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The Contrl - You Engineered

Check these points and you’ll see why the Mallory
Midgetrol has become the first control in the business!

FASTEST OF ALL TO INSTALL
SAVES TIME

SAVES TROUBLE

SAVES MONEY

EASIEST SWITCH TO INSTALL
ELIMINATES SAWING AND FILING

NSNXXXX

First In Quality... Best For Results!

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
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You Pract

I Send You Parts To Build

Course.
~ EARN EXTRA
ing neighbors’

ice COMMUNICATIONS

Agpartof my newCom-
munications Course I
I send you parts to
build your own Trans-
mitter. Conduct actual
procedure demanded
of Broadcast Station
Operators, practice
many interesting ex-
. periments and tests,
‘learn how to put a
ytransmitter on the air.

YOU BUILD \{
this Tester as part
m Servicing i
se, It soon helps you
MONEY fix-
Radios in spare time,

conduct
~ experime;

~ /
YOU BUILD this
Signal Generator as
part of my Servic-
ing Course for more
valuable experience.
It provides ampli~
tude-modulated sig-
nals for many inter-
esting tests and
fexperiments.

RAINED
A Good Job In

Radic Station

¥ ‘Am Chief Engi-
| neer of Station
in

| &
iT

Radio to NRI.”—CLYDE
J. BURDETTE, Spartan-
burg, South Carolina.

MY COURSE
INCLUDES

Mareh,

. k
P

1949

YOU BUILD this Power Pack as
part of my new Communi-
cations Course. Useitto

nts with fre-

TELEVISION

YOQU BUILD this Superheterodyne §
Receiver and o 5

Circuit P
conduct Frequency &
Modulation experi- 7 4
ments and many 8

other tests
as part of &
my Ser-
vicing
Course.

fascinating

quency am-
plifiers and
multipliers,
buffer
stages, ete.

VETERANS

GET THIS

YOU BUILD this
Wavemeter as part
of my new Commu-
nications Course.
Use it with Oscil-
lator you also build
that furnishes basic
power to transmit-
ter and. determines
transmitter fre-
quency. 5

TRAINING
WITHOUT COST
UNDER G. I. BILL

¥ MAlL COUPON

Qperates Own
Radio Business'

““Now have two
iRadio shops ser-
3 vicing about 200
—..isets a month.

largest service es-

In Spare Time
“Earned enough
spare time cash
to pay for my

4 "48 course by time I
graduated. NRI training
is tops!” —ALEXANDER
KIS H, Carteret, New
Jersey.

Have
tablishment in Southeast

Missouri”” — ARLEY
STUDYVIN, DeSoto, Mo.

You Practice Radio SERVICING

part of my Servicing

" . As
On This Modern Radio You Couse @ zend sou the speaker,
Build With Parts | Send
o

you need to build this modern
Radio Receiver that brings in
Jocal and distant stations. You
use it to con-
duct many
tests and ex-
periments.

loop antenna, EVERYTHING

s

AN
ﬁ!

by Practicing in SpareTime
Y KITS OF PARTS | Send

Want a good-pay job in the fast-growing Radio
and Television industries or to be boss of your own
money-making Radio and Television shop? I've
trained hundreds of men with no previous experi-
ence to be Radio technicians. I can do the same for
you! Or now, for the first time, enroll in my new
practical course in Radio—Television Communi-
cations—learn to be a Broadcasting and Communica-
tions technician. You learn Radio and Television
principles from clear, illustrated lessons. You get
practical Radio experience with MANY KITS OF
PARTS I SEND in my train-at-home method. All
equipment yours to keep.
: MAKE EXTRA MONEY IN SPARE TIME

I £ SMITH, President As part of my Radio Servicing Course, I send
National Radio Institute - EXTRA MONEY booklets, starting the day you
enroll. Use your know-how to make $5, $10 and more a week EXTRA
MONEY fixing Radios in spare time while training. The next step
is your own Radio shop or a good-pay Radio servicing job. Or, if you
prefer, get into Government, Police, Aviation or Marine Radio, Broad-
casting, Radio Manufacturing or Public Address Work.

BRIGHT FUTURE IN TELEVISION
Think of the present and future opportunities in the fast-growing
Television field. New stations are going on the air every month. . . .
Television manufacturers are producing over 100,000 sets a month.
It's a fast-growing field and the man who knows Television will
be in demand.

GET ACTUAL LESSON AND BOOK FREE
Send now for my special DOUBLE FREE OFFER. Get actual
lesson on Radijo Repairing short-cuts absolutely free. Also get
64-page book, “HOW TO BE A SUCCESS IN RADIO—TELEVISION
—ELECTRONICS.” See how quickly, easily you can start. J. K.
SMITH, President, Dept. 9CR, National Radio Institute, Pioneer
Igome Study Radio School, Washington 9, [

+ MR. J. E. SMiTH, President, Dept. 9CR
National Radio Institute, Washington 9, D. C.

Mail me FREE Sample Lesson and 64-page
J book about how to win success in Radio and
Television—Electronics. (No salesman will call.

! Please write plainly.)

]

l Name.... ..-Age._...

J Address.....

) City. Zone. State....

'D Check If Yeteran APPROVED FOR TRAINING UNDER &. I BILL
hoooaomoaommooe: oo o o0 ap o Gb s oo

WwwWwW americanradiohistorv com
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COVYER PHOTO: Don lee's 14 foot para-
bolic reflector (known as the "Mountain
Shooter') located atop Mt. Lee, Cali-
fornia, is believed to be TY's largest dish.
(Cover photo by Mark Finley)
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Hew To Pass

rapio operaToR MaHGIENN D!
EXAMINATIONS
GET THIS AMAZING NEW BOOKLET FREE!

1.‘Tells. of thousands of brand-new, better-paying radio jobs now

Add Technical Training to Your “opendo EECilicsniestioders. = -
2. Tells how you will benefit by holding an FCC Commercial License.

PI‘GC'I'ICGI Experlence and 3. Tells how YOU can get your FCC Commercial Radio Operatot Li=

cense IN A FEW SHORT WEEKS—EASILY AND QUICKLY, by using
CIRE simplified training and coaching AT HOME in your
SPARE TIME.
4. Tells of hundreds of our successful students who now have
GOMMEROIAL licenses and new, better-paying jobs.
RADIO OPERATOR 5. Tells how we prepare you to pass the new FCC Commercial
License Examinations, which now include FM and Television.
IN A FEW SHORT WEEKS! ) 6. Tells ‘howswe .guarantee to train and coach’ you' ‘until 'yq%""'ger

1¥'s EASY if you use CIRE Simplified Training ayevrlicense: ;

- - 7. Tells how we help you get a better-paying, licensed job, with.our
& Couchmg AT HOME in SPARE TIME o 7 free and exclusive ‘service, which prepares your em-

plecyment application for mailing to hundreds of
Sl W employers, including FM, AM and Television Broad-
N "’ig'“r"““\“ cast Stations, Radio Manufacturers, Police Rad_io
i LICEASE Stations, and Radio-Equipped Taxi, Bus, and Public
INFORMATION i} Utility Companies.
-y

COMMERCIAL ll

Get your license easily and quickly
and be ready for the $3000 to $7500
jobs that are open to ticket hold-
ers. CIRE training is the only
planned course of coaching
and training that leads di-
rectly to an FCC license.

CIRE GRADUATES FIND
FGC LICENSE PAYS OFF

“I now hold ticket Number P-10-
3787, and holding the license has
helped me to obtain the type of job
I've always dreamed of having. Yes,
thanks to CIRE, I am now working
for CAA as Radio Maintenance Tech-
nician, at a far better salary than
I've ever had before. I am deeply grateful.”
Student No. 8319N12

YOUR FCC TICKET IS ALWAYS RECOGNIZED IN ALL
RADIO FIELDS AS PROOF OF YOUR TECHNICAL ABILITY

' FREESénd Coupon Now!

CLEVELAND INSTITUTE OF RADIO ELECTRONICS
Desk RN-3--4900 Euclid Bldg., Cleveland 3, Ohio
(Address to Desk No. to avoid delay)

I want to know how I can get my FCC ticket in a few short weeks by tg&ining
at home in spare time. Send me your amazing new FREE booklet ‘‘Money
Making I'CC License Information,”” as well as a FRIE sample FCC-type exam
and FREE booklet, “How to Pass IFCC lLicense Lxaminations,” (does not
cover exams for amateur License.]

“I was issued license I’-2-11188 on November 4. The next
day I was signed on board a tanker as Radio Operator-
Purser. DBesides radio operating, I handle the payrolls,
etc., which is all over-time and brings my monthly pay up
to between $400 and $650.”

Student No. 23556N12

CLEVELAND INSTITUTE OF RADIO ELECTRONICS
Desk RN-3 + 4900 Euclid Bldg. ¢ Cleveland 3, Ohio

Approved for Veteran Training Under the ''G.l. Bill of Rights'

O Veterans check for enrollment information under G.I. Bill
NO OBLIGATION—NO SALESMEN

PO W N W B W ST R B W EE E
2
=
2
H

I!lich, 1949 5
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“America’s greatest
Television Values
_per. square inch of

Build the finest proven ““CUSTOM-BUILT”

TELEVISION ASSEMBLY %) o

More E€

when you build with . . . :

TELEVISION

Exclusive
T.A.C. “VIVIDeo

feature!

Prewired, pretuned -
and tubed LF. sound
and video strip (pat-
ents pending). An
exclusive T. A. C. feq-
ture developed by -
our ewn research. All - CABINETS AND STANDS avail-
_ on one chassis. - able with all direct view units.
e e e Write for literature.,

Champion Models

20" DIRECT-VIEW MODEL
with DuMont Inputuner and 20” BuMont Tube

213 SQUARE INCH PICTURE! Prewired Voltage

/ I Doubler 14KV power supply, Pre-wired "VIVIDeo"
Y I N ST RU CT I ON S = LF. picture and sound strip (Pat. Pending). ALL
channels TV plus ALL FM radio. Continuous
tuning. DuMont Inputuner is Prewired. Pelivered

complete with all components and 30 RCA tubes
plus 20-inch DuMont C.R. tube.

—The most explicit, easiest-to-follow,
most elaborately detailed
instructions in television —

that even.the layman

can follow. ’ MODEL F-201C Dealer’s net 556675*
— “M” SERIES STANDARD and CHAMPION

Direct-View Models
for 10" CR TUBES

STANDARD MODEL

29 tubes, including 13-tube "VIVIDeo” LF, picture
and sound strip (Pat. Pending). This pertion com-
pletely wired, tested and aligned. Prewired,
standard tuner ready to use. Handles ALL
channels.

MODEL P-520 . . . 520 SQ. IN. PICTURE
PROJECTION TELEVISION ASSEMBLY

* Bousch & Lomb F; 1.9 Lens * Eastmen
Kodak Screen ¢ DuMont Inputuner
37 RCA. Tubes * Pre-Wired & Pre-

Tuned Picture IF. & Sound LF. * Pre.
Wired 30 K.V, Tripler Fly Back Power
Supply * Automatic Gain Control o
Aluminum Coated Top Mirror * Metal
Rack * Specially Designed Hood and
Picture Frame Supplied * 5TP4 Projec-
tion Tube » 12” R.C.A. High Fidelity
Speaker ¢ Two Low Voltage Power
Supplies.

MODEL P520 o0 ocs MODEL M-101C icaree  $520950*
MODEL Ps20w ——
Dealer's net ..-__. e e _~5895°°*

The above unit completely wired cnd
ready to install,
Front and rear panels optional
at additional cost.

TELEVISION

ASSEMBLY LD,

540 BUSHWICK AVE., BROOKLYN ¢, N. Y.

MODEL M-101S iscaree  $76950*
Dealer’s net
CHAMPION MODEL

Same as above except that DuMont Inputuner re-
places Standard Tuner. Gets ALL channels TV
—PLUS all channels of FM radio,

Write for literature on our complete line of 10"
127.15" standard and champion assemblies.

ts are of t
Analft?(mﬁ%%encre fully gu
oy er the Stand

d .
Al TAC Assemb
to operate whel
ing to directions-

Distributed only through )
NATIONAL PARTS DISTRIBUTORS

Write for the source nearest to you

*PRICES 5% HIGHER WEST OF THE MISSISSIPPI
RADIO & TELEVISION NE“EJ
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You build this com-
plete 16-range AC-
DC test meter sef-
up.

| show you how to
build this speaker
tester and many
other instruments.

You build, test and
trouble -shoot this
powerful 6-tube su-
perhet Radio.

SAMPLE LESSON
AND BIG CATALOG

FREE

See how quickly and easily you can get your start |

in Radio, Electronics, Television with Sprayberry
Training. Just fill out, clip and mail the coupon
NOW for my big FREE book and FREE Sample
Lesson. No obligation, No salesman will call. Read
all the facts about Sprayberry Training — then
decide. Take the first step TODAY — rush the

coupon to me.
_ VETERANS: Approved for
G.L. Training under Public Laws 16 and 346.

SPRAYBERRY ACADEMY OF RADIO, DEPT. 25-P'
SPRAYBERRY BUILDING
PUEBLO, COLORADO °

1949

CHICAGO 6, ILLINOiS

March,

3
B i

20 NORTH WACKER DRIVE "

i’LL TRAIN YOU AT HOME—BETTER

74 ONICS-
TELEVISION.,

—FASTER

o

by Putting You to Work with Your Hands

In this picture I show you exactly what youll get from me during your Sprayberry
Radio Training. This actual photograph speaks for itself! Sprayberry Radio Training
is really COMPLETE—I start you with interesting, easily understood basic knowledge
and I keep the mailman busy bringing you valuable Service Manuals, profitable Busi-
ness Builders, extra helps and books—and 8 Big Kits of Actual Radio Equipment! My
course is practical and down-to-earth. You get my personal help every step of the way.
My method is BEST for you—because you train largely by working with your hands—
building, testing, trouble-shooting with parts I supply. With these kits you build a
powerful G-tube superhet Radio, a big 16-range test meter and perform over 175

other fascinating practical experiments.

EARN WHILE LEARNING

Shortly after you enroll I send you my famous
BUSINESS BUILDERS that help you get and do
profitable neighborhood Radio Service jobs while
learning. These jobs pay well, and pave the way for
a Radio Service Business of your own.

All branches of Radio, Television and Electronics
are booming! Trained men are needed NOW! I'll
prepare you for your own profitable Radio Service
Business or a big pay radio job in double quick
time. You learn at home in spare time—you keep
your present job while getting set for the future.

My course is so perfectly planned—so easy to
grasp and understand—you need no previous
knowledge or experience of Radio or Electricity.
Get the facts now—find out what Sprayberry Radio
Training can do for yow. Mail the coupon below
and by return mail I'll rush my big book, “How To

NOW !
TWO
LOCATIONS

ToServeYou
Better!

NAME

SPRAYBERRY ACADEMY of RADIO, Dept. 25-P
‘Sprayberry Building Pueblo, Colorado, or
20 North Wacker Drive, Chicago 6, Illinois

Rush my Free Book and Sampie Lesson.

Make Money In Radio, Electronics and Tele-
vision” that tells all about Sprayberry Training.
I'll also send you a Sample Lesson, “How To
Read Radio Diagrams and Symbols”—all FREE.
You'll read many letters from successful Radio
men I've trained—and you can decide for yourself
what Sprayberry Training holds in store for you.

LOW COST COMPLETE TRAINING

Sprayberry Training is surprisingly Low In Cost
—and if you desire, convenient monthly payments
can be arranged. This is COMPLETE, Up-to-Date
training—covering Radio Repairing, Television
and F.M., Industrial Electronics and many other
new developments. Sprayberry Trained men

really know Radio. This is training that sticks
with you and makes money for you.

AGE

Mail Coupon
To Location

NearestYour I

ADDRESS

ZONE____STATE

Home

www americanradiohistorv com
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NO MORE ~ °
BLIND
SOLDERING

SOLDERING
- GUN
 SPOTLIGHTS
\THE WORK

easily
formed

L 5-Second
Longer Reuch—\ Heating—
8" from housing no waiting;

~ fo tip. saves power

Solderiite— Built-In
spotlights Transformer
the work compact,

complete

Dual Heat—
single heat
100 watts;
dual heat
100/135
watts; 115
volts, 60
cycles

Just pull the trigger switch of your
Weller Soldering Gun . . . heat and
light come “on” together. The pre-
focused spotlight picks out the work
at once—shows you your way to
faster, easier soldering.

Time-saver? Yes—but not the only
advantage of Weller Soldering Guns.
Check the exclusive features illus-
trated and you’ll see what we mean.

Solderlite, extra length and 5-second
heating mean hours and dollars saved
-—your Weller Gun will pay for itself
in a few months. For electrical and
electronic laboratory or maintenance
work, we recommend the 8’ model
DX-8 with dual heat; or 4" types
S-107 single heat and D-207 dual heat.
See your distributor or send for
bulletin direct.

Be sure to get your copy —
SOLDERING TIPS, the new
Weller Hondy Guide to
easier, faster soldering—20
pages fully illustrated. Price
10¢ ot yaur distributar’s or
order direct.

ELLER

MANUFACTURING COMPANY
810 Packer Street o Easton, Pa.

Sy

-

UR $10,000.00 Contest is off to a

good start, following our an-
nouncements in the January and Feb-
ruary issues of this magazine. Ac-
tually, there are two separate and dis-
tinct contests: one designed specifi-
cally for individual hams to compete
for worth-while merchandise awards,
the other as an incentive for ham
clubs, as a group, to lend their efforts
to the training of many new licensees
as club members during the remainder
of the year. In order to make the
awards more attractive, we are plan-
ning to make available a choice of
transmitters, receivers, etc.,, to the
principal prize winners. In this way
it will be possible to acquire that
“dream station.”

Many ham clubs have facilities and
space available for their own club sta-
tions. Usually these stations are made
up from equipment no longer needed
by individual members, and transmit-
ters and receivers are usually donated
by some member of the club. This
contest will make it possible for these
clubs to compete for up-to-the-minute
equipment of prominent manufactur-
ers.

It is important in the case of Club
or Association participation for club
secretaries to send in, as soon as pos-
sible, a complete list of their member-
ship (explained within the rules of
the contest on pages 52-53 of this is-
sue). It is of equal importance for
contestants to fill out their entry
blanks and send them in as soon as
they have begun the training of their
prospects. This will prevent some
other contestant from taking credit
for the same trainee.

We .have received several inquiries,
following our announcements, from
Youth organizations, Boy Scouts, and
others, requesting licensed amateurs
to take over a group of trainees.

There will be many similar requests.
We will, wherever possible, refer these
inquiries to as many ham clubs as may
be within the area. It is then up to
the clubs or even groups of individuals
to decide who will receive credit for
training the classes that may be set
up for the teaching of amateur radio.

We will have reprints available on
“The Beginning Amateur” upon re-
quest.

We think that the following best de-
fines the purposes of our contest: “The
object of this contest is to educate the
youth of the nation in amateur radio;

WWW americanradiohistorv com

to encourage radio communications
throughout the United States, particu-
larly among civilians, both as a hobby
and for the purpose of qualifying as
finished radio operators those individ-
uals who may be called upon to serve
in times of emergency—and to create
a public sentiment for the encourage-
ment of radio communications prac-
tice, both as a hobby and as a neces-
sary means of National Defense.”

The amateur newcomers should, we
feel, start the same as the present-day
old-timers. As Chief of Naval Com-
munications, Admiral Earl E. Stone
so aptly put it in his Navy Day mes-
sage to radio amateurs, “The ener-
mous strides which have been made
in the development of communication
material-—the development of various
mechanical means of transmission and
reception—have had a tendency to
produce radio personnel whe may be
inclined to underestimate the impor-
tance of certain fundamentals. But
the young amateur of today may fail
to learn much that is fundamental if
he passes up the opportunity to as-
semble his own equipment—not to
mention the thrill that goes with
building his own radio facilities. The
newcomer in the amateur field will do
well to follow in the footsteps of his
older brother and learn by cutting and
trying. The know-how which the ama-
teur acquires by personally testing and
experimenting is the priceless ingre-
dient that makes the amateur a vi-
tally important man in an emergency.
Know-how, coupled with resourceful-
ness, has frequently meant success
when suceess was urgently required.”

The recent isolation of several towns
due to heavy snows found amateur
radio the only means of communica-
tion with the outside world, and it is
very likely that more than one person
owes his life to our hobby.

Many amateurs are being blamed by
television set owners for interference
which in most cases is due either to
faulty transmissions or to automotive
ignition noises and other interference.
Even though most of the complaints
are unfounded, the amateur is often
damned without justification. It be-
comes increasingly important, there-
fore, to gather the respect of the pub-
lic and to publicize the real story of
amateur radio and what it means to
our country.

We hope that our contest will in
part fulfill that objective . . O.R.

RADIO & TELEVISION NEWS.
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f You Haven't a Copy—Ge
ALLIED's Latest Supplement

ALL THE NEWEST RELEASES!
BIG SAVINGS ON SPECIALS!

e

Knight TV Antenna

. t buy!
High-efficiency indoor 'ij\;:ﬁz 351625 ke,
length and direction easily adi 22,000 ke.

for maximum reception. Covers ;:3
IV channels. Compact; fits on o
cabinet or table, or mounts to “;4 b;'
deal where roof antennos can

installed. 4.95
I;;-354. ONLY.....-- $

Knight Wire Recorder

ond ploys wire-recordings;
or 127 78 rpm disc
s as PA system or as
cillator. Eosy to
in compact simu-
with crystal hand-
ol tubes, 2 half-
or 105-125 v,

$99.50
Knight

Makes
plays any 10
recording; serve
wireless phono ©S
operate. Complete
lated leather case;
mike and pickup,

hour spools of wire. F
60 . AC.

96-172. ONLY. . .-+

assured by

are "locked

Everything in Radio and Electronics

1949

%\l‘rch,

Knig
Plays the n
LP records!
amplifier
radio with phon
LP crystal pickup on :
pendoble 333 rpm motor. In attrac
tive mahogony finish co
An outstanding buy ©

nels. Exceptiol
tone quolity. In bea
35%47 x 192" % 2
For 105-125 vi
Shpg.- wt., 125 Ibs. .
All Prices F.O-B. Chicago

Echphone 3-Band Radio

spread; Alnico
loop antenn
DC. Beautif

8Vs x 14 x 6Y2. $24.95

97-518. ONLY. ...

For110-

96-241. ONLY ... -
10" Television Console

A great value in
in. picture on 10" d
“Micro-Shorp ¢
Gain Control for photograpm
-in” for stea

a. > C or
ul walnut plostic cabinet,

ht LP Record Player

irect-view tube.

nol FM oudio system W

, 50-60 c. AC.

overs 3 full bands:
2<:200-7\00 ke; 6900-
With electrical bcncf-
pM speaker; puilt-in
For 105-125 v. AC or

ew Long-Play high-fidelity
Can be connected to ony
and speaker, ©F to or}y :
o connection. With _

d needle; de-

binet with lid.
t our low price!

120v.,60¢.AC, $.| 7.95

" cirewit; hos Automatic
¢ realism; pictures
diness. Covers all TV chon-
ith wonderful
utiful mohagany finish console,
Q" Complete with all fubes.

$269.50

9V-101.NET
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And bere’s the up-to-the-minute Supplement—all
the new equipment releases, including lates!
Television developments, and big price reductions
on popular equipment. Send for FREE copy!

ALLIED RADIO CORP.
833 W, Jackson Blvyd., Dept. 1.C-9, Chicago 7, lilinois

[J Send FREE 1949 ALLIED SUPPLEMENT.
[] Send FREE 1949 180-Page ALLIED CATALOG.

Enter order for........

SUPPLEMENT NO. l1g

ALLIED RADIO

833 W. JACKSON 8LVD., CHICAGO 7, LtiNoIS

For your complete buying guide to Everything in
Radio, use this new, value-packed Supplement
together with ALLIED’S big 180-page Catalog.
Here are all the latest developments in Radio,
Television and Electronics—plus tremendous sav-
ings on popular, top-quality equipment—espe-
cially selected values for Servicemen, Engineers,
Amateurs, Sound Men, Builders and Experiment-
ers. Make your money-saving selections from the
world’s largest stocks—ready for immediate ship-
2, ment. If you haven’t a copy of ALLIED’S latest
Supplement and complete
write for them today!

180-page Catalog,

Get These Leading Buying Guides

Here’s the 180-page 1949 Catalog
for Everyone in Radio! Packed with
everything in Radio: Latest Receiv-
ers, Phono Equipment, Television,
Sound Systems and components,
High-Fidelity equipment, Recorders,
Amateur gear, Test Equipment—plus
thousands of parts, tubes, supplies,
books—everything you need at low-
est, money-saving prices. Get your
FREE copy now!

FRYTE Y PR L EF-TEL e =T F
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N city after city dealers and servicemen have witnessed amazing

el

S e

demonstrations proving the outstanding quality and superiority

of G-E speakers. Many distributors have purchased these demon-

stration units to show dealers just what we mean when we say—

\l General Electric Speakers are quality speakers.
If you have not seen these demonstrations—if you have not seen
General Electric speakers operate under difficult conditions, be
sure to contact your local distributor. There is a marvelous exhi-

bition of speaker performance waiting for you.

ASK FOR THESE EYE-OPENING, EAR-CONVINCING PROOFS:

@ A G-E speaker playing under water. & See a man standing on a speaker
@ A standard replacement 4" speaker withoutdamaging the all-weld frame.
mk”_‘? the output of a 25-watt @ Also insist upon hedring the Variable
amplifier. Reluctance Cartridge playing «
& Comparison of the frequency re- cracked record without reproducing
sponse of various sized speakers. the click, or a worn record without
@ Comparison of the sensitivity accord- excessive needle scratch.
ing to magnet weight. @ Ask for the high fidelity performance
@& Hear large speaker performance in demonstration of the Variable Re-
small speakers. luctance Cariridge.

For complete information on General Electric speakers, write:

General Electric Company, Electronics Park, Syracuse, New York.

%mm/mf%m m/mm_

GENERAL @D ELECTRIC

10 RADIO & TELEVISION NEWS
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THERE IS EVERY
GOOD REASON TO
STOCK G-E SPEAKERS

Every G-E speaker is
performance- -engineered
at Electronics Park.

Every G-E speaker is
equipped with the Alumi-
num Foil Base Voice Coil.

Every G-E speaker can
handle plenty of power.

Every G-E speaker is
designed to have the
proper frequency response
required for the job.

1949
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4" and 5%". For
small set replace-
ments, dri yy'e'-\ -
i*n theaters,
car fa él«ros,&fc i
. é . i

G e
e = e

RS :-><
6" and 8”, For larger :
set replacements, i \:

.»h i

~ public address sys-

irfilgadh

tems, car radios,

10" and 12", For
ﬁsubwlglc address
systems, console
radio replacement.

1
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YOURE (N [ELEVISION !

You're really IN Television—the right way—with PHOTOFACT! Here’s the data you need for
profitable TV installation and servicing—practical, tim=e-suving, money-making help that
keeps you in business—and keeps you ahead of the game. Establish yourself permanently
and profitably in TV, with the help of PHOTOFACT. See your Jobber today—take a good look at
these authoritative PHOTOFACT publications—then get them and be in Tele\(ision!

This Practical Television Data Boosts Your Earning Power
R | TELEVISION ANTENNAS : -

Design, Construction, Installation and Trouble-Shooting

ANTENNAS
Now, you can own the first practical, down-to-earth
guide to everything you need to know about Television
antennas. Written by Donald A. Nelson; based on
actual experience in the field, involving hundreds of
installations made under all sorts of conditions. Shows
you what type of antenna to select, how to install it,
how to solve troubles. Gives you short-cuts that save
time and help increase your installation profits. Chap-
ters cover: receiving antenna principles; antenna con-
struction; analysis of all types of commercial antennas
on the market; complete antenna installation data
(both outdoor and indoor, including apartment and multiple installations ); installa-
tion problems and trouble-shooting (“ghosts,” interference, etc.). Over 192 pages
of easy-to-understand data; 124 clear illustrations. Handy pocket size. This is $125
the book you need if you’re 7z Television. Qrder from your Jobber today.ONLY ]

LR

PHQ{OFA“
VISION

GET CONTINUOUS TELEVISION RECEIVER COVERAGE IN FAMOUS
. PHOTOFACT FOLDER SETS

PHOTOFACT TELEVISION COURSE

This up-to-the-minute book gives you a

Ask for Free Cumulative Index

You can’t afford to miss a single PHOTOFACT
Folder Set! You get not only the most complete,
accurate and useful Radio Service Data ever
compiled on AM and FM receivers—but you
keep up to the minute on all new Television
models as they are released. There’s nothing
like PHOTOFACT Television Folders—each in
an individual envelope designed for bench use,
with easy-to-handle Standard Notation Sche-
matic and all data arranged for quick, uniform
reference—every bit of it based on first-hand
laboratory analysis of the actual receiver. Get
all the data you need —exclusive in PHOTOFACT
—AM, FM and Television coverage; Auto
Radio, Amplifier and Tuner coverage. This
absolutely essential data makes your work
easier, quicker, more profitable. Issued two
Sets per month. To receive regular issues, sub-
scribe at your Jobber today. $150
PER SET ONLY c.vviiiiiiiinniannnns . ]

complete, clear understanding of modern
TV principles, operation and practice.
Provides the essential background for suc-
cessful service operations in Television.
Main sections cover Cathode Ray Beam
Formation and Control; Beam Deflection
Systems; Beam Modulation and Synchro-
nization. Includes analysis of Cathode Ray
tube construction, cafmera tubes, voltage
supplies, sawtooth generators and their
use, sync circuits, control functions, re-
ceiving antenna circuits, RF input tuning
systems, IF systems, AGC, DC restoration,
video amplification, contrast—a complete
and authoritative coverage of the entire
subject. Includes glossary of terms, full bib-
liography.208 pages;profusely illustrated;
sturdily bound, 8%x11”. A “must” for $900
everyone in Radio! ONLY........ 3

COMING!
HOWARD W. SAMS

VELEFILE

Coming soon—a real boon for every-
one in Television service work—a
naw kind of Service Data Library that
covers practically every TV receiver
now on the market! Features an en-
tirely new system for filing the data
—absolutely unbeatable for com-
pleteness, easy reference and time-
saving use. Brings you everything
you need for successful, profitabie
TV servicing! At your Jobber soon!

Watch for TELEFILE!

tackle any ¢
specialized PH

12

POST-WAR AUTO RADIO MANUAL

: in servicin

ere’s big money 100 S ;
1l & ar receiver when you
OTOFACT volume 1

everything you need to know—gives you

ice data based on ana
100 different post-war
radio made sin
different manufact
fusely illustrated;

pletely, accurately
At your Jobber no

nowaro w. SAMS = co., inc.

ce 19406); represents the products

urers.
each model

Wl ONLY connernooonnesenes Q

auto radios. You can
gou have a copy of this
n your shop. Covers
complete serv-

i ivers. Covers
lysis of the actual recetv : vers
models (practically ev eryof i
2 (oXTEn
fore than 300 pages; P
A treated uniformly, com-

Durably bound; g x 11", 5495

INDIANAPOLIS 7, INDIANA

RADIO & TELEVISION NEWS, )
y

i r's
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“This ORMITE Resistor Cabinet
Saves You Time and Money!” 3

HANDY, NEW ALL-PLASTIC CABINET WITH A SELECTED

ABL
ARGE fOR ch® ASSORTMENT OF 125 “LITTLE DEVIL” RESISTORS
H
NO € Molded of solid plastic, this rugged compact cabinet—9"x434"x5%4"—has 40
compartments factory packed with the “Little Devils” (from 10 ohms to 10
SEE_YOUR megohms) most frequently used. You find the right resistor... fast. Check in-
DISTRIBUTOR ventory at a glance. And pay nothing extra for it—only regular price of resistors.

INDIVIDUALLY-MARKED /aﬂi‘
“LITTLE DEVIL” __—="
COMPOSITION RESISTORS*

SOLID-MOLDED

POTENTIOMETER *
RUGGED - RELIABLE Both color coded and individually marked for quick, sure identifi-
g™ cation, these sealed and insulated resistors are available in Standard

RMA values. ¥4, 1, and 2 watts. Tol. =10% and == 5%.

. % So that two exceptionally high-quality products will be universally
Built 1o last, this Tvpe AB potentiometer has obtainable, Ohmite Manufacturing Company, in co-operation with

a heat-treated, solid-molded resistance element the Allen-Bradley Company, has arranged for the Type AB (Allen-
Bradley Type J) control and Little Devil Molded Composition Resis-

TGk film. Unaffec‘ted by heat, cold and tors (Allen-Bradley Types EB, GB, and HB) to be available from
moisture. Has a 2-wattrating,good safety faetor. stock at Ohmite distributors.
OHMITE MFG. CO. 4885 Flournoy St., Chicago 44, lIl. Write for Catalog 21

Be Bigtr withk OFR MITE

__RHEOSTATS * RESISTORS * TAP SWITCHES - CHOKES « ATTENUATORS

L 0 e Rk —

IXI:queh, 1949 13
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Whether you require large quantities of relays for
production runs or single units for laboratory or
amateur work, Wells can make immediate delivery
and save you a substantial part of the cost.

RE AY

FOREVERY P

Our capable engineering staff is prepared to offer
assistance in the selection of correct types to suit
your exact requirements.

Each relay is brand new, standard make, inspected,
individually boxed and fully guaranteed.

The following list represents only a tiny portion of
our relay stock. Write or wire us for information on

STANDARD DC TELEPHONE RELAYS own.
Stock OQperating Coil Net ,ypes not Sh
No. Voltage Resistance Contacts Manufacturer Each
mgé %4¥ 1583. DPS][ (NO) Auto.Elec.  §1.35 .
- 4 400. SPD Auto.Elec. 110
R-103 24V DUAL-1000 3PST (NO) Auto. Elec. 135 CUTLER HAMMER
R-105 24V 600. 3PST (NO) Clare 120 HEAVY DUTY CONTACTORS
R-106 24V 1300. 3IPST (NC) Clare 1.25
s-}gg 1%v 250. gpgTT-SPSSTT(Ng) Guardian l.lg 1
- 12v 00. PDT-SPST (NQ) Stromberg 1.2 P X
R158 12V 200, SPST (NO) Clare 120 SENSITIVE Stack Operating  Coil Aet
R-155 12v 100. SPST (4NO4NC) Auto Elec. 1.15 DC RELAYS No. Voltage Resistance  Contacls Manulatiu(er Eac‘r.
R-158 6V 50 4PST (NO) Stromberg 1.10 R-178 24V DC 100 SPST(NO)I00A. Gl&1H34A  $3.35
R-159 6V 50 DPST (NO) Stromberg 1.10 R-179 6V OC 6.5 SPST (NO) 50A. 6C41H83A 300
R-168 6V 12 3PDT-3PST(NO)  Auto.Elec.  1.05 R-180 12V DC 25. SPST (NO) S0A. 6041308 3.25
R-161 6V 10 3PST(ZNC-INO}  Auto. Elec. 30 R-181 24V DC 65 SPST(NO) 100A  6041M8B 3.85
R-121 150V 5000. 2PST (NO) SPDT  Clare 165 |Stock Operating  Coil Net |H-232 24V 55. SPST(NO) 30A. MetalCasea 3.25
R123 150V 6300 SPST(NO) Clare 1.75 | No.  vVoltage  Resistance Conlacts Manufacturer Each |H-233 6V 15 SPST(NO) 50A. MetaiCased  3.15
R-602 150V 6500 3PST (NO) Clare 175 [R-218 4.6V 1800. SPDY Kurman 220C §1 95 | H-235 24V 70. SPST (N0} 100A. Type 86 385
R-515 24V 750 SPST (NO) Clare 1.25 [R-220 75V 5000 SPOT Allied Cont.  1.20
R-517 12V 250 DPST (NO) Clare 1.20 {R-221 18-24V 5000 SPST (NO) Allied Cont. 115 DIRECT CURRENT AIRCRAFT CONTACTORS
R-519 250V 14000. SPDT Auto Elec. 195 [R-174 250V 5000 DPST (NO) G.M. 185 Ik Operating Corl Net
R-520 250V 14000 DPOT RB.M. 2.10 [R175 350V 11000 DPDT-DPST (NO) G.M. 295 |2\ N tage . Resicance  Contacts Manufacterer Each
R-521 32V 1000. DPDT Kellogg 1.20 [R-176 24V 250 DPST (ND) G.M. 150 | o\ opy 2% 30 SPSTNO)25 A. Guatdian $1.85
R-166 24V DUAL-200.  DPDT-SPST (NO) Stromberg 159 [R-177 28V 300 4POT G.M. 165 157183 24v 50 SPST(NO)50A.  Allen Bradley "2.75
E‘EES zgf‘)vasov DUUUAL-zoo. 4P§1{_(N0) Aulu.EIlec 1.20 s-ggg 812V 5000 SPOT N S-Dunn-KS 2110 " TypeBOA v o2
- 40000 DPST (NO) Auto.Elec. 295 |R- 24-48v 1000 SPDT-DPST (NC) Guardian LIS [pags 28v 50 SPST (NO) 100A. Gonera: Elec. 2.95
L2 I EY 530 SPDT-SPST (NO)  Clare 1.25 . R-185 24V 100 SPST(NO)50 A. Leacn SOSSECR 2.75
TYPE 18 DC TELEPHONE RELAYS R-186 24V 132 SPST(NO)50 A.  Leach 7220-3-24350
Stock  Gperating Coit Net TYPE BO DC RELAYS g-{g; %i\‘; %83 gggﬁmg))f;gﬁ, lAIlllgndBCradley ;.gg
No. Voltage Resistance  Conlacls Manufacturer Each | Syock ti - - ied Cont. -
R:109 24.48v 4000. SPDT Aulo.flec.  $150 SNuoc. o\?«ﬁ’t:g‘:g Resic;?;'nce Coatacls Marufacturer Er:i;\ H-234 1av 45 SPST(NO)30A.  —~ 1.65
R118 2432V 3500 SpDT Auto.Elec. 150 |p.169 zav 250 SPST (NO) Allied Cont. $1.95 S
R-112 90120V 6500 SPST (NC) Avto.Elec. 175 |piy7] 24v 230 DPOT Allied Cont. 215 ANTENNA CHANGEOVER RELAYS
R-114 24V 500 4PST (NO) Auto.Elec. 130 |g.172 5.8v 30 DPDT-SPST (NO) Allied Cont. 170 |Stock Opersting Coil Net
R-603 24V 400 DPST (NO) Auto. Elec, L25 |R-173 2-6v 5 SPST (NO) Allied Cont.  1.25 | No.  voltage  Resistance Contacts Manufacturer Fach
:-%gg g:\‘; 150 DPDT-SPOST(NC) R.B.M. 125 1p599 24.48V 1000 DPDT Allied Cont.  2.50 |g-192 6-12v DC 44 2PDT 10 AMP Allred-NB5  $1.35
: 160 RESIL0) EUIOIE O 2o R-231 12VDC 100. DPDT 6 AMP  G.E. 195
R-256 24:32v0C  — SPVE‘)’T-DPST(NC) curai Les
K zuardian 4
Stock Qperating Tycif EJRRCIRELANS fet |RS0L 110AC 4, DPDT (1KW) G.E. 2.45
N04 Voltage Regrslance Cog‘Tamo Manul?:clurersElacg RSDILz:2V Ui 00 SROLSAST GEAWTE LB
R-204 12V 5 DPST (NO) Allied Cont. $11
R-205 24V 260 oPDT Altied Cont. 1.25 RO O U SN UMTONYAN D
R-224 12V 75 SPST (NO) Ailied Cont. 115
H-237 21V 230 DPDT Aflied Cont. 125 |Stock Operating Coil Net
SEALED DC TELEPHONE RELAYS No.  Voltage Resistance  Contacts Manufacturer Each
Stock Operating Coil Nel H-244 1224V DC Dual60  SPDT CR2791-R106C8 $1.65
No Voltage Resistance  Confacts Manufacturer Each
R-125 24V 00. oPDT Clare 5275 D VTN GIKEVINCRR ELAYS ADJUSTABLE TIME DELAY RELAY
R-126 90-120V 2000 DPDY Clare 3.60 | Stack GCperating Cotl Net Coil
R-504 24-70V 2800 SPDT GE-C103C25 300 | Ne.  Voitage Resistance Conlacts Manufacturer Each | Stock Operaling Coi het
R-248 28y DC 150 SPST (NOY10A. Guard. 36471 §1.05 | No.  Voltage ~ Resistance Corlacts Manufacturer Each
V TYPE DC TELEPHONE RELAYS R-244 TSVAC 265 SPST(NO)20A. Leach1327 175 R-246 115AC SPST(ND)or  R.W.Cramer
Stock  Operaling Coil Nel |R 206 24V DC 150 5PDY-3 AMP P&B-KL 1.20 {NC} 10 ANPS 1-120 Sec. $8.95
No.  Vollage Resistance  Centacts Manufacturer Each |R-207 24V DC 210 4PDY-3 AMP P&B-KL L0
R-164 *24.32V 1000. SPST (NO) W E. $1.20 (R-213 SCVDC 1500 DPST (NO) 15A. P&B-SP 125 DC MECHANICAL ACTION RELAYS
R-512 24-48V 3500 DPDY WE. 130 [R-217 1ISAC 600 SPDT-10 AMP St Dunn IXAX2.25 | Stock  Opecrating “Coil » Net
R-513 12-24v 300 DPDT-DPST (NC) W.E, 120 [R-525 24VDC 200 DPDT 10 AMP.  Guard. 34464 1.25 | °no™ “yoliige®  pesistance  Contacts Manuficturer Eack
R514 4.6V 60 $POT W.E. 1.05./R-508 11I0AC 600 SPDT-6 AMP.  Guaud. 37189 195 |pio4s 1ov 35 3 Lever G s0gs
R-526 6V 35 DPDT-SPST (INC- R-506 24V DC 300 DPST(NO)6A.  — 95 [R527 6.2V 200. 2° Lever X 85
1NO) woE. 105 {R-510 24V DC 200 3PDT-10 AN;R Guard. 516983 1.05 : g
C-STANDARD |R-604 24VDC 200 SPST (NO)30A.  St. Dunn-B2A 1.25
Stock ope'?al,ng A EORLELEEHONEIRE CAVS Nep |H608 TlsAC = SPST(NO)20A. 51 Dunn-1HXX2.25 [QYEEJC S PR ELAY
No. Voltage Resistance  Contacts Manufacturer Each R-620 12vDC 35 3PST (NO)]%AA Guard-BK2 l.Og Stock Ovpe’valmg C?nl - NeaTocire: ENeE‘
R-212 90-135V — NONE Clace $0.95 R-223 28V DC 150 SPST (NO)40A.  Price Bros. 13 No. oltage Resistance ontacts Mzncfacture act
R213 5.8V - DPST (NO) e L5 | H-230 12:24vDC g0, DPST (NO) 10A.  — 1.20 | R-511 24V DC 200 MICRO-SW. Clare $2.45
R-605 24V = 3PST (NO) Auto, Elec ‘95 | H-231 24V 230. DPST (NO) 5A. R.B.M. 115 SPST (NO)
R-606 24V - DPST (INO-INC) Auto. Elec. 95
R-607 24V = SPST (NO) Auto. Elec. 35 DC CURRENT REGULATOR
DC-TYPE 76 ROTARY RELAYS Stock Operating Coil . erat E»v_ezP
Stock Operating Coit - Net No Voltage Resistance Conlacts crufacteeer Each
No  Voltage Resistance Contacls Manafacturer Each |R-509  6-12vDC 40 SPST (NC) GE $2.85
R-1S7  9-16V 70 DPDT Price Bros. .
DIRECT CURRENT R-198 9-16V 125 6PST (3N0) LATCH AND RESET RELAY
(3NC) SPDT Price Bros. 1.65 H A
s AL R-19924-32v 250 SPDT-DPST (NC) Price Bros. 165 Sft‘{?k Ov%e‘géleng Resig?a‘!wce Contacts Manufacturer E\aecth
R-200 24-32v 275 3PDT-SPST (NC) Price Bros 165 | g.500 12v DC 10. DPDT.10 AMP St. Dunn-
Stock  Operating Coil Net |R-201 24-32v 250 DPST (NO) SPDT CXx-3130B  $2.85
No.  Voltage  Resistance Contacts Manufacturer Each (NC) DPDT Price Bros. 165
R 13§ gdv 300 DPDT Clare $1.20 |R-60L 9-1av 60. 3PST (NO) Price Bros.  1.65 DC-ROTARY STEP RELAY
Rl B
;”34 i 390 NONE Claig £0 Stock Operating Coil Net
24v 250 4PDT Clare 1.20 £
R-135 24V 300 SPST (NC) Clare 115 No.  Voltage Resistance Confacls Manufactures Each
R137 24V 300 SPDT Clare 115 RC2 IS 2 A, ROLE me O
R-138 24V 300 4PST (NO) Clare 115 23 POSITION . 0.
R-139 24V 200 4PDT Clare 115
gvm) gav 280 SPDTT o R.B.M. 115 DIRECT CURRENT DC-RACHET RELAY
- 4V 280 3PST (NO) R.B.M. 115 i i Net
g:}:g %% ;gg gESLNO) éllée'e‘cant. Hg ERMEECAREL A Snlﬁf.k Ovptﬁlt:g:g Resi(;?:;lnce Contacts o Manufacturer ;é:fg
R-143 28V 250 SPST (NO) Allied Cont. 115 |Stock Operating  Coil Nep (230 BV % SISTOLD GEgem B
R-145 24V 300 DPST (NO) Allied Cont. 1.15 No. Voltage Resistance Confacls Manufacturer Each,
R-M? ézv 126 DPST (INO) (INC) Clare 110 {R-190 12v 65 DPDT 10 AMP ?dvar;cotEElec.sns
R-147 914V 75 SPDT Guardi 1.0 ype 2000-A $1. f : P
R-148 12V 100 DPOT SPST(NC) PiiceBros. 10 Ri191g23Y 125 OPOTI0AMP  Guardian L0’ Special Sample Engineering Offer
R149 6-8V 45 SPST (NC) Clare 100 |R-19 PDT 10 AMP llied Cont. N
R-%sg sV 30 SPST (NO) E—ZrElec, 95 10 0s say - I Type NBS  1.35 Any ten relays listed (one of each type)
R-522 2.6V 2. SPST (NO) R.B.M. 65 | R- i Leach i i . R-
523 90-125¢ 6500 DPDT Clare 190 SPST (NO) Type 1027 1.05 with the exception of Stock Nos. R-621
R-222 12V 100 DPST (NO) P&B ‘g5 [R-194 24v 265 DPST (NOj 10 AMP Leach and R-246—only $10.00.
H-242 2432V 300 DPDT RB.M. 1.20 . Type 1054SNW1.25
K-243 26.32V 300 4pPDT RBM 120 | R-195 6V 32 DPDT 3 AMP G.E.Co. 115
R-196 12V 50 Dfl:gT INOCAMP — 9 e
SPST (NC) uardian 115
DR o 50 Rt CT Fhatd ORDER DIRECTLY FROM THIS AD OR THROUGH YOUR
! Type 125306129 LOCAL PARTS JOBBER
HED 58D 185  SPOTICAMP - Leach-BFM 105 | manyfacturers: Write For Quantity Prices.
Distributors: Write For The New Wells Jobber Manual.

SALES, INC. - ‘
\ 320 N. LA SALLE S7., DEPT. R-3, CHICAGO 10, ILL.
ia RADIO & TELEVISION NEWS
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.~ ® years ahead in simplicity of construction

@ embodies latest developments plus
C-D’s famous built-in standard uf_qlTaIity

@ designed by the nation’s foremost vibrator engineers

® a complete line of replacements available

For your local C-D distributor, consult your Classified
Telephone Directory ... or write direct for further details.
Cornell-Dubilier Electric Corporation, South Plainfield,

New Jersey. Other plants in New Bedford, Brookline, and
Worcester, Mass.; Providence, R. I. and Indianapolis, Indiana.

1910
CORNELL-DUBILIER
world’s leading manufacturer of
VIBRATORS
CAPACITORS - CONVERTERS
March, 1949 15

N
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MIERDTT

TELEVISION
REPLACEMENTS

NOW-—MERIT makes available a
complete line of TV Replacement
Transformers—designed for ol tele-
vision sets.

Shown and listed are three typical
models, ruggedly MERIT-built, with
special impregnation for quier opera-
tion, longer life.

Distributors are invited to write for
information on all MERIT units. Ask for
Dec. 15th supplement to MERIT Cat-
alog.

POWER TRANSFORMER

Type List H.V. Secondary Rectifier
No. Price Volts A.C. D.C. M.A. Volts Amps.
P-3059 $20.50, 360-360 250 5 g
5

Fil. Wdgs. Mtg. Dimensions Mitg.
Volts Amps. Centers H W D Type
6.3 8.6 3x334 33 44 5% C
6.3

VERTICAL OUTPUT TRANSFORMER

Type List Turns Ratio Pri- Mtg.
No. Price mary to Secondary  Centers
A-3035 © $5.25 10:1 194x
Dimensions Mtg.
W Type

D
3% 284 2% EV

HORIZONTAL BLOCKING
OSCILLATOR TRANSFORMER

Type Tist Turns Ratio Pri- Mtg.
No. Price mary to Secondary Centers
A-4002 $3.00 2:1 1154
Dimensions Mtg.
w D Type
134 256 1%, J

R

%
D

Since
FINE
RADIO
PARTS

COIL & TRANSFORMER CORP.

4437 NORTH CLARK ST., CHICAGO 40, HL.
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* Presenting latest information on the Radio Industry.

By RADIO & TELEVISION NEWS’
WASHINGTON EDITOR

FCC's MOST IMPORTANT DPOCU-

MENT of the year, their annual re-
port to Congress, was an extremely
impressive presentation, revealing un-
paralleled advancements in the art,
with a future that was never brighter,
even though many technical difficulties
are still to be solved.

The report,®! the fourteenth of its
type, presented by FCC Chairman
Wayne Coy, disclosed that there are
now over 131,000 authorized radio sta-
tions of all types, not including mobile
units, and over 635,000 authorizations
on the FCC books, an increase of about
85,000 or more than three times the
prewar amount. Broadcast authoriza-
tions jumped considerably, too, the
total number in ten categories reach-
ing close to 4000, of which over 3000
were for major broadcast outlets;
more than 2000 for AM, over 1000 for
FM and over 100 for TV. The four
major networks expanded during 48,
too, with ABC having 262 affiliates,
CBS 172, MBS 506 and NBC 165.

The clear-channel problem, still
around after several years of debate
involving nearly 7000 pages of testi-
mony and over 400 exhibits, is ex-
pected to be solved in '49 according to
the FCC report, for presentation to
the North American Regional Broad-
casting Agreement Conference, which
is scheduled to be held in September
of '49. The FCC had hoped to reach a
decigsion on this confusing puzzle in
the early part of ’48, but was thwarted
by Congress who, through their Inter-
state and Foreign Commerce Commit-
tee, decided to review the situation.
And to add further bewilderment to
the scene, Senator Johnson introduced
his bill which proposed to keep the
power of standard broadcast stations
to a 50 kw. maximum and provide for
duplication of clear channels. The bill,
a 1586-page affair, was not acted on
by the Eightieth Congress and prob-
ably will not be by the present session,
but the bill’s presentation effects are
still alive and Capitol Hill may be the
scene of many debates on the subject
before it is finally pigeon-holed.

TV was quite a featured topic in the
report, too, the FCC reporting that

1For the year ending June, 1948 plus last
minute highlight activities completed during the
last six months of '48.

2Were we to include those stations now obper-
ating and listed in prior FCC reports, we would
actually have 51 television stations operating in
31 service areas, as of January 1, 1949
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applications for new TV stations for
the year almost equaled the number
for new AM facilities. At the close
of '48, nine TV stations had been li-
censed, 102 construction permits were
outstanding and 294 applications were
pPending. In addition, 21 stations were
operating on an interim basis, provid-
ing a total of 30 stations bringing TV
service to 17 cities and metropolitan
districts.2 Experimental TV and relay-
ing facilities also increased substan-
tially in '48, with 87 operating experi-
mentally and 99 setting up remote
pickup, studio-to-transmitter links,
and intercity relays.

The gravest problem of TV, the lack
of channels, precipitated a series of
stormy sessions in Washington in 48,
which resulted in the freeze statement
of FCC Headman Coy. It was hoped
that it would be possible to include
some indication of the status of the
freeze in the Congressional report, but
the special engineering committees
studying the reams of testimony and
listening to additional comments by
propagation experts, have not as yet
been able to release a decision. There
is a feeling though that the all-im-
portant freeze-allocation report will
appear very soon.

The staggering amount of money
spent for coax links was also disclosed
in the FCC report; $170,000,000 for
7700 miles of cable, with many millions
more to be spent in '49 for the wire
links.

Safety and special radio services
zoomed in ’48, with nearly 11,000 new
station authorizations. The largest in-
crease appeared in the aeronautical
field with 5000 stations being added,
making a total of nearly 21,000. The
marine services gained over 3000 sta-
tions, for a total of 15,000. More than
600 ship radar installations were made
during last year, the report also
pointed out. Police radio stations in-
creased to over 4100, fire stations to
nearly 100, forestry points to nearly
500 and special emergency to around
100. Railroads took to radio too, in-
stalling over 200 stations. The inter-
city bus and truck services added 24
stations to their system and the taxi-
cabs joined the parade in a healthy
way by operating nearly 3000 stations
throughout the nation. Industry
showed a keen respect for radio, too,
in ’48, adding somé 3000 stations, the
FCC report disclosed. Utilities in-
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stalled 1700 stations, petroleum pipe
lines 400 units, lumber interests 32
and 750 others employed in the prob-
ing for oil, direction of movies, relay-
ing press messages, began using ra-
dio, too.

A flood of applications for licenses in
the safety and special service branches
came to the FCC daily, according to
. the report, with many of the requests
| of unique nature . .. “from the cradle
to the grave.” For instance, one Texas
applicant asked for a station license
g for his baby diaper pick-up and de-
n livery service, while another, a ceme-

tery operator in Chicago, wanted a
i mobile system to direct funeral
il corteges.
% All operator license grant records
i were smashed last year, said the FCC
review, with over 64,000 authorizations
issued, bringing the total of operators
in the country to over 500,000, of which
347,000 were commercial. Ham sta-
tion operators jumped too, with nearly
78,000 now on the air. Civilian flyers

THE LOW-DOWN ON

Plienolic Tolded Teubulars

!' also became quite radio minded, 80,-
= 000 receiving permits to operate their
i 'YPES AND t plane radiotelephone systems.

$ I . .

(600 voit 1600 vol The import of interference was
§ volts) T i stressed in the FCC document, with

Sprague’s introduction of the first practical phenolic-molded tubular
capacitors was probably the most revolutionary capacitor development i
in radio servicing history. It is to clarify any misunderstandings which

may exist regarding this remarkable advancement and explain things

fully that the following information is given.

a variety of types described. The field
engineering and monitor service divi-
sion of FCC, conducting thirty-three
i field offices and operating twenty-one
monitoring stations, tracked down 153
illicit radio operators, and handled
over 22,000 interference complaints.
Some rather odd types of interference

DO THEY COST MORE?

Not as far as you are concerned. Sprague TM and MB Molded Tubulars cost
considerably more to manufacture, yet you buy them at the same prices as

ordinary wax cardboard tubulars. TM*s and MB’s are truly premium capaci-
tors ot no premivm price.

ARE THEY REALLY BETTER?

Most emphatically yes. Sprague Molded Tubulars represent just about as
much improvement over conventional wax cardboard types as the new
Ford does over the old Model A. They're tested at 95% relative humidity
for 250 hours. They operote ot temperotures from -40°F.to + 185°F. withou?
batting an eye. They're life-tested ot 114 times rated voltage for 250 hours.
Their high-temperature thermo-setting phenolic jackets meaon thot they'll
not anly outperform conventional wax capacitors under severe conditions
of heat, moisture, vibration and rough handling but last much longer and
give better performance on ordinary jobs.

WHERE SHOULD | USE THEM?

Use them on any by-pass opplication where you want capacitors that won'y
cause trouble later. They're tops for outo and aircraft radio, television and
other difficult jobs. And, because they cost you nothing extra, Sprague
Molded Tubulars make ideal replacements for any service work where you
want to do o really first-closs job.

DOES EVERYBODY MAKE THEM?

Not by a jugful! However, because of the remarkable success of Sprague
TM's ond MB's there will soon be plenty of imitations. This meaons you'll be
wise to ask for them by name and be sure of getting the original practical
molded tubulars —thoroughly tested and proved through years of service.

WHO SELLS THEM?

Sprague Molded Tubulars are featured by leading distributors throughout
the country. If you don’t know the name of the one nearest you, write or
wire and we'll advise you promptly.

WHERE CAN | GET COMPLETE INFORMATION?

Bulletin giying camplete catalog information on Sprague TM and MB
Molded Tubulars can be obtained from your Sprague jobber—or we'il
mail one on request. L

SPRAGUE PRODUCTS COMPANY, North Adams, Mass.

Jobbing distributing organization for the products of the Sprague Electric Company

appeared during the calls. There were,
for instance, troubles with draw-
bridges, industrial dryers, and even
miniature aquariums.

The dominant role which the FCC
members play in international affairs
was also reviewed in the report. There
were fifteen conferences all over the
world covered by the FCC staffs.
These included a session at Geneva to
draft a new international frequency
list for submission to a conference in
Geneva in March, a meeting in Copen-
hagen to consider the needs of the
maritime services in the 255 to 525 kc.
bands, a safety-of-life-at-sea hearing
in London, a series of meetings in Mex-
ico City to study high frequency broad-
casting, and other special hearings in
Paris, Rio de Janeiro, etc.

In ’49 the FCC will do quite a bit of
globe trotting, too, appearing in The
Hague, Paris, Oslo, Canada, and Mon-
treal, to probe frequency control
standards and evolve improved pro-
cedures for better national, continental
and world broadcasting, and commer-
cial communications.

TV SET PRODUCTION FIGURES
continue to climb, and it-now appears
as if '49 will see a minimum of 2,000,-
000 receivers in operation. Since Jan-
uary, 1948, production has increased
over 400 per-cent. A year ago, 30,000
sets were being made in one month.

CAPACITORS *KOOLOHM During the last month of the year,
ORI 30 ) ¥ i 5 3 i nearly 125,000 units were produced.
RESISTORS Many manufacturers now predict that

*T.M. Reg U.S. Pat. Ofi. (Continued on page 144)
i8 RADIO & TELEVISION NEWS
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COVER PHOTO — By Acme
University of Michigan physicist Dr. H. R. Crane (left) and Dr.
George Grover, a research associate, check the new 15-ton, 300

million electron-volt synchrotron. The “race track” machine will
be used to split the nuclei of atoms for advanced atomic research.
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ELECTRONIC COMPUTER

APPLICATIONS

Fig. 1. An electronic computer
for automatic gunsight control.

Part 1 of a two=-part article desceribing how both digidal

and analogue computers are used in industrial processes.

P HE development and introduction
of electronic computing methods
" have had a very great effect upon
the basic techniques of science and
technology within the past few years.
Through their use, it is possible to find
exact solutions to problems and proc-
esses which previously could only be
solved approximately, and in a large
number of cases solutions are being
found which would otherwise have been
impossible.

The larger and more complex types
of electronic digital computers are prov-
ing to be of major importance in solv-
ing the most difficult mathematical
problems encountered in all phases of
science, engineering, governmental, in-
dustrial and financial operations. Other

MARCH, 1949

types of computers are of value in the
design of new devices and equipment
and in setting up new plants, installa-
tions, processes and operations without
the necessity of going through costly
and time-consuming construction and
trial-and-error experimentation. Small-
er electronic analogue calculators are
found to be of considerable value in
scientific and engineering laboratories
and offices in the solution of algebraic
and differential equations which may
not be of sufficient complexity to re-
quire the use of the large digital com-
puters, but which are too difficult to
solve manually. The calculators are be-
ing used in much the same manner as a
slide-rule is used to simplify arithmetic
computations.

ENGINEERING DEPT.
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By DAVID FEDELMAN

In these applications the electronic
equipment functions to deliver the
mathematical answer to a gpecific math-
ematical equation which is delivered
into the input of the unit. This is the
usual purpose of a mathematical ma-
chine, and electronic computers have
such applications in whatever field there
are mathematical equations to be solved.
However, electronic computing devices
have other applications which are also
of great importance, but which are not
widely known or recognized as specific
examples of the general theory of elec-
tronic computers. These applications
occur in the field of automatic measure-
ment and control, where electronic com-
puters function as automatic control
devices to regulate some process or
function according to any preassigned
relationship between a large number of
dependent and independent variables.
Previously, control operations of this
type required human intelligence to
correlate and establish the proper rela-
tionship between the different process
variables. Now many such functions
can be done automatically, resulting in
faster operation and more accurate
control by use 9f electronic computing
devices.

Actually, electronic control syvstems
have been in use in a number of such
applications for some time. However,
in the past, each application has been
considered individually with no rela-
tion to other types of control systems.
Thus each control system presented a
completely new design problem. Con-
sideration of electronic controls as ap-
plications of electronic computing
methods results in & much more funda-
mental and, therefore, much more
powerful viewpoint for both design and
application engineers. This article will
present the basic principles which gov-
ern the application of electronic com-
puters to the field of automatic meas-
urement and control and will describe
a number of typical applications to
illustrate the method of solution of spe-
cific problems which may arise.

Besides resulting in better control
in existing applications, the wider use
of electronic computing circuits will

3
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Fig. 2. Basic trigger circuit which
may be used as the basis for digital
computers and computing circuits.

make it possible to apply automatie
control to applications which cannot
now be controlled at all by present

manual methods. Such applications in-

clude many industrial processes in
which the relationships among the dif-
ferent process variabl_es, and their in-

fluence upon the quality of the final
product, are much too complex to be of
any value without the use of electronic
computers. The present practice in
such processes is to determine the qual-
ity of the product by exhaustive and
time-consuming analyses and tests be-
fore any changes can be made in the
actual process conditions. Then when a
change is made, the product must again
be tested and analyzed completely to
determine the effects of the change.
This process must be repeated when-
ever there is any change in the process
or in the quality of the product. How-
ever, if empirical relationships between
all the measurable process conditions
and product quality are first deter-
mined by test, they can then be set up
in an electronic computer which can
control the process automatically ac-
cording to the required relationships.
Then if any of the variables change
from their optimum values during the
course of the process, the effects of the
change can be instantly determined and
related to the change in the final prod-

uct quality, and the required compen-
gating adjustments can then be made
either manually or automatically. Such
controls can be used to regulate ex-
tremely complex processes automatical-
ly, resulting at the same time in greater
uniformity of product quality and im-
proved process operation. This type of
automatic control by means of elec-
tronic computing devices is certain to
have widespread applications in indus-
trial process control in the future, and
will have important effects upon manu-
facturing and production methods.
The basic setup for automatic control
of processes by means of electronic
computers is shown in the block dia-
gram in Fig. 6. This basic setup is the
fundamental method for control of any
type of process or operation. The spe-
cific operating conditions of the process
are determined by measuring any of
the relevant variables, by any suitable
means. The measured variables may
include temperature, position, illumina-
tion, liquid level, number of items, or
any other conditions which may be as-
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sociated with the operation of the spe-
cifie process. If the measuring device
gives its reading in the proper electri-
cal terms, then the output may be ap-
plied directly to the input of the elec-
tronic computing circuit. (Otherwise
the measured value must be converted
to some suitable electrical quantity.)
Any electrical value may be used—gen-
erally voltage, frequency, and potenti-
ometer shaft rotation are the variables
which are most widely used in this type
of application.

The computing circuit then deter-
mines whether the values of the input
variables satisfy the required relation-
ship for which it has been set up. If
they do not, the necessary process con-
ditions are adjusted in the required
manner so that the equation is satisfied
and ecquilibrium thereby attained. In
many cases a feedback connection may
also be established between the process
controller and the computing cireuit, in
order to insure that the proper correc-
tive action is being taken. Any change
in the process due to any transient or
non-uniform condition will be auto-
matically compensated by the control
system.

In order to perform the actual con-
trol funetion, the output (or outputs,
depending upon the complexity of the
process) of the computer are applied
to a power amplifier which operates the
actual control device. The control de-
vice, which controls the actual opera-
tion of the process, will in general be
some form of electromechanical device
—such as a relay, a motor, a solenoid-
operated valve, or any other device
which may be used to control the opera-
tion of the process equipment or the
flow of materials.

Applications of Digital Computers

Both digital and analogue types of
computers are used in automatic con-
trol applications. The fundamental dig-
ital counter is the simplest type of
electronic computer and has had wide
application in automatic control of in-
dustrial operations. In addition, the
counter circuits may be provided with
the proper sequencing and control cir-
cuits and combined to form more com-
plete digital computer systems which
are able to control complex sequences
of operations. Such controls are of im-
portance in any operations which make
use of units, batches, or fixed quantities
of any materials or items, and particu-
larly where high speed and accuracy
of operation are important. Various
types of digital computers are now
being used in the manufacture of zip-
pers, control of tin plate processing,
packaging of many different types of
small items, and in many other indus-
trial applications.

The basic circuit for electronic count-
ing is the simple trigger circuit shown

MARCH, 1949
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Fig. 4. Block diagram of a commercial preset digital counter

capable of registering any number of input pulses from 0 to 10,000.

in Fig. 2. The operation of this circuit
is well known. It may be used to de-
velop either a decimal or a .binary
counting system, but generally for in-
dustrial and other control applications
the decimal system is most useful.

The type of electronic counter which
is most generally used for controlling
operations is the preset counter, which
can be set to register a specific number
of counts before initiating some action.
The block diagram of a preset counter
which is suitable for such applications
iz given in Fig. 4. The basis of the unit
is a four-decade counter (i.e., a digital
computer) which is capable of register-
ing any number of input pulses from 0
to 10,000. The programming and se-
quencing controls consist of four
switches (one for each counter decade)
which may be set to cause an electronic
switch to operate when a predetermined
count is reached. The settings of the
switches represent a preset initial
count, so that the required number of

pulses added to the initial count will
equal a total of 10,000 and cause the
electronic switch to operate the output
relay. The counter controls may also be
set so that the circuit may be reset to
the zero count either automatically or
manually, depending upon the particu-
lar application.

This type of counter can form the
basis for circuits capable of more com-
plex control operations. For example,
by the addition of another set of pre-
set switches, the counter can be made
into a dual predetermined counter
which can control two different opera-
tions that occur in sequence and recycle
continuously. In multiple combinatious,
the counter circuits can control ex-
tremely complex sequences of opera-
tions. Digital electronic counters can be
used to control any type of operation
in which the process variables or prod-
ucts occur in fixed, regular amounts.
Such applications include a large num-
ber of modern manufacturing, indus-

Fig. 5. Use of a digital computing system to control botiling of pills.
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Fig. 6.

Basic method for control of any process or

operation by means of electronic computing devices.

trial and financial operations. The sim-
plest applications of this type are count-
ing, sorting and grouping for packag-
ing any small or large items such as
piils, buttons, screws, washers, caps,
sheet steel, machined parts, and even
liquids.

The manner in which such a counter
would be used in a specific industrial
application may be seen from Fig. 5,
which illustrates the use of a predeter-
mined counter to count a definite num-
ber of pills and accurately channel the
quantities into two lines of bottles on a
moving conveyor belt. The pills to be
packaged are fed from a hopper to a
rotating disc and belt arrangement
which emits them in single file. Each
pill, as it moves toward the bottle, in-
terrupts a light beam, so that a pulse is
applied to the counter for each pill that

enters the bottle. When the required
number of pills is in the bottle, the
counter actuates a solenoid which
moves a deflector plate and thereby
channels the pills alternately through
two duct channels; it also actuates two
gates which control the motion of the
bottles along the conveyor belt. When
each bottle contains the required num-
ber of pills, the respective gate is
opened and the bottle is permitted to
continue along the conveyor. The use
of the two-channel system in this case
results in increased speed and sim-
plicity of operation, since there is no
need to interrupt the flow of pills while
a full bottle is being removed for an
empty one.

When used in conjunction with aux-
iliary equipment and proper sequencing
and programming controls, the basic

Fig. 7. Dual (or two-sequence) preset electronic digital counter.
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digital counter may also be used to pro-
vide a variety of other types of control
functions besides the basic one of count-
ing, but which are based upon the prin-
ciple of counting. For example, by use
of a erystal-controlled oscillator in con-
junction with a counter to count the
number of ecycles, extremely accurate
timing may be attained. This method
may be used both to measure time in-
tervals by counting the number of
cycles during the elapsed time interval,
and to generate precise time intervals
by use of predetermined counters which
will permit a preset number of cycles
to register and then initiate some
action.

Digital counter devices also have
wide applications where it is necessary
to totalize the individual outputs of
many sources occurring at random
times. The electronic totalizing system
using digital computers has already
been applied to a pari-mutuel betting
machine at a racetrack for recording
the amount of money bet on each horse
at the ticket machines. Since the equip-
ment also converts the $2, $5, $10 and
$50 bets into equivalent dollars and
totalizes them, the equipment contains
circuits for digital addition, multipli-
cation and division and is, therefore, a
complete digital computer system.
Equipment of this type also finds appli-
cation in many manufacturing processes
where it is desirable to know the total
output or the average vate for any one
or more of several machines which are
making the same product at varying
rates. For example, this system can
be used in newspaper and printing
plants to provide a continuous count of
the various press outputs. It can also
be used to record total fluid output by
totalizing the outputs of the individual
flowmeters, and in power plants the
total output from several generators
may be obtained by totaling the read-
ings of the individual wattmeters.
Other applications of totalizing equip-
ment are in photography and printing
(where the total light in a picture con-
trols the correct exposure time), and
in many other industrial applications.

Applications of Analegue
Computers

A still wider variety of industrial
and other automatic control problems
can be solved by the use of electronic
analogue types of computer circuits. In
such applications, a complex ‘relation-
ship between almost any number of de-
pendent and independent variables can
be established by means of the elec-
tronic analogue computer circuit. By
the additional use of electrical servos
and electromechanical devices to trans-
late the electronically computed values
into some mechanical form (such as
shaft rotation, valve opening, etc.), the

(Continued on page 26)
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By SIDNEY WALD

Advanced Development Engr., RCA Viclor
Camden, New Jersey
“}"HENEVER it becomes neces-

‘M sary to operate a multi-fre-
quency transmitter into an an-

tenna of fixed length, the problem of
impedance matching arises. While suit-
able networks may be designed to oper-
ate at any given frequency, the situa-
tion becomes somewhat involved when
the frequency varies over a wide range.

One method of antenna coupling
which has appealed to many transmitter
designers makes the antenna itself part
of the power amplifier tank circuit. The
proper value of plate load resistance
is then secured by tapping into the
appropriate impedance level. The sim-
plest method of accomplishing this is
shown schematically in Fig. 3. Here a
continuous variable inductance L, is
used to resonate the loop containing the
antenna circuit while another tap on the
same coil is joined to the plate of the
power amplifier tube. Thus by simply
setting two controls it is possible to
cause a wide range of antenna imped-
ances to appear at the plate circuit as a
resistance of the proper value.

This circuit has been described by a
number of writers' so no further dis-
cussion of its electrical aspects is neces-
sary here. The greatest difficulty has

been the design of the continuously
Fig. 3. Circuit of the coupler.
ST
OUTER TAP— \
ANT,
INNER TAPII\ x> i GND.
CLASS C
POWER AMP, g l
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Fig. 1. Over-all view of the antenna
coupler. Note the method of tapping
to the outer c¢oil. and the gears
and knobs used in varying this tap.

b

OMPACT ANTENNA
OUPLING DEVICE

A deviee for quickly and casily adjusting the

coupling between a transmiiler and the antenna.

variable inductance with two independ-
ent taps. The device described and il-
lustrated in this article reduces the
functions of loading and tuning a multi-
frequency transmitter to more or less
routine adjustments.

The coil assembly shown in Fig. 1
has an inductance of 25 microhenrys,
and a @ of 250 at 3 megacycles. When
the coil itself is rotated by turning the
left knob (Fig. 2) the outer roller con-
tact travels along the top support rod
and varies the total inductance. This
corresponds to L, in Fig. 3. Inside the
coil is another contact assembly which
may be adjusted by means of second
knob. A dial counter assembly (Fig. 2)
on the front end of the coil is used to
indicate the positions of both inside and
outside taps. The coil itself is made of
edgewise wound copper ribbon sepa-
rated by means of small bakelite
spacers. These spacers are held in place
by means of projections which fit into
holes pre-drilled in the copper ribbon.

Fig. 1 shows the coil construction to-
gether with the central support rod.
The rotating coil sub-assembly is self-
supporting and contains the inner tap
mechanism. The center shaft is solid
and runs through the entire length of
the coil. Two insulating end caps hold
the ribbon assembly firmly in compres-
sion.

A bronze sleeve, running on thé cen-
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tral support shaft rotates a thin insu-
lating wheel on the periphery of which is
machined a single thread of the same
pitch as the ribbon coil. A spring
loaded silver contact completes the elec-
trical connection from the inner face of
the coil to the central sleeve and shaft.

(Continued on page 30)

Fig. 2. Front view of the coupler,
showing dial scales and adjusting gears.
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An Unusua
AUDIO AMPLIFIER

By JOHN D. GOODELL
and CURTIS W. FRITZE

The Minnesota Electronics Corp.

Fig. 1, Top view of the complete am-
plifier, showing placement of parts.

Exceptionally low harmonic and

intermodulation distortion and wide

frequency response characterize this unit.

HE controversy concerning triode
versus beam power tetrode output
tubes has probably been the sub-
ject of more discussion than any other
single topic in the audio industry.
Since most people do not have the
facilities for making their own choice,
they are forced to depend on the recom-
mendations of others who presumably
have made controlled comparison tests.
Whether an individual is purchasing
an amplifier or building one, the invest-
ment is sufficiently large in time and/or
money so that he would like to know in
advance that his choice of output tubes
is as close to ideal as possible. The
amplifier design to be described was
developed to eliminate this problem.
This amplifier, as nearly as it has been
possible to determine by laboratory

8

measurements and listening tests, liter-
ally doesn’t care whether triodes or
beam-power tetrodes are inserted in
the output sockets. Its characteristics,
within the maximum output power set
by the inherent design of the tube type
used, are very much the same. The few
instances in which this is not strictly
true are indicated in later paragraphs.
The owner of the amplifier may decide
experimentally whether he prefers one
tube type over the other and leave in
the tubes he finds most satisfactory in
the amplifier.

The first stage of this amplifier is a
conventional triode voltage amplifier
stage with the cathode bias resistor left
unbypassed in order to obtain a con-
venient return point for the feedback
voltage taken from the secondary of

ENGINEERING DEPT.
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the output transformer. This feedback
loop, which includes the entire amplifier
from input to output, is intended princi-
pally to correct non-linearity in the out-
put transformer and generally to com-
pensate for phase shifts and attenua-
tions in the input circuits. Note that
the impedance-changing switch in the
output circuit automatically adjusts
the feedback resistor for optimum re-
sults at varying output impedances.
Obviously, if only the 500 ohm line
is tapped to obtain feedback voltage,
the amount of feedback obtained will
depend on whether this impedance tap
is loaded or not. In most instances, it
is adequate to select a different resistor
for feedback from the line impedances
and the voice coil taps. However, with
some output transformers, and in any
design where the feedback quantity is
critical, it is necessary to change the
feedback resistor for each output im-
pedance used. The point, of course, is
that if the maximum feedback without
instability is desired, and if it is con-
nected to the 20 ohm tap and adjusted
with this tap loaded, when the 10 ohm
tap is used the amount of feedback will
increase and instability may result.
The maximum amount of feedback
that can be applied to any amplifier is
a function not only of the frequency
response range but of the shape of the
attenuation curve at both ends of the
spectrum. The criterion is that the
phase shift shall be less than 180 de-
grees in the feedback loop with respect
to the input signal at any freguency
where the amplitude of the feedback

component is unity or greater. Phase
shift is related to attenuation. If the
tail of the attenuation curve is too

abrupt, causing an excessively rapid
phase shift in the region just ahead
of the frequency at which the ampli-
tude falls below unity in the feedback
circuit, the design will be unstable.
Thus the amount of feedback it is pos-
sible to apply without instability and
tendencies toward oscillation is related
to the total pass band of the amplifier
and the rate of attenuation at both ends
of the pass band. In general, this
means that for every 8-10 db. of feed-
back it is necessary to add a minimum
of one to one and one-half octaves to
the pass band. It becomes obvious that
large amounts of feedback require con-
trol over a very wide response range:
Three octaves above 250 cycles per sec-
ond is only 2000 cycles per second, but
three octaves above 20,000 cycles per
second is 160,000 cycles per second—
a radio frequency. Few designers real-
ize the necessity of observing the
characteristics of an audio amplifier
in this region. On the other end of the
spectrum the same comparison may be
made. Three octaves below 250 cycles
per second is only about 30 cycles per
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second, while adding three octaves to a
pass band that normally includes 50
cycles per second at the low end, with-
out attenuation, means controlling the
response down to 6 cycles per second
—a low brain wave frequency.
The second stage of the amplifier is
a split-load type of phase inverter with
half the load impedance in the cathode
cireuit and half in the plate circuit.
The only disadvantages in this design
are: (a) that the maximum gain from
the stage is always less than 2.0; (b)
that raising the cathode so far above
eground may introduce hum from the
heaters (so that this phase inverter
cannot normally be used satisfactorily
in low level stages); and (c¢) that there
is a difference between the shunting
capacitance across the plate load and
across the cathode load. Theoretically
this difference in shunt capacitance may
introduce a certain amount of unbal-
ance between the two halves of the cir-
cuit at frequencies above approximately
6000 c.p.s. This, obviously, is particu-
larly true if the value used for the
load resistors is high. With low values
of load resistors the effect is not suf-
ficiently observable to warrant consid-
eration, although it could be balanced
out without great difficulty if required.
The intermodulation distortion in the
cathode load is too low to measure ac-
curately with available equipment, and
at low levels of output signal require-
ments from this stage, intermodulation
in the plate circuit is equally negligible.
Where this type of phase. inverter is
required to furnish a very large signal,
it is necessary to increase the plate vol-
tage to the limits that the tube will
stand if absolute minimum values of
non-linear distortion are to be obtained
in the plate circuit. In this amplifier,
the signal required is relatively low
under all conditions of operation and
this consideration is not important.
One advantage of this type of phase
inverter, in addition to its stability and
freedom from distorton of all kinds, is
the very high effective input impedance
obtained. This may approach ten meg-
ohms with a one-megohm grid resistor
and conditions where the gain is 1.8.
Measurements to determine non-linear-
ity with various values of cathode bias
resistor showed very little change over
the wide range of values from 1500
ohms to 10,000 ohms. The 2700 ohm
resistor finally selected was chosen on
the basis of maximum available output.
The third stage of the amplifier con-
sists of two 63J7’s, pentode connected
as push-pull drivers. A small portion of
the total load resistance for these tubes
is inserted in the cathode circuit. This
results in an increase of input imped-
ance in the same manner as with the
split-load phase inverter, although the
magnitude of the effect is not so great.
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Fig. 2. Over-all frequency response of the amplifier. Note
that the response is down only 3 db. at 100,000 cycles.
The Outpfut Stage 18 ﬁl'St C(}_r‘lSI(}loered Frequeéﬁcy Response Freguoe(x)l(t):y Responsse
in terms of operation with 6L6 beam 1 10, =+
terms P R 30 0 12.000 +1.0
power tetrodes. The general circuit is 40 0 14,000 +1.0
: . : 60 0 16,000 +1.0
conventional, but a feedback resistor 1s 00 0 %g.ooo +i'2
irect-coupled from the plate of each 200 0 25,000 15
: t pl L2 . 400 0 30.000 +.5
output tube to the cathode of the asso- 600 0 50,000 0
A . A . 60. 0
ciated driver tube. This results in a T A ig’%gg .
voltage divi arrangement that ap- 2000 0 0.000 —1.0
.1 g Qer £ S 3000 0 90,000 —2.0
plies a certain amount of fixed bias to 1000 425 db. 100,000 —3.0
the cathode circuit of the driver. The ooy j_'_é AU —3.8
value of cathode bias resistor is chosen

so that the combination of self bias and
fixed bias from the voltage dividing net-
work produces the correct operating
point for the driver stage. This arrange-
ment eliminates the need for a block-
ing condenser in this feedback loop so
that no series reactance effects are en-
countered, and the feedback does not
fall off even at very low frequencies,
contributing considerably to the stabil-
ity of the circuit in this region.

Where feedback is taken over one
stage only, the danger of oscillation is
essentially eliminated because the prob-
ability of excessive phase shift is re-
moved. Over two stages, where there
are no transformers involved and scries
reactances are eliminated from the feed-
back network, and the constants in the
coupling networks are chosen with rea-
sonable care, oscillation is not a serious
problem. Thus, with this cireuit, it is
possible to introduce very large amounts
of degenerative feedback, in an order of
magnitude exceeding 30 decibels, with
complete stability of operation.

The gain of the beam power tetrodes
is such that a large feedback factor is
obtained with the values chosen, and
the gain of the driver stage is greatly
yeduced thereby. When triodes are used

Fig. 3. Under-chassis view

B e i
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Table 1. Actual check-points used
in preparing curve of Fig. 2.

in the output sockets, the much lower
gain of the triodes greatly reduces the
feedback factor and automatically in-
creases the gain of the driver stage to
provide sufficient input voltage to the
grids of the triodes.

The filament center tap is returned
to ground through a suitable bias re-
sistor to provide the proper operating
conditions for the triodes. When the
beam power tetrodes are used, the cur-
rent flow is through the cathode instead
of the filaments, and the center tap re-
turn of the filaments has no effect on
the operation of the circuit. The pin
connections work out in such a manner
as to make the 6L.6 beam-power tetrodes
and the 6B4 triodes interchangeable.
The load resistance required for 6B4
triodes operating Class A, self-biased
is 5000 ohms. The same load resistance
is required for 61.6 beam-power tetrodes
operating under self-biased, Class A
conditions.

Experimentally it was determined
that greater power with the same per-
centage of distortion was obtainable
with the beam-power tetrodes operated

of the complete amplifier.
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Fundamental 25 100 200 400 1000 2500 5000
2nd Harmonic 2.0 0.4 0.43 0.15 0.36 0.6 0.75
3rd Harmonie 1.3 0.23 0.2 0.18 0.16 0.15 0.14
4th Harmonie¢ 0.4 0.06 0.05 0.06 0.08 0.08
5th Harmonie 0.2 0.05 0.02 0.02 0.02 0.01 e
Total 3.9 0.74 0.7 0.41 0.62 0.84 0.894*

Table II. Actual measured harmonic content of amplifier at 5 watts out-
put with either 6B4’s or 6L6's. Asterisk indicates values not readable
on equipment. Measurements made at 12 watts with 6L6's were identical
or only slightly higher, never exceeding 1.5% except at 25 cycles, where
readings were masked because of broad bandwidth of wave analyzer.

slightly in the direction of Class- AB,
with no measurable (instrument or lis-
tening) effect on the results. Conse-
quently, although the normal require-
ment for optimum operation of 6L6’s
operated Class AB, is somewhat higher
with regard to load impedance, the
cathode bias resistor was increased be-
yond the value determined theoretically
as being ideal.

In operation with either tube type,
the intermodulation distortion at five
watts measures less than 1 per-cent
using 100 and 7000 cyecles per second

mixed 4:1. At ten watts for the triodes
and 16 watts for the beam power te-
trodes, this increases to 5 per-cent.

In the diagram shown in Fig. 4, it
will be noted that one resistor—con-
nected from the junction of the cathode
bias and cathode load resistors in one
of the 6SJ7’s to one section of the out-
put impedance switch—is marked, “To
be determined by I.M. meter.” It is very
difficult to obtain output transformers
with absolutely perfect balance, par-
ticularly where multiple secondary taps
are required. This resistor is inserted

to compensate for whatever unbalance
exists on various impedance taps. With
the output transformer wused in the
circuit shown, it was found that balance
was obtained with this resistor con-
nected in the circuit when the 4, 6, 8
and 10 ohm taps were used, and with
the resistor out of the cireuit on the
20 ohm and 500 ohm taps. With other
output transformers, it may be neces-
sary to change the value of the resistor
and connect it in or out of the circuit in
various combinations for each imped-
ance tap.

Any unbalance in the output circuits
is strongly indicated by an increase of
intermodulation distortion. This being
the most sensitive measurement of non-
linearity, it is the easiest and most ac-
curate method of determining the cor-
rect value for this resistor on each of
the impedance taps. Experimental con-
struction with a variety of output
transformers indicates that even in
very high-quality and high-priced out-
put transformers appreciable unbalance

(Continued on page 31)
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By
M. S. KIVER

E HAVE previously discussed
syne generators, distribution
amplifiers, bar and dot genera-
tors, and monitoring oscilloscopes. With
the aid of these units, the complete
sweep system and video-frequency am
plifiers of any television receiver can
be checked thoroughly. We come now
to a consideration of the sound and
video i.f. amplifiers and the important
job of aligning these systems. The i.f.
amplifiers are the backbone of every
superheterodyne receiver and accurate
testing methods are essential,
Television transmitting standards
specify that the transfer characteris-
tic of the transmitter shall follow the
curve shown in Fig. 2A. The lower side-
band shall be completely attenuated
from its lowest frequency up to within
1.25 mec. of the carrier frequency. From
approximately .5 mec. above the lower
edge of the television channel to 4.0 mec.
above the picture carrier frequency, the
amplitude remains flat. The quiescent
frequency of the frequency-modulated
sound carrier is located .25 mec. below
the upper edge of the channel.” At the
receiver, the frequency response char-
acteristic must possess the form shown
in Fig. 2B in order to offset the pres-
ence of the remnants of the lower side-
band, those frequencies that extend 1.25
me. below the carrier. Unless this is
done, the output of the video detector
will possess the shape shown in Fig.
2C, providing the lower video frequen-
cies with 6 db. more voltage than the
middle and upper video frequencies.
In superheterodyne receivers, the only
system in use today in television receiv-
ers, the responsibility for determining
the response characteristic of the set
falls to the intermediate amplifiers.
They must provide a frequency re-
sponse which is as close to the so-called
“ideal” curve of Fig. 2B as the design
of the circuit will permit. If the set em-
ploys the conventional television sys-
tem, then additional trap circuits will
be found in the video i.f. system, and
these must be aligned at the same time
that the amplifiers are being adjusted.
If the intercarrier television sound sys-
tem is being used, no traps will be used
in the circuit, but now special attention
will have to be given the placement of
the sound carrier along the i.f. response
curve. With either system, following
the video i.f. alignment, the sound sys-
tem adjustment is undertaken.
Video i.f. systems fall into one (or
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Fig, 1. A mulli-frequency

adjustment of stagger-tuned

signal
generator suitable for production line
if.'s,

TELEVISION

PRODUCTION LINE

TENTING

Part 1 discusses siwweep oscilluators and

marker generators for i.f. alignment.

possibly two) of the following cate-
gories:

1. Stagger-tuned

2. Transformer-coupled

3. Complex-coupled

The alignment procedures for Items

2 and 3 are similar, involving a stage-
by-stage alignment followed by an
over-all check to determine whether all
stages are functioning properly as a
group and, also, to note the effects of
the trap circuits on the over-all re-
sponse. Since each of the interstage
coupling circuits in Systems 2 and 3
are bandpass networks, a sweep oscil-
lator covering the entire video band-
pass must be used. With stagger-tuned
amplifiers, the alignment procedure is
slightly different and somewhat sim-
pler. First, each of the tuned circuits is
peaked individually, after which an
over-all response check is made to as-
certain whether the proper characteris-
tic has been achieved. Generally, some
slight readjustments will be required
during this over-all check.
ENGINETERI
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The video bandpass extends for a
maximum of 4.0 me. If the conventional
television system is being employed, the
picture carrvier, the video high-fre-
quency 90 per-cent point, and each of
the trap frequencies must be accurately
located. If the intercarrier television
sound system is used, the important
alignment frequencies consist of the
video carrier, the video high-frequency
end point, and the exact location of the
sound carrier. To accomplish identifica-
tion easily and readily, marker pips
or birdies are included with the sweep
signal.

A multi-frequency signal generator
which is ideal for the production line
initial adjustment of stagger-tuned i.f.
amplifiers is shown in Fig. 1. This in-
strument is a 10 frequency, 400-c.p.s.
modulated, crystal-controlled oscillator.
Crystals ranging from 17 to 40 me. can
be provided to the exact frequency spe-
cified. The crystals are arranged in a
sequence specified by the customer. The
frequency accuracy is better than .05
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Fig. 2. (A) Television
fer characteristics. (B) Ideal receiver re-
sponse. (C) Output of video second detec-
tor if receiver response characteristic is
similar to the transmitter characteristic.

transmitter trans-

per-cent, and amplitude modulation is
adjustable from zero to approximately
30 per-cent by an internal control. Fre-
quency selection is instantly accom-
plished by means of a special, coin-sil-
ver contact rotary switch actuated by
a heavy duty pulsing solenoid and front
panel push button selector switch. The
output signal is 0.5 volts across a 75-
chm terminated output ecable 4 feet
long, and this signal is capable of at-
tenuation over a range of 1000 to 1.
One such generator would be located
at each test position devoted to the pre-
liminary alignment of stagger-tuned
coils. A loudspeaker or a meter con-
nected at the output of the video-fre-

quency amplifier system could serve as
an indicator. The coils, including the
trap circuits, could then be aligned in
sequence, the only operation being to
depress the proper push button and
adjust the tuning slug for maximum
output indiecation.

The schematic circuit of the genera-
tor, exclusive of the -electronically
regulated power supply, is shown in
Fig. 8. V.. is a phase-shift audio oscilla-
tor, operating at 400 cycles. The output
is fed through the modulation control
to an audio amplifier and modulator
tube, V. The crystal-controlled,
cathode-coupled oscillator, V., receives
its plate voltage through a choke coil
common to Viz and V., thereby varying
the plate voltage of V.x at the 400-cycle
rate and modulating the carrier. Feed-
back in the r.f. oscillator is achieved
through C; and the erystal unit connect-
ing the cathodes of each triode section
of V.. Each crystal functions here as a
series resonant circuit, permitting os-
cillations only at its series resonant
frequency. A tuned coil in the plate
circuit of V.. provides a sine wave
output which is then made available at
the output terminals after passage
through an adjustable attenuator net-
work.

An electronically controlled power
supply assures complete freedom from
line voltage fluctuations from 105 to
125 volts.

I. F. Sweep Generator

To check the over-all response of

. stagger-tuned amplifiers and the over-

all and individual stage alignment of
transformer and complex coupled i.f.
systems, sweep generators are neces-
sary. In choosing a sweep generator

Fig. 3 Schematic diagram of multifrequency generator shown in Fig. 1. -
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suitable for production line use, the
following considerations must be kept
in mind:

1} The instrument must be stable
and simple to operate.

2) The bandwidth of the output
signal should exceed the bandpass
of the circuits to be tested by at
least 30 per-cent.

3) Fixed markers should be clearly
visible at those points of the
response curve that it is desired
to check.

4) A reference base line traced out
on the oscilloscope is preferable.
Further, the markers should ex-
tend down to this base line.

The last specifications may appear
unnecessary to the man whose experi-
ence has been limited to engineering or
servicing. However, a little time spent
with the personnel employed at a line
test position will soon indicate that any
marker which is not clearly visible at
all times "soon results in incorrvect
alignments. This is especially applicable
to markers which appear along the
slopes of the response curve and at the
bottoms of i.f. trap curves. The addition
of the base line conveys to the align-
ment operator a better indication of the
response curve.

A small sweep oscillator which is
suitable for production and laboratory
alignment of both the sound and video
if. systems of television receivers is
the unit shown in Fig. 4. The generator
is a two-band, fundamental frequeney
oscillator capable of providing a fre-
quency sweep of as much as 10 me. on
either band. The oscillator is frequency
modulated at a 60-cycle rate by means
of a special magnetically driven con-
denser. The output signal has a 50
per-cent duty cycle and the retrace
period is used to provide a zero signal
reference base line. The center fre-
quency and the bandwidth of each band
are adjusted at the factory, and any-
where from 0 to 25 per-cent of the
center frequency throughout the range
of 4.5 to 85 me. is possible. Up to five
pulse-type crystal generated markers
having an accuracy of .05 per-cent can
be obtained with each band. These
markers are produced by an internal
circuit arrangement that “keys” the
output signal to zero level as the sweep
oscillator passes each marker frequency.
Thus, the marker pulse extends down
to the base line and is always visible on
the sharp slopes of response curves and
at the bottoms of i.f. trap curves.

A block diagram of this sweep gen-
erator is shown in Fig. 5. The r.f.
oscillator is a push-pull arrangement
containing a separate set of coils for
each band. A magnetically driven con-
denser is then switched across the eoil
of the band to be used. Adjustable con-
densers determine over what percentage
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bandwidth the vibrating condenser will
swing the oscillator. An alternate
method of controlling this bandwidth
could be achicved by controlling the
driving voltage to the voice coil of the
unit. This is not done here for two
reasons. First, at very low drives, such
as might be cencountered in a narrow-
band sound i.f. sweep, a slight micro-
phonic tendeney sometimes becomes
noticeable. Second, it has been found
that when the driving voltage is varied,
the phase relationship between the
movement of the voice coil and the
driving voltage will vary, which would
necessitate readjustment of certain
phase-shifting networks.

At full driving voltage, which is
about 3.5 volts, the vibrating condenser
is capable of produeing a plus or minus
25 per-cent frequency swing, under the
conditions of stray ecircuit capacitance
prevailing in this generator. It will be
found that the frequency sweep is not
completely linear in frequency with
respect to either the vibrating con-
denser driving voltage or the sweep
voltage furnished by the unit. However,
this is not a disadvantage as crystal
controlled markers appear at all the
important frequencies. The oscillator is
keyed “ON” by a square-wave voltage
injected in the grid circuit during the
interval when the vibrating condenser
is causing its frequency to increase and
keved “OFF” while its frequency is
decreasing. The r.f. output of the
oscillator is fed through a link to the
attenuator and erystal marker circuits.

Marker Generator. As the oscillator
frequency sweeps through the resonant
frequency of the erystal, it shock-
excites the erystal, causing it to gen-
erate a chain of damped oscillations. As
the bandwidth through which the oscil-
lator is swept is reduced, the crystal
becomes over-excited, as it takes longer
for the oscillator to sweep through

Fig. 6.

the resonance curve of the crystal, and
thus the energy-time integral has a
higher value. To correet this, damping
resistors are placed across those erys-
tals which are to be used to produce
markers on low-sweep deviation bands.
For the present purposes, it is neces-
sary to select the first ring of these
crystals, shape it into a pulse of the
desired width, and then use this pulse
to key the oscillator to zero output for
a time corresponding to the width of
the pulse. This is accomplished in its
preliminary form by five separate sets
of diodes and triodes, with an auxiliary
pulse-shaping network between them.
The five signals (or less, if fewer than
five markers per band are ordered) are
then all fed to one section of a dual
triode which feeds the signal to an
R-C cathode cirecuit having a short-
time-constant charge, long-time-con-
stant discharge, and then to the other
half of the triode which has an adjust-
able bias applied to it to prevent
certain low-amplitude signals which
are present at the same time from
feeding through. A diode is connected
in parallel with the second half of the
dual triode to prevent pulse overshoot
on the rear half of the pulse and is
provided with adjustable bias to control
the voltage at which diode current flows.

It has been found by experience that
there is a limit as regards the closeness
of marker frequencies under certain
conditions. In the case of a 20 to 30 me.
sweep it has been found impractical to
space markers closer than 500 ke. Since
such close spacing of markers is never
required for the alignment of television
receiver video i.f. amplifiers, this limita-
tion is of no consequence. In the case
of the sound i.f. alignment, markers
are usually spaced either 50 ke. or
100 ke. apart, but the total bandwidth
is usually only 250 to 500 ke. and for
these bandwidths the 50 or 100 kilocycle

Fig. 4.
the sound and video if. frequencies.

A sweep oscillator covering

x-..m__--_-%» ;
I.LIITIJP ATTERUATIR
GRTE;AL. OUTPUT
MARKERS
ER
§ e PULSE
o

Fig. 5. Block diagram of id.
sweep oscillator shown in Fig. 4,

spacing is entirely satisfactory.

Keying and Sweep Generator. The
a.c. voltage from one side of the power
transformer high voltage winding is
fed through a phase-shifting network
to provide a voltage which is 90 degrees
out-of-phase with the motion of the
vibrating condenser in the oscillator
section. Sometimes, due to differences
in the magnetic driver unit, the phase
shift must be corrected by altering the
components of the circuit. The voltage,
after being limited in maximum value
by a neon bulb, is applied to the grid
of one-half of a 6J6, where it is limited
to produce a square-wave of voltage at
the plate. This voltage, along with the

(Continued on page 30)

Complete circuit diagram of the Mega-Pipper.
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A microwave absorption line of ammonia gas girves

a new basic standard for frequency measurements.

BASICALLY NEW, primary
standard of frequency and time,

" invariant with age, has been de-
veloped at the National Bureau of
Standards; an atomic clock based on
a constant natural frequency associated
with the vibration of the atoms in the
ammonia molecule. Based on a principle
developed by Dr. Harold Lyons of the
Bureau’s microwave research labora-
tory, the new clock promises to sur-
pass by one or two orders of magnitude
accuracy of the present primary stand-

Complete block diagram
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ard, the rotating earth. Dr. Lyons was
assisted in the design and construetion
of the clock by B. F. Husten, E. D.
Heberling, and other members of his
staff. )

This is the first atomie eclock ever
built and is controlled by a constant
frequency derived from a microwave
absorption line of ammonia gas, pro-
viding a time constancy of one part
in ten million. Theoretical considera-
tions indicate a potential accuracy of
one part in a billion or even ten billion,

of the NBS atomic clock.
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depending on the type of atomic system
and spectrum line used.

The improvements in frequency and
time measurement offered by the atomic
clock are of fundamental importance in
many fields of science. An absolute
time standard will be of special im-
portance in astronomy, where present
time standards leave much to be de-
sired. The atomic clock and the method
represent important tools of research
and development in every technical
field where precise measurements of
time and frequency are crucial—for
example, in long-range radio naviga-
tfon systems, in the upper range of
the microwave region where atomic
systems can serve as electroniec com-
ponents, and in basic research in
microwave spectroscopy and molecular
structure.

The present time and frequency
standards are based on astronomical
determinations of the period of rota-
tion of the earth. However, the earth
is very gradually slowing in response
to the forces of tidal friction in shal-
low seas. In addition, there are irreg-
ular variations—some of them rather
sudden—in the period of rotation, the
reasons for which are unknown. These
two causes are responsible for changes
in mean solar time and therefore in
the frequency of any periodic or vibrat-
ing systems measured in terms of such
time standards.

In recent years, vibrations of atoms
in molecules—or what are more speci-
fically termed spectrum lines originat-
ing in transitions between energy
levels of these atomic systems—have
been found in the microwave region
of the radio spectrum. It has been pos-
sible to make very precise measure-
ments of these lines by radio methods
using all-electronic equipment of wun-
precedented sensitivity and resolution.
When it became evident that such spec-
trum lines might eventually provide
new primary frequency standards, sci-
entists at the National Bureau of
Standards began seeking a means eof
utilizing one of these lines to control
an oscillator which in turn could be
used to drive a clock. Because the re-
sulting equipment, the atomic clock, is
controlled by the invariable molecular
system of ammonia gas, it is indepen-
dent of astronomical determinations of
time.

The National Bureau of Standards
atomic clock consists essentially of a
erystal oscillator, a frequeney multi-
plier, a frequency diseriminator, and
a frequency divider, all housed in two
vertical-type cabinet racks, on the top
of which are mounted a special 50-cyele
clock and a waveguide absorption cell.
Ammonia gas under a pressure of 10

or 15 microns is maintained in this
(Continued on page 28)
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Fig. 1.

The new 12AY7 dual triode.

it became evident that in the ex-

panding ficld of electronics more
and more need would arise for a
relatively inexpensive tube which could
be used as an audio amplifier at very
low signal levels. Such a tube should
be capable of operation with alternat-
ing current on the heater near the
theoretical noise level due to thermal
agitation in the input circuit imped-
ance. In addition, to be successful the
tube must also have the lowest micro-
phonic output practicable. At the incep-
tion of this development, to the best
of our knowledge, a tube specifically
designed for this purpose was not avail-
able, although some types selected from
regular production had been made
available commercially. It was our
belief that a tube designed for this
purpose could be manufactured at a
much lower cost and would give con-
siderably greater uniformity in per-
formance than the selected type. Very
early in the investigation it appeared
that a miniature tube structure had
inherent advantages from the stand-

SHORTLY after the end of the war

By C. R. KNIGHT and A. P. HAASE

Tube Division. General Electric Co.

A nmew audio input tube having an excellent

signal-to-noise ratio and low microphonics.

point of low microphonic output. Small
size and consequent low mass of the
electrode structures, the very short
lead lengths within the tube which
constitute the mounting pedestal, and
the button stem structure which pro-
vides a wide base for the mounting
pedestal all would offer great assistance
in achieving the desired results. Since
miniature tubes were rapidly gaining
user popularity because of their small
size and demonstrated superiority, the
miniature envelope was the logical
choice.

Since we desire to design a tube
which, in addition to meeting the re-
quired noise objectives, would be as flex-
ible as possible insofar as circuit appli-
cations were concerned, the relative ad-
vantages of triode versus pentode con-
struction were given very careful con-
sideration. A pentode appeared at first
to have advantages from the standpoint
both of voltage gain and of relative
absence of Miller-effect capacitance. The
triode offered the well-known advan-
tage of low electronic noise and simple
mechanical construction, which can be

directly interpreted into lower mechan-
ical noise. In addition, the triode has
the advantage of having smaller prac-
tical control-grid-to-plate spacings than
the pentode, thus making the former
less susceptible to hum modulation due
to the magnetron effect by stray mag-
netic fields. Inasmuch as the triode ad-
vantages were very fundamental from
the standpoint of the objectives being
sought, and the advantages of the pen-
tode were primarily those of circuit con-
venience, the basic triode structure was
selected. It was found that simple cir-
cuit means could be provided to over-
come the Miller-effect capacitance of
the triode and still maintain the low
output capacitance of the triode. Also,
by providing two triodes in one envelope
and by connecting these two triode
sections in cascade even greater volt-
age gain could be obtained in the double
triode than in a single pentode. In ad-
dition, the double triode structure
offered a great many advantages from
the standpoint of circuit flexibility per-
mitting conceivable combinations such
as ordinary cascade amplifiers, bal-

Fig. 2. Bottom view of 3-stage balanced amplifier. Circuit diagram is shown in Fig. 10.
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Fig. 3. Test circuit for the 12AY7.
-

Plate current 3.0 ma.
Amplification factor 40
Transconductance 1750 umhos
Plate voltage 250 volts
Grid bias —4 volts
Table I. Characteristics of the 12AY7.

anced amplifiers, and multi-channel
amplifiers. An amplification factor was
chosen which was high enough to pro-
vide a suitable voltage gain and low
enough to provide a moderately large
output voltage at low distortion and
to allow the tube to be used with rea-
sonable success in direct current am-
plifiers with as little dependence of
plate current on contact potential as was
practicable. Inasmuch as low noise was
the primary concern and bandwidth of
secondary importance, it was initially
decided that the actual transconduec-
tance of the tube should be determined
for optimum noise characteristics.

The actual design was then begun on
the basis of these conclusions and ob-
jectives.

In designing the low-noise, low-micro-
phonic tube it was necessary to consider
the physical size of the electrodes from
a mechanical as well as an electrical
standpoint. In order to keep the energy
in the mechanical system low despite
the high acceleration associated with

impact, it is necessary to keep the mass
of the electrodes low. In addition, it is
desirable to maintain high stiffness. A
combination of low mass and high stiff-
ness contributes to low storage of ki-
netic or potential energy with a given
mechanical excitation and provides for
rapid damping of natural oscillations
of the electrodes. A third factor of
importance is the interelectrode capaci-
tance. In order to keep hum to a
minimum, there must be low capaci-
tance between the heater leads and
grids of the tube. To minimize ecross
coupling between sections, it is desir-
able to keep plate-to-plate and plate-to-
opposite-grid capacitance low.

These factors determined to some ex-
tent the structural design of the tube.
In order to attain maximum support of
the tube elements, it was decided to
use double micas at both the top and
bottom of the mount with the bottom
micas spaced by a stud structure to
separate points of support, thus pro-
viding more resistance to bending of
the electrodes. The cathode hole in the
mica is unique in that it does not, as is
customary, provide a slot for a cathode
connecting tab to slide through. The
elimination of this slot allows full con-
tact between the mica and the cathode
sleeve and assures a good fit between
the two parts. This is not normally the
case since the cathode tab slot usually
has rounded edges and is of such dimen-
sion that usually not more than 34 of
the cathode circumference is in contact
with the mica. With this method of
cathode mounting, the tab acts as a
stop to prevent upward movement of
the cathode when the tube is vibrated.

Particular attention has been given
to the grid structure. In most instances
the grid wires are fastened to the grid
side rods by first notching the side

. Diagram showing the assembly details of the 12AY7.
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rods, then laying the grid wire in the
notch and finally peening the side rod
to fasten the wire securely. In many
tubes the notching is done over the
full length of the grid side rods while
peening is done only in the space in
which the grid turns are located. This
results in a grid leg with many burrs
which act as cutting knives to ream out
the hole provided for the grid. The
12AY7 utilizes a production method
whereby the grid side rods are notched
and peened only in the vicinity of the
grid wires. This method not only pro-
vides a smooth grid leg which can
easily be inserted into the mica hole
but also maintains the accuracy of
alignment and tightness inherent in the
micas by eliminating the reaming asso-
ciated with fully notched grid legs.

Fig. 4 shows the details of the mica
assembly, cathode mounting, and plate
and grid structures. The getter assem-
bly has been mounted on a separate
stake supported by the top micas to
provide electrical isolation of the as-
sembly from both sections. This mount-
ing permits coupling from one seection
to another to be much lower than would
be possible if the getter assembly were
fastened to either of the plates. In addi-
tion, individual mounting of the getter
assembly isolates it mechanically from
the elements connected with the exte-
rior circuit, thus making mechanical
movement of the getter assembly a
relatively unimportant item as far as
microphonic response is concerned.

Particular consideration was given to
the heater design in order to provide
a minimum magnetic field in the region
of the tube elements (particularly by
the grid wires) and minimum capac-
ity coupling to the elements. The heater
is of the folded rather than the coiled
type to facilitate easy mounting in the
small diameter cathode used. Use of the
miniature 9-pin button stem has re-
duced the leakage and capacitance ef-
fects sufficiently to keep hum voltages
in the region of a few microvolts.

From the standpoint of electrical de-
sign, noise considerations dictate that
the tube must operate in the emission-
limited, rather than the temperature-
limited, mode. However, in order that
the number and intensity of hot spots
which may develop along the coated
length of the cathode be kept low, it
was decided to keep the thermal excita-
tion level low by running the cathode
at a relatively low temperature. This
is accomplished by using a fairly heavy
cathode tab, by mounting the cathode
sleeve tightly in the micas, and by dis-
tributing the heater over the full length
of the cathode using 0.94 watt heaters
in each section. The plate structure is
made large enough to be cool in normal
operation, thus minimizing noise effects
from secondary electrons. Photoelectric
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effects are reduced by the use of carbon-
ized material in the plate structure.

The 12AY7 was tested in the circuit
shown in Fig. 38 and has the follow-
ing maximum noise specifications: hiss
measured over a 13 ke. bandpass from
40 cycles, 8 microvolts; hum with an
unbypassed cathode resistor measured
over a 260 cycle bandpass from 40
cycles, 12 microvolts. In addition, tubes
are tested in the quality control labo-
ratory to maintain as low a microphonic
level as is possible. The tube’s electrical
characteristics are as shown in Table 1.
The amplification factor of the 12AY7
was determined by the application re-
quirements as outlined earlier. Since
mechanical considerations dictated the
tube structure, choice of transconduct-
ance value was limited to a narrow
range. Within this range a value was
chosen which would give the best ratio
of transconductance to plate current.

Although the limits indicated are the
maximum noise values at which a tube
is considered acceptable, the General
Electric Company system of quality
control assures continuing efforts to
improve the product and maintain high-
quality production. This AOQL system,
as it is called, was adopted as a control
on the factory production. It is used
to maintain the median value of the
characteristics of representative test
lots within a given percentage of the
bogie specifications of all character-
istics. (See Figs. 6 & 7.) The system
has been in operation for nearly a year
and has proved to be very effective in
improving the quality of production
tubes and maintaining quality at a
high level. Since this program will be
in effect for this low-noise twin triode,
it can be expected that the average
noise characteristics will run consider-
ably below the allowable
noise level given.

The development of a high-quality,
low-noise audio amplifier is not merely
a problem of tube design. This is par-
ticularly true when the input signal is
of such a value that noise in the order
of a few microvolts is important. It is
very well known to those familiar with
such design that circuit and chassis
layout are of equal, if not greater, im-
portance. Consideration must be given
to: (1) magnetic hum pickup in the
tube due to modulation of the electron
stream and in the circuit leads caused
by induction, (2) electrostatic pickup
of hum and discharge noises, (3)
ground loop pickup where signal volt-
age and either heater current or a.c.
line current may pass through com-
mon ground conductors, (4) mechan-
ical considerations directly associated
with microphonics, (5) input-circuit
noise and signal-to-noise ratio, and (6)
feedback considerations.

maximum

To obtain the ultimate in low-noise
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Fig. 5. Top view of experimental amplifier diagrammed in Fig. 10.

operation, it is always desirable to
place the power supply on a separate
chassis considerably removed from the
amplifier and to supply the heaters with
direct current. Often, however, from
an economic and practical standpoint,
these refinements cannot be justified.
In this regard it is well to consider that
when a tube like the 12AY7 is used in
a typical circuit, the hum referred to
the grid circuit, which can be produced
by a field strength of 1 gauss, is in the
neighborhood of 10 microvolts. Flux
densities of 1 to 3 gauss are found quite
frequently as far as 7 inches away
from standard power transformers of
the type generally used in radio and
amplifier circuit work which have not
been specifically designed with low-
level audio amplifier use in mind.
With grid resistances as low as 30,000
ohms, approximately 4 microvolts of
hum per volt of heater potential per
micromicrofarad of heater-circuit-to-
grid-circuit capacitance will appear at
the grid. If the heater voltage is 6.3
volts, this means approximately 25

Fig. 6. Hum distribution curve.
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microvolts per micromicrofarad of cou-
pling. Obviously, care in the relative
location of grid and heater circuit wir-
ing is essential, as well as proper shield-
ing of both circuits.

Input circuit transformers must be
of the hum-bucking type and should, of
course, be magnetically shielded.

The field set up by the wires carry-
ing the heater current is small—ap-
proximately 0.08 gauss at 1 inch from a
wire carrying one ampere. The voltage
drop along the heater mains is not neg-
ligible, however, being around 700 mi-
crovolts per inch per ampere for No. 18
wire. For this reason, ground loops
where heater and grid-return circuits
might conceivably go through a com-
mon conductor must be avoided. The
heater circuit should be wired to all
tube heater terminals and grounded at
only one point, preferably through the
heater transformer center tap or
through a voltage divider potentiometer
with the adjustable arm grounded.

Unfortunately, output from tubes
caused by mechanical excitation is not

Fig. 7. Hiss distribution curve.
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Fig. 8. 2-stage cascade amplifier
using the type 12AY7 dual triode.

100y

PERCENTAGE

NOISE AT INPUT IN MICROVOLTS

Fig. 9. Frequency distribution of
combined hum and noise in bal-
anced amplifier of Fig 10. Input,
600 ohms: bandwidth, 10 ke.

a thing which is either existent or non-
existent. It is always a matter of de-
gree. Consequently, it cannot be said
that a particular vacuum tube is non-
microphonic. The 12AY7 has been de-
signed to have as low as practicable
mechanical output.-Our laboratory tests
and those of others who have had sam-
ples of this tube indicate that this end
certainly has been achieved. It should
be remembered, however, that in high-
gain amplifiers having considerable

Fig. 10.

power output, all caution cannot be
thrown to the winds. Loudspeakers
should still be mounted as far as pos-
sible from the input stage and prefer-
ably in a separate cabinet. Mounting
the tube socket on rubber grommets
is quite inexpensive and is a fairly ef-
fective precaution.

Under the specification test condi-
tions for the 12AY7, a maximum noise
voltage due to shot-noise effects is 8
microvolts r.m.s. referred to the grid.
This test is made with a 100,000-ohm
grid resistance. The maximum hum
voltage referred to the grid is approx-
imately 8 microvolts when the cathode
resistor is properly bypassed. This is a
combined noise and hum maximum of
approximately 11.2 microvolts r.m.s.
Average tubes, of course, fall consider-
ably below this value. Noise from car-
bon resistors ecarrying d.c. currents is
also very important at low signal levels.
In the balanced amplifier described
later the noise level was increased 10
db. by substituting earbon resistors for
the wire-wound cathode resistors ordi-
narily used. Tube sockets should make
very firm contact to the base pins. Ex-
perience indicates that loose contacts
can be a serious source of noise.

When triodes are to be used in a mul-
ti-stage amplifier incorporating over-
all feedback, difficulties may arise due
to the Miller-effect capacitance, partic-
ularly when more than two stages are
being employed. This difficulty was
overcome by the use of a balanced am-
plifier system employing cross neutral-
ization. This cross neutralization has
been found to be non-critical, and the
results obtained will be deseribed a lit-
tle later with performance details.

In order to evaluate the performance
of the 12AYY, two amplifiers have been
built up and fairly exhaustive tests

Three stage balanced cross-neutralized microphone

preamplifier using two 12AY7 tubes and one 12AU7 tube.
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made to determine the capabilities of
the tube. The first was a very simple
cascade amplifier employing the two
triodes sections of one tube. A gain of
50 db. was realized, and the average
noise and hum level referred to the in-
put circuit grid was 11 microvolts. Fig.
8 shows the circuit diagram of this
amplifier which is quite straightfor-
ward. While little has been done in this
particular amplifier to correct for Mil-
ler-effect capacitance, the frequency re-
sponse characteristics (flat within 1 db.
from 90 to 11,000 cycles) are certainly
suitable for a great many of the less
critical applications. It was possible to
obtain an output voltage of 15 volts for
five per-cent distortion.

A balanced amplifier employing cross
neutralization and inverse feedback was
also constructed to obtain the utmost in
performance from the tubes, both from
the standpoint of noise and frequency
response. Fig. 10 shows the circuit dia-
gram of this amplifier. Note that neg-
ative feedback is provided over the en-
tire three stages. A feedback of 17 db.
could be inserted without any indica-
tions of instability. A top view of this
amplifier chasis is shown in Fig. 5. It
was deemed advisable to omit the pow-
er supply from this chassis although
alternating current was used for the
heaters. Fig. 2 shows the under side
of the chassis where the input circuit
and heater wiring as well as the cross-
neutralizing capacitors are visible. The
frequency response characteristic of the
amplifier is remarkably flat from 30
cycles to 20,000 cycles. The cross neu-
tralization, combined with the very low
input and output capacitances of the
triode, make this very flat frequency
response possible. In addition, balanced
amplifier design tends to reduce the
noise level which may be caused by
stray magnetic and electric fields. Fig.
9 shows the frequency distribution of
combined hum and noise in this bal-
anced amplifier, referred to the input
circuit. The average noise as repre-
sented in the distribution curve re-
presents a value which is 87 db. down
from the +24 dbm. level. The designer’s
task in keeping distortion down is
greatly assisted by this balanced am-
plifier design. The measured harmonic
distortion at 50 cycles and 1,000 cycles
was 0.55 per cent at 24 dbm. output into
600 ohms.

We believe that the objectives sought
have been satisfactorily achieved in the
12AY7. The combined hum and noise
voltages are only 7.6 db. above the
theoretical on the poorest tubes, and
only 2.2 db. on the average. Micro-
phonics investigations have been very
thorough in our laboratory as well as
in the laboratories of some of our cus-
tomers. The results indicate that the

(Continued on page 31)
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NUCLEAR-RADIATION COUNTERS

The growing availability of man-
made isotopes has created a need for
nuclear-radiation counters for medical
research, for tracer studies and for

process control in industry. Develop-
ments are now under way at Westing-
house Electric Corporation, 306 Fourth
Ave., Pittsburgh 30, Pa., that will lead
to mass production of the Geiger counter.

One of the representative types is a
cylinder of chrome steel about an inch
in diameter and six inches long. A crit-
ical feature of the tube is the gas with-
in it, a controlled mixture of neon,
argon, and an exact trace of chlorine,
which has proved ideal.

New meters are also required and one
now being manufactured has four
scales of sensitivity, indicating inten-
sities of radiation as to safe, mild, or
hazardous. Radiac instruments, as this
detection equipment is now called, will
appear in various forms, from large
units to outfits that a man can carry
with ease. Use of the tiny high-voltage-
batteries, tubes, and other components
as developed for hearing aids, etc., per-
mits the weight to be kept below ten
pounds on portable uynits.

NEW VIDEO TUBE PLANT

National Union Radio Corporation,
Orange, N. J., has acquired a new plant
in Hatboro, Pa., for production of all
types of cathode-ray tubes up to and
including 20” in diameter. The Hatboro
plant is set on three acres and is com-
pletely equipped with power, sewer and
gas services.

According to a company spokesman,
the acquisition of this plant marks an-
other step in the planned expansion
program. When the unit is in full
operation National Union Radio Cor-
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poration will produce a completely
rounded line of tubes, including receiv-
ing tubes, television tubes, special pur-
pose tubes and cathode ray tubes.

NEWS FROM THE INDUSTRY

Furst Electronics, manufacturers of
specialized electronic laboratory instru-
ments, is moving to enlarged quarters
at 12 S, Jefferson St., Chicago 6
Illinois.

ELECTRONIC MULTIPLEX RECEIVER

The Navy department announces the
development of an Electronic Time
Division Multiplex receiver unit with
attached battery of four teletype
printers. This unit rearranges the out-
put of two to four teletype machines
so that the signals are simultaneously
transmitted over a single radio channel
by a single transmitter.

Since each teletype transmitter sends
messages at speeds of 75 w. p. m. a total
of 300 w. p. m. can be transmitted, The
apparatus, divided into transmitting
and receiving units, is calculated to
make the best possible use of available
radio frequency channels in military
operations.

SCIENTIST TO HEAD NEW DIVISION

Dr. David Harker will head the new
division in the General Electric Re-
search Laboratory, the Crystallography
Division. He received his Ph.D. in
chemistry from the California Institute
of Technology, and for five years taught
at Johns Hopkins.

The work of the new division will
center on problems of inter-atomic
arrangement, particularly with respect
to the structure of crystals. Such
problems will entail use of electron and
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x-ray diffraction instruments and the
electron microscope.

TV PRODUCTION
One of the operations in producing
tubes for television is coating the inside

walls of the picture tubes with graphite,
to improve screen contrast by absorb-
ing reflected light. In the illustration,
the operator uses an applicator easily
adjusted for uniform coating, while the
bulb is turned on a lathe. This is a scene
at the Sylvania Electric Products Inc.
plant at Emporium, Pa.

NEW SPRAGUE ELECTRIC PLANT

The Herlec Corporation of Mil-
waukee, manufacturers of ceramic
condensers and ‘“Bulplate” printed

circuits, has been purchased by Sprague
Electric Company.

At Nashau, N. H., a plant for manu-
facturing ceramic assemblies is being
established, and manufacturing opera-
tions are being expanded at the Mil-
waukee plant, thus assuring two
substantial sources of supply.

The Milwaukee operations will be
under the continued direction of Herlec
executives, including Milton Ehlers,
Harry Rubenstein, and Thomas Hunter.

TELEVISION PROJECTOR

RCA’s experimental large-screen
television projector, which projects a

i
g

picture measuring six by eight feet,
was demonstrated publicly at the Na-
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tional Association of Broadcasters Convention in Atlantic
City.

The developmental high intensity projection tube, shown
in the center of the circular aperture, directs its brilliant
image at a 30 inch spherical mirror, which is part of the
reflective optical system and combines great magnifying
power with minimum loss of light.

BROLLY IS CHIEF ENGINEER
FOR TV ASSOCIATES

A. H. Brolly, veteran television engineer, has left WBKB,
Chicago, to become chief engineer of Television Associates,
Inc. of Chicago. Mr. Brolly has a B.S. degree from the
University of California and an A.M. in communication
engineering from Harvard. He has been associated in the
past with Federal Telegraph, Farnsworth Television, Inc.
and Philco Corporation.

NEW ATOMIC POWER DIVISION

Dr. William E. Shoupp, director of research, and Robert
A. Bowman, manager of engineering, are the two key
executives recently named to guide the work of the Westing-
house Electric Corporation’s new Atomic Power Division.

Their work will include the construction and testing of
an atomic power plant for the propulsion of naval vessels,
at a remote location.

Dr. Shoupp has been until now manager of electronics
and nuclear physics research, while Mr. Bowman was man-
ager of condenser engineering at the company’s Steam
Division in South Philadelphia, Pa.

STRATOVISION

According to Westinghouse Electric Corporation and the
Glenn L. Martin Company, co-developers of Stratovision,
extensive tests over a three-year period show that it is a
practical and useful method of expanding television service
and provides a wide variety of functions in relaying tele-
vision and other high-frequency communications.

The commercial development of Stratovision awaits the
crystallization of public demand for the expanded services
offered by airborne broadcasting. Although final tests are
nearing completion, development of relaying and broadcast-
ing equipment will continue.

These conclusions were based on flight tests conducted
with a B-29 converted for airborne television broadcasting
experiments.

NEW LITERATURE

Precision Resistors and Their Measurement, a booklet
recently published by the National Bureau of Standards,
deals with the characteristics of precision resistance ap-
paratus and the Bureau’s methods for measuring resistance.
This pamphlet, NBS Circular 470, may be obtained from
the Superintendent of Documents, U. S. Government Print-
ing Office, Washington 25, D. C., for 20 cents per copy.

Microwave Filter

A report on “Microwave Filter Theory and Design,”
PB 94664, is now available at $6.25 a copy in photostat and
$2.50 in microfilm. Prepared by the Coles Signal Laboratory
of the Army Signal Corps, the report covers the theory of
waveguide filters and application of the theory to filter
design. Orders should be addressed to the Library of Con-
gress, Photoduplication Service, Publication Board Project,
Washington 25, D. C., with remittance payable to the
Librarian of Congress.

FM Telemetering Transmitters
This 4-page folder of the New York University College
of Engineering describes unique new equipment designs
which have been developed as part of a special sponsored
research project. It is amply illustrated and not only gives
(Continued on page 29)
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unit. Cold wupset production = =
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50% |

SAVED
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TV SLIDE PROJECTOR
The Transmitter Division of General
Electric’s Electronies Department at

Electronics Park, Syracuse, N. Y., has
made a new slide projector available.
For use in television stations to supply
still projection facilities, the instrument
will accept standard 3% ”x4%” slides,
cards and strips four inches wide of any
length. Providing for dissolves between
dual sections, the projector has dual
lenses and may be ordered to operate
with large or small iconoscopes or the
image orthicon types of pickup cam-
eras. Light intensity is between 10 and
15 foot candles.

Operating on 115 volts, 60 cycles, the
projector is equipped with two opaque
and two transparency lamps.

CRYSTAL ACCESSORY

Bliley Electric Company of Erie,
Pennsylvania has recently announced
the availability of a new crystal tem-
perature stabilizer for modern mili-
tary and commercial communications
equipment.

Designated the type TCO-1, this
miniaturized crystal oven is designed
for use with Bliley type BH6 crystal
units which mount in an internal
socket. This compact combination will
provide frequency stability down to
*.0001 per cent while crystal tempera-
ture is maintained within =2 degrees C.

The standard unit js supplied for
operation at 75 degrees C. =2 degrees
and is equipped with a 6.3 volt heater
rated at 5.5 watts. Supplied with type
BH6 crystal units at any specified fre-
quency in the range from 1 to 100 mc.,

22

the TCO-1 oven introduces a new form
factor in temperature stabilized crys-
tals for high precision.

Full details on the type TCO-1 are
available from Bliley FElectric Com-
pany, Erie, Pennsylvania.

NEW STUD TERMINALS

The Aerovoxr stud terminals used in
place of conventional rivet-type termi-
nals for the dual leads have slashed
the bulk of the company’s new PRS
midget-can dual-section electrolytic con-
densers to much less than previous
sizes. .

The new stud terminals to which the
usual bare pigtails are positively
crimped, have reduced terminal diame-
ters without loss in mechanical strength
or change in standard pigtail leads.
According to Aerovox, constructional
features make these new units equal
or superior to their previous line of
dual units.

Information about these new reduced-
size dual electrolytic tubulars will be
furnished by Aerovox Corporation, New
Bedford, Massachusetts.

RAYTHEON ADDS NEW MODEL
Raytheon Mfg. Co., Waltham 54, Mass.
announces the addition of a new model

to its VR-6000 catalog and custom en-
gineered voltage stabilizer line. It is
a hermetically sealed, frequency com-
pensating model of 15 watts rating, for
an input frequency range of 57 to 63
cycles, input voltage of 95 to 125 volts
and output of 115 volts stabilized to
plus or minus 1 per cent for both line
and frequency regulation.

Qil filled for highest cooling efficiency,
this stabilizer has been designed for
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maximum resistance to shock and vi-

bration. A bulletin covering other
characteristics may be had by writing
the firm.
SCOPE KIT

Electronic Instrument Co., Inc. of

Brooklyn, New York is currently offer-

]

ing a 5” oscilloscope in kit form to the

I

service industry.

This instrument, which has been es-
pecially designed for AM, FM, and
television receiver servicing, provides
horizontal sweeps from 15 to 30,000 cy-
cles. All controls are located on the
front panel of the unit. The linear
sweep uses an 884 gas triode. A graph
screen is provided.

Frequency response of the horizon-
tal and vertical amplifiers is from 50
cycles to 50 kc. The input impedance
is 1 megohm and 50 wufd. The scope
uses two 6SJ7 tubes, two 5Y3’s, one 884,
and one 5BP1. Provision is made for
external synchronization, test voltage,
and intensity modulation.

Detailed instructions and a pictorial
diagram are included with the kit. Lit-
erature on the EICO scope is available
on request from Electronic Instrument
Co., Inc., 377 Blake Street, Brooklyn
12, New York.

ADC JACK

A new jack, designed for jack panels
and other similar uses, is currently be-
ing marketed by Awudio Development
Co. of Minneapolis.

The frame of the new ADC jack is
made of nickel-plated, heavy-gauge

steel and die-formed and press-welded
for utmost rigidity and dimensional
accuracy. The brass sleeve is nickel
plated. To meet high corrosion resist-
silver

ance requirements, alloy con-

tacts and nickel silver springs have
been specified in this new unit.
Dimensions of the new jack are
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standard and the new unit is inter-
changeable with any standard tele-
phone-type jack using a 14" plug.

For full details on this new item,
write direct to Audio Delevopment Co.,
2833 Thirteenth Ave., So., Minneapolis
7, Minnesota.

PHONOGRAPH AMPLIFIER

The new Model P-10 phonograph
amplifier being manufactured by New-
comb Audio Products Co. has been de-
signed for the music lover with a
limited budget.

Features of this amplifier include in-
dividual bass and treble tone controls,
three inputs to permit connection to
standard erystal pickups, long-playing
crystal pickups, magnetic pickups, pre-
amplifier output, AM, FM, or television
without the necessity for special switch-
ing devices. In addition, the unit fea-
tures a power socket especially designed
to provide an easily accessible source
of power for the connection of a G.E.
or similar preamplifier for those wish-
ing to use a variable reluctance type
of pickup. All of the connections are
clearly identified on the socket.

Information and literature on the
P-10 amplifier may be obtained from

Newcomb Audio Products Co., 6824
Lexington Avenue, Hollywood 38, Cali-
fornia.

POLYMETER MULTIPLIER

The Radio Tube Division of Sylvania
Electric Products Inc., 500 Fifth Ave-
nue, New York 18, N. Y., has introduced
a new d.c. voltage multiplier for use
with the Sylvania “Polymeter.”

The new multiplier extends the ap-

plications of the “Polymeter” to tele-
vision high voltage supplies, transmit-
ter plate circuits, experimental power
supplies, industrial electronic equip-

MARCH, 1949

ment, electronic flash tube circuits, and
many other high voltage d.c. circuits.

When used in place of the standard
“Polymeter” low-voltage probe, it mul-
tiplies each of the present d.c. voltage
ranges by a factor of 10.

MIKE DESK STAND
A new “shockproof” microphone desk
stand, the Model 426, is the latest addi-

tion to the FElectro-Voice, Inc. line of
equipment.

The Model 426 combines modern

streamlined ‘‘tear-drop” design with
functional utility. It may be used on
a desk or table for announcing, news-
casting, amateur radio, etc. The newly-
developed shock mount, with dual Lord
shear-type mountings, is built into the
base and provides double shock ab-
sorber action, prevents reproduction of
external shocks and undesirable stand
vibrations, and reduces sidesway of the
microphone.

For further information write direct
to Electro-Voice, Inc., Buchanan, Mich.

NEW MOBILE UNIT
The Transmitter Division of the

General Electric Company has an-
nounced production on a new single-
unit mobile FM transmitter-receiver
for communication in the 152-162 mec.
band.

Designed for police departments,
public utilities, taxi companies, and
other agencies, the unit features high
selectivity. The transmitter (Type FS-
1-B) has a carrier frequency stability
from minus 30 degrees to plus 60 de-
grees C. of better than =+ .002 per-cent
using a temperature controlled crystal.
Its receiver selectivity is 60 ke. 50 db.
down, for an adjacent channel and 120
ke., better than 85 db. down, for an

alternate channel. @
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its moisture resistant qualities and greater mechanical strength.

SEND FOR
ARBOR LIST OF
OVER 1000 SIZES
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for Arbor list today.

Inside Perimeters
from .592" to 19.0"

® This is typical of the wide use of PARAMOUNT
paper tubes by leading manufacturers of electrical,
radio and electronic products. With over 15 years
of specialized experience, PARAMOUNT can pro-
duce exactly the shape and size tubes you need for
coil forms or other uses. Square, rectangular, or
round. Hi-Dielectric, Hi-Strength. Kraft, Fish Paper,
Red Rope, or any combination, wound on auto-
matic machines. Tolerances plus or minus .002"
Made to your specifications or engineered for you.

PARAMOUNT PAPER TUBE CORP.

613 LAFAYETTE ST., FORT WAYNE 2, IND.
Maunfacturers of Paper Tubing for the Electrical Industry
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New
TUBES

METAL CATHODE-RAY PICTURE TUBES

The Allen B. Du Mont Laboratories,
Ine., 515 Madison Avenue, New York
22, N. Y., recently introduced the tele-

vision industry’s first line of metal
cathode-ray picture tubes. Displayed
were four new Du Mont receiver
models, incorporating the new type
tube, and a special table exhibit of 12”
and 16” tubes.

The new tubes give the same per-
formance as their glass counterparts,
having the same electrical character-
istics and the same over-all length.
Production of these chrome steel alloy
tubes has been undertaken in order to
supplement the production of the glass
blanks. Credited with the development
of the tube are Stanley Koch, Robert
Rutherford and Gerald Wright.

RCA TUBES
~ Type 5771. This is an improved ver-
sion of the type 880 with thoriated-

£2

(LN

tungsten filament. It has a maximum
plate dissipation of 22.5 kw.

The desirable features of the 880
have been augmented by four new
features, i)roviding high emission,

24

increased strength, a self-supported
filament structure for reliable service,
and a maximum filament starting cur-
rent 4.7 times higher than the operating
current, to operate without a filament
starter.

The 4-250A/5D22, a forced-air-cooled
power tetrode, was recently added to the
line of RCA power tubes. With a maxi-
mum plate dissipation of 250 watts, it
is for use as an a.f. power amplifier
and modulator, as well as an r.f. power
amplifier and oscillator.

Compact in size, it has low grid-plate
capacitance and requires low driving
power. It may be operated with full
ratings up to 75 me. and with reduced
ratings up to 120 mc. Further informa-

h

tion is available from the Tube De-
partment, Harrison, New Jersey.

Type 5770 Power Triode. This tube
has a maximum plate dissipation of
50 kw. It is a water and {forced-air-
cooled, grounded-grid type for indus-
trial and broadcast service.

An improved version of 9C21, its
added features include: a saving of 60
per-cent in filament power; a large,
heavy-duty grid; operation with full
ratings up to 20 mec.; strong, cylindrical
copper grid support to protect against
electron bombardment and radiated
filament power.

Further information may be obtained
from the Tube Department, Radio Cor-
poration of America, Harrison, N. J.

SUBMINIATURE TRIODE

The Special Tube Section of Ray-
theon Manufacturing Company, New-
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ton, Mass., announces the subminiature -
heater cathode triode type tube,
CK5744/CK619CX. This is a high mu
triode which is suitable for general
purpose use and is also very satisfac-
tory for use as a high frequency mixer

in superhet circuits when a separate
oscillator is employed.

This tube is readily available from
stock, according to the manufacturer,
being backed by sizeable production
facilities.

RCA TUBES

Type 5786 Power Triode. This tube,
for industrial and broadcast service,
will permit the use of a low-cost blower.
It has 2 maximum plate dissipation of
600 watts.

Other features are internal heat
shielding and reduced seal losses to
give cooler operation at the highest
frequencies, and a maximum -filament
starting current four times higher than
the operating current to permit opera-
tion without a filament starter.

For further information, contact RCA
Tube Dept., Harrison, N. J.

E

The 10KP7 is a 10 inch, direct view
cathode-ray tube of the magnetic de-
flection and magnetic focus type, de-
signed primarily for radar indicator
service. The long persistence, cascade

screen exhibits greenish-yellow phos-
phorescence which persists for several
minutes under conditions of adequate
excitation and low ambient light.
Featured in the 10KP7 is an electron
gun which provides high effective reso-
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lution even when the tube is operated
with high beam current, as in pulse-
modulated service. The face plate is
almost flat and provides a large useful
sereen surface in relation to bulb di-
ameter, facilitating the use of an ex-
ternal, transparent, calibrated scale.
Contact the Tube Department of RCA,
Harrison, N. J., for further details.

Power Tetrode. The 4X-150A is a
forced-air-cooled power tetrode with a
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maximum plate dissipation of 150 watts.
Very small and compact, it is intended
for power amplifier or oscillator service
at frequencies up to 500 me.

It is useful as a wide-band amplifier
in video applications. The terminal
arrangement facilitates its use with
tank circuits of the coaxial type.

Triode Transducer

Smaller in diameter than a cigarette
and only half as long, the mechano-

electronic triode transducer, RCA-5734,
is intended for applications involving
the measurement of mechanical vibra-
tion.

It is constructed with a metal
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envelope and weighs 1/16 ounce. Its
moving element is designed to have low
inertia, and there is a deflection sensi-
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tivity of 40 volts per degree deflection
of its plate shaft. The part of the plate
shaft inside the tube has a free canti-
lever resonance higher than 12,000
cycles per second, permitting measure-
ments of vibration up to 12,000 cycles
per second. The Tube Department of
RCA, Harrison, N. J., is the manufac-
turer.

The new type 5762 has a maximum

‘plate dissipation of 2.5 kilowatts and can

be operated with full plate voltage and

plate input up to 110 megacycles. It

has a very efficient radiator, a feature
of prime interest to industrial users,
that permits use of an appreciably
smaller blower than is normally used
for tubes having its power-handling
capability.

The thoriated-tungsten filament is
economical in power consumption as
cempared with a pure tungsten filament
and also provides a reserve of emission
for long service.

Having a high ratio of permissible
filament starting current to normal
operating current, the 5762 can in
general be used without a filament
starter. Other featurcs include complete
shielding between filament leads and
plate, low grid-plate capacitance, and
high perveance.

Further information may be obtained

from RCA Tube Harrison,

N. J.
RADIO TUBE WEIGHT CUT 50%

Westinghouse engineers have cut the
weight of a giant radio broadcasting
tube 569 by adapting an idea used for
lightening warplane engines.

The success of aluminum cooling fins
for aireraft engine cylinders suggested
their tryout in the radiators of trans-
mitting tubes. As a result, 25,000-watt
tubes with laboratory-built aluminum
radiators weigh only 98 pounds instead
of the conventional 225-pound tubes
with copper radiators.

A 599 weight reduction was achieved
when the aluminum radiator was fitted
to a 10,000-watt transmitting tube; the
combined tube and radiator weight was
cut from 44 to 18 pounds.

Lightweight radiators of aluminum
cut shipping costs and permit tube in-
stallation in the close quarters of a
radio transmitter by one man instead
of two. Radiator appearance is im-
proved because the fresh aluminum
color is retained.

Aluminum tube radiators were made
feasible by an aluminum-to-steel molec-
ular bonding process developed after
previous designs failed because the fast
oxidizing rate of aluminum rendered its
soldering directly to copper anode im-
practical.

Division,

—~ (@

finish .

Engineers and manufacturers will
effect economies with Par-Metal
Products, which are available for
every type of job from a small
receiver to a deluxe broadcast
_fransmitter.
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TECHNICA)
BOOKS

“PRINCIPLES OF MICROWAVE
CIRCUITS??, C. B. Montgomery, R. H.
Dicke and E. M. Purcell. Published by
MeGraw-Hill Book ‘Company, 330 West
42nd Street, New York 18, N. Y. 486
pages. $6.00.

The development of the impedance
concept and its utilization through the
theory of linear networks was an im-
portant step forward in the engineer-
ing application of low-frequency cur-
rents. This volume is devoted to an ex-
position of the impedance concept and
to the equivalent circuits of microwave
devices. The underlying principles of
these equivalent circuits and the results
that may be obtained by their use are
emphasized.

Specific devices are not discussed ex-
cept as illustrations of the general
methods under consideration. (These
devices and the details of the design
procedure are treated in other volumes
of this series.) The solutions of the
boundary-value problems which give
the susceptances of microwave-circuit
elements are likewise omitted.

The publieation of this volume was
inspired by the tremendous research
and effort that went into the develop-
ment of radar and related techniques
during World War II. This work re-
sulted not only in hundreds of radar
sets for military (and some for possible
peacetime) use but also in a great body
of information and new techniques in
the electronics and high-frequency
fields.

“MICROWAVES AND RADAR
ELECTRONICS”, Ernest C. Pollard
and Julian M. Sturtevant. Published by
John Wiley & Sons, Inc., 440 Fourth
Avenue, New York 16, N. Y. 426 pages.
$5.00.

A physicist and a chemist combine
forces in this book to present the post-
war developments and the peacetime
applications of radar. After surveying
the field and outlining the special knowl-
edge of electricity and magnetism neces-
sary toan understanding of microwaves,
the authors discuss in.detail the sig-
nificance of microwave and radar elee-
tronies techniques in physical
chemical research.

The essential facts about microwave
circuits are developed on the funda-
mental basis of electricity and mag-
netism, rather than from an extension
of the theory of circuits with lumped
parameters. Pulse circuits are consid-
ered as a unified subject, since the
fundamental problems and basiec meth-

and

- ods of solving such problems accompany
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all types of pulse circuits.

The book is conclusively a post-war
work and emphasis is placed on prob-
lems which have arisen since the end
of the war.

“PRINCIPLES and METHODS
of TELEMETERING®, Perry A.
Borden and Gustave M. Theynell. Rein-
hold Publishing Corp., 330 W. Forty-
Second Street, New York 18, N. Y. 230
pages. $4.50.

Both the users and the manufacturers
of telemetering apparatus have deplored
the lack of a single modern book which
discusses, from a consistent point of
view and in perspective of past develop-
ments as modified by current advances,
the essentials of telemetering equipment.

With the knowledge of this need the
authors have obtained first-hand infor-
mation by direct contact with respon-
sible technical representatives of out-
standing manufacturers, distributors,
and users of this equipment. These rep-
resentatives are engineers—not sales-
men—so that the features of technical
interest, rather than the “selling points”
of each instrument are discussed.

If, in places, the work appears to lack
balance, perhaps there has been too
great a temptation to proportion the
treatment of individual systems to the
volume of wmaterial made available.
Realizing that installation methods, ad-
justments, and operating procedures
are best obtained from the instruction
books and data sheets issued by the
respective manufacturers, the authors
have not thought it necessary to burden
the present volume with such material.

The book provides an analytical and
descriptive treatment of a large variety
of telemetering devices originating in
almost as great a variety of sources.

“VELOCITY - MODULATED
THERMIONIC TUBES>, A. H. W.
Beck. Published by Cambridge Univer-
sity Press and The Macmillan Company,
60 Fifth Avenue, New York, N. Y. 180
pages. $3.75. :

The basic plan of this book is to give
a general introduction to velocity-
modulation tubes and their mode of
operation in a pattern intelligible to
anyone with a reasonably adequate
knowledge of pre-1939 radio technique.
The book is more of a personal account
of a division of research which is still
progressing rapidly than a formal text-
book with full and eritical docu-
mentation.

Mr. Beck, an expert on the war-time
developments of his subject, builds up
the theory from simple postulates by
successive refinements so that physical
facts dominate mathematical considera-
tions, and a realistic picture of the way
in which a physical theory is arrived at
can be obtained.
ENGINEERING DEPT.
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The essential minimum of informa-
tion on resonant cavities is included,
and there is some information on heavy
current electron beams. The major part
of the work is, however, the general
theory of the interchange of energy be-
tween field and beam with application
to various type of V.M. tubes. The book
is an addition to the new series, Modern
Radio Technigque, edited by Mr. J. A.
Ratcliffe.

@)

Computer Applications
(Continued from page 6)

computer can be made to control an ex-
tremely wide range of operations and
processes.

The fundamental method of applica-
tion of electronic analogue computers
to automatic control problems will best
be understood by consideration of a
few specific applications which illus-
trate the fundamental methods which
are involved. An outstanding example
of the application of electronie comput-
ing methods to an extremely difficult
and complex mathematical problem, in
which the required results are very
critical, is in the automatic electronic
gunsight computers which were used
to increase the accuracy of machine-
gun fire from bombers during the war.
The accuracy and reliability require-
ments of the computer in this case are
much greater than in the average com-
mercial application, since human lives

-are involved.

In the gun ballistic computer prob-
lem, the computer must continually solve
the equations of motion of the pro-
jectile in terms of a number of inde-
pendent variables which may remain
constant, or change during the course
of the calculation. The result is given
in terms of two voltages (representing
the lateral and vertical ballistie corree-
tion voltages), which are translated
into the respective correction angles by
position servos. In a typical case, the
input variables are gun positions, az-
imuth and elevation, target range, air-
craft true air speed, relative air
density, the muzzle velocity of the type
of ammunition used, and a factor called
the ammunition constant. These varia-
bles may be denoted by the symbols:

A = projectile muzzle velocity

B = aireraft true air speed

C = gun azimuth

D = gun zenith

E = ammunition constant (for par-

ticular type used)

F' = relative air density

G = gravitational acceleration

H = target range
and the results of the computation by:

X = lateral ballistic sight line cor-

rection

MARCH, 1949
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electronic digital computer.

Y = vertical ballistic sight line cor-
rection
Z = computed time of flight of pro-
jectile to target
1V = computed projectile initial true
air speed
Then the lateral and vertical ballistic
corrections are obtained from the fol-
lowing four equations:

W=A + Be¢osCsinD......... (1)
(1 +~ ZEFN/W) H 4+ Z' EFBN/W

cos C sin D + Y% GZ* cos D —
AZ=0.. . ... . (2)

(1 + ZEFN/W) HY — 7* EFB/W
cos Ccos D+ Y% GZsin D = 0. (3)

(1+ /E‘F\/W) HX — Z* EFBYW
sinC=0........000 i, (4)

The manner in which the computer
circuit is set up for the solution of these
equations is illustrated in Fig. 3. The
equations to be solved involve the func-
tions of addition, subtraction, multipli-
cation, division, trigonometric and func-
tional transformations, but no differ-
ential or integral operations are vre-
quired. Therefore, the calculations may
readily be performed with alternating
current as the function variable, using
constant-impedance, bridged-T attenua-
tors for multiplication and resistance
mixing networks for addition. The
mathematical relations at the various
points of the circuit are indicated in
the diagram. The input variables are
set up adjusting the various attenua-
tors to the proper values, and the solu-
tions to the equations are automatically
determined by the servo systems. The
solutions of the simultaneous equations
are obtained by setting up each equa-
tion to include the unknown quantities
as if their values were known, with the
servos controlling the actual setting of
each of the unknown values. Then,
when the complete solution for the four
equations has been set up as indicated

MARCH, 1949

in Fig. 3, the servos automatically come
into balance for zero voltage. Since the
four sets of equations have been electri-
cally interconnected, the system comes
into balance only when all four equa-
tions are satisfied simultaneously.

In the actual operation of this gun-
sight computer, the input variables A,
B, E, F, and G are generally set into
the circuit by setting the respective
potentiometers to the proper value be-
fore the guns are used in actual com-
bat, since their values are known in
advance. The value of H, the target
range, may be determined in any one of
several ways and must be set in contin-
uously during combat, since it is con-
stantly changing. The remaining two
variables C and D represent the line-of-
sight position of the target, and are
continuously and automatically deter-
mined during combat by sighting at the
target. The resulting values of X and
Y (which are continuously and auto-
matically determined for any variations
of the input variables) represent the
required values for correct aiming of
the guns, and direct the gun settings
according to the settings of the servos.
The electronic computer in this appli-
cation was of great importance during
the last war, and saved countless lives
and aircraft by constantly extending
the range and accuracy of defensive
machine-gun fire.

Automatie Control of
Industrial Processes

The basic principles and procedures
which are used in the automatic gun-
sight computer are exactly the same as
those which are involved in the auto-
matic control of industrial processes
and operations. The basic problem is to
determine which variables represent
the operation of the process, and to
derive a proper relationship between
these variables and the quality of the
final product. This is generally done
empirically, and may either be known
before the process equipment is set up,
or while the process is being developed
(either in the laboratory or in the pilot
nlant stage of development), or it may
be done during the course of actual
operation. Once the proper relationship
is known, then it is a very simple
matter to set up an electronic computer
to control the process operation accord-
ing to the prescribed relationship. In
addition, if at any time it is necessary

to change the mode of operation, the

computer characteristics can readily be
modified by very simple circuit changes
to incorporate the desired changes in
the process operation.

Part II, which will appear next
month, continues with a discussion of
Automatic Control, and covers the elec-
tronic calculation of controller response.

(To be continued)
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Often the efficiency of your coil is deter-
mined by the base it's wound on. Be sure
with . ..

*PRECISION

DI-FORMED
PAPER TUBES

Only Precision can give you the benefit of
Di-formed tubes — coil bases formed under
heat and pressure. less weight — greater
strength,

Cores can be engineered closer, saving wire
— do not need to be formed after winding.
Precision Tubes provide thorough insulation
— effective resistance to moisture, oil, heat,
etc. — meet the most exacting demands of
industry today.

Precision Tubes are made from the finest
dielectric Kraft, Fish Paper, Cellulose Acetate
or combinations. They come round, oval,
square, rectangular, or any shape, length,
ID or OD, exactly to your special specifications.
Write today for samples, new mandrel list
of 1,000 sizes. There's a shape and length
to fit your needs.

PRECISION
PAPER TUBE CO.

2063 W. Charleston $t. Chicago 47, 1Il.
Plant No. 2

79 Chapel St. Hartford, Conn.
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F. k. BENEBICT is the new manager of the headquarters
engineering departments of the Westinghouse Electric
Corporation. A graduate of Tri-State College in 1928 with
a B.S. degree in electrical engineering, he joined the West-
inghouse student course that year. In 1938 he was made
liaison engineer on the chief engineer’s staff. He was made
manager of the product analysis section and then manager
of the industry engineering department in 1945.

PR. KARL KESSLER has been appointed to the staff of
the Atomic and Molecular Physics Division, National
Bureau of Standards. During the war, while at the Univer-
sity of Michigan, he served as consultant to the Philadelphia
and Brooklyn Navy Yards and was also consultant on
spectrography for a number of industrial concerns. Dr.
Kessler is a member of the American Physical Society,
Phi Beta Kappa and Sigma Xi. '

ROBERT X. MOE, as new division engineer for electronic
receiving tube product lines of General Electric Company’s
Tube Division, will be responsible for all receiving tube
design and application, engineering, and standardizing
activities. Mr. Moe is a senior member of the Institute of
Radio Engineers and also affiliated with Tau Beta Pi and
Eta Kappa Nu. A native of Appleton, Wisconsin, he grad-
uated from the U. of Wisconsin with a B.S. in E. E.

GEORGE B. O°NEILL has been elected Fellow by the
board of directors of the Institute of Radio Engineers.
Assistant to the manager of research, Sylvania Electric
Products Inc., he began his engineering career with Westing-
house Lamp Company in 1925. In 1928 he joined the Sylvania
engineering staff at Salem, Massachusetts. He will receive
a fellowship award for his work in electron tube theory and
design during the Institute’s National Convention in 1949.

EMIL SCHAEFFER, new chief engineer of Elizabeth Iron
Works, Inc., Tower Division, will be in charge of the design
and construction of that part of the company’s structural
steel fabrication activities. A graduate of Vienna Technical
University, he held the position of chief engineer for the
Krupp Works Dept. of Steel Construction for more than
twenty years. From 1941 to 1946 in America, he designed
radio towers and masts for the U. 8. Army and Navy.

DRE. GEORGE E. ZEEGLER will be the new Director of
the Midwest Research Institute. During the past ten years,
Dr. Ziegler has devoted much time to solving the problems
of industry through the practical application of the funda-
mental sciences to the problems of industry. He received
his Ph. D. from the U. of Chi. and is known for his experi-
mental x-ray diffraction studies. He has been acting chief
administrator of the Institute for six months.
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The Atomie Clock

(Continued from page 14)

cell, a rectangular %x%-inch copper
tube wound in a compact 80-foot spiral
about the clock.

The new development uses an absorp-
tion frequency of ammonia to hold a
microwave signal fixed. If the micro-
wave output of a generator differs in
frequency from the ammonia absorp-
tion line, then the control circuits gen-
erate an “error signal” which brings
the microwave signal back to the fre-
quency of the spectrum line. The oscil-
lator generating the microwave signal
is thus controlled, and the setting of
the clock which it drives can be com-
pared with a conventional astronomical
clock.

The microwave signal is initiated by
a 100-kilocycle quartz-crystal oscillator
or any other oscillator which, for pur-
poses of convenience and accuracy, is
designed for a high degree of stability.
By means of vacuum-tube circuits and
silicon-crystal diodes, this frequency
is multiplied to provide output sig-
nals throughout the microwave range.
These signals are compared with the
frequency of a microwave spectrum
line, in this case of ammonia gas, by
suitable control circuits, often called fre-
quency discriminator or “servo” circuits.
If the quartz-crystal oscillator drifts
after the microwave signal at the upper
end of the multiplier chain has been
exactly tuned to the frequency of the
spectrum line, the discriminator eircuit
generates an output signal which,
through the proper control circuits, can
be applied to the oscillator at the
bottom of the multiplier chain to bring
it back to the proper frequency. By
means of a frequency divider, the 100
kilocycles may be reduced to any de-
sired frequency for driving a cl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>