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YOU will hnd Hallicraflers
Communications Equipment working-three
shifts at our Country's “Listening Posts™. ..
searching the airways for illegal programs and
esplonage messages.

Hallicrafters Communications Equipment is
engineered to "take it” on this constant operat-
ing ...there are no rest periods, no time out, it's

constant performance!

WORLD'S LARGEST EXCLUSIVE MANUFACTURER. OF SHORT-WAVE ..
RADIO COMMUNICATIQNS EQUIPMENT - SR [

\;\Ln

The Hallicrafters Equipment you can buy
when communications equipment may again
be sold for Civilian use —will incorporate all of
the endurance and top quality performance you
will ever demand.

Illustration—typical view of Hallicrafters
Communications Equipment is a monitoring

(listening in) station —somewhere in the U.S. A

»,/,747474%'747474;47474747
hallicrafters

CHICAGO, U.S.A.
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Knowing the answers to questions like
thosc above, and others which arise while
dolng work as a Radio Technician or
Ovperator, has spelled the difference be-
tween success and failure for many men.
Such knowledge represents the difference
between a skilled, well-paid Radio Tech-
nician or Oberator and the too-common
“Radio gerew-driver mechanic.” If you
do not know the answers, if you want
to make more money in Radio. I will
teach you at home in your spare time.
I will train you to be a Radio Technician
or Operator whether you are already in
Radio or are a heginner without knowl-
edege or experience.

Mail the Coupon. ! will semd you a
Sample Lesson from my Radio Course
FREE. You'll sec that it is practieal to
train at home in spare time to be a
Radio Technician or Operator. And with
this lesson I'll send my 64-page illus-
trated book, “RICH REWARDS IN
RADIO.” It describes the many fascinat-
ing jobs Radio offers, tells how you can
g0 after these good wartime snd peace-
time opportunities.

How the “N.R.1. Method” Helps Many Win
Jobs Paying $30, $40, $30 a week

The up-to-the-minute Radlo Teehnician or

Operutor must Tiave ROTH theoretical knowl

edge and a practieal understanding of how 10
apnly Radlo principles. 1 give you therough

Train You at Home

KNOW RADIO

for Good Wartime
and Peacetime Jobs

/‘ EXTRA PAY IN

&L ARMY, NAVY, T00 K;%

Mon Hkely to go into military service,
soldiors. sallors, marlnes, shonld mail the
coupon now! Loarning Radlo helps men get
extra rank, oxira prestife, more Interesting
dutics, MUCIHT HIGHER PAY. Also pre-
parsé for good Radio jobs after service ends.
Ovor 1.700 sor¥ice men now cnrotled.

RADIO-CRAFT for

FEBRUARY,

1. How to read Radio diq-
grams and analyze them,

2. How to run o Radio
service shop successfully.

3. Howtouse and operate
electronic controls.

4. How to locate parts in
a chassis with ang with-

12. How the cathode ray
tube works and is used,

13. How to adjust a Radio
transmitter for best
operation.

14. How to service with.
out specialized servicing
equipment,

out service data,

5. How to know the cause
of receiver trouble from
observed effects,

6. How to make tests

15. How transmitters are
modulated and keyed,

16. How Radio-electronic
devices are used commer-
cially as controls.

which isolate the defective

stage and parts,

7. How to align Radio re-

17. How Radie meters
and testers work and how
to use them.

ceivers without reference

to specific instructions,

8. Short cuts in servicing
midget
receivers.

used,

tralnlng in Radio Theory—show you how 10 use
your knowledee, N.R.L, trains you ‘‘from the
kround uwp'’—covers [undamentals Lhoroushly
Radle Terms, Symbols, Dlagrams. HRocelver
Troubles, Bervielng, Televislon, FM Recelvers,
Transmitters, Cathodo Itay Oscllloscopes, l.'lcc
tronle Controls, eic, Those are just a FEW of
the su?jvct.s you'll cover before you finlsh my
Course

Beginners Quickly Learn to Make 35, $10

a Week Extra in Spare Time

Many N.R.I. studenta make $5, $10 n weck
extra money fixing Radlos In spare tlme while
stifl fearnlng. [ send EXTRA MONEY 10B
BUEETS that tell how to do {t. Many N.R.L
graduates start thelr own full time Radlo husi
nesses. Others take Interesting jobs with Broad-
castlng Stations. Radlo Manufacturers, rushlng
to flll Government urders. need more tralned
men. Radio Technlelans and Operators are need-
ed for good Clvillan Jobs with the U. 8. Govern
niont. Aviatlon, Polles, Commercial Iadio und
Public Address Systems need tralned Hadlo men.
And think of the NEAY Radle jobs that Tele-
vision, Frequency Modulatlon. and Electronles
will open after the wur! I give you tho Radlo
knowledge required for these jobs.

Let This Great Organization Help You

Throughout your training, the staff and re-
gources of the world’s largest home study insti-
tution devoted to training men for Radio wilil be
squarely hehind you. N.R.I. has stuck to the
one job of teaching Radlo for 28 years. My entire
stafl devotes full time to Radlo training. Qur
comhined efforts have made t1® Course 50
interesting, with hundreds of pletures, charts.
and (iagrams-—s0 easy-to-grase. with special
teacning methmde designed especlally for home
tralning—that we believe you will he “old
friends'* with Radlo almost before you know ft.

START NOW—Mail Coupon for FREE

Lesson and Book

MAIT. TR COUPON—TI sond sou the
FREE lesson and my 64-Page lilustrated book,
'RICH REWARDS IN RADH)." No obilga-
tion. You'll ses what ]Radiulnﬂ:rnp\'g‘l,l. l1?‘;:11
You'll have my FREE leason (0 keep. A a
man will eail. Just MAIL THE COUPON NOWI
—J). E. Smith, President, National Radlo In-
stitute. Dept. 3BX, Washington. D. C.

TRAINING MEN FOR VITAL RADIO j08S
1943

10. How to obtain addi-
tional basic Radio train-
ing for military, naval and
war industry Radio jobs,

11. Howugcumtelyh'med
pulses are produced and

18. How Radio waves are
beamed and intercepted,

.19. Howﬂadioequipment
s automatically and re.
motely controlled.

Universal

9. Learning how Radio
circuits work through
home demonstrations,

20. How a frequency
modulated system works,

21. How timed circuits
effect Radio cireyit opera-
tion.

22. How the superheterg.
dyne receiver works,

§;’yféﬂEE

1 will send a Sample lesson. "'Geutlng
Acquilnted with ecelver Servicing,”
to show you how praetical it Is te traln
at home for a gooi-pay Itudio job. 1t's
4 valuable lesson. Stuly b—kheen ft—
without obllgution. Tells how to fix
ITlectrodynamie  Loudspeakers, Output
Transformers, Gung Tuning Conlensess,
1. F. Trahsformer—how to locate defec-
tive soldered joints—Antenna. Oseilla
tor Coll fuets—Recelver Serviclni Tech-
nlque—dozens of hints, facts, explana
tlons. Get Your copy al once—mall
coupon NOW{

Goo For Borw 3.0 FREE

J. E, Smith, President, Dept. 3BX
Natlonal Radio Institute, Washington, D. C.

Mail me FREE without cbligation, Sample Lesson and
64-pare book, “Rich Rewards in Radio.” which tells ahout
Radio’s opportunities and explains your 50-50 method of
training men at home. (No salesman will ecall. Write

I
= plainly.)
|
|
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FREE TRIA

Costs You Nothing to Examine This
Amazing New Three Volume Set of

REFERENCE BOOKS OF PRACTICAL

er

AT LAST! A set of electrical books written
in clear, understandable language for
the “beginner’’ or “‘old timer.” Solves
your everyday electrical problems
easily, quickly and thoroughly.

Each Book 8! x 11 inches.
MHandsomely Boundin Harvard
Red and Gold Leatherette.

&
¥ by
&

SEND NO MONEY! COUPON
BRINGS COMPLETE SET!

Now at last, it's easy, practical to get a
knowledge of Electricity at home.
Whether you want to learn Electricity or
whether you are now doing electrical work, fj
you need these books. ]
AUTHORITATIVE. PRACTICAL—

pr%pagedhby slxperts.stEe]d regularly on the —a A=
Job by hundreds of Electricians, service — with '

fmen, radio men. ai cadzts, students, main § ISk —Wilh GFF THEM= RISK FREE!

tenance men, etc. EASY. COMPLETE. Send for th h Don't send a penny. Simply mail coupon below and re-
Covers everything Electrical: Armature gronce books now. CCive your set. Examine books 7 days, with no obliga-
winding, A.C. and D.C. Motors, generators, and Ll include 1 £ Then, if you decide they arc the finest, most prac-
clectronics, automotive electricity, refrig- full year of Tech- tical reference set you ever saw, sen , and the same

amount monthly until total priceof $12is paid. I'll prepay

eration, etc., etc. Answers your electrical ;‘;ﬁ;}l aScf“;i‘éfbcyggﬁ all shipping charges. Offer is l:mited. Mail coupon NOW.

questions quickly, clearly, completely. Also on any Electricalor H, G, LEWIS, Pres., COYNE ELECTRICAL SCHOOL

includes Radjo, Television. Radio subject. 500 So.Paulina St. Dept. 23.T2 Chicago, lll.

T ¥ Y P Y . T 7 1 1)
L. C. LEWIS !
CO(\:'NEEEIEEC'];‘K?CAL SCHOOL NO RISK

é.;loisagl(’:lﬂ}na St., Dept. 23-T2 c o U P o N

Send me the big 3-volume Coyne Electrical and Radio Encyclopedia,
postpald. Within 7 days after receiving the books, I'll either return them
or sead you $3, and $3 a month until advertised price of $12.00 is paid.

= = e
Ma-w-.\u-—wmmm 3

f

HUNDREDS OF PICTURES AND DIA-
GRAMS! HUNDREDS OF ELECTRICAL
SUBJECTS AT YOUR FINGER TIPS!
A few of the many branches of Electricity explained
and pictured in this amazing sct are:

Air Conditioning  Refrigeration Power Plants NAME. SN oy PP v By RS A el Ry eyl £t el >
Telephony House Wiring Diesel Engines MDDRESS. o iorim e s reewv @ My § arvie S re dre aw s it
Auto Electricity Electric Signs Motors

Talking Pictures  Home Appliances Armatures (ff /e - SIS 1 s o mop e 1o erexeys
Generators Switchboards A.C.and D.C. AT o < . AGE..... . H

*Complete Ready Reference Index of over 2000 listings tells
you instantly where to look up any electrical fact.

SAVE 107 Send cash price, $10.80, with order if pre- I
D= ferred—you save $1.20. Same 7-day free trial §
1 and return privilege. :

RADIO-CRAFT for FEBRUARY, 1943 259
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4 STANDARD TYPES

Amperite Regulators replocs over 4000
s of AC-DC Bollost Tubes now in use

e Automatic Starting Resistar

pix initial surge ond soves pilot |
o« Ask Your Jobber.

i git.;-f_;e!feuf |

WAY TO REPLACE

BALLASTS

WRITI FOR REFLACEMEMT CTHART

AMPERITE (0. s1 ssusswar, wrm voss, w v
/f .
WE~ centralized
Service on
everything in
i Radio and

\
!
I
!
!
t
I .
!
!
¢

Reach for
your ALLIED
Cdl‘a|og e e e

Get Everything in Ra-
dio and Electronics
from this one¢ central arsenal of supply—
over 15,000 items for the Armed Forces,
for Radio Training, for Research Labora-
tories, for War Industries, and for Service
Replacement. Our complete stocks speed
delivery. Our experienced staff can help you.

Send for your Free Allied Buying Guide

Send for the [
new "ALLIED'S I.'w
Redio-Formule —~—
and Data Book"’ L""---l‘::-'..yj

For Radio Students, Instructors, Technicians,
Engineers. Contains valuable Formulas,
Tables, Data and Standards com- 10

monly used in Radio and Electronics. . <

ALLIED RADIO CORP.

833 W. Jackson Blvd., Dept. 2-B-3, Chicago

ALLIED RADIO)

i ———— T —— o ——
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MR. RISK AND MR. MOODY

hear ||.-CII-:.'I:=".' o
[ have just received my copy of the De-
cemnber iz=upe of your magazine. In the
y section I notice a letter from
[Rizk, Omaha, Nebraska.
z¢ that due to the difficulty of ob-
{aining emyployees at the present time the
editor of m magazine such as yours is ex-
treme overworked, and as such cannot
le time necessary to weed out let-
as these. For you see, Mr. Risk's
irises not from an error in the
t in his lack of understanding
I nomenclature, He does not dis-
yveen current flow which is from

ol Elertircn

tingaish be

+— io —, and electron flow which is from
— Hi= explanation as given in his
letter iz perfectly correct, showing that

he has evidently had a good background in
electricity

There are thousands of magazine read-
ers like Mr. Kisk, who have a good under-
sianding oi radio and a capacity to learn,
but have not done so because they spend
their time studying, not textbooks, but radio
iagazines, which refuse to allow space to
authors of articles in radio fundamentals,
but fill their pages with constructional and
theoretical articles such as those of Mr.
Moody which profess to explain to the
reader the intricacies of the most complex
subject in radio but which are, in actuality,
lifts from highly mathematical electrical
engineering texts glued together with para-
graphs of Moody’s own making.

The mathematical formulae no doubt duly
impress (and scare out of their wits) the
least technically minded reader, but the
paragraphs written by Moody himself
wotld be ludicrous were it not for the fact
that he makes his statements in the utmost
sincerity.

Take for instance his “Standards of
Measurement” in Radio-Craft for August-
September 1942. In this article he states
that an erg of work is expended when
one gram is raised one centimeter in one
second. He then makes the statement, in
the same article that a force of one dyne
is required to move a mass of one gram
one centimeter in one second.

A high-school sophomore blindfolded and
with one hand tied behind his back could
not have made so many statements and
have gotten every one wrong. In this issue
(December) of Ruadio-Craft, Mr. Moody
states that power and work are synony-

mous! This is a flagrant error of course,
and should have a correction notice posted
in the next issue,

His mistakes are not limited to fields
other than electrical, however, for in this
same issue (December), he misleads
readers such as Mr. Risk by stating that
“megohms” can be substituted in the Ghm'’s
law formula without being converted to
ohms. PLEASE point out that if tllgs is

done the fundamental formula I = -]:

\ S
the current will be in microamperes and not
amperes

It is an interesting fact that I have never
read one of Moody’s articles in Radio-
Craft or Redio News that did not have
sonie error in it.

The question is this: Why does a maga-
zine “for the beginner,” such as you ad-
vise on your cover, waste space and money
in articles such as those of Mr. Moody and
yet refuse to allow space for instructional
articles on the fundamentals of radio, which
your readers evidently desire?

EARL RAavMonD PETERSEN*
Pasadena, Calif.

* Radio Instruyctor (ESMWT), Radio
Amateur, Radio Serviceman (formerly),
Radio Operator (Commercial).

(Mr. Petersen’s letter brings to the fore
the question of current flow versus electron
flow. Those acquainted with the obvious
confusion simply go by the rule that it
makes no difference which concept is used,
provided one sticks to it in his discussion.

(As regards Mr, Moody, we hope that
our readers understand that there must be
something intermediate between beginners’
A, B, Cs, and the transcendental realms of
the engineer. Mr. Moody in his articles
tries to bridge this gap. His articles are
valued by students who tie up his renditions
with those of others for confirmation and
expansion.

(As regards ergs, dynes and centimeters,
little harm is done, for any textbook tells
us a dyne-centimeter is an erg; a unit of
work. Work done in a certain time (rate)
is pewer.

(If Mr, Petersen believes he has some-
thing “for the boys” and if the boys would
like to have it, Radio-Craft would gladly

rint it. We try to keep on our toes.~—

ditor)

s

#THE SASKATCHEWAN"
Dear Editor:
In reply to your letter, received well over
a month ago I am sending you another
diagram. This is similar to the one I sent
you before, except that it employs a 1ASGT

| instead of a 34 tube, and I have worked out

a regeneration control.

This may be run from a power pack with
plenty of volume. Set it on your loudest
station, try a speaker on it and I am sure
you will be delighted with all the pep that
one tube has in it.

Joseru NIWRANSKI,
Brooksby, Sask.

Mr. Niwranski’s set is interesting and
well-worth experiment and development by
our readers (for diagram, see Hookup Sec-
tion), It will be remembered that when the
screen-grid tube first came out it was ex-
pected to have a greater future as a space-
charge device than as a shield-grid tube—
in fact the value of the “screen-grid” was
almost entirely overlooked.

Now it is the space-charge feature which
has sunk into the obscurity from which Mr.
Niwranski is trying to rescue it.—Editor

RADIO-CRAFT

PHONO OSCILLATOR
WORKS
Dear Editor:

In your December issue of Radio-Craft,
you published an article and diagram of a
phono-oscillator on page 182.

I think there has been an error cither by
Hadley M. Hopper who submitted the article
or by the publishers.

In the diagram the signal is fed into the
oscillator grid and the oscillator is connected
to the control grid. If this procedure is fol-
lowed, a poorly distorted signal if any is
the result.

With the connections to these grids re-
versed the oscillator works very nicely.

Crirrorp V. LOCKMAN,

Keliy Field, Texas

(Mr. Hopper has tried the circuit and
knows whereof he speaks. The diagram was
printed because of its novelty, and like many
circuits in the Hook-Up section, is intended
to be experimented with. Other experiment-

ers might try other tricks with it.—Editor.)
FEBRUARY, 1943
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CURRENT FLOW

Dear Editor:

In a letter appearing in the December
issue of Radio-Craft Mr. George Risk
criticized several statemeunts of the article,
“Tracking Down Grid Emission,” which
appeared in the October issue of Radio-
Craft. While Mr. Risk was right some of
the time, he did err in some places.

Mr. Risk quoted the portion of the ar-
ticle that stated that becausc of grid’emis-
sion a current would flow from the grid,
through the various resistors to ground,
Quoting this, he stated that since the cur-
rent flows from negative to positive, that
naturally this would put a more negative
bias on the grid.

Mr. Risk overlooked one thing: The
article was written on the assumption that
current flows from plus to minus. All ra-
diomen know that this is not technically
correct ; however, in radio work this is the
standard that has been adopted and it makes
no difference in the workings of a circuit.
If Mr. Risk wishes to use his “minus-to-
plus’ rule, e will have to reverse the di-
rection of flow of gil the currents described
in the article. He will then find that the
grid Dhecomes positive with grid emission
as every radioman well knows.

And now about whether the welectrons
emitted by the grid, flow to the plate or
the cathode. An electron emitting grid acts
as a cathode. The whole problem is, which
has the highest positive potential as meas-

ured from the grid; the tube cathode or
the plate? Let us take an example. Suppose
we have a tube with the grid exactly half
way between the heater and plate; the bias
is 25 volts and the plate is 100 volis (as
measured from the cathode). As measured
from the grid, the voltages would be plus
25 for the cathode and plus 125 for the
plate. Five-sixths of the electrons would
flow to the plate; one-sixth to the cathode.
As tubes of higher mu are used, the num
ber of electrons attracted by the cathode
and the plate become more nearly equal.

Contrary to Mr. Risk, there most defi-
nitely would be a flow of clectrons to the
cathode when grid emission takes place,
especially in hi-mu tubes. However, he was
correct in assuming that there i1s a flow of
electrons from the grid to the plate because,
of course, that is the flow which is pre-
dominant.

I hope that the preceding will clear up,
somewhat, the misunderstanding which was
created by the “Grid Emission” article and
Mr. Risk’s letter.

I feel that it would be unfair not to tell
you how much I enjoy your magazine. You
are doing a great thing in publishing so
many beginner's articles. They are just
what we need right now when so many
thousands of people are suddenly breaking
into the field of radio.

MerL BECKMANN,
Clarkson, Wash.

e

MR, RISK AND ELECTRONS

Dear Editor:

I fear that reader George Risk of Omaha,
in his letter in your December issue, has
made the often comumitted mistake of con-
fusing electron flow and current flow.

Electrons are negatively charged particles
and therefore flow from negative to positive.
However, before anything about electrons
was discovered, it became necessary to adopt
some convention. Unfortunately, a wrong
guess was made, for the convention adopted
was that current flows from positive to
negative.

Mr. Risk’s complaint was about certain
statenrents made in connection with figure
1 on page 14 of the October, 1942 issue. The
solution 1s simple. The first tube receiving
AVC bias has its grid emittirfg electrons.
These electrons can come only from ground
and they move from ground through the
volume control, through resistor R to the
grid and are emitted. Since electrons flow
from negative to positive, the ground side of
R is more negative than the point X, as

pointed out in the article. Mr. Risk went
wrong when he said, “current always flows
from negative to positive.” Current always
flows from positive to negative, electrons
from negative to positive.

The one error I do find in this article is
the statement that current flows from diode
to grid. In normal operation, electrons flow
from diode plate to ground causing the AVC
voltage to be developed across the volume
control, the grid side being more negative
than ground. In normal operation no current
should flow through R; the combination of
R and the condenser to ground being a filter
through which the hias is applied. By normal
operation is nieant no grid emission, etc.

A fairly good understanding of AVC
circuits can be obtained from the RCA tube
manual, page 29, series RC-14.

My cgmpliments to Mr. Risk for his in-
terest shown by writing and to the editors
for a fine publication.

MATTHEW SHAPIRO,
Brookline, Mass.

JAPANESE-AMERICAN RADIO MAN

Dear Editor:

I was very glad to receive my first copy
of Radio-Craft and once more become a
subscriber to your magazine.

In accordance with your announcement
in the November issue of Radio-Craft, 1
wish to make an application for radio work.

I am an American citizen of Japanese
ancestry and thereby have been placed by
military ruling in a WRA project camp.
This, I now understand, has been done for
my protection. However, ever since my ar-
rival here I have wanted to do my part to
help the United States win this war. We
are permitted to leave this project upon
assurance of employment and so a few
months ago I volunteered in the harvesting
of sugar beets in Idaho, where the scarcity
of labor was becoming serious. This type
of work is only scasonal and I feel that [

RADIO-CRAFT for

FEBRUARY,

can do more for the war effort by applying
for employment in radio industries and list
below my qualifications and experience.

I am twenty-seven years old and married.
I majored in vocational electricity and shop
in high school at Berkeley, California, and
had two and one-half vears of electrical
engineering at Modesto Junior College. I
have also taken a correspondence course in
radio television. On this project I have been
employed as a sound technician.

My records are now being cleared
through the Army and FBI, pending the
release of my permit to leave this project
for any location outside of the Western
Defense Area for employment.

I will greatly appreciate it if you will
transmit my name to the available list for
radio work. SeucHr Orow,

Newell, Calif,
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OQHMITIE

RESISTORS

for Permanent
Performance

It's the way Ohmite Resistors are
designed and built that makes
them so reliable for today’s criti-
cal service on the war front, and
the home front. These sturdy, wire-
wound units stay accurate, prevent
burnouts and failures—insure
permanent performance under the
toughest operating conditions
from the arctic to the tropics.
This is your best assurance in
maintaining the service of exist-
ing equipment or in developing
new devices to defeat the enemy
and build for tomorrow’s peace.

Send for These Handy Aids

Ohm's Low Calculator—Helps you figure
ohms, watts, volts, amperes—quickly, eas-
ily. Solves any Ohm's Law problem with
one setting of the slide. All values are
direct reading. Available for only 10c.
(Also available in quantities.)

Quick-Reference Cotalog
18, Free—Gives helpful
information on Ohm-
ite stock resistors,
rheostats, chokes and
tap switches for all
types of applicatioas.

Authorized Distributors Bverywhbere

Ohmite Mfg. Co.,.4895 Flournoy St., Chicago
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] An Aid to Quicher, Mare Profitab

New RADIO-CRAFT Library Books

Nos. 25, 26. 27 and 2B—have just come off the press.

These four books are all on tlmely subjects and we recommend every
one of them lo you strongly.

Now, more than ever. radlo education has become a burning question.

If you are to be in the Natlonal Service: in the Army. Navy or Air Force—
practical radlo knowledge 1z of paramount importance. YOU CAN GEY BETTER
RATINGS ANO ADVANCE QUICKER IF YOU HAVE A GOOD- RADIO
BACKGROUND.

Conversely, if you are nol with the armed forces. there 13 a whale of a job
to be done at home. With more and more men foing into the service. the
domand for practleal servicemen becomes creater each day. Therefore we say:
PROFIT 8Y THESE UNIQUE BOOKS, WHICH ARE PRICED S0 LOW
THAY THEY ARE WITHIN THE REACH OF EVERYONE'S PURSE.

Neo. 25—HOME-MADE RADIO TEST INSTRUMENTS

Thls book includes articles coverinf a wide range of test anparatus of llve
tnterest to every tadlo man. Servicemen will find many elrcuits In this bock
t0 make thelr work moye profitable. New ldeas ln test equipment make it
nossible to service radio recelvers more duickly.

Laboratory workers and experimenters will flnd many articles which describe
in detall construction and wse of all essentbal radie test unlis—-multl-meters.
oscillators, stage-analysls testers. nscilloscope equipment, ¥.-T. voltmetera. ete.
Fven advanced techniclans wlll be interested In the cireuit arranzements showlng
the new and Improved varlations of well-known, basic test c¢Quinment. A MUST
for every serviceman. This book contains 86 illustrations

Qutline of Contents: A Low-Cost Sinnal Chaser—Signal Vracer Test Unit—
Simplified_ Practical Signal Tracer—A Mome-Made infinite- Resistance Tube
hecker—Bulid This Direct-Reading v.-T. Voltmeter—How 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_Extonder—How to Bulld a
Practical Tubo Tester and Set.Analyzer Adanter—The Beginners’ Simple volt-
Milllammeter—Bullé This Simplified Neon-Tyoe Test Unit—Midget Oselllo-
scope—How to Make and se a Frequency Wobbler—Double Tracing Your
Oscliloscope—Home-Made Freduency Modulator.

Neo. 26—MODERN BATTERY RADIO SETS

Whether you are & radlo man or a beginner. the articles in this hook give
yout basic cireuft arrangements or elementary radie receivers which serve the
dual role of teaching the eclements of radio recebtion, as weil as making
perfectly-operating 1- and 2-tube radio recelvers. Pleture diagrams and bread-
board lavouts galore.

Advanced radlo set bullders are offered more complleated arrankements.
Laboratory workers and engineers will find ln many of the artleles clrenlt and
constructlonsl features which have become commercial practice. Many entlrely
new lIdeas are given in (his book. One of the most Important volumed Wwe
tecently Issued. This book contains 78 1llustrations

Outllne of Contents: Beginner's {-Tube High-Gain All-Wave Receiver—
Beoinners-Build This 1-Tube Loop Recelver—A “‘3.in.i"" Battery Portable—An
Easily- Bullt_*‘Flewelling Superrenenerative 2-in-i *‘Card. File'' Battery Set—
A 2-Tube Superhet. With Pentaorid Regenerative 2nd- Detector—The 4-Tube
Superhet. Vacatlon Portable—The ‘‘Lunehhox 5°° Battary Portable—''The Sea-
farer'” Loop-Type Boat Radip Set—4.Tuhe Permeabllity Portable—An All-
Purpase Portable—A Typical Commerclal 3. Way Portable (Pilot Models X.1452
and X-1453)—Switch for Varying “C” Bias on Battery Radio Sets—Making a
Simple Portable Aerlal—Making a Pilot-Lioht Fuse—Old Auto Sets for New
Cars—Using = Loop Portable in Cars—Quasi-Elecirie Soldering Iron—Lamp
Bulbs as Resistors.

No. 27—MODERN RADIO SERVICING TECHNIQUE

Tiere 1+ 2 book of great imnortance to every radlo man. every radlo engin~er.
and particularly ali radio servicemen. A list of the contents which follows
shows the importance of this book, literally jamnacked to over-flowing with
radio-meat. Whether You are a servicing beginner or whether You aro an
experlenced serviceman—~>on will find many dmnortant helps in this volume

Rook |18 eminently Dractieal and will solve many problems for you. More
Important: It will show you many short-ents. all calenlated to save your time
and patlence. Practleal everyday data on Standard recelvers 8PDears throughout
the book. A whale of a book comDressed dnto a minimum of space. Contains 98
Imnortant illustralions.

66”!-2 four lutest books of our well-known RADIQ-CRAFT Red Books—

Outiine of Contents: Elementary Servicing TVeehnique—Correet Procedure
for the Servicing Beginner—Elementary Procedure for Servicing Radio Sets—
A.F.C. Alionment Made Easy—Dynamlc Servicing—Oynamile Vesting Simplifies
Servieing—Modern Receiver Vest Requirements—Servicing Universal A.C.-0.C.
Receivers—Servicing **Orphans’ and Private-Brand Sets—Emergency Servicing
Without Vest Meters—Servicing Colls—Servicing R.F. Coils—Servicing Oseil-
lator Colls—General Informatlon—RMA Transformer Color Code—What Causes
Echo. Fading?—Radio Service Puzzlers.

No. 28—ALL ABOUT FREQUENCY MODULATION

llere Is a complete .compilation of pertinent data om the entlre subjeet of
the new coming art of Frequency Madulation.

There is no guestion but that Frequency Modulation is alrcady revolution-
izing radio broadeasting In this country, Were it not for the war, there
would now be a tremeéndous boom in this new art—yel, even with war restrie-
tlons imposed upos it. Freauency Modulatlon ia stlll Jumping ahcad by
leaps and bounds.

With Frenuency Modulation no lomger a thcory—with hundreds of stations
already dotting the' land and with countless hundreds of others to come
when Deace i8 achiéved once more—every radio man should read up and know
all_there is to know on this most important subject.

This partieular handbook 1Is chuck:-full with a tremendous amount of
inforniation wh you probably will not find in any similar beok in print.

QOutlivte of Contents: The ABC of F.M.—Frequeney vs. Amplitude Modula-

tion—Basie Facts About F.M. Broadcastino—Construction—Bulld This Prac-
tical F.M. Adapter—Audlo Amplifieation—F.M. Audlo Amplifier. Part 1—
F.M. Audio Amplifier, Part 2—F.M. Audlo Amplifier. Part 3—F.M.
—Part |, Antenna Installation and Service—Part 2. Reeeiver Allgnment and
Dlagnosis—Part 3, Test Equipment for F.M. Servieing. Engineering—pPart 1,
The How and Why of F.M.—Part 2, The How and Why of F.M.—Theory
and Desion Considerations of R.F. and¢ |.F. Colls in F.M. Reoceivers.

SPECIAL SEND-NO-MONEY COFFER

Tt Is not neeessary that you send ‘money with order. If you wish o take
advantage of our C.0.D. plan. simply eut out the coupon, paste It on & post
card and send it to us. Books will be sent 1o you immediately.

All four books azre Listed uniformly at 50¢ each. No discount on less than
three boaks.

If yon wish to take advantage of our speclal offer. ordering three books or
more, we make an unusual Imvan;’loe:i to ';)l;snx follows :

4 books—$1.50
Do not fail to send coupon today!
RADCRAFT PURLICATIONS. INC.
25 West Brondway. New York, N. Y.
L LI L L T T D L R R Rl ]

RADCRAFT PUBLICATIONS. INC. 243
25 West Hroadway,

New York. N. Y.

Gentlemen:

Rush (o6 me by return Mall
books: (Check buoks selectdd
[ No. 25 HOME-MADE RAD!O TEST INSTRUMENTS.
) No. 26— MODERN BATTERY RADIO SETS.

[ No. 27—-MODERN RADIO SERVICING TECHNIQUE.
D No. 28—AlL ABOUT FREQUENCY MODULATION.

1 will pay postman $£1.00 {if two books are ordered) plua a few
cents postage and ¢harges. $1.25 for three books, plus a few cents
postage and Charges. $1.50 fof four books. Plus a few cents postage
and changes. VJE CANNOT SEND A SINGLE S50c BOOK C.0.D.

8s per your special offer. the following

NAME | ... .......:cc-casrcassssss e easaaes s . . s
PLEASE PRINT CLEARLY

ADDRESS - o oo

CITY . . STATE ......cc000 den

Sa hipp!t d C.0.D. charges! Choeck here if yoy mend cash with

oun!e:o(én"‘;? m!,s,mm-w pontage stamps., mobey orier. ' check.) ‘Foretgn

. Add 2005 to all prices quoted.
ey Y Y Y YT L L L L L

N DL LD L LD L LD DL L)
s s sssEssSseEESEEEEE S
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+« . « FEuvery patriotic radio
man should give this problem
his serious attention . . .

present global war that they think of it only as ONE war

when, as a matter of fact, there are THREE wars which are

being fought simultancously. The present war, indeed, is a
3-dimensional war—the war on the surface of the earth:; the war
m the air; and the war below the suvface, ie.. the submarine
war. This is the first major war that this planet has ever had
which can really be called a 3-dimensional war.

Up to comparatively recent months, the United Nations did
not fare well in their war efforts, but it may be said that we have
now obtained, as a whole, supremacy in the air; and we are
beginning to get supremacy on the surface of the globe—that is,
by land and by sea.

But the United Nations are still losing the third war—that is,
the submarine war. Recent dispatches irom England and from
our own country indicate that the greatest menace at the present
time is the submarine. Late in January, dispatches from London
told that Germany is builling 20 to 30 submarines a month, which
is twice as fast as the United Nations have been able to sink
them. It is also stated that Germany will have between 500 and
700 submarines fighting against the United Nations supply lines
by the spring of this yvear. As the New York Times says, edi-
torially: “\We are still far from winning the war against the
submarine. Our losses in this battle, in fact. imperil what we
have managed to gain in every other hattle.”

\What can be done ahout the menace? It is impossible to convoy
cvery ship of the United Nations. Some ships cannot, in the very
nature of things, be convoved; and even if the ship is armed, it
cannot hope to win a battle with a pack of submarines. A ship
may, with luck, win a batlle or escape when a single submarine
is attacking, but when three or four or more lic in waiting, the
contest usually becones hopeless.

Even the convoys are not wholly safe, no matter how good
the protection that the American and British Navies can give
thenm. It takes too many destrovers, too many corvettes, and too
many other defense means to protect a convoy 100% during its
entire trip.

While accompanying airplanes and blitaps are of great help
to convoys during the daytime, they are almost helpless during
the night when neither airplane nor chservation halloon can sec
the submerged U-boat. 4

It would seem, thercfore, that we must fall back to the POSI-
TIVE DETECTION of the submarine, when it is still far enough
away and iherefore cammnot do much damage. A submarine more
than several miles away from a ship cannot launch its torpedoes
with accuracy. Therefore, ii a means can be found to accurately
plot the course of the submarine from a ship in motion, the U-boat
would lose much of its inherent advantage that it has now.

I believe that it is possible to improve upon the present detecting
devices by means wlinch have not heen seriously employed up to
now. We still use systems which were more or less in vogue in
World War [—which. to be sure, have been improved upon—but
the underlying principles are still the same. Most of the modern
submarine detecting is done by sound wave which is reflected
back. to the ship that is making the observation. I Dhelieve that the
sound system: methods could be replaced by better means, hecause
they do not carry far enough and there are other disadvantages.
These disadvantages are the sea noises themselves. The motion
of the waves, the noise of the ship’s machinery, and even the
passing of a whale or a school of fish is known to create doubts
in the minds of the listening personnel as to what they are listening
to. Then, too. it takes a highly trained personnel and long practice

RADIO-CRAFT for FEBRUARY, 1943

IT is surprising to note when people are speaking about the

Incorporating

RADIO & TELEVISION
‘"RADIO’S GREATEST MAGAZINE'"

ONE WAR WE ARE
STILL LOSING

By the Editor —HUGO GERNSBACK

in learning to distinguish the sounds and to interpret the reflected
sound waves. Frequently it is impossible to distinguish where
the sounds are coming from. If a submarine, for instance, is
Iving in shallow water, it is often difficult to know ii the sounds
are reflected by the submarine or by an overhanging shelf on the
ocean floor.

I advocate the use of an mnder-water radie short-wave means
in other words, a purely radio means instead of the present-day
sound systems. 1t is known that at certain frequencies it is possible
to transmit radio waves underneath sea water. Inasmuch as the
submarine is a metallic ohject of some size, the retlected wave
could be caught and recorded by radio on the ship making the
observations.

I can visualize such a system whereby the radio impulses are
tranlated back into audio impulses, so that the listener could
hear by ear exactly what was going on undernecath the surface
of the water. A binaural system could also be devised by sending
several waves at the same or near-same frequencies together from
two widely-separated points on the ship. and listening {or them
on an audio channel after the waves have heen reflected.

It should even he possible to have two sets of radio waves
leaving the ship at different angles and hoth striking the submarine
simultaneously, where they would set up an interference pattern.
This, when reflected back to the observer. could he used as a
means to get accurate information as to how far the submarine
was away and also at what angle it was, that is. whether it was
deeply submerged or just cruising underneath the suriace.

I appreciate that there are many problems connected with such
a scheme and that it will not he possible to solve it overnight;
but I do believe that it is possible to solve the submarine menace
by using radio instrumentalities alone.

If by such radio means we can locate a submarine—say 5 or 10
or 50 miles away—and continuously draw a bead, so to speak,
on the submnarine, then the U-boat will no longer he a menace. The
reason for this is simple. If the captain knows exactly where
the submiarine is located, most surface vessels can escape in time,
because usually they can travel much faster on the surface than
the submarine can travel submerged. Even i pack of submarines
can be outwitted and outrun if we know evacily where they are.
The submnarine is dangerous only hecause so far we have had no
satisfactory means to cxac!ly tell where it is and where it lies
in- ambush.

It seems to me that it is up to the radio fraternity as a whole
todo a lot of thinking and engage in research work on the prohlem.
A good deal of experimental research remains to be done, hut we
are in the midst of a destructive and total war where our authori-
ties in charge will be anxious to hear of any new and practicat
means that can be brought about to defeat the submarine.

It is suggested to all who read this and who have ideas on the
subject, to communicate with the Navy Department in Wash-
ington. It should be remembered, however. that our authorities
get hundreds of plans every week, and that before you do write,
you should be convinced that vou have something that is work-
able. Do not rely solely upon vour own judgment. Even if you
are expert in radio, seek advice from an authority in physics, too.
A physics instructor, a professor of physics, can be of much
help liere. The problem by no means will be easy to solve, but if
you are convinced that you have a plan, make it your business
to sce that it is presented as clearly as possible—with suitable
drawings—so that it can he understood without too much guess-
work by the Navy people.
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NIKOLA TESLA

oNJanuar
7, 1943,
there died in
New York at

FATHER OF WIRELESS
D SR AT

1857 - 1943

By HUGO GERNSBACK

comparatively
few scientists
radio men, tech-
nicians and the

the age of 80,
Dr, Nikola Tes-
la, one of the
world’s out-
standing electri-
cal pioneers and
inventors. In-

like.

The answer
lies in the one
word—PER
SONALITY.
Edison always
worked with a

deed, in the
writer's opinion,
Nikola Tesla
ranked first as
the world's
greatest inven-
tor.

Nikola Tesla
was not only an
inventor and a
mathematician
of a very high
order, but he
was also a great
discoverer. In
the opinion of
many, including
the present writ-
er, Nikola Tesla

had a greater
inventive genius
thar <ven Edi-
son.

Edison, in-
deed, discovered
few of the
things for
whiceh he is
famous. Neither
the electric
light, nor the
phonograph, nor
the motion pic-
ture were in-
vented by Edi-
son. This was
¢he case with
raany other in-
ventions
credited to him.
These three par-
ticular inven-

large staff. He
surrounded him-
self with excel-
lent people who,
even at his
earlicst succes-
ses, saw to it
that he obtained
the publicity and
fame which he
deserved.
Tesla, to the
contrary, was
strictly by na-
turee a “lone
wolf,” He made
few friends, and
even at the
height of his
fame never sur-
rounded himself
by men who
could fight his
battles and ob-
tain for him the
fame and for-
tune which cer-
tainly were his

heritage.
Tesla liked to
work in sechi-

sion. Practically
all of his life he
was a hermit,
having few
close friends.
He was at all
times not too
casily ap-
proached while
his mind, unlike

tions had been
made by others,
but had been
ma de practical
by Edison,
w hose stature
does not at all
shrink on ac

y‘l’ld

count of this,
Most ideas are
plentiful and

cheap, and many
of them are im
practical until
someone else comes along and labors in per-
fecting them.

Edizon has deserved the world’s ever-
lasting gratitude for the monumental work
which he did in perfecting impractical ideas
of others, but Edison was not, strictly
speaking, an inventor of new principles—
certainly not in such a measure as the great
discoveries of Nikola Tesla.

I am forced to make this rather sweeping
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This photograph of Dr. Nikola Te
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36—on his eightieth birthday.—Photo by Sarony.

stateincnt, because like so many other out-
standing men, Nikola Tesla never reaped
cither the fame or the fortune that his illus-
trious work deserved.

Having been personally well acquainted
with bhoth Edison and Tesla, it was my
privilege 10 observe both men closely and
draw the conclusion as to why the name of
Edison is known by every school child, and
why the name of Tesla is knowu to only

RADIO-CRAFT

sla was one of the last ones taken of the great inventor. He posed for it in

Edison’s, did not
run along prac-
tical lines.

Tesla invent-
ed because there
was in him a
constant urge to
invent — Edison
was interested
only in the prac-
tical side of in-
venting. The
difference  be
tween the two
men for that
reason was tremendous, and the result was
inevitable

Tes!a also, unlike Edison, was never very
much interested in human beings. He had
practically no confidants; he never married
and therefore had no family. Indeed, his
only relative in the United States was a
nephew. Tesla died as he lived—alone. On
Thursday, Januarv 7th, he was found dead

(Continued on page 307)
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'HE editor of RADIO-CRAFT invited America’s leading radio men
and scientists to contribute their views on the outstanding achievements of

Dr. Nikola Tesla. Their expressions follow :

FROM THE PRESIDENT OF THE
RADIO CORPORATION OF
AMERICA

COL. DAVID SARNOFF
IKOLA TESLA'S achievements in

electrical science are monuments that
symbolize America as a larwl of freedom
and opportunity. Fascinated by electricity.
Tesla in the 80’s naturally heard of Edison.
He read that in America the Electrical Age
was opening. To such a brilliant mind,
mind that dreamed of a world run by elec-
tricity, America was a powerful magnet. It
attracted him across the Atlantic.

A dream came true and ambition was
served when, soon after arrival on these
shores, he went to work designing dynamos
and motors in Edison’s laboratory. Amer-
ican freedom and Tesla's spirit of indc-
pendence ted him as an original thinker to
work free-lance. To him freedom and soli~
tude were more important than money or a
big laboratory. He dealt in new ideas—
ideas, which to many others were fantastic.
Throughout his life he kept on dreaming,
and living more and more alone with hi
dreams.

Tesla, however, was not one whose
dreams became his master. He mastered
them, especially in the Nineties when he
gave to the world the induction motor that
made it possible for power transmission
from Niagara to run the street cars in
Syracuse, 160 miles away. He discovered
the rotary magnetic ficld prin-
ciple, invented the Testa coil
or transformer and many other
clectrical devices.

He pioneered in wireless.
His novel ideas of setting the
ether n vibration and then
tuning for the waves put him
on the frontiecr of wireless.
Tesla’s mind was a human
dynamo that whirled to benefit
mankind.

FROM “THE FATHER
OF RADIO”

DR. LEE De FOREST, PH.D.;
Se.D.; D. ENG.

IKOLA TESLA’S bril-

liant achievements, espe-
cially in the then new realm of
high-frequency currents, were
the guiding inspiration of my
education in electrical engi-
neering.

I aspired then to follow in
his footsteps, for he convinced
me that the next further de-
velopment in the electrical art
lay in wireless transmission,
either of power, as for lighting
purposces, or for signalling over
large distances.

My personal <leht therefore
to Nikola Tesla is inexpres-
sible.

The transcendent brilliance
of his carly career, as pioneer
in polyphase currents and in
the science of long-distance

FROM THE PRESIDENT OF THE
INSTITUTE OF RADIO ENGI-
NEERS
ARTHUR VAN DYCK

HE advance of science, and the advance

of civilization itself, result from the con-
tributions of many individuals to the inte-
grated whole. The process is like putting
together a jig-saw puzzle, which becomes
more casy as the complete picture is ap-
proached, and is more difficult in the early
stages where guiding signs are few,

Much credit is due to those individuals
who conquer the early stages of a new
sctence and show the way to those who
follow. Such a one was Nikola Tesla, who
showed the way through the early stages of
alternating current applications. The “Tesla
Coil” pointed the way to an understanding
of high frequency phenomena.

His passing makes us pause to remember
those early pathfinding struggles and tri-
umphs, and that we owe a debt to Nikota
Tesla for his contributions to the situation
we now enjoy. 1he radio engineering pro-
fession for which [ speak, acknowledges
that debt and gives tribute to Tesla, one of
its pioneers.

FROM THE CHIEF SIGNAL OFFI-
CER OF THE U. S. ARMY
DAWSON OLMSTEAD, Major General

IT is with a deep sense of appreciation
that | join, on behalf of the Army

- - Before the burial of Nikola Tesla a death mask was ordered made by Hugo
power transmission, places his Gernsback, publisher of RADIO- CR'AFT This "|s a pll\,uh'?rapr of fhle Ide::jh
name high among the mask. The latter, made of plaster of paris, will' soon be heavily meta! plat

immort ;g f l{: f fc]w A suitable metal base with name plaque will then be added. Later Mr. Gerns-
immortals, founders ol the back will offer it to the Metropolitan Museum of Arts to be preserved for
Electrical Age. Posterity.
RADIO-CRAFT for FEBRUARY,
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SignaL Corps, in this testimounial to one
of the pioneers of electrical scicnce, Nikola
Tesla. As ‘a young man, during the last
years of the 19th century, Tesla made fun-
damental contributions to electrical engi-
neering. In his later years, he lived to see
his inventions incorporated into the very
fabric of our civilization and play a vital
part in the technology of modern war.

Tesla’s place in history rests om his early
discoveries in alternating currents. In the
years since those discoveries were made,
alternating currents have been extended
from the low-frequency field of power en-
ginecring to the high frequency and ultra-
Ingh frequency field of signal communica-
tion, as well as to other electronic applica-
tions of utmost importance both in peace
and war. A great proportion of the work
of the Army Signal éorps is based upon
the application of these alternating current
phenomena. The armed forces of the United
Nations have good cause to be grateful for
Tesla’s work and to pay tribute to his
memory.

FROM THE INVENTOR OF THE
SUPERHETERODYNE AND FRE-
QUENCY MODULATIION

MAJOR EDWIN H. ARMSTRONG, 5¢.D.

NIKOLA TESLA’S inventions in the

field of polyphase currents and the in-
duction motor would alone perpctuate his
fame. On this work, because of its early
date I hardly feel able to comment; others
are better qualified than I. But
of his later work in the field
of high irequency, high poten-
tial alternating currents, 1 do
feel qualified to speak, for it
was to exercis¢ a most impor-
tant effect on my career.

Who today can read a copy
of “The Inventions, Researches
and Writings of Nikola Tes-
12", published before the turn
of the century, without being
fascinated by the beauty of the
experiments described and
struck with admiration for
Tesla's extraordinary insight
jnto the nature of the phenom-
ena with which he was dcal-
ing? Who now can realize the
difficutties he must have had
to overcome in those early
days? But one can imagine the
inspirational effect of the book
40 years ago on a hoy about to
decide to study the electrical
art. Its effects was both pro-
found and decisive.

And in the companion book,
published in 1904, entitled “Ex-
periments With Alternate Cur-
rents of High Potential and
High Frequency”, there is a
remarkable chapter headed
“The Transmission of Electric
Encrgy Without Wires”. Con-
cealed, perhaps, by its too
prophetic style (although a
surprising number of the
prophecies have come true),
there is a complete apprecia-
tion of the use of radio in the
broadcasting of information,
with full emphasis on its social
implications.

(Continued on page 310)
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POPUL AR ELECTRONICS

By RAYMOND FRANCIS YATES

Under the above heading we are beginning an important scries of monthly articles on Electronics
by Mr. Yates. The art of electronics encompasses Radio in all its phases, and then branches out into
so many new fields that it becomes difficult to keep track of its triumphant march. In these ar-
ticles, Mr. Yates will not only tell RADIO-CRAFT readers the whole amazing story of Electronies and

‘ all its almost ineredible applications, but we asked Mr. Yates to keep in mind Experimental Elec- }
tronics as well. Beginning with the second article in owr March issue, this phase will be thoroughly

covered. Mr,

Yates is a well Imown writer and author. He was editor of “Popular Radio” i the

early 20’s. He is the author of over 15 scientific and Radio text books, including ‘“‘Elementary
Electronics,” and his recent boolk on electronics “Super-Electricity.”

a presumably l)rlght young man em-
ployed as a clerk in the United States
Patent Office went to his superior and
offered his resignation because, as he
thought, over 200,000 things had been pat-
tented and American genius had exhausted

itself. He wanted a job with a future!
Curiously enough, we have many young
men working in radio and electronics today
who lack perspecuve, and what one great
manufacturer calls “imagineering.” True,
we have come a long way since Johnstone
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CATHODE-RAY TUBE
{ELECTROSFATIC DEFLECTION)
Elementary diagram of a cathode- rJ jube, one of

the marvals of modern science, and a symbol of
Electronics.

Stoney christened the electron and Flem-
ing conducted his faltering experiments
with the crude diode, but let us not mis-
take the mere beginning of things for the
end. We are approaching a threshold lead-
ing to a fabulous age and this is no time
to permit familiarity with the present to
breed contempt for the future.

In our present contribution to this series
of articles our purposc will be that of sur-
veying the whole electronic field, its length,
breadth and depth. Many of those working
in or on the fringes of electronics have failed
to take the measare of the craft. They do not
really know what has happened to date,
nor do they understand the tremendous
significance of the field in which they labor.

We are now about ready for a summary
of the tricks that can be done by the new
family of electron tubes.

The following list is in no sense com-
plete.

Acidity Invisible light
Alkalinity Light intensity
Aren Linear speed
Colors and hues Pressure
Counting Revolutions per minute
Density Ruptures and fractures
Distance (metals)
(for measuring) Sound
Expansion or Synchronism
contraction Temperature
Frequency ({(electrical Transparency
or mechanical) Turbidity
Gas Visibility
Humidity Weight

Anyone failing to be impressed by this
list should surely consult a psychiatrist.

What are we going to do about it? Frank-
ly, we don't know yet.
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PART 1

THE CATHODE-RAY TUBE

But we still have adventure ahead. As
yet we have to investigate that crowning
invention, the cathode-ray tube. That awk-
ward name may conjure up, to some people.
all sorts of technical bogies, but we shall
try to rob it of some of its terror. Really
the device 15 quite simple, bared of the maze-
like circuits that we find associated with it.

Let us picture a glass vessel about the
size of a thermos bottle with two plates
or electrodes sealed-in at each end, and con-
nected to a vacuum pump. Connected to the
plates or electrodes is a source of high-vol-
tage electricity, say 20,000 or 30,000 volts.
Inasmuch as about 35 000 volts are required
to push a discharge, or spark, across an
inch of space at ordinary atmospheric pres-
sure, nothing will happen when we turn on
the voltage in the air-filled tube. The elec-
trons will refuse to budge, even with a
30,000-volt kick in the pants.

ELECTRON BEAM

To make them move, we have to take
away the barrier of air lying between
the electrodes. The vacuum pump is set go-
ing. Down, down, down goes the air pres-
sure, until a point is reached where a purely
insensible amount of air is left in the glass

ECTING FLUORESCENT
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CATHODE-RAY TUBE
(ELECTROMAGNETIC DEFLECTION)

Basic form of the cathode.ray tube with electro-
magnetic deflection coils, as used in some types
of television tubes.

chamber. Now let us turn on the current.
Zip, there she goes; a fine, fast-moving
stream of purc electrons, clectnc current
in the raw. The little air left in the tube
will cause the clectron stream to blaze
a slightly luminescent path so that we may
trace the course taken by the tiny particles.

If we carricd the vacuum still higher, the
electrons would still be there but we should
not be able to see their effects. So down goes
the physicist into his bag of tricks, and
up he comes with a fluorescent paint, which,
when placed on the inside of the tube, causes
a bright spot to appear when the electron
stream strikes it. Now we have something;
but it is still incomplete.

ELECTRON TRACE

Did we not say that electrons, being nega-
tively charged particles, could be attracted
by positive charges and repelled by nega-
tive ones? Sure enough. So let us place
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two more metal plates in the tube, in such
a way that the electron beam will have to
pass between them. Then we place a posi-
tive charge on one plate, and a negative
charge on the other. Now things turn out
just as we had expected; the electron beam
shifts, or is bent toward, the positive plate.
The shift is noted on the fluorescent screen.
The. slightly inhibited action of the material
used on this screen permits us to trace the
beam’s motion.

\Ve know, (or should know, if we en-
tertain any notion of keeping pace with
this hrave new world of ours), that an al-
ternating current tluctuates; dashes back
and forth in its circuit many times a sec-
ond. First the impulse is negative, then posi-
tive, alternately. Connecting such a current
to the little plates in the cathode-ray tube
permits us to watch the dance of the cur-
rent. Its picture would appear as a well-
defined wave as the electron beam moves
under its changing impulses. Should we use
a direct current instead and counect that
direct current to a microphone, the minute
variations of the singing or talking voice
would hbecome plainly visible. They would
not change any faster than the ability of
the electron beam to follow. Electrons are
practically inertialess mites.

With a pair of magnets added (electrons
can be twisted out of their normal paths
by the magnetic fields) we have before us
the cathode-ray tube that will trace our
television pictures for us.

So many things may be done by it that
we are still trying to compile a list of
them. Fortunately, it may be used at the
end of a series of vacuum tubes. That per-
mits us to amplify weak currents until they
Lecome able to influence the electron beam
passing between the guiding plates. Then, if
we replace our fluorescent screen with a
photographic film, we are able to catch a
permanent record of the dancing currents.
Researchers at Harvard University amplify
the currents generated by the human mind
in its thinking and dreaming state, push
them through a recording Einthoven gal-
vanometer, and catch them in_films. The

ELECTRODES IN
VACUUM TuBE
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With air in the tube and 30,000 volts on the plates

nothing would happen. But with the air removed,

and the high potential applied, the electrons
emitted show themselves in pretty Yparks.
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lllustrations of some of the thousands of electronic devices in use today. (1) The X-ray diffraction camera. (2] In certain telephone exchanges,
it is necessary to transfer calls from dial to manual stations. If & subscriber on a dial exchange calls a number on a manual system, this robot
converts the dial impulses into actusl speech. (3} Studies of effects of earthquakes on structures. {4} D. E. Henry, Waestinghouse engineer,
adjusts the device which measures the strength of ultra-violet rays from the sun, in cloudy weather or fair. (5) This compact apparatus syn-

chronizes widely separated broadcasting stations.

cathode-ray will turn this trick tomorrow
or perhaps this evening.

USES OF C-R TUBE

Unless we have an imagination that re-
duces Jules Verne to the level of a half-
wit, we shall never be able to forecast the
future of the ray tube. The discovery of life
in its essence may be only a matter of
measuring and charting the rhythmic heat
of electrical disturbances taking place with-
in the body or organism. Through the use
of this tube, we are just now beginning to
learn things about sound that Helmholtz
never dreamed. The following list notes
some fields of science, art and industry
that are already beginning to feel the ef-
fects of the application of the cathode-ray
a1
e,

Aeronautics Oil and mineral
Ballistics prospecting
Detection Physiology
Electric current Power

analysis Psvchology
Geophysics Radio
fndustrial processing Sound
Music Teaching the deaf

CHALLENGE TO INGENUITY
Just what the cathode ray is doing for
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these ficlds of work and research forms a
nice little bundle of knowledge for some
prodigy to master. Qurs is a vibrating world
and here in the cathode-ray is the perfect
analyzer of all vibrators and rhythms.
“Oscillology” we shall probably be calling
it when it reaches its stride, and heaven
only knows the nature and breadth of its
ultimate gifts to mankind.

It was not long after the discovery of
the electron, late in the 19th century, that
that modern miracle of miracles, the vacuum
tube, was invented. When matter is heated,
clectrons are literally boiled out of it A
vacuum tube has a heated filament. An elec-
trostatically charged plate carrying a posi-
tive or plus sign, sucks these electrons away
from the filament as fast as they are pro-
duced, and succeeds in marshalling them
into order for the creation of a sort of sec-
ondary current in an independent associated
circuit.

Lee de Forest stuck a “grid” hetween the
plate and the filament of the early tube, and
thereby began to exercise a new degree of
control over these electrons. We are just
beginning to discover the importance of his
work. We cannot pause for a full dis-
cussion of the mechanism of the advance-
ment, but it promises to have startling social
and economic repercussions.

1941

MAGNITUDES THAT STARTLE

From this modest sced, the new art of
clectronics has grown. Perhaps we shall
catch the significance of the invention of
the vacuum tube when we say that it per
mits us for the first time to actually amplify
cnergy—that is, to take a tiny source and to
add local energy to it, and so increase it to
large usable quantities. In a certain sense
it 18 a sort of electrical lever that permits
us to take a very small, insensible effect and
so to magnify it that it becomes capable of
controlling a locomotive or a rolling mill.
The efiect may he made highly accumula-
tive by “cascading” the tubes so that the
output of the first one is amplified by the
second one, and so on.

Roughly, one tube has an amplifying
factor or power of 10,000: it will relcase
10,000 times the voltage applied to the first
grid. In the case of two tubes. it will be
10,000 x 10,000 ; in the case of three, it will
be 10,000 x 10,000 x 10,000. Here is some-
hing new and exciting. Let’s see what it
means in practical effects.

We have a wonderful example of the
power of the vacuum tube to amplify, in
our home radio scts. A house-fly walking
a distance of 12 inches up the wall dissipates
enough energy to make a miodern radio set

{Continued on following page)
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POPULAR ELECTRONICS
(Coniinued from previous page)

to give an audible signal for at lcast ten
years! Or if all the pecople in New York
City talked at once, the energy converted
into sound would not be sufhcient to brew a
cup ol tea.

But what would happen if all of New
York’s 2,000,000 radio sets were turned on
=. once, all tuned to the same broadcaster?
The voice of a single man would reach the
stentorian heights of 13,000 horsepower !

Still that does not sufficiently portray the
awesome ability to amplify. Let’s try this:
We know how small a single electron, is,
and we have been told that three billion
billion electrons per second are required by a
50-watt lamip. We have a vacuum tube today
that will detect a flow of only six electrons
per second. That should mean something
even to the hard-to-shock reader of the
Sunday supplements. It is just like
saying that we can measure and amplify
1/100,000,000,000,000th of an ampere. We
dissipate millions of times more energy than
this every time we flick an eyelid in wink-
ing at a pretty girl. Compared to this sensi-
tivity, we have the skin of an elephant. the
eyes of a mole and the delicate touch of an
enraged rhinoceros.

SMALL START—BIG RESULT

And then therc is the machine. We, crude
and stupid as we are, are still more won-
drously cquipped than the electron, even
though we are pretty heavily insulated
from the really small effects around us.
Light from a sodium flame has a wave-
length so small that 509 trillion of the
waves will pass a given point per scc-
ond, but so long as this does not affect the
price of butter or an admission ticket at
the movies it is of small consequence indeed.

We shall come back to the vacuum tube;
we shall have to, if we want to continue
our modest education in robotry. For the
moment, just let us keep in mind that here
is a principle alarmingly new that is going
to exercise an increasing effect on our
lives whether we like it or not. When we
pull the trigger of a shotgun, a small amount
of muscular exertion instantly sets f{ree a
ripping, tearing force of muc% larger size.
In a sense, a vacuum tube does the same
thing, but its trigger may be a billiontlr of
a watt or less, by far, than the flicking of a
gnat's eyebrow.

In the growing vacuum-tube family,
there 1s another member that will bear
watching. It is called the grid-glow tube,
and it comes in three styles; the cold
cathode, the hot cathode, and the mercury
cathode. This dry terminology hides a mul-
titude of marvels. Taking the energy that
may be drained from a single ounce of
coal, and dividing it by the figure 20,000.-
000,000, gives a quotient which represents
the amount of energy needed to pull this
new electric trigger.

If that is not small enough for us we
shall have to look for our excitement else-
where. To this tube, one-fiftieth of a fly-
power is the energy equivalent to the
sound of a sock on the jaw. Sixty million
titnes as much energy 1s needed to light
a 50-watt bulb (coming hack to the bulb-
vs. tube method of comparison). All we
need do is to throw the grid-glow tuhe into
an unbalanced state of electrical excitement,
to disturb a few of the poised electrons.
Even just breathing, in the proximity of
such a trigger, is sufficient to send it into
an electrical tantrum. (If we are burglars,
we had better watch out!)

We could go on and on with our list of
vacuum and gaseous tules. Several hun-
dred highly specialized types bearing iffer-
ent trade names are now available. In
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the General Electric “Greedo-Schenectady
series,” as Dr. Lee de Forest once jokingly
called it, there is, besides the ordinary breed
of radio tubes, the Pliotron, Magnetron,
Thyratron, Phanotron, FP-126, PJ-11, FP-
54 and a host of others the mention of
which would only confuse us, let alone the
description.

We have stated that our breathing close
to a grid-glow tube would set it off. We
did not say, however, that our breathing

SPLIT
ANODE

COIL PRODUCING
MAGNETIC FIELD

=~ CATHODE

MAGNETRON

The magnetron is used to create oscillations. The

external coil sets up a magnetic fiald which ac-

celerates the electrons like a whirlpool. The two

anodes (or plates) tharefore yield a fluctuating

current as the stream ohf sfectrons hits and misses
them.

might throw a 10-horsepower motor into
operation ; which could happen. How? Well,
that will require a little explaining. A fter
all, a 10-horsepower motor is no mere pro-
peller of baby carriages. We could not take
a series of ordinary vacuum tubes cascaded
electrically and breathe on the first one to
initiate the movement of a progressively
amplified effect that would be great enough
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GASEQUS RECTIFIER
(COLD-CATHODE TYPE)

This type of tube, once widely used as the "BH"
rectifier, has the advantage that it does not require
any encrgy for heating its cathode.

to squirt into the motor anything by a
small and trivial percentage of the cur-
rent needed to operate it. We can, how-
ever, use¢ a single vacuum tube or grid-
glow tube to close a relay, which would
close the larger power circuit.
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PRESENT DAY USES

In the following listings we have a partial
summation—and the word “partial” 1s em-
phasized—of the application of electronic
devices made to date. Each application is
followed by the code letters of the elec-
tronic device employed. “P.E.” refers to
photoelectric cell; “Amp.” to vacuum tube
amplifier; “OSC” to oscillator; “Rect.” to
rectifier, etc.,

COUNTING AND MEASURING

Production lines {moutors, automobiles, radios,
refrigerators, etc.) (PE)

Traffic in tunnels, on bridges, ete. (PE, Amp.)

People passing, or entering theaters, ete. (PE)

Animals, livestock, ete., in stockyard pens (PE

Recording beats of master clock (PE) -

Printing and engraving (PE)

Tabulating statistics, quantities (PE)

Measuring lamp, candle-power (PE)

Timing races (PE)

Integrating irregular areas by measuring light
transmitted (PE)

Astronomical measurements (PE)

Color measurement (PE)

Turbidity measurement (PE)

Projectile velocities (PE)

Calipering steel balls (PE)

Control of sprays in lumber painting (PE)

Boiler-gage-level alarms (PE)

Counting printed items on cards, totalizing and
analyzing (PE)

Life tests of floor materiald (PE)

Automatic inspection of razor blades (PE)

Me(a;urinz transmission of glass, goggles, ete.

E)

High-speed counting (Thyratron)

Notse surveys (Amp.

Vibration measurement (Amp.)

Comparing auto-tire noises (Amp.)

Measuring luster in textiles (PE)

Testing fuses (Cathode rays)

INDUSTRIAL

Reversing rollers in steel mills (PE)
Motor-speed control (Amp.)

Removal of soaking-pit covers (PE)
Control of cut-off saws (PE)

Calibration of watt-hour meters (PE)
Calibration of frequency meters (PE)
Control of cathode coating machine (Amp.)
Regrulation of clocks (Grid-glow)

Furnace temperature control (PE)

Limit switch control for motor travel (PE)
Control of thickness of sinter beds (PE)
Flue-gas control (PE)

Elevator-door guards (PE)

Filament winding machine control (Grid-glow)
Testing welds (X-ray, Amp.)

Humidity control {Amp., PE)

Induction furnace (Osc.)

Indicators in smoke stacks (PE)
Detecting cracks and flaws (PE, Ose.)
Opening doors for trucks (PE)
Hydrogen ion concentration control (PE)
Wire diameter recording (Osc.}

Metal flotation control. (PE)

Moisture regulation (Osec.)

Mine ventilation-door operation (PE)
Photographic printing exposure (PE)

Qil and ore prospecting (Osc., Amp)
Package-machine register control (PE)
Welding eurrent and timing control (Rect.)
Operating valves, switches (PE)

Safety protection of machines (PE)
Analysis of card records (PE)

Sludge-level control in sewage planta (PE)
Alarm for smoke, water hardness, ete. (PE)
Turning threads on pipe, conduit (PE)
Paper break detection, manufacture presses (PE)
Bag piling by conveyors (PE)

Feeding to rubber-cutting table (PE)
Automatic weighing of batches (PE)
Pre-selective conveyor system (PE)
Automatic folding, registering (PE)
Synchronizing conveyors (PE Thyratron)
Automatic titration (PE)

Coerrecting for elevator-cable stretch (PE)
Leveling elevators (PE, Osc.)

Flagging tote-pans on conveyors (PE)
Pulp control in paper mills (PE)

Inspection of battery-caps for vents (PE)
Detecting borers in timber (Amp.)

Control of enamel thickness of wires (PE)
Viscosity measurement and control (Amp.)
Speed regulation of motors (Amp., Rect))
Voltage regulation (Amp., Rect.)

Wire drawing control (Thyratron)
Gyroscope stabilization (Thyratron)
Thickness of rubber-sheet control! (Qsc.)
Checking speed and synchronism (Stroboseope)
Coating sandpaper (Rect.)

Geophysical prospecting (Osc., Amp.)
Detecting leaks in water mains (Amp.)

(Continued on page 316)
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CAPACITANCE
BECOMES BOSS

HE beat-frequency meter is a new
T type of detecting and measuring device

that has recently been introduced into

industry. Its primary purpose is to
detect small objects at large distances and
to measure with extreme accuracy the di-
mensions of smail articles.

In its ability to detect the presence of
objects and to measure them,-it far sur-
passes even the electric eye, and hence is
one of the most promising of measuring
devices. Indeed, it has proved so highly
successful that it has been accepted through-
out a large part of industry as a means of
sorting objects and of controlling their
manuiacture.

The beat-frequency meter belongs to a
class of radio-frequency instruments known
as the tuned-circuit or capacitance-operated
group. The fundamental operation of any
tuncd-circuit detector is hased on the effect
of detuning being caused by a small amount
of capacity being introduced into it.

[f an external body is brought near the
tuned or resonant circuit, the capacitance
of the circuit is increased. As a result, the
circuit is detuned and a great change in its
electric properties takes place. The im-
pedance, or effective resistance, of the res-
onant circuit drops from an extremely high
value to a very low one, and the voltage
and power developed by the tuned circuit
are consequently greatly decreased.

Almost -any one of the changes in the
circuit properties can be used as a means
of detecting the outside body.

If the tuned circuit is in the plate circuit
of a radio-frequency oscillator, the rise in
plate current accompanying the loss of im-
pedance of the tuned circuit when it is
detuned can be made to operate a relay.
Or an amplifier can be operated hy the
voltage developed across the resonant cir-
cuit in the plate circuit of the oscillator,
The decrcase in resonant-circuit voltage
accompanying detuning decreases the bias
on the amplifier and thus increases its plate
current, which can then operate a relay.

HOW 1T OPERATES

The beat-frequency meter contains two
radio-frequency oscillators which are tufied
almost exactly to the same frequency. The
outputs of the two oscillators are mixed
in a frequency converter vacuum tube, and
the frequency difference, or beat frequency,
of the two oscillators, emerges.

After passing through "a tuned circuit,
the beat-frequency current is used to bias
another vacuum tube. the plate current of
which passes through a relay.

A small metal disk or piece of wire is
attached to the tuned circuit of one of the
oscillators. When an external body ap-
proaches the disk or piece of wire, capacity
15 introduced into the circuit of the oscil-
lator, and the oscillator frequency decreases.
Since the two oscillators were originally
tuned almost exactly to the same frequency,
there is a large variation in the beat fre-
quency, or f{requency difference, of the
oscitlators.

The tuned circuit through which the
beat frequency passes, is no longer tuned
to the beat frequency, and the voltage de-

RADIO-CRAFT FEBRUARY,

for

By C. PETER JOHNSON, JR.

veloped across the resonant circuit, which
biases the amplifier, decreases. As a result,
the amplifier plate current rises and op-
erates a relay. Fig. 2 shows what happens
to the outputs of the two oscillators.

LIMITS OF SENSITIVITY
The meter is an exceedingly sensitive in-
strument. Theoretically, the only limit to
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Fig. |
Block diagram for a typical beat-frequency mater.

its sensitivity is the stability of the oscjl-
lators; and by the use of quartz crystals
and temperature-compensating devices, this
stability can be increased almost indehnite-
ly. In practice, moreover, the meter is far
more sensitive than is necessary for its
applications. For example, it is (uite easy
to make one so sensitive that a slight mo-
tion of the hand can he detected at forty
feet.

Instruments lLave been made that can
measure aud sort articles far better than
the most accurate mechanical tool. Further-
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Fig. 2
(a) The output of the fixed.frequency oscillator. (b}
The output of the variable-frequency oscillator. (c)
The mixed wave of the two oscillators produced in
the frequency converter. {d) The voltage developed
across thd beat-frequency tuned circuit. (e) The
final output after detection and amplification.
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more, the sorting is a very rapid one. With-
in a fraction of a second the beat-frequency
meter will register the deviation of an ob-
ject from standard dimensions.

Practically the only fault accompanying
its many uses is that it is sometimes too
sensilive, too easily influenced, by small
variations.

However, its widespread adoption in in-
dustry shows that this fault is of minor
importance,

USES OF THE METER

As one would suspect because of the
marvelous properties of the beat-frequency
meter, the instrument has a myriad of uses.

However, two of its most important ap-
plications arc sorting small objects and
controlling their manufacture. (Although
it is readily adapted to controlling the
manufacture of articles, purely mechanical
limitations in the producing machine pre-
vent the complete realization of the tre-
mendous accuracy of the meter.)

If a very small clearance is required be-
tween two kinds of articles, the beat-fre-
quency meter can sort the two kinds of
objects and match those that will best fit
together. Furthermore, the sorting ability
of the instrument is so rapid that even ob-
jects having large tolerances of dimensions
can be profitably sorted.

If an endless belt carrying small articles
is run beneath the meter, the objects are
rapidly sorted into groups of articles hav-
ing the same dimensions, and at the same
time articles which are undersize or over-
size are rejected.

Similarly it is frequently used for count-
ing the number of articles passing off an
assembly line. Its great advantages over
the electric eye for this use are, that the
objects do not have to follow a set path,
and can be counted and sorted at one and
the same time.

The heat-frequency meter is also used
for many other purposes. In stores it is
frequently used for starting displays to
attract the customers’ attention, for when
a person walks near, a relay can be made
to close and opcrate a demonstration. Fur-
thermore, it is frequently used for detect-
ing unauthorized entry into a building be-
cause it can casily detect the presence of a
person. The bheat-frequency meter cannot
be evaded or put out of order by an in-
truder because it can be completely con-
cealed, even in a wall, and cannot be ap-
proached from any direction without being
operated.

Because the beat-frequency meter is non-
directional, it can count objects passing in
all directions. Its ultra-sensitivity to the
human body makes it useful for store (is-
plays, burglar detection, and, in general,
for counting people passing it, even if other
large objects are moving around. The beat-
irequency detector could thus be readily
used in an industrial plant to count person-
nel and to detect any intrusion.

The cost of the instrument is, unfor-
tunately, extremely higlg, However, the
reason for the great cost is not the cost of

(Continued on page 299)
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AIR RAID ALARMS
BY ELECTRONIC MEANS

By WERNER MULLER

A summary of present practice in the use of remote signaling devices in
air raid alarms and blackout controls including electronic applications.

the lookout {or new ways of applying

electronics to new uses, the idea ot

turning on and off any form of signal
and lights by the medium of radio became
quite obvious. [t was in the spring of 1941
that the dificulties of blackouts during air-
raids in London were discussed in onc of
the New York papers. Since then other
important issues have crept upon us, and
we are faced with the same problems that
London had to face.

A nuinber of devices have appeared on the
market that cover our needs more or less,
but as yet still another method is necded
to give greater performance and assurance
of operation.

After a rather complete survey I became
vitally interested in the possibility of im-
proving the present suggested methods and
obtaining instantancous signal control for
blackouts.

Since blackout control is primarily to be
used during war time, it follows that a
system of utter rchab:lny has to be evolved.
I'urthermore, a thorough study of power
distribution in the city limits had to Dhe
made.

It was my good fortune to be able to dis-
cuss the problems with some of the leading
officials in the city of New York. Much data
and information was thus obtained. After
several conferences the problem of turning
street lights on and off was considered a
rather complicated affair since the power-
lines supplying the lights supplied other
apparatus and cquipment that must be kept
running at all tines.

This fact automatically necessitated con-
sidering a more practical method of control
then vsing manual! means. Electronic means
seemed to be the answer but what form of
control was also an important question.

BEING a keen observer and alwavs on

TYPES OF CONTROLS

The most common form and the simplest
on the surface of the problem, seemed to
be a radio type of control. This would chief-
ly consist of a simple receiver and a radio
sensitive relay.

This radio sensitive relay in turn controls
a secondary relay that turns the power off.
Of course this device can also be used for
turning off clectric signs, house lights and
a number of other functions. The operation
of the unit is simple in that it relies on any

existing radio signal being transmitted from
a radio station. The receiver receiving the
radio signal rectifies this signal and pro-
duces a D.C. voltage that operates the relay.
When the radio station stops emitting its
carrier, the D.C. current or voltage in the
receiver stops, and the relay completes its
function by either closing or opening its
controlled circuit. This form of system is
rather limited in its use, as follows:

1. Once the lights are turned out by the
device they must be reset manually.

2. Sensitivity of the receiver must be kept
low, that is, it must be highly squelched so
that static and other forms of inter{erences
will not cause disturbances in the device
which may give relay chatter.

3. The device is subject also to inter-
{erence from heterodyne action which may
take place in the neighborhood. For example
a powerful radio receiver of the super-
heterodyne type may emit a radio wave (by
its oscillatory circuit) sufiiciently strong
enough to prevent the operation of the de-
vice (if the oscillatory f{requency should
accidentally be tuned to the blackout de-
vice's receiving frequency). This can be
partially remedied by using a modulated
signal for operating the relay in the receiver.

4. Due to the fact that it has to be reset
manually, it is subject to sabotage, tamper-
ing and human error.

Having established these {our facts cover-
ing the simplest forms of blackout device,
Wwe are sure that it is not a universal system.

Next in our mind comes the blackout de-
vice similar to the one previously described
but instead of being controlled by a C\V
carrier through the air; this device obtain:
its control by radio frequency waves trans-
mitted over the power lines, This system,
which also ean be very fundamental, con-
sists of a simple receiver and a radio sensi-
tive relay controlling a secondary relay
is operated by a number of radio impulses
or a tone-modulated radio-frequency carrier
super-imposed on the power lines by a trans-
mitter situated in the powerhouse sub-sta-
tions.

In this device the operation can be of two
types; one using a cold cathode type of re-
ceiver, the other a conventional radio re-
ceiver operating on any convenient fre-
quency, preferably low frequency, using
conventional tubes.

With the cold cathode tube type of re-

Block diagram of a typical system of R.F. controlled Ilghhnq system. This diagram iy for reference

purposes only, and no details of elements in any of the stages is available. Those familiar with the art

are well acquainted with the make-up of the combinations possible. It is not intended that any of these
various devices be considered for construction.
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ceiver modulated or unmodulated frequency
pulses giving relay control can be used, but
considerable power from the transmitter is
required to overcome the difficulties pre-
sented by the power lines (variable loads,
etc.). Using the carrier radio frequency re-
ceiver, the transmitted power can be consid-
erably less, since the sensitivity of the re-
ceiver can be of a higher order.

Both types of devices havc their short-
comings, those of the cold cathode type
bemng :

1. High transmitter power.

2. Subject to static disturbances.

3. Permits only lights to be turned off.

4. Subject to sahotage and errors.

The carrier receiver type control device,

< vTy RELAY
L |
R, 1
Ry
VT2 RELAY
2
R2
% 51 P
. X
R4 gaso
2 2227
. LOW FREQUENCY CODE SIGRAL edg%
LOW FREQUENCY RESET SIOGNAL U:
VT VT2 VT3 \Ts
B+
THYRATRON
AND
RELAY-CIRCUIT
F B+
TO SECONOARY LIGHTY FCONTROL RELAY

Typical relay circuit, thyratron-confrolled, initiated
by remote signaling. No values of components nor
statement operating conditions are given, as this
combination is not to be considered for construction.
1t is for reference only, in connectiorr with the text.

even though it requires less power, is sub-
ject 10:

1. Static discharge interferences.

2. No protection in case of failure.

3. Subject to sabotage.

4. In casc of pulse operation any inde-
pendent source of pulses will operate the
device.

Aside from the aforementioned difficul-
ties, one of the biggest problems of carrier
control via power lines lies in the power
lines themselves. Aside from the variety of
loads which may upset carrier operation,
the fact that several large areas throughout
the country are supplied with either A.C.
or D.C,, presents, perhaps, one of the biggest
difficulties. That is, carriers transmitted
over power lines carrying alternating cur-
rent is fairly simple, but carrier transmis-
sion over power lines supplying direct cur-
rent is a very difficult problem, and its
ultimate solution lies in the future. Thus it
tan be seen that carrier control of lighting
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systems is useful only when additional de-
vices are incorporated in the receiver.

The three systems roughly described are
the simplest forms, and having analyzed
their shortcomings, we must now overcome
each one of the objections or failures. 1
shall list numerically the combined faults

"HIGH K.C. BAND FILTER
[ lc, La Ca
— TS Tn—f
L ts TO
RELAY
LN IS
INPUT Lg Cg
<
FROM Ls ¢g
DETECT,
Le L
LowS BAND
PASS FILTER Cy
Lg CQ J Li2 C.z
cl 'TO RESET,
° RELAY
Ly tn
BAND PASS
Com | TG FILTER CiRCUT

[Frc.ic I -

of the systems, and then will individually
elucidate the manner in which they can be
properly overcome; finally evolving a de-
vice which is foo]proof basically sound,
and whose cost is reasonable compared with
its all around performance. Furthermore,
this device is such as to enable its use in
the future as well as at present, since it does
not necessarily have to be restricted to war-
time application only.

To group the derived results, the perform-
ance point comes first.

1, The device must be foolproof and
sabotage-proof.

2. Must be secret selective.

3. Must be compact in size,

From the standpoint of cost, the device
must be so designed as to permit its manu-
facture and distribution at the lowest pos-
sible price, without sacrificing any of the
foregoing features.

The above two demands as outlined can
be very well covered, and a complete de-
scription will be given of just such a sys-
tem; a system that is secret selective for

turning devices on and off, and that is as

foolproof and troubleproof as can possibly
be made.

Power for operation of the unit is of
course derived from the power lines, and
since the unit must be in operation 24 hours
a day, protective devices have been installed,
consisting of two relays. The function of
the relays is to break the controlled power
line circuit in case of a breakdown or a
tube blowout within the device.

Since all component circuits and parts are
of the best quality, little trouble is to be
expected, The protective relays act in such
a manner that if a filament burns out, the
associated relay opens, opening the con-
trolled power line relay also. This results
in shutting off the street lights or electric
signs. Or if the B-supply “shorts,” the corre-
sponding relay will react on the controlled
power line relay in such a manner as to shut
off the power line (opening the line
circuit),

The other main requirement, of course, is
a transmitting station. This transmitter
should be so located as to give adequate
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coverage. This.is available in those com-
munities which have municipal transmitters
that operate in the high-frequency band (25
to 60 megacycles). The signal to be trans-
mitted consists of a carrier, modulated by
a series of 3 pulses of different frequencies.
These frequencies can be any convenient
ones between 50 to 30,000 cycles. For ex-
ample, 7,000, 11,000 and 13,000 cycles. The
function of these frequencies is as follows:

1. One frequency is used for turning a
circuit off, in code.

2. One frequency is used for turning a
circuit on, in code.

3. One frequency is used for clearing re-
lay circuits, in code.

These pulse signals can be sent by auto-
matic means, or manually. They can be tied-
in with any general alarin system from any
observation point.

If additional secrecy is required for the
settings by code. it can be done, as outlined
later.

RECEIVER LAYOUT
The receiver proper consists of three
(Continued on page 319}

ELECTRONIC PHONO PICKUP

ERE is something new in the way
of phonograph pickups for the con-
structor and experimenter to work

on that is different and interesting.
It uses as the tone arm, a bar of Lucite,
the transparent plastic which conducts

PE.CELL

~

LWUTE

50,000/

\ BLACK 0UT
TO bv. Y2 0F END
lw2mid. (b4 ORYCELL

QO(OISOV
D.
INEW LUCITE PHOTO. ELECT PHONO DICKUP |

hght aTOng the length axis and does not
radiate it at right angles.

The pickup head in which the stylus and
light is mounted, is made 6f an old crystal
pickup holder, or something similar to it.

On it is mounted a pilot-light type of
lamp, of the 2.5 or 6.3 volt series, mounted
in such manner that its beams mwust pass
across the stylus to enter the end of the
lucite bar. Note that the end of the bar on
which the stylus is mounted is half blacked-
out, so that the motion back-and-forth of
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By LESLIE GOULD

the stylus cuts the rays of light from the
pilot bulb in such a way as to give a pul-
sating wave, which of course can be picked
up by the 1>hotoeIectnc cell and amplified.
The pulsating wave is conducted through
the lucite bar and strikes the photoelectric
cell which is mounted (and shielded) at the
support end (or back end) of the pickup
arm. The photoelectric cell can be of any
type—caesium; selenium-on-iron; etc.—
which responds to ordinary electric light.
The band of light frequencies of ordinary
light, by the way, are similar to those of

The lucite bar phono
pickup as built by Mr.
Gould, shown in actu-
al use. Note the neat,
trim appearance of
the assembly; partly
achieved by the shield-
ing of the photo-
electric cell.

1943

human vision, which on the Angstrom
scale runs from about 4000 to 8000 Ang-
strom units, This information is given so
that the proper photoelectric cell may be
selected, or different ones tried out.

In all cases, the cell should be mounted
so that the concave plate, or the “receiving’’
plate, faces the beam of light.

If an iron selenide type cell is used. the
input circuit shown is not needed, but a
suitable matching transiormer is.

A lot of experimenting was done with

(Continuced on page 299)

LUCITE BAR
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Fig. | Fig. 2

Fig. 3 Fig. 4 Fig. 5

Fig. &

Fig. 7

Actual photographs of square wave waveforms on the oscilloscope. Readin
cycle square wave. {3) Single 1000-cycle squars wave. (4} A series of 4000-cycle square waves, (51
erated by the instrument. (7) 1000-cycle pulse generated by the instrument, and

from left to right tha figures show: {1) Single 50-cycle squars wave. (2) Single 200-
A series of 50,000-cycle square wavas. (6) 200-cycle pulse gen-
8) 4000-cycle pulse generated by the instrument.

A VERSATILE SQUARE WAVE
AND PULSE GENERATOR

actual apparatus for generating square
waves was fully described.
To understand the following it is es-
sential that the reader be fully acquainted
with the preceding part.

lN the first article a description of the

PANEL CONTROLS

1f one inspects the front pancl the follow-
ing is to be observed. At the bottom center is
the frequency-change switch SW2. To right
of that same is the fine frequency control
R4. Above SW2 in the center is the output-
control, R11. To the right of this control is
the pulse width-control, RG.

In laying out the panel arrangement no
particular scheme was followed, and any
other layout will do. If the builder desires
to rearrange the location of the controls
for better symmetry, he may do so.

The power switch is at the left. The out-
put terminals are in the left upper corner,
Only one set of binding posts is shown.

By WARREN MILLER
PART II

namely B2. Binding posts Bl, are not used.
but should be installed and wired, as per
diagram. These posts, with Rl and (7,
are used for synchronizing with any stand-
ard signal source within the range of the
generator, if it should be so desired. In
the model constructed it was left out, since
the unit was stable enough in its operation.

FREQUENCY COVERAGE

The following frequencies are covered
with SW2 and R4, with R6 in the “off”
position, where it must be kept.

With SW2 in
Position 1, R4 at minimum, {f == 22 cycles

R4 at maximum, { = 130 cycies
Position 2, R4 at minimum, { = 60 cycles
R4 at maximum, f = 400 cycles
Position 3, R4 at minimum, f = 100 cycles
R4 at maximum, f = 560 cycles
Position 4, R4 at minimum, f = 550 cycles
R4 at maximum, { = 3250 cycles

ATTENUATOR

“sé iy IIII"-II
SYNCHRONIZAT ION —L@ |

CONTROL

__,f FREQUENCY
FINE SELECTOR
FREQUENCY
CONTROL

AMPLIFIER FOR SQUARE
WAVE MEASUREMENTS

? / 63v |
T0 ONE SIDE OF Il

ALL FILAMENTS
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Positionn 5, R4 at min., f = 3250 cycles
R4 at max., f = 10,600 cycles
Position 6, R4 at min, f = 10,600 cycles
R4 at max,, { = 22,000 cycles
Position 7, R4 at min., f = 22,000 cycles
R4 at max., { = 100,000 cycles

As can be secn the range is {rom about
25 cycles to well over 100 ke. Distortion, as
actually measured, is very low; that is, is
noticeable only below 50 cycles, and above
40 kc. In-between ranges are uniform for
all practical purposcs.

Tiig. 1 shows a single S50 cycle square
wave. Fig. 2 shows a single 200 cycle square
wave. Fig. 3 shows a single 1000 cycle
square wave. Fig. 4 shows a series of 4000
cycle square waves. I'ig. 5 shows a series of
50,000 cycle square waves.

In the last case distortion can be scen;
but this is due entirely to the amplifier of
the oscilloscope not being able to reproduce
the waveform properly, H the signal were
fed directly to the deflecting plates, the pic-
ture of a perfect square wave would have re-
sulted. Figure 6, 7, 8 represent pulses as
generated by the instrument, the pulses being
respectively 200, 1000 and 4000 cycles.

PULSE GENERATION

In case it is desired to produce or gener-
ate pulses, the following procedure is recom-
mended :

Select the desired square-wave frequency,
and then adjust RO until the pulse width is
of the desired nature. If the generator is
synchronized to a standard frequency, of
say 400 cycles, then the observed square-
wave of 400 cycles (as seen on the oscillo-
scope of course), can be changed slowly by
varying R6.

As the control is increased, the 400 cycle
pulse will become narrower and narrower,
as can be seen in the photographs. The chief
interest from the operating standpoint, is
the width of this pulse. when it starts, that
is, from its broadest point to its narrowest
point. The top of the pulse is called the
duration of the pulse, and is determined
mathematically.

In this generator the time can be varied
from a few milliseconds down to 4 micro-
seconds or better, depending on the fre-
quency used and the width of the pulse. As
can be observed, the rise and the fall (called

(Continued on page 315)
FEBRUARY,
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ELECTRONICS EXPLODES
RIVETS AND GLUES PLYWOOD

RCA and DuPont engineers, ordinary
rivets, such as are used in airplane
work, are set 15 to 20 per minute as
compared to the old way, which had a top
speed of 1 or 2 a minute
The story on this goes back a little way
to the time when DuPont developed the
idea of having the rivet hollow in the shank
end, which is the end “butted” by the helper
in the riveting operation.

This little hollow was provided in order
that a small charge of explosive might be
placed therein. Then on the joh, onc man
(not two) sets the rivet by igniting the
charge.

The charge when ignited, “explodes,” and
expands the metal of the shank against the
metal it is to fasten against, and holds far
more securely than by the “butted” method,
which sometimes weakens the rivet by
thinning out the metal.

The gadget used to ignite the charge
looked something like a soldering iron and
was just about as awkward and as time-
wasting to handle. It could not he too hot
or it would ignite prematurely. If it were
too cool, the operator had to wait for it to
warin up to proper temperature.

This is were the electronics part comes
in. It was known that radio-frequency cur-
rents (at certain frequencies) can induce
heat in metals (and in dielectrics as well),
and it was conjectured that if a steady con-
trollable source of such heat could be used
it would facilitate the work, simplify the
operation, and increase the production.

So the engineers cooperated and worked
out the device shown in the illustration.

They worked out a compact portable
source of R.F. currents which could be
placed on a bench or inside an enclosure,
with convenient lengths of cable for the
output coils. They redesigned the igniting
tool so that it now transfers the maxi-
mum of energy in controllable amounts and
at the point where needed. !

So all in all they improved a production
tool, speeded up production, and saved
labor.

Besides saving a helper, the rivets can
be placed in advance, and held by scotch
tape, which does not interfere with the
action of the R.IV. currents.

ELECTRONICS MOLDS PLYWOOD

Another use for R.IF. currents is in the
molding of plywood such as is used in air-
craft and hoats .of all sorts. Instcad of 1s-
ing glue as heretofore, thermo-plastics
(bakelite and other synthetic resins which
set when hot) are used as the bonding
agent hetween the plies.

Here again a generator of R.F. currents
is used, heing applied at the time of press-
ing, supplying the needed heat without
burning the wood or making an awkward
production arrangement. The arrow in the
photo points to the general location of the

RADIO-CRAFT FEBRUARY,
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The electronic explod-
er at work., The sketch
in the upper right-
hand corner shows the
hollow rivet with ex-
plosive charge, and its
appearance after the
charge has been de-
tonated by the elec-
tronic riveter. The
electronic riveter s
really a heater, ‘the
heat coming from the
R.F. eurrents generat-
ed in the device on
the bench.

DIACRAM SHOWS HOW WIVET WoRNs.
UNTE EXrL0084 FOWIER TN OFENING OF RIVEY, CAUB-
1NO THE BIDES TO PXPAND

The arrow indicates the general location {below the boards and in the base of the press),
of the electronic heater which provides the heat necessary for the thermo-plastic binder to set.

This

coils heneath and behind the boards as they
are pressed.

It.can be seen what a tremendous help
this is in the manufacture of airplane pro-
pellers (which have been found to have
greater tensile strength than their alumi
num prototypes), and airplanc fuselage.

One manufacturer uses a 10-Mc, fre-
quency generator to replace the old steam
process or the slow-baking process.

Wooden masts, hulls, bulkheads—all these

-can now be made this faster, cheaper, way,

with great reduction in weight and an in-
crease in strength,

The possibilitics are tremendous and will
no doubt have widespread adaptation.

1943

huge press is making plywood out of the 8 original boards.

The engineers call this form of heating
of non-conductive materials, “dielectric”
hcating, as contrasted to the heating of
metallic conductors, which is called “in-
duction” heating.

It is the dielectric type of heating of
course which is used in the processes de-
scribed above, much like the familiar
diathermy machines which gencrate deep
heat in the body tissues because of “dielec-
tric losses.”

It has been suggested by an inventive
mind to call this field of furnishing heat
by radio-frequency currents, Radiothermics.

It sounds good, and ought to catch on.
271
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Sample “'stills’ from the Western Electric short movie on electrons in a vacuum tube, and how vacuum ftubes work. The photo on the left illustrates repulsion
of electrons by the grid when the grid is negative. The photo on the right shows tha electrons reaching the plate when the arid goes positive.

MODERN ALADDIN’'S LAMP

lN a new motion picture, availahle from
Western Electric Company in one-reel
and two-reel versions, is told the story of
the development, mamifacture and uses of
modern vacuum tubes.

One of the most interesting parts of the
picture, to radio men at least, ts the clever

and lucid way in which the action of the
electrons in a vacuum tube is told.

In one example, a group of monkeys
mounted on a ladder (the filament or cath-
ode), are shown tossing cocoanuts at an-
other monkey, who has his head sticking out
of a target (the plate), through a shutter

Another set of stills from the movie on electronic action. In the photo on the left the cop represents the
grid when it is ne%ahve, repelling the electrons coming from the filament. On the right he permits the

tra

ic of electrons to pass, thus indicating the grid when it goes positive.

arrangement (the grid) opened and closed
by a third monkey.

The monkeys throwing the cocoanuts are
throwing them all the time, but only when
the shutter is opened o they manage to
toss a few through that go on to the
target.

This is about as close an analogy as can
be made of the actual electronic process
that goes on inside of a vacuum tube.
Pictured in the fitm is still another one,
showing a traffic cop as the grid, who al-
ternately stops and passes the traffic of
electrons to flow to the plate.

In such clever ways the usual abstruse
and tedious technical and theoretical ex-
planations are avoided and basic ideas are
clarifiel and impressed upon the minds of
the viewers. Continuing the motion picture
tells the story of the development of the
vacuum tube from the crude days of Edi-
son and DeForest, to the modern powerful
and efficient tubes of today, as used in ra-
dio, in long-distance telephony, public-ad-
dress systems, sound motion pictures, and
in the modern electric phonograph.

Then the scenc swings over to the tube
shop, where the tubes are made. Here is
shown how precision workmanship is re-
quired to make broadcast and telephone re-
peater tubes.

The camera moves from one intricate
operation to another, showing how the
skilled workmen and modern machines,
transform the spools of wire and the rods
of glass into those useful things we call
radio and electronic tubes.

FUTURE OF ELECTRONIC TUBES

HE electronic tube, used mostly for radio

until a few years ago, is now finding
increased application in war plants through-
out the nation. This was pointed out in a
talk to the American Marketing Associa-
tion, last month, in New York City, by
Dr. W. R. G. Baker, General Electric vice-
president in charge of the company's Radio,
Television and Electronics departn:ent.

Electronic motor contro!, for example,
boosts the war production of machine tools
by as much as 50 per cent, he cxplained.
Electronic control for resistance welding is
speeding the production of aluminum planes.
Electronic rectifiers are helping to produce
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millions of tons of aluminum and mag-
nesium. Electronic control devices are help-
ing to tinplate 50 per cent faster and with
a saving of one-third of the precious tin.

In the consumer electronics field—radio,
television, and FM—Dr. Baker said that
war research and engineering will bring
many improvements. But, he cautioned, con-
sumers should not be led to believe that
the day after peace comes they will be able
to buy television and FM radio sets for
$9.95. It will take a long time to reduce
new wartime knowledge to peacetime prac-
tice.

I1f the war lasts until 1945, probably

RADIO-CRAFT for

only 50 per cent of the nation’s radio re-
ceivers will be in operation.

This will mean a big demand for re-
ceivers when peace comes, and will keep
workers employed while engineers are con-
verting their new wartime knowledge to
better peacetime products.

When the electronics industry returns to
making consumer peacetime products, it
will start where it left off when it con-
verted to war production. New wartime de-
velopments will eventually be incqrporated
in these products but it won’t be done over-
night, he emphasized.
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ELECTRONIC SPOT WELDING

A NEW electronic half-cycle synclironous control for the pre-
cise operation of resistance-welding machines was- announced
last month hy the General Electric Company. Mounted in a pro-
tecting cabinet, the control is furnished in two types, for bench
and wall mounting. Both types can be used either ‘with tongs or
with a suitable bench welder,

The control uses a new tube, the GL-415, and a new circuit
makes higher-speed welding possible. The initiating-circuit is
simple and improves periormance and reduces maintenance. Tle
new design also incorporates heat-control by the phase-shift
method. The heat adjustment is made by a dial mounted on the
frout of the cabinet.

WELDS COPPER, STEEL AND ALLOYS

The tontrol facilitates the welding of tinned copper, steel, or
alloy wires; of studs from 0.01 to 0.05 inch diameter to flat sur-
faces, with little or no indentation on the opposite surface of the
metal; and the spot welding of unusually thin (less than 0.01
inch) picces of stainless stecl, mild steel, nickel, or silver, Yo brass
or bronze, with negligible oxidation or discoloration.

The control also makes possible the welding of low-resistance
joints whicli are unaffected by temperatures considerably in excess
of 257 deg. Fabr,, the point at which certain types of soldered
joints weaken and often collapse.

This results in the complete elimination of solder, with a corre-
sponding saving of tin, and a saving of 50% in time.

Also, in many cases it greatly simplifies the problem of train-
ing new employees, since the technique of resistance-welding is
learned much quicker and with much less waste of material than
in the case of soldering.

This is another instance of the many modern time-saving,
material-saving and temper-saving devices, operated electronically,
which have been developed under the impetus of wartime demands
at busy factories. Principles long known or used in the radio art,

are being adapted to industrial use through electronics.

ENGLISH WOMEN SPOT
NAZ! PLANES
(Cover Feature)

OUR front cover shows a young mem-
ber of the Auxiliary Territorial Serv-
ice (usually abbreviated A.T.S.), intent on
the job of spotting enemy planes.

Note that the device seems to call for the
use of two senses—sight and hearing—re-
quiring concentration and constant alert-
ness.

Britain’s radio manufacturers did a ter-
rific job, early in the struggle, when they
concentrated all their energies on fabricat-
ing the radiolocation sets that later con-
tributed to a great extent in winning the
Battle of Britam,

Now that the location stations are set up,
they help enormously in speeding up the
take-off of defense planes over England.

So part of the tribute must go to these
gallant lassies of the A.T.S. who have come
from all walks of life to take the place of
men in “desk jobs,” enabling the men to
take their places in combat or supporting
ranks. These girls in the special services
are specially selected and trained. The train-
ing is intense and requires intelligence and
keen perceptive powers.

It might be mentioned here also that the
new women’s units of the Navy. Army,
Coast Guard and Air Force will probably
perform similar functions in this country.

Some of them have already had ex-
tensive experience with the interceptor
commands in tracing the flight of planes
in and ahout our coastline.

Others, trained in code and message
handling, as pertains to interception, also
will fill men's jobs in the various services.

When this gets under way we visualize
a terrifically efficient handling of all modes
of defense in this global war.—Photo
British Combine.
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RECENT ELECTRONIC
DEVELOPMENTS

TO tell the whole story of the electronic
industry’s research developments during
the past few months is impossible, yet the re-
search scientists though busy with the prob-
lems of war, have brought about new dle-
vices and apparatus that will benefit all
when peace comes.

In the laboratories of the General Elec-
tric Company the induction electron accel-
erator, capable of producing X-rays and
clectron stremas at 100,000,000 volts nears
completion. The electron accelerator does
for clectrons what the cyclotron does for
protrons, and gives the high acceleration,
without the use of high voltage in its pro-
duction.

The portable electron microscope, which
brings the instrument within the reach of
all, and having a resolving power hetter
than 10 times that of the ordinary micro-
scope which depends on illumination, was
announced. This portable model uses elec-
trostatic fields for focusing, so needs only
one unregulated voltage to ground, which
can be supplied by the ordinary house cir-
cuit. The last stage of magnification ‘is
achieved through light-optics, permitting
flexihility in magnification by the conven-
tional interchange of lenses.

Rack-and-panel construction has now
been extended to the carrier-current trans-
mitter-receiver assemblics.

Telemetering load control, and protec-
tive relaying operations over high-voltage
lines in carrier-current channels also was
achieved,

A water-cooled transmitting tube for use
in wide-hand television amplifiers was de-
signed to incorporate such features as in-
trovertcd anode and short lead-lengths,
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with multiple terminal-mount connecctions,
thereby reducing lead inductance and giv-
ing stable and efficient performance at high
frequencies.

A small light-weight gas-filled metal
thyratron incorporating many of the fea-
tures of small metal radio receiving type
tubes, was developed for applications where
space and weight are important.

For the steel industry there was huilt a
20,000-KW electronic  frequency-changer,
Grid control will regulate the power flow
automatically, compensating for fluctuations
in frequency and voltage. Power reversals
can be made without any switching in the
power circuit.

For resistance welding of heat-treatable
steel alloys there was developed a special
electronic control of such accuracy and
flexibility that it was possible to control
automatically both the magnitude of the
welding current and the time of flow in
order to control accurately not only the
welding temperature but, even more impor-
tant, the tcmperature for grain refinement
or tempering of both. A simple form of
current regulator was applied in the seam
welding of oil drums, holding the welding
current constant regardless of variations in
line voltage or the addition of magnetic
materials in the throat of the welding ma-
chine.

The development of new and improved
products was not the only matter to occupy
the attention of engincers during the year.
Even before the start of the war, attention
was being devoted to finding alternate ma-
terials to replace rubber, tin, aluminum,
and all the other materials which had be-
come precious.
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RADIO LOGS PLANE DATA

Perhaps the outstanding contribution to
the development of American warplanes
since the nation entered World War 1T is
the radio test flight recorder, perfection of
which was announced last month by engi-

neers of Vultee Aircraft, Inc., at Downey,
Calif.

The new device. a radio-operated mech-
anism, instantly transmits from an experi-
mental airplane to laboratory crews below,

The new radio test flight recording device perfected by engineers of Vultee Aircraft, 'feels" reactions of
new airplane dyring test flight, and radios them to apparatus on ground which records them instantaneously
and permanently, thereby relieving the test pilot of such duties. He may thus lose 3Iamour‘ but it speeds

up the completion of American warplanes. The inventor, Harvey Giffen, foregroun

, former movie sound

technician, and Duncan Griffith, assistant, are shown loading the aerial unit into the plane.

a complete picture of the strains and flut-
ters, characteristics, performance and re-
actions which in today’s high performance
aircraft occur too rapidly for a test pilot’s
eyes and hands to notice and record.

The automatic recorder makes it possible
for the technicians on the ground to know
more, actually, about the new airplane's
condition while in flight than does the pilot
at its controls, so that should dangerous
indications develop the pilot can be warned,
and in the event of a crash, no data are
lost, as factors contributing to the failure
have been recorded instantaneously and
permanently. Thus, months and even years
of time, which hithertc were lost in such
faitures, now can be saved.

The fact that the radio recorder covers
seventy points throughout the structure of
the airplane makes it possible for the tech-
nicians to ohserve and record more struc-
tural and engine indications in one flight
than hitherto have been possible to record
in a score of such flights, a tremendous
factor in time saving during aircraft de-
velopment.

The radio test flight recorder is the in-
vention of H. D. Giffen. former motion
picture sound enginecr who now is on the
Vultee staff of development engineers.

The device is the result of f{ourteen
months of development work.

Among the indications reported by the
pick-up units located in several points about
the plane, are air speed, engine manifold
pressure, altimeter, tachometer (both engine
and turbo-supercharger), flowmeter, accel-
erometer, temperature indication (fuel, oil,
air, engine, coolant), liquid’ pressure
gauges (fuel, oil, prestone, etc.), air pres-
sure gauges (carburetor ram, radiator cool-
ing air flow, engine cooling air flow, air oil
pressure survey, etc.), strain (control cable
loads, hinge loads and other structural
loads), push-pull control rod loads, position
and movement indicator (control surfaces,
cow! flap, landing gear, wing flaps, etc.)

The instrument indications are trans-
formed by equipment located in the air-
plane into an electrical frequency in the
audio range. The f{requency of each signal
depends upon the voltage of the pick-up, the
voliage itself being a function of the in-
strument indication. This signal frequency
is transmitted over an audio frequency ra-
dio, which may be the standard equipment
of the airplane, to the ground, where it
is automatically recorded.

Recording is accomplished by a standard
16 mm. sound recorder, or, in the case of
continuous indications, by a standard high-
fidelity disc recorder.

50,000 WATTER ON AIR FROM RIO

A powerful voice rose on the radio front
of the Western Hemisphere when Radio
Nacional, the new 50.000 watt shortwave
station went on the air from Brazil’s Rio De
Janeiro on New Year's night.

Dedicated to the strengthening of inter-
American friendship and understanding.
Radio Nacional now beams a nightly pro-
gram to North America on 26.5 mectres,
using talks. skits and Brazilian and Ameri-
can popular music to give its shortwave an-
dience a picture of South America and its
people.

The station equipment was built and in-
stalled by the RCA Victor Division of the
Radio Corporation of America, which spon-
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sored the initial program in Ric. The equip-
ment was completed ceased commercial pro-
duction last year. Radio Nacional was
opened with a gala inaugural program. Mas-
ter of Ceremonies was Lieutenant Com-
mander Walter Winchell, USN, who was
on a special mission in Brazil. Guests
of honor were Oswaldo Aranha, Brazilian
Foreign Minister, Jefferson  Caffrey.
American Ambassador to Brazil, and Senor
Morales, Chilean cabinet minister.

The program was picked up in N. Y.
and wired by direct line to NBC and WRC.

Highlight of the program was a toast for
the Americas introduced by Lt. Commander
Winchell and since adopted by the South

RADIO-CRAFT

American press. With Mr. Caffrey and
Senors Morales and Aranha clinking coffec
cups, Winchel} declarcd the scene was sym-
holical of North America’s feeling for her
Southern neighbors: *“Never above you,;
never heneath you; always beside you.”

Now the most powerful shortwave broad-
cast station in South America, Radio Na-
cional is a symbol of the might and power
of radio in the present war.

She takes her stand with other radio sta-
tions all over the world now battling the
Nazi-Jap axis and strengthening the bonds
of friendship and understanding among the

peoples of the United Nations.
FEBRUARY,
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Below—Fledgling radio operators get a kick out
of their first experience calling the ground
station from the plane.

*RADIO INSTRUCTION

Below—studying operating procedure on an
aircraft unit.

Left—Installing an antenna on a bomber while

other students have a look at the radio system.

RADIO TRAINING
IN THE AIR FORCES

EVERY four-motored bomber has two

radio operators, and every coastal air-
port in this country, hound in the network
of air defense, has its complement of radio
operators.

Without these skilled operators and their
brother mechanics and trouble shooters, the
Air Forces would be grounded.

The task of the Army Air Forces Tech-
nical Training Command is to supply these
vitally needed radio operator-mechanics. To
this end, the Technical Training Command
operates five radio schools which are pro-
ducing thousands of radiomen, Scott Field.
Ill, a base for training flyers in World
War T, is the parent radio school of the
TTC. Others are located at Madison, Wis,,
Sioux Falls, S. D., and Chicago.

The importance of the radio operator
cannot be over-emphasized. It is the radio
operator who keeps in contact with the
home base and receives orders, instructions
and weather data. In actual combat, when
radio apparatus must be silenced to prevent
giving information to the enemy, the radio
operator mans his own gun when Jap and
Nazi fighter-planes attack, or he might re-
place some other gununer who has beconie a
casualty.

How is a radioman trained for actual
combat? First of all, he is selected on the
basis of his rating in the army aptitude
test conducted at reception and basic train-
ing centers. He must make a high grade.

After being assigned to one of the radio
schools, he studies six days a week, seven
hours a day. The first courses are in radio
operating and mechanics, and take 18 weeks
to complete. Upon completion, the student is
graduated as a radio operator-mechanic.

The first subject the student covers in
Radio Mechanics is a 70 hour course in di-
rect and alternating current theory. In this
course the student studies elements of elec-
tricity, both A. C. and D. C,, Ohms Law for
A. C. and D. C, the phenomena of mag-
netism and induction, and the generation of
electrical power. Series and parallel cir-
cuits containing resistance, .inductance and
capacitance, the principles of transformers,
rectifiers and electrical measuring instru-
ments, etc., are also taken up.

The next 70 hours covers the theory of
antennas, vacuum tubes and the construc-
tion of radio transmitters, oscillators, and
amplifiers.

F'undamental training includes a 35-hour
course in radio receivers, embracing the
principles of radio reception, detection, radio
frequency and audio amplifiers, and ele-
mentary theory of the operation of tuned
radio frequency and superheterodyne re-
ceivers.

Upon successful completion of the funda-
mental course the student moves to the Air-
craft Radio division of the school. There
he studies radio transmitters and receivers,
and spends a total of 175 hours on the op

RADIO

THERE is an urgent need for men and
women to serve as civilian instructors in
radio at the Army Air Forces Technical
School, Sioux Falls, South Dakota. Start-
ing salaries range from $1620 to $2600 per
annun, depending upon the education and
experience of the applicant. Minimum re-
quirements include a high school education
(which may be waived in some cases),
plus one of the following:

1. Holds, or has recently held, an ama-
teur or commercial radio operator’s license.

2. One year's experience as a radio op-
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eration, tuning, trouble shooting, mainten-
ance and inspection of aircraft transmitters,
receivers and radio compasses. This phase
of the training usually is climaxed with ten
days of actual operation of ground stations.

Three and one half hours of the student's
day is spent in learning the International
Morse code.

Previous formal education has little rela-
tion to the progress of a student in master-
ing the Morse code. All start from scratch
and inherent aptitude is the rnain factor,

Students advance by successive stages
from four words per minute until they reach
the required maximum of 16 words per min-
ute, although some are capable of speeds as
high as 50 words per minute,

Instruction takes place not only in the
classrooms, but also in mobile units, and,
for the more advanced students, in “Flying
Classrooms” which circle high above the
field.

Upon graduation, many radio operators
are sent to gunnery schools where they learn
liow to operate .30 and .50 calibre machine
guns. After a short course they are sent
to the operational training centers to be
welded into homber crews—to become part
of a team that will eventually see service
overseas. Some of them, transcending their
routine training, become modern warriors
of the clouds, hecause, sooner or later, every
radigman has to drop his earpliones and
grab a machine gun instbad.

INSTRUCTORS NEEDED

erator, radio engincer, or radio repairman.

3. Successful completion of a six months’
resident course in radio,or an E. S. M. D. T.
radio course.

Orne year of college work in a recog-
nized institution.

Applicants who have had at least six
months’ experience in advanced and diffi-
cult radio work, who have taught radio or
allied sybjects for at least six months or
who have a degree in electrical or radio
engineering or the equivalent, will qualify
for a starting salary of $2000.
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Those with certain additional experience
may qualify for a starting salary of $2600
per annum.

For full particulars write to the A. A. I,
Employment Officer, Army Air Forces
Technical School, Sioux Falls, South
Dakota.

Here is a chance for a lot of you fel-
lows who know your radio.

In answering these appeals for those in-
terested in applying, please be prepared
to act on your decision if your qualifications
enable you to accept.
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TUBE REPLACEMENTS

defective radio tubes looms as the most

vexing problem facing the few remain-

ing radio servicemen. Although there
are hundreds of types on the market, each
carries its peculiar characteristics that pre-
vent /it from being readily exchangeable
with ‘some other type. Some differ only in
filament voltage or in the type of base used.
It is these in which we are primarily inter-
ested, because it is relatively easy to change
a socket and sometimes just as simple to
regulate the filament voltage.

FINDING the correct replacement for

By HAROLD DAVIS

the correct values for the particular plate
voltage being used. Bias and screen voltages
are controlled by the size of the respective
cathode and screen resistors.

Auother important consideration is the
load into which the tube works. High-gain
voltage amplifiers, R.F. and audio, work
into high impedance or resistance loads.
Power tubes. on the other hand, work into
comparatively low loads. It is not practical
to work high-gain audio tubes into trans-
formers, because of the difficulty in build-
ing high resistance transformers. It is like-

137 3L
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JA—Duo-triode used as diode-triode. Here the control grid of one section replaces the diode. Note that
the plate is grounded. Fig. 1B—Duo-triode replacing duodiode-triode. Tha grid supplies AVC. The plate
supplies the audio component.

However, as time goes on and the pinch
of priorities is felt more and more, it is
quite likely that euntire circuits will have to
he changed to fit the particular tube on
hand. This article is being written to give
the servicemen an idea of what can be done
along this line. [t is neot to be miscon-
strued to he absolutely official. Instead,
much of the information contained is sug-
gestive, and was originated by combining
logical reasoning with past experience.

The first step in attempling to replace a
tube with a different number is a careful
study of the characteristics of both tubes,

wise unpractical to resistance couple R.IFF,
amplifiers because if the resistance were
made sufficiently high to match the tube, it
would require a voltage supply running
much higher than normal in order that the
correct amount would reach the plate after
flowing through this high resistance.

However, the correct matching of input
and output circuits take care of itseli in
most cases, if the correct type of tube is
sclected.

CLASSIFHCATION OF POPULAR TUBES
In the modern superhcterodyne receiver

125A7

2525

0.150A.TUBES IN SERIES
WITH 0.3ATYPE

H]
[}

12-volt .150 Amp. tubes used in series with .300 Amp. tubes by use of parallel tesistor and parallel tubes

to balance the circuit at .300 Amps.

as given in a good tube manual. paying
particular attention to the control grid bias;
screen grid and plate voltages and their
ratio to each other.

Most radio tubes will operate over a wide
range of voltages, provided these voltages
are kept balanced; i. e, the control grid
and screen voltages must be regulated to
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Optional circuit shown in dotted lines.

there are only five general types of tubes:

Radio f{requency amplifiers (LF. tin-
cluded)

Comcrters—Mixers

2nd Det.—1st audios

Outputs

Rectifiers

The first real R.F. amplifier was probably
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the old 24-A. At least this was the first
popular one. This was followed by the 58,
78, 6D6 and later the 6K7, and its many
variations. Any of these tubes are good R.F.
tubes, and when fitted with the correct
voltages, will perform satisfactorily in most
circuits.

All modern R.F. amplitiers are either
pentodes or tetrodes. Low inter-element
capacity is essential for efficient R.F. am-
plification. Screen grid tubes (tetrodes).
meet this requirement, and pentodes go a
step further by providing a third grid called
the “suppressor,” which collects the sec-
ondary emission from the plate and adds
additional stabtlization.

CONVERTERS-MIXERS

Frequency converters are of two general
types; those providing for internal oscilla-
tors, 6A7, 6J8G, 6K8 and their many
equivalents with different bases and fila-
ment voltages, and those requiring a sep-
arate tube as an oscillator like the 6L7.
This tube is different from regular RF.
amplifiers in that it provides a grid for the
induction of the externally generated oscil-
lator signal.

The 6SA7, while falling into the first
group of converters, warrants special men-
tion because of its unusua! circuit. In this
tube there is no oscillator anode (plate},
which accounts for there being only two
high voltage points on the socket instead
of the customary threc found on the 6A7
types. The oscillator anode or plate is con-
nected internally to the screen grid. This
suggests that a good substitute for a 65A7
would be a 6A8 with the oscillator plate
tied to the screen grid.

The 65A7 might be used in some cases
to replace a 6L7, grid No. 3 being the in-
jector grid.

2ND DET.—IST AUDIOS

There are two general classes of 2nd.
Det.-Audio tubes; the duo-diode-triode and
the duo-diode-pentode. The first group con-
tains both high and low mu tubes, inter-
changing of which should require only ad-
justing the plate resistor. Duo-triodes can
be used as 2ud. Detectors and first audios.
one section being used as the detector and
the other the Ist. audio, Figs. 1A aud 1B.

OUTPUT TUBES

Output tubes fall into two general groups
also; triodes and pentodes, the exception
being thé beam type such as the 6L6. The
only differcnces in outputs are in the out-
put loads and the amplification factors.
Power output is of little consequence, as
practically any of the power tubes will af-
ford enough volume for normal listening.

Practically the.only triode output still
in existence is the 45, or perhaps an occa-
sional 31 in the battery type. The 2A3 was
not generally used in receivers. A 47 with
the screen tied to the plate replaces a 45
very well. So will most other pentode
types if the filament and grid voltages are
adjusted.

The pentodes are many and varied, be-
ginning with the once popular 47 and end-
ing with the old reliable 6F6. Practically
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all pentode cutput tubes can be interchanged
with adjustment of voltages.

The beam types, headed by the popular
6L6, are closely related and should be easily
interchanged. They can also be interchanged
with the pentodes by changing the output
transformer.

RECTIFIERS FOR A.C.-D.C. RECEIVERS AND

A.C. CATHODE TYPES

Rectifiers are more difficult to classify
than other radio tubes. The most outstand-
ing features from a replacement standpoint
are the open filament and the cathode types,
for the A.C. sets, and the A.C.-D.C. high
voltage types. In the first group the old 80
heads the list and can be substituted in
most circuits by simply changing the socket.
In the second group the 6X5 is most popu-
lar and unless the set has a separate fila-
ment winding, there are few substitutes.

The A.C.-D.C. rectifiers are primarily
different only in filament voltages, but care
must be taken in substituting close cathode
types such as 25Z6 in circuits where large
input filter condensers are used. These
large input condensers may draw enough
current when they first take a charge, to
blow the rectifier.

TUBES INTERCHANGEABLE WITH

SLIGHT VARIATIONS

In attempting to interchange a tube, the
first consideration is the type. For instance,
a 6K7 is an R.F. amplifier, and only a tube
of the R.F. amplifier family can be used.
However, there are some tubes that serve
two or more purposes. For example, a 6]7
could be used as an R.F. amplifier, although
it is generally used as a high-gain audio
amplifier. A 6J7 is directly interchangeable
with a 6K7 as far as base connections are
concerned. A comparison of characteristics
will find them very similar.

Other tubes may be used to substitute
for the 6K7 or vice versa without a change
in circuit, provided the socket is changed.
We have in mind particularly the 78 and
6D6. They should be shielded if they re-
place metal tubes, and the circuit realigned.
(Always realign R.F. circuits.)

Converters will be found more difficult
to interchange than most other types. How-
ever, 6A8 and 6A7s are interchangeable
with a change in socket. The single-ended
types like the 6SA7 can usually be matched
out of the loktal family with a change in
socket. (Radiomen might just as well get
used to this “change in socket” idea be-
cause there is going to be lots of it.)

The duo-diode-triode, or 2nd. Det.-1st.
audio should be easy to replace. It is not
critical and many similar tubes are on the
market. 6Q7, 6R7, 6T7 and 75 are all very
similar, and the 6C7 will require only a
simple terminal change. Most circuits use
only half-wave rectification, which requires
only one diode, and the second is left float-
ing or tied directly to the one being used.

Duo-diode pentodes can be used with a
change in socket connections and the addi-
tion of a screen circuit.

Output tubes are already causing trou-
ble. 6L6s are available only on high priori-
ty. 6F6s are scarce.

The 6L6s may be interchanged directly
with their smaller equivalent the 6V6.
Either can be replaced directly with the
6U6GT or the 6YG6G, by adjusting the bias
resistor. Also with the 7CS by changing the
socket only,

The popular 6F6 can be replaced directly
with the 6G6 or 6K6 in most cases; and
with a change in the bias resistor in others.
Also with the 7BS by changing the socket.

The high voltage outputs such as the
35L6, S0L6, etc., can also be used by pro-
viding the proper filament voltage.
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Practically any available output tube can
be used in any set provided the proper out-
putdtransformer and the filament voltage is
used.

RECTIFIERS OF THE UNAVAILABLE TYPE
Finding substitutes for unavailable recti-
fiers should be simple. The old reliable 80
will replace the 83 and 5Z3 directly if too
much current is not drawn, and it seldom
is in receiving sets. Current requirements
may be lowered in large sets by replacing
high powered output tubes with ones re-
quiring less current. The 80 will also replace
practically any of the 5 volt series with a
change in sockets. This is true even of the
cathode types, although in replacing the
latter it is wise to see that a good bleeder
resistor is installed if not already incor-
porated in the circuit. The reason for this
is that the open filament rectifier like the
80 begins to deliver current before the
other tubes warm up and the voltage goes
high without a bleeder, sometimes blowing

*SERVICING®

Where 1st tube is one being replaced and
the 2nd tube is one replacing.

Example:
( 35
—_— = —— = 233 ohms
(.300) - (.150) (.15)

The fact that tubes drawing only .150
Amps. cannot be used in series filament ar-
rangements with tubes drawing 300 Amps.
is unfortunate because in all probability the
former, which are higher voltage tubes like
the 12, 14 and 35 volt series require only
150 amperes, will be exhausted first, while
the old 6-volt line requiring .300 Amps. will
be available longer.

This is also true of the 3525 which draws
.150 amperes and the 25Z5 requiring .300.
The 35Z5 is already difficult to obtain, while
the 25Z5 is still plentiful.

Should it be necessary to change a 35Z5
to a 25Z5, the output tube should be changed

IZS7 I257
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O.IS0A,125.35V. TUBES IN SERIES
WITH 3A, 6v.TUBES

One &-volt 300 Amp. tube may be used in a network of 12- and 35.volt .I150 tubes if connected as shown.

The parallel arrangement of the 12- and 35-volt tubes raises the current of the network to .300, but lowers

the voltage drop of the entire network from Iosl_vom 03 53 volts, making it necessary to add a 200 ohm
ine cord,

the filters or arcing over in the tube,

In the case of A.C.-D.C. sets with the
filaments in series, many replacements can
be made with a change in sockets and regu-
lating of fitament voltage. Most of the sets
use simple half-wave rectifying circuits and
even a triode or a pentode with screen tied
to plate will do the rectifying job, provided
the filament voltage is correct.

TUBES IN SERIES
An important word of caution is in order.

also, and the other tubes connected as
shown in Fig 2. If the output is not changed,
the dotted line alternate would be required.

To substitute a 6-volt, .300 Amp. tube
into a .150 series, the entire network would
have to be parallel-series connected as
shown in Fig. 3.

Of course, the network could be made to
draw .300 Amps. by adding a parallel re-
sistor to all .150 Amp. tubes. The value of
these resistors can be calculated by dividing
the rated filament voltage by the rated cur-

ID5 107
2525 S0 NN
..Lso-nfd, *Ioﬂd.
I 50v IIZSV.
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¢ 3.
One cathode of a25Z5 may be used to supply D.C. for battery tube filaments used to replace é-volt types.
Tubes used in series must draw the same rent, and the wattage found by I’R.
current. (Current in a series circuit is al- Example:
ways the same at all points.) Accordingly (126)
a 25Z6 could not replace a 35Z5, because = ——— = B84 ohms
the former draws .300 Amps and the latter (.15)

only 0.150. However the latter could be
used to replace the former by placing a re-
sistor of 230 ohms across the hlament. The
formula for this resistor which can be cal-
culated for any tube is as follows:

Heater shunt-

L Heater Voltage
resistor ohms =

Heater current of first
tube minus heater current
of 2nd tube
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and W = (.15)? (80)
= (.0225) (80)
= 1.8 watts
The value of the resistors in line cords

is calculated by the regular formula,
R = E/I, where E equals (117 minus the
sum of all the voltage drops across the fila-
ments or heaters), and I equals the current
through the heaters. For I, use the current
value of any tube. (All tubes must pull the
same cutrent in a series circuit.)

(Continued on page 289)
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Radio Service- Data Sheet

ANTENNA AND GROUND

A Firestone "Powerscope” is built into this
receiver and under normal eonditions will give
satisfactory reception. In locations remote from
broadeasting stations, or where poor receiving
conditions exist, it may be necessary to use an
outside antenna. This antenna may be a single
wire from 36 feet to 756 feet long, including the
lead-in wire. erected as high as possible and as
far from electric light wires (or other sources of
noise) as possible. When an antenna is used a
good ground should also be used. The antenna
wire is connected to the serew marked “A” and
the ground to the terminal, marked “G’, located
at the rear of the chassis.

The “Towerscope’’ in these inStruments is
rotatable and may be turned by means of the
middle knob on the panel (see Fig, 1). A stop

FIRESTONE MODEL NO. 57406-7

station until the wanted station is heard most
clearly. These are marked Adi. Screws, Osc. Coil
Trimmer Strip in the accompanying illustration,
(Fig. 1).

CAUTION: When setting up the stations it
ia well to select a time when they are not carry-
ing ‘chain” programs, as the adjustment might
be made on the wrong station.

Care should be exercised when adjusting the
screws for if they are forced damage may result
to some associated parts.

If tubes are removed from set. for any reason,
make certain they age replaced in accordance
with Fig. 2.

Speed of Motor: 76.69 to 80.00 RP.M.

Lubrication: 2 or 3 drops of oil every six
months on the two felt washers in spindle gear
bracket, and in motor on the two in the motor.

iy Provided to prevent the ‘‘Powerscope’” from
turning too far. This knob should be used to
adjust the “Powerscope’” towards the station, or
that direction which gives the best reception,
i. e., loudest signals with least interference. In

One drop of oil on pin for roller of tone arm
lift lever.

Light application of white vaseline on teeth
of main eam; also some on face of cam where
- g tone arm swing lever rides. -

One drop of oil on 10” and 12” pluniers. Keep

The ‘“Hepplewhite'' console, radio-phono- oil off motor pulley, idler pulley or rim of turn-
j\ graph combination, Model No. 574047, table.
o * some locations it may be found that stations can Do not oil friction trip assembly.
= T = + only be reccived with the ‘“Powerscope’” in one
3 e = position. This is a local condition and may be || €456T 6507 65Q7.
L0010 due to local shielding.
! 5 W e £
Z INSTRUCTIONS FOR SETTING
e thiet STATION TUNING BUTTONS “6SK? 6SA7 65K7 6sQ7
3 E a E] E E E o J At the rear of the cabinet directly back of the
® dial assembly are six (6) pairs of screws (See
,,N_,D _l3_=. Fig. 1). A paper cover is provided which shows 5v36 6V6G 65Q7 666
. the frequencics covered by each pair of screws. @ @ @
O O The right hand pair of screws, locking at the .
VoumE conTioL sehay LvElte rear of the set, are connected with the left hand g 42

station button when looking at the front of the
set.

Allow the set to warm up for about one-half
hour before starting to set up the buttons.

1. Make a list of the six (6) stations you
desire to tune in by the buttons, arranged in
order of their frequencics.

2. Select the buttons which correspond to the
above frequenties.

3. Press the button marked “Manuai” and
earefully tune in the station on the above list
having the lowest frequency.

4. Press the hutton selected for this station.

Top viaw of chassis showing location of tubes.

POWERSCOPE e
e

@ tio
6SKT f:;‘fo esar /] .Zslxir@ 65Q7
of Mofiloteo

WAVE TRAP TRIWNER 1¥AICABLE
M gapu NEAN OF CuatEil

["evset o
sk

ANT. TRIMMER CONDS.
ADJ, SCREWS

VIEWED FROM REAR OF CABINET b. Adjust the upper brass screw of the pair :
Fig. 1 corresponding to the button selected for thic Front of Chassis
Dummy Ant. Connection of Signal . Recelver
in Serles Sin. Generator Generator Band Switch Dial Trimmer Type of Adjustment
with Gutout to Freauency Positlon Setting Descrlntion
8ig. Gen. Receiver
= Any Po‘l”tl 20d LF
.1 MFD 3 (D (7 oll " 20 Adjust for Maximum Output. Then Repeat Adjust-
3 Soction of Broadeast Does Not
(L Gang. Cond. USSIKC Affect the st LF oisnt
8ignal o
Averett
%0 MMF. ARG Push In [T, g Adjust for MINIMUM Output. Using a Strong
20 Terminal 455 KC No. 6 Button ‘l";“e:l’:“::) Wave Trap Generator Signal.
8ignal
" “Ant.” 1600 PBroadeast Rroadcast
LOMME: Tetminal KC M 1600 KC l)xwll'lator Adiust for Maximum Output.
(Shunt}
Broacdeast
a 1500 Ture 1o 4
250 MMF. 'l‘e?lmlnll KC Broadeast }i‘::::::‘:)r :"" Adjust for Maximum Outbut,
N o
Blgnal ‘Tramnter
N Tuue 1o g Adjust for Maximum Output. Try to Increafo Out-
250 MMF. Ter\mnznal 600 KC Broadeast 9,?[2'!:;‘0' 'I"‘Thl:ef f]lgltall’ge(ll{m“nx the Gang untll Maximum OQutput is
SBignal .
[\] 3 Adjust for Afaximum Output. Check to see 1f Proper
% :E}n‘ At 5.4 KC o 5.4 MC Poliée l'eak was Obtalned by Tuning In image at Approx,
Resistor Terninal o Tatermediate L Osetllator 4.5 MC. If 1rpage does not appear, Ltealign at 5.4 MC,
with Trimmer Screw farther out. Recheck Image.
Tune 10
100 OTIM v " Police
L Termina) 5MC Intermediate ?}sl!ncra(m' Antenna Adjust for Maximum Output.
Biziig] Adjust for Maximum Outpul. Check to see if Proper
100 O1TM ANt Bhortwave {';nqk ;-'aé Olbftu}ned byd'l'unln&lu Imago ?‘t fiwrox.
Marbon R 1M e 3 mage does n appear, HRealign at
Resistor Terminal 18.1 MC PEAIGD 184G Oscillator }8.1 MC. with Trimmer Serew farther out. Rechock
mage.
& ’
100 OHM . o Tune to ,\':,l;:‘,::,;"' Adjust for Maximum Output.
Carhon . 16 MC Forsign 16 MC s
Reslstor Terminal » Generator Shortwave Try (0 Increase Output by Rocking the Gang until
R|ignal R.F. Maximum Qutput ts Obtained.
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ALIGNING SUPERHETS

factory service instructions for a receiver

are at hand they should be consuited for

any special alignment insiructions. Such
instructions have been prepared by the eun-
gineers who designed the receiver and they
are familiar with the difficulties connected
with proper operation and alignment of the
receiver.

It must be understood that the underlying
reason for the following data is to furnish
a standard basic alignment procedure that
will apply to most cases.

Fundamentally the most satisfactory se-
quence of alignment counsists of :

1. Preliminary preparations.

2. Peaking the LF.

3. Adjusting the oscillator.

4, Aligning the R.F. stages.

|T should be stated at the outset that if

PRELIMINARY PREPARATIONS

The signal generator to be used, and the
receiver to be auligned, should be turned on
so they can heat up to operating condition.

A study of the circuit, and the location
of the various stages and parts on the chas-
sis, should be made so that it is known
whether the circuit contains A.V.C,, AF.C,
Q.AV.C, etc, and where the trimmer ad-
justment screws for the LF., R.F. and os-
cillator circuits are located.

An important precaution is to be observed
when using an output indicator with sets
having A.V.C. That is, to “kill” the A.V.C.
action. The rcason for this is that the
A.V.C. reduces the sensitivity when the out-
put signal tends to rise on alignment. This
tends to give constant output, and it would
therefore not be possible to tell when cor-
rect adjustment for exact resonance had
been made.

The best method to use for interrupting
the A.V.C. action depends on the arrange-
ment of the particular receiver, hut where
the A.V.C. originates in a diode-triode de-
tector-amplifier, the simplest procedure is
to use a weak signal from the signal genera-
tor so that the A.V.C. action does not take
place.

Another methaod would be to open the
lead which picks off the AV.C. voltage
from the A.V.C. circuit and distributes this
voltage to the controlled tubes. The part of
the lead which goes to the grid circuits
could then be grounded directly to chassis.
This places only the small residuat bias on
the tubes, which raises .he sensitivity of the
recciver to maximum, necessitating a re-
duced signal from: the signal gencrator.
This latter method is of value with 6Q7,
6B6-G, 7C6, GB8. 75, 55, 85, 2B7, 6B7 type
tubes. Bear in mind however, that it is not
possible to disconnect these A V.C. circuits
without affecting the detector and first au-
dio sections appreciably also,

If the receiver has A.F.C, with an
“A F.C-—Manual” switch, just simply turn
the switch to the “Manual” position.

Short out the oscillator of the receiver
before aligning the L.F. stages. Two simple
ways to do this are:

1. Connect a short piece of wire between
the stator and rotor plates.

2. If, as in some special cases, there is
D.C. voltage present across these two
points, it is best to substitute a 0.5-mfd.

282

By ALFRED A. GHIRARDI

capacitor to eliminate the possibility of
shorting out this cireuit and burning out
the oscitlator coil.

Perhaps it is best to use this capacitor in
all cases just to be sure. The capacitor
should be connected between the stator of
the osciltator tuning condenser and ground,

The procedure for performing rouline
service alignment on superheterodyne
receivers has heen explained in so many
signal generator instruction manuals,
manufacturer’'s service bulletins, and
service magazines, that most radio serv-
ice men understand it thoroughly.

However, for the benefit of beginners
in the art of service work, and for those
who Eknow all about how it should be
done, but who have permitted careless
habits to develop in this important work,
Mr. Ghirardi reviews it briefly here.

or between the oscillator tube control grid
and ground.

PEAKING THE I.F.

Since maximum output from the LF. am-
plifier will be obtained when it is adjusted
to the exact frequency applied to it by the
mixer, it is wise to align or peak the tuned
circuits of each I.F. amplifier stage at the
specific I.F. (or several frequencies close
to it) for which the LF. amplifier is de-
signed.

First make sure that all the tubes are
in their proper sockets, all control grid leads
properly connected, and all shiclds properly
n place.

Disconnect the aerial wire from the re-
ceiver. (But if there is a ground wire and
it is usually in use when the set is operating,
leave it connected.)

Connect the shielded output cable from
the signal generator to the receiver, coi-
necting the shield to the ground post of the
receiver or to chassis. (if chassis is ground-
ed), and the inner wire to the control-grid
of the first detector or the mixer tube. This
is the best connection for the LI, alignment
of most receivers. It is well to make this
connection and then put the control grid
clip and tube shield back in place.

Set the signal generator to deliver the
correct intermediate-frequency, and hook up
the output indicator (vacuum-tube-volt-
meter; cathode-ray oscilloscope, etc.). to
receiver output. Adjust the receiver volume
contro! to “full”

Adjust the modulated signal from the
generator to correct frequency and attenua-
tion, until the output indicator reads about
half-scale.

Work on the last LEF. first, i.e, the one
before the detector, and adjust its con-
denisers with an insulated screw driver or
socket wrench. Turn the secondary con-
denser first, till indication is greatest.

If it is found that a transformer won't
peak, check the trimmer condenser. It may

have been screwed down too tight and may
need replacement.

\djust primary trimmer condenser for
greatest deflection. [t will be necessary, as
these adjustments are made. to decrease the
attenuation on the signal generator, to keep
the output indication on the scale.

Check secondary again, after adjusting
primary, for often the adjustment of the
primary changes the adjustment of the sec-
cndary slightly.

Repeat this for the primary condenser to
make sure. Work back, stage Ly stage, to-
ward the first detector. In each case, first
the secondary, thien the primary, tuning con-
denser is adjusted for highest reading on
output indicator.

If the receiver is way out of alignment
it is wise to follow the alignment procedure
twice, in order to make certain that all cir-
cuits are in final correct alignment.

In receivers of the high-fidelity type,
where the LF. resonance curves have a
flat top, exercise care not to cut the side
bands. These transformers are not supposed
to be peaked at any single frequency, but
rather to a band of frequencics, say 4 or 5
kilocycles on each side of the main L.F. fre-
(1}:1e11C)', or in some cases 7.5 kilocycles each
side.

The secondary is tuned to the higher
frequency, and the primary to the lower. As
a final check the signal generator dial should
be rocked back and forth, and a more or
less constant indication, with a slight dip
in the center, should be noted on the output
meter.

An alternative method consists of peak-
ing the transformer and then detuning the
primary below and the secondary ahove,
peak frequency.

In both cases the criterion is that the de-
flection of output indicator should be the
same on each side of the main LF.

ADJUSTING THE OSCILLATOR

Reniove the short-circuiting wire (or the
5-mfd. used to short the oscillator tuning
condenser when peaking the LF. trans-
formers).

If oscillator tracking is to be checked and
adjusted, the output cable oi the signal
generator should be connected to the ~nt
and Gud. posts of the receiver; and all
tubes. shields, and control-grid leads should
be in their proper places.

First set the signal generator frequency to
1400 ke. This frequency is the one at which
the adjustable high-frequency tracking
trimmer of the oscillator 15 commonly ad-
justed so that the ganged oscillator-tunin;g
condenser will track properly with the R. °,
tuning circuit condensers at the high fre-
quencies.

Tune in the 1400 kc. signal on the re-
ceiver. 1{ not heard at the proper setting,
but at some “off” point, sav 1300 ke, adjust
the R.F. tuning circuits to produce maxi-
mum output there.

Then turn the dial to a point nearer
1400 ke. and adjust the oscillator trimmer
for maximum output, following with the
R.F. condensers.

Repeat this alternate process, coming
closer to the 1400 kc. dial division each

(Continued on page 312)
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TENTATIVE LIST OF

home radio sets is the object of a task

being undertaken by the American

Standards Association, on the simplifi-
cation and standardization of radio replace-
ment parts.

The final standards will contain data on
construction, dimensions and performance,
and every effort will be made to make the
parts mechanically interchangeable with
present parts, with the minimum of diffi-
culty.

The simplified standard line of parts
will enable more efficient use of manufac-
turing facilities to be made, as contrasted
to limited production of a large variety
of parts as in the past.

The present tentative list of capacitors,
volume controls, transformers, chokes, and
coils, is presented herewith.

THE assurance of continued operation of

CAPACITORS
A. Dry Electrolytic.

Capacity Rated
Mfd. D-C Voltage
100 25
10-10 b0

20 150
20-20 150
40-40 150

10 450
10-10 460

40 450

Note: Capacitors are to be tubular type in
cardboard container. Dual units to have sepa-
rate sections.

B. Paper.
Capacity Rated
Mfd. D-C Voltage
01 120
.05 120
.1 120
.0001 600
.00025 600
0005 600
001 600
.002. 600
.005 600
.01 600
02 600
.05 600
1 600
26 600

Note: Units to be in tubular eardboard con-
tainers.
VOLUME CONTROLS
A. Untapped Composition Type.

Recaistance Taper
10 M ohms reverse
26 M ohms reverse
260 M ohms audio
6500 M ohms audio
1 Meg. anudio
2 Meg. audio

B. TaPped Composition Type.
Overall Resistance Tapped Resistance

500 M ohms 160 M ohms

1 Meg. 300 M ohms

2 Meg. 15 M and 500 M chms
2.25 Meg. 500 M and 1 Meg.

REPLACEMENT PARTS

C. Wirewound.
Resistance Taper
10,000 ohms linear
Note: Controls to be furnished with fixed Y%
inch steel shaft with .156 inch flat or with fixed
shaft of split, knurled type. Shaft length 31
inch beyond 34-32 bushing, % inch long. Con-
trols to be of ‘“midget” or “junior” type, ap-
proximately 114 inch in diameter. No nuts,
washersy ground terminals or bias resistors are

Volume Control Switches

Single pole, single throw

Double pole, single throw

Single pole, double throw

4 pole, single throw, shorting

Note: Switches to be of adaptable type and
have U.L. rating of not less than 1 amp, 260 v
and 3 amps, 126 v.

RESISTOR TYPE LINE CORDS

to be furnished with controls. 180 ohmsa

All controls to be suitable for use with adapt- 350 ohms
able switches. 600 ohms

TRANSFORMERS AND CHOKES
A. Power Transformers
High Voltage Fil. 1 FiL 2 Rect. Fil.

1. 326-0-326 V at 120 ma 2.6 V at 12.5 amps 2.5 V at 3.6 amps 5V at 8 amps
2. 260-0-260 V at 40 ma 6.3 Vat2amps 2. —_ 6V at2amps
3. 325-275-0-275-325 V at 70 ma 6.3 V at 3.0 amps 2.5Vat9amps 6V at3amps

This transformer to be desirned to deliver 22.5 watts maximum at any time from
Fil. windings 1 and 2.

4. 350-300-0-300-850 V at 120 ma 6.3V at4.7amps 2.5 Vat 3 amps 65 Vat3amps
5. 860-0-850 V at 200 ma 6.3 Vat5.6 amps 2.5V at 6 amps bV at3 amps
B. Filament Transformer

Fil. 1 Fil. 2 Fil. 3 Fi.
1. 2.5/1.6 V st 5.26 amps 2.6V at3 amps 2.6 V at 3 amps 5V at3amps

(This transformer to be used in combination with those listed above, where necessary.)

Note: All transformers to be suitable for use on 50 or 60 cps current. An additional line of trans-
formers similar to those listed except with a more humidity resistant construction for use in.seacoast
areas and Latin America will also be available. These units are to be tapped for 105, 120, 150, 210
and 240 volt operation.

C. Chokes
1. 7.6 Henries. at 200 ma maximum d-¢, 200 ohms resistance.
2. 15.0 Henries. at 120 ma maximum d-c. 350 ohms re-istance.
{1t is felt smaller chokes can best be replaced with the least use of critical materials
through substituting resistors and increasing the size of the filter capacitors.)

[

.. Interstage. D. Audio Transformers

a. 3:1 ratic small transformer with 10 ma d< maximum primary current.

b. Universal with 1:1, 8:1, 6:1 ratios possible. 10 ma d-c maximum primary current. Mounting
space about 2% in, high x 2% in. wide x 2 in. deep, 2% in. mounting center.

. Driver. Universal type with 1:1, 1.5:1 and 2:1 ratios possible, 36 ma d-c maximum primary cur-

rent. Mounting space about 2 in. high x §4 in. wide x 1% in. deep, 2-13/16 in. mounting center.
. Output. (All universal types, tube to voice coil.)

a. 4 watts maximum audio power. 50 ma d-c maximum primary current. Mounting space about
1-16/16 in. high x 2% in. wide x 1-1/16 in. deep. 2500 to 25,000 ohms primary impedance
to 2, 4, 6, 8 and 15 ohm voice coils.

b. 8 watts maximum audio power, 70 ma d-c maximum primary current. Mounting space about
1-9/16 in. high x 2% in. wide x 1% in. deep. 2600 to 13,000 ohms primary impedance to
4. 6, 8 and 156 ohm voice coils.

c. 15 watts maximum audio power, 80 ma d-c maximum primary current. 2500 to 13,000 ohma
primary impedance to 4, 6, 8 and 15 ohm voice coils.

Note: All windings to terminate in 8 inch wire leads excePt voice coil windings, which will have
terminal lugs. Power transforniers to be core and coil construction. Unmiversal mounting brackets
to be available as separate item. Audio transformers and choke to be open channel frame
construction.

=]

REPLACEMENT COILS
A. Antenna and R-F Coils
Compact universal type coils with adjustable iron core and without shield cans to be available.
B. I-F Transformers.
1. 456 ke, cartwheel type, with trimmer
2. 176 ke, standard type in shield, 114 sa. by 2% high
3. 262 ke, standard type in shield, 134 sa. by 234 high
4, 456 ke, standard type in shield, 1% sq. by 214 high
C. Slipover Primaries.
Units with following O.D.’s to be available:
Yo in.: % in.: % in.: 1 in.: 1Y in.
D. Oscillator Coils.
Unshielded adjustable iron core coil with inductance of apbproximately 90 to 220 microhenries
to be availablc. s0 as to be suitable for all i-f frequencies from 176 to 470 k¢ with usual tuning
capacitors.

Trouble in . . .

.. .. PILOT PORTABLE RADIOS

On Pilot portables, the complaint may
be a bad hum. Immediately you think it
is a poor filter condenser because of pro-
nounced hum. On these radios, the aerial
ts attached to the back of radio and con-
nected to chassis by means of a 3-pin plug.
Tighten female prongs on aerial because

RADIO-CRAFT for FEBRUARY,
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hum is due to poor contact causing open
grid on r.f. tube.

aerial lead, others have corroded joints, and
others poorly assembled at factory.

Viro F. DAmoNE, Vito F. DaIbone,

Newark, N. J. Newark, N. J.
cooo BUIFK |940-I?4I CA'RS . . ... RCA MODEL K80
Complaint of intermittent reception,

_In this model if whistling exists on the
high and low frequency end of the dial, try

(Continued on page 309)

static, no reception. Before removing re-
ceiver from car, check built-in aerial above
mirror. Some you will find have shorted
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LENZ' LAW

IN MODERN SPEECH

By FRED SHUNAMAN

Mr. Shunaman started to give a little theory as an introduction to his article
on transformer design, but it was found better to filter the theoretical and
two separate articles. This is the theoretical half.

practical into

possible. Wind a coil of No. 20 or
bigger wire—I12 to ffty turns, the
more the better. A drinking glass is a
good form. Slip it off and bind it in a few
places with string or twisted wire. Attach
the ends to a 1 MA meter (lower-reading,
if you have it). You are now ready to prove
that “If a magnetic field is made to cut an
electrical conductor, a voltage is set up in
that conductor.” This is one of those experi-
ments that always go off according to
Hoxle. Simply shove one pole of the magnet
vigorously into the coil, and you will see
the necdle flick, If it doesn’t move enough
to satisiy you, use more turns of bigger
wire, or use a good magnet next time. See
Fig. 1 for the setup.
While we have our set-up we can note

GET a magnet—a strong bar-magnet if

Fi6.1

When you get the meter reading in the
same <irection, try the compass in the coil
and note that the North end of the needle
is pointing in the opposite direction to that
of the field required to produce a current
flowing the same way.

This explains, among other things, where
we get our current. We know that nothing
is gotten for nothing in this world of con-
servation of energy, but our current seems
to come from nowhere.

Really, when we push the magnet into
the coil, the current set up in it produces
a field which pushes back at us—tries to
shove the magnet back out of the coil. We
have to use more energy to drive our mag-
net into the coil than we would if no current
were flowing ; and it is this energy which is

converted into the electric current that
shows on the meter. i
Knowing these two laws: 1.—Illectric

force is set up in a conductor when cut by
strengthening or weakening magnetic fields,
and 2—When such field sets up current in
a closed loop, the current sets up a second
field which opposes the first—we are rcady
to sce what makes a transformer go.

TRANSFORMERS
A transformer consists of two coils of

counter-currents) which because of the
strong fields due to the iron core. are strong
enough to buck out the impressed line vol-
tage so successfully that little current tlows
in' the coil—only enough to magnetize the
core,

Now let us look at the secondary coil, to
which the meter is connected. This coil also
has 115 turns, and as it is cut by the same
field as coil “Pri” we should expect it to
have the same voliage. In both primary and
secondary there is one volt across each turn.

If we had only 60 turns on the secondary
we would get 60 volts, and if we need a
voltage of 500, all we have to do is to wind
the secondary up to 500 turns,

So far, we have had no current in our

secondary coil (except the negligible
T I BOw.
15v,A.C. HSw
%2
AmP
/’ x APP.
! T
FIG.4 N5 Turns coch

that the strength of the current is varied by
a number of factors: Speed of cutting
(push the magnet in faster); Number of
conductors cut, (use a coil with more
turns) ; Strength of field, (a weaker mag-
net, or same relative motion nearer to and
further from the coil).

Note also that only axial motion of the
magnet (which canses the field to strengthen
and weaken) causes current. Sideways or
circular motion inside the coil has no effect.

So now we know how to make electricity.

We know also that passing a current
through a coil of wire sets up a magnetic
field around it—having played with mag-
nets, doorbells and relays enough to make
no experiment necessary. If any of you
haven't, go out and buy a doorbell and a
dry cell to operate, and you will learn some
things about magnetisim you probably never
got from the texthooks.

Now—someone is bound to ask—if a mag-
netic field sets up a current, and a current
sets up a magnetic field, does the current
set up by the magnetic field set up a second
magnetic field, and how do you tell the two
fields apart?

Exactly this does happen, and it is the
second most important thing in magnetic
induction. A second magnetic held is set up
and this field is always m such’a direction
as to oppose the first field. To prove this,
get a compass and check on the direction
of the magnetic field when the magnet 1s
thrust into the coil.

Now hook up a dry cell and a 2,000-ohm
resistor (to avoid burning out the meter)
in series with the coil and meter as shown
in Fig. 2.
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wir¢ wound on the same iron core, so that
a current passing through one coil sets up a
magnetic field which cuts both coils equally.
The iron core provides an easy path for the
magnetisin, which is at lcast several hun-
dred times as strong as if no iron were there,
and may, in good transformers, be several
thousand times as strong.

Look at Figure 3. C is an iron core cail.
The primary 1s connected across a 115-volt,
60 cycle, A.C. line. For convenience in cal-
culating, we will wind “Pri” with 115 turns
of wire. Since our line is A.C, the current
is changing direction 120 times a second,
and 120 fields, (60 in each direction) are
set up around it in that time. These ficlds
set up counter voltages, (or attempted

i
LN
15v.,A.C. :\ ,,l’ )
e
/" \ )
\ f
FIG.3 115 Turns, each
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amount drawn by the voltmeter). With no
current, the secondary has sct up no mag-
netic held.

Let's hook up a 60-watt lamp in place of
the voltmeter, Fig.4. This time the secondary
draws one-half ampere at 115 volts; and
according to Ohm’s l.aw, has an impedance
of 230 ohms. An ammeter inserted into the
primary would show that it is also drawing
the same current (plus a slight amount lost
heating up the transformer).

This is what is going on: While the
sccondary was open, the magnetic fields set
up as cach half-cycle of A.C. was trying
to force its way through the primary, were
so strong that the counter-voltages or coun-
ter-currents bucking against the line were
great enough to practically prevent flow of
current in the coil.

As soon as current starts to flow in the
secondary, it sets up a field opposite in direc-
tion to the field set up by the current at-
tempting to flow through the primary. This
field weakens the primary field to such an
extent that more current can flow in the
primary. When enough primary current
flows to Luild the magnetic field up far
enough to cancel out the effect of the sec-
ondary field we again have a steady condi-
tion, and no more current flows.

The hecavier the sccondary current, the
stronger the bucking field, and thercfore
the bigger the primary current.

The whole thing is antomatically bal-
anced. A transformer permits just enough
primary to flow to supply the needs of the
secondary, or load circuit. This self-regulat-
ing feature is tremendously valuable, and is

(Continued on page 318)
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*EXPERIMENTERS®

THE SUPER

T.R.F.-

NINE

By RALPH W, MARTIN

Ezxperimentally-minded readers will welcome Mr. Mar-
tin’s latest “Mystery Receiver,” now grown to a nine-
tube set. In presenting this latest version of the set
which caused much controversy in the past, we can
guarantee nothing, except that it may start another

Resonance with zero-beats.

sented as a one-tuber in Radio &
Television last year.

Since that time the writer has ex-
perimented continually with the main ideas
involved, in the hope that some of the
fundamental principles underlying the op-
eration of the circuit would bloom forth
in some semblance of perfection.

After developing the idea to the pres-
ent stage of a nine-tube set, full success is
still a little way around the corner be-
cause a thoroughly efficient oscillator-mixer
tube has not yet been found.

In the present nine-tuber, as shown by
the diagram, practically all of the former
obstacles that hindered the development of
both the R.F. and A.F. amplifiers have been
overcome. With two 6K7s in the R.F. por-
tion and a well developed A.F. amplifier,
there is no lack of amplification. There is
alsoc no reason why other types of A.F.
amplifiers should not serve as well.

The fly in the ointment is the oscillator-
mixer tube, for to date, no tube has been
found that will furnish a sufficiently high
enough oscillator current that will fully
orthodyne (oscillator frequency same as
R.F. frequency), with the incoming sig-
nal, and at the same time furnish the high

THE Super TRF Circuit was first pre-

flood of “Mystery Receiver Correspondence.”

selectivity which the theory of the circuit
promises,

However, in case any experimenter should
become interested in this circuit in a prac-
tical way, we furnish some construction
information, and a list of parts,

Coils A and B are Miller 242-RF coils.
Coil C is also a Miller 242-RF but altered
so as to act as an oscillator coil. To do so,
first disconnect the primary coil which is
wound on a bobbin placed within the coil
form. Next, make a cylindrical sleeve of
stiff paper which will just fit over the
secondary. Upon this sleeve, and in the
center of the secondary, wind a solenoid
consisting of 52 turns of No. 28 enameled
wire. The wire must be wound in a right
hand helix and be perfectly spooled, with
no spacing. The leads should then be con-
nected to the “P” and *“B” soldering lugs
of the coil form.

All coils should be shielded in cans—even
tomato cans can be used.

THE TUNING SYSTEM

The response curve produced By the first
stage of tuning is bound to be quite flat,
Such a response curve is shown in Fig. 1
by the full line AOB. It is not drawn to
scale nor intended to show the actual shape

Schematic circuit of the super T.R.F.-Nine.

of the curve; but to illustrate what fol-
lows :—

Fig.l represents a tuning dial in which
the dial is fixed and the index hand is at-
tached to the shaft of the tuning con-
denser.

The action may be traced as follows:

When the station under consideration is
accurately tuned-in, the index hand will
be placed in coincidence with the line
marked “resonance”. At this position, both
tuning circuits will be tuned to the same
frequency—the signal and the oscillator cur-
rent will be in phase, and will be added
together arithmetically, and produce a zero-
beg.t current in the 6K7 oscillator-mixer
tube.

We will now consider what happens as
the station is slowly tuned out in a clock-
wise direction. It will be found that when
the index hand is moved back and forth
through a small arc, marked “T" on Fig. 1,
the volume of the output will not be af-
fected until the hand immediately passes
a point marked “H” on the illustration.

Let us first learn what is happening dur-
ing the movement of the hand through the
arc “T”. As this arc is very small and is
close to the point of resonance, the fre-

(Continued on page 318)

SIGANOEORS

S6KT
0SCipLafoa-MIxER

—Z
/ey7
7 DETECTOR

CLASS B-PUSH-PULL
INPUT TRANSFORMER

SUPER TRF-NINE

250V,

RADIO-CRAFT for

FEBRUARY,

1943

285



*EXPERIMENTERS®

A REAL
'PHONO OSCILLATOR

HIS phonograph oscillator was de-
signed with two thoughts in mind, and
equal consideration was given (1) im-
proving on previous designs, and (2)
compacting the design as much as possible,
In improving the design, a real effort was

25Z6GT

Compact arrangement of the high-powersd phono
oscillator. The connecting jacks are on the side. Note
that the arrow indicates Qrid lead, not grid leak.

made toward gaining most satisfactory
performance.

RIPPLE MODULATION

Noticeable in many designs now on the
market is a considerable ripple modulation
which spoils record reproduction for the
discriminating listener. Since this phono-
graph oscillator is designed to operate on
alternating current (available in the ma-
jority of homes) as well as on direct
current, the plate supply should be obtained
from a full-wave rectifier. This is impera-
tive in the case of phonograph reproduc-
tion in the 25 cycle districts for the ordinary
half-wave supply is useless there,

Ordinarily, a full-wave rectifier means a
power transformer with a center-tapped
secondary; but remembering that the oscil-
lator is to be as compact as possible, some
substitute for a transformer must be
found.

Transformers are expensive, and difficult
to obtair nowadays but a satisfactory sub-
stitute for a center-tapped secondary is a
center-tapped resistor (or two resistors of
the same value in series). This readily
yields the midpoint of the alternating cur-
rent supply. Two 3,000-ohm, l-watt resis-
tors are used.

Two considerations were balanced against
each other in determining the proper value
of these resistors. The resistance should be
the maximum value (in order to keep down
wattage requirements, and hence size)
which is compatible with the allowable volt-
age drop which will be caused by the os-
cillator plate current flowing through these

286

By F. E. MARSH

resistors to the rectifier plates. A simple
computation will give the wattage require-
ment:

E:
W=—
R
(110)" 12,100
Power Loss = — = ——— = 2 watts
6,000 6,000

Two 1-watt resistors in series will suc-
cessfully dissipate this small loss.

The plate current of the 6K7GT oscilla-
tor is approximately two milliamperes. This
will cause a drop of :

E = IR
Drop = .002 X 3,000 = 6 volts
The output voltage of this rectifier when
opcrated on A.C. will be approximately

110
T X V2 = 78 volts full-wave. When

operated on D.C,, the output voltage will be
about 55 volts. This is more than ample,
since the 0K7GT operates efficiently with
only 30 volts on the plate.

The 6K7GT is used as a suppressor-grid-
modulated oscillator. Cathode regeneration
is employed. This allows the use of a sin-
gle-winding coil (1.1), home built, consist-
ing of 85 turns of #32 enameled wire, close-
wound on a 1” diameter tube. This coil is
tapped at 20 turns for the cathode; a trim-
mer condenser, 75 to 350 mmf{d., is shunted
across the coil, and can be varied to produce
oscillations over most of the broadcast band.
This wide range should include at least one
“quiet spot” in any locality.

The “tank coil” of the oscillator (T1), is
untuned ; it consists of a simple 80 millihenry
R.F. choke. Coupling to the receiver is ef-
fected by a 10 turn secondary of #30 sin-
gle silk covered wire wound on the choke,

.effective than dcpcndinlg

The two leads from this secondary go to
the output jacks, which are connected to
the receiver antenna and ground con-
nections respectively, This is generally more
on the radiations
from a short length of wire connected to
one of these output jacks.

The plate voltage to the oscillator is ad-
justed by means of a potentiometer volume
control, R,, to 30 volts ; if no high-resistance
voltmeter is available to check this, the con-
trol may be set at its midpoint. The plate
voltage is not critical, but it should be kept
at the minimum value compatible with good
reproduction in order to keep down radia-
tion of interfering oscillations.

The other potentiometer volume control,
R, connected to the suppressor grid varies
the percentage modulation. This control
likewise should be set at the minimum posi-
tion which gives good volume. Too high a
modulation voltage applied to the suppres-
sor-grid will result in a distorted signal.

GENERAL CONSTRUCTION NOTES

The heater resistor, Rs, is most con-
veniently incorporated in the line cord.

A midget choke of about 7 henries induc-
tance is used in the power supply filter. A
resistor could be used to save a small
amount of space; but this would result in
considerable hum, defeating one of the
prime considerations of the design.

Obviously, minor variations may be sub-
stituted without affecting the operation of
the circuit. For instance, other sizes of wire,
or insulation types may be substituted if
the kinds specified are not available.

OSCILLATOR
The oscillator circuit is a standard one,
and has been published before. However, the
builder of this phonograph oscillator will be
rewarded with superior record reproduction
(Continued on page 3018
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®TEST INSTRUMENTS®

A SIMPLIFIED

ELECTRONIC

VOLTMETER

By HAROLD DAVIS
PART II

duced to the radio service industry on

a large scale by means of the signal

tracers, most of which incorporate
such an instrument. Unlike the vacuum tuhe
voltmeters used previously, the electronic
meter does draw a small amount of current
from the circuit, and is not free from fre-
quency discrimination. In fact, the more
popular instruments are for D.C. measure-
ments only, and it is for this purpose that
the servicemen need it most. The amount
of current drawn is negligible, even when
measuring bias cells.

Fortunately, the D.C. meters will read
signals in the audio end of the radio. These
signals are not alternating but instead they
are pulsating. The detector has rectified
them and all they need is a little filtering

THE clectroni¢ voltmeter was intro-

2000
{aLIBaATOR
100,000

||l.4

Circuit diagram of the simplified electronic volt-
meter. The switch shown near the tube is not
gecessary; but the switch shown on the top tap
{No. 4} is. (t con be moved from this tap to
Nos. 3, 2 and |, as described in the text.

before they are fed to the electronic meter.
This filtering is taken care of automatically
in the one meg resistor used in the probe
tip of the test lead to isolate the instrument
from the signal source to prevent interfer-
ence with the operation of the circuit under
test.

The instrument shown here differs from
most of the electronic meters on the mar-
ket in that it is battery-operated and per-
mits full-scale reading. The battery opera-
tion offers several advantages. To begin
with only a small amount of plate voltage
(45 volts) is required, and with the small
45-volt packs available in some localities,
the size of the instrument does not have to
be increased to incorporate battery space.
Battery operation offers stability not ob-
tainable with any type of line-operated
meters. And because voltage regulation
has a direct relation to calibration, this is
highly important.

However, the deciding factor in design-
ing the instrument for battery operation is
to permit the use of the left-hand zero po-
sition instead of the zero center, which in
turn gives more than twice the scale length.

The reason a left-hand zero cannot be
used with a line-operated meter without
a complicated circuit is because when the
test prods are reversed (to read grid and
AV.C. voltages) the ground of the instri-
ment is tied to the grid or the A.V.C. net-
work, thereby short-circuiting it through

RADIOC.CRAFT FEBRUARY,
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the mutual line connection. Also lium and
other interference is caused when grid cir-
cuits are contacted.

With the battery-operated meter, the
leads may be switched at will without caus-
ing any interference. A polarity reversing
switch has been incorporated to speed up
this operation. As an isolating resistor of
one megohm is built into one of the test
prods, the use of this switch keeps the iso-
lating lead contacting the potential, whether
it is positive or pegative.

This is unportant because when contact-
ing a diode, for instance, an ordinary test
lead will detune the circuit badly, even
though the other end is not connected to
anything. However, ii the isolating resistor
is used, and the hand grips the probe behind
the resistor, no detuning will occur.

The circuit shown in the diagram is al-
most self-explanatory and if followed
closely will require no tinkering. It is a

bridge type, with the 15,000-chm resistor |

and the 15,000-ohm control which is the
“zero” sct, forming one leg, and the resist-
ance of the tube the other. The 2000-ohm
calibrating _control forms the third leg,
while the 5000 resistor in scries with the
filament and ground the fourth.

Incidentally, this resistor does the
work as a cathode bias resistor does. The
plate current flows through it, forming a
bias voltage. This circuit is unusual and
eliminates the necessity of biasing the tube
with batteries. \When a voltage is applied
to the grid, the tube resistance is changed,
upsetting the bridge and permitting the
current to {low through the meter.

The voltage divider totals ten megohms.
Any size can be used, but this value is very
satisfactory. The meter rcads fuil scale,
when a potential of three volts is applied
through the one meg isolating resistor in
the test probe. The input voltage is always
applied across the multiplier, which drops
the voltage applied to three volts or less
Lefore it reaches the tube grid. The tube
pulls no current and the size of the re-
sistors can be calculated using Ohm's Law,
without the tube being given consideration.

For example, to read 15 volts on the
meter, 12 volts must be dropped across the
first tap on the divider. To find the size of
this tap, the total current that flows through
the 10 megs when a potential of 15 volts is
applied, must be known ; that is:

E 15
I = — = ———nu =0.0000015 amp.

R 10,000,000
with leads shorted, and a full-scale reading
obtained when the voltage is applicd.

Sometimes the meters will have a ten-
dency to read “up” when no voltage is ap-
plied. This is especially true when poorly
insulated test leads are used. If good leads
are used and such trouble develops, see that
the grid leads are not close to or touching
other _wires, especially plate supply leads.
It should also not touch the chassis.

I'f the other scales do not track, the mul-
tiplier resistors are not correct, and their
values shouki he checked carefully, with
a very good ohmmeter.
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*TEST INSTRUMENTS-

USING THE
OLD METER

By JOHN R. KEARNEY

To many servicemen the data presented here may be nothing new. On the
other hand to those who never bothered to figure an ohmmeter circuit,

about using the old bean, meaning
the mtelligence, but we are going o
be different and get off some re-
marks on the metering situation. These days
it is not strange, perhaps one might say it
is even common, to find that the old Jewell
or Weston is being dusted off and put back
in service. There are plenty of these old

800

MOST articles have something to say

10000

meters around that are almost as good as
the day they were put up there on the shelf
and forgotten.

Take for example the (-1 milliammeter
that has no ohmns scale on it. It is possible
to open the meter up, and put a special scale
on it, using India ink for the purpose. But
in general the preferred course to follow is
to use a separate calibration chart. This will

give greater accuracy, due to its large size,
and to the fact that the meter movement will
not have been disturbed, nor any dust or
stray particles gotten into the movement to
Cause Crror.

FIRST STEPS

In many cases the internal resistance of
the meter is not known; vet it must be
known in order to set up the calibration
chart. Under such conditions the resistance
must be found experimentally.

As most 0-1 ma. meters have a resistance
between 20 and 200 ohms, we can use the
circuit shown in Fig. 1. The first step in

90,000 Es 90w
_’W‘AM_l
e I|'|J+

using the circuit is to close Sy and adjust
R; for full-scale dcflection on the meter
Then, S, is opened and the meter is adjusted
for half-scale deflection by means of R

The currents in the meter and in the rheo

2C8

the information may be useful

stat are then the sanmie, and the reststances
are the same. R, is then measured with a
ohmmeter, switch S, being opened. lf
R, is a calibrated rheostat of the laboratory
type, the resistance can be read off the cali-
bration scale directly.

Let’s assume that the resistance of the
meter has been established as 100 ohms.
How can we use it as an ochmmeter ? From
Fig. 2 we see that the current that flows in
the circuit will be equal to

E

(Ri + R: + Rs 4+ Rx)

If we assume that E is a L5 volt cell
which measures exactly 1.5 volts, the total
circuit resistance will be

(Ri + R: + Ry + Rx)
= (400 4+ 1000 4 100 + Rx)
= (1500 + Rx) ohms

1.5
I (current through the = ——m8 —
meter in amperes) (1500 + Rx)
And solving for Rx:
1.5
Rx - I_ - — (1500)
To make I read in milliamperes, we have:
(1.5) (1000)
R. — - (1500)
(Ma.)
1500
= — - (1500)
Ma
From this we obtain the general formula:
(E) (1000)

- (Ri + R+ Ra 4+ Rx)

Ny —
Ma.

We can calculate a number of current
values and then draw a graph of the rela-
tionship, obtaining intermediate values in
this way. Let’s start by assuming a current
of near maximum value, 9 ma. We then
have:

1500

15000

9 9

and 1665 — 1500 = 165 ohms for the lowest
value,

1665 ohms

The lowest current is, let’s say, .1 ma.
Then,
1500
—— = 15000 ohms
ol
15000 - 1500 = 13,500 ohms which gives us

the higher limit.

EXTENDED RANGES

Ii we wished to extend the range, we
could use an additional battery as shown in
Fig. 3. The formula would be worked out
as in the previous example, giving :

91,500
Ma,

Rx = - 91,500

RADIO-CRAFT

Assuming a current of .1 ma. we would
have 823,500 ohins for Rx.

If we obtained 300 voits from a power
supply, as shown in Fig. 4, the ohmmeter
range would be extended to 2 713,500 ohms.

1f the meter on hand happens to be an

B+ . woaoon.
POWER e— 300w,
ToAac
LINE

L__i'@%

0-500 volts type of 1000 ohms per volt rat-
ing, or full scale current of 1 ma., the cir-
cuit of Fig. 5 can be used to make it serve
as an ohmmeter for reading high re-
sistances. If the meter has a current scale on
it, the current in milliamperes can be divid-
ed into 300,000, and 500,000 can be sub-

T
Vo 9

TO A.C.
LINE R

- !

tracted,' being respectively the source volt-
age times 1,000, and, the meter resistance.

Another method is to check the supply
voltage, getting V.. Rx is then inserted,
giving a rcading V. The difference is \a
and this difference voltage divided by V.
and muttiplied by the -meter resistance
(500,000 ohms in this case) gives the value
of Rx. If V2 is 50 volts, the current will be
.1 ma. ang the value of Rx is 2.5 megohms.

LOW RESISTANCE OHMMETERS
In Fig. 6 a circuit is shown for the

=]

ST

TO MEASURE
LOW RESISTANCE R
X

measurement of low resistances. When Rx
is present it is in series with the meter.
Since Rs is 10 ohms and is 1/10th the resis-
tance value of the meter, ten times as much
current will go through the shunt as through
the meter when Rx is zero. For other values
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tinuously on the lookout for men who have had training in
radio. Scores of war industries require radio men in various
capacities throughout the country. There now is and there

School Directo

TO OUR READERS

e/

will be a great shortage of radio men for years to come.
NOW IS THE TIME TO TAKE UP RADIO.

The leading radie schools listed in these pages are training

thousands of men in all branches of radio. We suggest
that you read their advertisements carefully.

e TODAY

15 the time to turn your
RADIO JOB 7110 a
SECURE POSITION!

Do You Want s BETTER JOB?—A Secure
Future? NOW is the time to prepare your-
self for a lasting, profitable Career
in Radio Engineering!

Don't fool yourself! The good jobs—the per-
manent positions in radio don't come easy.
The jobs that come easy, are not easy to
hold. The sure way to success is to build
your future on a sound foundation of
knowledge and ability . . . and the ability
that you develop now is your assurance of a
steady, sure income and a permanent job
that will outlast the temporary employment
conditions that exist today. Dividends for
increased ability have never been so cer-
tain, as the radio and electronics industries
look to the future.

CREI technical training is designed to do
just one thing—to increase your ability, en-
abling you to hold the more responsible po-
sitions which lead to higher salaries. Hun.
dreds of CREI students have accomplished
this through the help of CREI training—
just as many more hundreds will do in the
future!

e WRITE FOR FREE 32-PAGE BOOKLET

If you have had professional

or amateur radio experience
and want to make more money
—let us prove to you we have
something you need to qualify
for a better radio job. T'o help
us intelligently answer your
inquiry—please state briefly
your background of experience.
education and present position.

CRE! Students and Graduates —
ATTENTION!

The CRE! Placemant Bureau Is flooded with re-
quests for CREI! trained radiomen. Employers In
all branches of radio want trained men. Your gov-
eofament wants every man to perform his lob, or be
placed in a Job, that will allow him to work at
maximum proguetivity, If you ars or will be In
need of re-embloyment write Your CREI Placement
Bureau at once.

CAPITOL RADIO
ENGINEERING INSTITUTE

Home Study Courses in Practical Radio
Engineering for Professional Self-lmprovement
Dept. RC-2, 3224-16th Street, N.W.
WASHINGTON, D. C.

Centractors to the U, S. Slgnal Corps—U, S, Coast Guard
Preducers of Weli- tralned Technical Radlomen for Industry

PRE-MILITARY TRAININ
for MEN of MILITARY AGE

CIVILIAN TRAINING
E
!:;erEgNC::‘eder?%bﬁaﬂo
Complete Course up to 8 Months
Write, Phone or Call 9 a.m.-9:30 p.m.

METROPOLITAN “scion
SCHODL
RADIO DIVISION DEPT. R

7 CENTRAL PARK WEST, N.Y.
Cirale 7-2515 Licensed by State of N.Y

Corm'ng !/ R NEW WORLD

of RADIO and TELEVISION
What Part Will You Play In It?

(An Opportunity for Men and Women
of All Ages)

War has nceelomed the pace of development In
ﬁ'ndln and Televisi . has opened up unheard-of
fields of onporlunlty for mon trained for tomofrow's
Now Radio and Television careers.

® Hers, at Radio and Television Institute, far-
sighted men are working together to supply the
demand for radio television experts who will be
needed to occupy key positions in & new world.

®  What about You? Will you invest a smail portion
of your present urnlncs—l few hours of Your time
it a sound future train under experts who
have Kept pace with every modern daveloPment in
Radio and Television?

CAII or wrlla today! Let us pm- to
a career may

that you
'm\ a little offort and oxnort uuld
ance.

TRAIN AT

RADIO-TELEVISION INSTITUTE

Grand Central Palace Building
45th and Lexington Avenue New York City

wLicensed by the State of N. Y.

-Airlines Need

MEN—WOMEN

as Communication Experts

TRAIN IN
FEW WEEKS

Become part of today’s most exciting pro-
fession. with a future that’s unlimited.
Thousands_are needed as communications
operators by airlines. railroads. Private in-
dustry. Preparc now for a better job with
big_pay.

This work is easy to learn. fascinating.
and vital to the nation's war effort.

LEARNTO EARN
$30-$40-$50 Per Week

At an imbortant communications post
you'll be helping America, and Retting good
pay while doing it. For, if you start your
training now, you'll be ready in 10 to 12
wecks to step into this fascinating, big-
pay field.

Take advantage of this opportunity now.
Write today for full details and low cost
tuition. Send a card or letter to . . . .

ectronic Ihdlo-Telezvmon Institute

Desk
2055 Harney St., Omaha, Nebraska

Woros withWwes

Day and night, while humanity toils
and sleeps, the voice of aviation
sends its words winging through
space—~always vigilant in that effi-
cient work of communications
which means so much to theaircraft
of war or peace. Thanks to the fore-
sight of Frank Melville, the school
that bears his name is now a de-
pendable source of training for men
and women in radio communica-
tions for aviation —now more im-
portant to the safety and progress
of America than ever before!

MELVILLE

AERONAUTICAL RADIO SCHOOL, INC.

45 West 45th Street New York City

Training Men for Radio in the Service of

AIRLINES-ARMY-NAVY-MERCHANT MARINE-
COAST GUARD-INDUSTRY

/” PRE-INDUCTION
" RADIO COURSES

A
" FOR CIVILIANS AND THOSE ENTERING
MILITARY SERVICE
NEW CLASSES NOW STARTING
® RADIO OPERATING CODE l

RADIO SERVICING
New York Y.M.C.A. Schools

4 W. S4th Strest New York City,

— RADIO
COMMUNICATION COURSES

STUDY RADtO BEF
BEING CALLED TO ACTIVE SEIVIC!
Our graduates are now n:t-vtly engaged as radio
operators or instructors in
U.S. SIGNAL CORPS @ U.S. AIR FORCES
U.S. NAVY [ ] U.8. COAST GUAROS
tnstruction by Federally ticensed instructors

AIEIIG!H RADIO INS'IIVI'I.ITE

ll EAST 23 YORK CITY

RADI0 TECHNOLOGY

RCA Insmuto offers an intensive 1wo-Year
course high stanhdard embracing all Dhases
of Bldln and Television. Practical trsining
iwith modern eguipment, Also shorter spe-
clalized courses Commercial Radlo Operat:
ing, Radio and Television BServicing, and
Avistion Communications, For Free Catslog
write Dept. RC-43.

RCA INSTITUTES, Inc.

A Radio Corporation of America Serviu
75 VARICK STREET EW YORK

N. Y. TECH

Courses for Men snd Women,
Drafting. Shop Math,
RADI

Eloctrical. Weldina.
Heating, DI Burner
Service. Refrigeration.
Alr-Conditloning.
108 Fifth Avenue
Corner 16 St., N, Y,
CHelsea 2-6330

MASTER

COURSE
RADID COMMUNICATION

Fits you for a job, advancement or license
examination. Course hy A. R. Nilson for home
study covers same scope as resident school course.
Every Nilson graduate to date has commercial
license. or a good radio job.

FREE circular 3-C glves

full information. Write today.
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THE TRIPLETT ELECTRICAL INSTRUMENT CO.

A WORD-ABOUT DELIVERIES

Naturally deliveries are subject to necessary priority
regulations. We urge prompt filing of orders for deliv-
ery as may be consistent with America's War effort.
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D.C.VCLTS

A Glimpse into the Future

Outof the needsof war; out of tripled
production lines and twentv-four
hour days; out of the drive for “‘bet.
ter performance urtder spectacular
stress and vibration,' comes Triplett
precision instruments in volumes
i - impossible by now outmoded peace-
FREQUENCY i .
€rCUes rem a1 Come time methods. Today our country’s
R i r \ ) needs come first—Tomorrow when
; America again takes up peacetime
pursuits, the values of these experi-
ences will be apparent, in savings,
inperformance, in technical superior-
itybeyond theconceptsofyesterday.

BLUFFTON, OHIO » » » »
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Don't buy a “pig in a poke!’

BON,T BE MISI.ED... Compare Before You Buy!

' No matter what kind of Radio Train-

ing you may be offered—see it before vou buy it—compare it with

what Ghirardi brings you

for only $5! See for yourself how his

RADIO PHYSICS COURSE volume tops other books and courses
to an amazing extent that is instantly obvious upon comparison.

be the judge—and we
Back Guarantee!

You
back your judgment with our 5-day Money-

The Nation’s Most Widely Used Basic Radio Training Book

Here, in & single, big 972-page volume. is & mir-
acle of modern radio training—sold at only a
small fraction of the price you might expect to
pay for such thorough, top-notch radio instruc-
tion

MORE TRAINING FOR YOUR MONEY

Everything that ean be done to make learning
radio EASY for you at home in your spare time
has been done in this widely acclaimed bouk-
right down to 8h6 self-testing review questions
which help you check yeur uwn progress every
step of the way.

There Is no guesswork when you buy Ghlrardl's fannus

RADIO I'HNYSICS COURSE. You know you'll get com-

plete Htadio Trulning—aml get it right BECALUS ils
[

wame inespensice book has given more pevple their basle
radio training than any other ever publighed. What's niore
1his book is used in more U. S. Army Signal Corps. Navy
and civilian sehools and colleges than any other, Would
you wunt any better proof than this?

EASILY WORTH §50 IF YOU BOUGHT
IT AS A COMPLETE COURSE

In short. It Is a book that has earned Qts way to
adoption aé the lext in the most tmportant radlo I
struction courses in the couniry today-—on lIis ewn SHEER
WERIT! That is why It s just the hook to pave your way
te better pay, and Interesting work 11 any of ladio’s
many branches from radio serriciug to Aviation, Milltary,
Rroadeasting. Manufacturing. Flectronics, t'ublic Address
and varivus nthers

$ADIO 1*IIYVSICR COURSE starts
It takes no

edge ol electricity, withoul whieh no radio tralniog could

noasibly be  understandable.

Such featnres ure

hlghly

important. They are the reasons why thousands of elvilians

and men studying radie ln the armed (urced Feport

that

Ghirardi’s RADIO 1'HYSICS COUKSE has made the study

of radio easier, more intevesting.

aund more genuinely

helpful 10 themn than any other radio bouk or course they

have seen or used.

36 COURSES IN ONE

Actually, the volumo gives you the scope of 38 diferant

courses in one—packed
hook  with 508 clear

review questionis
$5——and

Into an easy-1o-lollow 972-pace
Iustratlons snd 856 self-testing
HKest of all, you buy lw complete for only
even then. you take not the sltghtest chance. All

we ask i3 that you judge it for tive Jays. Then. if you
don't ugree fully und comnletely that it is the courve for
you. your mome¥ will be cheerfully refunded, You cannot

0S¢

Going with the Army or Navy?

DON’'T GUESS...Ask the Men Who Know!

¢er scen such a weilth of
vne volume. sy

ary to by a compiete
et which v hook

cr.”” AL G. Hodysof,

am instructoey
of this school.

VANt IsALT:S lave ndonted the
virardi's { SE by Ghiranl
D. Ph 1 refersiice textbnok

08 Copies  of

Qutline ¢ alsa been sent 1o ot
schools 1he request of the U
Departmant of Fidacation. In my ol
lon. the radle  students taklng this
ecourse could not fiud anything to «qual
your RADIO PHUYSICS COURSE book in
s complete mastery of Radio.

E. ir.
Radio Instructor, Winchester, Ky,
h‘ think RATHO PHYSICS COURSFE |
e \ [;

TR t wrl

the 1 rary effort

pen'l Knnw  u
lgarn frum this
u. 5 Army,

oo

tion E. S
wWashington. D. C

OTHER BOOKS BY RADIO'S BEST-
KNOWN TECHNICAL AUTHOR

MODERN RADIO SERVICING by Ghirardi 1s the onl)
singlp book that covers modern Radio testlnk Instruments
trouhleshuoting and tepair procedure coumletely. It s
ceanplote. 1300-puge home-study course un the entire art of
radio malftenance and repsir, 705 Hlustrations, 720 Teview
questions. Only §6 comnlete. Write for FREE folder.

Ghiranii RADIO TROUBLESHOOTER'S MANUAL is
the book for busy servicemen—the kind that pays for
iteell on lllge st ,‘l|ob Contains nl'.ur 4 d' ir non trouble
syinptam or peopular receive! plus hundreds of pages of
ALFRED A, UK alignment 'peaks.” charts, tables. tips. and data lo
[ icetten do almost every tepair job auleker and

GHIRARD) b Qnly §5 romplete, Write for FREE Jllustrated folder.

right at the beginning.
previous
granted. It assumes nothing and ex
plains everything. What other bouks
atd courses skim over,
ingly explains in derail so thal you
canuot fail to understamd. Also. Ikt you
rontains ovet 300 pages dovoled to

the all essentisl

Think what a knowledge of Ra
dio might mean to you in the
Army or Navy—betler pay. more
Interesting duty onportunities for
faster adrancement! Now, before
join up” i3 the time tu start
etting this knowledge, and the
mace to stars s with Chirardis
RADIO PIYSICS COURSB!

DAY FREE TRIAL

technical knowledge for

it painstak-

foundation knowl

5.

Rush free descriptive literature

RADIO AND TECHNICAL PUBLISHING CO., Dept. RC23, :
45 Astor Place, New York, N. Y. 1
[ ]

Rush me your RADIO PHYSICS COURSE. [ $5 enclosed. | Send ]
C. 0. D. In either case. if T am not fully satisfied. | may return the book []
within 5 days of receipt and receive my money back. 1
1

1
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the current division will be proportional to
the ratio of the branch circuit resistances.
The meter branch will be made up of Rx
plus the meter resistance. The simplest way
of calibrating the circuit is to insert known
values of Rx by using a calibrated rheo-
stat, and drawing a graph. From the graph
intermediate values can then be obtained.

Another method is to assume different
values of Rx and then to calculate the
meter current, remembering that the cur-
rent I divides inversely as the resistances
in the hranches. Thus, if the meter branch
is 10 times the shunt branch, the meter
current will be 1/10th that of the shunt
current.

Another form of low resistance chmmeter
is shown in Fig. 7. However, this type takes

-

too much current as a general rule and is
not very widely used for that reason. Let's
assume that the 0-1 ma. meter is to read
0-10 ma. Then 9 ma. must go through the
shunt and obviously the voltage across the
shunt will be the same as the voltage across
the meter terminals. The meter voltage at
full scale we know will be 100 ohms times
001 ampere or .1 volt. As this is the shunt

*TEST INSTRUMENTS®

voltage, we have: .1 volt/.009 ampere which
gives 11.1 ohms for the shunt resistance. We
now multiply the current readings by 10
for we have an (-10 milliammeter.

Now, for full scale current of 10 ma.,
using the 1.5 volt battery, we want a resis-
tance of (1.5-.1) or 1.4 and 1.4/.01 which
is 140 ohms. Therefore, R, could be 40
ohms and Rz 100 ohms. The net shunt re-
sistance, or equivalent resistance of the
meter, is 100 x 11.11 divided by the sum of

11.11 and 100, equal to .9 ohin. The total

series resistance is then 140 plus 9 or 140.9
ohms and the value of Rx for a 100 ohm
0-1 ma. instrument is given in Fig. 7 for the
different values of current. Remember that
the meter is reading 0-10 and the scale
values are multiplied by 10 to get each
current value, The resistance values are ab-
tained right from the formula for the dif-
ferent current values.

MILLIAMMETERS

Milliammeters of different range can be
built up from the fundamental range as
illustrated in the above ohmmeter example.
But to make it clearer, refer to Fig. 8 The
terminal voltage of the meter at normal full-
scale deflection and current, divided by the
extra current the circuit is to handle gives
the shunt value. If the circuit is to measure
100 ma., the difference current in the shunt
is 100-1 or 99 ma. Then, .099 into the ter-
minal voltage gives the required value of
shunt resistance.

The value of resistance necessary in series
with the meter to make it read as a volt-
meter is given in Fig. 9. Usually the meter

resistance will be small so that it can be
disregarded and the required reststance will
be simply the voltage E divided by the cur-
rent. If I is in ma. the voltage must be mul-
tiplied by 1000 or the current divided by
1000 in using the formula.

The voltage divider system, shown in
Fig. 10, is treated as a series-parallel net-
work. For any given value of R: the meter
circuit will have a net resistance of
(R:x Ry) divided by R plus Rm. The
voltage across the meter subtracted from
the source voltage E, gives the drop across

Rg
Ry .
o
O

Rs. If R, is 1/10th Rm the current in Ra
will be 10 times the current in Rm and the
opposite holds if the resistances are oppo-
site in ratio. Knowing the series current and
drop across Ri, we divide the current into
the drop and get the value of R..

To many servicemen the material pre-
sented may be nothing new, while to others
who never bothered to figure an ohmmeter
circuit the data will be new. But to each-it
may have some interest and serve as in-
spiration to dust off some of the forgotten
gear,

WARTIME TUBE
REPLACEMENTS

(Continued from page 279)

FILAMENT VOLTAGES IN A. C. SETS

In A. C. sets where filaments are fed off
a windiag on the transformer, less flexibility
is enjoyed. Of course, a 2.5-volt tube could
be used by installing a dropping resistor,
calculated by Ohm's Law, using the dif-
ference between 6.3 and 2.5, or 3.8 for E,
and the current rating of the 2.5 volt tube
for I. The wattage of the resistor is impor-
tant, because some tubes will require rather
high wattage resistors. Some of the 2.5-volt
tubes dr: v as much as 2.5 amperes. Such
a tube would require a 25-watt resistor, and
of course, the transformer would have to be
capable of delivering this extra wattage.

One suggestion is to use high-voltage
tubes and instail a dropping resistor directly
off the 117-volt line. Old A.C.-D.C. line-
cords are excellent for making filament
voltage-dropping resistors. They will handle
approximately 25 watts or more depending
on the ventilation. The resistance wire is
wrapped on an asbestos base and may be
cut off to required length. There are two
general types, 30-ohms per foot, and 60-
ohms per foot. These old cords shouid nev-
er be thrown away, as they are generally
simply broken in one place and the unbroken
portions are perfectly good.

GOING A STEP FARTHER

It is not out of the question to use bat-
tery type tuhes in A.C. or A.C.-D.C. sets.
In the latter, most circuits use a simple half-
wave rectifier with the plates and cathodes
of the rectifier tied together. If the cathodes
are separated, one can be used to supply the
plate voltage and the other to supply the
filament voltage for the battery type tubes.
Fig. 4 shows the arrangenient. The value
of R1 is calculated the same way a line cord
is, and all the battery tubes should be placed

RADIO-CRAFT for FEBRUARY,

in series, and must draw the same current
if used in series; or a parallel resistor used
on the low current tubes to lalance the
network as explained previously for A.C.-
D.C. sets.

The size of the resistor R1 of Fig. 4 neces-
sary to drop the filament voltage, should be
above 2,000 ohms, and it would be wise to
start with plenty of resistance and cut it
down gradually, measuring the drop across
onc of the filaments with a high resistance
volt meter. Most of us know from painful
experience that these little fellows do not
take any foolishness. Just thinking excessive
filament voltage will blow some of them.

TUNED RADIO FREQUENCY SETS

The modern T.R.F. is simplicity itself. It
usually consists of one R.F. amplifier fol-
lowed by a screen-grid or pentode detector.
The screen-grid detector amplifies as well
as detects the signal. If the voltages are hal-
anced, practically any R.F. amplifier will
work in either the R.F. or detector stage.
However, tubes with characteristics similar
to the 6C6 are usually used in the detector
stage.

The output tube in the T.R.F. is no dif-
ferent from other sets, however the dual
purpose tubes like the 50L7s, incorporating
output tube and rectifier in one envelope are
often encountered. If room is available, two
separate tubes may be installed, an output
and a rectifier. If room is not available, it
may be possible to use cne of the duo-
triodes, using one section for the output
tube, and the other section with grid and
plate tied together for a rectifier. Loss in
signal amplification must be expected in the
triode output. If a triode-pentode like the
12B8 and 25B8 could be found, satisfactory
amplification should result.

CHANGE CIRCUITS CAUTIOUSLY

Circuit changes should be made only after
a careful study of both the present and
proposed circuit. If possible, find a diagram

1943

of a set using the tube to be substituted in
the same type circuit, and follow the dia-
gram carefully.

Changes can often be made to good ad-
vantage, if the serviceman is sure of him-
self. I'or instance, some manufacturers took
advantage of contact potential to bias high
mu triodes like the 6Q07. Now, contact po-
tential is nothing more than the inherent
bias of a tube. In such circuits, a 10 to 15
megohm grid-resistor is used. This gives
high amplification, and can often be used
to advantage in place of a bias-cell arrange-
ment for biasing.

When used, a coupling condenser of ap-
prokimately .005 mfd. should be used; a
larger size will cause blocking of the grid.

If the serviceman is not sure of himself,
he should not hesitate to tell his customer
to carry the set to another shop where the
required tube or part may be found. It is the
serviceman’s job to keep the set playing,
and he will be permitted many liberties as
parts become more difficult to obtain. How-
ever, he must never use this as an excuse
for sloppy work.

Like all other business men, the radio
serviceman must conserve parts. This ap-
piies to tubes in particular. No tubes should
be replaced unless on actual comparison
with a new tuhe, the new one gives decided-
ly better quality or performance. No more
tubes should be replaced simply Lecause they
register weak on a tube-tester.

A tube-tester is a poor piece of equip-
meunt, generally speaking. Too often it is
about as reliable as a country fair fortune-
teller. For while a tube may show up “per-
fect” on the tester and act poorly in the set,
a good tube may show “poor” or “defective”
on the tester, and play perfectly, in the re-
ceiver.

Therefore double-check the actual results
before acting on the readings of the tube-
tester.

Save a tube and help keep the supply
equitable to all,

28%



MODEL 432.A

The Outstanding Tube Tester Value . . . .
Checks all type tubes including Loctals Ban-
tam, Jr., 1.4 volt Miniatures, Gaseous Recti-
fier, Ballast, High Voltage Serics, ete. Fila-
ment Voltages from 1.1 to 110 volts. Direct
Reading GOOD-BAD Meter Scale. Professional-
appearing case with accessory compartment
large enourh for carrying Model 739 AC-DC
Pocket Volt-Ohm-Millinmmeter, thereby giv-
ing the serviceman complete testing facilities
for calls in the field. . . . Model 432-A with
compartment. Dealer Net Price . . . $20.73.
Model 432-A in case less combartment . . ..
$19.65. Model 739, Dealer Net Price . . . .
$18.89.

Write for Catalog—Section 1116 College Dr.

READRITE METER WORKS, BJuffton, Ohio

| Speed up REPAIR 1083
u/itA Tﬁam %nc{y

SERVICE AIDS

New Instant Automatie
Wire Stripper

Strips all types of wire instant-
ly, easily and Derfectly. Just
press the handles. Cuts wire
too. Saves time, money and
trouble for Radio Men, Elec-
tricians, Sound Men, ete. List
price $6.00.

Ne-O-Lite Electric
Trouble Shooter

Every Radlo Man and
‘I)-:r%:cujrclnln sh(o:uld trll:x\"[(;c

. Tests an lines, DC polarity,
blown fuses. etc. Traces ground line DlnrAC
clreults. Useful as RF indicator. spark plug
:3,?1.‘“?}’ testér. lf’ns hundreds of other useful

catlons, Can_be used on

500 volts AC or DC. List Drlcgoslv.‘l’)l(;.. A5

Radio Chemical Laboratory

20 large 2 oz. bot-
tles contain ce-
ments. solvents, con-
tact cleaners, non-
slip dial chemicals,
lubricants, ins. var-
nish, c¢abinet stains,
glue, coil dopes, ete.
Dealer net cost
$4.90 with FREE
RACK.

ORDER FROM YOUR RADIO JOBBER

GENERAL CEMENT wrc. co.

Rockford, lllinois, U.S.A.
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PRACTICAL AUDIO
AMPLIFIER THEORY

By TED POWELL

PART 1

This article is intended to be a lecture type afair in order to
present some audio amplifier pointers to newcomers and
radio and P.A. men not up on their audio theory.

definite types of wave-form distortion

must be considered. They will be clas-

sified and described here in non-tech-
nical fashion in an attempt to clear up some
of the confusion that seems to exist in the
minds of many radio and P.A. men with
regard to this rather important subject.

There are four major types, and perhaps
two secondary types, of audio distortion
which can be distinctly classified and an-
alyzed. It should be horne in mind that they
are more or less inter-related and where
conditions encouraging any one of them
exist, it will be generally found that cor-
respondingly large amounts of other types
of distortion will usually be present. They
might be grouped as follows—

IN analyzing amplifier circuits, certain

HARMONIC DISTORTION

This type of wave-form distortion is
caused by the addition of even or odd-order
harmonics or sub-harmonics to the signat
frequencies operating through an electrical
network. This type of distortion is caused
by various circuit non-linearities such as
operating on curved portion of tube char-
acteristics; fluctuating plate voltage sup-
plies; circuit compouents with non-linear
amplitude vs. {requency charact.eristics;

| minor non-linear dielectric effects in trans-

formers, condensers and transmission lines ;

| non-linear “B" vs. “H’" magnetic core mate-

rials in transformers, chokes, microphones,
speakers, etc.; non-linear magnetic flux
distribution vs. vibratory member swing, in
transducers such as speakers, mikes, phono
pick-ups, etc. This type of distortion can be
detected by the unaided ear as an unpleas-
ant “sourness’” or “harshness” and in com-
bination with frequency discrimination, as
“peaks”, “lows” and “cut-off”, It can be
checked by running off rather laborious fre-
quency-vs.-volts-output curves by means of
a sine-wave oscitlator and cathode-ray oscil-
loscope or harmonic analyzer of some sort
or another.

FREQUENCY DISCRIMINATION

Frequency discrimination distortion will
also be found if a frequency response
curve is nm off for the whole operat-
ing range of the awdio system, since the
two types of distortion are closely related.
Modern technicians now disregard the sim-
ple sine-wave method of rating audio equip-
ment as being practically worthless and
resort to other methods and standards for
obtaining performance ratings of such
equipment which mwst actually operate
under dynamic complex-wave conditions
(various square-wave and intermodulation
methods). Simple sine-wave checks are use-
ful now only as frequency discrimination
distortion checks (general frequency range
tests).

Frequency discrimination is a type of

RADIO-CRAFT

distortion caused by the unequal ampli-
fication of various frequencies operat-
ing through an electrical network. It can
be considered to be more or less a dual
effect, In the case of complex waves, some
frequency components are amplified to a
greater degree than others and wave-form
distortion takes place. In considering the
useful operating range of the network,
some frequency ranges will be amplified to
a greater or lesser degree than others, and
thus cause ‘“peaks” and “lows” throughout
the frequency range, and “cut-off” at the
extreme ends of the operating range. This
distortion can be detected by the ear and
checked with equipment as explained in the
case of harmonic distortion since the two
are closely related.

This distortion effect tends to increase
rapidly with the increase of amplification
in any individual circuit or component since
the greater the amplification the greater
and steeper the cut-off effect at the higher
frequencies. This is <lue to the fact that the
stray shunt capacitances by-pass the higher
frequencies while the lower frequencies con-
tinue to be amplified to a greater and great-
er degree and this results in an increasingly
greater bend or knee in the response curve.

PHASE-SHIFT DISTORTION

There seems to be more than one variety
of this type of distortion which can be more
readily analyzed and demonstrated mathe-
matically than by means of any word pic-
tures. Generally speaking, this distortion is
caused by the alteration of the relative
phase relationships of the wvarious fre-
quencies operating through an electrical net-
work or else between the various frequency
components of the varions complex waves
passing through the network. We might also
say that it is the non-linear voltage vs. cur-
rent wave phase-shift with the frequency
being passed. We might also say that it is
the wave-form distortion resulting from the
different time delay of various {requencies
and frequency components passing through
electrical networks. Or we might say that
it is the distortion due to the variation of
the time constant of a system or component
or transmission medium with the frequency
being passed,

Magnetic core materials have lag effects
known as hysteresis, and insulation has lag
effects known as dielectric hysteresis. Trans-
mission hnes have “skin cffect”. All these
total up to a “delay” distortion-effect upon
the complex frequency being handled by an
audio system.

This type of distortion is not ordinarily
appreciable in the rather limited frequency
ranges encountered in audio work and con-
siderable phase-shift effects must take place
before the average car can detect the resul-
tant distortion. An experienced ear can

(Continued on following page)
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recognize it 27 a “muffled” quality which is
typlcaI of radlo programs which have been
"piped” over transcontinental phone lines
and their relay amplifiers. It can also be
noted in audio amplifiers which are well
doped with trick circuits in order to mask
inherently poor frequency response, have
too many transformer-coupled stages or else
have poorly designed or defective phase-
inverters.

This distortion can be checked by run-
ning off a frequency-vs.-phase-shift curve
by means of a sine-wave oscillator and
cathode-ray outfit. This is a rather ]abon-
ous method. A more efficient method is the
square-wave generator method where rapid
checks can be readily made by checking the
wave form distortion of various square-
wave frequencies as they operate through
the circuit or system under test. Phase-
shift distortion causes a definite kind of
distortion of the square-wave which can be
readily seen on the cathode-ray screen.
Phase-shift distortion is of greater impor-
tance in television than in audio work.

SUM-AND-DIFFERENCE FREQUENCY
DISTORTION

This is a distortion effect very similar
to harmonic distortion and is recognized by
technicians as a distinct type of audio dis-
tortion. Until recently, it was called sum-
and-difference frequency distortion and:-was
classified under harmonic distortion. It is
caused by the creation of spurious sum-and-
difference frequencies (or cross-modulation
frequencies). The effects are similar to
those produced by harmonic distortion and
in the case where non-linearity factors exist
which encourage odd-order harmonics, the
intermodulation effects are much more
severe because of the harshly dissonant
non-harmonic character of these distortion
products. Where complex waves containing
odd-order frequency components are con-
cerned, this distortion effect can be three
to four times greater than simple harmonic
distortion. Thus it can be seen that simple
sine-wave harmonic distortion ratings of
audio systems are inconclusive. Two amle-
fier systems may be rated 5% harmonic dis-
tortion at 18 watts output, yet one may
sound definitely superior to the listener’s
ear. As a matter of fact, it is superior in
its frequency response, since it may have
less odd-order harmonics at the higher fre-
quencies

It is rather strange that harmonic dis-
tortion should have held the limelight for
so long a time when this intermodulation
distortion effect is so much more damaging
to fidelity.

Every so often some radio men will
“discover” this distortion effect and call it
“intermodulation”, which is correct.

Modern technicians now recognize the
importance of this distortion effect and
check the performance and set the rating
of audio systems by feeding two or three
odd-order frequencies through the systems
and checking the output with wave an-
alyzers. Quick (and rough) comparison
checks can also be made with the square-
wave generator.

(See ‘“Intermodulation Distortion” by
A. C. Shaney in the May, 1939 issue of
Radio-Craft. )y

"DYNAMIC" DISTORTION
This is a purely theoretical audio distor-
tion effect suggested by the writer. This
would be a “volume” distortion in that
abrupt or transient changes in amplitude
levels of complex waves passing through
(Continued on page 292)
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INTER-COMMUNICATOR

By JOSEPH H. CRISCOM

THE accompanying diagram shows a
simple and efficient intercommunication
system that has been in use for several
months and has proved itself invaluable
as a source of instant commumcatlon be-
tween shop and house as well as a “Silent
Nurse” between baby’s room or a sick
room and other parts of the house.

This communication was built up from
parts such as are usually found in most
experimenters equipment, which is a de-
sirable factor inasmuch as new parts are
vitally needed elsewhere these days.

Distances up to 1000 feet have been tried
with good results. The input circuit incor-

volume at the other end. The instrument
uses a straight resistance-coupled audio
circuit, which makes for a minimum of
labor in construction and cost.

The cathode bypass condensers should
belof the low voltage type, say 25 to 150
volt.

The power supply used by the builder is
just a standard transformer supply, and
any salvaged power transformer having a
6.3 volt filament winding and a 200-volt
secondary, is satisfactory. A low resistance
20-henry choke (not critical), was in-
corporated to give better filtering of the
power supply. The filter condensers should

.01 mfd.

I? TO EXTERNAL
SPEAKER

B+

INTER-COMMUNICATION
SYSTEM

porates a 6F5 triode feeding a type 76,
which in turn drives a pentode (either a
6K6 or a 6F6), in the final stage.

The loudspeaker which also serves as a
microphone, is of the permanent magnet
type generally used in: thc midget portable
and battery operated receivers.

The output transformer is removed from
both speakers and mounted on the chassis
so as to minimize the length of the grid
leads when being used: as input trans-
formers. This is necessary to eliminate hum
caused: by stray field and by the capacity
of the grid and ground: leads from the dis-
tant speaker.

High-gain was incorporated in this in-
strument so as to provide a pickup of high
sensitivity, and at the same time have good

o nd

be, with this type of power supply, of the
450-volt type. However, the power supply
is opuonalyand any type may be used, such
as the conventional AC-DC type, which
will conserve space on the chassis.

' The tubes used were selected because
they are readily obtainable, and the scarcit,
of battery power is reason enough for A
operation.

The master unit is mounted in a box
or old midget radio cabinet so that the
volume control and “Send-Receive” switch
may be mounted on the front for ease of
control.

This instrument will no doubt find a
multiplicity of uses around the home and
the shop.

| —— T —

RADIO TECHNICIANS TRAINED

TO help meet the need {or technically-
trained personnel to maintain and use
modern equipment. Philco is operating a
large training school for the Signal Corps.
Men from the service department and
field engineers act as instructors, who can

1943

give the trainees the benefit of “know-
how.”

Some of the field engineers have been
stationed at the important depots through-
out the country aiding in checking, install-
ing and servicing electronic equipment.
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MEISSAER

COMMUNICATIONS KIT

7 INTER

Model No.10-1182
Meissner Master Station
Kits, including all parls,
lubes, cabinet, elc. . . .
School Net Price . $18.90

Mode! No.10-1183

Meissner Substation Kit ...

1 includes eabinel speaker,

N swilch, and all mounting
hardware, ete. . . .

School Net Price . . $6.75

Meissner
Intereommunieations Kit
Chassis (Assembled)

Kit Complete, No Parts to Buy!

To meet the increasing demand for de-
fense Classroom Training in Intercom-
munications, Meissner Engineers have
designed an Intercommunications unit
in Kit form. The Kit is complete, includ-
ing all necessary parts, tubes and cabinet.
Designed to cover a wide variety of re-
quirements, the Master unit will com-
municate with 11 stations—regardless of
type, Master or Substations mixed in
any proportion and in any order. If all are
Master Stations, the maximum number
of stations possible on the system is 12.

Each Master Station is supplied with a
special 13-wire 5’ flexible cable complete
with connectors. The Intercommunica-
tions Kit, when completed, occupies a
minimum of space. The Station indicator
plate on the Master unit is designed to
permit frequent changes in markings
without damaging the surface. Each Kit
contains unusually complete instructions,
including data on construction of a junc-
tion box.

Meissner Intercommunications Kit op-
erates on 110-125 Volts AC-DC. Shippe'g
complete with tubes {one each 70L7G
and 12SC7). Chassis 53’/ High. 6"
Wide. 3%’ Deep.

MT, CARMEL, ILLINOIS

“PRECISION-BUILT PRODUCTS”
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PRACTICAL AUDIO AMPLIFIER
THEORY
(Continued from page 291)

an electrical network do not have a linear
time-vs.-frequency relationship with respect
to the original signals. The actual existence
of such a distortion effect might be checked
by means of an “electronic switch™ (thyra-
tron) ; high-speed photography equipment ;
or a cathode-ray oscilloscope.

This effect can be noted by the unaided
ear when a person abruptly barks into a
microphone, or when any abrupt increase
in the volume level occurs. It is due, no
doubt, to reactive components and their de-
lay effect in the various transmitter, trans-
mission line and receiver circuits. It may
simply be a transient form of phase-shift
distortion.
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Other types of distortion are due to the
acoustics of the room or hall in which the
loudspeaker operates. Reéverberations, re-
flections, etc., have their effects on micro-
phones, and on the human ear itself. This
is important in motion-picture work, P.A,
work, and in classrooms and in the home.

AMPLIFIER RATINGS

In some non-technical literature present-
ing fidelity and power output ratings of
audio circuits, the reader sometimes runs
across such phrases as: “frequency response
absolutely flat from so many cycles to so
many cycles”; “distortionless output,” etc.

Let's analyze such statements and their
implications.

In the first place, anyone speaking of an
amplifier’s output as being “distortionless’
is simply talking through his hat. In the

RADIO-CRAFT

case of a radio receiver, even if the detector
and audio amplifier circuits represent per-
fection (*0O-DB from 15 to 30,000 cycles},
there would still be the transmitter’s in-
numerable circuits to introduce about 212%
harmonics. Even if the transmitter circuits
were distortionless, we would still have the
studio mike and the receiver’s speaker and
the acoustic conditions about them to con-
sider. There will always be distortion
effects present, which can be no more elimi-
nated than can friction be totally climinated
from a machine.

In the case of audio amplifiers, the mere
fact that a circuit has “no peaks” and has
a “perfectly flat frequency response” tells
us only a part of the story. At best, such
response curves serve only as a rough basis
for the comparison of similar audio circuits
under similar conditions. In other words,
it is perfectly possible for one amplifier
circuit to have more harmonic distortion
and a poorer “response curve’’ than another
amplifier circuit and yet have superior all-
round fidelity, and sound better, than the
supposedly superior amplifier circuit. This
may be true for the siniple reason that the
supposedly superior amplifier may have
elaborate tone-control and inverse-feed-
back circuits which may compensate for
simple harmonic distortion and flatten out
“peaks” but which may cause some adverse
effects when complex frequencies pass
through the amplifier.

However, it must be admitted that exag-
gerated performance claims and trick com-
pensating circuits are not necessarily bits
of underhanded trickery or deliberate mis-
statements. The aforementioned devices
and rating standards are outright neces-
sities in commercial work, where gain, high
output and high efficiency, all at low cost,
are the major factors affecting design. Be-
sides, if competitors rate the performance
of their equipment by outmoded and in-
adequate standards, any one manufacturer
would be exceedingly foolhardy to rate his
by a more technical and exacting standard
since his products would appear inferior in
performance by contrast,

However, the “padded” response curves
and performance claims sometimes put for-
ward for audioc equipment are so much
tripe. Even if a response curve of an audio
amplifier happens to be a fairly accurate
gauge of its performance (so far as simple
harmonic and frequency discrimination dis-
tortion is concerned), we often find, upon
closer inspection of the frequency-response
curve, the DB axis may be abnormally
short as compared to the frequency axis,
and the response curve is drawn in with a
rather heavy line. That is, the DB axis may
range from 0 to 10, 20 or even 40 DB in a
relatively short span as compared to the
long frequency axis. The response curve
is actually no line at all but a belt a few
DB wide within whose confines a thin-line
hill-and-dale response curve may nestle
quite comfortably.

If both DB and frequency axis are made
of comparable length, a small DB range
used, and a thin-line curve plotted, the
result would be something quite different
from the straight-line business with the two
cute little cut-off ends.

TRUE DB-RESPONSE CURVES
It should also be remembered that DB
variations are logarithmic functions of fre-
quency and the human ear responds like-
wise. To get a real response curve, we must
use linear functions, such as Volts Qutput
vs. Frequency, or Watts vs. Frequency, etc.
With equal DB and frequency axis and a
thin-line curve, such a response curve looks
more like a seismograph recording than it
does the “flat DB” type of curve usually
encountered in audio work.
FEBRUARY,
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GIANT PHOTO-ELECTRIC CELLS

Emby Products Co., Ine.
Los Angeles, Calif.

HE new “Giant” R-1000 multi-cell type
photoelectric cell has been added to this
line of self-generating cells. The Unit is
724" in diameter and has a current output
of 4060-microamperes at 100-ft. candles.
For use with twilight switches, light bar-

riers and other applications requiring a
light-sensitive element at considerable dis-
tance from the control room, these cells are
permanently stable and can withstand tem-
peratures up to 70 deg. C. Spectral response
extends from 240 milli-microns in the ultra-
violet region, up to 720 millicrons in the
ifra-red.

The cell has no fatigue or “drift” effect,
and for most practical purposes has no
measurable time lag. Response is instantan-
eous and light changes, of frequencies ex-
ceeding 10,000 cycles per second, can be re-
corded.—Radio-Craft

e BT

HEAVY DUTY RHEOSTATS
Clarostat Mfg. Co.
285 No. bth Street, Brooklyn, N. Y,

HIS extra-heavy-duty 50-watt power

rheostat is an cxtension of the idea in-
corporated in the 25-watt rheostate, which
was enlarged two years ago.

Selected resistance wire is wound on the
insulated metal core which distributes the
heat at intermediate rotational settings. The
resistance element itself is firmly embedded
in a ceramic housing with an inorganic
cement, which results in a solid thernial

mass. The graphited-copper contact-shoe
rides the collector ring and the winding,
thus assuring two positive sliding contacts.

Contact pressure is provided by the heli-
cal spring. which is concentrically mount-
ed about the shaft whose action is evenly
distributed by the tripod-type contact-car-
rier.

The contact is insulated from the metal
shaft hy a center ceramic insulator, thus
providing a “dead” shaft and mounting
bushing.

These rheostats are available in any re-
sistance value up to 10,000 ohms.—Radio-
Craft.
RADIO-CRAFT
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ISOLATION TRANSFORMER

Acme Electra & Mfg. Co.,
Cuba, N, Y.
FOR the testing or communication equip-
ment requiring unusual accuracy ordina-
rily done in a shielded test-room but which
experiences interference through the power

line, the Type T-4173 lsolating Transform- |

er was developed. It makes use of a sccon-
dary completely enclosed i a copper shield.
The secondary terminal contiections are
provided by meaans of a lead-shielded cable,
the sheath of which is mtegral positively
joined to the copper shield. Rated 2-KV A, it
will handle a 50% overload. Regulation is
1% at 1-KVA.—~Kadio Craft.
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NEW OSCILLOSCOPE
Radio City Products Co., Inc.
New York, N. Y.

THIS new Model No. 555 Cathode Ray
Oscilloscope was designed to meet re-
quirements calling for extended frequency
measurentents.

A 5-inch tube is used, operating on 2000-
volts. Maximum direct-current voltage at
mput terminals of the amplifier is 600-volts;
direct to the deflection plates, 500-volts,
RMS. Input resistance is 3-megohms, and
frequency response is plus or minus 3db.
from 20-cycles to 2-megacycles. Voltage
gain is approximately 275, The ultra-wide

frequency range of the sweep signal gen-
erator is from J30-cycles to 350 ke, with
linearity from 50-cycles.

Unknown peak input voltage can be read
on a direct indicating multirange voltmeter.
This is accomplished by a unique compari-
son method with an internal voltage source.

The instrument operates on standard
117-volt, 60 cycle current, and is housed
in a 14” x 12”7 x 19" steel case, with carry-
ing handle.—Radio-Craft

| e —

Rheostats Pressed Steel
Ward Leonard
M¢t. Vernon, N. Y.

ARD LEONARD Pressed Steel Rhe-

ostats with solid rectangular contacts
provide a finer degree of control, sinoother
operation, and certain economies where in-
terpolating rheostats would otherwise be
required.

Rectangular contacts are available in
small and large sizes. Sinall rectangular
contacts can be furnished on thirteen inch
or smaller rheostats. Large rectangular
contacts can be furnished on eight inch or
larger rheostats.

Rheostats with rectangular contacts can
be furnished with complete enclosures, fit-
tings for conduit connections, motor drives
and with accessories for floor, back-of-
board, and concentric mounting. Fixed and
adjustable stops to protect control equip-
ment can be provided.

These and other rheostats are listed in
a new sixteen page Bulletin 60, available
on request.—Radio-Craft.
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TECHNICAL
BULLETINS

%®echnical bulletins give reliable information in
easy-to-follow form, =and save valuable time
otherwise spent in laborious redding of numerous
books. Every subject is treated briefly and con-
cisely, yet completely. No complicated math-
ematics, chemistry, electricity, or theory. Each
bulletin is written in simple language.

PRICE $1.00 EACH POSTPAID
ORDER BY NUMBER P

ELECTRICAL DESIGN & CONSTRUCTION

D-111—DESIGNING AND BUILDING TRANSFORM-
ERS.—8Imple. non-mathematleal methods for dosigning
transformers of all kinds. Also sbeclal transformers such
as are used for ullra-violct lambs, Neon tubes, etc. No
complicated formulas.

D-112—DESIGNING ELECTRO-MAGNETS.—The sub-
ject of electro-magnet deslgn ls so clearly explained that
unyone can design and build magnets (or practically evory
purpose, Complete, practical data covering both A.C. and
D.C. magnets.

D-113—HOW TO DESIGN SOLENOIDS AND PLUN-
GER MAGNETS.—aAnyone who Is interested in solenolds
or plunger magnets cannot afford to be without this
non-mathematical. simple and practical information.

D-101—USING NICHROME RESISTANCE WIRE,—Tx-
plains how to repalr electrle flat irons. toasters, Fheostats.
reslstors and other electric heating devices. Simpiifled
methods of figuring lengths and slzes of wire for aly
job. :

D.106~—REWINDING ELECTRIC MOTORS.—Complete
information, dlagrams, sketches. tables, elc., to enabloe
any shop man, mechanie, electriclan, experimenter, etc.,
to rewlnd A.C. and D.C. motors and generators of all
types. For the man who wunts to know “‘how’ rather
than “'wly.”

D-144—A. C. CURRENT CONTROLLED WITH EASILY
MADE CHOKE COILS.—How to deslgn and construct
choke colls, How to determlne size and amount of wlro
required. how lo find the core slze. Full detalls on
assembly and coll winding.

D-148--DESIGNING AND USING ELECTRIC RELAYS.
—Simple practleal Instructlons for designing. bulldlag,
and using A.C. and D.C. rolays; also thermo-electrio
relays. Includes practlcal reiay controi systems for ‘molors
and machinery.

D-127—SMALL ELECTRIC LIGHT PLANTS, DESIGN
AND CONSTRUCTION.—Tells how to design and bulld
small electrle light plants for cottages, camps Or couutry
homes at small cost. Covers comstruction of .a 1i0-volt
system to lght slx 30-watt lamps, how to hulld a 6-voit
system using an auto-generator, with or withoy a battery.
and how to convert a Ford model T fenerator to a
110-volt, A.C. generator. o

D-134—ELECTRICAL EXPERIMENTS WITH SIMPLE
MATERIALS.-—How anYone without previous knowledge
of electricity can perform harmless, interesting, and -edu-
catlonal experiments with siinple, inexpensive materiais.

D-13l—MODEL MAKERS & INVENTORS GUIDE TO
REMOTE-CONTROL SWITCHING.—Controiltng electrical
devices, traln models, equipment of all types at a distance
by means of a telephone disl.

D-137—ELECTRICAL METERS EASILY BUILT.—In-
formatlon that will enable students to bulld experimental
electrical meters to measure alternating or direet ecur-
rents.  Including  ammneters. voltmeters and wattmelers
sufliciently aceurate for experimental purposes.

D:136—SMALL A.C. ARC WELDER CONSTRUCTION
AND USE.—Tells how to bulld arc welders caPable of
fusinz iron and stecl sheet up to 3/18 Inch in thickness
and rods us large as inch In diameter for use on 110-
volt. 60-cycle A.C., 110-voit 25-cycle A.C.. or on 220-volt
60 eyele AC.

Eash Bullstin consists of & set of larde shosts,

astembisd In one oacket. slze 9 x 442%: welsht

¥ 15. Numerous |llustrations. disorame. charte to

supplement text.

TECHNIFAX

1917 S. STATE ST. RC243 CHICAGO, ILL.

r-------------------------.‘

3 RC243 B
: TECHNIFAX 1917 So. State, Chicago, 1ii. :

Enclosed find $...... v.o.. for which pleaso send me B
: pocct;;;d ths following Technioal Bulletins: 8
[ [ ]
3 ]
B Nos. - iiiienianns cesseissiseses sitassecessias |
. .
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. .
B MARBS .........coi0iiercaiescasiiorsseracessnsenen .
. .
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BEGINNER'S
DOLLAR RADIO

For the fellow who likes to make things himself, “out of nothing,” here is a
challenge to his ingenuity. The items comprising this set are made of junk
materals, and their making should be a cinch to those with patience and

HAT is the simplest radio set that

can be bhuilt, and also the cheapest?

Considerable thought was given to

this question and not a little experi-
mentation produced this beginner's set,
which should fill the bill.

It is, in fact, so simple, that with the ex-
ception of the radio, tube, eveérything is
made from junk and part that can be found
in any liouse. Yet, with all that, the set
actually brings in distant stations from all
over the country. There has been no idca
to perfect anything on this particular set.
It isn't intended to compete with the set
that uses standard parts, to be sure. It is
jusi - stunt te show what can be done with
prac cally nothing and should be welcomed
b ;oungsters from 8 to 80 who wish to
accomplish the impossible with very l}tt]c.

HOW TC CEGIN

Let’s take the set apart and build it up,
one step at a time. Easy does it, so we begin
on a sawed-off hoard measuring anywhere
from 5x14 ins. to 8x20 ins. Finish it off as
finely as you please, or leave it rough. It
pays to take pains, though, and a well-
sanded, shellacked base, set aside to dry,
gets you off to a good start. Make a layout
on a sheet of paper, full size—indicating
just where cach part is to go. This helps
considerably when you wire the set.

The fixed condenser:z needn't scar- you.
They are of the “postage-stamp” variety,
and are made from waxed paper and tinfoil.

Strip the foil from : pack of cigarettes
or a tea package and smooth it out on a
flat surface with your thumbnail. Cut six
picces, each 1x2)2 ins. overall, with the

determination,

shape indicated in Fig. 2A. Cut eight pieces
of waxed paper, 1%2x2 ins. For the grid
condenser, place a piece of paper on the
set hase in the front center, then a piece of
tinfoil on top of that, with a 1-in. tab pro-
jecting from one end. Then another picce
of paper, and the sccond tinfoil “plate”
with the tab projecting 1 in. from the oppo-
site side. That's the condenser! A picce of
cigar-box wood a trifle larger than the pa-
per is tacked by the corners (don’t get the
tacks near the foil) over the pile. Leave that
for a while and build up the phone bypass
condenser the same way, using two right-
and two left-hand “plates” alternating.
Now we tackle the grid-leak, which is
simiply a high resistance path past the con-
denser. A piece of cigar-box wood 1% ins.
long by Y4 in. wide is blackened on top. with
a soft pencil and then fastened lightly to
the base with two brass-headed tacks or
screws 1 in. apart. Don't tighten or drive
down until connections are made—later.

NOVEL TUBE SOCKET

The tube socket consists of 8 hole half-
Eva;' through the base as indicated (Iig.

B).

Contact is made to the tube prongs by
means of 4 ordinary wire paper clips, bent
so that the smaller part makes a spring
contact with the prongs. Three of thesc
clips are fastened to the base with washers
and screws (or nails for that matter), but
not driven all the way in. The fourth clip,
bent as shown, is lightly secured by the
washer and screw to be used as the “A—"
termimal. And so we have the socket—
and a real good one, too!

Here's the way it looks when you get finished! The location and appearance of the parts is clearly
shown, and some idea of the itemized costs is indicated. The tube shown is a 1G4-G.

I, 2" CARDBOARD TUBE;
PIECE OF HEAVY COPPER WIRE). |

e

3-CIRCULT TUNING TUBE TUNING

COlL %$0.25 WITH SOCKET $0.75  CONDENSER $0.0
(%LB.NO 28 INSULATED WIRE; (rapeR CLIPS, (CELLOPHANE SHEETS,
1, 2%" CARDBOARD TUBE; SCREWS, WASHERS). 2 mETAL PLATES, CORK,

TENSION STRIP, SCREWS,
METAL GUIDE STRIP).

=3
"=+~ GUIDE STRIP
% i -

1

STATIONS
LOGGED OnN
CELLOPHANE

ANTI-HAND GRID CONDENSER $0.0 Bl
CAPACITY SHIELD (TINFOIL, WAXED PAPER, WO, TACKS).
$0.0 CIGAR BOX WOOD,TACKS).
(coRm,meTal PLATE.  GRID LEAK $0.0 WO0D BASEBOARD

(CtoAR BOX WOOD,
TACKS, PENCIL MARK).

GUIDE STRIP

PHONE
CONDENSER
$0.0

0.0
5“X 14" X 4" THICK
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TUNING CONDENSER

The variable condenser, if carefully
made, will tune casily and well. Cut a piece
of tin, copper, brass or aluminum 2%x4%
inches. Take time to smooth it out flat, with
sharp edges filed or sanded off. Punch a
hole in the center of one end. Shellac that
portion of the hase and one side of the
plate. When the shellac is thick press down
firmly in the place indicated. Slip a washer
over a screw, twist the end of a 2 foot
length of wire under the washer and screw
tight. Cut another plate from the same ma-
terial 234x4%% inches (not counting the
half-inch square table at one end). Smooth
and flatten as before. Punch a hole in center
of tah and screw a cork on, with the end of
a piece of flexible wire (old lamp cord, or
any wire not stiff) 12 inches long under the
washer. Soak a piece of cellophane 3x5
inches in water for a few minutes; then
place it on the lower plate, leaving an
even margin around the edges. Press down
tightly and shellac the edges to the wooden
base. Guides are fastened to the base. They
are simply strips of tin fastened with
thumb tacks, and serve only 10 keep the
movahle plate on the right track.

A piece of cigar-box woed, V4x4 inches,
is screwed with two screws in the position
shown. Tightening or loosening the screws
serves to produce just the right tension on
the movable plate.

WINDING THE COIL

Now we tackle the three-circuit tuning
coil, and again it is easy if we take it one
step at a time. Get a cardboard tube 214
inches in diameter (baking powder, coffee,
salt carton) and cut with a razor blade to
4 inches in height. Begin ¥4 -inch from one
end and wind on 30 turns of No. 28 in-
sulated wire (cotton, silk or enamel). Bring
the ends down through pinholes in the
tube. Put little tickets on each lead indicat-
ing which is which, so that when the coil
is mounted you will have no difficulty with
wrong connections.

Next leave“a gap of g-inch and wind
on 60 more turns. Don't break the wire
here, but leave a 3-16-inch gap and continue
for 30 more turns. Bring the ends down
inside the tube to the same end as the
primary coil and mark for identification.

Punch: holes in opposite sides of the tube
in the center of the 3-16-inch gap to admit
a piece of stiff wire used as a shaft for the
“tickler” or feed-back coil. This coil is
wound on a 2-inch tube 114 inches high.
(Cut a 1-inch piece out of a section of the
2Y5-inch tube, overlap ¥4 inch and glue or
tie in place, or use a 2-inch tube if avail-
able.) Wind 20 turns on each side of the
center, leaving l4-inch gap for the stiff
wire shaft. If flexible “cord” is handy, at-
tach 1-foot pieces to each end of coil.
Otherwise just leave ends that long.

Now straighten out a 5-inch piece of
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Fig. l—Picture diagram and schematic circuit used in this set.

stiff wire (a package handle wire is fine)
and push it through the hole in the outside
coil. Now a washer; punch through both
sides of the tickler at the center gap, an-
other washer, and the back side of the coil
projecting 4 inch. Sealing wax on the
shaft and inner surface of the tickler will
secure both very nicely. Shellac all coils
(although not really essential).

Now mount the coil in any way you like,
so long as it is upright, with the tickler
near the top. Bring the 4 leads out at dif-
ferent parts of the bottom of the tube to
eliminate any possibility of short circuits.
The tickler leads come out at the top.

The shield in front of the coil is a square
piece of any metal available, with bent-over
feet at the bottom and a hole punched to
pass the tickler shaft. At this point you
can make the first complete connection.
Bring the top end of the antenna coil (L1)
to one foot of the shield, scrape off the in-

sulation and secure under foot, bringing th:
end back to post “G” (ground). The shield
should be 14 inch from the side of the coil.
Drive a cork on the wire shaft, pushing
it far enough to spring the shield toward
the coil shightly. This provides friction,
necessary to make the tickler stay where
you turn it

CONNECTING UP

Now for the wiring. If you have left the
proper lengths as instructed it will be easy,
and no solder need be used i you don't
have it. Run the bottom lead of LI to post
“A"” (aerial). The bottom lead of L2 (grid
coil) goes to one tab of the grid condenser
and one end of gridleak, along with one lead
from the variable condenser.

Roll the foil around the wires and press
them tightly together. The top of 1.2 goes
to post “A+", where the other variable
condenser lead joins it. (All “posts” are
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just plain wood screws with washers.) One
lead from the tickler (L3) goes to one
phone post and to one tab of the bypass
condenser. The other end of L3 goes to the
tube plate clip. Run a wire from the
“B—" post to the other end of the bypass
condenser and then to "A—" (which holds
one socket clip)., The grid clip of the tube
socket goes to the grid condenser and grid-
leak. The remaining end of the spool wire
goes to the remaining clip, "A+,” of the
socket. The last wire connects post “B-4"
to the remaining phone post.

HOW TO OPERATE IT

Hook up the “A” cell, as shown, with
the center terminal or positive, going to
the F+ connection on the tube socket, and
the outer, or can (negative) terminal go-
ing to the F—connection on tube socket,

Hook up the 22.5 or 45 volt “B" battery
as shown, with the plus (+4) terminal go-
ing to the (arphones and the negative (—)
terminal going to the outer (negative)
terminal on the “A” cell,

Notice that a modern “low-drain” tube
is used, the 1G4G. Its filament operates on
1.5 volt “A” cell without any resistors, and
its plate operates very nicely on 2214 td 45
volts of “B” Battery. This tube has 7
prongs, but only four are used, and the
socket in which it is mounted must be of
the Octal or 8-prong type, hence the 8
holes,

Now all you have to do is turn the
tickler ilow]) and move the condenser at
the same time. There is a slight click when

FIXED CONDENSER 4
st PAPER CLIPS
_II." @ .3.': T

W? s}/,fl "“'1%0%0}&
fed | %ok

-B= SOCKET
(toP view)

~A VICTORY CODE-PRACTICE

O0OD radio operators are urgently

needed by our Armed Forces. Men who
are interested in radio and who expect to
get into the Service in the future should
make preparation to meet the requirements
of a radio operator of the Armed Forces by
being able to send and receive the code at a
speed of not less than ten to fifteen words
per minute. The code can be quickly learned
by two or more persons getting together
regularly and practice sending to each other
while the others copy. The only real re-
(l]mrement is a suitable code-practice oscil-
ator

The code-practice oscillator to be de-
scribed can easily be made from parts found
in any junk-box. The transformer (T) is
2 push-pull input transformer (in the case
of the author, the primary winding was
open) or it may be a push-pull speaker

RADIO-CRAFT for

transformer. The tube may be any type tube
that 2 power supply to operate it is available,
A 1A5G/GT tube works extremely well
when used with a 1¥4 volt “A” battery and
a 45 volt “B” battery. The condenser (C)
is necessary to get the “feed-back” for the
circuit to oscillate. Any capacity condenser
of about .001 mid. is suitable. Rheostat (R)

NOT

CODE OSCILLATOR b 4 h
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Fig. 2—Showing shape and dimensions of fixed
condenser plates at A, unique socket at B.

the tickler coil goes into “oscillation.” This
is the most sensitive setting. There may be
squeals or howls or bloops, but rock back
and forth till proper point is found. A little
practice will enable you to tune easily.

Use a pencil eraser to erase part of the
grid-leak, a little at a time, until the tickler
works smoothly and programs are loudest.
And there you are! Good luck!

OSCILLATOR

may be any available of about 30 chms re-
sistance and is used to drop the “A” bat-
tery voltage to the required tube filament
voltage. The “on and off” switch (Sw)
may be on the rheostat or it may be sep-
arately mounted. In most cases the 'phones
may be substituted by a P.M. speaker thh
a suitable speaker transformer. The key is
placed as it is in the circuit to eliminate
“key-clicks.”

This code-practice set may be assembied
on a bread-board type arrangement or it
may be assembled in a cigar-box with the
“A” and “B” batteries being made up of
flashlight batteries and inclosed in the cigar-
box also. The author has built several of
these sets and has yet to experience any dif-
ficulty in obtaining satisfactory results.

" Harry Woop, Jr.,
Texarkana, Texas
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R.F. AMPLIFIERS

Radio-frequency circuits, as used in new and old type receivers, are

discussed here, in order to acquaint the beginner with their arrange-

ment. It should prove helpful in analyzing circuits of various sorts,
whether a set is being built or repaired

classify the various functions of a re-

ceiver into the radio frequency, de-

tector, and audio frequency stages. In
this discussion we will confine our atten-
tion to the radio frequency stages. The
other two will be taken up later.

One or more R.F. stages are incorporat-
ed into a radio for the purpose of build-
ing up the signal from the broadcast sta-
tion, so that it will have sufficient ampli-
tudé (strength) to be detected properly
with the minimum of background noise
which accompanies the signal and becomes
noticeable by the time it gets to the detector
stage.

Or 1o put it another way, without R.F.
amplification a lot of stations (the weaker
ones, or those more distant) would not be
heard.

FOR purposes of simplification we can

TYPES OF R.F. AMPLIFICATION

Roughly, R.I*. amplification may be di-
vided into two classes—tuned and untuned.
Let's take up the untuned type first.

Fig. 1 shows a multiple stage wuntuned
v RFT.L RET.2 DETECTOR
M T L

~UNTUNED R AMPLIFIER ~

radio frequency amplifier. The very small
alternating high-frequency wave received
by the antenna causes a current (of the
same frequency) to flow in the antenna cir-
cuit, comprising the antenna, itself, the an-
tenna coil, and the ground. The current,
flowing through the antenna coil (or the
primary) crcates a magnetic fitld which in

& o+

—TUNED R.F AMPLIFIER ~
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turit causes a potential of the same fre-
quency to be induced across the secondary
of the coil. Note, however, that this sec-
ondary is in the qrrd circuit of the first tube,
and hence this polentlal (or vohage) is im-
pressed on the grid.

Now in a vacuum tube, a small potential
on the grid can control a comparatively
large current in the plate circuit. This cur-
rent flows through the primary of the radio
frequency transformer (marked RFT-1),
Once again, as in the antenna coil, we have
magnetic action and consequently a voltage
is induced across the secondary of the coil,
and is impressed on the grid of the next
tube. A sufficient number of R F. stages can
be used until the signal is of such strength
that it can be detected.

It should be ohserved ‘that the voltage
amplification is sometimes secured only by
means of the tubes. The purpose of the R.F.
transformers is to obtain an alternating volt-
age across the secondary (or on the grid
of the tube) caused by the varying plate
current of the preceding tube.

We also secure a voltage step-up by hav-
ing the secondary wound with more turns
of wire than the primary. There is a tend-
ency, in such an inductance, for the amplifi-
cation to increase as the frequency increases.
This would mean that the amplification
would not he constant over a wide range.
Such a coil arrangement would tend to
make the circuit unstable, since there would
be the possibility of feedlack of energy
from the plate circuit to the grid circuit,
through the tube interelement capacity.

Where the primary and secondary of an
RF. transformer are of the same size, am-
plification, although somewhat lower, is
fairly constant, over a wide range, and with
less feedback. (By feedback we mean that
condition whereby a tubhe begins to act as
an oscillator or a generator of radio fre-
quency energy. A tube, designed to act as
an R.F. amplifier, and behaving as an os-
cillator, causes howling, squealing and loss
of efficiency in reception.)

Untuned R.F. stages are seldom used
these days, except in special-purpose cir-
cuits, and it is well to know ahout them
in case you ever work on, or try to rebuild,
an old-time receiver which used them.

TUNED R.F. AMPLIFIERS

When we deal with an R.F. amplifier, we
must handle waves that vary from a few
hundred thousand cycles per second to sev-
cral million cycles. In order to secure great-
er effliciency and selectivity (ability to get
each station clear, without interfercnce),
from our R.F. transformers, we place
variable condensers, (or tuming con-
densers), across the secondaries of these
coils, thus enabling us to tune in the par-
ticular frequency we want.

This type of circuit is known as a tuned
radio frequency amplifier (See Fig. 2), and
radio sets employing it are known as T.R.F.
receivers.

RADIO-CRAFT

The action of such an amplifier is the
same as before. Plate current flowing
through the primary of the transformer, by
magnetic action causes an alternating volt-
age to be placed on the grid of the follow-
ing tube. In this instance, lLiowever, the
secondary is tuned to resonate at the fre-
quency desired, by means of the variable
condenser connected across it. Somectimes
the primary is also tuned in this fashion.

It should be observed (in Figure 2), that
use was made of screen-grid tubes, in this
way avoiding feedback through tube ca-
pacities, a situation difficult to overcome
with the triodes shown in Figure 1, except
through the use of an external neutralizing
device.

In receivers employing R.I. ampiification,
the T.R.F. (tuned radio frequency) ampli-
fier has found the widest application, but
it should not be thought that the circuits
described so far are the only ones in use.

TUNED IMPEDANCE R.F. COUPLING

In the tuned impedance conpled R.F. am-
plifier, shown in Figure 3, wc obtain a
voltage-drop across an impedance, and ap-
ply the changes in voltage across this im-
pedance, to the grid of the next tube,
through a fixed condenser. The coupling de-
vice consists of a coil and a condenser placed
in parallel (or shunt), and inserted hetween
the plate of the tube and the source of

voltage ; thal is, in the plate circuit.
In rotating the variable condenser, the
coil-condenser combination is tuned to

resonance with the f{requency to be re-
ceived, and in so doing offcrs the great-
est possible impedance to that {requency.

The plate current, meeting this maximum
impedance, produces the highest possible
voltage-drop across the coil-condenser com-
bination. The voltage changes are applied
to the grid of the following tube by means
of the fixed condenser connected to the im-
pedance. The size of the coil and the ca-
pacity of the variable condenser are so
chosen that they tune over the desired bands
of irequencies.

TUNED
IMPEOANCE
R.F
COURLING

CONTROL,
/ RESISTANCE

I-o— B+
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In a circuit of this type, difficulty is often
experienced with feedback, since it cannot
be controlled by neutralization. Resistors to
control oscillation are generally placed in
the positive voltage lead. Such R.F. ampli-
fiers, as a rule, are seldom multiple-staged,
due to oscillation tendencies.

2

:

=

—

B+

~ RESISTANCE COUPLED
R.R STAGE —

RESISTANCE COUPLING

Another type of amplifier, known as the
resistance coupled R.F. amplifier, is shown
in Figure 4. This circuit is seldom used
for R.F. amplification. However, resistance

coupling widely used in audio frequency
work will be described in a future article.

BAND PASS FILTERS

Sometimes certain undesirable effects,
known as cross-modulation, and second har-
monic gencration, are present in receivers.
In order to avoid this effect, a band-pass fil-
ier or band-selector is used, as shown in
Figure 5.

The purpose of such a filter is simply
to present a high impedance (or resist-
ance) to all unwanted frequencies and at
the same time allow the reception of those
frequencies it is desired to receive. Since
the band-pass filter couples the antenna to
the grid of the first tube through a number
of tuned circuits, a sufficiently high order
of selectivity is obtained so that a strong
signal, after passing through the filter, will
not be strong enough to cause the R.F. tube
to act as a detector.

R.F. AND HIGH MU TUBES

When the multi-grid or high-mu, (also
known as variable-mu), tubes were devel-
oped, it became necessary to make all the
coils involved in the R.F. section, of the
high-impedance type, in order to get max-
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imum results out of the more efficient and
more sensitive tubes.

SUMMARY

The ideas presented here are chiefly to
acquaint the beginner with the various types
of R.F. circuits so that Le will recognize

& — BAND-PRES FILTER

7O SHARPEN TUNING ~

them when he sees them on old sets he may
try to rebuild or repair.

The design of modern superhets and all-
wave R.FF. sections is something that re—
quires a little more knowledge and experi-
ence with, before being gone into, and will
be covered in later articles.

R.M.A. COLOR CODES
FOR THE BEGINNER

beginper, constructing some picce of

radio equipment, even a simple one-

tuber, runs up against the question of
what size resistor or condenser he is using,
or how to tell the leads of transformers,
speakers, etc., one from the other.

To help him learn how to do it very
easily, we present the R.M.A. (Radio Man-
uf_alcturers' Association) color codes here-
with.

IT ISN'T usuvally very long before a

RESISTORS

Black .. 0 Green ......... 5
Brown 1 Blue! s mesene s .6
Red . 2 Violet . 7
Orange 3 Gray ... 8
Yellow .4 White .9

These designations apply to body color,
tip color and dot color.

For the body and tip colors you mentally
carry the figures indicated, and then for the
dot color convert the dlglt indicated, to a
number of sevos, and add them to the first
two figures.

For example, a red body resistor with
a violet tip and a green dot, would be read:
Red, 2; violet, 7; green, 5 (5 zeros) ; equals
2,700,000 ohms, or 2.7 megohms.

I{ a resistor has only a body color and a
tip color, but no dot, it means that the dot
is the same color as the body. For example
a red body resistor with a green tip woukd
be read: Red, 2; green, 5; red, 2 (two
zeros) ; equals 2500, or 2500 ohms.

Sometimes, especially with the better
quality type, the resistors are banded, that
is, the colors occur in bands, with addi-
tional bands in. gold or silver, or blank.
These are read from left to right the same
as before, but in addition the gold band tells
us that it is within 5% of its rated value,
the silver, 109% and the blank band. 20%
or more. These gold and silver bands are
called the “tolerance” bands and tell you
how accurate the resistor is. This is very
important when you are using sizes called
for by the manufacturer or the designer.

RADIO-CRAFT

for

FEBRUARY,

A lot of ineffective apparatus is produced
by some setbuilders and repairmen because
they use any old size, thinking it won't
make any difference.

We might inject here that we realize
a man can’t go around to a job or to an
examination with a color card in his hand,
50 most men memorize it. [t is very easy.
Just say to yourself: “Black and brown are
zero and one. Gray and white are 8 and
9. The other colors from red to violet
are the colors of the rainbow-—red, orange,
yellow, green, blue and violet—2, 3, 4, 5, 6
and 7.7

CONDENSERS "

Condensers are marked the same way
as resistors so far as a table of figures
and zero equivalents is concerned.

You look at the condenser on the side
that is trademarked. The three dots are
read from left to right. The final number
obtained is 11 micromicrofarads. If you
want to convert 10 microfarads, just simply
divide the figure obtained, by 1,000,000,
that is, move the decimal point six places
to the left.

Sometimes arrows or arrowheads occur.
Just simply read the dots above or in
these, from tail to head. They indicate
that you should read from left to right.

Regarding tubular paper condensers,
some manufacturers, in addition to the
colors discussed above, use the following
colors to indicate the D.C. working volt-
age:

Brown .. 100 volts Violet 700
Red . 200 Gray 800
QOrange . . 300 Wi oo v & 900
Yellow . 400 Gold .. 1000
Green . 500 Copper .. 1600
Blue . 600 Silver .2000
I. F. TRANSFORMERS

Red ... ... ... ........ “B”-plus lead
Blue g ey Plate lead
Green Control-grid lead
Black .Grid-return lead

(1f the secondary is center-tapped, the
1943

second diode plate lead is green-and-black
striped; and black is used for the center-
tap lead.)

AUDIO TRANSFORMERS

Red B “B”-plus lead
Blue . Plate lead
(GG ru Ao el e 1 . Grid lead
Black . Grid return
Brown,

Start lead of plate winding in C. T.
transformers
Yellow,
Start lead of grid winding if sccondary
is tapped.
Brown,
Start lead of plate winding if transformer
is center-tapped.
Yellow,
Start lead of grid winding if transformer
is center-tapped.
Note: If polarity is not important, the
brown and yellow leads may be blue and
green respectively, in some transformers,

LOUDSPEAKER YOICE COILS
Green Black
Green

LOUDSPEAKER FIELD COILS

.. Start lead
Finish lead

Black and red Start lead
Yellow and red . .. Finish lcad
State and red . Tap lead

POWER TRANSFORMERS

Primary . Both leads, black

(If primary is tapped black is the start
or common lead; black and red strlped is
the finished lead, ‘and black and yellow is the
tap lead).

Rectifier Plate Winding .. Both red
Center tap is red and yellow striped
Rectifier Fil. Wdg. Both yellow
Center tap is yellow and Dlue striped
Fil. Wdg. Ne. 1 .Both green
Center tap is green and yellow striped
Fil. Wdg. Ne. 2 : .. Both brown
Center tap is brown and yellow striped
Fil. Wdg. N ... .Both slate
Center 1ap :s slate and yellow striped
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THE BEGINNER'S
“"PLASTICETTE" RECEIVER

interest not only to the beginner, but

also to the experienced builder and ex-

perimenter as well. In fact, many of the
boys in the service have written in to Radio-
Craft asking for a description of a receiver
of this type.

It is batterv-operated and might be ob-
jected to on these grounds, but bear in mind
the fact that the chassis can be used for other
experiments, and also can be used after the
war when batteries are available again. For
those who have, or can get batteries, this
description will be useful.

GENERAL DESCRIPTION

Basically it is the solld combination of
proven worth, a tnode in a regenerative cir-
cuit. The tnode used is the high-mu, 1.4-volt
1H5GT tube. And the regeneration used is
the Armstrong or tickler coil type.

A 25.000-ohm volume control is used for
controlling the amount of regeneration, and
it is of the tiny or midget type, in order to
fit into the set-up.

It is wired directly to the plate of the
1HSGT, with its center tap connection sol-

THIS compact little receiver will be of

The compact size of the receiver, and the hand-
some appearance of the home-made plastic case,
is shown herewith.

dered to one side of the tickler winding. Its
other terminal goes to the earphones. (The
earphones, by the way, can he a pair of
2000-ohm type. It was found they gave good
audibility.)

The grid and tickler coils can be wound
by.the constructor if he desires, but the grid
coil used in this receiver was the secondary
winding from an antenna coil, such as are
used in small A.C.-D.C. broadcast receivers.
The tickler winding consists of 35 turns of
No. 28 enameled wire wrapped around the
middle of the grid coil. If one wishes to
wind both coils, a ceil form 1-inch in diam-
eter by 214 inches long will be sufficient,
with 125 turns of No. 28 enameled wire, to
tune with a .000365 mfd. tuning condenser
of the midget type.

The grid coil 1s wound first. Then place
two layers of wax-paper over the grid coil,
lapping one side of the paper so as to hold
the starting wmdmg Both these windings
are wound in the same direction, and to
hold the pnmary winding tlghtly to the grid
coil, a layer of “coil dope” may be applied,
100pmg both ends of the coil form. It may be
found necessary to juggle with the tickler
winding, removing or adding a few turns to
get the correct amount of oscillation. The
wood chassis used, was 215 x 3 inches x -
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By HOMER L. DAVIDSON

Here's a sweet little job in

midget receivers, with the

additional interesting feature

of being housed in o plastic

case which can be made by
the constructor

inch thick. The tube was mounted at an angle
in order to give room to the other parts.

OPERATION

After the chassis has been completely
wired up, and ready for operation, the bat-
teries are connected to the correct terminals
as dcscnbed Check and double-check, so
you won't burn out a tube.

It was found best to mark a A-plus, A-
minus, B-minus, and B- plus on small strips
of adhesive tape, and wrapping them around
the three correct wires.

When operating this receiver, it will be
found it does not tune-in like the usual
broadcast receiver, but tunes very sharply
and whistles on every station.

First turn on the switch to the batteries
and see if the tube shows any light. It is
very difficult to see the filament lit up, so to
check further, just place the finger on the
control-grid cap of the tube, and a hum
should be heard. Then place the antenna to
the set, repeating the process, and a louder
hum should be heard. The receiver is then
ready to operate.

Slowly turn the tuning dial over its range
and note the many station whistles, with the
regeneration control turned up. If this does
not occur, check over the tickler wmdmg and
reverse the connection, and try again, until
osciltation begins, When a sharp signal is
heard, rotate the tuning dial until the signal
is as loud as possible. Then lower the regen-
eratlon control until the signal turns into a

“plopping” sound, when the station can be
heard.

The constructor will be surprised to find
that many stations, hundreds of miles away,
can be heard at night, with an anterma 80 to
100 feet long, mounted as high as possible.
Tle antenna trimmer condenser, by the way,
is not very critical, and can be around 25 to
30 micromicrofarads.

PLASTIC CABINET CONSTRUCTION

The builder can now make his own plastic
cabinét, out of old phonograph records.
Start off with two of the 10-inch size and
break them in two at the middle. This can
be done if a sharp line is drawn on the rec-
ord, ahd the record then broken over a
sharp edge, such as a table or desk.

Then lay out the pattern of the side—and
cut out as many as possible from each record,
using a knife and a straight edge.

RADIO

The top and bottom pieces are 3 by 3
inchess The bottom piece has two Ig-inch
holes drilled 2 inches apart, with two small
wood screws fitted into the wood chassis.
The two side pieces are 3 inches square, with
one side having a 34-inch hole about 1 inch
from the back of the receiver.

The front is also 3 inches square, with a
14-inch hole drilled into the middle of the
panel. If you have a pair of tinsnips, you
can start with a piece of record that will
give a 3-inch square, approximately with an
additional 1-inch clearance. Hold the mate-
rial well above the flame and in a few seconds
it will hecome limp. It can then be easily cut
with the tinsnips.

MOLDING THE PANEL

The process of record plastic molding is
simple and any person with a gas range or

= THE "PLASTICETTE” RECEIVER
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a hot flame can do a neat job. For a pattern
mold, the author used a small 3-inch square
ash tray with a fancy edge. It was about
14-inch deep.

To mold the front panel place the heated
record over the ash tray, pressing down with
the fingers or with a pencil. If the first time
the record becomes brittle and hardens be-
fore the panel is formed, repeat the process.

After the mold is compﬁeted square all
the sides measuring 3-inches, heat again and
cut off the excess material. To give a smooth
slick finish, iron out all sides with a cold iron.

FITTING TOGETHER

Next file the rough edges and fit all sides
together. To melt the sides together, heat a
file until the end is red hot and apply to the
insides of adjoining pieces. Then cut a few
V4-inch strips of record and lay in the file
furrow, and mold the sides together. (The
molder will find that the pieces will become
very crisp and brittle, and cannot be dropped
at this time.)

When all the sides are fitted together the
cracks can easily be filled with small pieces
of record. Then bevel all corners with the
hot file and follow up with the fine rast file.

A striking finish can be acquired by ap-
plying a coat of aluminum paint, then a coat
of white enamel.

An attractive dial was drawn with India
ink, with a ruling pen and a protractor,

The knob was taken from the cap of a
fingernail polish bottle. A ¥4-inch hole was

(Continued on page 301)
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eBEGINNERS e

AUTOMATIC VOLUME CONTROL
IN BROADCAST RECEIVERS

ten concerning the opcration of auto-

matic volume control in broadcast re-

ceivers. Most modern beginners have
heard of, and have seen the term “A.V.C.”
and | am sure they will welcome a clear
treatment of the subject.

The purpose of A.V.C. in any receiver
is to keep the output of the detector tube
at a constant level over wide variations of
signal input to the antenna. In order to
keep the output of the detector at a constant
level the gain of the tubes preceding it must

VERY little, if anything has been writ-

Fig. 1|

be controlled so that they feed a constant
voltage into the detector.

To accomplish this it can be seen that the
gain of the tubes to be controlled must vary
in inverse proportion to the received signal.
For instance; the gain of the tubes, V1, V2,
and V3 shown in Fig. 1, will be much lower
for a strong signal than for a weak signal.

HOW A.Y.C. OPERATES

To the more technically minded, a high
bias is applied to the tubes when a strong
signal is received and their gain is appreci-
ably reduced. This high negative bias on
the grids of the tubes reduces their plate
current, thereby increasing their plate re-
sistance, and causing a consequent decrease
of mutual conductance, thus reducing the
gain of the tubes.

Conversely, when a weak signal is re-
ceived less negative bias is applied to the
tubes and they operate at higher gain there-
by keeping the output of the detector at a

By S. J. NASTE

nearly constant level. It is impossbile to
realize 100% efficiency of the circuit, due to
the time lag factor of the A V.C. circuit,
which varies with the different voltages
produced across the A.V.C. load resistor,
(R6 in Fig. 1), by the different field
strengths of the various broadcast stations.
This produces slight voltage differences in
the output of the detector, which are so
small as to be negligible.

To show how A.V.C. operates we will
assume that a signal of given strength is
applied to diode “D"” of the detector in

ig. 1. Due to the rectifying action of the
diode, a pulsating D.C. current appears
across the diode load, R6. This voltage is
negative in sign because it is in the second-
ary return circuit of the last LF. trans-
former and all points between the second-
ary return circuit and ground (B-), are
negative with respect to ground, ground
always being at zero potential.

CONTROL YOLTAGE

The control voltage for the tubes is
taken from the junction of R5, R6 but
since that is pulsating D.C., it must pass
through the filter R4, C7, which smooths
out the pulsations. When a strong signal is
received a high negative voltage appears
across resistor R6. When a weak signal is
received a proportionately smaller voltage
appears across resistor R6.

Getting back to the filter unit R4, C7, the
operation is as follows: You will notice that
the resistance, R4, is very high in value,
and since it is in series with the grid cir-
cuits and the grids don’t draw current,
there is no voltage drop produced across
it and the voltage across R6 appears on the
g{igs of the tubes regardless of the size
of R4,

TIME CONSTANT

The size of R4, however, determines the
time constant of the A.V.C. circuit. Too
large a resistance would cause the A.V.C,
circuit to operate too slow. This would be
manifested by the signal coming in with a
blast when a station is tuned in and a few
seconds later the signal reducing in volume
as the A.V.C. takes hold. The resistance
was 50 high that it didn’t allow the conden-
ser, C7, to charge quick enough to apply the
proper bias to the tubes. It must be re-
membered that the resistance and capac-
itance both control the time constant of

the circuit. This is shown hy the following
formula.
T=RC

T=time in seconds
R=total resistance of A.V.C. circuit in
megohms
C=total capacitance of A.V.C. circuit
in microfarads
Too small a capacitance wifl be manifest-
ed by hardly no A.V.C. action at all be-
cause of insufficient voltage developed
across the filter unit. A time constant of
1/10 to 1/7 of a second is used for all practi-
cal purposes.
Condenser C7 is commonly called a
“tank” condenser. When a strong signal is
received it charges up to a certain level and

S aARRy AT N ——
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Diagram of automatic volume control clreuit as used
in many types of receivers. This particular type Is
usually designated the series-fed type.

applies this voltage to VI, V2, V3, as
shown in Fig. 1.

When a weak signal is received the
charge across the condenser decreases and
a corresponding smaller voltage is applied
to the tubes.

If condenser C7 opens, the pulsatix{g D.C.
will be superimposed on the grids of V1, V2,
V3, and will modulate them at an audio
rate. This will appear in the output as dis-
tortion.

Resistors R1, R2, R3, and condensers Cl,
C2, C3, act as decouplers to keep the signal
of their respective stages from getting
mixed up in the other stages causing os-
cillation or degeneration. They also serve
as additional fillers to further smocth the
D.C. bias voltage applied to the tubes. The
condensers in these decouplers should have
the lowest amount of reactance possible at
the lowest frequency to be received. Since
these condensers are in series with the tun-
ing condensers, the extra resistance that
they add to the tuned circuit will have a
tendency to make it tune broadly.

The filter R5, C4, C5, is an LF. filter and
serves to keep the intermediate frequencies
from entering the audio circuit.

ELECTRONIC PHONO PICKUP
(Continued from page 271)
this pickup. and the results were found to
be highly satisfactory. The constructor of
course may experiment with different cells

and input circuits until he finds the best
arrangement to suit him.

Parts List
1—6-volt pilot lamp

RESISTORS

1=—1Megohm, % watt
1—60,000 ohm potentiometer

RADIO-CRAFT for FEBRUARY,

CONDENSERS

1—1 or 2 mfd. paper

1—.01 mfd., Paper
MISCELLANEOUS

1—Lucite rod, 3 x % x 8 inches
1—Discarded crystal pickup unit c
1—Photo-tube (caesium-gas preferred)
1—Metal shield can.

S

CAPACITANCE BECOMES BOSS
(Continued from page 269)

production but the extensive amount of
rescarch necessary for perfecting the meter
and modifying it for its various applica-
tions. The cost of the parts in the meter

1943

is a small fraction of the market price. Its
circuit is actually very simple. Two oscil-
lator tubes, one mixer tube, and one ampli-
fier are all of the vacuum tubes required
for a simple installation. The construction
is so simple that even someone unfamiliar
with radio could construct it. In spite of
the great cost of the meter, it is being
widely used in industry today, for the
service that it performs far outweighs its
cost. Indeed, if the apparently great demand
continues to increase, it is almost certain
that the cost will drop to a fraction of its
present price.—Tech Engineering News,
M I T
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QUESTION BOX

By FRED SHUNAMAN, Technical Editor

QUERIES

All querles should be accompanled by a fee of 25c to cover rescarch involved. If a schematle or
flaursav? lI’s \u;:!ai) please send 50¢, to cover clrcuits up to 5 tubes; for 5 to 8 tube circuits. 75¢;
vor ubes. i

No picture diagrams can be supplied.
Back issues 1942, 25¢ each; 1941, 30¢ each; 1940, 35¢ each,
Any issud. prior to 1940, if in stock, 50¢ per copy.

GUITAR AMPLIFIER

9

o Please print a hookup for an excellent
guitar amplifier—H. I, L., St. Marks, [la.

A. Herewith the schematic. For extreme-

ly low hum the amplifier may be used with
a 53 and two 2A5's. 6L6's may also be used
if more power is wanted, by using a lower
value cathode resistor.

2SMEG. 15,0000
TO VOICE
coiL

[

Tae

e
(or speaker field

preferably 10000
d
T AT

or lower resistance)

g GUITAR AMPLIFIER

A" AND “B’" BATTERY TESTER

? Please supply me with the eircuit of
an “A” and “B"” batiery tester which can
test radio Dbatteries under load—E. S.,
Palmerston, Oni.
A. Herewith is the circuit, requested.
The two switches marked SW should
be of the instantaneous type, and should
keep the circuit closed except when thrown
and held over. This will protect the meter.
The small fixed resistors in series with the
variables are for the same purpose, though
the wide range in battery voltages makes
complete protection impossible. An im-

provement could be made in the “B"” cir-
{ cuit by using a 2.000-ohm fixed resistor and
a 3.000-ohm variable. The only disadvantage
of this change is that the amount of current
drawn from 2214 batteries would be limited,
but this is not particularly important if you
have very few 2214 units to check.

25,0000
o
<
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ELIMINATOR

@ Due to the shortage of batteries |
would like to see you publish the plans for
one or fwo simple “B” eliminators with a
tap for 45 volts and 6 volts, using junk box
parts—E. K., Miami, Fla.

A. Herewith the schematic. Plans for
“A"” and “B” battery eliminators for por-
tables may be found in the January issuc.

RADIO-CRAFT

3 POWER PACK

® Will you please give me a circust of
a power pack to operate automobile radios
off ;_it’her ALC. or D.C.2—A. S., Bronx.
N. Y.

A. Thediagram requested is shown here.
TRANS can be a big old-time broadcast
transformer with taps on the primary for
different voltages. Strip off all the windings
but the primary, then wind a secondary of
as heavy wire as you feel like handling, but
at least No. 14. The bigger the better.

The secondary output should be about 15
volts, no load, when the primary tap is on
the middle position.

CHOKE may be another big broadcast
transformer primary. It doesn’t matter
whether or not the secondary and filament
windings are taken off it, but take out the
laminations and put them back choke fashion
—all in one direction with a piece of thin
fibre between the “E” and butt pieccs.

OND is a 1,000 (one thousand) micre-
farad condenser, built for use with 6-volt
dry-plate rectifiers. I{ you can't get one now,
use a few hundred mfd. of low-voltage radio
condensers.

REC may be one of the old dry-plate
(copper-oxide) rectifiers used for charging
storage batteries. Those off old loud-speak-
ers are usually not big enough.

To reduce D.C. to the proper voltage,
build up a bank of lamps as shown. Use 100-
watters for all but the biggest car radios.

Lo~ LAMPS

1t5v. A.C,

nuae DOOOOD

_ D.C.VOLTAGE DROPPER @ +
L. 0

Hook the set across the output terminals,
and screw in one lamp at a time till the volt-
age 1s correct.

A D.C. voltmeter must be used with these
devices to assure proper voltages on the
receivers,

— e =

CHARGING BOOSTER

‘) This diagram is copied from a Radio-
6raﬂ of June, 1936. This uses two units
instead of one, as shown in the original.
Do you think it is advisable to use the two
umts?—J. F. S., Belleville, N. J.

A. The idea of using one unit for the
radio and one for the heater is an excellent
one, as there are many times when the one
is on without the other.

The third brush is set for the full charge

FEBRUARY, 1943
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required when the device is on, resistor D,
(which may be a 20-ohm rheostat) being
shorted. Then D is adjusted till the am-

] D,
Corm——md | W pE—
S ¥-] 34 aRust—= =
- -
3 E,
Ab B a. 8
CAR GENERATOR &

CAR BATTERY RATE OF CHARGE BOOSTER

meter on the dash drops back to normal
charge.

B is attached to any point on the heater
or radio which is 6 volts from the car
frame. CE can be a car cutout, the shunt
winding, which uses only a few milliam-
peres, being used.

e

A REAL PHONE OSCILLATOR
(Continued from page 286)

resulting from the power supply refine-
ments.

Parts List
RESISTORS
Ri Ry—3000 ohms, 1 watt
Ra—260 ohms line cord resistor
R+—100,000 ohms, 14 watt
Ro—100,000 volume control
Re—600,000 volume control
CONDENSERS
€;, C2—20 mfd, 150 volt midget tubulars
Ce—15 to 350 mmfd. trimmer
Co—.0001 mfd. mica condensér
Co—.5 mfd. 1560 volt tubular
MISCELLANEOUS
La—See text
Ti—See text
CH—1 henry, 200 ohm d.c. midget choke, Utah
#4660 recommended
1—25Z6GT tube
1—6K7GT tube
2—8 prong octal sockets
4—Pin tip Jacks
2—1” dia. knobs for 14” shaft (optional)
1—Chassis, of #16 ga. steel

e ——

THE BEGINNER’S
“PLASTICETTE" RECEIVER
{(Continued from page 298)

drilled about three-fourths of an inch
through the middle oi the cap and tapped
with a 3/16-inch tap.

The wood chassis is 275 x 3 inches and
Y4-inch thick. The mounting of the parts is
shown in the drawing. The mounting of the
tube is in an angular position to provide
room for other parts.

Parts List
CONDENSERS
Cl—Antenna trimmer, 0-35 mfd.
C2—.000366 midget variable
C3—.00026 mfd., mica
C4—.005 mfd., mica
RESISTORS
R1—3 mes.
R2-—25,000 volume control "“baby” type
MISCELLANEOUS
B—45-V.. "B Battery
A—114-V, penlite cell
1—toggle switeh
1—1HBGT RCA tube

——— R R —

CORRECTION

In the diagram of the Victory Receiver,
page 165 of the December, 1942 issue, the
following corrections should be made:

1. Insert a lead froin the *hot” side of
the 117-volt A.C. line, to the plates of the
25Z5.

2. Insert a lead from the B-plus to the
R3-62,000 Ohm resistor, and to the tickler
and screen of the 6F7.

3. Condenser C9 should be 10-mfd., 25-
volt.
RADIO-CRAFT for FEBRUARY,
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Every ounce of Notianal Union energy is thrown into the battie for

victory. Our engineering, our production, our manpower and machinery

are in the fight. As we bottle on the research and preduction front we

see the dawn of greot new horizons o3 new products, new and berter

merhods develop; we see the Radio Service man to whom we have

devoted

ourselves through the years standing on the threshold of a

greater opportunity thon he has ever known. Notional Union is deeply

grateful

for the loyalty of the service profession te Nationol Union

products. Notional Union is learning. wotching every odvoncement in

the electronlc an, so when the day of Vidory comes, the mony thou:

sonds of service men who have grown with us in the past shaoll

benefit in the future.

" H NAT|0NA|- UN|0N RAD|0&’,m 57 STATE STREET, NEWARK,

NEW JERSEY

PHONO OSCILLATOR

The phonograph oscillator has become
quite popular within the last year or so and
the number of different types and designs
of phono oscillators is almost as great as
the number of new receiving tubes being
introduced monthly.

The oscillator described here is unique
in the fact that it requires only one bat-
tery to operate it. Advantage is taken of
the high output and low current drain of
the new 1.4 volt battery tube, the INSG/GT.
The coil is of the “self- rolled” variety, sav-
ing the builder the expense of a factory-
built coil. Bear in mind that the grid leak
is a low value (10,000 ohms). If a receiv-
ing type grid leak is used, the tube will
probably block and no oscillations will re-
sult. Blocking results when too high a leak
is used; intermediate values of resistance
will produce intermittent blocking which
evidences itself by the fact that the oscil-
lator will emit a tone-modulated signal
which is useful in code practice, etc. Ex-
periment with the grid leak until you get
the desired tone. Use resistors from 50,000
to 1,000,000 ohms.

The input binding post is bypassed so
that long leads to the “modulator” can he
used without detuning effects. 1f a mag-
netic pickup is used, connect the leads di-
rectly to the input terminals. 1f a crystal
pickup is used, connect about a 100,000 ohm
resistor across the input terminals and con-
nect the erystal pickup leads across this re-
sistor, using a .02 mfd. blocking condenser
in series with the pickup leads.

H you wish to talk over your oscillator,
connect the leads from a pair of headphones
to the input terminals.

1943

(Anold Baldwin headphone unit is ideal.)
To use the oscillator for code practice,
use the high-resistance grid-leak as ex-

PHONO OSCILLATOR !

plained above and connect the ey across
the input terminals.

Note that if C4 is not available, two in-
sulated wires twisted together a few inches
will work as well.

If very high output is desired, C4 can
e shorted out, but detuning effects will be
very prominent. J. S. Jackson, Bowling
Green, Ky.

Parts List

CONDENSER

C1—250 mmf. ( 00025 mfd.) mica

C2—same as Cl

€3—350 mmf. (.00035) variable (old broadcast
condenser will work)

Cd—emall trimmer (about 50 or 100 mmf. max-
irmum

RESISTORS

R1—10,000 ohm

MISCELLANEOUS

V1—INBG or GT

L—see data given

Antenna—few feet of wire

Voltage supply is single 43%.-volt “C" battery
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eRADIO HOOK-UPSe
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THE RADIO EXPERIMENTER

If you have ¢ new Hook-Up, send it along; a pencil diagram will do. Be sure to include

a brief description.

All diagrams and descriptions accepted and published will be awarded a year’s subscription.
Diagrams muy be for receivers, adapters, amplifiers, etc. Send them to Hook-Up Editor, Rapio.
Craft, 25 W. Broadway, New York City.

AMPLIFIER CIRCUIT

Finding myself in need of a fairly simple
amplifier that would be used mainly with a
record player, 1 decided to operate two per-
mancnt-magnet loudspeakers. I had quite
a number of used parts lying around and
decided to use the parts I had available.

A volume -control was not used as there
was one incorporated in the phono unit.
However, if desired, a control may be in-
stalled across the primary of the input trans-
former. A tone control is also casily con-
nected.

I might add that with 380 to 400 volts on
the 61L6Gs, this unit makes an ideal modu-
lator for a 40 to 50 watt input transmitter.
With 330 volts on the 6L.6Gs, the plate ma.
were only 75.

All wiring was made as short as possible
and well shielded to eliminate hum pick up.
Ii only onc loudspeaker is used it is a sim-
ple matter to remove one of the 76s and
one 0L6G and the results are just as good
as when all the tubes are in.

.R4-

In the power supply two chokes of un-
known inductance were tried out and found
suitable.

The filter
PK450,

As 2.5 volts were available as well as 6.3
volts, I decided to use two 56s or 27s as
drivers for the 61L.6Gs.

Parts List

condensers were Aerovox

CONDENSERS

C1-—10 mid.

C2—.1 mfd.

C3—8 mid.

C4—38 mid.

RESISTORS

R1—2,000 ohms, 1 watt

R2—100,000 ohms

R3—250 ohmms. 5 watts

-20,000 ohms

R35—5,000 ohms

R6—250,000 ohms

R7--1 meg.

M[SCFLLANEOUS

T1-—3% to ! ratio. input transformer

ALLEN Forp,
Portneuf, Quebec, Canada

ouTPUT

[

VOLUME CONTROL FOR
SPEAKERS

Independent volume control of cxtension
or main speaker can be accomplished as
shown in diagram.

Resistors R1 and R2 (Rl being the
series clement and R2 the parallel element)
are two potentiometers ganged and so

©

R,

Ry
4

O;

connccted that when the resistance of one
is decreased, the resistance in the other is
increased.

Resistor R2 should have a value of at
least 5 times the impedance of the speaker
whose volume is being controlled.

R1 has a value equal to the combination
of R2 and speaker impedance, or:

(R24+ 2

5
If Z is 500 ohms, then R2 will be:
(500) (5) = 2500 ohms

(2500 4 500)
P —— = 600 oluns

As the potentiometer R2 is connected in
parallel with the speaker input, some power
will naturally he consumed by it. Although
not serious, it may be reduced by increasing
the ratio of R2 to Z from 5 to some greater
value, say, 10. Resistance R2 then would be:

(500) (10) = 5000 ohms

While Rl would he:

(5000 + 500)
— — = 550 ohms
10

In this case, the power consumed by RZ
would’ be one half that consumed by the
previous example, where the ratio of R2 to

Z was 5.
A. P. K. BELL
Plula., Pa.

Following are two diagrams employing
the same 6C8G dual purpose tube. In the

2.5 mhy.R.F.C.
ooolsm 03
By 000“ my
3 MEG.

REGEN. DET.
& AMP.

Lew l

AL-D.C.
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6C8G CIRCUITS

first diagram the 6C8G tube acts as a regen-
erative detector and rectifier. With this re-
ceiver and without an antenna I have logged
a large number of stations. The British sta-
tions came in nightly. The regeneration con-
trol is somewhat critical.

In the second circuit, the tube acts as a
regenerative detector and amplifier, fed by
a power supply delivering 100 volts. I was
able to get British stations, despite poor
weather conditions.

On the broadcast band the stations came
in with very good volume when using an
eight-inch sneaker.

T would like to hear from anyone who is
intereste(t in these receivers, builds them and
experiments with them as I have done. A lot

RADIO-CRAFT

—0
2.5mhy.R.F.C. OHONES

19,000 VAR . OHMS.
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REGEN. DET.
% RECT.

can be learned with simple receivers,
Josera Lazzerr
Brooklyn, N. V.

for FEBRUARY, 19413



SARNOFF REVIEWS RADIO
YEAR

“No year in radio history was so packed
with activity in communication and scien-
tific research as was 1942," according to
Col. David Sarnoff, president of Radio
Corporation of America,

“New inventions and important develop-
ments, which in normal times would require
years to reach practical service, have been
rushed to completion in a few short months
to mect the demands of war. The scientific
achicvements of radio in 1942 remain mili-
tary secrets.

“The press has published photographs of
great ships being launched, massive tanks
rolling down the production lines, fighter
and bomber planes roaring aloft to combat,
destroyers and submarines protecting great
convays and Rangers attacking enemy-
entrenched beaches. These pictures reveal
that the warring monsters manoceuvre with
remarkable precision. But the pictures give
little or no clue that radio is an important
segment in the brain of these engines of
war. An antenna is usually the only evi-
dence that radio is aboard. Yet, 1t is radio
which gives these armored monsters their
ears and eves, and even their sense of di-
rection.

“Radio coordinates and speeds modern
military action; it is the one factor which
has made blitz possible in warfare, and then
made possible the effective defense against
that blitz. Radio in itself is speed. It travels
at the speed of light. Its wavelengths can-
not be cut, hombed or blasted. A ‘walkie-
talkie’ can project a message intG the
air from underbrush, from a forest, or a
hill top. No power on earth can stop its
magic flight.

“The application of radio frequency heat-
ing to speed-up industrial processes, and at
the same time increase their efficiency, ts
rapidly coming to the fore. Radio waves
may now be used to heat, dry, glue, stitch,
anneal, weld, rivet; even to deactivate c¢n-
zymes.

“This new field is known as thermal
radio. It can laminate an airplane propeller,
in minutes, compared to the hours required
by ordinary heat and pressure methods. Ra-
dio high-frequency ‘furnaces’ are a post-
war prospect. In them railroad ties will be
seasoned quickly, and ‘cakes’ of textiles
dried uniformly. Even rubber may be ‘radio-
cemented,’ to wood or plastic; cloth stitched
and seamed by radio heat; metals hard-
ened ; plywood glued; and fresh vegetables
deactivated without loss of flavor or color.
The possibilities in this new thermic realm
of radio are unlimited as indicated by re-
markable advances in the RCA Laborato-
ries during the year.”

e

RCA UNIFICATION

The RCA Manufacturing Company,
wholly-owned subsidiary of Radio Corpora-
tion of America, was consolidated with the
parent company, effective December 31,
1942, David Sarnoff, RCA president, an-
nounced last month.

The RCA Manufacturing Company has
approximately 30,000 employecs, and is now
chiefly engaged in producing radio equip-
ment vital to the war effort. Its principal
plants are located in Camden and Harrison,
N. J., Indianapolis, and Bloomington, Indi-
ana, Lancaster, Pa, and Hollywood, Cal.
The manufacturing organization will be
known as the RCA Victor Division of Ra-
dio Corporation of America.
RADIO-CRAFT FEBRUARY,
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CONTAINS:
22,000

DEFINITIONS
*
DICTIONARY OF
RADIO WORDS
AND TERMS

.
DICTIONARY OF
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»
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LIBRARY - SIZE

MODERN

WEBSTER
DICTIONARY

FILLOUT-MAILTHIS GOUPONTODAY!

If sou w111 take sdvantage NOW of our special
subscrintion offer of eight months for $1.00. we
will send you ABSOLUTELY FREE and POST-
PAID this 418 page full Hbeary slze MODERN
WEBSTER DICTIONARY—useful and instruetive
to everyone. This self-pronouncing authoritative
dictlonary—e new woik throuzhout—containe tho
most uP-to-date words now in common use. 22,000
definitions in all. It also_festures a Qlossary of
Radio Words and Terms. Dictionary of the Auto-
mobile. Treatises on Practical Byntax. Etymology.
Punctuation and Standard English by well Enown
suthorities. Metric Tables. Time. State Flowers,
National Parks of the U. 8., ete.

This Is a time limlted offer,
so don't delay In returning the Coupen.
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RADIO.CRAFT, 25 West BroadwaY, New York, N. Y.
C This 18 a New Order D Extend my present subscribtion

Enclosed you will and One Dollar for which
subscribtlon to RADIO-CRAFT Magazine for
me. ABSOLUTELY FREE and POST

MODERN WEBSTER

Gentlemen:
tnter My
Seven Months. Send

PAID. my copy of the DICTIONARY.

Name -

Addrass

City .

(Remit by check or tnoney otder:
letter f you send cash or unu
Fostage Stamps)

TeRiater
sed U.8.

FIVE-TUBE RECEIVER

Following s a diagram of a little set that
works fine. I made it out of parts taken
from old unused radios.

Parts List
CONDENSERS
C1, C2—240 mmf. ganged with trimmers C3, C4
C5—.1, 200 V.
Cy—.002 mfd., mica
C7—.0001 mfd., mica
C8—.01 mfd., 600 V.
C90—.5 mid.,, 600 V.
C10, C11—8 8 mfd,,
C12—10 mfd., 150 V
Cl3—.05, 600 V

RESISTORS
R1—150,000 ohms.

450 V.

1 Watt

FROM JUNK PARTS

R2—5 megohms, 1 Watt

R3—125,000 ohms, 1 Watt

R4-—50,000 ohms, 1} Watt

R5—0-50,000 ohms, wvolume contro! with 110
Volt switch

R6—1500 ohms, 10 Watts

MISCELLANEOUS

CH—25 henry choke, 90 ma.

T1—Power transformer, 2.5 volt, center tapped;
700 volts center tapped, 5 volt, pri. 110 volts

T2—-3:1 ratio transformér

One R.F. coil on broadeast band for 240 mmf.

One broadcast band antenna coil, 240 mmf.

One output transformer matching speaker (5°)

Five tubes—one 80 ; one 24A, one 45, two 80

Bospv Harrrs,
Sunnyside, Ky.

TUBE RECEIVER
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Good pay, adventure, interesting work!
Army, Navy and Commerce need
thousands of men who can send and
receive Radiotelegzraph Code. Learn
Codo at home or fmprove your pro-
ficlency and rating ihrough tho
famous Candler System . . . the
same easy, sluiplo system used in
training Radiotelegraph Special-
sts in Slgnal Corps, Navy, Ma-
rines, Coast CGuard., Naval Re &
sorve. Alrllnes and Amateurs.
Quality quickly. No long-drawn-out
studles. Candler Systom established over
Quarter century. Candler has trained world's
champions, experts in telegraph communlcatlons,
can give you fast sending and recelvlng techmique. Tre-
mendous Rew field for operators both in and out of Armed
Borvlces,
Instruction for beginners and operators. You can learn code
or increase Your w.p.m. speed and improve proficiency, We
help you quallly in half the usual time for amateur oOr
oommercial Jicense and a good rating.

Write today for FREE Candler Book

of Facts, It costs you nothing.

CANDLER SYSTEM CO.

P. 0. Box 928 Dept. 3-B
Denver, Colorado, U.S.A.

Craven House, 121, Ringsway, London. W.C. 2

LEARNCOD

the way you’ll
be using it by

SOUND

A The best way lo learn
8 to read code Is by lis-
tening to code, The best
wnr to learn to send
le 18 by hcarlng your

sirument cver P
which records your sending In visible dots and dashes—
then BENDS BACK your own key work at any speed you
desire. There are NO PERFORATIONS-NO INK. Far supe-
rior L0 nhything ever develol v . - & marvel of simplie.
ity. That's why practically eve school teaching code uses
¥e furnish comp v Including  the

1t & swrprisingly
low cost. Write today for FREE catalof S2. No obligation,

TELEPLEX CO., Leaveislsh,
COMMERCIAL RADIO

—_————
A radio training center for over twenty Years.
Well equipped. Excellent faculty. Practical resi-
dent courses in Defense, Radio Telegraphy. Broad-
cast, Servicing, Industrial, Television, Aero-
nnutical, Drafting, Mathematics and Studio Tech-
pique. Placement bureau. Classes now forming.

STABILIZED OSCILLATOR

An improved oscillation generator which
in addition to positive feedback at os-
cillating frequency, provides a negative feed-
back at all other frequencies is described
by F. E. Terman. To prevent distortions at
the fundamental frequency, due to the posi-
tive swings of the grid, a diode is connected
in series with a biasing battery for limiting
the amplitude of the swing independent of
the grid current.

In the circuit shown, the cathode of the
triode 10 is connected to resistance 14 and

ol

Ao

Catalog upon request.
Dept. D, 38 West Biddle Street. Baltimore, Md.

the other end through coil 15 of the tuned
tank circuit, resistance 17 and condenser
18 to the anode. The tank circuit 15, 16 is
tuned to the operating frequency of the os-
cillator. Positive voltage feedback for ex-
isting oscillators in the generator is made
over the lead through the inductance coil
15 to the secondary coil 20 and connected
to the grid of tube 10.

The other end of 20 is connected through
resistance 21 to an intermediate point on
the cathode resistance 14. The grid bias is
furnished by the d.c. voltage drop between
the cathode and where 21 connects to 14.
The voltage drop gives a negative feed-
back voltage.

A diode connected across the tank circuit
is provided with a delay biasing battery 26.
This circuit serves to limit the amplitude
of the oscillations generated by valve 10,
the required limitation being produced by
the grid current. This action necessarily in-
creascs the distortion of the generated wave.

Diode 25 is biased to such a potential that
before the grid valve 10 tends to become
positive, valve 25 breaks down so as ef-
fectively to short circuit the tank circuit.

The amplitude of the oscillations is limit-
ed independently of the grid swing so that
the oscillator may work on a straight line
portion of its characteristic curve. With
this arrangement, most of the distortion in
wave form results from the non-linear ac-
tion of the diode and this will be small if
the biasing battery is adjusted so that oscil-
lations with the smallest possible amplitude
can just be sustained.

Electronic Engincering, London

HOME MADE PHOTO VOLTAIC
CELL

A lot of experimenters may be interested
in making a photo-electric cell which re-
quires no relay.

This cell changes varying light intensi-
ties into electrical impulses by varying the
potential between the electrodes of a pri-
mary cell.

The solution is made by adding 1 oz. of
lead nitrate crystals to 1 gill of distilled
water (4.-gills = I pt.). An ordinary pickle
bottle is used for a container.

The clectrodes used are a lead strip ¥
by 6 inches and a copper plate 1 by 4
inches.

Heat the copper plate in a flame until the
entire surface is coated with a black flaky
substance called cupric oxide. (Use a blue
flame instead of a yellow one, to avoid a
deposit of soot.—Editor)

Now wash the plate in a weak solution
of ammonia water to dissolve the cupric
oxide. This leaves a golden brown coating
of cuprous oxide, which is. light-sensitive.

~ PHOTO VOLYTAIC CELL~
BACK HALF

9 75 = TERMINAL
LTS INSULATED

3
OF BOTTLE FROM CAD

LEAD STRIP

COPPER SOLUTION
PLATE 1"X4" OF LEAD
CONTACTED ; NITRATE
WITH CUPORUS

OXIDE
COPPER LEAD 0.1~MF '_,

The back half of the pickle bottle and
the back side of the copper plate should
be painted with black lacquer.

DonaLb ROBERTS,

D

V. T. VOLTMETER
Here is a diagram of a simple vacuum
tube voltmeter, 40 to 1 ratio, that is, only
1 volt will be read on the meter at 40

Hre you interested in
SOUND MOTION PICTURE PROJECTION?

UBSCRIBE to INTERNATIONAL PROJECTIONIST, the only magazine

published that is devoted exclusively to the mechanical and electrical
principles of professional sound motion picture projection. It deals with the
arc lamp, film projector, sound track,
maintenance and repair of projection equipment, and with every detail of
high-calibre, professional motion picture projection. I. P. has the endorse-
ment of leading projection supervisors of the United States and Canada.

photoelectric cell, sound amplifier,

L L PR REER L8 4 8 ¥ ¥ 3 ¢ ¥ 2 R F E EEE R E_E EE EE R L LI X R L 2 |
INTERNATIONAL PROJECYIONIST
19 Woet d4th St.. N. Y. C.

Enter my subscription for

8 1 year—12 lnue.—{?
2 yoarg—24 {ssucs—83
{Foreign—G60c per year extrs)
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volts. If the meter reads 3 volts then 120
volts would be correct.

The V1 is a 37 tube V is an 0-50 volt-
meter. M is an 0-5 milliammeter. The 10,0600
ohm potentiometer is wire-wound type.
Condenser C is 0.1 mfd 600 volt.

J. E. Berc
Pequot Lakes, Minn,
for FEBRUARY, 1943



RADIO CIRCUIT MANUAL -1941

The only EDITED manual
Ever Published !

MORE INFORMATION IN HALF THE
NUMBER OF PAGES

DIRECTORY OF RECEIVERS MANUFAC.-
TURED IN 1940 AND UP TO JUNE, 1941

A “CUSTOM-TAILORED” MANUAL
FOR SERVICE ENGINEERS

Here, at last, is a Service Manual deliberately PLANNED for the
Service Engineer. Instead of a mere hodge-podge collection of
service data, as manuals have been in the past. this RADIO
CIRCUIT MANUAL is an orderly compilation of essential radio
diagrams and service information, earefully edited and uniformly
presented for the maximum convenience of the busy Service Engi-
neer. All time-consuming. non-essential data have beeen weeded
out, and the remaining information, vitally important to the rapid
and efficient servicing of modern radio receivers, has been luid out
in a logical, easy-reading style which cuts time from the day's
work. Because of this and other features which are self-evident
upon first observation, it has been possible to list all information
pertaining to a given model on a single page.

In 73C pages this Manual presents essential service data on over

1800 receiver models ;.—more than any other existing service
manual on the market!

OUTSTANDING FEATURES

@ Contains data on more than 1800 recelver models'—more than any
other radio service manual.

® Only 736 pages'—less than half the bulk of any other manual
and more than 1/3 lighter.

® Al Information is EDITED !—all non-essential data deleted and
"l:ei rl:nlam:t checked and correlated with the schematles and
sketches.

@ 40% larger page permits ilsting of all Informatlon on one page.
(A few unavoidable cases excopted.)

@ ).F. peaks for all superhet cireults are boldly disptayed In black
boxes.—none missing, all acturate.

@ No space wasted on communlcations and export recaivers, amplle
fiers, eloctronie musical Instruments, ete.—a 100% Servies Engl.
neer’s Manual.

736 pages; size 13% x 10% x 2 in. thick; loose Jeaf, leatheroid-
covered stiff hinder; net weight 614 Ibs.

ORDER YOUR

IMMEDIATELY — NOW!

CIRCUIT
MANUAL

ONLY

*1000

MANUAL

VOLUME TWO
OF THE OFFICIAL

$1500

POSTPAID

RADIO-CRAFT

for
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This volume of the Official Refrigera-
tion Service Manual (Volume 2) con-
tains service data and information of
value to everyone interested in refrig-
eration. Although it was published in
1935, there has been a tremendous de-
mand for it, especially during the last
year, because of the discontinuance of
new models for the duration of the
present emergency and the necessity
of servicing all old refrigerators and
k_ebelping them in service as long as pos-
sible,

Partial Contents in Second Volume of
“Official Refrigeration Service Manual’

Theory and Fundamental Laws

Methods of Refrigeration

Refrigerants, Lubricants and Brines

Handling and Storage of Refrigerants
Compresslon System of Refrigeration

Llguid Throttie Devices

Refrigeration Systems

E lectric Control Devices

Compressors, Types, Seals, Valves, Capaclties
Evaporators and Cooling Units

Service Taols R

Commercial Unit Specifications

Servicing Refrigeration Apparatus

Servicing L
Servicing Hiph Side Float Valve Systems

1943

REFRIGERATION
SERVICE

MANUAL

Servieing Expansion Valve Systems

Servicing Thermostatic Valve Systems
Servielng Restrictor and Capillary Tube Systems
Charging Systems with Refrigerant

Electrical Service; Motors, Fuses, Hookups
Estimating Refrigeration Loads

OVER 350 PAGES
OVER 300 DIAGRAMS

Flexible, Looseleaf Leathereite Binder
This Refrigeration Manual is printed on a spe-
cial Bible stock. This stock, although unusually
thin, is exceptionally strong and durable. It
makes handling of the book much easier.

r-------------------------r‘
8 RADCRAFT PUBLICATIONS, INC. 1
0 25 WEST BROADWAY, NEW YORK, N. Y. 1
1 Qentlemen: Enciosed find my remittanes for _which
@ send me, P'OSTI'AID, the book (or books) I havo g
a checked! 1
2 0 RADID CiRCUIT MANUAL—I%4|—$}0.00 R
8 ] REFRIGERATION SERVICE MANUAL vol, 2— §
[ | 1935—85.00 L}
[} 1
§ Name L3
[] Please print clearly [']
& ]
B Ad 1
4 L}
City Sgda T - mie
ow- Side Fioat Valve System ' RC-2-43 :
L-------------------------L
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OF OUR FIGHTING

depend on the same ac-
curacy, dependability and
ease of operation which have
made the name Supreme
famous for over 14 years.

Supreme Radio Test-
ing Instruments
keep communica.
tions open.

PROTECTING THE VOICE AND EARS

Lives—Victories—depend on the proper performance of the
radio equipment which is the voice and ears of our
fighting forces. Army and Navy technicians 3

TESTING INSTRUMENTS

FORCES

taken in order not
to damage the me-
ter.

The idea is to re-
move the multiply-
ing coil and to
shunt the moving
coil. The shunt is
made of a short
length of rheostat
wire and the length
is found by trial.

The “mil” scale
may be made to
correspond with the
voltage scale, but a
new scale can be

! firve.

GREENWOOD.
MISSISSIPPI
u.S. A

[ NEW CATALOG

OF SOUND AMPLIFYING SYSTEMS

AUDIOGRAPH Sound Systems represent the
lotest in Public Address equipment—o com-
plete line plus pre-tested accessories.

NEW LOWER PRICES

Qutstonding quolity ond performance at
prices that help you meet ony competition,

WRITE FOR YOUR FREE COPY

'AUDIOGRAPH

' THE FIRST NAME /N SOUND

HoHar Mack Indwstrior—iiberty 6} Parnsylvania Ave.; Plymouth, Ind. |

_Complete Pl_ans

For Bullding Useful
and Practleai Things
at Home. Each issue
of Popular Homecraft
is ecrammed with plans
for making such beau-
tiful and useful things
a8: Furniture, Bira

mba. -

Houses, La Out.
door Garden 1.
] n 1

. tools, =
working, leathercraft.
copper You'il ind
“‘how"" make almiost everything from
Popular Homecraft.

of
{ _drawings and Photographs
make every siep sémple as A B C. A real “*How-To-Do-It"

the paRes
Scores o

magazine.
Six Months’ Trial $1.00
Bend $1.00 today for trial six months” subscription
Money Back If Not Delighted.

POPULAR HOMECRAFT

937 Palmolive Building Chicago, It

Trial 6 Months $12°
OPPORTUNITY AD-LETS

Advertisements in this section cost 15 cents a word
for each insertion. Name, address and initlals must
be included at the above rate. Cash should accom-
pany all clasflfied advertisements unless Dlaced DY
an accredited advertlsing agency. No advertisement
for less than ten words accepted. Ten Dercent dis-
count six issues, twenty percent for twelve issues.
Objectionable or misleading advertisemenis not ac-
cepted. Advertisemonis for March. 1943. issue must
reach us not later than February 10. 1943,

Radlo-Craft ® 25 W. B'way * New York, N. Y.

RADIO SERVICEMEN AND EXPERIMENTERS SEND
for our Rtunt radio catalogue. Save dollars. United Nadio
Co., (1000P) Newark, N, J.

WANTED: RIDER'S MANUALS., TURE TRSTER. PRE-
fer MHickok 530P. State price, econditlon. Robert Wendt,
507 South Thirteenth St.. Saginhaw, MHchigan.

USED ndence

T
Co‘ e Sp% oY ses

details
ustrated bargain catalog FREE. Write todayi
NELSQON CMPANV. 500 Sherman, Deot. B-210, Chicago
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COMPLETE HOME-
STUDY COURSES and
= if-instruction  DOOKS,
used. Sold,
. exchanged. All
Bub: . Satiafaction
suaranteed, Cash vpald

made if desired.

The scale or coverage of the meter is
| determined by checking the readings against
a Triplett or similar meter which one may

The diagram shows a one-tube receiver
employing a 1A5GT tube, I have alread
worked out a form of regenerative control
(a volume control is used, or a tuning con-
denser, to make it more selective).

This set may be operated from a power
| pack with plenty of volume, in fact too
much. I cannot read the code of the phone
COO(;‘l_dCl'ISCI', however I believe it might be a
005

| T hope you have the diagram clear and
can start wiring it to see how splendidly
it periorms.
It is a worthwhile experiment for a good
technician to try.
| When you have it all set and ready to
go, get it set on your loudest station, then
try a speaker on it and I am convinced you
will be delighted with all the pep that one
tube can furnish.

|
l Josern NIwRANSKI

Brooksby, Sask.

A “"MIL"” METER

\ Almost all junk boxes contain an old Jewel voltmeter. IFrom
one of these, 1 made an accurate meter.
Revamping the meter is not a difficult job, but care must be

POSTS O METER

(,? o.c. O«

POSTS ON METER
\‘)

<

\ HOMEMADE
WOVING SHUNT
oL
MOVING
COoiL

(Before Changina) (After Changing)

have on hand. It should be checked if some
kind of accuracy is to be cobtained.

The shunt is adjusted to give the desired
coverage, and is soldered in place to prevent
any loss of adjustment.

MERLE EICHENFELD
Sand Springs, Okla.

THE SASKATCHEWAN SPACE-CHARGER

=

o - T
50 mgm PHONES
mmf. ‘ o)

[

\V

coi G.L.or RES.
WINDING
¥

;1__ REGENERATIVE F L’
- T0 CONTROL
GROUND ; i -
7
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WE “HEAR" WHAT WE NEVER HEAR

’SOME years ago a well-known radio
writer pointed out that what some of
his friends called a “good bass” in their
radios was nothing more than the brain
supplying the sensation of a low note
which was not heard by the ear nor even
emitted by the radios of the time.

The statement essentially, was, that
“what my friends heard, was not 30, 40 or
60 cycle tones, but the 120 cycle tone, and
they thought they heard organ pedal tones.”

Also it is well known in acoustics that
if great force or a sudden force is applied
in setting a string, diaphragm, tube or air
column vibrating, the tone emitted is rich-
er in harmonics than when a small force is
applied.

erhaps with such data as these as a
basis, Mr. Louis A. DeRosa has investigat-
ed the possibility of supplying bass notes
and tones over 5000 cycles, to radios, par-
ticularly those of the cheaper variety.

For the last month, before the Radio Club
of America, Mr. DeRosa demonstrated that
the ear “hears” what it cloes not hear. For
example, we “hear” a cricket chirp. The
chirp is about 16,000 cycles, but the limit
of average hearing is about 5000 cycles. It
is the brain which supplies the sensation of
hearing the 16,000 cycle chirp. This would
indicate that what the ear misses, the brain
supplies. Or, to put it another way, the vi-

RADIO-CRAFT

brations received by the ear are passed on
to the brain as suggestions.

Another idea which Mr. DeRosa demon-~
strated was percussion. Not in the bass
drum, triangle, and cymbal sense, but in its
physical sense of a “sudden force”. This
sudden force applied in music for instance,
might be the “szforzando”. Rich tonal ef-
fects are achieved that way, as is well known
among musicians and composers.

Something along this line is the idea of
Mr. DeRosa’s, that if these rich harmonies
could be supplied at the broadcast station,
the listener could hear them without
changing his present radio.

Combining this idea with his high-note
and percussion gains, Mr. DeRosa points
out that the cheap sets in the future will
equal or surpass the best sets of today, be-
cause only frequencies of 150 to 4000 cycles
need he passed.

Most of the heavy equipment now called
for is due to its being needed to bring out
the low notes.

Since his arrangement can be applied
right at the broadcast station without mak-
ing any changes in existing receivers, the
idea could be put into effect at once; but
Mr. DeRosa’s war work prevents his de-
voting any effort to his revolutionary de-
vice commercially at the present time.

FEBRUARY, 1943
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in his room at the Hotel New Yorker by
the floor maid who reported the death.
Having been born in Yugoslavia, the
Yugoslay Government in exile gave Tesla
a state funeral. He was buried, after a
service at the Cathedral of St. Jolin the
Divine, on January l4th. Over 2,000 people
attended the rites.
High Government
oficials of the
Yugoslav Govern-
ment attended the
funeral. Honorary
pallbearers in-
cluded Dr. Ernest
F. W. Alexander-
son, well-known in-
ventor of the Alex-
anderson alter-
nator, of General
Electric Company,
Professor Edwin
H. Armstrong of
Columbia Univer-
sity, inventor of the
Superheterodyne
and Frequency
Modulation; Dr. Harvey C. Rentschler,
director of the rescarch laboratories, West-
inghouse Electric and Manufacturing Com-
pany; and hundreds of others of the Radio
and allied industries. The body was taken
to Ferncliffe Cemetery, Ardsley, N. Y,
where it will lie in the receiving vault un-
til final plans for burial are completed.
Many telcgrams were received fromn dig-
nitaries the world over. These included a
telegram ‘from King Peter 11, and a tele-
gram from Mrs. Franklin D. Rooscueh as
follows: “The President and I are deeply
sorry to hear of the death of Mr. Nikola
Tesla. \We are grateful for his contribution
to science and industry and to this country.”
Many honors were heaped on Tesla dur-
ing his lifetime. A list of the outstanding
ones follows: Hon. M.A. Yale University,
1894. L.I.D. Columbia University, 1894
D .Sc. Viewim Polytechnic. He received the
Elliott Cresson gold medal in 1893 in rec-
ognition of his original pioneer work, first
presented before the Franklin Institute and
the National Electric Light Association.
The Yugoslav Government honored him
by issuing a series of Tesla postage stamps
on his eightieth birthday in 1936. At the
same time all the Yugoslav schools held a
science festival in honor of Nikola Tesla.

TESLA AND HIS INVENTIONS

Tesla was the inventor of innumerable
tar-reaching basic inventions. Indeed, he
made over 1,000 different inventions, 9()(] of
which he patcnted during his long and
eventful life,

In many ways Tesla’s inventions were so
far ahead of the times that even we of to-
day are not able to fully appreciate the
tremendous work which the master inventor
accomplished. Many of his inventions will
no doubt become more important as time
goes on, and it is certain that posterity will
realize the value of Tesla’s accomplishments
far more than does the present generation.

It is impractical here to give the long
roster of all the hundreds of various inven-
tions of Nikola Tesla. He was an inventor
whose ideas were so far ahead of his time
that many of these inventions could not be
utilized at the time they were made, because
frequently the arts had not caught up with
his inventions—with the usual result—that
late-comers often derived the henefit of his
earlier work.

Thus it came to be that Nikola Tesla,
who originally earned the name of '"“The
Father of Wireless,” obtained no financial
reward from his early work, although
dozens of his inventions were used to make
radio what it is today. By 1900 Tesla had

RADIO-CRAFT

post-
age stamp by Jugo-
slavia to honor tha fa-
mous scientist on his
80th birthday, in 1936.
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NIKOLA TESLA
(Continued from page 2064)

patented a wircless system, much of which
was uscd later on to make commercial wire-
less possible. As ecarly as the year 1893,
Tesla, before the Franklin Institute and
Electric Light Association, (in February
and March 1893) demonstrated the means
of wireless transmission and reception. Tes-
la was the first who used an elevated capac-
ity {aerial) at the transmitter side and a
similar capacity at the receiver. The illus-
trations reproduced elsewhere in this article
show the means he used to accomplish this.
These very means were used by Marconi
and others who came much later and who
appropriated Tesla’s ideas.

To the end of his days Nikola Tesla
maintained that the Marconi wireless sys-
tem was an infringement on his methods and
apparatus for transmitting energy without
wires. Tesla in due time brought suit against
Marconi but he could not establish his patent
rights and blamed his failure to the paucity
of technical knowledge of the times, of the
lawyers and the court. Tesla could not make
himsel{ understood at that time, on the dif-
ference hetween wave lengths, particularly
between micro-waves and short-waves.
When, many years later his language had
hecome clear—even to a mediocre techni-
cian—his oniginal patents had run out.
Nevertheless, there would have been no
wireless transmission without Tesla’s fun-
damental work.

Again Tesla caused a world-wide furor
in the early 90’s with his Colorado experi-
ments. He erected a large experimental
plant for the express purpose of carrying on
his rescarches in high {requency, high-
power electric currents. It is believed that
he was the first man to reproduce artificial
lightning. He did so as early as 1890 when
he built the Tesla electric oscillator which
produced twelve million volts at a frequency
of 100,000 alternations per second. The pri-
mary used over 300 kilowatt. Lightning in
huge sparks, thrown over a distance of 22
feet, created such an electrical disturbance

o NIKOLA TESLA o

in the surrounding ecarth, that oné inch
sparks could be drawn from grounded metal
objects 300 feet from the laboratory. A
little later, with the same system, Tesla
obtained lightning-like sparks over 100 feet
long.

Tesla wrote a number of articles of a
biographical nature entitled, “My Inven-
tions.” These were printed in the magazine
“ELEcTricAL ExPERIMENTER” published at
that time by the writer. In the May 1919
issue of that magazine, therc was shown a
little-published photograph of a large metal
sphere which showed a Niagara of light-
ning-like sparks with the following caption:

“This illustrates Tests With Spark Dis-
charges From a Ball of Forty Centimeters
Radius in Tesla’s Wireless Plant Erected at
Colorado Springs in 1899, The Ball is Con-
nected to the Free End of a Grounded
Resonant Circuit Seventeen Meters in Di-
ameter. The Disruptive Potential of a Ball
is, According to Tests, in Volts Approx-
imately V. = 75,400 r (r being in Centi-
meters), That is, in This Case 75,400 X
40 = 3,016,000 Volts. The Gigantic Tesla
Coil Which Produced These Bolts of Thor
Was Capable of Furnishing a Current of
1,100 Amperes in the High Tension Sec-
on(lary The Primary Coil Had a Diameter
of 51 Feet! This Tesla Coil Produced Dis-
charges Which \Were the Nearest Approach
to Lightning Ever Made by Man.”

In his epoch-making Colorado experi-
ments, in the year 1898, Tesla was the first
10 transmlt actnal energy by wireless. He
succeeded in lighting electric lamps at a
distance of over hall a mile without any
intervening wires. These were his famous
electric high-frequency demonstrations in
which most of the wircless energy was
transmitted through the earth.

Tesla maintained to his death, that our
present-day conception of radio waves
transmitted through space is wholly wrong.
He always denied the existence of free ra-
dio waves in space. His theory was that
everything in radio could be explained by
earth conduction. The writer once asked
him how he could explain transmission of
radio signals to and from an airplane. His
answer was characteristic of him; his ex-

(Continned on page 308)

Adjustodls Inductonce

JYIIER 0F CONCATENATER TNED LIRS SO 1K) DESCRISEAIN TESUAS U 5. PATENT
No. 568176 of Sept. 22 1896 ANT LOPRESPONIING HIRLNTLIUNTS IN WIRLLLSS TRANSIISSION

WIRELESS 0
TRANIHITTER
Sowrce o wnpulses of
ardimary frequency

(E 1; Cingit controlier 1t
DTS et impuises

Prumary Conclenser
b ——

Adjusheds Inductance

Adjusloble nctuvctonce

. i# £
oy
rrary freQuency

Nireiess wraastorm
ewcurt I Amaj’%

Jrsquency of circur! T

g orQ Mormonic of the some

F l ng

oscriianons
arturary !'evmr/xy g

IE FOUR TONED CIRCUITS OF ABOVE DIAGRAM SHOAN SEPARATELY

%’*me L‘aﬁx’lr;
primery 0 0 QQ QGret
00000000
Agjustotie ik Panstmag Gruit
z - e fri
z cheuit
p,m,g; .;:uf g

Ajusmbie copacily

Il

LR

THE CORRESPONDING FOUR TUNED CIRCUITS OF INE MIRELESS SYSTEM

@aﬂvb‘? induxhance : I

Mreless recemng
circuit @F Ssmilardy Hireless fmnsrmnmg
tfuned crhcust AV sumiorsy

ned
A us b copacf

dushable e ronce

S e

Tesla's system of concatenated tuned circuits shown and described in U, 5. Patent No. 588,178 of Septem-

ber 22,
1943

1894, and corresponding arrangements in wireless transmission.

307



o NIKOLA TESLA e

planation was “a plain condenser action.”
To Tesla’s mind transmission took place
simply by considering the airplanc as one
plate, the earth as the other plate of a con-
denser. Modern scientists do not agree with
him in this respect, but all this does not
decrcase Tesla's fame.

To name only a few of Lis more outstand-
ing and well-known discoveries, we may
quote these:

One of his first inventions was a tele-
phone repeater, but the one invention which
brought him most of his fame was undouht-
cdly his revolutionary alternating current
induction motor, which used neither com-
mutator nor brushes. This invention was
made in 1888, when practically only direct
current motors were used. The induction
motor is used throughout the world today.

He next invented his well-known system
of electrical conversion and distribution by
oscillatory discharges. In 1891 the now
world-famous Tesla coil or transformer
was invented. This rcally was the forerun-
ner of wireless and the Tesla transformer
with 1ts condenser and methods of tuning
all were then used, and much of it still is
being used today, as it was in the early days
of wireless.

In 1893 Tesla devised a system of wire-
less transmission and intelligence. Shortly
thereafter he published his work on me-
chanical oscillators and generators of elec-
trical oscillations. At the close of the cen-
tury, Tesla did a tremendous amount of
research work and made many discoveries
in the field which we now call electronics.
His work dealt with radiations in vacuum,
with material streams and emanations. This
included his now famous Tesla “cold” light
which was the forerunner of our present
neon lights and others.

In the year 1900 Tesla, backed by John
Pierpont Morgan the clder, built his now
famous Tesla Tower on Long Island. This
fantastic appearing steel tower, 189 ft. high,
was popularly known as a wircless tower
but there was little technical information
about it for many years.

In 1919 the writer asked Nikola Tesla to
give a history of his tower which he did in
a signed article entitled: “The Magnifying
Transmitter.” This was published in the
“ELECTRICAL EXPERIMENTER,” May 1919
1ssue. An excerpt follows:

s e
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mental demonstrations before the American Institute
of Electrical Engineers.

The Magnifying Transmitter

“I have been asked by the ELECTRICAL
EXPERIMENTER to be quite explicit on this
subject so that the readers of the magazine
will ¢learly understand the construction and
operation of my ‘Magnifying Transnitter’
and the purposes for which it is intended.
Well, then, in the first place, it is a resonant
transformer with a secondary in which the
parts, charged to a high potential, are of
considerable area and arranged in space
along ideal enveloping surfaces of very large
radii of curvature, and at proper distances
from one another thereby insuring a small
electric surface density everywhere, so that
no leak can occur even if the conductor is
bare. It is suitable for any frequency, from
a few to many thousands of cycles per sec-
ond, and can be used in the production of
currents of tremendous volume and moder-
ate pressure, or of smaller amperage and
immense electro-motive force. The maximum
electric tension is merely dependent on the
curvature of the surfaces on which the
charged clements are situated and the area
of the latter.

“This invention was one of a number
comprised in my World-System of wireless
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transmission which I undertook to commer-
cialize on my return to New York in 1900,
As to the immediate purposes of my enter-
prise, they were clearly outlined in a pros-
pectus of that period from which I quote:

‘“‘The World-System has resulted from a
combination of several original discoveries
made by the inventor (Tesla) in the course
of long continued research and experimen-
tation. It makes possible not only the in-
stantaneous and precise wireless transmis-
sion of any kind of signals, messages or
characters, to all parts of the world, but also
the interconnection of the existing tele-
graph, telephone, and other signal stations
without any change in their present equip-
ment. By its means, for instance, a tele-
phone subscriber here may call up and talk
to any other subscriber on the Globe. An
inexpensive receiver, not bigger than a
watch, will enable him to listen anywhere,
on land or sea, to a speech delivered or music

Elevated capoctly Etevated capactly
ﬂ tterrnotor  .Recerver
i G aninte yt et Vi s Il
Transmitter Receiver

Transmission of electrical energy through the earth

as itlustrated in Tesla's lectures before the Franklin

Institute and Electric Light Association in February

and March, 1893 and mechanical analogy of the
same.

played in some other place, however dis-
tant.’

“The World-System is based on the appli-
cation of the following important inventions
and discoveries:

“1, The ‘“Tesla Transformer." This appara-
tus is in the production of electrical vibra-
tions as revolutionary as gunpowder was in
warfare, Currents many times stronger than
any ever generated in the usual ways, and
sparks over one hundred feet long, have
been produced by the inventor with an in-
strument of this kind.

“9 The ‘Magnifying Transmitter.” This is
Tesla’s best invention—a peculiar trans-
former specially adapted to excite the Earth,
which is in the transmission of electrical
energy what the telescope is in astronomical
observation. By the use of this marvelous
device he has already set up electrical move-
ments of greater intensity than those of
lightning and passed a current sufficient to
light more than two hundred incandescent
lamps, around the Globe.

#3. The ‘Tesla Wircless System.’ This sys-
tem comprises a number of improvements
and is the only means known for transmit-
ting economically electrical energy to a dis-
tance without wires. Careful tests and meas-
urements in connection with an experimen-
tal station of great activity, erected by the
inventor in Colorado, have demonstrated
that power in any desired amount can be
conveyed, clear across the Globe if neces-
sary, with a loss not exceeding a few per
cent.” .

When John Pierpont Morgan died, no
more funds were {orthcoming for the Tesla
Tower and the work was abandoned. The
tower was demolished during the first
World War by the United States Govern-
ment who feared that it might be used by
the enemy to transmit messages.

The world will always remember Tesla;
and we are certain that future generations
will be in a better position to appraise Tes-
la's work tlian we of today.

NOTE: The radio diagrams shown in this
article are taken from an exclusive article writ-

RADIO-CRAFT

ten for Hugo Gernsback and published in the
“ELECTRICAL EXPERIMENTER” of May 1919, en-
titled: ““The True Wireless'’ by Nikola Tesla.

EULOGIES OF THE PRESS

From the hundreds of eulogizing edi-
torials appearing in the nress throughout the
country, we have selected the three which
we consider as outstanding examples of
what the American press thought of Nikola
Tesla.

From an editorial in
TiMES”:

the “New Yorx

“NIKOLA TESLA

“If ever an inventor satisfied the romantic
requirements of a Jules Verne novel it was
Nikola Tesla. Communicating with Mars,
plucking hpat units out of the atmosphere
to run engines, using the whole earth as an
electrical resonator so that a man in China
could communicate wirelessly with another
in South America, transmitting power
through space—it was to such possibilities
that he devoted the last forty years of his
long life, His practical achievements were
limited to the short period that began in 1886
and ended in 1903.

“And what achievements they were! Poly-
phase currents and alternating engineering,
applied against the opposition of Lord Kel-
vin and Edison in the first hydroelectric
plant of Niagara Falls, the induction motor,
the use of oil in transformers, remarkable
work in wireless at a time when Marconi had
yet to make his mark, electric arcs fed by
direct current in a magnetic field, later ap-
plied by Poulsen in the first radiotelephone,
gas-discharge lamps which were in some
respects the forerunners of the neon lights
that now shine on every Main Street, the
medical application of high-frequency cur-
rents in what he ealled “Electrical massage”
—those crucial seven years of his youth
were crowded with triumphs out of which
came the whole nodern apparatus of high-
voltage electrical engineering,

“Yet all this he affected to regard as of
minor importance. It was the Jules Verne
future that engrossed him, for which reason
the last half of his life was spent in the
isolation of a recluse. For forty years he
lived and worked in a world of fantasy
crackling with electric sparks, packed with
strunge towers to receive and emit energy
and dreamy contrivances to give utopian
man complete control of nature, It was a
lonely life.

“There was a solid scientific basis at the
bottom of all this romanticism. For he was
no tinkerer, but a first-class mathematician
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Tesla's system of wireless transmission through the

aarth as actually exposed in his lectures before the

Franklin Institute and Electric Light Association in
February and March 893.

and physicist whose blueprints were plau-
sible, even though they were far ahead of
the technical resources of his day. He be-
lorgs to the passing age of heroic invention
of which Edison was the most distinguished
exemplar—the age of technical poets who
expressed themsclves in gencrators, indue-
tance coils and high voltages rather than in
drama and verse and who were the real
architects of this culture. If that abused
word ‘genius’ ever was applicable to any
man it was to him.”

From an editorial in the “NEw York
HeraLp-TRIBUNE' :
“The Drama of Mr. Tesla
“Mr. Nikola Tesla, the ‘wizard,’ died the
other day, and he left a lot of questions
unanswered. His solid accomplishments were
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astonishing in their scope—more than nine
hundred patents, including the transforming
coil and the induction motor. But, important
as were his accomplishments, he deserves
attention as a dreamer. He had always been
absorbed by glimpses into the world of to-
morrow, a world in which power would be
transmitted by radio, in which science could
make the desert blossom by what would
amount to the touching of a button. There
was no limit to the range of his imagination.
He even envisioned airplanes, fighters and
bombers and all, without engines. We cannot
know, but it may be that a long time from
now, when patterns are changed, the eritics
will take a view of history that will bracket
Tesla with Da Vinei. Or with our own Mr,
Franklin. Or with Dr. Loeb, who came close
to the secret of life. One thing.is sure: This
world, as we run it today, did not appreciate
his peculiar greatness.

“Mr. Tesla was eighty-six years old when
he died. He died alone. He was an eccentrie,
whatever thut means. A nonconformist, pos-
sibly. At any rate, he would leave his experi-
ments and go for a time to feed the silly and
inconsequential pigeons in Herald Square.
He delighted in talking nonsense—or was
it? Granting that he was 2 difficult man to
deal with and that sometimes his predictions
would affront the ordinary human’s intelli-
gence, here, -till, was an extraordinary man
—a genius k2 must have been. He was seek-
ing &« glimpse into that confused and misty
frontier which divides the known and the
unknown. Known and unknown? Perhaps it
is eternally unknown. But we do know that
Tesla, the ostensibly foolish old gentleman,
at times w.: trying with superb intelligence
to find the answers. His guesses were right
s0 often that he would be frightening. Prob-
ably we shall appreciate him better a few
million years from now.”

From an editorial in the “New YoOrRk
Sun”:

“Nikola Tesla

“As an inventor Nikola Tesla had the un-
usual experience of living for half a century
after some of his most important discoveries
and developments were announced to the
world. He was thus able to see the applica-
tion, improvement and consequences of a
number of basic electrical inventions. Tesla’s
motor and his system of alternating current
power transmission were devised in 1888;
three years later he brought out a trans-
former, and by 1896 was experimenting with
wireless. He shares with numerous other in-
ventors, however, the more commmon experi-
ence of advaneing some of his scientific ideas
Iong before the world had become sufficiently
informed to understand their importance.
When we remember that Marconi’s radio as
a popular interest waited for the 1920’s, it
is easier to understand how fantastic seemed
Tesla’s proposals at the turn of the century
for transmission of power without wires, In
his later years when he appeared to be car-
ried away with scientific notions of a highly
impracticable kind, the world forgot the
Tesla of fifty years ago, but continued to
advance on inventions he had built.”

R —

SERVICING NOTES
(Continued from page 283)
reversing the loop antenna plugs, situated
on the sides of the chassis. Whistling will
disappear. This was known to be true on

quite a few occasions.
Cuester E. DrzEwIECHI,
Arnold, Penna.

««.+. RCA VICTOR MODEL 10K
In servicing these reccivers for no opera-
tion, I have found the 6.6 dead. \When re-
placed with a new tube the tone is very dis-
torted after a few minutes of operation.
The trouble is usually found in the output
bias changing from about 16 to 23 volts.
Replace the 470,000 ohm grid resistor with
a 250,000 ohm 14 watt resistor and the
trouble is cured. This should also apply to
any receiver using a 6L.6 or 6F6.
F. Jorpan,
San Antonio, Texas.
(Continued on page 310)
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THE SODERWAND
SUPER SOLDERING IRON

The Soderwand
is the fastest
soldering tool in
existence:; tolally
different from the
usual soldering

wand {8 a light-
welght tool
uses an_ eclectric
arc inside of the
tip  for quick
heating. The heat
5 gcnera by the

arc is so Intense
that within 80 seconds after starting. the coPper is hot
enough to flow solder. There is & constant surplus of
heat which makes quick scldering jobs seem easy.
Current consumption is small, as only intermittent cur-
Convenient thumb

to

The Soderwand {s an all-purpose tool that takes care
of the heaviest or most delicale job with equal ease.

IMPORTANT. This is & brand new item and comes
in its original cking. We acquired the manufacturer's
entire stock, which Is the reason why we can sell the
tsool for so little money. THE ORIGINAL PRICE WAS
3.00,

yyamid tips. 14 feet

Supplled with regular No. 5
of c¢ord d ugg

. attachments, plugs, resistance unit. an

exira gets of carbons, Made for 110 volts A.C.
r{clna, or D.C. Size: 137 long. Tool weighs 10 ok,
Ship. wt. of outfit 4 |bs.

ITEM NO. 154
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VARIABLE SPEED UNIYERSAL MOTOR
FOR 110 VOLTS. A.C. OR D.C.

Made for Dictaphone machines by American Gramaphone

Co. ‘Used, but In exceilept
condition. Special lever con-
| permits variable :Dced!'

up to 3000 rf.m.. Vg
shaft  extends from  both
sides of motor. Measures
Tla” x 3Va* diam. overall.
Shp. Wt. 634 Ibs.

ITEM NO. 11

Your Price $2'95

WESTON MODEL 662
A.C.-D.C. AMMETER

Designed by Weston for the Eastman
Kodak Co. This is a precision-built
magnetic-vane type meter, Range 0-6
amperes. It i 2 inches In diamete:
an designed for panel mounting.
Blaek-cnamelled metal case of cxco‘f-
lent  fAnish., bakelité base, scale

sheet. A fine.

$1.25

POWERFUL ALL-PURPOSE INDUCTION MOTOR
IDEAL FOR EXPERIMENTERS—I0/ USES

Sturdlly constructed to Drecislon
standards, this self - starting
shaded pole A.C. induction
motor 18 powerful ehough for a
large variety of uses. Some of
are;  Automatic Timing
Current  Entarrupters,
Electric Fans. Eleetrlc Chimes,
Window Dlsplays, Photoeell Con-
trol Devices. Elactric Vibrators,
Small Grinders, Buffers and
Polishers.  Minlature Pumps,
Mechanical Models, Sirens, and
other applications.
Consumes about 15 watts of
power and has a speed of 3,000
r.p.m. When geared down, thls
sturdy unlt wlit constantly oper-
ata an |3-inech turntable toaded
dead welght—THAT'S POWER!

with 200
Dimensione, 3% high by 2° wide by 13”7 deep: has 4

fbs.

convenlent mounting studs: shaft i3 %" tong by 3/18%
dismeter, and runs in self-aligning ofl-retalning bear-
Ings. Designed for 110-20 volts, 50-60 cycles, A.C. ouly.

ITEM NO. 147 $'|.45

YOUR PRICE

| YOUR PRICE

HUDSON SPECIALTIES CO., 40 West Broadway, N.Y.C,

WESTERN ELECTRIC BREAST MIKE

This 15 a fine light-welght
slrcraft carbon microphone.
It weighs only 1 Ib.

Mike comes with breast.
platc mounting and has 2.
way swiveling adjustment
B0 that It can be adjusted
fo any desired poaition.
There are 2 woven straps:
one goes around neck. the
other arcund chest. Straps
can be snapped on and off
quickly by an ingcnious ar.
rangement.

This excellent mike ean
be adapted for home broad-
casting or pi com-
munication sysiems. y
dismounting breastplate, |t
can_be used as desk mike,

omes complete with 6.
foot ¢ord and hard rubber
Plug. Finished in sherardized
plate, non-rustuble

BEEN SOLD AT 8§ A
LOW PRICE BEFORE‘.: RIG.
INAL LIST PRICE $135.00.
Shipping welght, 2 Ibs.

ITEM NO. 132
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METAL CUTTING SAW

Hers 13 an $deal metal-cutting saw
made of fine tool steel specially designed
to cut metal. Teeth are set at a special
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ITEM NO. 5t
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perforated for ventllatlon. Ad-
Justable handle regulates speed ©f motor easlly and
smoothly. Size B5%x234* overall. Ship. Wt. 2 ibs
ITEM NO. 133
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AMAZING BLACK LIGHT!!
Powerfuf 250-Watt Ultra-Violet Source’

The best and most Drac-
tteal source of wullra-viclet
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use. Makes all fiuorescent
substances brilliantly lumi-
nescent, No transformery of
any kind nesded, Fits any
atandard lamp socket. Made
with special filter glasp per-
mitting only wultra-violet
Tays to come through, Brings
out beautlful opalescent hues

in varjous type: of mats-
rials. Swell for amateur
parties. plays. ete.. to ob-
tain unlque Mehting effects. Bulb only. Shp. Wt, 1 1b.
ITEM NO. 87
YOUR PRICE ............ T

WATTHOUR METER

Completely overhauled and
a ediate service.
refular 1 lg-

cle 2.wire A.C.
Servicemen use it

codls down.

the parts

bring the price. The elab-
orate Xear troin could be
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Simple to Install:
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NIKOLA TESLA
(Continued from page 265)

We say today that in this field he was
a prophet ahcad of his time; that the instru-
mentalities for realizing the vision were not
yet created, and so the vision faded. True,
but what will they say of us who were later
to invent and create the instrumentalities
with which the vision could be carried out?
We could not see it, even though it lay
before us on the printed page.

The world, I think, will wait a long time
for Nikola Tesla’s equal in achievement
and imagination.

FROM THE INVENTOR OF THE
ALEXANDERSON ALTERNATOR
DR. E. F. W. ALEXANDERSON, PH.D.; D.Sc.

l KNEW Tesla just enough to get an
impression of an amiable pcrsonality
and a dreamer with his head in the clouds.
His invention of the induction motor was
the greatest single contribution to the use
of electric power but characteristically he
left it to others to follow up this idea while
he continued to speculate on the transmis-
sion of power by clectric waves. Marconi
took the wave theory and made something
practical out of it while Tesla was reaching
for the unattainable.

From time to time there appears in the
world a great dreamer whose {unction
secems to be to shock more realistic minds
into action. Nikola Tesla was one of those.

FROM THE PROFESSOR OF ENG-
LISH LITERATURE, EMERITUS,
YALE UNIVERSITY

WM. LYON PHELPS, PH.D.; LH.D.; LLD;
S.T.D.; D.CL

IKOLA TESLA, whose father was a

Greek clergyman and public speaker
and his mother an inventor, which talent
she inherited from her father, was, of
course, educated in Europe, taking honours
in mathematics and applied sciences. His
first electrical invention was a telephone
repeater. He did the United States of
America the honour of hecoming a resident
and naturalized citizen in 1884 ; for I believe
those who choose the United States for

citizenship are really to bé praised more
than those who are born here. In Dr. Tesla’s
life one invention followed another. He was
a multitudinous blessing to the community,
to the country, and to mankind, and his
death was a personal loss to all who knew
him and a subtraction from the civilized
world.

FROM THE FORMER HEAD OF
THE SIGNAL CORPS, CHIEF
SIGNAL OFFICER U. S. ARMY,
RETIRED
MAJOR GENERAL J. O. MAUBORGNE

SO another of the great pioneers of wire-
less telegraphy has passed away! Tesla,
“the wizard” as he was known in my youth,
who captured the imagination of my gen-
eration with his flights of fancy into the
unknown realms of space and electricity.
A ‘“dreamer,” as hc was called by some,
with astounding vision far beyond his con-
temporaries, very few of whom realized
until many years after the work of Mar-
coni, that the great Tesla was the first to
work out not only the principles of electric
tuning or resonance, but actually to design
a system of wireless transmission of intelli:
gence in the year 1893.

Who can read the pages of that authori-
tative and historical work by T. C. Martin
published—plecase note carefully—in the
year 1894, and entitled “Inventions, Re-
searches and Writings of Nikola Tesla”
without being impressed with the fact that
Tesla, before that date, had already de-
veloped coupled high frequency resonant
circuits; a system of wireless transmission,
wherein, as shown by the diagram in Mar-
tin’s book, was provided an earthed trans-
mitter systein with an elevated aerial radi-
ator, later called an antenna—an arrange-
ment attributed to the great Marconi; a
high frequency alternator capable of trans-
mitting intelligence in the spectrum of the
longest waves still used in radiotelegraphy ;
also, a resonator which, if used in the cir-
cuit diagrammex, would have permitted an-
tenna tuning, and which, if used today as
an antenna system in the high frequency
ranges without additional antenna or a
ground connection, would most certainly be
acknowledged as a radio transmitting sys-
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tem by the Federal Communications Com-
mission and ordered licensed ?

Let us acknowledge, also, that Tesla was
the proponent of the use of stranded fine-
conductor cable for high frequency circuits,
“invented” in Germany at a much {aler date.

Careful perusal of Martin’s work is high-
ly recommended for radio engineers and
historians who know not Tesla as a great
pioneer in the ficld of wireless.

I join most devoutly in the present
tribute to his memory.

FROM THE DIRECTOR OF RE-
SEARCH OF WESTINGHOUSE

ELECTRIC & MFG. CO.
DR. HARVEY C. REEI';SCHLER. M.A.; Ph.D.;
Se.

N IKOLA TESLA will always be remem-
bered for his original deveclopment of
oscillation transformers now appropriately
called Tesla coils. The great importance of
his high frequency investigations in advanc-
ing wircless communication is well recog-
nized by all scicentists. Equally important
but less gencrally known to the public are
his carly contributions in advancing the
use of electric power.

He conceived the practical induction mo-
tor, the first effective method for utilizing
alternating current for converting electrical
encrgy into mechanical energy. His many
inventions of new forms of dynamos, trans-
formers and other electrical devices were
largely instrumental in the adoption of al-
ternating current for the transmission of
electric power.

Tesla’s enthusiasm has always been an
inspiration to all who were fortunate
enough to have known him.

g —

SERVICING NOTES
(Continued from page 309)
.. .. ZENITH CHASSIS, MODEL 5714

When this set chirps on medium to loud
signals it is usually caused by a leaky .002

ATTENTION SERVICEMEN!

Do you have any Servicing Notes avail-
able which you would like to bring to the
attention of the readers of Radio-Craft?
If so, send them along and if they are pub-
lished earn a one year's subseription to
RadioCraft for each one submitted.

mid. condenser connected across the speaker
leads. Install another condenser of .002
mid., 600 volt unit.
Mr. ArNoLp LIEN,
McVille, N. D.

. ... ZENITH MODEL 85432 {1940}

Intermittent oscillation and howl is often
caused by a loose |.F. tube shield. This
shield may seem well grounded, there be-
ing a small piece of adhesive tape holding
it in place. The remedy is to bend the bot-
tont of the shield so as to make a better
ground.

Joserr S. Narora,
Uniontoum, Penna.

.. .. ZENITH MODEL 52

When this set is afflicted with a loud R.F.
gurgle hum, check the radio frequency
choke in the first R.F. grid return circuit.
It will be found open. The break, however,
usually occurs near the outside end and can
be repaired by unwinding a few turns and
resoldering.

RoperT E. ALTOMARE,
Washington, D. C.

FEBRUARY, 1943
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EXPERIMENTS WITH
A FORD SPARK COIL

few cents at many garages and junk
shops, or purchased new at auto sup-
ply stores for 75 cents to a dollar.

A Ford spark coil is an induction coil

B USED Ford coil can be obtained for a2

F1G, 1

sV | E-'EEI—'{
i - memrl‘
10000V _.!I NEUTRAL N

HIGH 8V LOW

F1G.2

By HAROLD HELD

which steps up 6 volts to about 10,000 volts.
The input can be either A.C. or D.C.

The coil has three terminals (Fig. 1.) —
low-voltage input, high-voltage output, and
neutral. The neutral terminal will not shock
the operator, although it is the common lead
to both the low and high voltages. In any
event, always proceed with caution in your
experiments.

The first thing to do is to solder on
terminals, if they are missing. Connect the
input, with a switch in series, to a 6-volt
source (storage battery, or four large 114-
volt cells), or to 5 to 7 volts of A.C. from
a toy transformer, or to a § to 6.3 volt
filament supply.

Place short leads in the high voltage and
neutral terminals, separating the free ends
by a Y4-inch space. Throw the switch on,
and a buzzing should start at the vibrator,
and sparks should jump across the gap.
Adjust the screw on the vibrator for the
greatest intensity.

The coil can be used in many interesting
experiments. The light of the spark is rich
in ultra-violet rays. These rays will cause
various fluorescent materials (fluoride
minerals, oils, etc.) to glow.

Connecting the base of a clear electric
light bulb or radio tube to the high voltage
(Fig. 2) causes the gas within to glow.
Touching the top of the tube causes the
bulb to become brighter (Use a gloved
hand only).

Radioactivity takes place during this ex-
periment (as shown on page 694 of March
1941 issue of Radio & Television)

The coil can also be used as a generator
for an Oudin Coil (Page 110, June 1940

® CONSTRUCTION @

issue of Radio & Television)

Some of the radio uses of this coil in-
clude making out of it a portable power
supply (Fig. 3), or an output transformer
(Fig. 4)

These are only a few of the many uses
of the coil. The reader should be able to
find many other practical and experimental
uses as far as his ingenuity will permit.

= sooon J B-

FIG.3 2550 WATTS

FIG.4

CHOKE
: !
LOW-RESISTANCE P.M. SPEAKER

T

JUNK

FOLLOWING is a diagram and data for
constructing a cheap, handy, junk box
oscillator, which I have found very useful.

The chassis was made from a 6x14 inch
piece of ¥§-inch masonite, with ¥4x1%4-inch
end pieces to support it .

The coil is wound on a 2%-inch di-
ameter form and is center-tapped. Each
side is wound with 30 turns of No. 20
D.S.C. wire.

The center tap is brought out.to a coil
support bracket and the bracket is thounted
directly on the light socket.

A 40-watt lamp is used as a filament
dropping resistor.

tube is used as the oscillator but

an{ 6-volt triode may be used.
use a 3 megohm resistor across a
00025 mfd. condenser as a grid leak, but
any value from 1 to 5 megs may be used.

A 000365 mfd. variable condenser is con-
neg]ted across the outside terminals of the
coil.

The stator side of the variable condenser
and one side of the coil is connected through
the grid leak and condenser to the grid of
the tube used.

The condenser rotor and the other side

RADIO-CRAFT FEBRUARY,

for

BOX OSCILLATOR

By ROBERT DICK

of the coil are connected to the plate
through the primary of an audio trans-
former of any size.

The coil center tap is connected to one
side of the lamp socket, also one side of
the 110-volt line to the same side.

The other side of the lamp socket goes
to one side of the heater and cathode of
the 37. The other side goes to the other
heater terminal. A switch is used to turn
the circuit on and off.

The output is taken from the secondary

ofd

£f-—lli‘ifl-

A.C. AUDIO
OSCILLATOR

03RS =I
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of the audio transformer, through a 50,-
000 ohm potentiometer in a voltage-divider
circuit, to two output jacks.

The potentiometer and the output jacks
are mounted on brackets fastened to the
baseboard.

The output of the oscillator is modulated
by the 60 cycle hum of the light line and
is easily recognized.

To calibrate the oscillator, turn on the
oscillator and set the tuning condenser on
maximum. Tune in a signal on the radio.
Read the frequency from the dial and re-
cord the setting on the dial of the oscillator.

Do this for each of ten divisions on the
oscillator, and then retune the receiver
and the oscillator.

Parts List

CONDENSERS

One .00026 mica

One .00866 mf. variable

RESISTORS

One to 4 meg, grid leak

One 50,000 chm potentiometer

MISCELLANEOUS

One oscillator coil made of 60 turns of No. 20
D.S.C. wire tapped at the 30th turn, wound
on a 23 inch form

(Continued on page 312)
in
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148 PAGES
§ x 9 INCHES

OVER 150 RADIO DIAGRAMS
and TECHNICAL PHOTOGRAPHS

RADIO AND TELEVISION
25 West Broadway New York, N. Y.

“THE
INDUCTANGE
AUTHORITY"

By EDWARD M, SHIEPE, B.S., M.E.E.
IA NEw BOOK]

HE ONLY BOOK OF ITS KIND IN THE

WORLD, “The Inductance Authority™ entirely
dispenses with any and all computation for the
construction of solenoid e¢oils for tuning with
varighle or fixed condensers of any ecapacity,
covering from ultra frequencies to the borderline
of audio Trequencies. All one has to do is to read
the charts. Accuracy to 1 per cent may be at-
tained. It is the first time that any system
dispensing with calculations and correction fac-
tors has been presented.

There are thirty-cight charts, of which thirty-
six cover the numbers of turns and inductive
results for the various wire sizes used in commer-
cial practice (Nos. 14 to 32). as well as the differ-
ent types of covering (single silk, cotton-double
silk, double cotton and enamel) and diameters of
%, Yo 1, 1%, 1%, 1%, 114, 18, 2, 214, 216, 2%

and 3 inches.

Each turns chart for a given wire has a sepa-
rate curve for cach of the thirteen form diameters.

The book contains all the necessary information
to give the final word on coil construction to serv-
ice men engaged in replacement work, honie ex-
perimenters, short-wave enthusiasts, amateurs,
engineers, teachers, students. ete,

There are ten pages of textual discussion by
My, Shieve, graduate of the Mnssachusetts Insti-
tute of Technology and of the Polytechnic Insti-
tute of Brooklyn, in which the considerations for
accuracy in attaining inductive values are sect
forth.

The book has n flexible fiber black cover, the
parze size is 9 x 12 inches and the legibility of all
curves (black lines on white field) is excellent.

Price at your dealer or direct—$2.50

GOLD SHIELD PRODUCTS

350 Greenwich St., (Dept R.C.2), New York City
312

Your Money Back —

If the RADIO AMATEUR
COURSE does not représent
the greatest book value ever

oftered to the radio 50
H

'fans"’ for
O convince you that there isn’t a

better book tuy today, the pub-
lishers of the RADIO AMATEUR
COURSE make the sensational
offer of a money-back guarantee on
such a low-priced book. Stop in at
any of the many dealers handling
this book and examine it. See for
yourself if the RADIO AMATEUR
COURSE isnt just the book you've
abways wanted.

Printed on the finest coated parer
—well illustrated attractive 4-color
cover- -complete with radfo informa-
tion you must have, It contains a
step-by-step program for obtaining
a short-wave radio education.
Written by George W. Shuart,
W2AMN
foremost short-wave cuthority
Y Y Y Iy e e R R R R R N B 0 0 BN

RADIO AND TELEVISION
25 West Broadway, New York, N, Y.

Gentlemen: I enclose herewlth my remittance of
Firt Cen'.l {30¢) for which please send me POST-
1 copy of the RADIO AMATEUR COURBE.
{Rernn b check or money ord-r register Jetter U you
ne or unused U. 8. Postago stamps.)
PLEASE PNINT CLEARLV

Address

Ciy State \RC-2.43 1
--------------------------l

ALIGNING SUPERHETS
(Continued from page 282)

time, till the signal comes in at maximum
when the dial is set at 1400

Go over the oscillator and R.F. trimmers
once more, to obtain the highest output in-
dicator deflection.

If a low-frequency tracking padder is
provided on the recceiver oscillator, adjust
it, with both the signal gencrator and the
receiver set to 600 ke, Adjust until great-
est output indication is obtained. Make this
adjustment while the receiver dial is rocked
slightly about its 600 kc. position. (The
R.F. circuit tuning condensers are not pro-
vided with low-frequency padders but their
split rotor plates can be bent carefully so as
to make output indication maximum).

Re-check the high-frequency oscillator
tracking adjustment at this point, for ac-
curate results.

In the case of midget reccivers a low-fre-
quency oscillator-tracking padder is not
provided. In such cases the tuning dial must
be turned about the shaft (after loosening
the set-screws) so that the broadcast signals
at the low-frequency end of the tuning
range can be received at the correct receiver
dial settings.

The high-frequency osciltator tracking
trimmer is then adjusted so that when a
1400 ke. signal is received it produces maxi-
mum output when the receiver tuning dial
is very close to the 1400 kc. point.

Although no adjustment for correct
trackmg between R.F. and oscillator cir-
cuits is made between 1400 and 600 kc., some
recent circuits automatically track exactly
at 1,000 ke., (because of design of padding
circuits ), if the tracking is correct at 600
and 1400 ke.

In such cases the signal generator should

RADIO-CRAFT

be adjusted to feed the 1,000 kc. signal to
the receiver, and the recciver oscillator
tracking should he checked at this point. If
it is off at this frequency it may be necessary
to re-align at 1400 and 600 k. to make the
1,000 ke. point check closely.

Otherwise it may be assumed that the
oscillator {requency tracks above the signal
frequency by an amount cqual to the L.F.
of the receiver, (or within a few kec. of it),
over the entire dhal. Only in rare cases need
the plates of the oscillator tuning condenser
be bent to produce this condition.

ALIGNING THE R.F. STAGES

Usually directions for alignment specify
that the R.F. circuits, consisting of the
R.F. amplifier (pre-selector) and the mixer
tuning condensers be aligned last—after the
oscillator tracking has heen checked. How-
ever, for speed and directness of work it is
hest to align them with each other at the
same time that the oscillator circuit is being
adjusted.

The trimmers on the R.T. condensers may
be adjusted for the high-frequency end of
the dial at the same time that the oscillator
high-frequency tracking trimmer (padder
condenser) is being adjusted.

When the signal generator is set to 1400
kc. the trimmers on those sections of the
gang tuning coudensers which tune these
R.F. circuits should be adjusted for maxi-
mun output.

The tuning dial should be rocked back
and forth slightly about the 1400 kc. point
while the adjustments are being made. If
the plates of these condenser sections have
been bent they should be readjusted over
the entire range of the broadcast band. This
completes all the high-frequency adjust-
ments to be made on the receiver.

ALL WAVE, SHORT WAVE AND DUAL
BAND RECEIVERS

The general procedure is about the same
as that already described, except that ad-
justment anust be made for each one of the
R.IF. bands covered by the receiver.

There are a few definite frequencies at
which the various tuned circuits of all-wave
receivers arc aligned, viz.: 600, 1400, 1500
and 4800 ke.. and the intermediate frequen-
cy of employed in the receiver.

The 600 and the 1400 kc. points are for
the standard band. The 4800 kc. point is
for the first short-wave band. The 15.000
ke. point is for the second short-wave band.
There may, or may not be, a line-up point
for the fina! band. The exact line-up fre-
quencies for a particular receiver must be
obtained from the manufacturer’s data as
few receivers cover precisely the same fre-
quency band for each position of the wave-
band switch.

Of course the signal generator should
Le able to cover all bands with sufficient
output. Tt may he desirable in some cases,
also, to measure the image response on the
higher f{requencies.

(This article was prepared from data con-
tasned in the Radio Troubleshooter’'s Haud
book, by Alfred A. Ghirardi)

e ————

JUNK BOX OSCILLATOR
(Continued from page 311)

One 110 V., 30 W. light socket
One 6 hele socket

One 8.PS.T. on-off switch

One Audio transformer (any size)
Two output jacks

One 6 x 14 x 1% inch masonite baseboard on 14 x
6 x 13 inch supports

One 40 W, 110 V. lamp
One 37 or similar triode tube.
for FEBRUARY, 1943



KEY FROM PHONE JACK

The springs in the average phone jack
make a very good substitute key, and one
can be made very nicely, following the
suggestions shown in the ilustration. The

Silver confacts
hedeted Q. olered fo
ey B
Usvally nbu
m jack) 4

Base -~

silver points on the contact springs of the
jack serve to open and close the cireuit.
and all you have to do is to add another
strip of brass (with a button fitted on the
outer end) to manipulate the improvised
key—Joe Binko.

R ———

LEG OPERATING BENCH FOR
PORTABLE-MOBILE WORK

The operator in the field often has real
need of some type of operating bench for
mike, key and log-hook. The *leg-bench”
shown in the illustration has been designed
to afford just such opportunities. It serves
the purpose well, yet can be easily carried
along in a small space and adjusted imme-
diately for use when necessary,

Provide a smoothed Loard about 16 to 18
inches long and 6 or more inches wide.
Mount the key near the right end where it
will come over the right leg. Toward the
left arrange a pair of springs as detailed,
into which the handle of the mike can be
clipped.

In the center arrange two little spring
¢lips to hold down the pages of the log or

SPRING TO
HOLD MIKE

SPRING CLAMPS
25

i |

SIDE VIEW )

message paper against winds, etc. Under
each end of the board fasten two semi-cir-
cular pieces of spring metal that will clamp
under the legs as shown.

With this hench in position the operator
can operate the key nicely, copy the message
and use the mike when called for; all on
one bench and within easy reach.

L. B. RoseiNs,
Harwich, Conn.

FEBRUARY,
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CHEAP MIKE STAND

A money-saving idea for the amateur or
serviceman is to start with a stand such as
is used by department stores to hang ad-
vertising cards from, and convert it into
an attractive microphone stand.

These stands are chrome plated and have
an appearance suitable for the best club or
hotel P. A. system. Many department stores
will sell them for a hittle over a dollar.
They may also he purchased at an adver-
tising supply house.

To convert the stand, unscrew the cross
bar on top, which has clips fastened to it for

.. CLIPS FOR
HOLDING CARDS

REMOVE THIS PART
AND REPLACE WITH MIKE

THUMB SCREW FOR
ADJUSTING HEIGHT

CARD HOLDER
FOR MIIKE STAND

holding price cards. Most mikes can then
be screwed on the rod, but with other types
a reducing connector will have to be used
to make up for the difference in size of
the rod and the mike.
Dave Scuick,
Seattle, Washington.

R ——

VIBRATOR SUPPLY

Following is a kink that I have found
very handy as well as money-saving. It
involves the use of the 6-volt and S-volt
windings of an ordinary power transformer
as the primaries of a vibrator transformer
in a 6-volt power supply.

Although some may shudder at the

OLD POWER TRANS.
WITH BURNT-QUT PRI .

thought of using an unbalanced primary like
this, a good hash suppression system such
as the one in the diagram, together with a
good filter will iron out the hum, etc., in-
troduced by the fluctuating voltages.

As it is a simple matter to pick up an old,
supposedly no-good vibrator, and make it
work, it is possible, with the aid of this
kink, to build a first rate vibrator supply for
practically nothing.

PauL GREEN,
Chapel Hill, N. C.

R e

MIKE STAND FROM A
BAMBOO FISH POLE
Here is a nice mike stand that can be

made by any haridy man from a short
length of bamboo fish pole and a barrel

(Continued on page 314)
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GEOPHYSICAL

PROSPECTING PRINTS
TREASURE FINDERS

— -

TrEnvAT

TECHNIYAX

50c

EACH.

BLUEPRINTS and [INSTRUCTIONS

For Building the Following Treasure Find-
ers and Prospecting Qutfits

Foider No. 1. The “Radioflector Pilot''—con-
sists of a 2.tube transmitter and 3-tube
receiver. Principle: radiated Wave from
transmitter loop is reflected back to re-
ceiver loop. Emits visual and aural signals.

Folder Ne. 2. The “Harmonic Frequenecy
Locator”—Transmitter radiates low fre-
quency wave to receiver, tuned to one of
Harmonics of transmitter. Using regen-
erative circuit. Emits aural signals.

Foider No. 3. The “Beat-Note Indicator'’—
Two oscillators so adjusted as to broduce
beat-note. Emits visual and aural signals.

Folder No. 4. The "Radio-Balance Sur-
veyor'—a modulated transmitter and very
scnsitive loop receiver. Principle: Bal-
anced loop. Emits visual and aural sig-
nals. By triangulation depth of objects in
ground can be established.

Folder No. 5. The “Variable Inductance
Monitor”—a single tube oscillator gen-
erating fixed modulated signals and re-
ceiver employing two stages R.F. ampli-
fication. Works on the inductance prin-
ciple. Emits aural signals,

Folder No. 6. The "“Hughes Inductance-
Balance Explorer’'—a single tube Hartley
oscillator transmitter and sensitive 3-tube
receiver, Principle: Wheatstone bridge.
Emits aural signals.

Folder No. 7. The “Radiodyne Prospector'
—a completely shielded instrument. Prin-
ciple: Balanced loop. Transmitter, receiv-
er and batteries enclosed in steel box.
Very large field of radiation and depth .

of Penetration. Emits aural signals.

With any one of the modern geophysical
methods described in the Blue-Print pat-
terns, radio outfits and instruments can be
constructed to locate metal and ore deposits
(prospecting) ; finding lost or buried treas-
ures ; metal war relics ; gea and land mines
and “duds”; mineral debosits; subterra-
nean water veins; oil deposits (under cer-
tain circumstances): buried gas and water
PiDes ; tocls or other metallic objeets sunken
in water, etc., ete,

Each set of blueprints and instructions enclosed in
g:avy ic::elom .(ls')l/,t' xdlg:/ S8 lﬂlluorrinh 227y
”; sioht-pags §llustrate “x 117 fold-

¢r of instructions and eonstruc‘lon data .. soc

Add 5¢ for postage
The complete set of soven foldars ..., ....
Shipping weioht 2 |bs. (add 25¢ for ship- SJ.W

ping anywhere in U.S.A.)

TECHNIFAX

RC-243

1917 S. STATE ST. CHICAGO, ILL.

'
1 TECHNIFAX (017 sq, State, Chlcago, 1. :
s

: Enclosed herewith $.......... for which mall t¢ 1
' address below: :
: Treasure Flnder No. I, 2, 8, 4 5 6 7. :
: Gomplets set of seven folders. O 1
' :
: NAIE exmiideni s shirmdband Trobbios - S0ibisihe 1
1

§ ADODRESS ........coocoivsrenns S .
' 1
B CITIVE campamdit e et nnbiioaite STATE o pemi-dus B
' RG-243 g
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LEARN!'..

CODE
By copying code with an

2 C‘AOFAU‘HE

COMMUNICATIONS
RECEIVER

MODEL EC-2

Hers's the new and improved version of this

ular get. Now with an external speaker (just
ike BC-3). Automatic nolse llmiter, preselection
on all bands. calibrated band AC-DC,
safety headphone jack, 8 tubes, 550 Kc to 30.5
Mc. Bigger value than ever at only $42.50, com
plete with speaker in matching cabinet.

THEORY

From Thess Radio Books, For The
BEGINNER to the ENGINEER

FIUNDA v L8 OF RADIO
nukullﬁhguﬁby. [ | { T $5.00
EADIC OFERATING QUES-
TIONE & ANSWERS 2 50
Milwn & Horswm ... .. ... el
PRACTICAL EADIO COMMUNI-
CATION
Milven & Hormume ., ........ L

READID CODE MANUAL B

Milson 2'00

RADIO ENGINEERING HAND-
5.00

BOOE
: 550
n.ﬂ.mg' PHYHICS COU

Lorenzen

Keith Hamay -
EADIO ENGINEERING
F. Tarman L e P
RSE
irard| AL 5'00
MODERN RADIO SERVICING
Ghirardi . 5'00
AC. CALCULATION CHARTS 7.50
TUBE VOLTMETERS
A ek st *  2.00
THE CATHODE-RAY TUBE AT
WORK

Rider . 3.00

UNDERSTANDING RADIO
o Watson, Welch, Eby _, T 2'80

INDUCTANCE AUTHORITY z 50
Edward M. Shiepe ,........p00u. °

Mail in your order today!

11 WEST BROADWAY

RADIO

LAWRENCE SLIDE RULES

With A, B, C, D, C1 and K Scales

FEATURES: Nickel Silver Framed Indicator
with integral friction springs.

Scales calibrated directly on well seasoned wood.
Will retain accuracy regardless of temperature or
humidity changes.
Instructions and {illustra-
tions of primary operations
elearly printed on back
rule for ready reference or
teaching, Fach rule in &
durable Docket carrying case

for convenience and protec-
tion.

The extremely low price of these slide rules and
their absclute accuracy makes them ideal for the
student as well as the working man who has
always wanted to learn to use a slide rule.

LAWRENCE 10 inch white-enameled slide rule with
flat magnifier. in black case. Price. including 28-page

Instruction HOOK - ....vuvuiiiriaviaisanaas No. 457.. 60c
Becret Code Slide Rule, with 20-page book No. 458.. 30c
{2 for 50c)

28-page illustrated book of iInstructions. postpaid
No. 459.. 15¢

GOLD SHIELD PRODUCTS

350 Greenwich St. {Dept. RC2) New York City

Inventions Wanted

Patented or Unpatented

We have been successfully selling inventlons,
patented and unpatented, since 1924. Write us,
it you have s Dractical. useful idea for sale.
CHARTERED INSTITUTE
of AMERICAN INVENTORS

Dept. 100 Barrister Building. Washington. D.C.

PATENTS — TRADE MARKS

Booklet concerning Inventions & Patents
Form “Evidence of Conception” with
instructions for use and ‘‘Schedwle of
Government and Attorneys Fees”—Fres
LANCASTER, ALLWINE & ROMMEL

Registersd Patent Attorneys
438 Bowen B'idz. Washington, D, C.
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SEPARATE LOOP FOR
ALIGNING WORK

Many of the newer sets using built-in
antennas require the use of a loop to line
up the set instead of using direct connec-
tion to the oscillator. We have installed a
loop of a few turns of wire which is fas-
tened under the work bench. The leads of
this loop are brought out to binding posts
so that the oscillator can be connected to it.
\When lining up a set the set is placed in
the field of this coil and adjustments made.
—Gilbert Sharick, Princeton, Il

—From C-D Capacitator.

TESTING FOR SHORTED
BYPASS CAPACITORS

In order to save time and work unsolder-
ing capacitors, a shorted capacitor can be
easily determined by using an ohmmeter
range that is less than the resistance of the
shunt. A 0-10 ohm range will show infinite
resistance for good capacitors and, zero re-
sistance for shorted capacitors because the
shunt resistors have a resistance of more
than 10 ohms d.c.—R. M. Hughes, Clay-
mont, Del.

—From C-D Capacitator.

SERVICE INSPECTION MIRROR

Service suggestions recommend the use of
a dental mirror as visual aid for this work,
but dental mirrors are made with the smalt
mirror fixed to the handle at one angle.

The writer, however, obtained a dental
mirror at a local drug store which has its
small mirror hinged to the handle which
permits inspection at any desired angle. Any
standard dental mirror can easily be re-
modeled this way by removing the mirror
from the handle and attaching a home made
hinge arrangement.—James R. Limbeck,
Glendale, Calif—"The C-D Capacitor.”

| RADIO KINKS
I (Continued on page 313)

| hoop. It is light, will stand firm and costs
but little. It will accommodate any type

| of mike with a vertical bottom shank.
Carefully make two saw cuts up about

a third of its length (at the butt end)

AN

MICROPHONE

MKE STAND
FROM
8AMBOO
FISH-POLE

LEGS —_ =

making one cut at right angles to the other.
Soak this portion in boiling water a few
moments and then splay the four tines
outward as indicated. The base consists of
a nice smooth wooden barrel hcop of
suitable size. Fasten the end of each tine
to the hoop with a small bolt, again soaking
the ends of the tines in hot water so
they can be bent down in line with the
vertical sides of the hoop.

The mike shank can then be forced down
into the top of the pole where it can be
shimmed to fit or the hole enlarged as may
be necessary to hold the mike firm.

L. B. RoBBINS,
Harwich, Mass.

e ———

SCRATCH FILTER
Submitted herewith is a circuit diagramn
for a scratch filter and volume control for

>
2.1 TO AMPLIFIER
o
893
i -
a$
i B
-mde € RFCHORE
ol

SCRATCH FILTER

use with any high impedance radio phono-
graph pick-up. It eliminates scratch noise
usually present at approximately 5,000
cycles.
NoLin QUILLET,
Cochrane, Canada
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A VERSATILE SQUARE WAVE
AND PULSE GENERATOR—Cont.

{Continned from page 272)

the leading edge and the falling edge), are
steep. To determine their exact shape, a
frequency which is a multiple of the funda-
mental frequency is used for sweeping. For
a fundamental of 400 cycles for example,
use a frequency of say 800 or 1200 cycles.
This will spread the pulse on the oscil-
loscope and then the leading edge or the
falling edge can readily be seen. Such obser-
vations should be routine, for in some inves-
tigations it is important to know the value
of the leading edge.

USES OF PULSES

The pulse thus generated can be used for
modulatmg a transmitter, and relay circuits
1 receivers operated. The operation of
these relays can be controlled by the pulse,
very accurately. Exact applications cannot
be given, since they are beyond the scope of
the article; nor can inquiries and questions
on the exact use of pulses be furnished or
given in answers to letters. The experi-
menter will have to do his own research
in this respect.

Questions regarding the generator itself,
however, will be gladly answered and any
form of help in the construction details will
be readily tendered.

Parts List

RESISTORS
R1 .26 Megohm Varinble Control,
R2 800 Ohm, BT 1%, 1.R.C.
R3 5000 Ohm, BT %. LLR.C.
R4 100,000 Ohm Vartable control, Centralab
R5 100,000 Ohm, BT 1, LR.C.
R6 2. Megohm, varmble control,
R7 20,000 Ohm. BT 1. L.R.C.
R8 10-20 Megohm, BT %

values indicuterl). L.R.C.
R9 10,000 Ohm, BT 1%, 1.R.C.
R10 8,000 Ohm, BT 2, I.R.C.
Rll 2,000 Ohm. 20 Watt Variable control,

R12 1, 000 Ohm,
Ohm
R13 1000 Ohm,

mite
R14 100.000 Ohm, BTl4 Watt
K15 60,000 Ohm, BT 14 Watt
R16 10-20 Megohm, BT 1% Watt

CONDENSERS

1. Mfd. 600 Volt, Paper, Carnell-Dubilier
C2 .1 Mfd. 600 Volt. Paper. Cornell-Dubilier
.06 Mfd. 600 Volt, Paper, Cornell-Dubilier
01 Mfd. 600 Volt, Paper, Cornell-Dubilier
.006 Mfd. 600 Volt, Paper, Cornell-Dubilier
.0005 Mfd. 600 Volt, Mica, Cornell-Dubilier
.06 Mfd. 600 Volt, Paper, Cornell-Dubilier
.26 Mfd. 600 Volt, Paper, Cornell-Dubilier
C9 1. Mfd. 600 Velt, Paper, Corneil-Dubilier
C10 1. Mfd. 600 Volt, Paper. Cornell-Dubilier
C11 1, Mfd. 600 Volt, Paper. Cornell-Dubilier
C12 .006 M1d. 600 Volt, Paper, Cornell-Dubilier

Centralab

Centralab

(not critical between

Ohm-

26 Watt, fixed, wirc-wound,

26 Watt, fixed, wire-wound,

C13 30 Mfd.., electrolytic, 480-volt, Cornell-
Dubilier
C14 20 Mfd., electrolytic, 450-volt. Cornell-
Dubilier
C15°10 Mfd. electrolytic, 450-volt, Cornell-
Dubilier

C16 Valuc depends on requirements. See text for
cexPlanation.

F #1075 Holder and l-ampere fuse, Littelfuse
Bl Binding rost, dual type, Millen
B2 Binding post, dual type, Millen

T! Powcr transformer. 110-120 volt, 60-cycle
primary. Secondary 350-0-350 volt RMS, 5-volt,
2-amp.; 6.3-volt. 3-amp.

C Cabinet 1¢” x 10” x 8"

C Chassis to fit cabinet

1 Line cord and plug

1 68C7 or similar tube

1 7C7 or similar tube

1 7C5 or similar tube

1 BY3 or similar tube

SW1 On-off switch

SW2 Single-pole, G-pusition switch, Autralab
5 Knobs

2 Tube shields, loctal wpe

4 Dial plates, Crowe or Gordon
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Here % & farge Aumber of ndm. short-wave, ‘and me-
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their respective fleids.
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HOw TO BUILO A PEE-WEE
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BOAT. 137

WELOER
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IF'IOw TO BUILD A GOOD LATH;
H
M

-No. 138

OR $1.00
0w TO MAKE AND EXPERI-
MENT WITH AN ELECTROPHOR.
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ARC WELDER FROM AN AUTO.
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MEN AND WOMEN

AIRCRAFT RADIO COM-
MUNICATIONS COURSE

Specialist training for
those planning to enter
WAVES, WAACS, Army,
Navy, Merchant Marine or
private industry. Radio
telephone, Radio tele-
graph, Radio Code, com-
h plete preparation for FCC

license examinations,
Learn in Miami!

Write or wire

Embry-Riddle School of Aviation

3240 N.W. 27TH AVENUE
MIAMI, FLORIDA

r— = ..--MIRROR-.-'. ---1

RECORD DISCS —NEEDLES
AND ALL EQUIPMENT

FOR INSTANTANEOUS RECORDING

We epecialize in the manufacture and sale
of Blank Recording dises for all purposes.
Our famous Gold Label DISCS are used
extensively by Broadcasting and profe-uonnl
recording studios. Our Semi-Prof.

POPULAR ELECTRONICS
(Continued from page 268)

Testing for surface faults in shafts, etc., by use
of phonograph needle {(Amp.)

TRAFFIC

Railroad signals (PE, Amp., Osc.)

Street traffic lights (PE)

Elevator leveling (PE, Osc.)

Eievator-door safety control (PE)

Routing mail-bags and letters (PE)

Counting street trafic (PE, Amp.)

Checking up bridge-toll oollectlons (PE, Amp.)

Checking up theater patronage (PE, Amp.)

Detecting dangerous gas in tunnels (PE)

Lighting air-beacons and air-fields (PE)

Controlling wind indicators from pilot-vanes
(PE, Amp.)

Detecting automobile speeding (PE)

Pa(rlsi;::z lights on automobiles lighted at dusk

]

Head-lamps dimmed at approach of ancther
car (PE)

Head-room alarms for tunnel and bridge ap-
proaches (PE)

Adjoining street signs and displays controlled
by traffic lights (PE)

Swing-bridge pin-lock aafety indicator (PE)

Ide(n;gyinz and recording freight-car numbers

)

Checking auto crank-case oil at service stations
(

Adjusting tunnels
(PE

illumination in vehicular

Ca:lli,nlg) gas-station attendant when car stops

Sextant for locating sun’s position obscured by
clouds (PE)

Railway track inspection (Amp,, Osc.)

Aiding docking of veesels (Amp.)

Analysais of road traffic (PE)

Announcmz loud speakers in bus and train

“Pronto’’ Recording DISCS are just whut
the student and home recording enthusiast

BOTH type dises cost about half of other
professional types because they use "a
tough FIBRE BASE,” instead of unobtain-
able sluminum or fragile glass,

Write for our price sheet
MIRROR RECORD CORP.
58 WEST 25th 8T.. M. V. C.

STz v 4
LEARN RADIO

TELEVISION

600 LICENSED graduates placed fu
past 7 years in shipping, broadcasting,
aviation, police, etc.; we also teach radio

servicing and repairing; new beginners’ |

class now forming; 60-page catalog
free; oldest, largest and best equipped.

MASS. RADIO SCHOOL

18 BOYLSTON $T., BOSTON, MASS., Est. 183%

' EI..EETIchL Eumumm Get Zpgd wpep

nt law Cost, for secure

ins you to nervice l tube
techniclan. Exoen kiu furnished. Dlnlom.. on eomplcuon
Tuition 833. either course. Dehrnd nt plan.

Get coples  of schoo tudent

magasines, oomnlm aeum. END NOW}

LINCOLN ENQINEERING SCHOOL Oex 83t-C48. LINCOLN, NEBR.

PRE-INDUCTION
RADIO COURSES

FOR CIVILIANS AND THOSE ENTERING
MILITARY SERVICE

NEW CLASSES NOW STARTING
® RADIO OPERATING ® CODE
® BADIO SERVICING
New York Y.M.C.A. Schoels

& W. 84th Btreet Mow vYery OWy,

SOLAR CAPACITOR SALES CORP,
Bayonne, N, J,
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ts (Amp.)

Calling-systems in stores (Amp.)

Directing traflic from police cars (Amp.)

Loz::t.inz) mobile bodies in water, fog,
mp.

ete.

GRADING (PE)

Cigars

Tile

Beans, vegetables

Inspecting tin-plate

Detecting missing labels
Calipering small parts
Adjusting auto headlighta
Detecting flaws in products
Sorting checks and bills
Matching false teeth

0il and paint

Sorting resistors (Amp., PE)
Rejection of harp razor blad

SCIENTIFIC INSTRUMENTS

Bridge balance indicator (Amp., PE)

Camera shutter testa (PE)

Cosmic-ray counter (Amp.)

Curve plotter (PE

Dilatometer (Ose.)

Photomerty of lamps (PE)

Magnetic flux meters (PE)

Follow-up mechanism (PE)

Wave-form analysis (Cathode ray)’

Impact meter (Grid-glow)

Micrometers (Osc,, Amp., Grid-glow)

Continuous calipering (Osc.)

Protection to meters (Amp.)

Pressure indicator (Amp.)

Vacuum-tube wattmeters (Amp.)

Counting electrons (Amp.)

Medical diagnosis (Heart Amp,)

Hysteresiograph (Cathode ray)

Regulating watches and clocks (Amp.)

Impulse counter (Amp.)

Frequency control in astronomical observatory
(Amp., Ose.)

Pyrometers. remote (Amp.)

Blood analysis (PE)

Criminal detection (Amp.)

Titration of chemicals, (PE)

Measuring viscosity (PE)

Measuring film density (PE)

Temperature control (PE, Amp.)

Testing oils (PE)

Measuring total light flux (PE)

Indicating wind velocity (PE)

Color analysis (PE)

Color matchers (PE)

Light-intensity meters (PE)

Exposure meters {(PE)

Turbidity meters (PE)

Combustion indicator (PE)

Master-clock control of secondary clocks
(PE., Grid-glow)

Remote indicating meters (Amp., PE)

Indicating shaft rotation (PE)

Meridian passage of stars (PE)

Recording variable stars (PE)

RADIO-CRAFT

Guiding telescope on star (PE)

Detecting faint spectral lines (PE)
Measuring instant of eclipse (PE)

Measuring width of eclipse path (PE)
Measuring high-rotational speeds blight-produc-
ing tones (PE)

Sighting guns for automatic firing (PE).
Spectrum analysis (PE)

Stroboscope (Grid-glow)

MEDICAL APPLICATIONS

““Radio knife” (Osc.)

Musical anesthetic (Amp.)

Microphone and speaker in operating rooms
(Amp.)

Artificial fever machines (0Osc.)

Super-stethoscopes for listening to internal or-
gans (Amp.)

Electric cardiograph (Amp.., Cathode ray)

Measuring and treating deafness (Amp.)

Blood analysis (PE)

Diagnosis of broken bones, ete. (X-ray)

LIGHT MEASUREMENTS AND CONTROL

Schoolroom lighting (PE)

Shop and factory lighting (PE)

Electric signs (PE)

Automatic flashe: (Grid-glow)

Automatic headlight dimmer (PE)

Flood lighting an- decorative effects (PE, Rect.)

Store lighting (PE)

Office lighting (PE)

Street-lighting circuita (PE)

Airports, aviatior beacon: (PE)

Lighthouses, range lights, markers (PE)

Parking lights on autos, automatically lighted
at dusl: (PE)

Store anu window lights, turned on at approach
of pass-~by o1 patrolman (PE)

Riding lights on moored vessels, automatically
lighted (PE)

Photographic printing and enlarging (PE)

Headlight inspection (PE)

VISUAL REPRODUCTION

“Facsimile” transmission of photographs, maps,
newspapers, etc. (PE)

Television transmission (PE)

Halftone and line-cut productlon (PE)

Three-color plate engraving. (PE)

Enabling the blind to read ordinary print (PE)

Automatic curtain: framing moving screen

(PE)
Automatic phohzraplnnz of sneakthieves, bur-
glars, etc. (PE)

SOUND PRODUCTION

Phonograph recording (PE)

Sound-picture recordint (PE

Light-beam transmissic.. (PE)

Light sireu (PE)

Photo-electri¢ organ (PE)

Talking wills (Amp., PE)

““Talking book” for the blind (PE, Amp.)

Talking “rogue: gallery”’ (Amp., PE)

Automatic merchandiser says “thank you™ when
purchase is mad: (PE)

ELECTRIC POWER SYSTEMS

Syxchronizing power circuits (Thyratrons,

mp.
Cont.x:ﬂinz alternator frequency {Amp.)
Safeguarding high-tension fuses (PE)
Bus flash-over protection (PE)
Reporting circuit-breaker operation (PE)
Detecting flash-overs on rotary converters (PE)
Controlling street-lighting circuits (PE)

Controlling isolated plant operation from pre-
drawn chart (PE)

Telemetering (Amp., Osc.)

Circuit breakers (Thyratron)

Automatic voltage control (Amp.)
Lightning arresters (Amp.)

Vacuum-tube commutator (Thyratron)
Frequency indicators (Amp.)

Rectifiers for street-railway power {Rect.)
Static dischatger in antennae (PE)

PRINTING AND PUBLISHING
Speed control on fast presses (Rect.)

Automatic machine setting of type, from type-
written copy (PE

Halftones made by photoelectric scanning (PE)

Control of register on web presses (PE)

Control of accurate trimming (PE)

Accurate cut-offs for labels, bags, etc. (PE)

Counting of sheets and fort 3 in binderies (PE)

Adjusting density of printing (PE)

Control of paper thickness and moisturc during
manufacture (PE)

Matching the colors of inks and papers (PE)

(Continued on page 317)
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WARTIME RESISTORS

EALIZING the importance of main-

taining and servicing home radio sets,
at least one resistor manufacturer (IRC)
is making availible for service men large
stocks of the same dependable resistors the
armed forces are using (but in ranges and
tolerances not called for on war orders) and
are offering the following suggestions to en-
able service men to obtain the greatest pos-
sible use of resistors in these times,

V-, 1-, AND 2-WATT RESISTORS

The resistors in home and automobile
sets are almost invariably of the so-called
“Preferred Number” or “RMA” standard
resistance values, and are color-coded ac-
cordingly.

Jobbers have, in the past, carried in
stock the ¥4-, 1-, and 2-Watt resistors only
in “nominal” or round figure ranges such
as 1,000, 5,000, 10,000 and 25,000 ohms, etc.

Now, however, many jobbers are stocking
resistors in RMA ranges. These resistors
are being furnished by the factory from
stocks originally accumulated for the set
makers before the manufacture of home
sets was discontinued. They are the same
quality previously used in the finest radio
sets.

REPLACEMENTS

A defective resistor in a set can always be
replaced satisfactorily by a new resistor
within 20% of the color-coded resistance
value of the original unit.

In rare cases, where close tolerance
units are used as original equipment they
are usually identified by a gold band for
5%, and a silver band for 10% tolerance. If
a close-tolerance unit is required for re-
placement, two resistors, one higher and one
lower than the required range, may be used
in series or in parallel when matched for
their combination resistance value.

If a 2-watt resistor is required and none
is available from the jobber, two l-watt
units in series or in paraltel will do the
trick. Similarly, two Y4-watt units can be
used instead of one 1-watt. Any low-
wattage unit can, of course, be replaced
satisfactorily by any hxgher-wattage unit of
the same range.

Correct ohmic values for combinations can
easily be figured, Remember that when re-
sistors are in series, their ohmic values add.
When resistors are in parallel, the combined
resistance is less than that of the lowest
ohmic value in the group.

For equal-value resistors in parallel, the
combined resistance is the value of one re-
sistor divided by the number of resistors in
parallel. The formulas are:

In Series: R = Ry 4+ Rz 4+ R,, etc.
R Ri X R:

In Parallel: —_—
Ry - R

POWER RESISTORS, WIRE WOUND

All wire-wound resistors above the 2-
watt size are hecoming scarce because they
are made of critical materials which must
be conserved for war requirements, Fortu-
nately, however, they are seldom required
for service except in A.C.-D.C. sets.

If a wire-wound resistor of the required
wattage rating is not available, a combina-
tion of any type of lower-wattage unit,
cither in series or parallel, may be sub-
stituted

RADIO-CRAFT
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LET’S ALL
PITCH

WE can

That is
prices for

advantage

present equlpment at highest cash prices you
will be in a position to buy new and better

equipment

COMPLETE
STOCKS

T still have large
stocks of receivers, 214
meter equipment, me-
ters, tubes, transform-
ers, resistors, condens-
ers, panels, chassis,
and radio parts of all
sorts. 1 asell and
rent code teaching
equipment. Your or-
ders and inquiries in-
vited.

bother or
terested in

HEN

our government the, communications re-
ceivers and eqmpment\t
in sufficient quantities.

When this war is over you will be in the
market for new eq

Write, telephone or telegraph me descrip-
tion of your used communications receivers,
transmitters and parts of standard make;
you will be paid cash immediately without

I also have a store at 2835 Westwood
Blvd., West Los Angeles, Calif.

Bob Henry, W9ARA

HALLICRAFTERS

all help win this war by selling

hey need quickly and

the reason I pay highest cash
used communications equipment.

ipment and by taking

of my er to purchase your

than you now own.

red tape. I am particularly in-
Hallicrafters.
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RY RADIO SHOP
BUTLER, MISSOUR1

“WORLD'S LARGEST DISTRIBUTOR OF COMMUNICATIONS RECEIVERS"”
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POPULAR ELECTRONICS
(Continued from page 316)

Controlling L;niformit.y of color during printing
runs

Pn()viding permanent unfading color records
PE)

Measuring glare and opacity of paper (PE)
Safety-first devices around presses (PE

Detecting and correcting press vibrations {PE)

Automatic door-openers for binderies, shipping
rooms, ete. (PE)

Mailing-list analysts and sorters (PE)

Automatic light-intensity control in printing
and engraving plants (PE)

Control of paraffine.vapor spray for preventing
offset (PE)

Grading of photographic negatives in gravure
process (PE

Bleaching-process control (PE)

Reclaiming of "white-water,” control of digester,
ete. (PE)

Making engravings from photos by wire (PE)

SAFETY DEVICES (PE)

I'rotection of punch-presses and other dangerous
machines

Protection of elevator doors, preventing car
from starting unless all passengers are clear
of threshold

Tranmission of weather maps to ships at sea

Detection of icebergs, ships, ete,. through fog

Safety doors in mines

Remote control of dangerous processes

Protection of jails, penitentiaries, ete.

Protection of electrical machinery

Traffic-signal operation

Auto speeding detectors

Street-lighting control

Burglary, kidnaping alarms

Talking ‘rogues gallery’ (sound pictures)

Detection of gangerous gases in tunnels

Hold-up protection, banks, ete. (closing of
safety steel shutters)

Fire alarms, smoke alarms

Safety protection of oilburners

Airway beacons

Lighthouses and marker lamps

Sewage treatment control

Gunfire control

HOME POSSIBILITIES

Controlling uniform illumination (PE)

Monitoring _oilburner pilot flame, to
safety valve (PE)

Garage and kitchen door openers (PE)

operate
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Alarms against burglars and trespassers
(PE, Osc.)

Flood-lighting control (PE)

Night-lights around house automatically turned
on and off (PE)

Automatic opening of refrigerator door (PE)

Photographic exposure meter (PE)

Electrical musical instruments (PE, Osc., Amp.)

Window raising and closing mechanism (PE)

Ai_ds for invalids, the ¢rippled, etc, (PE, Amp.)

Kidnapping alarms for nurseries (PE, Amp.)

COMMUNICATION

Radio broadcasting (Amp., Osc., Rect.)
Point-to-point (Amp., Osc., Rect.)
Ship-to-shore (Amp., Ose., Rect.)
Ground-to-aircraft (Amp., QOse., Rect.)

Police radio ( Amp., Osc., Rect.)

Trans-oceanic telephone and telegraph (Rect.)
Communication with trans (Amp., Osc., Rect.)
Supersonic; underwater {(Amp., Osc., Rect.}
Course and range finding (Amp., Osc., Rect.)
Aids to navigation (Amp., Osc., Rect.)

SPORTS

Timing races (PE)

Foul-line for bowling alleys (PE)

Timing of golf-awings (PE)

Photo-electric shooting gallery (light-beam gun;
photo cell as target) (PE)

FOOD AND CHEMICAL PROCESSES
Control of level in tanks and bins (PE)
Drinking-fountain control (PE)

Turbidity control in water systems (PE)
Cold-room door operation (PE)

Automatic control of heat-treating (PE)
Op(ening doors for animals (dairy, stables, etc.

PE)
Tooth-paste filling machine (PE)
Bottle fillers (PE)
Metal-tube inspection (PE)
Control of coffee roasters (PE)
Candling eggs (PE)
Moth control in orchards (PE)
Synchronizing of two conveyors (PE)
Sorting raisins at 1,000 per minute (PE)
Sorting lemons, beans, ete. (PE)
Eli(nl;ignting green peaches from cannery stock

Sorting cigars (PE)

Control of acidity, alkalinity (PE)

Testing oil (PE)

Sludge-level indicator for sewage disposal plant

(PE
Sterilizing foods (Osc.)
Killing insects on plants (Osc.)
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ENGINEERS WANTED

TRANSFORMER
DESIGN ENGINEERS

Unusual opportunity with national
manufacturer for several thorough-
ly experienced Transformer De-
sign Engineers capable of Audio
& Power up to 15 K.V.A.

A WAR JOB—NOW:
A FUTURE- LATER!

We are at present manufacturing
vital war equipment for our fight-
ing forces and our peace time ac-
tivities and expansion program
should provide steady employ-
ment and promotional opportuni-
ties to capable men.

Those now employed in war industry
at full skill need not apply

Write to Personnel Manager

FEDERAL
TELEPHONE & RADIO CORP.

Manufacturing unit of the
International Telephone and Telegraph
Corp.

1000 Passaic Ave., E. Newark, N.J.

A Guide to

CATHODE RAY
PATTERNS

Just Published!

CATHODE RAY
PATTERNS

Summorized
IN ONE BOOK

by MERWIN BLY

38 pages
Over 100 Charts

[

der ONE cover a ‘sketch and eap-

tion” summary of cathode ray

patterns in ready-to-use form that
engineers and technicians appreciate. All pat=
terns produced for the “Guide” were developed
with conventional amplifier8 and oscillators
and viewed on a small oscilloscope using a
standard circuit. A section on simple graphic
analysis is included.

5 DAYS’ FREE APPROVAL

John Wilty & Sons. Ine.
440 Fourth Avenue, New York: N. Y,

Please send me m eony of Bly's A GUIDE TO CATH:
ODE RAY PATTERNS on five dnys’ approval. At the end
of that time. If T decide to keep (he book., 1 wiil
remit $1.50 plus postage; otherwise I will returmn
the book postpaiad.

s A real contribution to radio lit-
150 erature. The “Guide’” presents un-

THE SUPER T.R.F.-NINE
(Continued from page 285)

quency of the incoming signal does not
change within so small a movement. But,
the frequency of the oscillator does change.
However, the amount of change produced
by the travel of the hand from the point
O, to the point H, is so slight that there is
still no practical difference Letween the fre-
quencies of the two currents.

The two frequencies therefore still re-
main in phase and the program comes
through at full gallop on the zero-beat.

Proceeding—when the hand has barely
left the point H, moving in a clockwise di-
rection, the continual divergence between
the freguencies of the two currents reaches
a separating point at “H” where a practica!

difference in frequency becomes operative.

As soon as this condition occurs, the RF
signal current and the oscillator current,
which now have different respective fre-
quencies, heterodyne to form a beat fre-
quency, better known as an intermediate
frequency—the familiar 1LF,

Now it is well known that such a beat
frequency requires a second detector to con-
vert the signal into audio form so that
it can operate a speaker. But this circunit has
no second detector. Therefore the beat fre-
quency passes through the voice coil of the
speaker in the form of alternating current,
and the output is . , . SILENCE

When the point of heterodyne (point H)
is reached, the vélume of the speaker will
suddenly fall, due to the elimination of
that amount of the signal which has
been heterodyned with the oscillator cur-
rent—and so filtered out. But there is still
a residue of the signal left over which has
escaped the héterodyning action. Even as
in the regular process of amplification, the
action of the grid is unable to convert all
of the plate supply into alternating current;
so here, there is still a residual amount of
the RF signal which escapes the hetero-
dyning action, and passes on to the speaker
where it is faintly heard.

IHowever, the signhal has been so weak-
ened by what las just taken place, that
the original response curve, AOB, becomes
drawn in and narrowed down to the shape
indicated by the dotted line A'O’B'.

it is thus seen how the tuning becomes
sharpened by the heterodyning action just
set forth.

Here is an important point to consider
at this stage of the explanation: If it can
be so devised that the heterodyning process
can be made more thorough, i. e. so that
the RF signal can be necarly all destroyed,
then the tuning could be made wery sharp.
Furthermore, and note well, %o matter hiow
sharp the tuning might be made, this fact
wonld in no manner ‘cause cutting of the
side-bands.

Even if the curve A'O’'B’ were made as
narrow as a needle, the side-bands still
would not be cut.

This phenomenon is due to the f{act that
the curve A'Q'B’ is not formed, and does
not become operative, until the station is
nearly tuned out. When the station is fully
tuned in, the curve A’'O’B’ does not exist;
for the index hand is at the position “res-
onance” then the response curve AQB alone
is operative; and since it represents a con-
dition that prowdes ample broad tuning,
therefore the side-bands cannot be cut—
regardless of how sharp the tuning may
be made.

Now the efficiency of the heterodyning
action depends very largely upon the ef-
ficiency of the oscillator, Up to this date,
the cxperimenter has been confined to the

RADIO-CRAFT for

use of the 6K7 tube, as is, and has been lim-
ited to the amount of local current that
tube can supply.

What is needed is a tube that will supply
a great amount of current that will be ad-
justable over a wide range of different cur-
rent strengths.

Parts List

MISCELLANEOUS:

Coils A and B—Miller 242RF.

Oscillator coil C—Miller 242RF. (Altered)

One two-gang broadcast tuning condenser, .000365
One Class B—Push-pull input transformer

One twelve inch P.M, speaker

Tubes a3 shown on the diagram

RESISTORS:

3—100,000, 1 watt

2—300, 1 watt

1—2 megs, 1 watt

1—1,000, 1 watt

1-—250,000, 1 watt

1—500,000, 1 watt

1—10,000, 1 watt

150,000, 1 watt

One 50,000 ohm potentiometer, 1 watt

CONDENSERS:

8—.1 mfd., tubular
1—.06 mfd.,, tubular
1—25 mfd. (electrolytic), tubular
1—50 mmf., tubular

LENZ' LAW IN MODERN
SPEECH
(Continued from page 284)

one of the reasons why A.C. holds the lead
over D.C. This little device with no moving
parts just sits there and turns its own
rheostats on and off to compensate for in-
creased or decreased loads, without the
switches, resistors and manual controls or
relays needed in D.C. circuits.

TURNS AND IMPEDANCE RATIOS

We have noted that the voltage ratio—
primary to secondary—varies as the turns
ratio. If we have 2 turns iin the secondary
;o 1 lln the primary the voltage ratio is also

to

There is another important relation.be-
tween the primary and secondary—the im-
pedance ratio of the two windings. The out-
put transformer on your radio is not there
for voltage reasons, but because the output
tube has an impedance of (very roughly)
5000 ohms and the voice coil of the speaker
may have an lmped:mce of 4 ohms. The
transformer is there to “match” these wide-
ly-varying impedances.

To get back to our lamp. The secondary
has a current of 14 ampere at 115 volts,
therefore an impedance (A.C. resistance) of
230 ohms. Since the primary is drawing the
same current at the same voltage, it also
has an impedance of 230 ohms—reflected
back from the secondary.

It might be better to speak of conduct-
ances here rather than impedances—as it is
obviously conductance that is reflected back.
But the effect is always called a “reflected
impedance”, probably because it is more
convenient to decal with the impedance than
with the conductance, in mathematical cal-
culations.

Suppose we have a secondary with 230
turns instead of 115, Then we can hook up
two 60-watt bulbs in series, each drawing
14 ampere at 115 volts. The sccondary im-
pedance is now 460 ohms. But our primary
1s still on 115 volts and we find it drawing
1 amperc, as we should expect, as it is
lighting two 60-watt bulbs. The impcdance
reflected back is 115 ohms, or ¥4 the im-
pedance of the secondary.

Increasing the secondary to 345 turns and
hooking in three 60-watt bulbs would give
us a secondary of 690 ochms impedance. The

(Continned on page 320)
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AIR RAID ALARMS
(Continuted from page 271)

sections (See Figs. 1a, 1b, 1c.) as follows:

1. The detector.

2. Selective circuit.

3. Relay circuit.

The detector tube is a 955, or a 954, or
some similar type, used in a super-regenera-
tive circuit. The sensitivity is adjustable so
as to conform as much as possible with
variations cncountered in localities where
the signal ratio may be above or below the
requirements for proper operation,

The output of the detector feeds into a
three-section filter circuit. Each filter sec-
tion is very sharply tuned to one of the
transmitted pulse frequencies, as given in
the example. 7,000, 11,000 and 13,000 cycles.
(See Fig. 1b.)

The combined output from the filter cir-
cuit feeds into a thyratron type of tube. The
output of the thyratron tube connects to a
stepping relay, and several other relays that
control the power line relay for turning the
power line on and off.

Three stepping relays arc used, with 10
contacts on each, but actually only 3 con-
tacts on each are used.

The contacts that are to be used are dé-
termined by the code that is to be installed.
The code in turn is determined by the man
in charge of the alarm system and its broad-
cast. After the code has been set and the
connections have been made, the device will
naturally function only when the proper
sequence of signals is received.

Since the setting of the code is done
manually it may leave room for sahotage
or information leakage of the code that is
being used. However, this hazard can be
reduced by the use of an automatic coder
system, which permits the sclection of code
signals entirely by mechanical means. The
arrangement of signals can be sealed within
an automatic coder and all that has to be
done is to start the coder by means of a
push-button, and a new selection of code
signal arrangement will automatically be
set at the receiver.

Of course, if the automatic coder is to
be used, an additional filter circuit is re-
quired in the receiver, and one more pulse
frequency will be needed at the transmitter.
This additional feature raises the cost of
the device, but the cost may be justified in
certain installations.

SUMMARY

In summing up, we readily see that with
this device all disadvantages have been
overcome. The receiver unit is sealed and
locked and installed in such a manner that
only the proper person can have access to
the device. As an additional feature, the
design 15 such that anyone tampering with
the unit will cause the power line circuit to
he interrupted and no end of messing around
with it will restore operation.

Interference of any nature, such as static,
lightning, heterodyne beats or other forms
of disturbances will not cause the receiver
to function.

Only the proper code will give action in
the receiver. The chances of recciving”a
coded signal as demanded are indeed very
remote, and can be neglected.

PULSES ENHANCE UTILITY

Due to the use of pulses for the opcration
of the unit another feature is noteworthy,
that 1s, certain design features in the control
unit permit functions heretofore not fca-
sible. But since the actual operation is still
a little secret, the aforementioned features
can only be mentioned, and no data given.
The form and time element of the pulse can

(Continued on page 320)
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SHORT-WAVE RADIO, by J. H. Reyner.
Published by Sir Isaac Pitman & Sons, Ltd.
Stifl cloth covers, size 5x 74 inches, 186
pages. Price $3.25.

This compact little work discusses the art
in simple, direct up-to-date terms and pre-
sents the very latest material.

It is devoid of long, technical or mathe-
matical discussions, and has plenty of il-
lustrations and diagrams, to illustrate the
ideas and concepts that are to be noted.

An interesting feature is the glossary at
the beginning of the book (instcad of at
the end, where it is so often overlooked),
which enables the reader to get straight the
exact meaning of the terms used.

The author explains what short waves
are to begin with, and what range (or
spectrum) they now cover,

How the waves are propagated is clear-
ly explained, as well as the ditierent types
of aerials and arrays commonly employed.
Easily understandable drawings help this
dissertation immensely.

Beverage, zigzag, inverted-V, and polar-
ized recciving antennae are covered, with
examples of their practical use,

The short wave transmitter takes up a
good portion of the work and acquaints the
reader with all the modern set-ups.

Modulation, which has undergone so
much experiment and development these
past ten ycars, comes in for compact dis-
cussion.

Short-wave receivers, U .F., FM, and
microwaves are covered last, but in the
same interesting manner as the preceding
material.

Altogether this is a handy little work.
For those who do not have the time to read
everything on short waves, this book will
bring them up-to-date rapidly.

T

PRINCIPLES OF ELECTRONICS, by
Royce G. Kloefller. Published by John
Wiley & Sons, Inc. Stiff cloth covers, size
6x9 inches, 175 pages. Price $2.50.

For the average experimenter, radio set
builder, serviceman, ham, radio development
and test worker, here is a book which they
can all use and enjoy.

Herctofore in order to read up on elec-
tronics one had to consult books, which,
while excellent and complete in every way,
were 2 little bit over the head of the man
who was not an clectrical engincer.

This book ends all that, for its content
consists of extracts from current literature.
supplemented by notes and lectures which
were needed to instruct electrical engineer-
ing students at the sophomore level.

The needs of the armed forces for men
skilled in radio, has required that these
men have a firm background in radio theory
and communications principles, and a
working knowledge of electronics, with the
accent on the modern concept of electrons
as the sources and carriers of currents. The
old analogies, hypotheses, and guesses, are
“out” for good.

Therefore if a man takes up this book
with this fresh viewpoint he will be amazed
at the worlds of knowledge that it opens
up to him. .

Starting with the atom, the work pro-
gresses through the electron, current flow,
emission in a vacuum and in gases; con-
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trol-grid action; amplification; industrial
electronic devices ; the electron microscope ;
the cathode-ray tube; photoelectric cells;
oxide rectifiers; and applications of special
apparatus and devices.

There are no mathematics involved, and
there are plenty of drawings. Drawings that
convey the information clearly and {force-
fully.

No radio man should be without this
book.

-

PRINCIPLES OF AERONAUTICAL
RADIO ENGINEERING, by P. C. San-
dretto. Published by McGraw-Hill Book
Company, Ine. Stiff cloth covers, 6x9
inches, 414 pages. Price $3.50.

Thousands of young men these days are en-
tering the armed forces, many of them with
their eyes on the air branches. Many of
them, technicians of one sort or another,
are avidly interested in “getting a line” on
what is required in the way of background
knowledge of their specialty,

This work on radio engincering as ap-
plied to the special problems in aeronautics,
is, so far as is known, the first of its kind.
While it is based on practice in commercial.
lines, its data can be extended to the mili-
tary application. Naturally all material of a
sceret nature will not be found in it.

It is not a beginner’s book. The man who
approaches this must have a good solid
background in standard radio engiieering,
such as is given in the pre-scrvice training
schools.

The field covered embraces Avigation,
Communications and Accessories. Under
Avigation (which means getting along in
the dark, rain, fog or snow, as contrasted
to navigation in clear weather) can be found
data on radio range, direction hnding, mark-
ers, instrument landings, absolute altimeters,
and direction-finding from ground stations.

Under Communications the transmitting
and receiving equipment is covered in excel-
lent detail, while under Accessories will be
found all data pertaining to the electrical
system, design considerations, transducers,
etc.

In our opinion, this work fills a long-felt
want and should have wide application.

R ——

MATHEMATICAL RECREATIONS, by
Maurice Kraitchik. Published by W. W.
Norton Co., Inc. Stiff cloth covers,
514 x 8Y4 inches, 328 pages. Price $3.75.

As the name implies, this is not a tech-
nica! book. It’s for those who like to do
mental tricks.

To a great many the word “mathematics”
means “figuring”; to others it seems to
have a paralyzing or terrifying effect.

But actually people scem to enjoy exer-
cising their reasoning powers in mathemat-
ical nddles, puzzles and games. Possibly be-
cause they will not be “held to account”
for the answer, such as they are in real
life or in school.

So this hook brings together an endless
variety of such pastimes, from the most
famous as well as the most obscure sources.
The ancient and curious problems of the
old French schools, and the Arabian and
Hindu origins have been tapped.

There are problems involving the guess-

(Contined -on following page)
319



*BOOK REVIEWS®

NOW—A REALLY HIGH-POWERED—
Radio Engineering

= B

NOTE:
The Library comprises a selection
of books culled from leading Mc-
Grlw-mll publicattons in the ra.
dio field

® cspecially selected by radio specialists of Me-
Graw-Hill publications
® to give m2st complele, dependable coverage of
facts needed by all whose ficids are grounded on
radio fundamentals
® availeble at a special pricc and terms
HESE books cover circuit phenomena, tube the-
ory, networks, measurements, and other sub-
jects—Rive specialized treatments of all fields of
practical design and application. They are books
of recognized position in the literature—books you
will refer to and be referred to often. If you
are a practical designer, researcher or engineer
in any field based on radio, you want these books
Yor the help they give in hundreds of problems
throughout the whole field of radio engineering.

G VOLUMES, 3319 PAGES, 2289 ILLUSTRATIONS

I Eastman’s FUNDAMENTALS OF VACUUM TUBES
Terman's RAQIO ENGINEERI G
5. Everlit’s COMMUN CATION ENGINEERING
4. Hund's HIGH FREQUENCY MEASUREMENTS
5. Henney's RADIO ENGINEERING HANDBOOK
10 days’ examination. Easy terms. Special price under
thiz offer less than hooks bought asparately. Add these
standard works to your library now: pay small Monthly
tnsialiments, while you use the books.
10 DAYS' FREE EXAMINATION—SEND COUPON

McGraw-Hill Book Co., 330 W. 42nd Street, N. Y. C.

d me Radic Enfineering Library. 5 vois.. for 10
days* examination on approval. In 10 days 1 will send
$3.00 plus few <cnts Posiage. and 23,00 monthly til
52‘ 00 ix pald. or return bocks postpaid. (We pay posl—

ge on orders Aaccompanied by remittance of first
lmllmm -}

City and Blab® c.esuvvcisnnosvoaaenutorasiasssns
Position

Commpany
L Y L L L Y PR L L L Y X 1)

l/eadaet -//eddg uatters

Our Headphones are used
by the United States,
j Canadian, New Zealand
and South African Gov-
ernments as well as other
Governments not directly
in the war. Folder C-2 il-
lustrates rugged, unusu-
ally sensitive, dependable
Cannon-Ball Headsets.

crease thelr effi.

Write . .................
clency.

C. F. CANNON COMPANY
SPRINGWATER, N.Y.

Sclmliflully

Henavy lmr mag-
nets ~ greatly  Ln-

® Ycs, the Acrovox Rescarch Worker con be mailed to
absolutely free ! Chucktul of
{atest radio and electronic data, charts, formulae, da-

you month after month,
grams, suggestions. Slmply indispensable in your work.
® Or write
Aerovox Corporation, Dept. RC, Mew Bodford, Mass.

® Ask local jobber about a free subscrption.

320

Printed in the .8 AL

Book Reviews
(Continned from page 319)

ing of unknown numbers; and examples
of crypt-arithmetic (the use of letters in
place of figures).

Many of the problems can be solved by
la boy or a girl, intcrested in arithmetic
only. Others in the middle range will satis{y
the average adalt; and for those trained
mathematicians who like a little mathemati-
cal “diversion” there are some that will

really try their talents.

R ——

AIR RAID ALARMS
(Continued from page 319)

be taken into consideration for the opera-
tion of the relay circuits in the receiver. A
timing circuit can be provided that responds
only to a given time limit. Any deviation
from this time limit will not permit certain
functious to take place,

As the art progresses we will make more
and more use of electronic developments
for everyday existence, and it is the writer’s
belief that some day a lot of other uses will
manifest themselves where a device of the
nature as described in this article will show
its advantages.

R e ———

LENZ'LAW IN MODERN SPEECH
(Continued from page 318)
primary impedance would be 80 ohins
roughly, or one-ninth the sccondary im-

pedance.

The rule is thdt the impedance ratio
varies as the square of the voltage ratio.
as vou can prove by trying {or estimating)
voltage ratios of 4:1 and 5:1 and noting
the currents and impedances.

CHOKES, SPARK COILS, AND R.F. COILS

There are other applications of the mag-
netic field. A smgle coil on an iron core
may be used to ‘“‘choke” out remaining A.C.
in the D.C. from the rectifier tube in your
receiver. As has Dbeen shown, such a coil
will have no effect on D.C. once the flow
is started; but if the current tries to in-
crease, the increasing magnetic field will
tend to shove it back. If the current de-
creases, the field in weakening will actually
supply a little current to the coil to help out
the current already there. Thus the pulsa-
tions are smoothed down—parts of the
peaks actually used as energy to fill up the
hollows, with the result that one or two
good-sized chokes will take the hum out of
a very rough rectified A.C. current.

A single spark coil is another application.
This is also simply a coil on an iron core.
Current is supplied to it and sudflenly cut
off. The magnetic field disappears instan-
tancously. It is as if you pulled the core out
of the coil with infinite speed. A very high
voltage ts of course set up, crealmg a nice
fat spark if evervthing is going right.

Radio coils are a slightly different propo-
sition. The iron core in the 60-cycle coil
insures that the whole magnetic field set up
hy the current remains around the coil. That
is why a voltage of 115 sets up a counter-
voltage of 114 plus in some cases. The air
core of the radio coil offers very poor as-
sistance to magnetism, with the result that
a radio secondary may only get a few per-
cent of the field surrounding the primary.

The high frequencies used in radio further
complicate matters, so that turns-ratio by
itself means little in radio coils.

1t is, however, possihle to calculate vol-
| tage ratios and impedance ratigs in these
coils. To do this we must know something
about the condenser and resonance. This
may form the subject of a following article.
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accuracy, we ennnot guarantee against the
possibility of an occasionsl change -or omis-
sion in the preparation of this index.)
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FOR VICTORY TODAY
AND SOUND BUSINESS TOMORROW

- wn

Get Tlus Flag Flylng Now!

This War Savings Flag which flies today
over companies, large and small, all across
the land means business. It means, first,
that 10% of the company’s gross pay roll is
being invested in War Bonds by the workers
voluntarily.

It also means that the employees of all these
companies are doing their part for Victory

: . by helping to buy the guns, tanks, and
planes that America and her allies mus? have
to win.

It means that billions of dollars are being
diverted from “bidding” for the constantly
shrinking stock of goods available, thus put-
ting a brake on inflation. And it means that
billions of dollars will be held in readiness
for post-war readjustment.

Save With

Think what 10% of the national income,
saved in War Bonds now, month after month,
can buy when the war ends!

For Victory today .. . and prosperity tomor-
row, keep the War Bond Pay-roll Savings
Plan rolling in yowr firm. Get that flag fly-
ing now! Your State War Savings Staff Ad-
ministrator will gladly explain how you may
do so.

If your firm has not already installed the Pay-
roll Savings Plan, now #s the time to do so.
For full details, plus samples of result-getting
literature and promotional helps, write or
wire: War Savings Staff, Section F, Treasury
Department, 709 Twelfth Street NW.,
Washington, D. C.

War Savings Bonds

This Space Is a Contribution to America's All-Out War Program by

RADIO—CRAFT




including Frequency Modulation=Television, etc.

Inside Information for all Service-
men—Aircraft Pilots, Students.

. 772 PAGES, 400 DIAGRAMS

is complete—gives Authentic
Principles & Practices in Con-/
gtruction, Operation, Service &
Repairs. Covers clearly and con-
cisely Radio fundamentals—
Ohm’s Law—Physics of sound as.
related toradio science—M easur-
ing instruments—Power supply—
Resistors—Inductors— Condens-
ers—Transformers and examples
—Broadecasting stations—Radio
Telephony—Receivers—Dia-
grams—Construction—Control
systems—Loud speakers—Anten-
nas—Auto Radio— Phonograph
pickups—Public Address Systems
—Aircraft & Marine Radio—Ra-
dio Compass — Beacons — Auto-
matic Radio Alarms—Short Wave
—Coil Calculations—Testing—
Cathode ray oscillographs—Static
Elimination—Trouble Pointers —
Underwriter’'s standards— Units
&tables. REVIEW QUESTIONS

—Ready Reference Index.

$
4 COMPLETE ¢ PAY $1 AMO.

ANS GUIDE

AUDELS

To get this practical informa-
tion in handy form—Fill in and
‘-n amn wum sMAIL COUPON TODAYs et o oo s sy sy

AUDEL, Publishers; 49 West 23rd St., New York
Mail AUDELS NEW RADIOMAN’S GUIDE for free examination. If 0. K. | will
'sen'c'l you $1 in 7 days; then remit $1 monthly until $4 is paid. Otherwise

will returnit.
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Please Note:
If you do not wish to mar this

Occupation_ « — o o o e e e e
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page by clipping coupon — send

letter or penny postcard instead




