ratio — which is the
{

important figure used by Prof. Nagaoka
to obtain from his curves the value of his
constant K. This is put into the formula
for inductance. Some writers usc

r
— which is half —.

In this example the ratio 7 is 2 for coil 1
r

and 1 for coil 2 making — = 1 for the
i}

first coil, a hali for coif 2 and one-third
for the whole coil.

This makes
L, =297 microhenrys.
L. =775 "

and L,. = 1285 =
and so M, . = ¥ (1285—297 —775) =
106 microhenrys.

The coupling coefficient in this case, is

106
given by b = —— = 0.22.
VL,L,

SPACED COILS

The coil in Fig. 2 may be thought of as
the whole coil (if onc imagines the empty
space wound) less the center portion. If,
then, the inductances are called L,, L. and
L, thesc may bc calculated separatcly by
the formula given by Nagaoka. Then the
mutual inductance between L, and L., the
mythical center coil, may be calculated' as
shown above. Let it be called M,, .. The
mutual inductance between the center coil
and coil 2 may also be found. Call it M, ,.
The inductance of the whole length with
the center portion (if it had been wound)
may be calculated, so we find that the
inductance of (L, and L. and L)) =

L+ Le +2My, o+ L. 4+ 2M,, « + 2M,, ,

= L., say.

Then 2M,, ¢ = (L, and L) — L, —
L. whichis L; — L, — L. if we call L, the
induc¢tance of L, and L. in series. Sim-
ilarly if L. is L. and L, in series, 2M,, . =
L. —Le— L, Then L. = L, 4+ L. 4
2M,, e + L.+ Le + 2M,, . — L. +
2M,, , by adding and subtracting L., Now
put in the value Ly and L..

Then Le = L; 4+ L. — L. 4+ 2M,, ,
making 2M,, , = L: — Ly — L. 4+ L.

There are, then, four inductances to be
found in calculating the mutual inductance,
so the rule is, when finding the mutual in-
ductance between two coils L, and L, with
a space between, to imagine the space to
be wound, and calculate jts inductance, and
the inductance of the whole coil, and that
of the left-hand and center section, _and
also that of the right-hand and center scc-
tion regarded as a single coil. Add the first
two, add the last two and take the differ-

RADIO-CRAFT for
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ence of those last two sums. The result is
twice the wanted mutual inductance.

As an exanmple let us find the mutual
inductance between two coils, one 1 inch

long of 40 turns and one 2 inches long of.

80 turns, the space between being 14 inch.
The diameter is given as two inches, as

.shown in Fig. 3.

There are now four coils to be calcu-
Tated (the half-inch space would take- 20
turns), so the coils are (Fig. 2).

X 3% inches leng, 140 turns, inductance
447.6 microhenrys,

Y 14 inch long, 20 turns, inductance

29.2 microhenrys.

i
aaudl NI "1

It i ¥
= -

sz ——————————=

Fig. 2—Two coils of equal diameter but with
a space between.

Z 1Y% inches long, 60 turns, inductance
¥53.5 microhenrys.

W 2% inches long, 100 turns, inductance
296.0 microhenrys.

Thus 2M,, ., = 4476 4+ 292 — 1535 —
296 = 27.3 and M,, , = 13.6 microhenrys.

This result is of interest because it does
show how little is the mutual inductance of
two such coils with half an inch of space
between them. This explains why such a
pair of coils might fail to oscillate in, say,
an octode oscillator circuit.

M

Since b = and since M involves

VL.L,

the sum and difference of simple self-in-
ductances, any factor in the formula which
is the same for an entire calculation will
cancel.

Take the variation of the Nagaoka for-
mula given in the Wireless World (April,
19471).

N*¥K
10

Itis ) =S

rictitious coin C
V. (20 TURNS)

-.4—1'—0--'[234——2 —_—

Fig. 3—Two coils with a space showing in-

ductances which must be calculated to find

the mutual inductance and hence the coupling
coefficient:

JulLy, 1942
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the factor K is found from a table or a

r
curve plotted against values of —.

Since the total turns N come in, and

depend on I, N* depends on F or for a
l

given radius on :2 Thus, if the K in the

r 2
table is divided by the factor (T) the
Kre

quantity — becomes a measure of in-
'J

ductance. This, then, can form a new factor

P
which may be called K’ tabulated against —

{
just like the old K but now when one looks
up K’ it is a measure of the inductance as
it includes the number of turns, and when
one wants only the coupling coefficient (that
is K, and not M), the 10° and the “»” and
also the “turns per c¢m” contained in N
all cancel, so one may look up K’, for in-
ductance of the coil L,, K, for L. and K'r
for the total coil. One may then subtract
these and divide thus:

3 (K'+—K'—K',)
k=

VK,K',

Putting this into a formula makes it look
more difficult than it really is. The same
method is directly applicable to the more
complicated case of a coil with a space.

One may use K’ then as the inductance
of the coil in calculating the coefficient of
coupling, and to avoid any working out of
the separate inductances just take a figure
from a table for cach one, then begin sub-
tracting. The writer has prepared a brief
table of K’ from which curves can be plot-
ted or intermediate values extrapolated.

TasLE oF Factors FOrR CALCULATING
CoerricienT of COUPLING

r r
- K' — K r

i {
0.1 363.2 11 18.03
0.2 167.7 1.2 15.84
0.3 103.8 1.3 14.05
0.4 72.55 1.4 12.55
0.5 54.36 1.5 11.29
0.6 42.60 1.6 10.22
0.7 34.48 1.7 9.309
08 28.59 18 8.320
0.9 24.17 1.9 7.821
1.0 20.74 2.0 7.213

The table may be used to check the coil
shown in Fig. 1 as follows:

r
Coit 2 — =141 50K =5436
i

=
T =1s0 K' = 2074

Coil 1

"
Whole coil T =0.333, s0 K' = 90

Then 2M is represented by

90 — 54.36 — 20.74 = 149
or M by 745 and L; L, by 54.36 x 20.74 so
149 x

h=————— =022
V'54.36 x 20.74

which agrees with the longer calculation
given earlier. .
—Wireless 1Vorld, London.
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HOME-MADE ANTENNA SET Anfernc Lead-in
COUPLERS Diagonal holes§ [TYYET

Figs. 1, 2 and 3 show the simple method ‘:Zn/z’:"gz / ] ‘iﬁ" Fio 2
by which a single antenna may be used to o Fdd 1_9'
serve all of the receivers in your homc; Spoo/ 7o Receiver
does away with makeshift antennas and in- Lead-/n
terference, when sets are tuned to different Coil A—
stations. Coil (A) consists of 20 turns of D
the antenna lead-in wire on a large spool il e F==5-
at cach receiver, Coil (B) may be 20 or |75 d.;’f;" o ~ 7o Set
more turns with onc end dead, for induc- :fg:d/q 2 — Antenna Fosf
tively coupling each set. A layer of fric- Coil B
tion tape is placed over the completed wind- WZ, Single Lead-in Fig.3
ings on the spools which may be mounted A;f
in or near cach receiver—Marion F. nr
C:rfj—u'c”_ 7(-3 SP/N'/ BS@/N’Z 7‘-’5@/ A/-aa
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That word “Dependable” is
very closcly associated with
Meissner products; in fact,

they are inseparable compan-

ions. Today, as never hefore,
we are guarding Meissner
quality, knowing as we do
that throughout the world
Meissner products are being
called upon to give extra
performance and bear a heav-
ier burden. We know they
lhave the stamina to carry

through.

Perhaps it is largely hecause
of their dependability that
Meissner products have be-

come so widely accepted.

MOUNT CARMEL. ILLINOIS

“PRECISION-BUILT
PRODUCTS”
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TRANSMITTER ADJUSTMENTS

Wartime curtailment of amateur transmitter operation paradozically has
increased the need for knowledge of transmitter adjustments, since an in-
creasing number of men must perform such operations in factories producing

generally specified as a definite step-by-

step procedure originated by the de-
signer or by an.engineer who has gone over
the original design and taken the “bugs”
out of it. But, however well the principles
of adjustment may be known, few books
give a simple, accurate and easy-to-grasp
explanation. We hope to set forth these
principles in an understandable light.

THE adjustment of a radio transmitter is

THE CRYSTAL OSCILLATOR

The logical place to start in tuming the
transmitter is at the crystal oscillator. In
Fig. 1 a circuit diagram of a fundamental
system is shiown and also some curves on
the action of the circuit are given. Tube T1
is the oscillator tube and T2 is the buffer.
The tube T1 is usually a pentode or high-
mu triode, since the higher the gain of the
tube, the less is the grid-current flow at
radio frequencies, and less heating of the
crystal results in improved frequency sta-
bility and greater safety of operation.

The first procedure in adjusting such a
systern would be to put a plate voltage of
lower intensity on the crystal-oscillator
tube’s plate, with voltage removed from
the tube T2. The tap on Lpl would be ad-
justed for loose coupling to the huffer and
the circuit of the oscillator would be tuned
for minimum plate current, first setting the

war equipment.
WILLARD MOODY

tuning capacity at minimum and then tun-
ing toward maximum capacity. Around
point 3, as shown in Fig. 1, the plate current
would start te dip and be registered on the
ammeter Al. The tuning would be con-
tinued, Cpl being adjusted for increased
capacity until point 1 is reached and the
plate current takes a sharp climb upwards.
If the dip occurred at 70 on the dial and the
climb started at 80, the dial would be reset
to 72.5, or in the region of optimum operat-
mg stability. The coupling between Lpl and
T2 can now be increased by moving the tap
on Lpl higher and toward the plate of TI.
The current indicated by A2 would then
mcrease and Cpl would be returned for
minimum plate current dip. The condenser
capacity would then be reduced by a slight
amount, the previous settings serving as a
guide, so that the operating point of Cpi
and the crystal circuit is in the region of
best stability as indicated by the curve. In
order to get any rectified grid current A2,
some plate voltage at reduced intensity
would be needed for T2. Neutralization of
T2 could then be carried out, trimmer Cn
being adjusted so that variations in the
capacity of Cp2 have negligible reaction on
the meter readings of A2.'Increased voltage
is then applied to T2 and Cp2 is adjusted
for minimum plate current, which condition
occurs when the buffer frequency is the

TOLOAD
OSCILLATION ~ OPTIMUM
A STAATS  OPERATING REGION
5 &1l T Aoscutarion K
. : y STOPS . -
~ . . 3
3 ~ T
3 Y e RNERERY g
E Uil ‘,\‘ “\ . 4 4 8
3 E N E = S i E
. b 5 feC-CRYSTAL + s
e : \2 FREQUENCY ' 3
< ' ‘ i @
Y i ; o
3 f C ] i g
13 : RN : @
4 ' Ty L :
! v n ' t= o
" » ) : J"'J <
< H H p il ¥ 3
o CAPACITY Cp, MAX. 4 CAPACITY Cp, MAX.
FIG- 1 OSCILLATOR DETAIL
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same as the oscillator frequency. Condenser
Cp2 may then be varied slightly above and
below the operating frequency and mcter
A2 watched. If the reading shifts appreci-
ably, condenser Cn is given another adjust-
ment, until changes in Cp2 produce no ap-
preciable changes in A2 readings.

The tightest possible coupling between
Lpl and T2 is desired in order to insurc
ninimum R.F. current in the crystal X.
However, the coupling cannot be increased
to a valuc greater than a certain figure de-
termined by trial. Too tight coupling will
pull the oscillator out of the oscillating con-
dition. A recasonable amount of coupling is
selected, giving low oscillator grid current
without stopping oscillation. By using a
low-power oscillator tube, the oscillator
tnay be run with light loading and only
moderate coupling between Lpl and T2
Increasing the power of Tl means more
critical adjustment and greater danger of
breaking the crystal. Loading of a high-
power oscillator is needed to limit crystal

current. In the circuit shown in Fig. 1, the

buffer is, of course, operating as a Class C
stage, which means that the bias on the tube
is set at a value equal to twice the cut-off
value. The cut-off bias is the normal oper-
ating plate voltage of the tube divided by
the tubc’s amplification factor. Part of this
bias is developed by the grid leak, Rg2 with
the remainder being supplicd by a fixed bias
supply, such as a battery of stabilized recti-
fier-transformer system.

PRACTICAL ADJUSTMENT OF
HIGH POWER CLASS C STAGES

It is realized, naturally, that all tubes used
in a transmitter have definite limitations
with regard to the permissible current that
any electrode may carry and the potential
difference between elements is also limited
by the design of the tube, as an exceedingly
high potential may, for cxXample, causec an
arc or break-down within the tube and ruin
it. For these rcasons, and for the purpose
of gaining maximum life during service
from any tube, the manufacturer of the tube
specifies certain conditions which must be
met as to grid current, plate current and
power output. The {unction of the operator
is, therefore, merely to set the circuit para-
meters in accordance with the design speci-
fications and to adhere as closcly as pos-
sible to those paramcters.

However, for the purpose of investiga-
tion, let us suppose that we increase the grid
current. What will happen to the plate cur-
rent of the tube? The plate resistance of
the tube, and therefore its plate current, will
change, the plate current becoming smaller
and the plate resistance becoming higher.
The power in the plate circuit will vary
according to the square of the current or
voltage. But, an imiportant point is that the
tube delivers maximum power to the load
when the load impedance js the same as
the plate impedance of the tube. This means,
then, that we can juggle the load and plate
impedances until we get maximum power
output. If, in a given transmitter, the cir-
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cuit impedance is fixed by the designer, we
must simply adjust for the correct tube
impedance by setting the grid bias, grid ex-
citation and plate voltage to values that will
work within the ]imits of the circuit con-
stants. In some cascs, we may tap down on
the plate coil to get an impedance match of
better accuracy between tube and load.

It might be said that the greatest plate
power the tube is capable of handling
would be the plate power that does not
produce appreciable heating when the grid
bias is set for zero. The point of maximum
plate power for zero bias, without heating,
15 not of course the point of filament emis-
sion saturation—unor anywhere ncar it. The
tube’s filament will have enough emission
power to burn up the plate and wreck the
tube if the plate voltage is raised to an un-
safe level. This explains why a tube can go
sky high when excitation fails in a stage
designed for grid-leak bias only.

By raising the bias, we raise the permis-
sible voltage that can bc applied to the
plate and keep the plate power down. The
mcreased plate resistance means a better
match to the high impedance plate tank and
more ahsorption of power by that tank. It
is obvious, then, that by taking a little more
than usual power from the driver stage that
the bias can be increased by grid-leak cur-
rent, but this power is lost and is serving no
useful purpose. Fixed bias, obtained by
means of a stabilized power supply, means
comparatively little loss in power, since the
system is a potential type and not a current
type. That is, grid potential is taken from a
Lattery and the circuit current may be quite
low if the exciting voltage just dips over
the peak of the bias.

We might go on indefinitely, increasing
the bias to a very high value, increasing
the plate voltage to a high potential, but
for the fact that the tube would break down
when the potential difference between grid
and cathode or between grid and plate
reached critical values. There is a limit to
the difference of potential existing between
clectrodes before electrons start spinning
around inside the tube.

What we want, then, is a bias which is
cqual to twice the cut-off value and just
enough grid current due to excitation to
dip over the fixed bias. In this way we
limit the current in the grid of the tube
and make it more stable in its operation.
Also, the power cfficiency is better. The

driver should have plenty of power in re-
serve, but tapping down on the coupling
coil between driver and driven stages is
employed, or other means of reducing the
excitation, so that a minimum of grid cur-
rent will flow. We want as much plate
current to flow in the tube as possible—
up to the safe limit of operation. By tap-
ping down on the plate coil of the tube,
and reducing coupling to the load, we can
use a higher plate voltage and get lower
power output—output sufficiently low so
that the tube does not overheat, or we can
use tight coupling between the plate circuit
and the succeeding amplifier and lower
plate voltage—for as the Jload current goes
up, the plate current of the driver increases.
If the load is of high impedance, we want
a high tap position on the coil and a lower
plate voltage. An alternate method would
be to lower filament emission by operating
the tube with reduced filament voltage.
However, this seems to be in little favor
in practice, as it has been more or less
proved that the filament should e .main-
tained at constant voltage for maximum
tube life and at the voltage reconumended
by the tube designer.

In Fig. 1, the grid-leak current for the
Class C buffer is indicated by meter A2,
The plate tank condenser Cp2 is always
tuned, of course, for mininunn plate cur-
rent. However, in some cases a further
adjustment is provided in the form of a
tap for the plate coil, the plate connection
of the tube being to the tap on Lp2, so
that more or less—as required—impedance
may be obtained. An impedance match be-
tween the plate-cathode of the tube and
the tank circuit is desired for maximum
transfer of encrgy.

The outstanding characteristic of a
properly adjusted Class C amplifier is that
the plate current is proportional to the
applicd plate voltage and warics lincarly
with that woltage, just as a resistance
would behave. This 1s why the modulated
stage of a transmitter is always Class C.
The plate voltage of such a stage is swung
by the modulating voltage, which is the
same value as the D.C. resting voltage,
fromm zero to twice the unmodulated or
resting potential. Since power varies as the
square of the voltage if resistance is held
constant, the power on peaks will be four
times the unmodulated power. The aver-
age power with fixed tone modulation will
be 1.5 times the unmodulated.

*ENGINEERING®

CLASS B LINEAR AMPLIFIERS FOR R.F.

In a recciver, a Class A amplifier func-
tions as a lincar R.F. gain device. In trans-
mitters, a linear amplifier is a modified
Class C system. That is, the bias is ad-
justed to slightly less than cut-off. The
usual definition of a class B amplifier is
that the tube is so operated that half-wave
pulses result in the output and bias is equal
to cut-off or Ep/mu. The linearity of the
amplifier is also largely dependent (in addi-
tion to correct bias) upon the choice and
use of a high load impedance. This im-
pedance bears a favorable ratio to the aver-
age value of plate impedance of the tube,
The bias for such a stage is critical and
must not be obtained from a grid leak but
rather from a battery or grid power supply.
The bias must remain rock steady for any
degrec of modulation or any variation in
excitation voltage of the grid. The grid
current drawn by the Class B amplifier
varies appreciably during the operation
cyclé, putting a variable load on the driver -
which must, thercfore, be adjusted for
maximum stability. This means a sufficient
reserve power in the driver is required and
frequently the Class B amplifier grid tank
will be loaded with shunt resistance so as
to stabilize the power.

Loose coupling between driver and am-
plifier will minimize reaction of the ampli-
fier on the driver. The plate efficiency of
the amplifier will be dircctly proportional
to the exciting voltage and in practical

(Continucd on followmg poge)
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(Continned from previous page)
amplifiers plate efficiency is about 30% with
no modulation. The power output is about
V4th that of the same tube used in Class C.
During modulation, the tube efficiency in-
creases as a result of the side-band energy
of the modulation frequencies. The D.C.
current of the tube remains substantially
constant with modulation (average values).
The modulation merely superimposes A.C.
values that represent no power so far as
the D.C. plate supply for the tube is con-
cerned.

For good rcgulation, a shunt resistance
as shown in Fig. 2 is required across the
grid circuit of the Class B amplifier. The
power in this resistance is approximately
1/5 the output power of the stage. Per-
formance of the amplifier can be checked
by using a carrier shift indicator. Negative
carrier shift indicates too high an output
impedance, as a gencral rule.

However, in some cases, negative shift
may show the cffect of too low a bias,
excessive excitation or possibly a combina-
tion of all the above. A typical circuit,
which is quite simple, is shown in Fig. 3.
Here, resistor R is the diode detector load
and CZ2 is an R.F. by-pass having little
reactance at R.FF, but comparatively high

audio reactance. Headphones could be cut

into the circuit for getting an aural check
if - required. The moment the modulation
goes over 100%, the carrier current evi-
dences a shift and the reading of the meter
in Fig. 3 would change, showing a rise in
the rectified current. In a properly operat-
ing transmitter, with or without modula-
tion the carrier will remain steady. An
iniproperly adjusted linear amplifier might
raise or lower the percentage of modula-
tion ‘but in either case would produce dis-
“tortion.

INTERPRETING CARRIER SHIFT
. READINGS

The D.C. plate current of a Class C
plate-modulated amplifier will provide a
rough check on the carrier and linearity,
but. the carrier shift indicator is a valuable
auxiliary affording greater precision. If the
carrier current drops, the trouble may he
poor power-supply regulation, over-excita-
tion and high grid bias as a result of it,
improper neutralization, and possibly an
unbalanced Class B modulator. In some
cases it may mean too loose coupling to
the load or an impedance mismatch between
the tube and the plate tank, which can be
corrected by selecting a different value of
L/C ratio or tightening the coupling. The
coupling of the plate circuit to the load
should be increased and the grid excitation
should be brought up to correct level with
the carrier unmodulated. Modulation should
then be applied and the test for carrier
shift with modulation applied should be re-
peated. The regulation of the power-supply
system can be determined by watching the
plate voltmeter.

Should the carrier shift indicator show
an increased rectified current hefore the
100% modulation condition is reached, the
trouble probably is due to a low impedance
plate circuit caused by too tight coupling
between plate and following stage. The
coupling may be loosened to correct the con-
dition and the modu