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ACTUAL SIZE

complete with selector switch...

R0

ELECTRICAL INSTRUMENT CO.
Bluffton, Ohio

@ 20,000 ohms per volt. D.C.

@ BANANA-TYPE JACKS—npositive
connection and long life.

CARRYING CASE
Hands:o‘; re; leather carrying case
with adequate space for Model 310
tester ‘and. accessories. Trouser
belt slips through loop on back of
He.case for out-of-the-way carrying.

® EXCLYSIVE SELECTOR SWITCH
speeds ¢ ringe settings.
irs ¢ miniature VOM

LOOK AT ALL

THESE RANGES

DC VOLTS: 0-3-12-60-300-1200 at 20,000 Ohry
AC VOLTS: 0-3-12-60-300-1200 at 5,000 Ohm
DC MICROAMPERES: 0-600 at 250 Millivolts.
DC MILLIAMPERES: 0-6-60-600 at 250 Millivolts. .
OHMS: 0-20,000-200,000 (200-2000 at center scale).:
MEGOHMS: 0-2-20 (20,000-200,000 Ohms at center s
OUTPUT: Convenient chart in instruction book.

SEE IT AT YOUR JOBBER

BURTON BROWNE ADVERTISING

AND IT'S ONLY ONE OF TRIPLETT'S MIGHTY NINE VOM LINE!

631 630-NA 630 630-A 630-T 666-HH 625-NA 666-R
Combination For Best Testing The Popular A Good Lab and For Telephone Medium Size The First V-O-M Medium Size
V-O-M—VTVYM Around The Lab, All-Purpose Production Line Service or With 10,000 it
Production Line V-O-m V-O-M Field Testing Ohms/Volt AC 630 Features

or Bench

F——
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You Pre
SERVICIRN
=" with Kits | Send You

M‘} Nothing takes the place of PRACTICAL

§ EXPERIENCE. That's why NRI training
L is based on LEARNING BY DOING. You
use parts I send to build many circuits
common to Radio and Television. With
my Servicing Course you build the
! modern Radio shown at left. You
'/ build a Multitester and use it to help

make $10, $15 a week fixing sets in

v

o

spare time while training. All equip-
< ment is yours to keep. Coupon below will
bring book of important facts. It shows
other equipment you build.

TELEVISION
Making Jobs, Prosperity

25 million homes have Television
sets now. Thousands more sold
every week. Trained men needed
to make, install, service TV sets.
About 200 television stations on
the air. Hundreds more being built.
Good job opportunities here for

qualified technicians, operators, etc.

i “I have progressed very rap-
idly. My pressnt position is
Studio Supervisor with
KEDD Television, Wichi-
ta.”—Elmer Prewaldt, 3026
Stadium, Wichita, Kans.

Could have more but this i
about all I can handle.”

Frank Borer. Lorain, Ohia, ’

i ool e

;E“I've come a2 long way in
' Radio and Television since
£ graduating. “lave my own
business on Main Street.”—
, Joe Travers, Asbury Park,
) New Jersey.

“I didn't know a thirz g4
about Radio. Now have a
good job as Studio Eng- 4
neer at KNMMJ.'" — Bl
Delzell, Zentral Cit>,
Nebraska.
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ControlOperator.

Jobs Like These

& WEBROADCAST-
*=4. { [NG: Chief Tech-

snician, Chief
Operator, Power
=X * { Monitor, Record-
. ing Operator,
Remate Control Operator. SERVIC-
ING:Home and Auto Radios, Televi-
sion Receivers, FM Radios, P.A. Sys-
tems. IN RADIO PLANTS: Design
Assistant, Technician, Tester, Serv-
icemsn, Service Manager. SHIP
AND HARBOR RADIO: Chief
Operator, Radio-Telephone Opera-
tor. GOVERNMENT RADIO: Op-
erator in Army, Navy, Marine Corps,
Forestry Service Dispatcher, Airways
Radio Operator. AVIATION RADIO:
Transmitter Technician, Receiver
Technician, Airport Transmitter
Operator. TELE- &
VISION: P ¢k-up &
Operator, Tele- ¥
visicn Techni-

cian, Remote

KBS W D

racfice

CASTIN
IK' ]
h Kits 1 Send You
4 As part of my Communications Cours2
[ send you parts to build low-power
Broadcasting Transmitter at left.
¢ Use it to get practical experience. Yon
* put this station “on the air” . .. per-
: form procedures demanded of broad-
™ casting station operators. An FCE
Commercial Operator’s License can
be your ticket to a bright future. My
— Communications Course trains you
'ﬁ:ni to get your license. Mail coupon.
Book shows other equipment you
build for practical experience.

L

i

§

Americas Fest Growing Industry
Offers You Good Pay, Success

Training PLUS opportunity is the PERFECT CDM-
BINATION for job security, advancement. When times
are good. the trained man makes the BETTER FAY,
gets PROMOTED. When jobs are scarce, the trained
1. . smiTH, Presidens  Man enjovs GREATER SECURITY. NRI training can
National Radio lnsitete help assure you and your family more of the better

washington, & €. things of life. Radio is bigger than ever with over 2,090
Our 40th Year broadcasting stations and more than 115 MILLIONM
sets in use, and Television is moving ahead fast.

Start Soon to Make $10, §15 a Week Extra Fixing Seis

My training is practical, complete; is backed by 40 years of success training
men at home. My well-illustrated lessons give you basic principles you need
and my skillfully developed kits of parts ‘‘bring to life”” things you leam
from the lessons. I start sending you special booklets the day you enroli,
that show you hew to fix sets. Multitester you build with my parts helpsyou
discover and correct set troubles, helps you make money fixing neighkors’
sets in spare time while training. Many make $10, $15 a week extra this way.

Mail Coupon— Find Out What Radio-Television Offer You

Act now to get more of the good things of life. I send actual lesson to prove
NRI home training is practical, thorough. My 64-page book ""How ta e
a Success in Radio-Television” shows what my graduates are doing and
earning. It zives importart facts about your opportunities in Radio-
2 ; Television. Take NRI training for as litile as
AVAILABLE $5 a ronth. Many graduates make more than

to all qualified

| the total cost of my training in two weeks.
VETERANS [y

Mail cupon now to:J. E. SMITH, President.
UNDER G.1. BiLLs [SURBERES

dio Institute,

MR. J. E. SMITH, President, Dept. 7-DF
National Radio Institute, Washingten 9, D. C.
Mail me Sample Lesson and 64-page Book, FRET.
(No salesman will call. Please write plainly.)

W City. .

’ write in date
!I‘ VE TS of discharge ... . ...

----u--------nnmumﬂ--------n-m_&.m,
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EDITORIAL

31 Fantastic Electronics—Hugo Gernsback

AUDIO—HIGH FIDELITY

32  Bookshelf Audio Amplifier—G. Franklin Montgomery
35 Class-B Hearing Aid—I. Queen
37 Modern Phonograph Cartridges, Part I—Julian D. Hirsch

TEST INSTRUMENTS

39 Saturable Reactor Controls Sweep Generator—Robert F. Scott
41 Contact Potential for Loadless Metering—Thomas L. Bartholomew
42 Sine/Square-Wave Generator—I. Queen

43 Current Tester—George P. Pearce

44  Transistor Preamp for Vtvm’s—Elliott McCready

TECHNICAL REPORTS

46 What’s New )
48 50 Million Frenchmen—A. V. J. Martin -

TELEVISION

50 The Sweep Tube—TV’s Workhorse—W. O, Hamlin
53 Push-Pull Video Amplifier Doubles Picture Signal—Sol Libes
54 TV Service Clinic—Conducted by Jerry Kass

ELECTRONICS

56 Telemetering . . . Lifeline of Guided Missile Research (Cover
Feature)—Joseph Koukol

58 Industrial Electronics Quiz—Ed Bukstein

59 Lumistron—Mohammed Ulysses Fips

61 Portable Moisture Meter—Henry Francis Parks

80 Electronic Bicycle Hom—Irving Gottlieb

RADIO

85 Free-Power Receivers—Dr. H. E. Hollmann

92  Servicing Transistor Radios—Leonard J. D’Airo

97 Defective If Transformers—Charles Garrett

100 Regenerative Radio Uses New SB Transistor—Edwin Bohr

142 Books . 106 Patents
134 Business 137 People
138 Correction 122 Question Box
16 Correspondence 127 Radio-Electronic
110 New Devices Circuits
129 New Records 139 Technical Literature
118 New Tubes and 120 Technicians’ News
Semiconductors 124 Technotes
6 News Briefs - 132 Try This One

NEXT MONTH: CUSTOMERS WE COULD DO WITHOUT o
LOW-COST REMOTE AMPLIFIERS

ON THE COVER——
(More on page 56)

The operator is keeping a
helical antenna aimed at the
guided missile, to receive sig-
nals used for telemetering.
Scene is the testing grounds
of the Jet Propulsion Labor-
atory, a division of the Cali-
fornia Institute of Technol-
ogy. Electronic equipment for
amplifying and reproducing
the signals is housed in the
truck at right.

Original painting
by Frank Chapman Williams

S
s e
‘§$‘§$\§‘@%@
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You get 19 big kits
of equipment!

GOOD JOBS . . . MORE MONEY

RADIO-E LECTRONICS

1. Television . .
including Color Tv

2. Ratio .. A, FM

4. Communications

Let Nakional Sc

- LEARN ayy 8 PHASEs
~ BY SHOP METHOD

3. Industrial Electronics

oF THE INDUSTRY
HOME TRAINING

g Fag

. Soand Recordinﬁ‘
& Hi-Figelity

. Automation
. FCC License Preparation
Redar & Micro Waves

hools of Los

Amgeles, a Practical R2sident

Technical Schoo
years, train you

| for aver 50
at hame by

Shop-Method for urlimited

gpportanities in
TV, Electronics,
e 3

YOU GET EVERYTHING YOU NELD
Clear, profusely illustrated lessons, shop-
tested manuals, modern circuit diagrams,
practical job projects—all the valuable

All phases of
Radio.

SECURITY . . . ALL CAN BE YOURS equipment shown above—many other ma-

terials and services—consultation privilege
YOU are needed in the great modern Tele- with our qualified staff, and Graduate Em-
vision-Electronics industry. Trained techni- ployment Service. EVERYTHING YOU
cians are in growing demand, at excellent NEED for outstanding success in Electronics.

pay, in sales and service, manufacturing,
broadcasting, telecasting, communications,
research, and many other important branches
of the fieid. National Schools Master Shop-
Method Training, with newly added lessons
and equipment prepares you in your spare
time right in your own home for these fasci-
nating opportunities. OUR OUTSTAND-
ING METHOD IS PROVED BY THE
SUCCESS OF GRADUATES ALL OVER
THE WORLD!
YOUR TRAINING 1S ALL INCLUSIVE

We prepare you for a long list of job
opportunities. Thousands of TV and Radio
receivers are being sold every day—more
than ever before. And, now, Color TV is
here. Applications of Electronics in industry
—AUTOMATION —are growing in tre-
mendous strides. The whole field is alive —
opening up new, important jobs rapidly.
National Schools complete training program
qualifies you in all phases of the industry.

YOU EARN WHILE YOU LEARN
Many students pay for their entire training —
and more — with spare time earning. We’'ll show
you how you can, too! Early in your course you
receive material that shows you how to earn
extra money servicing TV and Radio receivers,
appliances, etc., for friends and acquaintances.
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INDUSTRY NEEDS YOU. NATIONAL SCHOOLS
WILL TRAIN YOU. SEND FOR FACTS TODAY
NO OBLIGATION.

YOU LEARN BY SHOP METHOD . . .
you do servicing, circuit analysis, and do
over 100 down-to-earth experiments. You
build a Superhet Receiver and a modern TV
Receiver, from the ground up, including a
new, big screen picture tube. You also re-
ceive a professional, factory-made MULTI-
TESTER. All of this standard equipment is
yours to keep . . . at just one low tuition.

4
vice. M
°,'“f aS“; part time

in coupon for

I :
l(?u\ information:

B Training LLL Lthbkl

NATIONAL SCHOOLS

LOS ANGELES 37, CALIF

Appraved for

NATIONAL SCHOOLS

’GET ¥

TECHNICAL TRADE TRAINING SINCE 1905
LOS ANGELES 37, CALIFORNIA,

AST SERVICE — MAIL NOW TO OFFICE NEAREST YOU!
NATIONAL SCHOOLS, DEPT. RG-47

[}
I

' 4000 S. FIGUEROA §T. on 187 N. LA SALLE ST.
! LOS ANGELES 37, CALIF, cmicaco 1, L o
Rush free TV-Radio "Opportunity” Book and sample
I lesson. Na salesman will call. [}
NAME AGE !

ADDRESS
‘, CITY,
L

VETERAN

ZONE

_ STATE
{0 Check if interested ONLY in Resident Schaol training at Los Angeles
S: Give dote of Discrarge
2 e e mm T ww e T el SR NN MEE R R Mm R
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Tung-Sol receiving tubes for TV, radio
and Hi-Fi replacement are exactly
the same as those supplied to leading
independent set makers. This one fine
quality is your assurance of long,
trouble-free service that keeps cus-
tomers with you year after year. Tell
your supplier you'd rather have
Tung-Sol Tubes. TUNG-SOL ELECTRIC
INC., Newark 4, N. J.

TUNG-SOL

MAGIC MIRROR ALUMINIZED
PICTURE TUBES

RECEIVING TUBES

Radio and
TV Tuhes

Sealed Beam
Headlamps

¥

Semiconductor
Products

Miniature
Lamps

Signal
Flashers

Alyminized
Picture Tubes

" Special
Purpose Tubes

NEW AMPLIFIER TECHNIQUE may
have far-reaching effects, especially on
microwave frequencies. Signal-noise
ratios 100 times better than those
obtainable with any present techniques
may well make it possible to amplify
signals far weaker than can now be
handled.

The technique was announced in
almost simultaneous releases from Bell
Laboratories and the Massachusetts
Institute of Technology. Although there
are some differences in the releases, it
appears that both are discussing essen-
tially the same thing. The Bell experi-
ments, however, are the only ones
clearly described, and we learn that
the technique is that of stimulated
emission of radiation—the “maser”
principle (RADIO-ELECTRONICS, June,
1955, page 56). Electrons in the solid-
state material placed in a magnetic
field are at three different energy
levels. By irradiating the material
with microwave power large num-
bers of electrons are raised to higher

- s :

The inset is simplified

ant cavity and crystal in 9,000-mc

oscillator. The solid-state device is held
by three Bell scientists.

energy levels, A signal at a frequency
corresponding to the energy difference
between two of the states will knock
down electrons from one state to an-
other, stimulating radiation of energy.
In the Bell Labs experiments the ener-
gizing frequency was 17,500 me and
that of the signal 9,000 mec.

The solid-state material consists
of an ionically bound paramagnetic
salt, combined with a diamagnetic
material. Gadolinum ethyl sulphate and
lanthanum ethyl sulphate were used in
the Bell experiment, and a crystal of
the material was placed in a waveguide
which had two resonant frequencies,
one egual to the frequency of operation
(oscillation in this case) and the other
to the frequency of the energizing
source. The waveguide was inserted
into a tube containing liquid helium

at low temperature (1.20° Kelvin) to
increase the efficiency of the action.

TV IN SCHOOGLS can save $500 mil-
lion a year, 100,000 teaching positions
and provide better instruction, states
Dr. Alexander Stoddard, retired Super-
intendent of Los Angeles Schools, in
a report prepared for Ford Foundation.
In his 62-page report Dr. Stoddard
recommends that all schools be TV-
equipped and that no school be built
without providing for two or three
rooms equipped with TV receivers and
a closed-circuit system. Building re-
quirements for new buildings employing
ful use of TV should include built-in
coaxial cables and antenna lines, built-
in 24-inch sets and a central sound
system with a talk-back arrangement.
For buildings now in use Dr. Stoddard
recommended portable TV sets with
large speakers in each room; installa-
tion of antenna, coaxial and wire leads;
adaptation of radio circuit equipment
and improvement of acoustics, lighting
and ventilation when necessary.
Educational TV stations already in
operation were praised in the report.
After expressing appreciation for the
cooperation of commercial staticns
Dr. Stoddard stated, “The schools and
colleges must have their own stations.
. . . All the time that can or will be
given by commercial stations for
educational programs is but a drop in
the bucket of what will soon be needed.”

JOHN VON NEUMAN, member of
the U. 8. Atomic Energy Commission
and pioneer in electronic computer
theory, died Feb. 8 at the age of 53.
The impact of von Neumann’s theories
—on high-level scientific problems such
as thermonuclear weapons and guided

missiles, Air Force Strategy, giznt
computing machines, economic and
sociological enigmas including stock

market behavior, the operation of oil
refineries and Weather forecast—was
decisive. Dr. von Neumann studied and
taught at leading European universi-
ties until he came to Princeton in 1930
to teach mathematical physics. He left
Princeton University in 1933 to join
the Institute for Advanced Study. In
1937, he became a U. S. citizen.

Von Neumann was an important fig-
ure in the wartime atom-bomb project.
When the war ended, he continued to
advise the Government and in 1955 be-
came a member of the Atomic Energy
Commission. He is responsible for to-
day’s thermonuclear thinking in mat-
ters of strategic warfare. He convinced
the Department of Defense that a high-

(Continued on page 10)
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— aN INDEX |

] to a

BETTER JOB,

" LET DeVRY TECH PREPARE YOU IN
SPARE TIME AT HOME AS AN |

5 ¥ Electronics

Radar

Guided
Missiles

S
é\sgg;'@‘ =

B

NO PREVIOUS TECHNICAL EXPERIENCE
OR ADVANCED EDUCATION NEEDED!

Laborers and bookkeepers, store clerks, shop men, farm- g Communications
ers, salesmen — men of nearly every calling — have taken the
DeVry Tech program and today have good jobs or service
shops of their own in Elecironics. You don’t have to quit your
present job. If you are 17 to 55, see how you may get your-
self ready for a future in the fast-growing Electronics field. F

Whethar you prepare at home or in our well-equipped 5 |ndu;fr|?|
Chicago or Toronto Laboratories, you get sound, basic training Electronics
in both principles and practice. At home, you use educational
movies. You build actual circuits and test equipment. You read
simple directions, follow clear illustrations. When you finish,
you are prepared to step into a good job in an excitingly
different field. You may even start a service shop of your own.
Mail coupon for free facts today.

Television

Micro-Waves

Computers

Automation
Electronics

Live-Wire Employment Service Draft Age?
o Remote Control

Puts you in touch with job We have valuable information
£l opportunities—or helps you for every man of draft age; so Sysi‘e ms
|\ toward a better position in if you are subject to military
{ the plant where you are service, be sure to
now employed. check the coupon.

interesting booklet, “‘Electronics and YOU.”

oo
A SAMPLE LESSON E:
See for yourself how DeVry Tech trains
you for real opportunities in Electronics. ﬁ
We'll also give you a free copy of an

MA

Accredited Memb DeVry Technical institute
r 2 r
o Natonal 4141 Belmont Ave., Chicago 41, lil.,, Dept. RE-6-N

Home Study Council Please give me a FREE Sample Lesson and your booklet,
S E “Electronics and YOU."”

“One of North America’s Foremost Electronics Training Centers”

s

NAME AGE

[ il

Elilli e Please print
: STREET AFT.
DeVRY TECH " L ciry ZONE ____ STATE
CHICAGO 41, ILLINOIS [[] Check here if subject to military training.

FORMERLY " P Nl #1090 DeVry Tech’s Canadian Training Center is located at
DEF_o REST’S TRA'N'"Q, INC_. b S 62& Roselawn Aveue, Joronto 12, Onlcl
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Radiart vibrators are the
Standard of Comparison for
quality, performance and
dependability in the industry!
Men who know . .. manage-
ment, jobbers....and
servicemen . .. ALL agree
that experience over the
years has dictated that
RADIART vibrators are the

ones to buy and use.

AND . . . the complete line
of COMMUNICATION
vibrators offers the correct
replacement for 6 volt

and 12 volt applications.

Be sure you have the new
vibrator replacement guide...
write for your FREE copy...

e RADIART corr
...the COMPLETE replacement line CLEVELAN”[?‘13, OHIO

A Subsidiary of .— Cornell-Dubilier
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“ALL-SET”

When Raytheon engineers design tubes, they are not restricted
to engineering the tubes to the limited specifications of a
specific TV or radio receiver. On the contrary, Raytheon
engineers must design tubes that combine top quality with
all-around performance in all makes and models of receivers.
Proof of their success lies in the fact that Raytheon tubes are
sold to virtually all TV and radio set manufacturers on a

competitive technical basis.

This ability to perform in many circuits makes Raytheon
“All-Set” Tubes ideal for service dealer replacement work.
Fill your Tube Carrying Cases and tube shelves with
Raytheon “All-Set” TV and Radio Tubes and you’ll be able
to meet tube replacement needs of all sets.

TUBES

designed with Independent e
Service Dealers in mind

RAYTH EON MANUFACTURING COMPANY

Receiving and Cathode Ray Tube Operations

Newton, Mass. * Chicago, lil. * Atlanta, Ga.

L Los Angeles, cd‘f,.

Raytheon muke;% Receiving and Picture Tubes, Reliable Subminiature and Miniature Tubes,

all these

APRIL, 1957

Semiconductor Diodes and Transistors, Nucleonit Tubes, Microwave Tubes. N
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W L

MODEL 737A

% i
-

MODEL 51

You

have

your choice
of three

SHURE

moderately

priced

general-purpose 4 BI-DIRECTIONAL
microphones kL

it

MODEL 315

Where quality is essential, yet costis a factor—
you can rely on these SHURE Microphones

FOR PUBLIC ADDRESS « HOME RECORDING-
COMMUNICATIONS « PAGING AND INTERCOM
SYSTEMS

MODEL 737A "MONOPLEX": Uni-directional, moisture-proofed crystal microphonec—reduces
feedback by 67%! Can be used under adverse conditions of background noise where conventional
microphones would be practically useless. “Humi-seal”” Crystal for tfouble-free operation even
in humid climates. High impedance unit with excellent response to 10,000 cps. Output —54.0 db.

LIST PRICE $46.00

MODEL 51 "SONODYNE": Semi-directional, dynamic microphone. Switch for low,; medium,
or high impedance makes it three microphones in one! Ideal for recording and “‘close-talking”
applications. Frequency response is 60-10,000 c¢ps, Output —52.5 db. Unusually rugged micro-
phone; can be used in any climate, indoors or outdoors. LIST PRICE $49.50

MODEL 315 "GRADIENT": Bi-directional high fidelity microphone with multi-impedance switch.
Picks up sound equally from front and rear; is ““dead” at sides. 1deal for interview broadcasting
or group recording. Frequency response 50-12,000 cps. Provides exceptional voice and music
reproduction. Particularly uscful in installations where feedback is a problem. Output -57 db.

LIST PRICE $85.00
All three units have rugged, dic-cast metal cases and are finished in a rich satin chrome.

SHURE BROTHERS, INC.
Microphones =< Electronic Components

212 HARTREY AVENUE . EVANSTON,
“In Electronics Since 1925

ILLINO!S

NEWS BRIEFS (Continued from page 6)

vield thermonuclear warhead could be
made light enough to be carried across
the ocean by a ballistic missile.

THE FIRST WOMAN to win Gen-
eral Electric’s coveted Edison Radio
Amateur Award for public service is
Mrs. Mary (Mae) Burke, 45, who op-
erates station W3CLU at her home at
265 Waverly Rd., Morton, Pa. Mrs.
Burke won the award for voluntarily
handling an average of 3,000 messages
a month, principally for servicemen
overseas.

At a banquet in her honor at the May-
flower Hotel, Washington, D. C., Mrs.
Burke was presented with the trophy
and a $500 check by L. Berkley Davis,
general manager of the G-E Electronics
Components Division which sponsors
the annual award.

Mrs. Burke was chosen from a group
of 50 amateurs nominated for this
award, by a board of judges consisting
of; Herbert Hoover Jr., Under Secre-
tary of State; Rosel H. Hyde, Federal
Communications Commissioner; E. Ro-
land Harriman, chairman of the Ameri-
can Red Cross, and G. L. Dosland, presi-
dent, American Radio Relay League.

TWO NEW TV STATIONS have
begun telecasting since our last list-
ing:

KUMV-TV, Williston, N. D....... 8

KONO-TV, San Antonio, Tex....12

KWAB, Walla Walla, Wash., channel
8, has changed its call letters to KRTV,
and WPSD, Paducah, Ky., channel 6,
is now known as WPSD-TV,

The United States and its territories
now have a total of 497 operating
stations (401 vhf and 96 uhf), of which
23 are noncommercial (6 uhf).

Canada has added a station to its
roster, bringing its number up to 389:

CKMI-TV, Quebec City................ 5

EXPANDING WORLD TV now lists
843 transmitting stations and 56 million
receiving ~ sets. Outside the United
States there is a total of 327 stations
and 14 million sets today—up from
196 stations and 10.5 million sets one
year ago.

Italy is second only to the United
States with 64 stations—although 41
of these are automatic satellites.
Australia came out with a six-station

10 RADIO-ELECTRONICS



6 months
from today

add technical training to your
practical experience. GET YOUR FCC

LICENSE QUICKLY!

then use our effective

OB, W e s g Dae e R on W R

EIONY PR RS I T A

s .= JOB FINDING SERVICE!
WE GUARANTEE

O

" YOUR FCC LICENSE

If you fail to pass your
pleting our course,

sy : . et

after com-
we guarantee to continue your {lraining
without additional cost of any kind until you successfully obtain
your Commercial License.

Commercial License exam

HERE’'S PROOF FCC LICENSES CAN BE SECURED IN A FEW HOURS
OF STUDY with OUR Training AT HOME In Spare Time,

Name and Address License Time

John J. Johnson, Beise City, Oklahoma ....Ist Class 20 weeks

Prentice Harrison, Lewes, Delaware _ . . st Class 27 weeks

Thomas !. Bingham, Finley, North Dakota ... ..2nd Class 9 weeks

William F. Masterson, Key West, Florida 2nd Class 24 weeks

J. A. Niedeek, Bethlehem, Pa. nd Class 8 weeks
Employers Make OFFERS Like These T
Tl S de. Rl SR B R o R ALY .o

N T

to Our Graduates Every Month
Broadcast Station in Illincis: “We are in need of an engineer with a first

c¢lass phone license, preferably a student of Cleveland Inslitute of Radio
Klectronics ; 40 hour week plus 8 hours overtime.”

West Coast Manufacturer: “We are currently in need of men with elec-
tronies training or experience in radar maintenance. We would appreciate
vour referral of interested persons to us.”

Cur Trainees Get Jobs Like These Every Month

CHIEF ENGINEER

“8ince enrolling with Cleveland Institute I have
received my 1lst elass license, served as a transmitter
engineer and am now Chief Engineer of Station
WAIN, I also have a Motorola 2-Way Service Sta-
ti? . Thanks to the Institute tor making this pos-
sible.””

Lewis M. Owens, Columbia, Ky,
TEST ENGINEER

T am pleased 1o inform you that I recently secured
a  position as Test Engineer with Melpar, Ine
(Subsidiary of Westinghouse) A substantial salary
i »was involved. My Cleveland Institute
training played a major role in qualifying me for
this position.””

Boyd Daugherty, Falls Charceh, Va.
NAMES OF TRAINEES IN YOUR AREA
PROVIDED ON REQUEST
Cari E. Smith, E.E., President

CLEVELAND INSTITUTE OF RADIO ELECTRONICS
Desk RE-4, 4900 Euclid Bldg., Cleveland 3, Ohio
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Get these valuable
BOOKLETS

Free!

CLEVELAND
INSTITUTE
QOF RADIO ElEC_TEg?jI&S

E{aﬁ\’p\e"u,h

lesson

MASTER COURSE

[ifppLsnane

Money Making
FCC License

..mullfl!l[nu

Intormation

LICENSE
EXAMINATIONS

Accredited by National Home Study Council

ETT

Dept. RE-4, 4900 Euclid Bldg., Cleveland 3, O.
- - _ B N N _ B & N 8 W § N _§B_§B_N_-§B §N]
Please send Free Booklets prepared to help me
get ahead in Electronics. | have had training or
experience in Electronics as indicated below:

{7 Military

] Radio-TV Servicing
] Manufacturing

(] Amateur Radio

\Y

(] Broadcasting
(] Home Experimenting

[} Telephone Company
] Other.

ffﬂh{’?gtiﬂﬁd ) mrﬁ.d yo

_“now ‘engaged

z Y ._ _\_. .. % s

N;rn.e_ Sl

Address_ _

Ciya o ™ S S

4 "'siaéciqi Fuition Bates to Members of Ar ed Forcess. oo
B, i g = Wi i H o, B xR TR e
[ & B B N B B B B B B B BB B B B B B B BN B B 3§ | ‘.
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LD THE BEOT—

knight-
kits

X
knight-kits

x*
knight=kits

EASY TERMS AVAILABLE

knight-kit INSTRUMENT VALUE

EXCLUSIVE “IN-CIRCUIT”
CAPACITOR CHECKER KIT

Y ““In-Circuit” Checker
Y “‘Magic-Eye" Indicator
Y Save Almost 60%!

Model Y-119

EVE

A tremendous aid to speedier, more prof-
itable servicing—and you save almost
609 over comparable factory-wired
units. Permits testing of capacitors
while they are wired in the circuits!
Simply press a button and the ‘‘magic
eye’’ shows opens and shorts (not leak-
age). Checks by-pass, blocking, coupling
and filter capacitors. Tests for opens
and shorts on any capacitor of 20 mmf
or greater capacity, even if it is in par-
allel with a resistance as low as 50 ohms.
Tests for shorts can be made on any
capacitor up to 2000 mfd, even when
shunted by as low as 20 ohms. 73{ x 514
x 5", With tubes, wire, solder. Shpg. wt.,
5 1bs.

Model Y-119. Net, F.0.B. Chicago $125¢

See our Supplement No. 165 for 21
other knight kit instrument values

SUPPLEMENT
featuring knight-kits
Send for our FREE Supple~
ment No. 165 featuring 45
great Knight-Kits, including
Test Instruments, Hi-Fi,
Hobbyist and Amateur kits.
Write for your copy today,

ALLIED RADIO

NEWS BRIEFS (Continued) |

system last November, with some of
them on the air in time for the Olympic
Games in Melbourne. Other countries
that inaugurated TV in 1956 were
Algiers, El Salvador, Iraq, Korea,
Portugal and Uruguay. Nicaragua had
a transmitter on the air for three
months but closed down after President
Somoza was assassinated and now has
no definite plans.

TV’s development behind the Iron
Curtain has been slow. Russia—in a
big expansion program—had 381 trans-
mitters on the air at the end of 1956.

Foreign TV is rapidly becoming a
big market for American equipment.
Almost all countries with TV systems
that have passed the experimental
stage are using programs filmed in the
United States and obtained from Voice
of America and private TV film dis-
tributors.

Calendar of Events

AIEE Southern District Meeting, April
3-5, Heidelberg Hotel, Jackson, Miss.
High-Fidelity Music Show, April 5-7,
Hotel Benjamin Franklin, Philadelphia,
Pa.

14th Annual Radio & FElectronic Com-
ponent Show, April 8-11, Grosvenor
House and Park Lane House, London,
England.

Annual Industrial Elsctronics Educational
Conference, April 9-°10, Illinois Institute
of Technology, Chicago.

Ninth Annual Southwestern IRE Con-
ference and Electronrics Show and Second
National Simulation Conference, April
11-13, Shamrock-Hilton Hotel, Houston,
Tex.

Convention of the Council of Radio &
Television Service Associations of Phila-
delphia and Delaware Valley, April 12—
14, Ritz Carlton Hotel, Atlantic City, N. J.
High-Fidelity Music Show, April 12-14,
Statler Hotel, Buffalo, N. Y.

London Audio Fair, April 12-15, Waldorf
Hotel, Aldwych, London, England.
Naticnal Symposium on Telemetering and
Exhibits, April 14-16, Sheraton Hotel,
Philadelphia, Pa.

Midwest Electronic Service Fair, April
12-14, Antlers Hotel, Indianapolis, Ind.,
sponsored by Indiana Electronic Service
Association.

International Symposium on Role of
Solid State Phenromena in Electric Cir-
cuits, April 23-25, Engineering Societies
ldg., New York.

Seventh Region IRE Conference and
Electronics Show, April 24-26, Balboa
Park, San Diego, Calif.

Eleventh Annual Spring Technical Con-
ference on Television, April 26-27, En-
gineering Society of Cincinnati Bldg.,
Cincinnati, Ohio.

8lst Convention of Society of Motion
Picture & Television Engineers, April
28-May 38, Shoreham Hotel, Washington,
D C

1957 Electronic Components Symposium,
May 1-3, Morrison Hotel, Chicago,
Fourth Annual Conference for Engineers
& Architeets, May 3, Ohio State Univer.
sity, Columbus, Ohio.

Pacific Northwest Instrumentation &
Automation Exhibit, May 9-10, Seattle,
‘Wash,

Microwave Ferrites andl Related Devices
and Their Applications Symposium, May
9-10, Western Union Auditorium, New
York.

National Aeronautical & Navigational
Electronics Conference, May 13-15, Day-
ton, Ohio.

Second Annual Industrial Nuelear Tech-
nology Conference, May 14-16, Museum
of Science and Industry, Chicago.

1957 Eleetronic Parts Distributors Show,
May 20-23, Conrad Hilton Hotel, Chicago.
(Rapro-ELECTRONICS  and GERNSBACK
LIBRARY will exhibit in Room 501.)
Closed show for manufacturers, repre-
sentatives and distributors. Admission
by badge only.

National Telemetering Conference, May
27-29, Hotel Cortez, El Paso, Tex.

| l
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"FOR
OUTSTANDING
PERFORMANCE
AND
TROUBLE-FREE
OPERATION YOU

CAN DEPEND ON

BENCO

T.V. EQUIPMENT"

A complete range of TV equipment for
hotels, motels and community systems.

SUPER-40—BROAD BANb AMPLIFIER

Completely new design—Four 75 ohm in-
puts, each separately controlled—Modified
cascode input, giving extremely low noise
figure—Most versatile ampli-

fier for present day conditions. $'I 'I 500
Total output up to 4 volts.

P. A.—SINGLE CHANNEL PRE-AMPLIFIER

The ultimate in head end equipment—=60
db gain—Extremely low noise, full A.G.C.
Exceptional results with sig-

nals as low as 50 $'I 3500
microvolts,

C. A—SINGLE CHANNEL LINE AMPLIFIER

Designed for re-amplification and distri-
bution of signals in community systemis—
Built-in A.G.C. eliminates eross-modula-
tion. Features absolute sta-

bility, trouble free operation, $'I ]500
and minimum maintenance.

S.P.A.—SINGLE CHANNEL PRE-AMPLIFIER

For head end of multiple systems. 40 db
gain—>built-in overload econ-

trol. Low noise cascode input. $5995
Economically priced at

Prices are for U.S. and Canada and are
suggested user net.

USE THIS HANDY COUPON

Benco Television Associates Lid.,
278 Bridgeland Ave.
TORONTO 10, Canada.

Please send me full information on
] Super ‘40" O
0O C.A. 0

Name .. et

Address . .........iiiiiiinnn...

City.

RADIO-ELECTRONICS



trains you at home to hecome
aProfessional TV Serviceman

You learn the time saving techniques,
methods used by top TV Servicemen

This is 100% learn-by-doing, practical training. NRI supplies all necessary
equipment, all tubes, including a 17-inch picture tube; and comprehensive
manuals covering a thoroughly planned program of practice. You learn how
experts diagnose TV receiver defects quickly. You easily learn the causes
of defects—audio and videe—and how to fix them accurately.

You get actual experience aligning TV receivers, isolating complaints from
scopc patterns, eliminating interference, using germanium crystals to rectity
the TV picture signal, adjusting the ion trap and hundreds of other valuable

Professional techniques.
UHF and COLOR Create
Growing Opportunities

To cash in on the present UHF and the
coming COLOR TV boom you’ll need the
kind of knowledge and experience NRT’s
Course gives. You'll get practice install-
ing front-end channel selector strips in
modern UHF-VHF receivers. You learn
UHF servicing problems and their solu-
tion. Mail the coupon now. Discover how
NRI’'s new course in PROFESSIONAL
TELEVISION SERVICING meets the
needs of the man who wants to get ahead
in TV Serviecing.

Not for Beginners

If you have some knowledge of Radio-TV
fundamentals, or have had some Radio
Shop experience or some Radio school
training, this course
IS FOR YQU. Mail
coupon today.
Address National
Radio Institute,
Dept. 7DFT, 16th
and U Sts., N. W.,
‘Washington 9, D.C.

r--——aﬁ———n--—m-—

17" Picture Tube, Components
for a TV Receiver, Scope,
Signal Generator, HF Probe—
all included in introductory
price under $200-Easy Terms

If you want to go places in TV servizing, you
will act quickly to find out what you get,
what you practice, what you learn and how
NRI's new course in Professional Television
Servicing will help you advance through A
hetter technical knowledge and training. See
pictures of equipment supplied, read what %~
you practice in hook offered FREE to am-
bitious men with some knowledge nf Radio
or TV fundamentals. Find out ahout this
ALL PRACTICE Professional TV Servicing

Course now.

16th and U Sts., N.W.
Washington 9, D.C.

COUPON BRINGS IMPORTANT : Please send my FREE copy of “How to Reach the Top in TV

Servicing.” 1 understand no salesman will call.

| Naiional Radio Institute, Dept. 7DFT,
o

-How TO

o I AW R R DR BN RNE N A

EACH THE ﬁ
—R"""""- ﬂ INFU T R AP s U | JRPIE NS SRR SN RV 10 Age. i
el Get this bovk and judge for yourself how this course will E AT dta 0 006 0 @6 0 0T tF70 808 dE L0600 680 8000 ofsi 0 a A6 6 A 80 & g RGP i 05 958G OEL
IN TV further your amb.tion ta reach the top in TV Servicing or E AGATEES v
| help to build a more secure husiness of vour own in TV.

WICING d Many of tomorrew’s top TV Servicemen . . . men who B0 B oo o5 o o 6 oo o 6 o o 8 S 010 13 0200 60 018 8 06 A 6P P g 80 Zone. .. ounn- State. ... ..

_SE‘ § can service any make, any model, UHF, VHT or Color l iy me ¢

B TV . . . will ke graduates of this training. Mail the B Appl’OVEd Wember National Home Study Ceuncil

coupon now., There is no obligation. B y
= O VR TS s e N ITD Wl BEE 0E S OBER NHE PR R e SN BRI
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the World’s Largest Mui(_er

¥ B B B of Automobile Antennas
y B , e —; | - \
w ‘ B H W presents... i
A
THE WORLD’S FINEST AND MOST COMPLETE LINE FOR 57

Giving You Super-Quality Features, Super-Qualjty Materials
and Super-Quality Construction in Every A_rftennu

TENNA MATERIALS
AND WORKMANSHIP
ARE GUARANTEED
FOR THE FULL LIFE
OF THE CAR!

TENNA BASES TENNA MASTS
e te Easiedt G Luaph,
o lllodnstll! | Fgst maces \Qiw Quatitys

TENNA CABLES

Moasts ore of heovy bross tubing Every Tenna Antenno is equipped

A

Toke your choice of Screw-Boll with spiit-

J with lustrous triple chrome ploting. with @ Rodor type high “Q"

washer or unique Boll ond Racker mounting

boses. Both mount eosily, quickly from the top.

Only one man needed. Soves time and money!

TENNA

Hoaudilus

With TEAR-DROP

Seoted gaskets prevent water

leakage.

Special lubricants eliminate rottla.

coaxial cable with polyethylene
insulation, fully shielded ond cove

ered with waterproof Vinylite.

TENNA Sworkle

FOR DUAL OR SINGLE REAR
MOUNT INSTALLATION

3 section, rear fin

antenno, beautifully

TENNA

Serew-Ball,

Tops 'em all for

MOUNTING BASE % chrome plated from bose to Mounting Easel
Available in % tip. Equipped with 15 ft. cable N |
e =] assures angulor
For front fenders, recr fenders ”DRESS—UP” AND /;:. with built-in 75MMF condenser, 33° adjustment for every cowl oc
of rear deck installation. ACTIVE MODELS Q@gﬂ“ﬁ\x‘ angle harmonizes with speed lines of modern fender contour. 30° Sweep
Famous “Screw-Ball mounting Packed in cars. Len. 107-27"", Bock.
bose. The “Split-Washer™ provides
Lovely Mod - i p
o . odel Description economical top-mounting by one
20° Sweep Bock. Dlsplay . oy
Model Sec. Len. Cable Carton > TRMD Single "Dress-Up" {no cable)
NT-3 3 237.57" 48™ TRM-27 Single Rear "Active” 15’ cable Model  Sec. len. Cable
N353 237577 180~ TRMT-A Dual Rear "Active” 22" cable €22 2 257497 36"
- %}F TRMT Dual Rear, One “Active’ 15" cable £2-3 3 23757 36~

o
WHonarck Concealed, De Luse Uncversal,
with "BALL & ROCKER”’ é COLLAPSES to 1" SIDE COWLS REPLACEMENT
MOUNTING BASE 1. WHEN LOWERED!

s All metal construction with Tenite MAST
Mounis entirely from outside. Boll & Rocker Mounting Base. insulators.
. Seamless shield tube reduces
Holds angular adjustment per- ) Detachable cable! with speed: Fits over broken portion of &ld
manently. 40° Sweep Bock, copacity losses. N PR
i) screw fitlings. masts.
bl Detochable radar type cable.
Model  Sec. len.  Cable Bl 40° Sweep Back. | - Allen wrench furnished ta tighten
2 Model Sec, Len. Cable
MH3B-56 3 237.577 36 4 set screws for easy installation.
MH3B-48 3 237.577 48" Model Sec. ien. Cable RAD-3 3 29770 36"
MH3B-54 3 237.577 547 FD-3 3 177.55" 48" RAD-4 4 297.927 36" Model Sec. Len.
- MH-3C 3 25".70" 36" [l FO-3A 3 97687 48" RAD-5 5 29727 367 RA-3 3 237.57"
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7580 GARFIELD BLVD.
CLEVELAND 25, OHIO
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It's New! Send for this

FREE

booklet today!

see

what the
rapidly
expanding

field of

ELECTRONICS

offers
you

e BETTER JOB
e BETTER PAY
e PROMOTION

GREATER
CONFIDENCE

BETTER
LIVING FOR
YOU AND
YOUR FAMILY

All these benefits can
be yours if you act
now! Take that first
big step this minute
—No obligation
whatsoever!

APRIL, 1957

GREATER SECURITY

TAKE A MINUTE TO MAIL THIS COUPON FOR FREE BOOKLET !

CAPITOL RADIO ENGINEERING INSTITUTE

ECPD Accredited Technical Institute Curricula Founded 1927
Dept. 144-D, 3224—16th St., N. W, Washington 10, D. C.

Please send me your course outline and FREE iliustrated Bock-
let "'Your Future in the New World of Electronics’ . . . describ-
ing opportunities and CREl home study course in Practical
Electronics Engineering.

CHECK \ [J Practical Radio Electronics Engineering
FIELD OF | [J Broadcast Radio Engineering [AM, FM, TV}
GREATEST | [] Practical Television Engineering

INTEREST [ Aeronautical Electronics Engineering H
Name s Age

R SO PO
Oy, o Zone State. e
CHECK: [] Home Study [ Residence School [J Korean Veteran

To help us answer your re-
quest intelligently, please
give the following informa-
tion:

EMPLOYEDR

weEoF T
PRESENT WORK .

schooL T
BACKGROUND

ELECTRONICS
EXPERIENCE. ..

TN WHAT BRANCH OF ELECTRON.
ICS ARE YOU MOST INTERESTED?




———garr s

This CHANGER tops

wow and flutter standards
for broadcast turntables

Thorens CD-43 record changer

“Under almost all conditions the unit was better than the NARTB
specification for broadcast reproducing turntables.”

That’s what C. J. LeBell of the Audio Instrument Company, an inde-
pendent testing lab, says about wow and flutter in the Thorcens CD-43
record changer.

Mr. LeBell tested threc sample changers picked at random from our
warchouse stock. Herc are the actual test figurcs for the worst of these
threc units:

Serial No. Line Speed No. Discs Wow -+ Flutter (%)
Voltage RPM on turntable RMS Peak
71185 120 33% 1 0.2 0.25
10 0.15 0.20
78 1 0.06 0.1
10 0.04 0.08
45 1 0.1 0.15

Note that only one measurement lies slightly outside the NARTB standards
limit of 0.2% peak wow. All other measurements on this changer were within
NARTB peak limits. Notc too that all the RMS measurements (prescribed by
American Standards Association and believed to be a more accurate index to
subjcctive effect) are well below this value. And, of course, these outstanding ~
results apply also to the Thorens manual player, audiomatic player, and tran-
scription turntable since they all use the same precision motor.

Now all Thorens units are covered by a 1-year guarantee. This new guarantee
plus tests like the above are your insurance that you are getting the best record
changer money can buy when you sclect a Thorens — whether it’s for yoursclf or
for your customers. See the Thorens CD-43 at your dealer’s today. 7.7

FREE! Send for booklet “Hi-Fi and Your Budget” to Thorens Company,
Dept. E4.7, New Hyde Park, N. Y. Don’t forget to include your name and address.

MUSIC BOXES

THORENS SWISS MADE PRODUCTS

HI-FI COMPONENTS « SPRING-POWERED SHAVERS -«

LIGHTERS
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THE DYNAFLEX RADIO
Dear Editor:
In the schematic diagram of my

Dynaflex receiver, published in the
February issue of RADIO-ELECTRONICS,
a .005-pf ceramic capacitor should be
shown connected across the primary of
the audio output transformer T5.
Apparently this capacitor was inad-
vertently omitted in my original draw-
ing of the circuit. It is needed to give
an optimum balance to the audio output
and to prevent a slight tendency toward
parasitic oscillation. This tendency will
be most noticeable to a critical listener
as a slight breaking up of high-fre-
quency audio peaks. Such a capacitor
is used across the transformer of many
pentode or beam type power output
stages and is especially desirable in the
case of the 6CL6 because of its high
transconductance.

This information will help your
readers to build a better Dynaflex.
Thus, I would appreciate your publish-
ing it in RADT0-ELECTRONICS at the
earliest possible date.

FrANK H. TOOKER
Lakehurst, N. J.

STABILIZING A RADIO
Dear Editor:

I have found that temperature
changes cause a detuning effect in the
receiver described in my article “Tran-
sistorized Radio Has Rf Stage,” on
page 104 of the November, 1956, issue

vi
[oc)
)
r’\;\ll\l—‘-—- -"ﬁf“r - s
= 3 LBK
10K

of RADIO-ELECTRONICS. This can be cor-
rected by using conventional tempera-
ture stabilization. Simply change R1 to
10,000 ohms and add R4 (1,800 ohms)
as shown.

J. E. PucH, Jr.
Menominee, Mich.

HIGHSTONE IS RIGHT
Dear Editor:

I would certainly like to shake the
hand of H. A. Highstone for his excel-
lent article “Voice of the Future” in
the January issue. It shows clearly
how miserably the manufacturers have
failed to think of the service technician
and how intent they are on producing
anything that will make an extra buck
for their own pockets.

Truly, 959 of the 66 and ’57 models

RADIO-ELECTRONICS



Dealers Prove
Winegard ('ohb'cep'fﬁb

ELLS BEST!

Thousands of dealers have proved conclusively .
that the Winegard Color ‘Ceptor outsells any  § o -
comparable TV antennal This is the simple test - E
that has convinced them: They've shown their . all 12 VEF c".m’e’
customers the glistening gold-anodized Color ) N it =
‘Ceptor right alongside competitive types . . . S, . Recepition For Both
and, when given the chance to choose for & b Bhtk-nidlllhile
themselves . . . the vast majority of their cus- 5\ .

tomers mvunably selected the Color ‘Ceptorl aad ‘Color
The explanation’s simple!l’ Eye appeal is what
clinches the sale. Your customers are no dif-
ferent than you. They are used to buying
products that present a finished, quality ap-
pearance. They instinctively reject an item
that is dull, drab and lifeless.

Anodizing Is Much More Than a

Mere Beauty Treatment Each gold Color Tipter
The diamond-hard toughness of this anodized | you install helps =ll an-
finish provides positive resistance against cor-
, other. Onae folks see
rosion—prevents the Color ‘Ceptor from ever 'd
turning black and ugly, and locks in, perman- these br 9“_ e
ently, all the superb performance engineered ternas sprauting up n
into the Color ‘Ceptor. You can sell this § their neichborhooc, they
longer-life feature as a big advantage—and it wan't be . safisfiec unil
g g ‘ .
makes real sales sense to your customers. i taey own dhe, gold an-

Second to None in Performance ; tarna, tool
A Winegard Antenna broke all long-distance g
reception records in 1956 (see Radio-Electronics
Magazine, Jan. '57). Equipped with optional
signal-boosting Power-Pack and patented
“Electro-Lens* focusing, the gold-anodized
Color ‘Ceptor is unbeatable for long-distance
reception . . . and clear, watchable pictures.

Black-and-White or colorl If the Winegard
Color 'Ceptor won’t bring in a station you
want to see . . . nothing willl

Lew Band High Bamd

Free Display Creates Sales Boom!
Here’s the display that has sold thousands of
Color ‘Ceptors for dealers all over the nation,

By getting the beautiful gold Color ‘Ceptors H:!
out where folks can see them . . . dealers are 1789 Giiziz 2

building antenna sales volume they never ' ’- Gﬂlll Chart
realized existed! In fact, many dealers report \ .
they are now making more money selling : ; o cLax Wlﬂl NWBI'-PC'(
Winegard antennas than they are on TV sets!
Get Full Information Now!
Don’t you think it's time you shared in the
spectacular success of America’s most-wanted
TV antenna? The coupon below will bring you
eye opening details. Mail it today!

___________ ——=
' @W’ negard company

tdor'( tor Colox'Cepior
Model CL- 4)( —$44.90 - -Niodel CL-4 — S29.95

Dept. A 4, 3000 Scotten Blvd., Burlington, lowa
ff Color Leptor wont orirg in a sfotion ycu wark to see

Name

- -« ncthing will Winegard Colér Ceplors are caniis

1 Exclusive Colm‘cepﬁ'lfewlﬂre\s : . tently ocvertised- n leadiig nofioadd
magazinss. your sustomers.readl

[ Please rush me free d-color descriptive literature
on your gold-anodized Color 'Ceptor and informa-
i di A J i
fon on display material, ® Conpletely -ron-corrosive gold-unodized finish.
@ Power Pack—up tc 47 1% more s2nsiSviy.

® Pat.”Hectro-Fers”* -<learer p chures ot crecter distance. -

30CO 3cittan Blvd, Burlingmon, ‘lo‘sva.. 3 3 e F > =
Cable Address: Western Unien .RWCO *Pal-No/%,700,185 " Copyticht BSR, e

Company.

Address

|

|
| |
I |
I |
| |
| I
| O3 ’'m interested in the complete line of new 1957'
| Winegard antennas. |
| |
I |
I I
I |
| ¢ |

i
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“BUILD THE BEAT—
suio ALLIED’S oww

knight-

kits

Here is a typical Knight-Kit value—
available only from ALLIED—one of
45 great Knight-Kits you'll find
in our special Supplement No. 165.
Write for your FREE copy today.

knight-kit HOBBYIST VALUE
PHOTO-ELECTRONIC RELAY KIT

Model $'|350

Y-702

Build your own modern, dependable photo-
electric system at low cost! System con-
sists of relay kit and light source. Ideal as
counter, announcer, burglar alarm (can be
set to ring bell continuously when beam is
broken) and for hundreds of other uses. An
ultra-sensitive system, easy to assemble
and capable of professional results.

Relay Kit Only. SPST contacts, rated 1 amp.
Supplies 6.3 v. at 0.6 amps for alarm,
counter, etc. Max.. counting rate: 600 per
minute. Uses sensitive gadmium selenide
photocell. Usable distance from light source
below: White, 250 ft; deep-red filter, 125 ft.
With 5696 thyratron tube. Size, 5 x 8 x 5”.
Shpg. wt., 214 lbs. $195

Model Y-702. Net, F.O.B, Chicago. . ]3 ¢

Light Source Kit Only. Sealed-beam bulb;
capped filament; removable dark red filter.
6 x 6 x 4”. Shpg. wt., 314 lbs.

Model Y-703. Net, F.O.B. Chicago. . . $67°
OTHER knight-kit HOBBYIST VALUES

WIRELESS 50 W/SEC. ELECTRONIC
BROADCASJE!? KIT PHOTOFLASH KIT
Y-705 $Q30 Y-244 $2850
PHONO PHONO
AMPLIFIER KIT OSCILLATOR KIT
Y-790 $§95 Y-760 $585

See our Supplement No. 165 for 12
other knight=kit hobbyist values

SUPPLEMENT
featuring knight=kits

Send for our FREE
Supplement No, 165
featuring 45 great
Knight-Kits, including Test
Instruments, Hi-Fi, Hobbyist
and Amateur Kits, Write
for your copy today.

ORDER FROM
'~ ALLIED RADIO

Dept.02-D7, 100 N. Western Ave., Chicago 80, lil.
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CORRESPONDENCE (Continued)

are so jammed together you have to be
double-jointed to be able to get at any
of the parts. I might even have to quit
if it were not for my Handy-Dandy
Jiffy Canopener which I find indispens-
able for the new steel-cabinet models.
“Trusting you are the same.”

JouN EDpWARD GREGOR
Union City, Pa.

THE TECIHNICIANS’ BURDEN
Dear Editor:

I enjoyed Mr. Highstone’s article
“Voice from the Future,” in the Jan-
uary issue. I wholeheartedly agree with
his sarcastic innuendoes concerning TV
manufacturers’ difficult placement of
parts. When I began servicing, the
physical labor required was not too
great. Lately, however, it has become
necessary to carry: test equipment
such as a tube tester, a vtvm and a
tool box weighing 25 pounds and con-
taining all types of socket and screw
drivers, 20 or more types of fuses,
solder and a gun, two types of cheater
cords, corona dope, a syringe, a paint-
ers’ brush, bits of wire, assorted com-
ponents, a huge variety of tube sockets,
various ion trap magnets, a supply of
open-end wrenches, alignment tools, a
pair of scissors, a penknife, cutters
and pliers (long and short nosed), a
variety of knobs, springs, glue, files,
long and short tweezers, various exten-
sion leads for the yoke, picture tube
and high voltage, a neon light, etc.

Add to this a rejuvenator, a huge
supply of 300-, 450- and 600-ma tubes,
lead-in, ete., and it adds up to a heavy
load. And much of this is due to manu-
facturer’s placement of parts and
chassis construction.

NATHAN SHAPIRO
Downsview, Ont.

A TV OWNER COMMENTS
Dear Editor:

I have read several letters by H. M.
Layden (and others in the same vein)
about TV service, criticizing TV owners
and part-time service technicians, whom
some of the writers seem to think of
as scabs.

There are some very nice, capable,
reasonable, likeable fellows in the full-
time service business. We TV owners
appreciate them and pay gladly for
their dependable service. But there are
far too many of the other kind!

My TV needed some attention, so I
called a local shop. When their so-
called TV expert stepped into my home,
his first crack was: “You surely don’t
like the way that TV is operating, do
you?” and proceeded along the same
lines. He pulled the chassis, kept it
about a week and returned it with a
$20 charge. Hooked it up, turned it
on and left after telling off some of
those “scabs.”

I could not see that the set was
working any better than when he took
it away, so after a few nights I called
one of those part-time guys with a

(Continued on page 22)

Birds of a feather
flock together,
And so will pigs
and swine;

Rats and mice

will have their choice,
And sowill T
have mine.

My choice is Norelco,
Speakers, of course,

The reason I'm honored
to tell;

Few other speakers are
quite as true, —.

Or will please you \
half as well.

/M)re/co 359‘:%?/ Speakers are avail-

able in 57, 8” or 12” sizes in standard
impedances. Priced from $6.75 to
$59.98. Blueprints are available for
the do-it-yourself enclosure builder.
Norelco Enclosures are available in
three sizes, priced from $33.75 to
$119.95.

ADD TO...and improve any sound

system with /Vore/co ©
*FULL RESPONSE SPEAKERS

Write today to Dept. D-4 for brochures
and prices of these unique speakers,

NORTH AMERICAN PHILIPS €O., INC.
100 E, 42nd St., New York 17,N.Y,
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t. C. Lane, BS.,, M.A.
President, Radia-Tele-
vision Training Asso-
ciation. Executive
Director, Pierce Schocl
of Radio & Television.

NO PREVIOUS EXPERIENCE NEEDED — study AT H@ME in your SPAEE TIME

Next to the atom and hydrogen bombs, the biggest and hundreds more to be built; more than 40 million

Soon

noise being made today is by the booming radio-
television-electronics industry.

Now, while the boom is on in full force, is the time

sets in the country and sales increasing daily.
moderately priced color television sets will be on the
market and the color stampede will be on.

for you to think about how you can share in the high
pay and good job security that this ever-expanding field
offers to trained technicians.

All these facts mean that good jobs will be looking for
good men. You can be one of those men if you take
advantage of my fraining now — the same training that

Just figure it out for yourself. There are more than 490 has already prepared hundreds of men for successful

television broadcasting stations operating right now  careers in the radio-television-electronics field.
) R o o No experience necessary! You learn by practicing with professional equipment RADIO-FM-TV
- YOU GET ALL i i NICIAN
/ 4 | send you. Many of my graduates who mow hold down good paying technician TG E
# THESE IN THE g INING

jobs started with only grammar school ftraining.

If you have previous Armed Forces or civilian radio experience you can
finish your training several months earlier by taking my FM-TV Technician
Course. Train at home with kits of parfs, plus equipment to build YOUR OWN
TV RECEIVER. ALL FURNISHED AT. NO EXTRA (OST!

After you finish your home study training in the
Course or the FM-TV Technician Course you get two weeks, 50 hours, of
intensive Laboratory work on modern electronic equipment at our associate
school in New York City, Pierce School of Radio & Television. NO EXTRA COST.

MV
TECHNICIAN
TRAINING

Radio-FM-TV Technicion T riT e,
TRAINING IN NEW
YORK city AT

NO EXTRA COST!

Super-Het
Radio Receiver

AF-RF Signal Generator .
ﬁ,mm&

Transm ter

Public Address
| ﬁ System
v‘ - & "
)‘% Epry
&

With our TV Studio Technician Course (Advanced training for men with previous radio or
TV training or experience) | train you at home for an exciting top-pay job as the man
on location”

TV STUDIO
TECHNICIAN,
TRAINING

behind the TV camera. Work in the TV studios or *
Optional N.Y.C. additional training.

at remote pick-ups!

Combination Voltmeter-
Ammeter-Ohmmeter

My School fully approved to frain Veterans under new
Korean G.1. Bill Don't lose your school benefits by
| waiting too long. Write discharge date on Postage-Free
cord below.

T3> SEE OTHER SIDE 15~

rCUT OUT AND MAIL TOBAY! POSTAGE FREE! oom mis vmm mum mem se= e sea s

RW

LEARN BY DOING—As part of your training I give you the equip-
ment you need to set up your own home service shop nnd prepare for o
BETTER-PAY JOB. You build and keep a Television Feceiver designed to take
any size +picture tuhe up to 21-inch, (10-inch tubz furnished. Slight extra
cost for larger sizes.) ... also a Super-Het Radio Reteiver, AF-RF Signal Gen-
erator, Combination Voltmeter-Ammeter-Chmmeter, C-W Telephone Trans-
mitter, Public Address System, AC-DC Power Supply. Everything supplied,
including all tubes.

NO STAMP NEEDED!

WE PAY POSTAGE!

‘*“M—m

/smm Ltssnu
EARN WHILE YOU LEARN —Almost from the very start you can Decr Mr. Lane: Send me your NEW FREE BOOK ond FREE

SAMPLE LESSON that will show me how | can make TOP

l

|

i

i
earn extra money while learning by repairing radio-TV sets for friends and I MONEY in TELEVISION | understand | am under no ob-
neighbors. Many of my students earn enough from spare time earnings to | ligation- (PLEASE PRINT FLAINLY}
pay for their entire training ... start their own profitable service business. | '
FCC COACHING COURSE—Qualifies you for Higher Pay! Given to I Nome Age
all my students AT NO EXTRA COST. Helps you qualify for the TOP JOBS in |
Radio-TV that demand an FCC license! Full training and preparation at home I
for your FCC license. Addresy

i

City Zone._ State

| AM INTERESTED IN:
[] Radio-FM-TV Technicion Course
] FM-TV Technician Course
B [] TV Studio Technician Course
1 Color-TV Course

~adioéTeIeV‘isionTraining Association :
52 EAST 19th STREET e NEW YORK 3, N. Y.

Licensed by the State of New York ® Approved for Veteran Training I (send me Color-TV Brochure only)

VETERANS!

| Write discharge date
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COLOR-TV TECHNICIAN COUR

(advanced training far men who have had radio and TV experience)

Color television receivers will demand installation, set-up,
adjustment and servicing by highly trained specialists — train-
ing and skill which you can acquire in your spare time, at
home through RTTA’s up-to-the-minute COLOR TELEVISION
TECHNICIAN COURSE. All of the latest information and
methods for the servicing and maintenance of all color TV
receivers and equipment. Trains you thoroughly, accurately
and reliably. You will be on a par with the best, anywhere !
To qualify for this specialized training it is necessary to
have had previous radio, television training or experience.

The step-by-step approach found so successful in teaching our
Radio-FM-TV Course, FM-TV Technician Course and TV Studio
Technician Course is used in this new, up-to-the-minute COLOR
TELEVISION TECHNICIAN COURSE. With the RTTA way, you
set your own pace for learning—as rapidly or as moderately
as suits your own personal convenience. Lessons are written
in easy-to-understand language that everyone can follow. They

Service dealers throughout the U.S.
will soon be able to learn Color
Television from the best available
- information.

The selection of RTTA’s COLOR TELEVISION COURSE
by Sylvania Tube Division, one of the nation’s top
manufacturers of receiving tubes and picture tubes
is an added assurance to you of the tremendous value
of this course. We are proud of this endorsement by
Sylvania. It indicates the outstanding merit of the
RTTA course. We know that a company such as
Sylvania which has earned its fine reputation over the

are illustrated throughout enabling you to grasp the full mean-
ing of concepts immediately.

The course begins with an introduction to the Laws of Color
and defines the differences between the transmission and
reception of black-and-white and of color television. Starting
at the transmitter you are guided through the development of,
and transmission of, the composite Color TV signal. With an
over-all view of how the receiver functions each circuit is then
analyzed. A knowledge of how Color TV circuits work, both
as individual and as cooperative units in the receiver, pre-
pares you for all future developments in the field of Color TV.
You also receive thorough instruction on test instruments,
alignment, as well as servicing. The RTTA Color TV Course
teatures all of the latest information.

For a complete description of the course, send today for your
FREE copy of the RTTA COLOR TV Course Brochure.

SLYVANIA SELECTS RTTA’s COLOR TELEVISION COURSE
FOR ITS EDUCATIONAL PROGRAM

years through the high standard of its products and
through leadership, would extend such recognition
only after careful cooperation and examination by its
staff of experts and engineers. They concluded that the
RTTA course offers the best opportunity of studying
Color Television on a practical basis—to fearn the
subject thoroughly.

The Color Television Technician Course is being
made available to authorized Sylvania Dealers
throughout the 48 states who are interested in expdnd-
ing their knowledge and experience in Color TV
servicing.

<%, J. SEE OTHER SIDE <%_]

"™ CUT OUT AND MAIL TODAY! POSTAGE FREE! === === sme mm mem co= e s . |

FIRST CLASS
Fermit No. 62058
(Sec. 34.9, P. L. & R.)
New York, N.Y.

I AN INTRODUCTION TO COLOR

2 FORMATION OF THE COLOR SIGNALS

3 THE CHROMA SIGNALS

4 GENERAL OPERATION OF THE COLOR

TELEVISION RECEIVER

5 PICTURE TUBES FOR COLOR TELEVISION
RECEIVERS — PART |

6 PICTURE TUBES FOR COLOR TELEWVISION
RECEIVERS — PART |11

7 DETAILED OPERATION OF THE COLOR
TELEVISION RECEIVER

8 THE CHROMINANCE CHANNEL

9 COLOR TELEVISION CIRCUITS — PART |

10 COLOR TELEVISION CIRCUITS — PART I!

BUSINESS REPLY CARD

No Postage Stamp Necessary if Mailed in the United States

POSTAGE WILL BE PAID BY

O D IS Sam O NS S S

RADIO-TELEVISION TRAINING ASSOCIATION === 11 ADJUSTING THE COLOR TV RECEIVER
RIS R 12 COLOR TV TEST EQUIPMENT &
52 EAST 19th STREET, Depf. AB-2 e '3 TROUBLESHOOTING THE COLOR TV RECEIVER §f
R 14 SERVICING PROCEDURE S
NEW YORK 3, N.Y. e SEND FOR YOUR ENROLLMENT

APPLICATION TODAY!




What kind of men develop microwave highways?

ﬂ>— | The great microwave systems that relay telephone conversations along with

4\ television programs from coast to coast will have to work harder than ever to meet

L{ growing demands for service. But at Bell Laboratories scientists have been making

/ \\;'.I important advances in the art of microwave communication. These advances are

— being applied in the development of a new and more efficient system in which

Z Yl single beams of microwaves will carry simultaneously many more telephone con-
{.// versations and television programs than is now possible.

|'I'7 < The development of the new system demands the varied skills of men in many

I fields of science and engineering. Just a few of the specialists necessary are . . .

PHYSICISTS like J. A. Weiss, Ph.D. in Physics. Ohio State, to harness the
properties of ferrites in new ways for hetter control of the transmission of

micrm\'a\'es.

MICROWAVE ENGINEERS like P. R. Wickliffe, M.S. in E.E, M.LT., to
design new circuitry. Microwaves must be conducted, controlled and ampli-
fied through waveguides which resemble pipes.

MECHANICAL ENGINEERS like W. O. Fullerton, B.S. in E.E., Towa State.
to embody new principles in designing the many structures and devices used
in microwave telephony —with all parts feasible to manufacture, practical to
install and easy to maintain.

SYSTEMS ANALYSTS like J. P. Kinzer, M.E., Stevens Institute, for over-all
system planning and prediction. Mr. Kinzer works with numerical quantities
and characteristics to predict on paper the performance of an operating
system. What will it do? How must it perform to meet the needs?

ELECTRONIC ENGINEERS like B. C. Bellows, B.E. in Engineering, Cornell,

’ equipment to protect against failure.

for the development of “watch-dog’
Protective devices must operate automatically in split seconds to maintain

uninterrupted service.

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT
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Since 1914, General Industries precision built phonomotors
have powered the phonograph turntables of the world. To-
day, a complete line of speeds and types are available for
any phonomotor application. For quality, dependability and
economy, it paysto..,

RELY on GI pHoNOMOTORS

® ® ® 09 00 ¢ e @ 00 P e W e O O S Ot OO GO OGS ® & © 0 00 000 @0 o e

MODEL DR
2-speed
4 pole motor

MODEL $S3 — 3 speed
MODEL SS4 — 4 speed
2-pole motor

Single speed
2-pole motor

® © 9 0 ¢ 0 @ 00 0 9 e o ® 0 ® o 0 @ ® 0 9 ¢ 0 0 o ® 0 00 & o0 0 0 9 0 0 a

MODEL RM4 — Single speed,
4-pole motor

MODEL DSS
3 speed, 4-pole

MODEL D-10 4-pole shadad
motor

?o|e A.C. induction type
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.
e or tape or disc recorders.

......................

the GENERAL INDUSTRIES co.

DEPT. GR L

ELYRIA, OHIO

LOOK Wiat RAPIOELECTRONICS 145

n3tore for you in the Months 2head |

e e b e e o . - - & .

© How to Build a Short Wave
Transistor Receiver

2 Build a Light Meter for
Electronic Flash Photography

© Easily Built, Low Cost
Remote Amplifier

® Practical Slant on Color TV
Servicing

® Texas Towers Guard
Qur Coasts

® Transistorized Oscilloscope
Calibrator

The MAY issue of RADIO-ELECTRONICS goes on sale April 25 at al! better parts distributors and newsstands

SUBSCRIPTION RATES
One year $4.00 Two years $7.00

Three years $9.00
RADIO-ELECTRONICS

154 West |4th Street, New York II, N.Y.
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I CORRESPONDENCE  (Continued from p. 18)

regular job. He checked the chassis
thoroughly here on the floor, replaced
resistors and tubes and left the set in
such good condition that I gave him a
$56 bonus over his charge (which with
the bonus was still less than the $20
the smart-aleck “professional” had
charged me).

I would suggest that Mr. Layden
contact a few such part-timers and get
them to give a few lessons in diplomacy
in the home to these smart brow-beat-
ing men they send out to service
people’s sets. We TV owners are tired
of this criticism of part-time (and our-
selves) because we are frustrated with
the bum service we have received from
professional dubs who often know little
more about servicing TV than we own-
ers do and whose real trade seems to
be driving customers away by their
high-handed methods.

How about a few more letters from
owners? Am I the only one who feels
this way?

A. H. STEWART
Bloomington, Ill.

GROUNDED OUTLET BOXES
Dear Editor:

I was interested to note C. L. Van
Liew’s and your comments regarding
three-wire line plugs on page 12 of the
February issue. You both have good
points.

However, Mr. Van Liew states, «. . .
the great majority of residences and
many other buildings are wired with
either open wiring or nonmetallic cable.
With these types of wiring you will find
that the outlet box is merely grounded
to dry wall and nothing more.”

On the contrary, there are many
nonmetallic cable installations in which
the system is grounded, the cable in-
cluding a separate ground conductor
for connection to boxes and other units,
thus bonding the whole system.

MAURICE PEACOCK, JR.
Radnor, Va.

LICENSING THE FIRST STEP
Dear Editor:

Bill Mattingly’s letter in the January
issue highlights a situation that has
long been with us but which now has
become acute. I mean the crying need
for a strong, united front of working
techs to safeguard their valid interests
and to speak with one voice in pre-
senting their views. Many of us, for
this reason, have day in and day out
stressed the need for licensing as the
first step in forming an organization
truly representative of competent and
ethical technicians. Perhaps this latest
threat, manufacturer’s service, will be
the spark to ignite the flame of cohesion
so lacking in our field. I sincerely hope
so. But, first things first. Licensing
is the logical first step, which can and
will lead to higher ones.

HARrY M. LAYDEN
END

New York, NY.

RADIO-ELECTRONICS



ALLIED RADIO
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the only COMPLETE catalog
for everything in electronics

(ol Moat Complote Stovke,

# Latest Hi-Fi Systems and Components SUPER-VALUE knight-kits

FEATURING

e Super-Value KNIGHT-KITS The very finest electronic equipment
® P.A. Systems & Accessories ® Recorders & @) in money-saving kit form —Test In-
$ lies o TV Tub Ant A . struments, Hi-Fi Kits, Ham Kits,

upplies ubes, Antennas, Accessories Hobbyist Kits. Easiest to build and
e Amateur Receivers, Transmitters, you SAVE MORE!

Station Gear e Test and Lab Instruments
e Specialized Industrial Electronic

Equipment e Huge Listings of Parts, Tubes,
Transistors, Tools and Books . ..

EVERYTHING IN HI-FI:

World’s largest selection of quality
Hi-Ficomponer.ts and complete music
systems. MORE PEOPLE BUY THEIR
HI-FI FROM ALLIED THAN ANYWHERE
ELSE IN THE WORLD!

Get ALLIED’s 1957 Catalog—it’s complete,
up-to-date—356 pages packed with the
world’s largest selection of quality elec-
tronic equipment at lowest, money-saving
prices. Get every buying advantage at
ALLIED: fastest shipment, expert personal
help, lowest prices and guaranteed
satisfaction . . .

EASY-PAY TERMS:

Only 109%, dowa, up to 18 months to
pay. Available on orders over $45.
Fast handling—no red tape.

ALLIED RADIO CORP., Dept. 2-D-7

send for the Ieadmg electronic supply guide
100 N. Western Ave., Chicago 80, lll.

[1 Send FREE 356-Page 1957 ALLIED Catalog

i
1

ALLIED RADIO |

World’s Largest Electronic Supply House
APRIL, 1957
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PHOTO BY ALLAN D CRUICKSHANK

Another reason why today’s fastest
selling high fidelity record changer is %N
* Simple Installation —

the pre-wired audio cable and

the power cord with standard plugs eliminate
need for making solder connections.
Pre-cut mounting board

available.

IS\ 7. For other features and new popular price, see your hi-fi dealer or write Dept. PD-16
W ROCKBAR CORPORATION 650 Halstead Avenue, Mamaroneck, N. Y.



RCA INSTITUTES, INC.

A SERVICE OF RADIO CORPORATION of AMERICA
350 WEST FOURTH STREET, NEW YORK 14, N.Y.
In Canada—RCA Victor Company, Lid.,
5001 Cote de Liesse Rd., Montreal 9, Que.

APRIL, 1957

The instruction you receive and equipment you
get (and keep) will start you on your way. Pay-
as-you-learn. You pay for only one study group
at a time. This 52 page book contains complete
information on Home Study Courses for the be-
ginner and the advanced student.

RCA Institutes, Inc., Home Study RE-47.

350 West Fourth Street New York 14, N, Y.
Without obligation, send me FREE CATALOG
on Home Study Courses in Radio, Television
and Color TY. No salesman will call.

NOME oot e it e e
Please Print

Address. ...

City . ... .. lone . State . . ...
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Let’s take a look at this problem: A condition such
as this can exist only when there is no signal reach-
ing the picture tube or the audio output stage. Using
the Tuner Service data (found in every pHOTOFACT TV
Folder), first isolate the trouble by connecting an am-
plitude-modulated signal to the mixer-grid test point
“D.” The appearance of one or more black bars on
the face of the tube would indicate that the trouble is
probably in the tuner. So look for the following pos-
sible causes:

1. Defective oscillator-mixer tube

2. Defective RF amplifier tube

Open plate-load resistor in the oscillator stage

3.

4. Failure of the feedback capacitor in the
oscillator stage

5. Open decoupling resistor

6. Dirty or faulty contacts

7. Cold solder joint

Using the applicable PHOTOFACT Folder you can trouble-
shoot and solve this problem in minutes. Here’s how :

Check the oscillator-mixer and RF amplifier tubes. Tubes
okay?—then: Check voltages on the tube pins (they're
right on the schematic) for open oscillator plate-load

(Based on an actual case histary taken from the
Howard W. Sams book "' TV Servicing Guide')

resistor, open RF decoupling resistor, faulty feedback
capacitor, dirty switch contacts or cold solder joints.

Every pHoTOFACT Television Folder contains complete
detailed information on Tuners, including separate Sche-
matics, separate Keyed Chassis Photographs, Parts Lists,
Alignment Points, Test Points, and Field Service Adjust-
ments that will help you quickly locate the proper parts
to replace and tell you how to do a touchup or thorough
alignment job after making the necessary repairs. These
features are a plus exclusive in PHOTOFACT.

Whatever your problem or favorite servicing procedure may be—you will always find all of the infor-
mation you need at your fingertips in PHOTOFACT. For only *2%2¢ per model, PHOTOFACT helps you
solve your service problems in just minutes — helps you service more sets and earn more daily !

|
MONEY BACK @1

- GUARANTEE! )

Got a tough repair? Try this—at Howard W. Sams’
own risk: see your Parts Distributor and buy the
proper PHOTOFACT Folder Set covering the re-
ceiver. Then use it on the actual repair. If PHOTO-
FACT doesn't save you time, doesn't make the job
easier and more profitable for you, Howard W.
Sams wants you to return the complete Folder Set
direct to him and he'll refund your purchase price
promptly. GET THE PROOF FOR YOURSELF—
TRY PHOTOFACT NOW!
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PUBTBFACT TOLDERS
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FOR SERVICE
TECHNICIANS ONLY

Fill out and mail coupon
today for Free subscription
to the Sams Photofact Index
—your up-to-date guide to
virtually any receiver mode!
everto comeinto yourshop.
Send coupon now.

*Based on the average number of models covered in a single set of PHOTOFACT Folders.

HOWARD V

1 Howard W. Sams & Co.,

inc.

| card) is attached.
O I'm a Service Technician; O full time:

My Distributor is:

MS & CO., INC.

| 2205 E. 46th St. Indianapolis 5, Ind.
iy I O Put me on your mailing list to receive the Sams Photo-
| fact Index and Supplements. My (letterhead) (business

O part time

Aftn:

Address:

t
1
i
1
1
1 Shop Name
1
1
1
1
!
1

b o e o e e o e e
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MR. SERVICE-DEALER:
YOU CAN MAKE $6* EXTRA on / OUF
SERVICE QMI.S

’ﬂ TAI{E the JED ] V[aﬂlc Genle w1th you in your 2 USE the Magic Genie to check the picture
tube caddy on your next serviee call. after you have serviced the set. Your
It’s convemently small and compact. customer is sure to ask about it.

ez

7 your " customer how much more B the wy dipoles ro-
3 S}IO beautiful the Magic Genie locks than @ DEMONSTRATE tate and adjust in
the old ugly indoor antenna sitting cn top of her TV set. any direction for powerful black and white and color
reception.

Send Coupon for Free Magic Genie Money-Making
Sales Kit and Name of Your Nearest JFD Distributor!

-
|
|
!
JFD Electronics, Inc. I
6102-16th Avenue |
Brooklyn 4, New York |
Okay! Il
! want fo see how the Magic Genie can make money for me. |
Send me your free kit and the name of my distributor. |
|
|
|
|
|
|

R ; Name
5 C LINC H the sale by pointing out the Magic Address
J J
Genie unconditional money-back
City. Zone........ State..orienereeas

guarantee backed by JFD’s 28 years of electronic know-

how. L o e e e ————— ———

. EL.ECTRONICE, INC.

NATIONALLY ADVERTISED AT $17.95 tionall
PIONEERS IN ELECTRONICS SINCE 1929 promonons’y $7 4,95

priced at
Call your JFD distributor for your Magic Genies and start earning that extra money now. It’s so easy.
APRIL, 1957 27




Have you seen your
Independent Service
advertising campaign?

PICTURE TUBES DO
GET DIRTY! 8O GALL YOUR
INDEPENDENT SERVIGE-
DEALER AND...

Have your
Picture Tube

o B

cleaned today!

Just like windows and mirrors, the inside of the glass front on your TV set gets
dirty. And the face of your picture tube — the TV screen — gets even more fogged
up with dust and dirt, smoke and fumes. See for yourself. Have your picture tube
cleaned today. You can’t imagine how much clearer . . . brighter . .. and more enjoy-
able your TV picture will be!

CALL YOUR INDEPENDENT SERVICE-DEALER
FOR HIS SPECIAL “PICTURE TUBE CLEAN-UP.”

He is your neighbor. He pays taxes in your community. H s children go to the same
schools and churches as yours. And he knows his standi 1g and reputation depend
upon the care and thoroughness with which he services your community’s radio and
television sets. What is more, he is trained to service any make of set. So patronize
your neighborhood independent radio and television service.dealer.

© CBS-HYTRON, Danvers, Mass.
A Division of Columbia Broadcasting System, Inc.

O
G OGFIT G

4 Guaranteed by
od Housekeeping

&
"
20045 apyramso o

This emblem is one way to
identify your independent
radio and television

Ask him for CBS tubes. There are service-dealer. Look for it.

no better tubes made . . . and CBS
tubes have this seal.

28

Advertisements like this are appearing
every month in all local editions of TF Guide
- - » telling millions of TV set owners why they
should call their neighborhood independent
service-dealers. ’

Ask your CBS Tube distributor how you can
have your name, address and telephone number
listed on adjacent pages in your local edition.

Join with other independent service-dealers

. . independent parts distributors . . . and CBS
Tubes. Working together, let’s build a strong
independent service industry.

Identify yourself as an Independent Service-
Dealer. Arrange for your TV Guide listing.
Get the tie-in material and use it: Independent
Service-Dealer decalcomania. . . window display

. . newspaper mats . .. postal cards... door
knob hanger . . . and consumer booklet,

Tie In Today! Ask your distributor for your
TV Guide listing . . . your display . . . and other
supporting material. And for free, 4-page
PA-131 fyer giving complete details on how you
can profit by your independent service program.

Remember: Your continuous purchases of
CBS tubes make this independent service-
-dealer campaign possible. So help keep it going.
Say, “I want CBS tubes!”
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~" Guaranteed by 4
Good Housekeeping

"
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5
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CBS-HYTRON, Danvers, Massachusetts
A Division of

Columbia Broadcasting System, Inc.
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NEW!12-WATT W-iliamson-type HIGH
FIDELITY INTEGRATED AMPLIFIER HF12
. - e . with Preamplifier,

e g Equalizer &

Control Section

k734" WIRED *57%

Compact, beautifully packaged & styled. Prowvides
complete “front-end’” facilitics and true high
fidclity performmance, Diirect tape head & mag-
neti¢ phono inputs with NARTB (tape) & RIAA
(phono) feedback cqmalizations. .6-tube circuit,
dual triode for variab-g turnover bass & treble
feedback-type tone comirols. Output Power: 12
w cont., 25 w pk. IM Dest. (60 & 6000 cps @ 4:1):
1.5% @ 12 w; 0.55% @ 6 w; 0.3% @ 3 w.
_ Freg. Resp.:
+0.5 db 25 ¢ps — 20 k=. Harmonic Dist: 20 cps:
9% @ 4.2 w; Yo% @ 25 w; 30 eps: 2% @ El w;
V6% @ 6.3 W; 40 cps: =% @ 12 w; V2%
2000 cps: V2% @ 12 w5 10 ke: 1% @ 10 w; V2%
@ 6 w. Transient Rerp: cxcellent square wave
reproduction (4 usec rise-titne); negligible ring-
ing, rapid settling on £ kc square wave. Inverse
Feedback: 20 db. Stabiity Margin: 1Z db. Damp-
ing Factor: above 8, 20 cps — 15 kc. Speaker
Connections: 4, 8, 16 éhims. Tone Control Range:
2@ 10 kc, =18 db: @ 30 cps, =16 db. Tubes:

1-EZ81, Size: HWD: &4” x 127 x 844" 1% lbs.
COMING SOON

@98 w; -

1 w2 =0.5%db 12 ¢ps — 50 kc; 12 w: -

AR

ECC83/12AX%7, 122CC82/12AU7,2-EL84, -

NEW! 50-WATT
Ultra-Linear
HIGH
FIDELITY
POWER
AMPLIFIER 5,

2
HF50  KIT 57  WIRD *87%
Like the HF60 shown below, the HF&0 peatures
virtually absolute stability, flawless transient
response under either resistive or reactive (speaker)
load, & no bourece or flutter under pu sed condi-
tions. Extremely high quality output transformer
with extensively interleaved windings, 4, 3, & 16
ohm speaker ccnnections, grain-orientzd steel, %
fully potied in scamless steel case. Othe-wizc iden-
tical to HF60. Output Power: 50 w cont., 130 w pk.

IM Distortion (60 & 6000 ¢ps @ 4:1): below 1%
at 50 w; 0.5% @ 45 w. Harmonic Dist. below

0.5% between 20 cps & 20 kc within 1 db «f rated
power. Freq. Resp. at 1w +0.5 db € ¢y —60
ke: =0.1 dby 15 cps —30 ke at any level from 1
mw to rated power: no peaking or ragiedn=ss out-
side audio range. All other spees identical 10
HFGO below. Matching cover Model =-2. 84.50

The specs are the proof...

g+

HIGH FIDELIFY PREAMPLIFIER
swreta kit $24%, wiren #37%°

we¥

with Power Supply: #Hst KiT $29%, wiren $44%°

Will not add distortion or detract from the wide-
band or transient response of the finest power
amplifiers at any cormtrol scttings. High quality

feedback circuitry threughout plus the most com-

plete control & switching facilities. Heavy-gauge
solid brushed brass panel, concentric conitrols,
one-picce: brown cnamel stecl cabinet for lasting
attractive appearance. Feedback-type, sharp cut-
off (12 db/octave) seratch & rumble filters. Low-
distortion fcedback equalization: 5 most common.
recording curves for LPs & 78s including RIAA.
Low-distortion fecedback tone controls: provide
large boost or cut in bass or treble with mic-freqs
& volume unaffccied. Centralab printed-cirenit
Senior *‘Compentrol” loudness control with con-
centric level control. 4 hi-level switched inputs
(tuner, tv, tape, aux.) & 3 low-level inputs (sepa-
rate front panel low-ievel input selector permits
concurrent use of changer & turntable). Proper
pick-up loading & aienuation provided for all
quality cartridges. Hum bal. control. DC super-
imposed on filament supply. 4 convenience out-
iets. Extremely flat wideband freq. resp.: =+1 db
8:100,000 cps; ==0.3 db 12-50,000 cps. Extremely
censitive. Negligible lium, noise, harmonic or IM
distortion. Size: 4-7/8¥ x 12-5/16” x 4-7/8": 8 Ibs..

NEW

See the “BEST EBUYS” NOW N
STOCK ot your nearest distributor.
Eill out coupon an other side for
FREE CATALOG.

Genuine 2-way book-shelf size sp
heavy duty 8” woofer (6.4 oz. magnet) & matching Jensen
compression-driver exponential
control. Smooth clean hass & crisp extended
coloration or artificial brilliance. Factory-built tuned bass

(S by

o 50-WATT Ultra-Linear
HIGH FIDELITY POWER AMPLIFIER ZHF60
with ACRO T0-330 OUTPUT TRANSFORMER

KIT #72% WIRED *99%°

Superlative performance, obtained thyough finest
components & circuitry. EF86 low-neisc voltage
amplifier direct-coupled to 6SN7GTB cathode
coupled phase inverter driving a pair of Ulra-
Lincar connected push-pull EL34 ontput tubes
operated with fixed bias. Rated power output:
60 w (130 w peak). IM Distortion {60 & 6000
cps at 4:1): less than 1% at 60 w; less than
0.5% at 50 w. Harmonic Distortion: less than
0.5% at any freq. between 20 cps & 20 ke within
1 db of 60 w. Sinuseidal Freq. Resp.: at 1 w:
+0.5 db 5 cps — 100 ke; =0.1 db. 15 cps 1o
35 ke at any level from 1 mw to rated power; no
peaking or raggedness outside audio range. Square
Wave Resp.: cxcellent from 20 cps to 25 ke, 3 usec
rise-time. Sensitivity: 0.55 v for 60 w. Damping
Factor: 17. Imverse Feedback: 21 db. Stability
Margin: 16 db. Hum: 90 db bclow rated output.
ACRO TO-330 Output Transformer (fully potted).
Speaker Taps: 4, 8, 16 ohms. GZ34 extra-rugged
rectificr (indirectly-heated cathode eliminates high
starting voltage on electrolytics & delays B+ until
amplifier tubes warm up). Input level control.
Panel mount fuse holder. Both bias and DC —
balance adjustments. Std octal socket provided for
pre-amplifier power take-off. Size: 768 <P 145 X 87
30 ibs. Matching cover Model E-2 $1.50.

~ COMPLETE with FACTORY-BUILT CABINET—
2-WAY HI-Fi SPEAKER SYSTEM #Hrs1 %39

eaker system. Jensen

Lorn tweeter with Jevel
highs free of

reflex birch hardwood cabinet {(not a kit) constrmcted to
high quality standards.

Neutral acoustical grille cloth

framed by a smooth-sanded solid birch molding. IFreq.

Resp.

Prices 3% higher on West Coast.
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measured 2 ft. away on principal axis in ancchoic

chambe
Twecter:
® 2800 ¢ps, shift in level
level control setting. v
Size: 23” x 11" x 9”. 25 lbs. Wiring Time: 15 min.

84 Withers Street, Brooklyn 11, N. Y.

r with 1 watt input — Woeofer: 4 db £0-1300 cps;

+9 dly 2800-11,000 cps; Crossover Region: 1800-
over this region depends on tweeter
Fower-handling capacity: 25 watts.

NEW!
50-WATT
Ultra-Linear
i _ HIGH-

G @ o 9« FIDELITY
INTEGRATED POWER AMPLIFIER HF52

with Preamplifier, Equalizer & Control

KIT *69% WIRED *109” Section

Combines a power amplifier section essentially
identical to the HF50 power amplifier with a
preamp-equalizer control seclion similar to HF20
below. Provision for use with clectronic crossover
network & additional amplifier(s), See HF50 for
response & distortion specs; HEG0 for square wave
response, risc-time, inverse feedback, stability
margin, damping factor, speaker connections;
HI'20 for prcamplifier, cqualizer & control section
description. Hum & noise 60 db below rated out-
put on magnetic phono input (3 mv input for
rated output), & 75 db below rated output on
high level inputs (0.6 v input for yated output).

Matching cover Model E-1, $4.50. 2

»

.

L NEW
COMPLETE with Preamplifier, Equalizer
& Control Section
20-WATT Ultra-Linear Williamson-Type
HIGH FIDELITY AMPLIFIER #HF-20

KIT *49% WIRED #79%°

A low-cost, complete-facility amplifier of the
highest quality that scts a new standard of per-
formance at the price, kit or wired. Rated Power
Output: 20 w (34 w peak). IM Distortion (60 &
6000 cps/4:1) at rated power: 1.3%. Max. Har-
monic Distortion between 20 & 20,000 cps at 1
db under rated power: approx. 1%. Mid-band
Harmoumnic Distortion at rated power: (1.3%. Power
Response (20 w): +0.5 dbh 20-20,000 ¢ps; =1.5 db
10-40,000 cps. Freq. Resp. (V4 w): =0.5 db 13-
35,000 cps; =1.5 db 7-50,000 cps. 5 feedback
equalizations for LPs & 78s. Low-distortion feed-
back tone controls: large Doosts or cuts in bass or
treble with mid-fregs. & volume unaffected. Loud-
ness control & separate level set control on front
panel, Low Z output (o tape recorder. 4 hi-level
switched inputs: tuner, tv, tape, aux; 2 Jow-level
inputs for proper loading with all cartridges. ITum
bal. control. DC superimposed on filament supply.
Extremely fine output transformer: interleaved
windings, tight coupling, careful balancing, grain-
oricnted steel. 814" x 15" x 10”. 24 1bs.

Matching cover Model E-1, 54.50

Turn page for other EICO ad,
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the specs are
the test that tells.
who’s best!

TV servicing

NEW! DYNAMIC
CONDUCTANCE TUBE &

TRANSISTOR TESTER #666
KIT $69.95 WIRED $109.95

Unexcelled testing thoroness & accu-
racy. Checks transistor collector cur.
rent & Beta using internal dc power
supply. Tests all receiving tubes includ-
ing subminiatures (& Color &% Mono-
chrome tv pic tubes with accessory
adapter). Composite indication of mu-
tual conductance, plate conductance, &
peak emission. Simultaneous sel. of any
1 of 4 combinations of 3 plate, 3 screen,
& 3 ranges of control grid voltage. Grid
voltage variable over 3 ranges with 5%
accurate pot. New series-string voltages
for 600, 450 & 300 ma types. 5 ranges
meter sens. with 1% precision shunts &
5% accurate pot. 10 SIX-position lever
switches for free-point connection of
every tube pin or cap. 10 pushbuttons
for rapid insert of any tube element in
leakage circuit & speedy sel. of individ-
ual tube sections. Direet reading of
inter-element leakage in ohms. New
gear-driven rollchart. Steel case with
cover & handle. Sensitive 200 «a meter.

N

TV servicing

TV-FM SWEEP GENERATOR

& MARKER #368
KIT $69.95 WIRED $119.95

The FINEST service instrument of this
type ever offered in either kit or wired
form at ANY price! Outstanding ease &
accuracy in FM & TV (including Color)
alignment. Entirely electronic sweep
cireuit with accurately biased Increduc-
tor: superb linearity on both sides of
selected center freq. Newly-designed
AGC circuit automatically adjusts osc.
for max. output on each band with
min. amplitude variations. Sweep gen.
range 3-216 mc in 5 OVERLAPPING
FUND. BANDS. Sweep width continu-
ously variable from 0-3 mc lowest
max. deviation to 0-30 mc highest max.
deviation. Variable marker gen. range
from 2-75 me in 3 FUND. BANDS
plus a calibrated harmonic band (60-
225 me). Variable marker calibrated
with int. xtal marker gen. 4.5 me
xtal included. Ext. marker provision.
Double pi line filter. Edge-lit hair-
lines eliminate parallax.

Turn page for other £1CO od

Vi & WSTRONENTS
Womp OVIR-

SKVE 507 =R

FRCITA
a wiitvass

KIT 334.95L
Wired $49.95
« tests 600
mil series
string type
tubes -

¢ illuminated
roll-chart

FREE 1957
EICO CATALOG!

Tells you how to SAVE 50% on
your test equipment costs!

NEW COLOR &

Monochrome DC- |
SMCIAB&TV | *=
# 5" OSCILLOSCOPE | -

57 PUSH-PULL
0SCILLOSCOPE
#425

KIT $44.95
Wired $79.95

- e
KIT $79.95 0sCl o
WIRED $129.50 KIT $79.95

Wired $129.50

VACUUM TUBE
VOLTMETER #221

KIT $25.95

Wired $39.95

DELUXE VTVM
#214 (72" METER

KIT $34.95
Wired $54.95

RF SIGNAL NEw!
GENERATOR REDI-TESTER
#320 #540
KIT $19.95 KIT $12.95
Wired $29.95 Wired $15.95

150 kc-34 mo,

calibrated har-

Muiti-range ac/dc
. monics to 102

voltmeter, amme-

mc. Pure or ter, ohmmeter,

mod. RF, & wattmeter, leak-

Colpitts osc. age checker for

400 cps sine home & auto re-
outputs, pairs.

1£944 FLYBACK

TRANSFORMER &
YOKE TESTER
KIT $23.95
Wired $34.95
s fast check all

flybacks & yokes
iin or out of set.

¢ spots even 1
shorted turn!

WIRED $39.95 ‘% ¥ @
150 kc—435 mc -
with ONE generator!

1% accuracy on

CINERATOR | e R
] 150 mc.
#324 Volt reg.
KIT $26.95

KIT $39.95
Wired $59.95

Sep. hi-gain RF
& lo-gain audio

] inputs.
Special noise

locator. Calibra-

7 500 megs, 1
‘§* mmid—5000 mf
power factor,

ted wattmeter. B KIT
el $19.95

% Wired

1 $29.95

ot el BT
R-C BRIDGE & R-C-L COMPARATOR
1+9508

DELUXE MULTI-SIGNAL TRACER #t147

| PEAK-to-PEAK VIVM

1 #232 & UNI-PROBE
2 (pat. pend.)
* KT $2995

WIRED $49.95

20,000 Ohms/Volt
MULTIMETER 1565
KIT $24.95
Wired $29.95

Wired

High Voltage Probe-1

"8 1000 ohms/Voit High Voltage Probe-2 ...

MULTIMETER | scopE PROBES
Demodulator ..
KIT $12.90 Direct ...

Wired $14.90 Low Capacity

Over a Decade of Know-How & Value Leadership in Kits & Instruments — Over 1 Million Sold to Date!

| EICO, 84 Withers Street : c-4

‘ i Brooklyn 11, New York i

® ' Send FREE 1957 Catalog and name of neighborhood I

J EICO jobber. 1

§ |

- i |

84 Withers St. ® Brooklyn 11, N. Y. ] Home Address..........ovroiivnenricriviirnine, RN e
Prices 5% higher on West goast Gty Zone............ Statecoinrenerien ]

and subject to change without notice. !%_Qc,ggpgjjon e . \-w = !
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Radio-Electronics

Hugo Gernsback, Editor

FANTASTIC ELECTRONICS

... Electronics” Greatest Developments Are Ahead . . .

of Electronics at the turn of the century, 50-odd years

ago, may be pardoned if, looking backward over half a

century, we are emboldened in looking forward and read-
ing the future for the next 50 years to come.

In the past half century—particularly during the last 25
years—electronics has revolutionized the world to a far
ereater degree than any other endeavor or industry since our
civilization began. Even the railroad and the automobile were
more or less one-sided, but electronics has affected practically
all industries and nearly every human activity. Without elec-
tronics even our railroads could not funetion as they do
today. Automobiles could not be mass-produced as at present
without electronics and automation—the latter art relying
mostly on electronies, too!

Our talking motion pictures, the dial and long-distance
telephone, most other types of communication, nearly every
industry you can think of, transportation, even banking
cannot function efficiently today without electronies.

Your country’s security, modern war and peace itself, all
rest squarely on electronics. No one who knows the faets will
deny that much of World War II was won by electronics—
radar alone was one of the chief means to victory, as were
radio and other electronic communication. The atom elec-
tronic? Certainly! The world’s first discovery of fission—an
atomic explosion in the laboratory—was witnessed on an
oscilloscope screen by Liese Meitner and others in 1939. And,
neither A- nor H-bombs could be manufactured without
elaborate electronic instrumentation.

Why continue the long triumphal recital of electronics
when it is so obvious to all who can see and observe? Yet we
who are immersed in its daily progress never cease to wonder
how fast it really does grow. Thus, the present writer made
what was considered at the time a daring forecast in his edi-
torial of November, 1951, when he predicted that by 1960 the
U. S. electronics industry would reach a turnover of $10 bil-
lion a year. Yet in 1956—four years ahead of the prediction
—we already had reached a total of $11.5 billion! By 1960,
as forecast recently by the Radio-Electronics-Television
Manufacturers Association, it will top $15 billion. Right
now the electronics industry is among the four or five top
ones in the U. S. Are we too bold if we suggest now that long
before the next 50 years electronics will be the largest
industry in the country?

From past experience we have seen our most fantastic
electronic predictions become commonplace in a few short
years. And the ones we did not predict for fear of ridicule—
the ones that were considered completely impossible—they,
too, are now commonplace. Would anyone in his right senses
10 years ago have dared to predict a complete electronic
hearing aid the size of your thumbnail with loudspeaker,
electronic amplifier, battery and other parts, all that would
fit inside your ear? As we write we are looking at a news-
paper photograph announcing just such a device, which by
the time you read this will be for sale all over the U. S.

What is ahead for the next 50 years? One thing we can

THOSE of us who were privileged to help usher in the Age

APRIL, 1957

almost guarantee—electronic progress will be close to 100
times as great as it was from 1900 to 1950. In number of
inventions it will be far greater, for the simple reason that
the art of electronics is still in its infancy. Obviously we
cannat in this space list all the advances, not even all the
important ones:

® Peace via electronics. Nuclear (atomic) wars are on the
way out. Electronic interception of all weapons, whether by
planes, rockets or guided missiles, is becoming more nearly
perfected daily. Soon electronic interceptors will make all
enemy attacks impractical—even intercontinental ballistic
weapons will be exploded or destroyed long before they can
reach their targets. Local wars perhaps will be with us for
some time, but not atomic wars on a large scale.

® Conquest of gravitation is now definitely on the must
agenda of many of our great scientists. It is a foregone con-
clusion that when the problem is solved, electronics will hold
the key position for the reason that gravitation itself is
almost certainly linked with the electron or the electron
family. We can let our imaginations run wild in every direc-
tion when we contemplate man’s immense benefits from the
suppression of weight at reasonable cost. All transportation
will be revolutionized, most of man’s hard bodily labor will
be a thing of the past. Skyscrapers and houses can be assem-
bled at distant constrmction centers, then floated by air to
their permanent locations. Freed from their present-day
impractical weight, space ships will finally become common-
place when gravitation has yielded its secrets to man.

® Cosmic energy, possibly the greatest power in the universe,
is beginning to give up its secrets. We already know that the
electron is part and parcel of cosmic radiation, hence the
future man-made cosmic gemerator must be based on elec-
tronic principles. Such a generator will probably far surpass
in output and efficiency present day atomic energy for peace-
ful purposes. Atomic energy, as we have frequently pointed
out in the past, is ridiculously wasteful because now we use
only its incidental heat, mot its electromagnetic (electric)
energy which is wasted in shielding.

® Elecironoptics and health. Long before the lapse of the
next 50 years man will be able to see electronically by electro-
noptics—the merging of radio waves and light waves. Then
the physician will be able actually to see through the living
body and watch all the internal organs in action. No more
guesswork with X-rays which give only vague, often mislead-
ing shadows. The entire heart, inside and out, will be in
plain view as it beats; the stomach will be watched as it
digests; incipient canecer will be spotted—man’s inner anat-
omy will at last be laid bare, just as are the insides of a
wateh under the watchmaker’s eyeglass. Thus will electronics
end a great deal of man’s illness and suffering. The physician
will no longer be blind and guesswork will be a thing of
the past. —H.G.
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Front view: right, amplifier; left, the power supply.

Unique construction makes a compact

self-ventilating amplifier

I you roll your own audio equipment

and have sometimes wished that the

electronic part of your system could

be more outwardly attractive with-
out being hidden in a cabinet, this
amplifier may be your answer. Built
into a pair of standard 4 x 6 x 3-inch
chassis, with tubes and connections on
the rear chassis walls, the amplifier
and its power supply are specifically
designed to sit on a bookshelf where
they will be convenient and yvet un-
obtrusive. A coat of enamel on each
unit blends it with the surroundings.

The amplifier has sufficient gain to
operate from most tuner outputs or
from a tape recorder, and a phono-
graph preamplifier is included for
operation with a G-E magnetic pickup.
Front-panel controls are treble, bass,
volume and the phono—tuner and power
switches. The equipment consumes little
power; this feature means little gen-
erated heat, and the components that
generate most of it—the vacuum tubes
—are horizontal and outside the chassis
where air convection can do the most
good.

Most of us have discovered by this
time that pleasing, satisfactory audio
performance can be provided in the
average livingroom by an amplifier of
modest power output if the amplifier is
properly designed. For ear-shattering
volume, 10 watts or more may be re-
quired, if the loudspeaker can deal with
such power adequately (many do not).
Experience has shown,* however, that
for practically all listening purposes a
maximum power of 1 or 2 watts is
sufficient. The amplifier described in

32

By G. FRANKLIN MONTGOMERY

this article delivers a power output of
3 watts in the middle-frequency range
before clipping.

The circuit

The amplifier proper (Fig. 1) con-
sists of a 6BH6 (or 6ATU6) driving a
single class-A 6V6-GT output stage.
The combination of two pentode stages
provides relatively large voltage gain
at moderate phase shift over the audio-
frequency range so that 16 db of feed-
back can be applied to the driver
cathode from the secondary of an inex-
pensive output transformer with good
stability. A modified form of one of the
popular tone-control circuits precedes
the 6BH6 driver and volume control;
the circuit constants have been chosen
to allow either boost or attenuation of
about 10 db at 50 and 10,000 cycles.

A 12AXT is used as the phonograph
preamplifier. This circuit has been
designed particularly for use with the
G-E series of magnetic pickups and,
when used with these cartridges, pro-
vides the standard RIAA-NARTB-
New Ortho frequency compensation. If
a pickup with an impedance radically
different from the G-E is to be used,
the compensating network should be
modified as will be explained in a later
article. An advantage of the circuit is
that the connecting cable from pickup
to preamplifier input may be several
hundred feet long without introducing
high-frequency attenuation.

The power supply (Fig. 2) is built
in a separate chassis of the same size
as that of the amplifier. Years of
struggle to eliminate hum induced in

low-level amplifier circuits by the
power transformer have forced the
conclusion that a separate power chas-
sis is superior to heroic hum-reduction
methods. The supply circuit is conven-
tional. It includes the wusual hum-
balancing potentiometer (R26). Adjust-
ment of this potentiometer is usually
critical only in phono operation and
need be changed only when the 12AX7
is replaced.

Construction

Most of the construction details can
be seen in the photographs. The power
transformer is mounted in its chassis
with only the top shell projecting above
the chassis surface. The rectifier socket,
supply-cable socket and filter capacitor
are mounted on the rear wall in the
usual way.

To make construction easy, the
amplifier tube sockets, bypass capacitor
and input and output jacks are mounted
on an aluminum subpanel that is bolted
to the rear wall of the chassis. The
rear wall has been cut out to make a
rectangular hole with dimensions about
% inch smaller than those of the sub-
panel. The subpanel is bolted to the
chassis on the inside. Nearly all the
fixed circuit components are held by a
phenolic board which can be seen
mounted on the underside of the chassis
top. Resistor and capacitor leads pass
through 1/16-inch holes in the board
and are twisted together on the rear at
circuit junctions and soldered. Excess
lead lengths are snipped off after sol-
dering. Wire connections from appro-
priate junctions pass back throufh a

RADIO-ELECTRONICS
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AUDIO—HIGH FIDELITY
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l 6BH6- G3-PIN 7; 612 PIN 1; K=PIN 2]

R1—150,000 ohms

R2—2,200 ochms

R3—2.2 megohms

R4—47,000 ohms

R5—1,500 ohms

R6—3,900 ohms

R7—I megohm

R8—220 ohms

R9—47,000 ohms

R10—2.2 megohms

RIt—2.2 megohms

R2—68,000 ohms

R13—I-megohm pot, audio taper

R14—33,000 ohms

R15—330,000 ohms

Ri16—I|-megohm pot, audio taper

Ri7—I-megohm pot, audio taper

R18—2.2 megohms

R19—470,000 ohms

R20—100 ohms

R21—2.2 megohms

R22—10,000 ohms

R23—470,000 ohms

R24—270 ohms

R25—1,000 ohms

R26—500-0hm potentiometer

All resistors V2 watt

Cl, C3, Cil, C15—40/25/20/50 uf at 350/25/350/150
volts (Mallory FP 419.64 or equivalent)

C2—.05 uf

C4-0.25 pf

C5—0.25 pf

C6—.05 uf

C7—.0047 pf, disc ceramic

C8—.01 uf, disc ceramic

C9—150 puf. disc ceramic

C10—330 upf, disc ceramic

C12—.0! pf, dise ceramic

C13—.05 pf

Cl14—0.5 pf

Cls—.004 pf, disc ceramic (see text)

Ci7—80 uf, 450 volts {Mallory FP 149 or equivalent)

All capacitors 600 volts, unless otherwise specified

VI—I12AX7

Y2—6BHb

¥3—6V6-GT

V4—5Y3-GT

Pilot lamp—No. 47

Tl—output transformer, 5,000 ohms single plate to 3.5
Ic>hms voice coil, 8 watts (Merit A-3C19 or equiva-
ent)

T2—power transformer, 680 volts ct @ 70 ma; 6.3
volts @ 2.5 amp: 5 volts @ 2 amp; (Stancor
PM-8408 or =quivalent)

L—filter choke, 16 henries, 50 ma (Merit C-2987 or
equivalent)

Sl—spdt slide switch

S2—spst toggle switch

PLUG—cable connector, 4 pins

SOCKET—4 pins

Aluminum chassis (2), 4 x 6 x 3 inches (Bud AC-430
or equivalent)

Miniature socket, 7 pins

Miniature socket, 9 pins

Octal socket

Phono jacks (3), RCA type

Pilot-lamp assembly

Length of 4-conductor power cable

Line cord and plug

Shields for 12AX7 and 6BHé

Knobs (3)

Phenolic component board, 3 x 43 inches

Fig. 1—The bookshelf amplifier uses only three tubes;
. delivers ample volume for family listening.

row of -inch holes at the rear edge
of the board and connect to the tube-
socket terminals. Wire leads to the
potentiometers and phono—tuner switch
pass through similar holes at the front
edge of the board. The resulting assem-
bly is an unprinted “printed-circuit”
kind of construction which allows the
amplifier to be completely wired before
bolting it into the chassis. The output
transformer is mounted on the end of

Rear view, power-supply chassis,
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the chassis nearest the 6V6.

Sample frequency-response curves for
a constant voltage at the tuner input
and a 3.3-ohm resistive load at the out-
put are shown in Fig. 3. Curve 1 is the
response with the tone controls in the
flat position, curve 2 for both treble
and bass eontrols full clockwise and
curve 3 for both controls full counter-
clockwise.

As has been mentioned earlier, the

AAA——
Rez 10K 249V

T2 245V

W7V AC

(HUM BALANCE

Fig. 2—The amplifier power supply.

N

5 N2 /
N
L \
—0 f\u‘- S e | ‘

TR T 00E= W) ﬂ (
T BN

i !

‘

ST T
e

FREQ

Fig. 3—Frequency response for con-
stant tuner input.

phonograph preamplifier has its RIAA
frequency compensation built in so that
the tone controls can be used in the
normal manner on record playback.
Total harmonic distortion wvs power
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Another look at the underchassis.

output for a 1,000-cycle sinusoidal in-
put is shown in Fig. 4. With zero in-
put, the total hum and noise output
(mostly 120-cycle hum) into a 3.3-ohm
load is 68 db below 3 watts.

With tone controls in the flat posi-
tion, volume full on, and a 3.3-ohm
load, 3 watts is obtained at 1,000 cycles
with a tuner input of 1.5 volts rms.
With the same control settings, 8 watts
is obtained at 1,000 cycles with a phono
input of 17 millivolts rms in series
with 3,000 ohms. The total power de-
livered by the supply to the amplifier
is 18 watts, including power consumed
by the tube heaters. Line power con-
sumption should be in the order of 40
watts.

There should be no difficulty in
duplicating this performance if the
parts used are reasonably equivalent
to those given in the parts list. If the
output transformer differs from that
specified, compensating capacitor C16
will probably have to be adjusted:
Connect the output of an audio oscil-
lator directly to the arm of treble

2
NOISE & HARMONIC DISTORTION

3

PERCENT

2

.4/
Ll

— | !
K ) I 5 10
WATTS OUTPUT AT 1KC

Fig. 4—Harmonic distortion character-
istic at 1,000 cycles.

control R16 and ground. Observe the
amplifier output across an appropriate
load resistor with an output meter or
scope. With the input voltage at a level
low enough so that the amplifier does
not overload, explore the response in
the range from about 20 to 100 ke. For
small values of C16, a pronounced peak
in the response will be found, usually
within this frequency range. (With
C16 equal to zero, the amplifier may
even oscillate at high frequency, depend-
ing upon the transformer character-
istics. With the specified transformer
and C16 equal to zero, a 10-db peak
occurs at about 55 ke.) Now increase
C16 until there is no peak and the
response rolls off smoothly in its
vicinity. The value of C16 so found is
the proper one to use.

Correct polarity of the output trans-
former secondary must be found by
experiment, of course; a large-ampli-
tude low-frequency oscillation indicates
positive instead of negative feedback,
and the secondary connections must be
reversed. END

Reference

G. Franklin Montgomery, “A Low-Cost Audio
Amplifier,” RADIO-ELECTRONICS, Vol. 25, pp. 72—
78, August 1954,
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A .commercial hearing aid
using the complementary
output

class-B

R

OST transistor portable radios
use class-B output for high
efficiency. The usual arrange-
ment is a pair of matched
transistors with tapped input and out-
put transformers. For hearing aids,
however, a “complementary” class-B
circuit is preferable. This type of
amplifier pairs a p-n-p with an n-p-n
unit and eliminates both transformers.
With proper design and adjustment
the stage is highly efficient and far
more compact than its transformer-

coupled counterpart.
The diagram shows the class-B cir-
cuit designed by Victor Laughter, elec-

RAYTHEON CBS ~ RCA
Vi pnes 718,HAT, 105, ETC

221K (APPROX) PNP v,
P

T 2
/ “ - NP
CIn % §5K
MIKE }-_F
2

7

circuit,

| R14.3K

CH
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hearing aid

“CO/?IP/E?H("?’ZZ‘LZ?‘)/ Jywmeiry” adds to

compactness, lightness and clarity !

of mpma’zz(‘ii&n in thir transistorized instrument |
By 1. Queen

EDITORIAL

tronic automation engineer and radio
pioneer. (He was the first manager
of Gernsback’s Electro Importing Co.,
about 1904, and former editor.) It has
been tested and found to provide very
satisfactory results. The circuit uses
four transistors, one interstage trans-
former, a choke and few other compo-
nents. Two small mercury cells will
operate the hearing aid for a long time.
There is ample volume from the ear-
phone, and the tone quality is high.
The first two stages are conventional
and use high-gain p-n-p transistors.
They may be 2N77’s, CK782’s, TI208’s
or equivalent. Each stage depends on its

v4
Non TEXAS 200

+1aari

€3,.!

o |

RISATK RIS 47K

R2S10K R4SI0K

RESISTORS 1/10W
MIKE ~MAGNE™IC OR CONTROLLED-RELUCTANCE

R1, 3—4,700 ohms 1/10 watt

R2, 4—10,000 ochms, 1/!0 watt

R5, 7—4,300 ohms, 1/10 watt

R6—5,000-chm pot

Cl, 2, 3, 4—I pf or larger, 6 volts,
miniature electrolytic

MIKE—1,000 ohms, magnetic type
PHONE—earphone 1,000-3,000 ohms
T—20,000 to 600 ohms (see text)

Y1, 2, 4—p-n-p [see text)

Y¥3—n-p-n {see text)

BATT I, 2—mercury (1,34 volts)

Transistor sockets (4)
battery holder (optional)
CH-—choke (see text)
S—dpst switch

Mounting baseboard

The class-B hearing-aid circuit uses four transistors.
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ASSOCIATE

own voltage divider, built up of 1/10-
watt resistors, that maintains stability,
yel does not consume tooimuch power.
All capacitors may be 1 uf or larger.
Several hearing-aid microphones are
now on the market and are satisfactory
in this circuit. Use one with an imped-
ance of approximately '1,000 ohms.
Shure and other manufacturers make
them as small as 1 inchl in diameter.
The transformer is a' conventional
interstage unit. Argonne’s AR-104 or
the UTC SSO-7 is satisfactory.

A choke is used in the collector cir-
cuit of V2. This is not a critical item,
but should be tiny to match the other
parts. The low side of a 30,000-to-
1,200-ohm interstage transformer has
besn used here. The UTC SO-5 is
another possibility.

The class-B stage uses transistors of
opposite type. The p-n-p| may be any
of those mentioned above.'TI200 (Texas
Instruments) has been found satis-
factory for the n-p-n to mate it. Experi-
menters may also try a 2N34-2N35
combination. Absolute matching is not
imperative. Although distortion may
be slightly higher without a true mateh,
it has not been found objectionable:

This is how the final stage operates:
Each transistor receives an identical
signal through blocking capacitor C3.
This capacitor assures that the bias is
zero without signal. Since the tran-
sistors are opposite types, one will be
blocked by the signal, the other will
conduct. Reversing signal polarity

35
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simply changes the role of each tran-
sistor. Thus we have true class-B
operation without the need to split
phase with tapped transformers. Con-
sequently we save space and also the
power that would be dissipated in the
windings.

This particular complementary stage
may appear strange because there
seems to be no return for the signal.
One lead goes to C3, but where is the
return path? The return is through
the battery leads. It does not matter
which—battery resistance is low and so
far as ac is concerned is a short-circuit.

Note the dpst battery switch. There
are two cells connected in series for
V1, V2. Each energizes one of the class-
B transistors. A single-pole unit can-
not open all the circuits required.

The earpiece is a high-impedance
model. Because its output level may
be high, it is important that a good
seal be maintained between it and the
ear, otherwise there may be feedback
to the mike.

This high-gain amplifier was found
to have low background noise in a
breadboard test. Tone quality was very
good. With sine-wave input there was
little distortion even with the volume
control turned all the way up. Max-
imum output was measured as 0.5 volt,
When distortion may be tolerated (as
it may to a certain extent in a hearing
aid), intelligibility was maintained up
to a point where volume became deafen-
ing to a person with normal hearing.
Conversations 20-30 feet away were
picked up clearly.

Total quiescent battery drain is less
than 1 ma! This rises to approximately
2 or 3 ma, depending upon input level.

A commercial unit* based on this
complementary circuit is now on the
market (see photos). Dimensions are
2% x 1% x % inch and weight is only
2 ounces. It is small enough to be
clipped inside a pocket or other in-
conspicuous spot. The batteries are
easily accessible although replacement
will be infrequent. END

* Alfa Electronics, Inc., 1626 Exchange Bldg.,
Memphis 3, Tenn.
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The construetion and parts
layout are seen in these pho-
tographs (taken from both
sides) of the class-B hearing
aid. All important parts are
called out.

IF YOU THINK IT'S FUN
TO BE FOOLED-

by getting used, substandard tubes
when you believe you are buying new
ones, don't patronize RADIO-ELEC-
TRONICS mail-order tube advertis-
ers! They sell only new tubes—no
foolin'l We know, because we insist
that all our mail-order tube adver-
tisers warrant that their tubes are

n New and unused

= Not mechanical or electrical
rejects

= Not washed or rebranded

Of course, if you really insist on be-
ing fooled in buying surplus tubes,
you still can be. Apparently not ali
publishers have set up these rigid
standards!

RADIO-ELECTRONICS




[TERALLY dozens of different phono
cartridges are currently being
manufactured. All may be clas-
sified into one of two basic groups:

amplitude-responding and velocity-re-
sponding types.

Amplitude-responding cartridges in-
clude all erystal and ceramic models
as well as the FM capacitance pickup.
Also in this category, but no longer
being manufactured, were the Pfan-
stiehl strain-gauge pickup and the
older Zenith Cobra pickups.

Velocity-responding  cartridges in-
clude all magnetic types, which may
be broadly subdivided into moving-iron
and moving-coil cartridges. The popular
“gariable-reluctance” cartridges ave of
the moving-iron type.

The names of the two basic cartridge
types are descriptive of their char-
acteristics. Amplitude-responding car-
tridges deliver an output proportional
to the distance the stylus is moved from
side to side by the record groove, while
velocity-responding cartridges deliver
an output proportional to the speed of
the stylus as it follows the groove
modulation.

In this series of articles, we will
describe a number of modern car-
tridges of both basic types and show
how they differ from each other in
details of construction and principles
of operation.

Magnetic cartridges

All magnetic cartridges are based
on the fact that a voltage is induced in
a coil of wire when it is moved in a
magnetic fleld or when it is stationary
in a magnetic field of changing strength.
The magnitude of this voltage is pro-
portional to the number of turns in the
coil, the strength of the magnetic field
and the rate at which the coil and field
move relative to each other. This field
motion may be a physical motion of the
coil or merely a change in the number
of magnetic flux lines linking the coil.

In moving-iron cartridges, the coil
is fixed and the magnetic field varied.
This is usually done by moving a small
piece of iron in an air gap to vary the

reluctance of the magnetic circuit
(hence the name “yariable reluc-
tance’”). Reluctance is the magnetic

counterpart of resistance. Iron has a
low reluctance, while that of air or any
other nonmagnetic material is very
high. When an iron path connects the
N and S poles of a magnet, a large
number of magnetic lines of force
(“Aux”) pass through the magnetic
cireuit. Introducing even a very small
air gap into this magnetic circuit
greatly reduces the amount of flux,
due to the high reluctance of the gap,
which is directly proportional to its
length. So by varying the size of the
air gap one can easily control the
amount of flux in the magnetic circuit.
This is the basis of operation of all
variable-reluctance cartridges.

The same effect can be achieved by
causing the magnet itself to move rela-
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cartridges

By JULTAN D. HIRSCH

Part I—Types of pickups; the
variable-reluctance cartridge;
General Electric RPX-052;
Audax DI-0 and Hi-Q7

G

¢
T
-
.
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¥

The G-E variable-
reluctance cartridge,

Audaik Hi-Q-7

pickup cartridge.

ALNICO V MAGNET

Fig. 1— Path of
magnetic flux in
G-E variable-re- Stylus assembly of
luctance cartridge, the G-E RPX-052.
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tive to a coil which is located in its
field. This, however, results in a high
moving mass, which is undesirable in
a phono cartridge. No modern car-
tridge employs a moving magnet.

GE RPX-052

The first wvariable-reluctance car-
tridge to be widely marketed in this
country was manufactured by General
Electric. Their current line includes
many models, some with single stylus
of either 1-mil (thousandth of an inch)
or 3-mil tip radius and others with a
turn-around structure mounting two
styli. This allows both microgroove and
older 78-rpm records to be played with
a single cartridge. Various combina-
tions of sapphire and diamond styli are
available. The most popular model is
the RPX-052, which contains a 1-mil
diamond and a 3-mil sapphire stylus.
The entire stylus holder is rotated 180°
to place the desired stylus in playing
position. Unlike earlier models of this
cartridge, the styli may be replaced
separately.

The external appearance of the RPX-
052 cartridge and the details of the
removable stylus clip and its mount
may be seen in the photos. Fig. 1 is a
sketch of the internal structure of this
cartridge, illustrating its principle of
operation.

The stylus bar, which is made of a
magnetic material, carries the flux from
the Alnico V magnet to the pole pieces
on either side of the stylus jewel.
When the stylus is in its center or
neutral position, the flux divides equally
between the pole pieces. It passes
through the cores of the two coils and
returns to the other pole of the magnet.

The reluctance of the magnetic cir-
cuit is divided between the fixed air
gap separating the magnet and the
stylus bar, and the two gaps between
the pole pieces and the bar. When the
stylus is deflected from its center posi-
tion, the gap is reduced on one side and
increased on the other. This causes
more flux to pass through one coil than
through the other. The change in flux
in both coils induces voltages in them,
They are series-connected so that the
two voltages add in the output. When
the stylus is displaced in the opposite
direction, the same action takes place
but the polarity of the induced voltage
is reversed. Thus the record groove
modulation is transformed -to an elec-
trical voltage, proportional to the
velocity of stylus motion.

The double twist in the stylus bar
provides increased compliance to both
lateral and vertical motion. High com-
pliance is a desirable quality in a car-
tridge since it means that less force
must be exerted on the stylus by the
groove wall (and vice versa) during
the tracking process.

Since vertical motion of the stylus
does not alter the division of flux be-
tween the pole pieces, it produces no
output. This is an essential feature of
a good cartridge since vertical response
will  introduce unpleasant second-
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harmonic distortion as well as increase
the likelihood of audible turntable
rumble.

The small damping blocks under the
stylus bar (see photo of the stylus
assembly) serve to reduce the ampli-
tude of mechanical resonances in the
stylus system. Without them the re-
sponse of the cartridge would show a
large peak in the region of 10-15 ke.
The blocks are made of a rubberlike
material.

The G-E cartridge has an output of
approximately 10-15 millivolts when
playing LP records. Although this was
considered a low output when the car-
tridge was introduced in 19486, it might
be termed a medium-output cartridge
in today’s market.

The cartridge is surrounded by a
mu-metal shield which reduces hum
pickup from external magnetic fields
such as surround phonograph turntable
motors and power transformers. In
addition, the two coils in the cartridge
are connected in a “hum-bucking”
arrangement so that hum induced from
external sources tends to be cancelled.

The other cartridges discussed in
this article differ in many details of

- construction from the G-E but their

principles of operation are identical to
its. We have gone into more detail on
the G-E than we will on the others,

'since it is one of the easiest to under-

stand as well as being the most widely
used.

Audax DL-6 and Hi-Q7

The Audax cartridges are unique in
their physical structure and in their
magnetic circuitry but may still be
considered as operating on the variable-
reluctance principle. The two models
are identical in form and performance
except that the Hi-Q7 delivers about
24 mv of output compared to 12 mv for
the DIL-6. This increase is obtained
by using a coil with twice as many
turns.

The Audax cartridge is a turnover
design in which two independent non-
interacting and individually replace-
able styli are mounted on opposite sides
of the cartridge body. Each stylus has

OUTER POLE PIECE MAGNETIC MATERIAL
STYLUS QUTER POLE PIECE
—— —
i INNER
POLE
PIECE
FLUX PATH

MAGNET

Fig. 2—Magnetic circuit of Audax
cartridge. A single coil is used.

its own pole pieces, only the coil and
magnet being comon to both of the styli.

Fig. 2 is a sketch of the internal
structure of the Audax cartridge,
viewed from the bottom. The magnet
and single coil are parallel to the rec-
ord surface. The flux from each pole of
the magnet passes up one of the outer
strips of magnetic material and across
the air gap between the pole piece and
the armature. The armature is a small
piece of magnetic material attached to
the end of the stylus bar. The flux then
crosses a second air gap to what might
be termed an inner pole piece, and
passes through the core of the coil on
its way back to the magnet.

Although a single magnet is actually
used, it may be drawn as though two
magnets were placed end to end, with
the center element of the magnetic path
returning to their junction. It can be
seen that the flux from the north pole
of the magnet tends to cancel that from
the south pole in the center leg. With
the stylus in its neutral position, the
air gaps on both sides of the armature
are of equal size so equal amounts of
flux from the two poles pass through
the armature and the center leg. The
result is complete cancellation of flux
through the coil, with all of it flowing
around the outer magnetic circuit be-
tween the north and south poles of the
magnet.

Any lateral motion of the stylus will
allow more flux to pass through the
armature from one pole and less from
the other. The difference is the un-
balance flux which passes through the
center leg and the coil on its way back
to the magnet. The unbalance flux
generates a voltage in the coil. Its
polarity depends on the direction of
stylus movement and its amplitude is
proportional to stylus velocity.

There are several other noteworthy
differences between the Audax and G-E
cartridges. The Audax 1-mil diamond
stylus obtains its high lateral and ver-
tical compliance by means of a very
thin cross-section of the stylus bar
instead of by twisting the bar. Fig. 8

NON-MAGNETIC STYLUS BAR MAGNETIC MATERIAL

THIN NECK FOR HIGH COMPLIANCE

STYLUS
Fig. 3—The Audax stylus.

" gives details of this stylus assembly.

The bar is nonmagnetic and does not
carry any flux except for the tiny
armature near its tip.

Since it has only one coil, the Audax
does not ‘“buck out” induced hum. It
has a mu-metal shield around it, but
nevertheless must be carefully posi-
tioned relative to the turntable motor
to minimize hum pickup.

Because of its unusual mechanical
design and single-hole mounting, it can-
not be used in any but Audax arms,
except in special plug-in shells which
are available for all the better record
changers. TO BE CONTINUED

RADIO-ELECTRONICS



TEST INSTRUMENTS

The Increductor and its use in the Eico model 308 TV-FM sweep generator

saturable
reactor
controls
sweep
generator

By ROBERT F. SCOTT

TECHNICAL EDITOR

HE sweep circuits of a number of

TV-FM sweep generators are de-

signed around an Increductor—a

special type of high-frequency
saturable reactor with a wide induct-
ance range made by C.G.S. Laborator-
ies. The basic Increductor consists of
a toroidal magnetic core with signal
and control windings. Schematically,
the signal winding is often shown in
two sections at right angles to the core
and control winding to indicate total
cancellation of magnetic coupling be-
tween the two sets of windings. The
inductance of the signal winding is
varied by varying the current through
the control winding. The signal wind-
ing is used as the variable inductor
in variable-frequency and sweep oscil-
lators, filters, tuned amplifiers, traps
and many other applications.

Fig. 1 shows the basic oscillator
circuit using the Increductor. The sig-
nal winding forms the tuned circuit
of a Colpitts osecillator. The oscillator
frequency is determined by the setting
of the tuning capacitor and the induct-
ance of the signal winding. When the
control-winding current is zero, the
inductance of the signal winding is
maximum. As current through the
control winding increases, the core
permeability decreases, thereby reduc-
ing the inductance of the signal wind-
ing and increasing the oscillator fre-
" quency. Thus it can be swept about a
center frequency by applying a saw-

CONTROL
WINDING

AC OR VARIABLE DC +
Fig. 1—Principle of the Increductor.
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tooth or sine-wave current to the con-
trol winding. Increductors may be used
in variable heterodyne and beat-
frequency oscillators in communications,
panoramic and special-purpose re-
ceivers. They are also useful in tunable
filters and in amplifiers’ and other
devices in which the frequency of an
L-C network must be varied from a
remote point or tuned rapidly through
a given range at a high recurrent rate.

The type 6XBXK5 Increductor with
four signal windings is used in the
Eico 368 TV-FM sweep generator, an
excellent example of the use of this
unit (Fig. 2). The windings are on
ferrite bars bridging the iron yoke or
core for the control winding. The core
configuration of this unit iz shown in
the photo.

The 368 circuit

The sweep oscillator V2-b is a Col-
pitts type using half a 12AVT. Signal
windings L6-a through L6-d are con-
nected in series across the tuning
capacitor {SWEEP OSCILLATOR control)
and a section of the range switch. All
coils are used on the lowest (3-6.5-mc)
range and are shorted out one at a
time on progressively higher ranges
until the combined inductance of the
switch and connecting leads is used
alone on the highest (80-216-mc) range.
Here, L6-f is formed by copper straps
passing on each side of a ferrite bar
and connecting the tuning capacitor to
Sl-a.

Switeh sections Sl-a and S1-b are
on opposite sides of the same wafer.
Contacts 1 on both sides are tied
together by a common mounting rivet
as are contacts 2. This reduces the
inherent inductance of the switch to
give adequate coverage on the highest
range.

L5 is a special type of rf choke whose
inductance and stray capacitance are
such that it does not resonate anywhere

in the range of the sweep oscillator.
Being mnonresonate -in its operating
range, it minimizes suckouts and pre-
vents rf sigrnal voltage from feeding

back into the B-plus line.

16-d, used only on the lowest range,
is tapped. The tap is returned to ground
throngh R2 and C2 in series. A tapped
coil with the tap at ground potential
(signal-wise) is required for best per-
formance from a Colpitts oscillator
operating at comparatively low fre-
quencies. This R-C network and the
network consisting of R1 and C1 elim-
inate phase shift that might occur when
the inductance of the coils is varied at
a 60-cycle rate.

Control winding L6-e is supplied
from the 60-cycle ac line and current
threugh it is controlled by the swEeep
WwIDTH control. A 6,800-ohm limiting
resistor in series with the control pre-
vents excessive current from flowing
through the control winding.

A dec bias voltage, obtained by
rectifying ac from the power line, is
fed through the control winding through
R2 and R4. These resistor values are
selected so that with zero sweep width,
the frequency of the signal winding
is midway between the zero-current
and saturation points of the inductor.
This insures that the sweep will be
linear on both sides of the center
frequency.

V2-a is a cathode follower fed by
capacitance coupling from the grid of
V2-b. The input impedance of the
cathode follower is high enough to
minimize loading on the oscillator and
its output impedance is low enough to
match the 50-ohm attenuator network
and the output impedance of the instru-
ment.

Blanking and agc

The swept rf output of the 368 is
blanked out on the return trace to
prevent double images and ‘provide a
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The Model 6XBK5 Increductor.

base line for the response curve being
observed on a scope. This is done by
connecting the grid of V2-b to the plate
of a diode-connected blanking tube
(V3-a) through a 10,000-ohm isolating
resistor. The cathode of V3-a is con-
nected to one side of the high-voltage
winding on the power transformer
through a voltage divider consisting
of 22,000- and 47,000-ohm resistors.
When the cathode is positive with

respect to the plate, the diode ig cut off.
The oscillator bias is supplied solely
by its 4,700-ohm grid resistor.

When the voltage on 'V8-a’s cathade
swings negative, the diode conduets
and plate current flows through V2-b’s
grid resistor. The voltage drop across
this resistor is negative with respect
to ground and is high enough to drive
V2-b to cutoff. The ac voltage applied
to the cathode of the diode is phased

g

so the oscillator cuts off on the return
trace.

The negative pulse voltage at the
plate of diode V3-a is applied to the
grid of the first age amplifier (V3-b),
thus developing a positive pulse at its
plate. This positive pulse is amplified
to produce a large negative pulse at
the plate of V4.

V5 is a series regulator tube supply-
ing B-plus voltage to the plate of the
sweep oscillator. The grid of V5 is
direct-coupled to the plate of V4. The
negative pulse delivered to its grid
drives V5 to cutoff and removes plate
voltage from the oscillator. Thus, the
sweep oscillator is cut off during the
retrace interval both by the high nega-
tive voltage applied to its grid and by
removal of its plate voltage.

The output of the sweep oscillator
is maintained constant by an age cir-
cuit whose operation is based on the
fact that the negative grid bias of an
oscillator increases as the output in-
creases. If the output of V2-b rises,
its grid goes more negative, producing
a negative pulse that is amplified by
V3-b and V4 to produce a negative
pulse of much greater amplitude on
the grid of V5. The internal resistance
of V5 increases and drops the B-plus
voltage to the oscillator to the point

where the output drops to a pre-
determined level.
Conversely, if the output of the

sweep oscillator fails, its grid becomes
less negative, thus producing a posi-
tive pulse that is amplified and fed to
the series regulator tube. The internal
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Fig. 2—The Eico model 368 TV-FM sweep generator, a typical example of Increductor use.
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resistance of V5 drops and raises the
plate voltage on the oscillator so its
output rises to a predetermined ampli-
tude. The AGC LEVEL control is adjusted
for minimum variation in the ampli-
tude of the rf response curve as
observed on a scope as the SWEEP
0SCILLATOR control is rotated through
its range on each band.

The phasing circuit

The 60-cycle sweep signal applied
to the scope must be a pure sine wave
exactly in phase with that used to
frequency-modulate the sweep oscil-
lator. Oscillator sweep voltage is taken
from the primary side of the power
transformer and the sweep voltage
for the horizontal deflection circuits
of the scope is taken from across the
high-voltage secondary through a phase-
shift network consisting of R5, R6,
R7, R8, C3 and C4. Potentiometer R5
varies the phase of the scope sweep
signal with respect to the FM sweep
signal to compensate for unwanted
phase shifts in the transformer,
Increductor control winding and other
circuit elements.

Generating markers

The marker oscillators use the two
sections of a 12ATT7. V1-a is a Pierce
type crystal oscillator and V1-b is a
variable-frequency Colpitts oscillator
covering from 2 to 75 mc in three
fundamental ranges and from 60 to
995 me on the third harmonic of the
20-75-me¢  fundamental range. The
variable-frequency oscillator may be
turned off with the MARKER RANGE
switeh. The crystal oscillator is started
and stopped by inserting and removing
the crystal from the socket on the
front panel.

A 4.5-mc marker crystal is supplied
with the instrument but fundamental
type crystals suitable for use in a
Pierce oscillator may be used to supply
additional marker frequencies. The sig-
nals developed by the two oscillators
are mixed in the common cathode cir-
cuit. In this way, markers are obtained
at frequencies equal to the funda-
mentals of each oscillator, at their
harmonics and at the sum and differ-
ence frequencies of the fundamentals
and harmonies. Marker signals from
an external generator may be fed to
the common cathode circuit through an
external marker terminal on the front
panel.

Marker signals are taken from
across the 150-ohm cathode resistor
and applied to the MARKER SIZE con-
trol. They are taken from the arm of
this control and fed to the COARSE 0OUT-
PUT ATTENUATOR along with the swept
rf output from the arm of the FINE
OUTPUT ATTENUATOR. By feeding the
marker and sweep signals into the
coarse attenuator, it is possible to vary
the composite output of the generator
in 20-db steps while maintaining a
constant amplitude relationship be-
tween the marker and frequency-mod-
ulated signals. END
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CONTACT POTENTIAL

For Loadless NMetering

By THOMAS L. BARTHOLOMEW

HEN the cathode of a vacuum

tube is heated, negative electrons

are repelled to the next adjoining ele-
ment. If the cathode is brought up to
normal heat, a reading of 0.5 to 1 volt
may be noted between the cathode and
adjoining element in most tubes. A
voltage so derived is known as contact
potential. Enough power can be taken
from this source to operate meters.
Now if we have a four-element tube,
(Fig. 1) and the cathode (filament) is

0-1voLT

Fig.t

operating at normal temperature, the
meter will indicate a voltage. If a volt-
age is applied across the screen grid
and plate, polarity observed as shown,
there will be a definite reduction in the
contact potential. The negative potential
on the screen grid will repel the nega-
tive electrons that have formed on the
control grid and the contact potential
will be reduced. By noting how much
the contact potential has been reduced
we can determine the voltage applied to
the screen and plate. Since there is no
current flow between screen and plate
under these conditions, we will now
have loadless metering, often highly
desirable.

Fig. 2 shows the contact potential
generated by some tubes and the effect
on the contact potential by a negative
charge on the screen grid. The positive
lead was connected to the suppressor
grid of the 6AB7 and the 6J7, and the
negative lead was connected to the
screen grid. With the 1R5, grids 2 and
4 (connected internally) were negative
and grid 3 was positive. The voltmeter
used to make the readings was 100,000
ohms per volt and was set on the 1-volt
range.

The following are the current read-
ings of the contact potential of various
tubes tested.

6J7 (0—100-ga meter) 30 pa
6AB7 (0-1-ma meter) 1 ma
1R5 (0—1-ma meter) 500 wa

If a milliammeter or microammeter is
placed between the control grid and the
cathode, the voltage is dropped consider-
ably due to the load created. Lowering
the contact potential voltage also lowers
the negative voltage required on the

screen grid, thus allowing the tube to
operate over a lower voltage range.
Ac voltages can also be measured in this
manter, but the scale will not be the
same as for direct currents. With
alternating currents there will appear
to be a current drain, due to the capac-
itance of the elements within the tube.
Tubes like the 6K6 will not work in this
type of circuit since the suppressor
grid is connected to the cathode intex-
nally. When a voltage is applied to the
sereen grid and plate, some conduction
takes place.

Since contact potential is not the
same in all tubes, even in twin-section
units, a tube must be selected and a
scale hand-drawn to meet its character-
istics. Static charges greatly affect the
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readings so care must be taken that
they are eliminated. The filament supply
and the circuit under test cannot come

‘from the same source due to the capac-

itance effect that would give false read-
ings. END
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Instrument is only
4 inches long and
. 2 inches high.

3y 1. QUEEN

EDITORIAL ASSOCIATE

Generator

This transistorized little package
produces waves as cood as
From many a bigger and more

CXPONSIVC INSETHIICNE

o

Inside view. There is no crowding.

OLTAGES that vary and repeat

themselves at regular intervals

are often needed in electronics.

Sine, square, sawtooth and pulse
are among the recwrrent waveforms
most useful. Of these, the first two are
especially important for testing audio
amplifiers and networks, This compact
transistorized unit generates both sine
and square waves. Furthermore, there
is a choice of frequency—420 or 2,100
cycles, The instrument has three tran-
sistors and a 53-volt battery supply.
It measures 4 x 2 x 1% inches and
weighs 7 ounces. The battery is con-
tained in the unit.

It is not practical to use a conven-
tional variable Wien-bridge oscillator
with transistors due to their low imped-
ance. Therefore many previous transis-
tor gencrators have been limited to a
single fixed audio frequency. Here, by
including a choice of two (widely sepa-
rated) frequencies, the device becomes
far more practical for testing, calibra-
tion and repair work.

The generator provides a sine wave
in the first stage, V1 (sece diagram).
This voltage is amplified by V2 which
makes the sine signal available at a

-subminiature jack. A third stage (V3)

amplifies the voltage still more and
(due to overloading) flattens the signal
and converts it to a square wave. As in
tube circuits, this method cannot yield
a perfect square wave but, with suffi-
cient gain and clipping, the ideal is
approached closely.

V1 is connected as a Colpitts audio
oscillator. A tapped capacitance shunts
T1, which is the primary of a sub-
miniature transformer. Its secondary
is not used. Feedback is controlled by
R1, a fixed 4,700-ohm resistor. For sta-
bility, the transistor basc is biased from
voltage divider R2-R3. With .005-uf
capacitors, the output frequency is rela-
tively high. This is lowered when the
.05-uf capacitors C3 and C4 are switched
in. The ratio of the higher to the lower
frequency is 5 to 1. For convenience,
the lower frequency may be chosen to
be an ewact multiple of the line fre-
quency. In this particular instrument,
I obtained a value of 420 cycles, which
I can use as a standard frequency.
It can be checked periodically (with the
aid of a scope) by comparing with the
60-cycle line source. The ecircuit has
been found to have high frequency sta-
bility, so the 120 cycles may be used
for calibrating audio oscillators and
other networks.

Due to differences in transistors,
transformers and other parts, your
low frequency mayv not come out to
exactly 420 cycles as mine did. If you
like the feature of an ecaact multiple
of the line frequency, note these point-
ers: If the frequency is too high, it may
be lowered slightly by adding a shunt
capacitor across the primary of TI.
As a starter, try a variable mica trim-
mer of about 580 puf maximum. On
the other hand, if your frequency is
lower than the desired value, use less

RADIO-ELECTRONICS
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R1—4,700 ohms
R2—1,500 ohms
R3—10,000 ohms
R4—2 400 ohms
R5—240,000 ohms, 5%
R6—10,000 ohms, pot with switch {Lafayette YC-28)
R7—47 000 ohms
R8—5,000 ohms, pot (Lafayette YC-33)
R9—22,000 ohms
All resistors 2 watt
Ci, C2—.005 uf disc
C3, C4—.05 uf, disc or tiny tubular
C5, Cé—1 pf, 6-volt electrolytic
BATT—(V5310), holder and terminal confacts

3005 M ) L“_--[; e

s2

Ti—primary 4,000 ohms center-tapped, secondary 3.2
ohms (AR-135)

T2—primary of output transformer approximately
30,000 ohms to speaker {TR-46)

SI—dpdt or dpst slide type switch

S2—spst switch ganged fo Ré

VI, V2—2N107 {p-n-p)

V3—2NI170 (n-p-n)

Sockets for above (3)

Jl—subminiature jack (Lafayette M5-282)

J2—may be abave type with one unused contact

Perforated board (Lafayette MS-304) cut as required

Metal box, 4 x 25 x 1% inches

Knobs (2) for controls

Screws and separators (see fext)

The sine-square wave generator uses three transistors.

capacitance for Cl and C2. Ceramic
discs are available in such sizes as .0047,
0043, .004, ete. Since the second transis-
tor stage may produce changes in the
oscillator frequency, it is better to com-
plete at least the first two stages before
making a final frequency measurement.

The sine output of T1 is coupled
through resistor R5 to the next transis-
tor. If R5 is too small, the oscillations
may cease or become unstable. If too
high, output from V2 will be low. The
resistance shown was found correct.

T2, the load for V2, is the primary of
any small output transformer. C5 keeps
de out of the “sine” jack J1 while pass-
ing the af. R6 controls the output volt-
age from a maximum of about 0.8 volt
peak to peak down to zero. The sine
waveform is excellent at both frequen-
cies and amplitude is nearly the same.

When a subminiature plug is inserted
into J1 for sine output, the final stage
is automatically disconnected. This pre-
vents loading the second stage.

V3, the final transistor, is an n-p-n
type that is unbiased. It overloads
easily, thus providing the required
square wave. Maximum output is about
0.3 volt peak to peak, with excellent
waveform at. both frequencies of 420
and 2,100 cycles. The waveform is main-
tained even when relatively low resis-
tors are shunted across the output
leads. R6 must be left at maximum
setting for good square waveform.

For convenience, this generator is
first mounted on a perforated board.
When completed, the board is screwed
down to a metal box measuring
4 x 2% x 1% inches. Tapped metal sep-
arators keep the board 3% inch away
from the metal box so there is plenty of
space for wiring and parts. The mer-
cury battery is mounted at one end.

Applications

A sine wave is the only voltage wave-
form that is unchanged (as to shape)
when it is passed through ordinary
resistors, capacitors and coils. The wave
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may, however, be deformed by a non-
linear resistor, overloaded or incor-
rectly biased tube, saturable coil or
other nonlinear element. Thus a sine
wave is an ideal test signal. When fed
into a hi-fi amplifier, its output will be
a sine wave also. Only the amplitude
will change, not the general shape.
If the wave comes out flattened, peaked
or otherwise deformed, there is a defect
of some sort in ‘the amplifier or it is
not a hi-fi design. Distortion is the in-
troduction of harmonics—multiple fre-
guencies of the original sine wave. The
strength of these spurious frequencies
indicates the degree of distortion.

Another important application of sine
voltages is bridge measurement. If the
signal is not a pure sine (single fre-
quency), the bridge detector may not
show the desired minimum or sharp
null.

A square-wave voltage is a combi-
nation of many sine voltages, including
a fundamental frequency and very many
odd harmonics. Because the sgquare wave
is so rich in harmonics, it is an ideal
signal for indicating frequency vre-
sponse over a very wide band.

A good hi-fi amplifier should repro-
duce a 2-kc¢ square-wave signal with
little if any deformation.* If it is
passed with but little or no change in
shape, we may assume that the ampli-
fier has flat response out to 20 ke or
more. If it passes a 450-cycle square
wave with little distortion, it can be
taken to mean flat response down to
approximately 40 cycles. With expe-
rience, the technician will be able to
estimate the amount of amplifier dis-
tortion from square-wave tests made
with the low- and high-frequency out-
puts from this square-wave generator.

The techniques of using square waves
for audio tests and measurements are
discussed beginning on page 209 of
Marshall’s aforementioned book. END

# Joseph Marshall, Maintaining Hi-I'i Equipment,
page 13 (Gernsback Library).
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CURRENT TESTER

By GEORGE P. PEARCE

T is often necessary to find the cur-

rent flow in a radio-electronic device,
as well as small fans or other household
appliances, etc. This easy hookup en-
ables me to take a current reading in
a few seconds. No wiring other than a
simple plugging-in is required.

AC AMMETER

RECEPTACLE
P8 SWITCH

Fig. 1—The simple current tester.

The diagram is shown in Fig. 1. The
ammeter is shorted out when the appli-
ance under test is plugged in, thus the
meter is completely protected against
any high initial current flow as
frequently occurs in inductive circuits.
After the surge has settled down, press-
ing the push button of the normally
closed switch passes the current
through the meter without any break

.in the flow. When the button is released

-
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Fig. 2—DPushbutton actuates meter.

the current once more flows through
the switch.

The device to be tested is simply
pluzged into the receptacle on the test-
er. Then the proper ammeter is plugged
into the two jacks, and the tester cord
is plugged into the wall receptacle.
When a reading is wanted, just press
the push button. Releasing the button
switches the current back through the
switch and unloads the meter. Fig. 2
shows the current tester in use. The
fuse protects the meter against over-
load. Fig. 3 shows the wiring under-
neath where it is fully protected by
wood sides so that nothing can roll
against it and cause a short. It can be
further protected by fastening a ply-
wood bottom to it. END

it
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Fig. 3;Underside view of tester.
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transistor

Self-powered device provides
voltage multiplication of 100 with good
response from 25 cycles to 15 ke

By ELLIOTT A. McCREADY

HE lowest full-scale ac range on
the average vacuum-tube voltmeter
is in the neighborhood of 1.5 to 3
volts. With this range, readings of
as low as 100 to 200 mv are possible,
but not too practical. What is needed
is an ac vacuum-tube voltmeter with a
full-scale range of 100 mv (or less!) or
some sort of preamp that can be used
with a conventional vtvim to boost its
sensitivity. Of the two, the preamp is
considerably less expensive.

Fig. 1—Schematic diagram of the tran-
sistorized preamplifier for vivm’s,

R1—1.2 megohms, |/, watt

R2—15,000 ohms, 1/, watt

CI-—[00 uf, I5 volts, electrolytic (Sprague Atom
TYA-1160 or equivalent)

C2, 3—2 uf, 25 volts, electrolytic (Sprague Atom
TVA-1201 or equivalent)

S—spst switch

D), 2—IN48 crystal diode

Y—CK721

BATT—I5-volt hearlng aid battery (RCA V5083 or
equivalent)

J—banana or tip jack

P—phone piug or female microphone connector
{see text)

5-prong hearing aid socket (Cinch-Jones)

Headset adapter case, surplus, type MC-385-A

(or any small metal box)

1L.2MEG 4_1_Reg

BATT 115V |
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An instrument preamplifier using a
single 12AX7 tube was described in
RADIO - ELECTRONICS, December, 1955
(“Milvamp” by Forrest Franz, Sr.) This

preamp is entirely self-contained and ~

self-powered, plugs into a conventional
vtvm and boasts a gain of 100, an out-
put in excess of 5 volts and a frequency
response sufficiently flat for most appli-
cations. The only fly in the ointment is
its rather low input impedance, a
characteristic of the junction transistor
in a grounded-emitter circuit. This low
input impedance is not the drawback
that it might seem at first glance. Much
of the extremely low-voltage work is
done in connection with low-impedance
devices such as magnetic phono pickups
or dynamic microphones, and there is a
definite advantage in being able to use
long, unshielded leads.

The preamp (Fig. 1) is designed
around a Raytheon CK721 junction
transistor. It has a gain of around 50
and an undistorted output of about 2.5
volts. The voltage doubler at the output
of the preamp doubles both the gain of
the amplifier stage and the voltage out-
put. Large electrolytic capacitors insure
good low-frequency response and all
parts are chosen for minimum size. The
total current drain from the 15-volt
hearing aid battery is approximately
500 microamps, which makes for long
battery life.

Construction

The entire preamp is housed in a
surplus headset adapter ease. The type
of output connector will depend on the
make of vtvm with which the preamp
will be used. The standard phone plug
used on the headset adapter fits most
of the kit type instruments. The female
microphone connector shown in the
photo adapts the preamp to most other
types of vtvm’s. To prepare the mike
connector for mounting, file the taper
off the first % inch or so and thread
with a 7/16 by 20 die. Then use two
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flat control nuts to hold the connector
to the headset adapter case.

Replace the phone jack on the headset
adapter with a banana jack (or tip
jack), insulated from the metal case.
Cut or file the threaded portion of this
jack so that as little as possible pro-
jects inside the metal preamp case.

Mount slide switch S directly behind
the output connector. Then clip the
switch terminals to within % inch of
the switch, leaving just enough of the
terminal projecting to solder a wire to.

The battery leads and input capacitor
C1 are wired first. C1 is directly behind
the input jack and under C2 and C3.
The remainder of the components can
be seen in the photo. The polarity of C2
is opposite to that normally used in a
voltage doubler. Its polarity was neces-
sarily reversed to agree with the
polarity of the dc voltage on the
collector.

Using the specified capacitors and
battery, the components fit very nicely,
although somewhat tightly, into the
metal case. Take care during the con-
struction of the preamp to avoid shorts
and use fine spaghetti on most of the
leads which are not at ground potential.
Some space can be saved by using a
newer type crystal diode and eliminat-
ing the transistor socket. I prefer using
a socket for the transistor, however, as
heat from the soldering iron can quick-
ly ruin a transistor. Incidentally, an
Ungar iron with a No. 535 tip is very
useful on this job.

After all wiring is completed and
checked, solder the battery to its leads
and insert it as shown. Then insulate
the inside of the metal lid with plastic
electrical tape or anticorona lacquer
and screw in place. It will probably be
necessary to shorten one or both of the
screws that hold the lid in place to
prevent them from shorting to some of
the components when they have been
tightened.

Connect the preamp to the vtvm and

TEST INSTRUMENTS

The female mike
connector permits
using the preamp
with most com-
mercial vtvm’s.

switeh both units on. It is a good idea
to set the vtvm to one of the higher
ranges initially to prevent pegging the
meter when the preamp is switched on.
Insert the test leads (the vtvm ground
lead and the lead from J) and -connect
them to an audio oscillator or other
signal source through a suitable atten-
uator. With an input of 10 mv the
vacuum-tube voltmeter should read ap-
proximately 1 volt.

As maximum gain was desired from
the preamp no attempt was made to
attain linearity. A calibration card will
enakle the user to make precise meas-
urements of small voltages. The fre-
quency response of the preamp is with-
in 1 db from 25 cycles to 15 ke, drop-
ping to —1% db at 20 cycles and
—2 db at 20 ke. Above 20 ke the taper-
ing off is very gradual, and the unit
still shows a gain of 10 at 1,000 kilo-
cycles,

Fig. 2—Calibration setup for the
preamp.

The following procedure (Fig. 2)
may be used to calibrate the preamp:
Connect resistors R1, R2 and R3 to a
6.3-volt filament transformer. Set Rl
for 1 volt across points X—X. The velt-
age across RS will then be very close to
10 mv. By calibrating R3 in 1-ohm
divisions with an ohmmeter, the pre-
amp can be calibrated in 1-mv steps to
10 mv. This setup won't be within 1%,
but should be accurate enough for all
practical purposes. If the overall gain
of the preamp is greater than 100 or
than desired, insert a resistor of around
100 ohms or 0 in series with the emitter
and battery or try a lower battery
voltage. END
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SMALLER AND BETTER BATTERIES are
announced from two separate sources this month. One is made
by the National Carbon Co.; the other. by General Electric.
Alike in many respects, they are fundamentally different: the
G-E battery (left, near fingers) has a silver anode, silver bro-
.mide electrolyte and a cupric bromide and carbon cathode;
while the National Carbon Co. battery (right) is made primarily
of silver, silver jodide and vanadium pentoxide. Both are truly
“dry batteries with a solid electrolyte, are rated at 95 volts and
have an indefinite shelf life, G-E suggests that their battery’s
life is “over 20 years” and National Carbon says “the solid
clectrolyte battery should give up to several decades” coutinu-
ous service in suitable applications, such as maintaining a
charge on capacitors in electric circuits.” Open-circuit applica-
tions are not the only suitable ones, and the batteries can be
used for low-current or intermittent applications, with currents
up to 10 ua. They are especially adapted to applications which
may require intermittent bursts, with long idle periods, such as
in alarm circuits, where reliability demands a battery that can
remain in excellent condition over long “shelf” periods.

Both batteries are 1 inch long and about ¥4 inch in diameter.
The G-E battery contains 127 disc-shaped cell units, and the
National Carbon 200 cells.
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THE SPHERICAL SPEAKER, dream

of many an audiophile, is realized in ap-
pearance at least, by this “treble ball,” as its
manufacturers call it. It contains 30 small speakers
and radiates through a spherical angle of 360°.
The speaker is made by the firm of Tonographie
of Wuppertal-Barmen, Germany, and was de-
scribed in  the German electronic magazine
Funkschau, in an article which covered several
types of spherical or near-spherical loudspeakers.

MORE CONTRAST in portable TV receivers is offered
with this new electron-gun assembly which is designed to work
with low voltages (115 or s0) on grid 2. Chief design changes are
closer spacing between cathode, Grids 1 and 2, and a larger
aperture in grid 1. Besides the low grid-2 voltage—very important
in portable receivers—the contrast is also greater, for a given
amount of video drive. Although designed for portables, the fact
that the tube can replace older types with no other change than
reduction of grid-2 voltage makes it possible that this type of tube
may be used universally in a short time. Tubes using the new
gun have already passed portable dimensions, and are being
manufactured by Westinghouse in 17- and 2l-inch sizes.

RADIO-ELECTRONIC_S



TECHNICAL REPORTS
ELGIN-KIDDE NUCLEAR BATTERY - vow 17 works

SILICON PROTOCELL

NEGATIVE CHARGE :
POSITIVE CHARGE\ y
TRANSPARENT LAYEN h

RADIOACTIVE MATERIAL e
AND PHOSPHOR a

N
TRANSPARENT LAY / AVLALLAAL LAY
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/PHOTOC ELL

SILICON PHOTOCELL

W /e STl £ 3 U o ke PHOSPHOR
ATOMIC POWER way [, =5l o=@ G0t oueron
some day operate your wrist e R e ST 147 ATOM

& watch. This atomic battery, less i ‘!{ l& ®
than % inch thick and about a
HEARING-AID MINIA- Minch i diameter, was p

% inch in diameter, was pro-
duced by the joint efforts of @‘> NVIRE
Elgin Watch Co. and Walter LEADS
Kidde Nuclear Laboratories with

just such an ultimate objective in mind. Using plutonium 147 as its power source, it
is still far too expensive to be practical. But the Atomic Xnergy Commission believes
the clement will soon be available in large cncugh quantities to bring its price down
to 50c a curie or so. (Plutonium 147 costs about $500 a curie now.)

The atomic battery is a complex device, in which energy is first turned to light,
then back again to energy.” The plutonium 147 is the layer in the middle of the
layer-cakelike assembly. Mixed with it are phosphors which give out light as they
are bombarded by beta rays from the plutonium. The light rays are converted into
clectricity by the silicon photocells which form the outside layers of the battery.

Present experimental models produce as much as 20 ua at 0.25 volt. Voltage may
be doubled by connecting the photocells in series instead of parallel, and quadrupled
by sawing each photocell disc into two semi-discs and connecting them all in series.
Higher currents can be produced with larger cells and probably also by improve-
ments due to rescarch now under way. The useful life of the cell is expected to be
a little over 2 vears of continuous duty, at which time its output will be halved,
the half-life of plutonium being 214 years. (Unlike the 95-volt batteries described in
this section, the atomic battery can operate at full current output without shortening
its life.) With its metal shield, the battery radiates less than a radium-dial wristwatch
and will be entirely safe for such personal uses as watches and hearing aids.
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/'PHOTOCELL

TURIZATION approaches the ul-

timate with this “all-in-the-ear” 3-
transistor aid developed by Sonotone.
The instrument is about the size of a
nickel and is worn in the ear with no
external wires, clips or other attach-
ments. A 32-ccnt battery considerably
smaller than a dime powers the aid for
50 hours. A companion piece, with a
clip for attaching to a spectacle bow,
is made for those who wear glasses.
Sound from it is piped into the ear with
an incouspicuous plastic tube.
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PRINTED CIRCUITS are now appearing in
antennas. The pair of wavy lines seen through the plastic
of this back-of-set antenna—and more clearly on the
detached piece alongside—is actually a shorted stub,
which is switched across or in series with the rabbit-ear
type of antenna in various combinations, to match local
reception, interference and ghosting conditions. The

IONOVAC, improved form of the Ionophone (RADIO-ELECTRON-

antenna, made by JFD of Brooklyn, N. Y., attaches to
the back of the set with a contact-sensitive adhesive
surface, with only the dial visible when the antenna rods
are not extended. This, incidentally, is the second time
printed circuits have appeared in antennas, The earlier
types—attempted in connection with outdoor vhf-uhf
antennas—were affected by weather and have been
abandoned.

APRIL, 1957

ICS, November and December 1951) is a speaker with no moving parts.
The “unit” is the small quartz tube in the foreground. A small stylus
is inserted into the narrow part of the tube and 20-mc rf current applied
between its point and a collar around the tube’s neck, ionizing the air
around the point. By modulating the rf with audio frequency sound waves
are produced as the ionization of the air varies. Demonstrated as a hi-fi
tweeter, its manufacturers, DuKane Corp., St. Charles, Ill. believe it will
have wider applications as an ultrasonic generator.
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m TV tuning indicator

CLEVER tuning indicator is used

by Siemens on their 5653 de luxe
television receiver. In radio receivers,
the usual tuning indicator is a small
cathode-ray tube (‘“magic eye”). For
their television receiver, however, Sie-
mens conceived the idea of using the
picture tube itself as an indicator.

All television standards now in serv-
ice utilize the single-side band system
though a few old stations (notably Lon-
don) vary from it. In this system the
maximum definition is obtained when
the tuning is such that the picture car-
rier falls exactly on the —6-db point of
the response curve. It is not easy when
tuning in a program to adjust the re-
ceiver to this point for best picture
detail.

A simplified diagram to illustrate the
principle of the Siemens circuit is given
in Fig. 1. A highly selective tuned

LAST_VIDEO IF TRANS

é’ | PIX DET FROM VIDEO QUTPYT

OC AMPL

Fig. 1—This TV tuning indicator uses
the picture tube as indicating device.

L-C circuit is loosely coupled to the last
if transformer. This circuit is tuned to
the exact frequency of the correct pic-
ture carrier and feeds a diode detector.
After filtering, the rectified voltage is
amplified by a triode and applied to the
grid of the picture tube, while the video
modulating signal is suppressed. The
tuning is correct when the screen is
darkest.

The two-way switch S could be com-
bined with the fine-tuning control so
that when pushing in the knob one is
on “tune” position, and pulling back
* Professor, Carnegie Institute of Technology,

Pittsburgh. Formerly editor of Television (Parls,
France).
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A digest of interesting cireuitry and news
Jfrom French technical publications

FIFTY MILLION FRENCHMEN....

By A. V. J. MARTIN*

the knob would then restore the picture.

m Three-tube af amplifier

HIS three-tube af amplifier was de-
scribed in Radio Constructeur, No-
vember, 1956. It was originally designed
to fit in a standard portable record
player. Its dimensions and performance
are good.
The complete circuit is given in Fig.
2.

ECH81/6AJ8 _

ey 95
—)

(637§

The power supply uses a 6V4 and is
conventional. It provides 250 volts, 65
ma, approximately.

[The tubes in this circuit have
RETMA type numbers but are not
readily available in this country at this
time. Experimenters wishing to try
this circuit without modifying it for
available American type tubes can pur-
chase the European equivalents (shown
in parenthesis) from distributors or
service agencies handling European

ELS0/6BQS

=

245V

"

[220V v
T T:WQJ._‘

8
I E280/6V4 T—I

e
g _HTRS

Fig. 2—An af amplifier that has three stages and rectifier with three tubes.

It uses a 6AJ8 converter as a two-
stage preamplifier, a 6BQ5 power out-
put tube and a 6V4 rectifier for the ac
power supply.

The 6AJ8 is used as a double triode,
the heptode part having grids 2, 3 and
4 tied to the plate.

Between the two elements of the
6AJ8 will be found a simple and con-
venient tone control, using two 500,-
000-ohm potentiometers for separate
control of bass and treble.

The measured efficiency of these con-
trols is —12 to +15 db at 80 and —5
to +18 db at 5,000 cycles.

The power output stage uses a 6BQ5,
and a plate-to-plate feedback to the
second preamplifier stage is provided
by a l-megohm resistor. The feedback
percentage is in the order of 10¢..

The output power is about 4 watts at
800 cycles for an input voltage of 0.4.
The loudspeaker is a 9-inch flat type.

radios and amplifiers.—Editor]

m Unique power supply cancels hum

HE af output stage and power sup-

ply of a French radio receiver, Du-
cretet L325, appears in Fig. 3. This is
an ac model with ac—-de¢ noval tubes and
a small transformer with only one sec-
ondary winding. The full secondary
voltage is rectified to obtain the 160-
volts B-plus. A tap on the secondary
gives the correct voltage to apply to
the series-fed heaters.

The plate of the power tube is fed
with rough, rectified, nonfiltered cur-
rent, and a simple R—-C smoothing cir-
cuit is used for the rest of the receiver.

Three resistors in series between
B minus and ground provide two values
of negative grid bias. One is —1.2 volts
and feeds the ave line and the first af
amplifier. The other is —7.5 volts and
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feeds the output tube. To cancel the
hum in this tube, the bias voltage is
not filtered and hence contains a small
ac component at hum frequency. A
phasing circuit R-C adjusts the phase
of this hum component, applied to the
erid, for best cancellation and mini-
mum hum in the output.
Al.m

9|
=

AEW aou

60V 132v
1.2K B+
AN
-0 +1 1t
T3 TS
17V AC

Fig. 3—Hum-cancelliny power supply.

Note also the simple and efficient
negative feedback obtained by ground-
ing the output tube cathode through
the output transformer secondary.

m Two-tube frequency changer

ATTERY-FED receivers usually

employ a 1R5 miniature tube for
frequency changing. While this is sat-
isfactory for the broadecast band, the
sensitivity is low for shortwave listen-
ing. Communication receivers using 6.3-
or 12.6-volt tubes normally employ two
tubes in the frequency-changing ecir-
cuit.
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Fig. 4—Dry-cell receiver uses separate
mixer and oscillator.

A French battery receiver, the Pizon
Skymaster, which features several
shortwave bands, also embodies a two-
tube frequency changer (see Fig. 4). A

APRIL, 19587

1T4, triode-commected, is used as a
separate local oscillator and feeds the
first grid of a 1R5. The rf signals from
the rf amplifier tube are applied to the
third grid of the 1R5, which then works
as a conventional mixer tube.

m Just an idea

GREAT deal of test and measur-
A ing equipment is battery-operated.
Frequently the power is turned on for
a few minutes and then turned off. At
least, it should be . .. But in how many
cases does the user simply forget to
turn the equipment off, with the result
that the battery will run down or at
least be unnecessarily and uneconomi-
cally on duty.

A very simple and efficient way to
protect battery life is to use one of the
cheap timers used, for example, in pho-
tography. When one wants to use the
equipment, he has to wind the timer,
thus switching on the battery. After a
few minutes, the timer will come to
rest to its zero position and automati-
cally switch off the equipment. This de-
vice is simple, cheap and foolproof. Its
effectiveness will be particularly appre-
ciated in schools or in any laboratory
where several people use common
equipment, The photograph shows how
a timer has been added to a battery-
operated bridge. The idea could be
extended to line-operated equipment.

m “Sync-trigger” relay

HIS thyratron relay, called the

“syne trigger,” was described by P.
Sufdery in the November-December,
1956, issue of our French contemporary
Electronique Industrielle.

It is an electronic relay, able to
switch on or off a relatively large
amount of electrical power and con-
trolled by a very small signal which
can be produced by a very high resist-
ance contact (up to 3 megohms).

The controlled power can be practi-
cally unlimited, if only by cascading
electromechanical relays.

A number of uses immediately sug-
gest themselves. A typical one is in
temperature-controlled environ-
ments where a mercury-contact ther-
mometer can provide only a very weak
controlling current but where the con-
trolled current to the heaters may well
be in the order of 10 amperes. Other
immediate applications are liquid level
control—even if the liquid is a poor

TECHNICAL REPORTS

conductor — cracking-collector control
and sorting or counting. An entire field
is opened up by the fact that the sync
trigger can be directly controlled by a
photoresistant electric cell.

Fig. 5 shows that a single miniature
2D21 thyratron is used. Note that there

o

ale
Timer prevents test instrument being
left on overnight.

is no rectifier for the anode voltage,
the 2D21 being supplied ac voltage by
one half of the high-voltage winding.
The rectifier heater winding on the
transformer (a standard 80-ma model)
provides grid bias through a full-wave
bridge rectifier. Although the original
transformer had a 6.3-volt rectifier
heater winding, a 5-volt winding would
probably do just as well.

A 60-ma relay is placed in series with
the anode connecction of the thyratron.
It may have any contact arrangement.
The one shown has two one-circuit two-
way contacts. One is used to light “on”
or “off” pilot lamps. The other one is
the working contact, and the binding
posts allow the user to choose a “make”
or ‘“break’” contact when the relay
closes.

The circuit is very simple. The —8
volts negative bias applied to the grid
through the 5-megohm resistor main-
tains the thyratron beyond cutoff. When
the EXTERNAL SYNC circuit is closed by
the controlling mechanism, or when one
actuates the MANUAL sYNC pushbutton,
the grid is practically grounded
through the 100,000-ohm resistor and
the thyratron fires and works as a rec-
tifier for the applied ac voltage.

The anode current flows through a
rough smoothing circuit—1,000 ohms
and 8 microfarads—and then through
the relay, which closes. END

=L MANUAL SYNC

‘mﬁwg |-IPB
|

—0C

I‘ 100K/1W 4 RY _?_Exr SYNC INPUT
X N N U =
s +I:1000pf/EbV 8/500 l f
4
L OFF REAK

o
NOT V!
- 300y HTR
WIVAC % ’ 4 I
= g; 6.3V

6.3Y/.3A PILDT LAMPS (2)

N e d

T0 CONTROLLED CKTS

MAKE

Fig. 5—Synec-trigger thyratron relay.
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the SWEEP TUBE
...TV'sS workh_orse

Fig. 1—A wide variety of horizontal output tubes is now available.

HE number of horizontal output
tubes is forever increasing. This
not only adds to inventories, but
the wide assortment sometimes

makes selection of substitutes by crys-
tal-ball techniques appear attractive.
As there is no universal substitute
tube, the lowdown on horizontal output
tube features and characteristics may
clear the air a little and give the serv-
ice technician an edge over swami
methods.

The television horizontal output tube
is in many vespects like a medium-
power transmitting tube, such as the
807, which has grown like Topsy into
a mass of related but not identical
types (Fig. 1). It has high efficiency,
high current-handling capability, and is
able to withstand high peak plate volt-
ages. Some of the earliest television
sets actually did use the 807 but, since
it was not specifically designed for the
one-eyed monster, its home-style cousin,
the 6BG6-G, was developed in 1946
specifically for TV.

However, TV sets do not have elab-
orate high-voltage supplies nor are the
operating conditions the same as for
transmitters. A small, efficient, low-
voltage tube was required that would
furnish the high currents needed for
magnetic deflection coils. A tube de-

* Supervisor, Technical Information
CBS-Hytron, Danvers, Mass,
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veloped in 1949 specifically to fill this
need was the 6BQ6-GT, the granddaddy
of most of the later horizontal output
tubes.

The 6BQ6-GT did a swell job of
sweeping the then-popular 10- and 12-
inch picture tubes with a 52° deflection
angle. In addition, it would without
strain supply several hundred volts of
dc boost voltage and 8 to 12 kilovelts
for the picture-tube anode.

TV people were content for a while
with the little powerhouse but picture
tubes became larger and deflection an-
gles increased from 52 to 72 and then
up to 90°. This required not only more
sweep power but more kilovolts for the
anode. And the monkey wrench was
thrown in by economic pressure. Prices
went down, transformers went out of
some sets and the B-plus supply volt-
ages suffered. This meant that the cut-
put tube must supply higher current at
a lower plate supply voltage.

New tube types were designed to fill
the more stringent requirements. The
heater-voltage variations for series-
string television receivers complicated
matters further. As a result, today
there are over 30 types of horizontal
output tubes. )

What it has to do

The horizontal output workhorse has
a tough job. Its principal duty is to

eyt

Some of those old sets may work
better with newer type horizon-
tal om‘])zzz‘ tubes—rhow to Con-

pare and substitute them

By W. O. HAMILIN*

Fig. 2—O0OId and new mount .construe-

tion, comparing press-stem construction

of 6BG6-G at left with button-stem
6DQ6A at right,

supply a very high square-wave pulse to
generate a sawtooth current for the
horizontal deflection coils at a rate of
15,750 times per second. This requires
quite a few watts of average power. In
addition, it supplies de¢ boost and pic-
ture-tube second-anode voltage.
Because of the power demand it is
vital for long tube life to have a highly
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COMMON SWEEP TUBES, WITH SUBSTITUTION INFORMATION
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For more sweep than preceding type.
{For longer life than preceding type,
Color television deflection tube,
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The chart lists the majority
of horizontal output tubes.
Method of using it for substi-
tutions is explained in the text.
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Fig. 3—Typical plate currents for hori-
zontal output tubes, featuring the criti-
cal plate-current knee.

efficient circuit. It must supply high
power with low plate dissipation in the
tube and thus insure that tube ratings
are not exceeded. High efficiency is
achieved by use of the well known fly-
back transformer system. It develops
the high pulse voltage needed for the
picture-tube anode by resonant-frequen-
cy flywheel action, stores up a de charge
for boost voltage and at the same time
matches the relatively high-impedance
plate circuit to the low-impedance de-
flection coil.

The transformer must have a high Q
(high ac and low dc resistance) and in
older sets deterioration of the trans-
former reduces output, thus requiring
more drive from the sweep tube.

In the flyback circuit the peak pulse
voltage developed at the plate may be
10 times that of the total dc plate sup-
ply voltage. This explains why most
horizontal output tubes have the plate
brought out to the top of the tube,
A few tube types have it brought out
through one of the base pins, thus re-
quiring special insulation and blank
base pins on either side of the plate
terminal.

Tube design

Significant for longer tube life was
the changeover from the old press-stem
construction to the newer button-stem
construction. In press-stem construc-
tion the base leads enter the tube
through the glass stem in a straight
line (see Fig. 2). Lead wires are neces-
sarily thin and there is g considerable
distance between the base pins and tube
mount. In button-stem construction the
leads go directly from the base, pin
through the iglass into the tube Jmonnt,
being arranged in a circle similar to
that used in miniature tubes. This
type of construction uses heavier and
shorter leads, resulting in better heat
transfer from inside the tube through
the base pins. It also leaves more room
between the top of the tube mount and
the glass, which results in improved
heat radiation.

Other improvements to be found in
today’s tubes are larger and better
grid heat radiators on the top of the
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tube mount. Keeping the grid cool re-
duces the possibility of grid emission
and runaway conditions, Large plate
fins are also included to increase heat
radiation from the plate area. Other

* refinements such as ribbed plates and

one-piece beam-plate construction are
sometimes added. The overall result is
a more efficient tube that operates at
low plate supply voltages and gives sat-
isfactory service in sweeping 90°-de-
flection-angle picture tubes of large
screen size.

A few comparisons

By examining the voltage, current
and wattage ratings of several popular
deflection tubes, the capabilities of the
various tubes may be compared. Their
important characteristics are given on
the chart printed with this article.
‘Types of the same family are pretty
much identical but some derivatives
have greater stamina against heat and
greater resistance to such abuse as
misadjustment of the drive control. The
zero-bias plate current characteristic
is a good yardstick of comparison be-
cause most set designs take full advan-
tage of this limiting characteristic for
which the value given is just beyond
the knee on the plate-current—plate-
voltage curves. For most efficient opera-
tion the tubes’ plate voltage must swing
down to the knee, about 40 volts to
obtain the maximum plate current (see
Fig. 3). The significance of a high,
zero-bias plate current is fully realized®
when the plate supply voltage is rela-
tively low and the picture-tube deflec-
tion angle large. Therefore the chart
lists this characteristic, the zero-bias
plate current, in the first column.

The first horizontal deflection tube,
the 6BG6-G, could operate with high
plate supply voltage up to 700 and a
relatively low zevo-bias de plate current
of 180 ma. Next came the 6BQ6-GT
rated at 550 volts plate supply and a
maximum dec current beyond the zero-
bias knee of 225 ma. Finally, following
other intervening types, there is the
new 6DQ6-A with a zero-bias rating
of 300 ma and a supply voltage of 600.
Of course there are many other types
which either upgrade electrical ratings
or have mechanical improvements for
better heat transfer. Notable in this
respect is the 6CU6 which, though
rated the same as the 6BQ6-GT, is
improved for conservative operation,
thus providing longer life. The charac-
teristics chart also gives the approx-
imate retail prices.

Substitution rules

In general, a different type should
not be substituted for the original tube
used in the set unless the original did
not give satisfactory performance or
service. For example, if tube life is
short or sweep is insufficient, substi-
tuting a tube with higher ratings or
improved construction may prolong
life. Substituting a more efficient tube
for one of lesser efficiency may in-
crease sweep width and high voltage.

If a more efficient tube is substituted,
be sure to readjust the drive control
to protect components and the damper
tube and to insure that the picture-
tube anode voltage does not go too
high. If substitution for a more efficient
tube is not called for, the resulting
sweep could be too great and be beyond
range of adjustment, especially in re-
ceivers without a width control.

The following Substitution Rules use
the characteristies chart on page 51 as
a guide:

L. If the failure rate of the hori
zontal output tube is high but sweep
is wide enough, substitute g more
rugged tube with the same electrical
characteristics, such as a 6CU6 for the
6BQ6-GT. In the chart substitution
column, tubes with the same letter but
with progressively higher numerals and
followed by a t footnote symbol are
unilaterally interchnageable with the
types below. A3% substituted for A2%.

2. If the sweep width is not suffi-
cient—probably caused by component
aging in the flyback circuit or lower
B-plus supply voltage and other condi-
tions in the set—then substitute a more
efficient tube with higher zero-bias plate
current and transconductance, such as
6DQ6-A for the 6CU6. In the char-
acteristics chart the types with the
same letter but with progressively
higher numerals followed by the ¥
footnote symbol may be substituted
unilaterally for types below it (Cé7
for C4 or C5). If substitution fails to
bring back the sweep to normal, it is
time to suspect other components, the
damper tube, horizontal oscillator, high-
voltage rectifier, low-voltage rectifier or
flyback transformer.

Substituting a horizontal output tube
is a fairly simple problem whéh=the
reasons behind a newer type are known.
It is hoped that the chart will enable
you to select intelligently the best tube
for substitution in a television receiver
that has trouble in the horizontal out-
put tube section. As new tubes come
out in the future, simply note the dif-
ference from its prototype; for instance,
does it have a larger glass envelop,
does it have higher zero-bias plate
current or will it handle higher peak
plate voltages?

These pieces of information in addi-
tion to plate and screen dissipation,
will tell you when to use the tube.
Intelligent substitution should help the
service dealer to reduce the number of
callbacks due to horizontal output tube
failure. Remember, although a given
receiver may have employed certain
tubes that were available at the time
it was designed, there is no reason why
these same tubes should always be
replaced in that receiver for the rest
of its life. Tube manufacturers have
improved the design of sweep tubes
considerably over the years, through
greater experience in manufacturing
these types and the demand of set
manufacturers for higher perform-
ance tubes. END
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By SOL LIBES*

push-pull
video amplifier
doubles picture signal

EW Westinghouse portable tele-

vision receivers—both the 14-

and 17-inch types—employ a

novel push-pull video amplifier
design. This circuit overcomes the most
serious limitations of low-voltage-oper-
ated portable TV receivers—inadequate
contrast due primarily to low de supply
voltages to the video amplifier stage.
This is especially true of television
receivers with unamplified automatic
gain control, in which the amplitude
of the grid driving signal is affected
by signal strength rather than remain-
ing at the constant level maintained
by a good amplified automatic gain
control system.

The push-pull video amplifier cir-
cuit that removes these limitations is
seen in the figure. Included in this
circuit are the sound and sync takeoff,
picture control, brightness control,
vertical retrace elimination and the
“spot eliminator.”

Heart of the circuit is the 6BHS
(pentode-triode). Each section func-
tions as a video amplifier, amplifying
signals that are 180° out of phase.
These out-of-phase signals are simulta-
neously used to drive the picture-tube
cathode and grid with resultant in-
creased contrast. With the picture
control set at maximum the cathode
has a b50-volt peak-to-peak positive-
going video signal. The grid has a 55-
volt peak-to-peak negative-going video
signal. Hence, this out-of-phase rela-
tionship provides video drive of 105
volts peak to peak to the picture tube.

The detected video signals (see
schematic) are applied to the pentode
control grid and grid resistor R314
through capacitor C313. The pentode
stage is biased for linear operation by
resistor R815 to gain the additional
advantages of minimum distortion of
the transmitted portions of sync, video
and white level. As a result, the pen-
tode stage may be also used as a sync
and 4.5-mc¢ sound amplifier without
danger of sync instability or buzz in
the sound due to video amplifier over-
load on strong signals (as occurs on
many current receiver designs).

The pentode stage alone is a typical
conventional low-voltage video amplifier

design utilizing combination series
(L303) and shunt (L304) peaking.
Adjustable coil L302 and capacitor

* Technical editor, Service Dept., Westinghouse
Electric Corp., Metuchen, N, J.
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The push-pull video amplifier with blanking and spot-eliminator circuits.

C314 are tuned to resonate at 4.5 mec
to prevent 4.5-mc beat from appearing
in the picture and also to provide a
high impedance for sound takeoff
through capacitor C200. The pentode
load is comprised of resistors R317 and
R318. The desired amount of sync is
obtained at the junction of these two

resistors and coupled to the sync
separator through isolating resistor
R319.

Contrast eontrol R321, bypassed by
capacitor C320 for high-frequency video
compensation, is across the pentode
load and controls the amount of
positive-going video signal applied to
the picture-tube cathode and the grid
of the tricde section. The network
consisting of R322, R323, C316 and
(321 attenuates the video signal to the
proper level for the triode section.

To obtain a high video output, the
triode stage is operated beyond the
linear portion of the E,~I, curve. The
resulting compression of the sync sig-
nal is of no consequence since the sync
is taken off before this stage and the
triode is used for video amplification
only, the compression thus occurring
in the blacker-than-black region.

The negative-going video output of
the triode section—developed across
1.305 (series-peaking coil used for high-
frequency compensation) and load re-
sistor R325—is coupled to the picture-
tube grid through capacitor C319 and
resistor R326. The two opposite-polarity
video signal voltages, from the pentode
and the triode sections of the 6BHS,
are applied to the picture-tuke cathode
and grid additively. The result is nearly

twice the contrast that would be
obtained from a single pentode video
amplifier operating from low-voltage
power supplies.

An additional unique feature of this
cireuit is the method for obtaining
vertical retrace blanking. Negative-
going vertical pulses taken from the
yoke are developed across resistor
R324 and injected into the triode.
These negative pulses thus appear in
the triode output, phase unchanged,
and cut off the picture tube during
retrace blanking time.

This push-pull video amplifier cir-
cuit is neatly laid out on a printed
board and should give little trouble
and be very easy to service. The cir-
cuit can be checked for proper opera-
tion simply by viewing the signal with
an oscilloscope at the points where
waveforms are shown in the schematic
diagram. Check the signals for proper
waveshape and amplitude. Set the pic-
ture control at maximum (a 50-volt
peak-to-peak signal at the C-R-tube
cathode) and all other controls for
normal picture. The dc voltages should
be measured from B minus, with no
applied signal, using a vtvm.

Switeh SW300, in the spot-eliminator
circuit, is ganged to the power on—off
switch. When the line switch is opened.
SW300 closes, shorting the 115-volt
line to the control grid of the picture
tube, momentarily placing a high posi-
tive bias on the grid. This accelerates
the beam, hastening the discharge of
the filter capacitors in the B-plus and
high-voltage circuits and kills the spot
before it damages the screen. END
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JERRY KASS

HILE most technicians are
concerned with obtaining as
much signal strength as pos-
sible, there are many whose
problem is to attenuate an extremely
powerful TV signal. Such a signal over-
loads a receiver and the best of age
systems cannot cope with it. The con-
trast control can vary the gain of a
stage considerably but, being located
in the video amplifier cathode circuit
of most sets, it cannot prevent over-
loading of the rf and if circuits.

A powerful signal can cause loss of
sync, sound modulation in the picture,
cross-modulation buzz, and an over-
contrasty and distorted image. The best
general solution for this problem is to
use an attenuator pad, a resistive net-
work, between the transmission line
and the antenna input terminals of the
receiver. The resistors used need be no
more than %%-watt carbon units. Wire-
wound resistors are not suitable be-
cause of their inductance, and all
leads should be kept as short as possi-
ble.

A pad of this type can also be used to
eliminate reflected signals. A strong
direct signal can be attenuated some-
what and still be of acceptable strength.
However a relatively weak, reflected
signal may disappear entirely as a re-
sult of the attenuation.

The first requisite of an attenuator
pad is that it properly match the char-
acteristic impedance of the transmis-
sion line and the receiver’s input. In
most cases a balanced pad can be used
to match a 300-ohm ribbon line to the
300-ohm input of the TV receiver. In
fewer cases an unbalanced attenuator
must be used to match a 72-ohm trans-
mission line with the 72-ohm input of a
TV receiver. In either case a trans-
mission line must look into its own
characteristic impedance, while at the
same time the receiver input cireuit
does so also.

zy A L
FROM LEAD-IN 308y RI %RZ B G TIVRCR

Rl %_x’*_;ll A=VOLTAGE RATIO, E1n/EquT
po=Z X 2 Z2Z=Zoyr
(A+DCA-D

Fig. 1—H attenuator for balanced input
and output impedances.
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Many network configurations are
possible; however, a simple H-pad
(Fig. 1) is perfectly suited for atten-
uating signals between 800-ohm bal-
anced input and output impedances. A
T-pad (Fig. 2) can be used for the 72-
ohm unbalanced arrangement.

In the balanced pad of Fig. 1 let us
assume that we want to attenuate a
powerful incoming signal to one-tenth
its original value. This represents a
reduction in signal strength of 20 db.

Using the simple formula in Fig. 1,
attenuation factor A or (E../E..) is
equal to 10 and R1 = 150 X 9/11, or
1227 ohms. For practical purposes,
using preferred values, a resistor of
120 ohms may be used for R1. Solving
for R2 follows along the same line.
Again using the formula shown in Fig.
1, R2 =300 X 20/ (11 X 9), or 60.6
ohms.

We can use a resistor of 56 or 68
ohms. However, R1 was made a few
ohms less than its theoretical value so
R2 must be slightly larger than its
ideal value. Hence, a resistor of 68
ohms should be used for R2. The com-
pleted balanced pad for 300 ohms input
and output, and an attenuation of 20 db
or 9/10 signal strength is shown in
Fig. 8.

Rl Rl

FROM LEAD-IN ZIN ZoUT o7V ROVR
—_— 72 —_—

(T2.0) A2 (7122)
[+ O
m:ﬂﬁ. A=VOLTAGE RATIO, £ /Eqyp
2= LX2A_ Z=1n=Iguy
(ATDA-D

Fig. 2—A T-type attenuator for un-
balanced input and output.

#1200

R

A
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—_— R —_

1200~
20 DB BALANCED PAD
Fig., 3—A 20-db, 300-ohm pad.

We can now check the calculations
for impedance match. Looking in from
the 300-ohm lead-in, resistors R, and
Ry are in series with Rc which is paral-
leled by the series circuit of Rs, Ry and
the 300-ohm input of the receiver. Ro
is thus in parallel with 540 ohms. The
68-ohm Ro and the 540 ohms make up

an equivalent resistance of approxi-
mately 60 ohms. This, in series with the
240 ohms of R, plus Rx, provides a 300-
ohm input impedance that matches
nicely the 300-ohm impedance of the
transmission line.

Similarly, the 300-ohm input imped-
ance of the receiver also looks into its
own impedance. Thus, besides intro-
ducing a signal loss, the attenuator pad
prevents transmission-line reflections
by maintaining a proper impedance
match.

In the same way, a signal loss of any
amount can be introduced. Generally,
caleulations will not have to be made
because the attenuation ratios shown in
Table I will satisfy almost any condi-
tion. Those given are for the more
commonly used attenuation factors.

TABLE |
Balanced Pad—300 ohms

RI1 R2 Loss Signal
{ohms) {ohms) (db} Attenuation
150 5.6 40 100:1
120 68 20 10:1

82 220 10 3:1

47 390 [ 2:1

24 910 3 1.4:1

Solving for resistor values in the 72-
ohm unbalanced pad of Fig. 2 follows
much the same pattern. To introduce a
20-db loss we have:

R1 =72 X 9/11, or 589 ohms.

The closest preferred value to this is
56 ohms. To find the value of R2 we
have:
R2 =72 X 20/ (11 X 9), or 14.5 ohms.
This is extremely close to the preferred
value of 15 ohms and should be used.
Fig. 4 shows the 20-db unbalanced at-
tenuator pad.

Here the transmission line looks into
R. in series with the parallel combina-

J 560~
Fa e 0725 RCVR
FROM 720 LEAD-IN RB 5a T072n RC

o——

20 DB UNBALANCED PAD
Fig. 4—A 20-db unbalanced pad to
match 72-ohm coax to set’s antenna in-
put impedance.

tion of Rx and Rc and the 72-ohm input
impedance of the receiver. Thus the 56-
ohm R, is in series with an equivalent
resistance of approximately 14 ohms,
and the 72-ohm lead-in looks into an
impedance of about 70 ohms. This
slight difference is not important and
will usually occur unless the precise
calculated resistance can be obtained.
However, since the attenuator pad in-
troduces signal losses over a wide range
of frequencies, the closest preferred
value resistance will usually suffice.

TABLE Il .

Unbalanced Pad—72 ohms
RI R2 Loss Signal

(ohms) (ohms) (db) Attenuation

75 1.5 40 100:1
56 15 20 10:1
33 51 10 3:4
22 100 [ 2:1
12 220 3 1:4:1
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Table II gives resistance values for
commonly used attenuation ratios.

In some areas a strong signal may
occur on one channel only, and it will
be desirable to remove the attenuator
pad when tuned to a normal or weak
channel. When such is the case, a sim-
ple switching circuit using a dpdt
switch can be used. The attenuator pad
should be mounted on the rear of the
TV cabinet, close to the antenna input
terminals.

When time is important, as is often
the case with the busy service techni-
cian, and when the desired amount of
attenuation is not known, we recom-
mend one of the commercially available
pads. Variable types such as the IRC
QJ-3, Centralab PCH-4 and Taco type
835 are ideal when different levels of
attenuation are needed for various
channels. The QJ-3 is a potentiometer
type; the PCH-4 is a switch type pro-
viding attenuation of 10-40 db in four
steps and the 835 provides 0-, 15- and
30-db attenuation. In cases where the
desired signal loss is known, fixed pads
in the Centralab PCH printed-circuit
series can be used. All attenuators men-
tioned here are for 300-ohm circuits.

Arcing in audio socket

I recently had a Trav-ler model 1710
portable in the shop with a complaint
of picture smear. While servicing I
heard intermittent arcing which grad-
ually grew louder. Finally, I noticed
part of the audio output socket was
burned away. I replaced the socket and
the arcing stopped. I now hove o simi-
lar model in the shop which also began
to arc and the socket burned. I would
like to know why, and what can be done
to eliminate this trouble. Once the set
is delivered to the customer’s house
there 1is no complaint about arcing.
Could the trouble be the higher line
voltage in the shop? Some technicians
have complained of this, others said
they did not have this trouble—B. R.,
Chicago, Il

The trouble you describe is wide-
spread on this and similar models. The
arcing takes place between plate and
screen (pins 8 and 9) on the 6AWS
audio output tube socket. It is caused
by removing the cabinet top to get at
the underside of the chassis. This open-
circuits the secondary of the audio out-
put transformer and unloads it. As a
result, signals that reach the grid of
the output tube cause excessive peak
voltages in the plate circuit. Fre-
quently, the resulting arcing between
pins 8 and 9 may damage the socket.
Sometimes the arcing cannot be heard
but flashes appear on the screen.

Thus, when the cabinet top is re-
moved, connect the secondary of the
audio output transformer to an ex-
ternal speaker or a 2-watt 4.7-ohm re-
sistor, or be sure the volume control is
set at its minimum position. The tech-
nicians that did not notice any arcing
may have been checking for sound de-
fects and thus had a loudspeaker con-
nected.
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Loss of vertical sweep and raster size

I have what I believe to be an un-
usual case in which there is no vertical
sweep and a short wavy horizontal line
on the screem. The set is a Crosley
chassis 466 and the symptoms point to
a defect in the low-voltage power sup-
ply or in the boost circuit. My sche-
matic calls for a boost voltage of 550
and I get about 875. Also, the grid of
the wertical output tube reads —90
volts when it should read about 60.

From checking, I cannot be sure
whether the trouble is in the wvertical
circuit, boost circuit or low-voltage
power supply. I have replaced the se-
lenium rectifiers and the filter capaci-
tors in the power supply, and the
output is a normal 260 volts. All tubes
in the wvertical, horizontal and damper
circuits have been replaced. The main
trouble here is that these circuits are
so interconnected that the defect can’t
even be localized. I have replaced the
vertical output transformer and tried a
new deflection yoke, but these did not
help.—T. R., Gary, Ind.

You did not mention it but one check
should have been to disconnect the ver-
tical cireuit from the boost line and ob-
serve if the boost returned to its nor-
mal voltage. However, your symptoms
of loss of vertical sweep, reduction in
the width of the horizontal line and the
negative voltage on the grid of the 634
output tube point almost positively to a
defective cathode capacitor in the verti-
cal output stage (Fig. 5).

6S4-A
VERT OUTPUT

—
6800 VERT
DEFL
“ coIL
250K
il 550V
L4l
7500, l 5 FROM B B00ST
thioo =005
7.5«/3w

Fig. 5—Vertical output circuit in the
Crosley 466 TV chassis.

Where the capacitance of this unit
drops considerably there will be a re-
duction in width. This is due to the fact
that while it bypasses the cathode cir-
cuit it is also used as a filter in the
boost circuit. Thus, an open or high-
impedance capacitor affects the amount
of boost voltage developed. The com-
bination of reduced plate voltage and
cathode degeneration in the vertical
output stage prevent vertical deflection.

Crystal bias in uhf tuner

Motorola receiver using o« WTT-81
uhf tumer has a wvery weak output. 1
have tried a few 6AF4 oscillator tubes
and have replaced the crystal. In somne
cases I get what appears to be « strong
picture but it is accompanied hy a great
deal of noise. There is an oscillator tab
that has some effect when it is moved,

TELEVISION

but it does not permit me to get a good
picture. I am in a fairly strong signal
area.—B. V. Elmira, N. Y.

It appears that you are having trou-
ble getting the correct erystal bias, so
very important to the proper operation
of this tuner. The crystal bias consists
of a combination of a small positive
voltage from B plus and the negative
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Fig. 6—Partial circuit of the Motorola

coaxial-line uhf tuner.

rectified oscillator output, developed
across R1 (Fig. 6). This can be used as
an indication of the oscillator injection
voltage. With the tuner operating
normally, this voltage should be no
more positive than 0.1 volt and no less
negative than 0.15 volt, throughout the
entire tuning range.

A negative voltage indicates that the
oscillator signal is greater than the
applied B voltage. Thus, an increased
negative reading indicates greater oscil-
lator injection; a decreased reading
reduced oscillator injection. The voltage
on the oscillator plate (junction of R2
and R3) should be almost exactly 80.
The positive ecrystal-biasing voltage
across R1 should be between 0.15 and
0.35 volt, the result of a de drop, and
must be made with the oscillator injec-
tion removed.

First measure the oscillator plate
voltage. Then disable the oscillator by
disconnecting its plate lead at CI.
Finally, place a 5,000-ohm 5-watt rheo-
stat from the junction of R2 and R3 to
ground, and adjust it to obtain a
voltage at this junction equal to the
original plate voltage. Then measure
crystal bias across R1. If voltage is off,
checl value of all resistors carefully.
Be sure to adjust the proximity tabs on
the oscillator line. END
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1. TRANSDUCERS CONVERT MEASUREMENTS INTO
A SINUSOIDAL VOLTAGE CALLED SUBCARRIER
FREQUENCIES

2. TRANSDUCER OUTPUTS AND THE SUBCARRIER
FREQUENCY OUTPUTS FROM VOLTAGE SENSING
OSCILLATORS LOCATED IN A MAIN TELEMETER
PACKAGE, ARE COMBINED IN A MIXER AMPLIFIER

3. A NUMBER OF MIXED SUBCARRIER FREQUENCIES,
MODULATE A 220-MC BAND, FM TRANSMITTER

4 . RADIO FREQUENCY SIGNALS ARE RADIATED
FROM A MISSILE ANTENNA

5. A STEERABLE HIGH-GAIN, DIRECTIONAL ANTENNA
RECEIVES THE RF SIGNAL FROM THE MISSILE

By JOSEPH KOUKOL

HE development of the Corporal

weapons system, at the Jet Propul-

sion Laboratory of the California

Institute of Technology,’ was made
possible by radio telemetering, a form
of remote instrumentation in which a
large number of measurements may
be transmitted simultaneously by radio
to the ground, where they are recorded
on magnetic tape for later analysis.
An important part of the telemetering
system is the steerable, high-gain, helix,
telemetering receiving antenna shown
in the cover illustration. This antenna
has a gain of 11 db over a dipole for
a circularly polarized wave. It has a
narrow beamwidth for maximum rejec-
tion of interfering signals and to obtain
the greatest possible signal level. The
operator tracks the missile manually
by three methods: visually with post
type sights, until it is out of sight
because of distance or clouds; with
the signal-strength meter shown mount-
ed on the antenna pedestal and by
moving the antenna in azimuth and
elevation according to preflight-calcu-
lated positions, as a function of time.
The rest of the ground-located tele-
metering gear, consisting of missile tele-
metering-checkout, data-recording and
data-analysis equipment, is housed in
a portable van connected to the antenna
by a short coaxial cable.

1 This paper presents the results of one phase
of research carried out at the Jet Propulsion
Laboratory, California Institute of Technology,
under Contract No. DA-04-495-Ord 18, sponsored
by the Department of the Army, Ordnance Corps.
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Just how the telemetering system
employed during the Corporal missile
system development can measure dozens
of functions simultaneously, transmit
these signals over a hundred miles or
more and finally reproduce the original
data with accuracies comparable to
good-quality laboratory instruments is
shown in Fig. 1.

The subcarrier method of making
a number of continuous measurements
on one carrier is called frequency
multiplexing. As shown in Fig. 2. 18
bands with center frequencies ranging
from 400 cycles to 70 ke have been
standardized for telemetering use.> Each
nonoverlapping subcarrier channel has
a bandwidth of *=7% % of the center
frequency with a nominal data-fre-
quency response of 1/10 of the channel
bandwidth. Frequently as many as 70
measurements have been made on cne
16-band system, by time-multiplexing
a number of measurements on one or
more subcarrier channels with a 20-
segment mechanical commutator rotat-
ing at 1 revolution per second. Orly
data with a relatively slow variance
have been handled by this technique
but as many as 20 separate measure-
ments have been made on one sub-
carrier frequency.

The airborne telemetering equipment
used for much of the Corporal develop-
ment program is shown in Fig. 3. The

2Bendix Aviation Corp., The Theory and Ap-
plication of FM/FM Telemetry. Bendix Aviation
Corp., Pacific Division, North Hollywood, Calif.

©. AN FM RECEIVER DEMODULATES THE RF CARRIER, REPRODUCING
THE ORIGINAL SUBCARRIER FREQUENGIES

@ . A HIGH-QUALITY, MAGNETIC-TAPE RECORDER STORES THE
DATA FOR LATER ANALYSIS

TELEMETERING

«sthe lifeline of guided missile research

plug-in modules contain circuitry which
may be connected together in a number
of ways by the “patch-panel” arrange-
ment seen on the front of the large
chassis. For instance, it may be neces-
sary to amplify a de signal of a few
millivolts to the 5-volt level necessary
to modulate a standard subcarrier
oscillator. Thus, two separate modules
are connected to make one measure-
ment. The second chassis contains a
nickel-cadmium battery pack which is
the primary power supply for the air-
borne telemeter and which contains
switching eircuits and a dynamotor to
supply 28 and 150 volts de for the
transmitter and the subcarrier oscil-
lator plate supplies.

Important design objectives of the
airborne telemetering components are:

1. Reliability—The equipment must
operate continuously and reliably when
subject to the high-level vibration
environment and wide temperature
variations found in guided missiles.

2. Accuracy—Measurements must be
made with accuracies which frequently
are 2% of full scale or better.

3. Flexibility—The system must be
capable of making a large number of
measurements of different types, with
a minimum of wiring changes or com-
plex adjustments.

4. Small size and weight—It is im-
portant that flight equipment be small
and light because in a typical missile
only a very small space and weight
allocation is available for instruments.

RADIO-ELECTRONICS
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8. A SET OF BANDPASS FILTERS 9- DISCRIMINATORS CONVERT EACH
SEFARATES EACH SUBCARRIER SUBCARRIER TO A DC VOLTAGE
FREQUENCY FROM THE MIXED- IN WHICH THE AMPLITUDE IS PRO-~
TONE OUTPUT OF THE RF RE= PORTIONAL TO THE SUBCARRIER
CEIVER FREQUENCY

10 A LIGHT-BEAM RECORDING OSCILLOGRAPH CONVERTS THE DISCRIMINATOR
OUTPUT SIGNALS TO A PERMANENT, VISIBLE, CONTINUQUS ANALOG RECORD

STANDARD
BANDS

7.5%
DEVIATION

Fig. 1—Flow of information, from instruments in the

missile to ink records on a continuous graph, and the

forms in which the information appears at various
peoints in the flow.

Fig. 2—Telemetering ecarrier frequencies. Bands are

logarithmic so that signal-handling capability and inter-

ference rejection are proportional on all. Frequency is
in cycles.

FREQUENCY

U TLIREIE E2EY Fig. 3—Airborne equipment and cabling.

52,500
56,440

64,750
70,000
75,250
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Following the research and develop-
ment phase of the Corporal, when the
missile first began to be used by troops
in the fleld for training purposes, the
need arose for a simple, reliable tele-
metering system capable of making
about six measurements. These meas-
urements were selected for monitoring
certain key functions which through
previous experience were found to be
the most valuable in assessing missile
performance. In the design of this
system even greater emphasis was
placed on reliability. All audio circuits
used transistors in place of the more
conventional vacuum tubes.

The packaging techniques raised
the mechanical resonant frequency of
electronic component mountings and
supports to several thousand cycles
per second or higher so that even when
vibration excitation forces of up to
15 times the force of gravity over a
frequency range of 20 to 2,000 cycles
were applied for long periods of test-
ing time during the development pro-
gram, the motion of leads, wiring and
supports due to amplification at mechan-
ical resonance did not cause components
to fail or parts to break loose.

To show the necessity of designing
packaging to have as high a mechanical
resonance frequency as possible, the
peak-to-peak displacement of an object
subjected to 15-g peak sinusoidal forces
is about .0003 inch at 2,000 cycles. At
100 cycles when subjected to the same
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Fig. 4—This equipment is designed to withstand shocks and vibration that would
wreck ordinary “ruggedized” apparatus almost immediately.

force, the peak-to-peak motion is about
.03 inch, or 100 times greater. Move-
ment of this amplitude may very easily
exceed the elastic limit of a support,
material or component lead and result
in an operational failure. The rugged
appearance of this unit may be noted
in Fig. 4.

The successful development of the
Corporal has in large measure been

dependent on continual improvements
in telemetering techniques and equip-
ment. The use of transistors and con-
tinual circuit improvements have great-
ly improved the reliability of both
airborne and ground components, bring-
ing the state of the art one step closer
to the ultimate objective, an instru-
mentation system with an infinite life
and perfect reliability. END

INDUSTRIAL ELECTRONIC QUIZ 5, e nokstene

HE following quiz is designed to

test your knowledge of industrial
electronic techniques and instruments.
A score of 18 or more correct is excel-
lent and indicates a close acquaintance
with current practice. A score of 15 to
18 correct is good, 12 to 15 correct
fair, less than 12 correct poor.

1. The photoelectric pyrometer is
used to: a, sound an alarm in case of
fire; b, measure temperature; c, detect
metal particles in packaged foods; d,
detonate explosive rivets.

2. The cathode of an ignitron is
made of: a, carbon; b, graphite; ¢,
liquid mercury; d, tungsten.

3. A radiograph is: a, a curve show-
ing the fleld-strength pattern of an
industrial oscillator; b, a motor-driven
pen which writes on a moving strip of
paper; c, an X-ray picture; d, an instru-

ment to measure attenuation in a
waveguide.
4. Dielectric heating is commonly

used to: a, surface-harden metal parts;
b, solder lids on metal containers; c,
spot-weld sheet aluminum; d, heat
plasties.

5. Induction heating is commonly
used to: a, detect flaws in metal cast-
ings; b, cure sponge rubber; ¢, check
temperature coefficient of carbon resis-
tors; d, surface-harden metal parts.

6. Hard X-rays are: a, higher in

*Northwestern Vocational Institute, St. Paul,
Minn.
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frequency than soft X-rays; b, longer
in wavelength than soft X-rays; c, less
penetrating than soft X-rays; d, not
used because they endanger health.

7. A phase-controlled rectifier uses
which of the following tubes: a, thyra-
tron; b, pliotron; ¢, phasitron; d,
pentode.

8. A dynode is: a, an instrument
used to measure extremely small values
of current; b, a tube used to measure
pressure in vacuum systems; c, one of
the electrodes in a photomultiplier
tube; d, an electronic navigational
device used in aircraft.

9. The scintillation counter is: a,
used to detect radioactivity; b, often
used to detect flaws in metal castings;
¢, a circuit used to remove dust particles
from the air; d, another name for ths
binary scaler.

10. Ultra-violet rays are: a, longer
in wavelength than visible light; b,
shorter in ‘wavelength than visible
light; ¢, lower in frequency than infra-
red rays; d, lower in frequency than
visible light.

11. An electronic device used to re-
move particles of dust and smoke from
the air is: a, an electrostatic precip-
itator; b, an induction heater; ¢, @
photoelectric pyrometer; d, a dynode.

12. Register control is used to: a,
weld sheet aluminum; b, detect flaws in
metal castings; ¢, cure sponge rubber:
d, assure alignment of the successive

colors laid down in multicolor printing.

13. Metal parts are commonly sur-
face-hardened with an: a, induction
heater; b, electrostatic precipitator; c,
electrometer; d, ion gauge.

14. The back-to-back circuit is often
used in: a, Geiger counters, b, pre-
cipitators; c, resistance welding equip-
ment; d, register controls.

15. An intensifying screen is used
in conjunction with: a, the photoelectric
pyrometer; b, X-ray apparatus; c,
grid-controlled rectifiers; d, dielectric
heating equipment.

16. A scaler composed of five cas-
caded flip-flop circuits will reduce the
input frequency by a factor of: a, 1/32;
b, 1/5; ¢, 1/10; d, 1/186.

17. Another name for flip-flop circuit
is: a, one-shot multivibrator; b, igni-
tron; c, electrometer; d, binary scaler.

18. Electrostatic precipitation is not
suitable for which of the following: a,
removal of airborne bacteria; b, smoke
and dust control; ¢, guiding paint
sprays; d, welding metals.

19. The stroboscope is an instrument
used to: a, detect radioactivity; b, study
vibration in moving machinery; e,
measure pressure of gases; d, align
high-frequency radio receivers.

20. Extremely small values of cur-
rent can be measured with an: a, ultra-
sonic generator; b, intensifying screen;
¢, electrometer; d; echo box. END

(See page 97 for answers)
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Lumistron assembly complete with microwave an-
tenna and lens compressor which makes a homog-
enous lens for the three sections.

was daydreaming pleasantly in my

office, reviewing all my former ac-

complishments, from the famed

Westingmouse Vest-Pocket Receiver
in 1933 to last year’s Wireless Radio
Iron, when the harsh and vile sound
of that detested buzzer brought me to
my feet and quickly into the Big Boss’
sanctum.

I saw at once from the elevated angle
of his 7-inch Havana cigar that he was
on the warpath. “Fips,” the great man
bellowed, “do your realize that we all
have been asleep at the electronic
switch since 1873, when the illustrious
James Clerk Maxwell published his
great treatise Flectricity and Mag-
netism, in which he lumped electricity,
magnetism and light into a single force?
Long ago we knew that radio waves
and light waves are in the identical
spectrum, one merging into the other—
but what have the engineers done about
this? Nothing. Absolutely nothing!
Don’t you know that with today’s
electronic progress we should be able
to see radio waves all about us? Look
at the thousands of fantastic and useful
inventions this new electronoptics
science should give the world! And here
we sit and dream about nonsense when
the most revolutionary new field of
electronics is completely unexplored!

“So, Fips, hop to it. Show your read-
ers what we can do to get them out of
the old stagnant groove. And I want
action—fast! 'l give you 60 days to

* Institute Radio Electronopties,

APRIL, 1957

The Lumistron lens is made up

from three sections of conductive

glass differing in molecular char-
acteristics.

Miniature Lumistron for night
light and other illumination uses.

come up with a electronoptical model
that works. This is an order!”

*x Kk Kk X

This was a tough command—the
worst the Big Boss had ever thrown
me. Yet T am glad he sparked me into
it—it was very worth while.

the

ELECTRONICS

LUMISTRON,

electronoptics’

new sensation

By MOHAMMED ULYSSES FIPS, TRE*

The radio Lumistron, which not
only emits light but radio programs
as well.

In retrospect, let us review the known
facts of the high-super-frequency radio
waves. We all know that at the upper
end of the radio spectrum we have the
ultra-high-frequency (uhf) spectrum
ranging from 300 to 3,000 million cycles
per second and the super-high-fre-
quency (shf) waves beyond that. Then
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Fig. 1—Super-high-frequency trans-
mitter consists of special Tesla coil
working from tank of uhf transmitter.

come the millimeter waves from 100,000
to 1,000,000 million cycles. At this point
the radioc waves merge into the light
spectrum, first into the quasi-infra-red
of 1,000,000 to 10,000,000 million cycles,
then into infra-red, radiant heat, finally
into visible light at a frequency of 400,-
000,000 to 800,000,000 million cycles.

I started my experiments by rigging
up one of my most efficient amateur
transmitters, to which I coupled a Tesla
type stepup transformer which gave
me the needed better-than-millimeter
waves. (See Fig. 1.) The Tesla coil
produces a train of oscillations for each
half-cycle of the shf transmitter output.
My only trouble was to get enough in-
ductance into the Tesla coil to give me
a voltage stepup without acting as a
choke of the shf signal. I solved that
by winding the coil in sections—each
resonant to the transmitter frequency—
separated by delay lines, so each section
is in phase with each other.

Now came the most ticklish as well
as crucial point. What does one use for
a detector of not only quasi-radio waves
but light waves as well? In other words,
a detector that not only receives radio
waves but converts, i.e. rectifies, the
radio waves into light waves too. This
was like detecting radio waves in the
old days with a crystal detector and
rectifying them into sound waves.

I experimented with gases, with
liquids and with hundreds of sub-
stances. Nothing worked.

Finally one quiet night I got it! I
of course knew of the use of condictive
glass in a number of industries. * This
glass is a sort of semiconductor. A
panel of it equipped with electrodes at
both ends will heat rapidly and give
off radiant heat when a suitable cur-
rent is connected to the metal end
pieces.

What I was after was a Glass-Tran-
sistor. But it took weeks to make one
that had the right properties. I had to
make many batches of special glass to
which a certain percentage of selected
metals had to be added to give the glass
the required properties. I was much
encouraged with silicon and molybden-
um glass, but the final and best working
transistor has a special mixture of
metals which for patent reasons cannot
be divulged here. I can, however, de-

* This is manufactured by Libby-Owens-Ford
Glass Co., Toledo, Ohio.
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Fig. 2-a—Schematic of the transistor-
like Lumistron. 2-b—Equivalent circuit.

scribe the physical makeup of the new
and revolutionary electronoptical tran-
sistor for my readers.

It is in the form of an ordinary
optical glass lens, but there are three
separate pieces. (See illustration.) The
center rectangular section has different
conducting properties than the two
semicircular side sections. The junction
edges are all highly polished. The lens
is now placed in a special plastic frame
and the compression screw is tightened.

Here it should be noted that the com-
pression is critical—too much or too
little makes the transistor inoperable.
Also, once compressed, the lens is al-
most perfect——unless you inspect it
closely you won’t see the separate
pieces. Optically, it works the same as
any good lens.

At the top of the plastic frame we
have the “tuner.” At the exceedingly
high quasi-radio frequency the tuning
becomes very simple. One of the tiny
antennas is equipped with an insulating
handle which can be screwed in or out
a small fraction of an inch. The ends
of the Z%-inch thick antennas are
squared and well polished. Bringing the
ends close together gives you both
capacitance and necessary inductance.
Once adjusted to the correct frequency,
the receiver operates properly and
keeps operating as long as the trans-
mitter-——which can be located in another
room-—functions.

Well, you may ask impatiently, what
happens at the receiver? You probably
have already guessed it—IT LIGHTS
UP! If close to the transmitter, the lens
lights up brilliantly—without the use
of a battery. Here it parallels the old
crystal detector which merely converted
the high-frequency radio energy col-
lected on the aerial and rectified it into
sound through the earphones.

The electronoptic transistor works in
the same manner—it transforms radio
waves into light waves at an exception-
ally high efficiency. For powerful sig-
nals, no external batteries or other
power is needed. It works as a passive
power receiver (see Dr. Hollmann’s
article on page 85 of this issue, and
Dr. Grace’s article “Transistor Radio
Uses No Power Supply” on page 96 of
the April, 1955, issue of RADIO-ELEC-
TRONICS). If the transmitter is at a
distance, say, of 20 miles (it can’t be
below the Earth’s horizon) external

batteries are helpful. Two 1.3-volt cells
(or the less compact 1.5-volt flashlight
cells) are quite sufficient.

The diagram appears in Fig. 2. Since
it may be incomprehensible to anyone
who does not fully realize the part
played by the transistorlike action of
the three-section lens, I have added an
equivalent circuit which, I am sure, will
make its action quite clear to all ad-
vanced experimenters in the extremely
high-frequency semiconductor art.

I have named the new electronoptical
receiver the Lumistron, and before long
millions will be in use. Particularly the
vest-pocket type illustrated here. What
use will they have? As pocket flash-
lights that have neither battery nor
incandescent bulb and cost nothing to
operate if there is a powerful shf trans-
mitter in the vicinity.

The Lumistron has no switch—it
works all the time. As it gives off no
heat, you can keep it in your pocket.
Thus you always have a light with you.
The Lumistron makes a perfect night
light, too.

Of course, the Lumistron is only a
simple item in a long list of practical
applications of the new principle. It
will, for imstance, revolutionize tele-
vision. A single special glass panel with
few additional components located in
the frame will soon bring you scanless,
picture-tubeless TV at low cost. With
electronoptics you will no longer need
bulky cathode-ray tubes nor high-ten-
sion transformers.

Thousands of other new uses will be
found for this revolutionary invention.
*x ok Kk K

On the 56th day, I proudly tock my
first working model of the Lumistron
to the Boss and put it through its
paces. EHe seemed much interested at
first but after a while he started to
chew his cigar furioucly. “Dammit,
Fips,” he sneered, “what good is this
fool gadget? Who will buy it and what
station would be crazy enough to broad-
cast free energy to power all those
Lumistrons for nothing?”

I had been waiting for this oppor-
tunity for years, so I let him have it.

“Illustrious imbecile,” I snarled, as
I pulled out another Lumistron from
my pocket and held it up to him, “you
fancy yourself as the only great mind
in the world but, my dear lamebrain,
concede once and for all that your low-
born hired help knows a few electronic
facts, too. You note that this moZel
Lumistron talks quite well, too, in addi-
tion to its undiminished luminosity.
This I accomplish by modulating the
light output with a photoelectric tran-
sistor when it is tuned to a powerful
super-high-frequency (shf) broadcast
transmitter. However, to get square
with your many years of mistreatment,
I won’t give you the details of its con-
struction. Good-bye, electronickel pinch-
ing boss, get yourself a new boy!”

As I left the room I smiled as the
Lumistron sang out loudly in a clear
laughing voice: “This is

APRIL 1~
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Instrument in use measuring moisture
content.

OISTURE is defined by the dic-

tionary as: 1. slight, sen-
sible wetness; 2. a small
amount of liquid exuding

from, diffused through or resting on a
substance; 3. dampness. The measure-
ment of this wetness or dampness, its
presence or absence or its quantity
may directly or indirectly concern us.

Manufacturers of dehydrated foods,
face powders, gypsum, cement, etc. are
mainly interested in greatly reducing
moisture in their products; makers of
concrete mixes, tobacco processors,
horticulturists and farmers are con-
cerned with its presence in controlled
amounts; laboratories are interested in
all conditions of moisture. All are
interested in its measurement. This
article describes a simple meter for
measuring moisture with reasonable
accuracy and reading directly the per-
centage of moisture.

When extreme qualitative measure-
ment of moisture is desired, the an-
alyst first carefully weighs a completely
saturated sample of the material; the
sample is thoroughly dried and again
weighed. The weight difference pro-
vides the basic standard for this par-
ticular material. If the original mate-
rial, completely saturated, weighed 8
ounces and after complete drying
weighed 6 ounces, the moisture obvi-
ously weighed the difference between
the two, or 2 ounces—the standard
range for this material.

Next, samples of varying degrees of
wetness are weighed. For example,
suppose one weighed 7% ounces. This
weight (7% ounces) less the net, com-
pletely dried weight (6 ounces) is a
difference of 1% ounces, representing
the actual weight of the moisture con-

* Henry Francis

Parks Laboratory, Redwood
City, Calif,
APRIL, 1957

Front view of the mois-
ture meter.

tent. Then, 1.5 (the difference weight
of the sample) divided by 2.0 (the
difference weight of the standard)
equals 75%-—the actual percentage of
moisture in the second sample. This is
the most accurate method of moisture
measurement.

There are many instances, such as
in farming, when such extremely accu-
rate measurements are not necessary.
In such cases, some sort of a direct-
reading meter capable of giving the
moisture percentage within a tolerance
of a few percent will suffice.

Several electronic methods of meas-
uring moisture content ars available
but the most practical is that using

3L

T0 TEST
TERMINALS

R|1—47,000 ohms, 1/, watt
R2—5,000-ohm potentiometer
R3-—10,000 ohms, Y/, watt
R4—1,000 ohms, !z watt (see texi)

Cl—.001 uf
C2—0.1 uf
C3—.02 pf

Y—2N 30 transistor

T—interstage transformer, |:3, primary impedance
10,000 ohms, secondary 90,000 ohms {UTC $SO-2
or equivalent}

S—dpdt switch with center-off position

BATT—30-volt hearing-aid battery (Burgess U-15 or
equivalent)

D|—Bridge type instrument rectifier

M—microammeter, 0-100 (Triplett model 327-PL or
equivalent)

Binding posts (2)

Meter case or box approximately 2 x 3 x é inches

Fig.1—Schematic of the moisture meter.

ELECTRONICS

Portable
Moisture
Meter

Checks moisture content of soil
or other material
by measuring its ac

conductance

By HENRY FRANCIS PARKS*

resistance measurement between two
electrodes, held a predetermined dis-
tance apart, in a sensing probe, the
probe being inserted into the material.
Also, two types of resistance measure-
ment are possible. One uses direct cur-
rent with the inherent problems of line-
voltage drop and a high susceptibility
to temperature variations; the other
employs alternating-current conduct-
ance of a circuit (the current is rec-
tified and the result read either in
milliamperes or microamperes, accord-
ing to the design). Since I equals—EZ—
after balance in a Wheatstone bridge
circuit, a resultant of Z and conduct-
ance may be read out directly in terms
of the percentage of moisture on a
suitable meter dial scale. Since alter-
nating-current Z is less susceptible to
temperature changes than direct-cur-
rent R, the second method is more
desirable.

Temperature does affect both, how-
ever. Moisture is always tied in with
temperature. All experiments on this
project were made at 70°F. For the
practical purposes for which this meter
was designed, it will operate from 40°
to 140°F.

So, this Moisturometer (Fig. 1) em-
plovs the ac-conductance—Wheatstone-
bridge principle. The circuitry is simple,
consisting of an oscillator generating
an ac signal of 1,000 cycles and an
amplifier, beth of which functions are
combined in the Raytheon 2N130 p-n-p
transistor stage. The rate of oscillation
is controlled by the R-C combination
of R1 and C2. Rl may have to be
changed to a slightly lower value if
the frequency is not high enough. This
is also true of R4. These three compo-
nents are discussed later.

(Continued on page 76)
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MODEL O-11

Shpg. Wt
21 Lbs.
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HEATHKIT ETCHED CIRCUIT, PUSH-PULL

5" Oscilloscope Kit

COLOR TV

The previous Heathkit oscilloscope (Model O-10) which
was already a most remarkable instrument, has been im-
proved even further with the release of the Heathkit
Model O-11. It incorporates all the outstanding features
of the preceding model, plus improved vertical linearity,
better sync stability, especially at low frequencies, and
much-improved over-all stability of operation, including
less vertical bounce with changes in level, These improve-
ments in the Model O-11 circuit make it even more ideally
suited for color TV servicing, and for critical observations
in the electroric laboratory. Vertical response extends
from 2 CPS to 5 MC without extra switching. Response
only down 2.2° DB at 3.58 MC. The 1l-tube circuit
features a SUP1 cathode-ray tube. Sync circuit functions
effectively from 20 CPS to better than 500 kc in five steps.
Modern etched circuit boards employed in the oscillo-
scope circuit cut assembly time almost in half, permit a
level of circuit stability never before achieved in an
oscilloscope of this type, and insure against errors in
assembly. Both vertical and horizontal output amplifiers
are push-pull. Built-in peak-to-peak calibrating source —
step-attenuated input — plastic molded capacitors and top-
quality parts throughout — pre-formed and cabled wiring
harness — and numerous other “extra” features. A pro-
fessional instrument for the serviceshop or laboratory.
Compare its specifications with those of scopes selling in
much higher price brackets. You can’t beat it!

PG P00 GTO0OGAHADOOHSOOOHTEOOOO0OOOOS

' | FEWER DOLLARS BRING MORE REAL
QUALITY.
@ Factory-to-you sales eliminate extra profit margin.
¢ ‘“'Build-it-yourself'’ eliminates labor charge.
® Heath purchasing power cuts component costs.

2 PERSONAL SERVICE ASSURES

CUSTOMER SATISFACTION.

¢ You deal directly with the manufacturer.
® We are interested in you before and after sale.

PROVEN DESIGNS MEAN RELIABLE

PERFORMANCE.

® Research and development efforts concentrated on kits
only.

& All kits guaranteed to meet advertised specifications.

#%. EVERY KIT BACKED BY WORLD-WIDE

REPUTATION.

# The world's largest manufacturer of electronic equip-
ment in kit form.

# Producer of more than a million electronic kits for the
home workshop and industry.

5 EASY TIME-PAYMENT PLAN TO FIT YOUR

BUDGET.
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This new and improved oscilloscope retains all the outstanding features of the
preceding model, but provides wider vertical frequency response, extended sweep-
generator coverage, and increased stability. A new tube complement and improve-
ments in the circuit make these new features possible. Vertical frequency response
is essentially flat to over 1 mc, and down only 1% DB at 500 kc. The sweep
generator multivibrator functions reliably from 30 to 200,000 CPS, almost twice
the coverage provided by the previous model. Deflection amplifiers are push-pull,
and modern etched circuits are employed in critical parts of the design. A 5BP1
cathode-ray tube is used. The scope features external or internal sweep and sync,
one volt peak-to-peak reference voltage, 3-position step-attenuated input, adjustable
spot-shape control, and many other “extras” not expected at this price level. A
calibrated grid screen is also provided for the face of the CRT, allowing more "

precise observation of wave shapes displayed. The new Model OM-2 is designed pMODEL OM-

ueul HEATHKIT ETCHED CIRCUIT

5" Oscilloscope Kit

Brand new model with improved performance
specifications.

Full 5" scope for service work at a remarkably
low price.

Aitractively styled front panel in charcoal gray with
sharp white lettering,

* ¥ % ¥

Easy to build from step-by-step instructions and large
pictorials. Not necessary to read schematic.

%

for general application wherever a reliable instrument with good response charac-
teristics may be required. Complete step-by-step instructions and large pictorial s4 250 .
. Shpg. Wt.

diagrams assure easy assembly.

21 lbs.
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HEATHKIT LOW CAPACITY PROBE KIT

Oscilloscope investigation of high frequency, high im-
pedance, or broad bandwidth circuits encountered in
television requires the use of a low-capacity probe to
prevent loss of gain, circuit loading, or waveform dis-
tortion. The Heathkit low-capacity probe may be used
with your oscilloscope to eliminate

these effects. It features a variable cap- No. 342
acitor, to provide correct instrument $3 50
.impedance match. Also, the ratio of .
attenuation can be varied. Shpg. Wt 1 Lb,

HEATHKIT ELECTRONIC SWITCH KIT

This handy device allows simultaneous oscilloscope observation of*
two signals by producing both signals, alternately, at its output. It
features an all-electronic switching circuit, with no moving parts.
Four switching rates are selected by a panel switch. Provides actual
gain for input signals, and has a frequency response of * 1 DB from
0 to 100 kc. Sync output provided to control and

stabilize scope sweep. Will function at signal levels as MODEL §-3
low as 0.1 volt. This modern device finds many ap-

plications in the laboratory and service shop. It 52"95
employs an entirely new circuit, and yet is priced L4
lower than its predecessor. Shpg. Wi. 8 Lbs.

HEATHKIT SCOPE DEMODULATOR PROBE KiT
Extend the usefulness of your oscilloscope by employing
this probe. Makes it possible to observe modulation of
RFE or IF carriers found in TV and radio receivers.
Functions much like an AM detector to pass only modu-
lation of signal, and not the signal itself. Among other
uses, it will be helpful in alignment

work, as a signal tracer, and for deter- NO. 337-C
mining relative gain. Applied voltage

limits are 30 volts (RMS) and 500 $35,°
volts DC. It uses an etched citcuit Shpg. Wt 1 tb.
board to simplify assembly.

APRIL, 1957

HEATHKIT VOLTAGE CALIBRATOR KIT

This entitely new voltage calibrator produces near-perfect square’
wave signals of known amplitude. Precision 19, attenuator resistors'
assure accurate output amplitude, and multivibrator circuit guaran-
tees good, sharp square waves, as distinguished from clipped sine
waves. Output frequency is approximately 1000 CPS. Fixed outputs
selected by panel switch are; .03, 0.1, 0.3, 1.0, 3.0, 10, 30, and 100 volts
p.eak-lto-pe?k._dAllgws measmemenﬁ of unknown

signal amplitudes by comparing to known_peak-to-

peak output of VC-3 on an oscilloscope. Will also MODEL VC"?
double as a square wave generator at 1000 cycles for s 50
determining gain, frequency response, or phase- 12 *
shift characteristics of audio amplifiers. Equally Shpg. W, 4 Lbs
vgluable in the laboratory or in radio and TV service T %
shops.
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M;IEA:I-IKWiT ;cus;«ciﬁc 17 .
vacuum tusr  VOltmeter Kit

The fact that this instrument is the world’s largest-selling
VTVM says a great deal about its accuracy, reliability,
and overall quality. The V-7A is cqually popular in the
laboratory or service shop, and represents an unbcelievable
test equipment bargain, without a corresponding sacrifice
in quality. Its appearance reflects the performance of
which it is capable. A large 4%2” panel meter is used for
indication, with clear, sharp calibrations for all ranges.
Front panel controls consist of a rotary function switch
and a rotary range selector switch, zero-adjust, and ohms-
adjust controls. Precision 1% resistors are used in the
voltage divider circuits and etched circuits are employed
for most of the circuitry. This makes the kit much easier
to build, eliminates the possibility of wiring errors, and
assures duplication of laboratory instrument performance.
This multi-function VIVM will measure AC voltage
(rms), AC voltage (peak-to-peak), DC voltage, and re-
sistance. There are 7 AC (rms) and DC voltage ranges of
. - 0-1.5, 5, 15, 50, 150, 500, and 1500. In addition, there are

7 peak-to-peak AC ranges of 0-4, 14, 40, 140, 400, 1400,

and 4000. 7 ohmmeter ranges provide multiplying factors

of X1, X10, X100, X1000, X10K, X100K, and X1 meg-

" * Easy to build — a pleasure to use. . ohm, Center-scale resistance readings are 10, 100, 1000,
= . o 10K, 100K ohms, 1 megohm, and 10 megohms. A DB

: * 1% precision resistors employed for Irigh aécz%acy. . scale is also provided. The precision and quality of the
: . . components used in this VTVM cannot be duplicated at

* Etched circuit board cuts assembly time in half. this price through any other source. Model V-7A is the

e kind of instrument you will be proud to own and use.

\.O..OO...O.OO».?‘.‘....O....OAQO..O.O.O@OO..OO.OO@.OOOOOOO.

| HEATHKIT Etched Circuit HEATHKIT 20,000 OHMS/VOLT VOM KIT

RF PROBE KIT Sensitivity of this instrument is 20,000 ohms-per-volt DC and 5,000 ohms-per-volt AC. Mecasuring
This RF probe extends the frequency ranges are 0-1.5, 5, 50, 150, 500, 1500, and 5000 volts for both AC and DC. Also measures current
response of any 1l-megohm VIVM in the ranges of 0-150 microamperes, 15 ma, 150 ma, 500 ma, and 15 a. Resistance ranges provide

so that it will measure RF up to 250 o % . N .
megacycles within + 109%. Employs multipliers of X1, X100, and X 10,000, resulting in center scale readings of 15, 15,000, and 150,000

prinved cireuits for increased stability  ohms. DB ranges cover from —10 db to ++65 db. Housed in attractive black bakelite case with
: blv. Ideal for ex- No. 309-C plastic carrying handle, this fine instrument provides a total of 25 meter ranges MODEL MM-1

{iggi’g%;f;""?p‘g}f? $3 50 - onits two-color scale. It employs a sensitive 50 microamperce, 4%" meter and $2 50

cations of your . features all 19 precision multiplier resistors. Requires no cxternal power, and is, @ .

Heathkit VIVM. $hpg. Wt. 1 Lb. therefore, valuable in portable applications where no AC power is available. Shpg. Wt. 6 Lbs.
y |

s TR

ETCHED CIRCUIT :
PEAK~TO-PEAK PROBE KIT

Use this peak-to-peak probe with
your ll-megohm ¥TVM to measuré
peak-to-pcak  voltapes directly on
the DC scales of the instrument.
Will measure p-to-p voltages in the:
frequency range of 5 k¢ to 5 me.
Employs etched circuit boards for
increased circuit stability and sim-
plified construction. Extend the use-
tulness of your :
i VIVM.NOTE: NO, 338-C

Not required
for the Healhkitsss.o Shggibw'-
5.

V-TA YTVM,
HEATHKIT 30,000 VOLTY -DC e HEATHKIT HANDITESTER KIT
HIGH VOLTAGE PROBE KIT : The Model M-1 mcasures AC or DC voltage at 0-10, 30, 300,
This probe provides a multiplication f'acion of 100 on the DC ranges of the 1000, and 5000 volts. Direct current ranges are 0-10 ma. and
Heathkit Ii-megohm VTVM. Precision multiplier resistor mounted inside 0-100 ma. Ohmmeter ranges are 0-3000 (30 ohm center scale)
the two-clololr Dlafstif-‘ probe body. P‘ehf,lt{ Of%ﬂsulattleon No. 336 and 0-300,000 ohms (3,000 ohms center scale). Uses a 400
for complelely safe operation, even at highes! PO microampere meter for sensitivity of 1000 ohms-per-volt. A
TR I e AN I $4 5.0 very popular test device for the home experimeter, electricians,
: Shpg. Wi. 2 Lbs. and appliance repairmen, and for use as an ‘‘extra’ ins{ru-
: ment in the service shop. Its small size and rugged construction
HEATH: co N PA Nv mulfc it perlgcl for any portable application. MODEL M-1
o : Easily slips into your tool box, glove com-
A Subsidiary of Daystrom, Inc. partment, coat pocket, or desk drawer. Top $I4 50
BENTON HARBOR 20. MICH. quality, precisicn components employed M
: ’ throughout. Shpg. Wt 3 Lbs.
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APRIL,

You of the finest “build-ii-yourself”

can buy, Each kit contains

This brand new AC vacuum tube voltmeter emphasizes stability, broad frequency re-
sponse, and sensitivity. It is designed especially for audio measurements, and low-level AC
measurements in power supply filters, ete. Employs a cascode amplifier circuit with
cathode-follower isolation between the input and the amplifier, and between the output
stage and the preceeding stages. An extremely stable circuit with high input impedance
(1 megohm at 1000 CPS). Response of the AV-3 is essentially flat from 10 CPS to 200
ke, and is usable for tests even beyond these frequency limits. Increased damping in the
meter circuit stabilizes the meter for low frequency tests. Nylon insulating bushings at
the input terminals reduce leakage, and permit the use of the 5-way Heath binding post.

The extremely wide voltage range covered by the AV-3 makes it especially valuable not
only in high-fidelity and service work, but also in experimental laboratories. AC (RMS)
voltage ranges are 0-.01, 03, .1, .3, 1, 3, 10, 30, 100, and 300 V. Decibel ranges cover
—52 DB to 452 DB. An entirely new circuit as compared to the previous model. Em-
ploys 1% precision multiplier resistors for maximum accur
ments from a low value of one millivolt to a maximum of 300 volts.

HEATHKIT AUDIO WATTMETER KIT

This instrument measures audio power directly at 4, 8, 16, or
600 ohms. Load resistors are built in. Covers 0-5 MW, 50
MW, 500 MW, 5 W, and 50 W full scale. Provides S switch-
selected DB ranges covering from —10 DB to +30 DB. Large
414% 200 microampere meter and precision
multiplier resistors insure accuracy. Frequen-
cy response is = 1 DB from 10 CPS to 250 kc.
Functions from AC power line. Use in the
audio laboratory or in home workshop.

MODEL AW-1

$29°?

Shpg. Wi. & Lbs.

acy. Handles AC. measure-

HEATHKIT NEW AUDIO VACUUM TUBE

Voltmeter Kit

sk Brand new circuit for extended frequency response
and added stability.

sk Ten accurate ranges from 0-.01 to 0-300 yolts.

%k Modern, functional panel styling. “On-off” switch
at both extreme ends of range switch.

MODEL AY-3

929%

......00..0".......0..0.00..0....0..0‘0

HEATHKIT AUDIO ANALYZER KIT

This multi-function instrument combines an AC VTVM, an
audio wattmeter, and an intermodulation analyzer into one
case, with combined input and output terminals and built-in
high and low frequency oscillators. The VIVM ranges are
.01,.03,.1,.3, 1, 3, 10, 30, 106, and 300 volts (RMS). Wattmeter
ranges are-.15 MW, 1.5 MW, 15 MW, 150
MW, 1.5 W, 15 W, 150 W. IM scales are 1%
3%, 10%, 30%, and 100<%. Provides in-
ternal load resistors of 4, 8, 16, or 600 ohms.
A valuable instrument for the engineer or
serious audiophile.

MODEL AA-1

$4995

Shpg. Wt. 13 Lbs.

HEATHKIT HARMONIC DISTORTION METER KIT

The HD-1 is equally valuable for the audio engineer or the
serious audiophile. Used with a low-distortion audio signal
generator, this instrument will measure the harmonic content
of various amplifiers under a variety of conditions. Functions
between 20 and 20,000 CPS, and reads distortion directly on
the panel meter in ranges of 0-1, 3, 10, 30, and 100 percent
full scale. Built-in VT'VM for initial reference settings and final
distortion readings has voltage ranges of
0-1, 3, 10, and 30 volts. 19, precision re-
sistors employed for maximum accuracy.
Features voltage regulation and other “‘ex- 549 50
tras”. Meter calibrated in volts (RMS), per~ .

cent distortion, and DB.

MODEL HD-1

Shpg. Wt. 13 Lbs.

1957

HEATHKIT AUDIO OSCILLATOR KIiT

Producing both sine waves and square waves, the Model AO-1
covers a frequency range of 20 to 20,000 CPS in three ranges.
An extra feature is thermistor regulation of output for flat
response through the entire frequency range. AF output is pro-
vided at low impedance, and with low dis-
tortion. Produces gaod sine waves, and good,
clean square waves with a rise time of only MODEL AO-
two micro-seconds for checking square wave
response of audio amplifiers, etc. Designed 52450
especially for the serviceman and high- L4
fidelity enthusiast. A real dollar value in test Shpg. Wt 10 tbs.
equipment.
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HEATHKIT ‘RESISTANCE
'« SUBSTITUTION BOX KIT

3

“ y-ances values ift
V. -experimentalcir.
7 Teuits. Many
© < applications, in
2 o ofadio and TV
e servige | work!

Shpg. Wr.:2'ths. - " ShpaWr, 2.1bs.
- o w S5 S Sk

N R G
o HEATHKIT DECADE.
» CONDENSER KIT °
"% Precision, 19 silversmics capad: -
41 citors are émployed in the Modet™ -
5 «DC-Lin such a way, that a selec-
g ton-of precision capacitor valnes
_#tis ‘provided. “ranging from - 100
s mmf (0001 mfd) to - 0.1 33
< (110,000 mmf) in J00 mintiteps,
=« Extremely valuable in alf types.of

design and de- TN a7
A% el;psm.el?‘t MODEL DC-T/\:]

WOrK, Switch- - - :A ad
4 Sle’s are:ceramic $l65° s
= “wafer types, - b i

o o Shpy. Wi 3.kbs. 8-

<

5

R N SR o

/HEATHK“@DECADE RESISTANCE KIT.
5 S T T B Dkl ‘"j(u',,
" The Model DR-1 incorporates twenty 1% ‘precision reSistors arranged around .

.+ five rugged switches. so _that-various cembinations*of switch positions will, %

i

provide a total range of { dhmito 99,999 ohms in 1+

““ ohm steps. Switches are labeled “units,” Stens,” “‘hun- MODE}” E,,Rf] 5 o
v dreds,” “thousands,” and “ten zhox;gand?.l’;{’}ne itfor: - s so*—
“ohm-meter calibration in bridge cireuits as test values © -« '9 S
imroultiplier circuits,.etc, D N 5 & 8 ¢
-3 A

e N ) i Sheg. Wi 4 i
HEATH COMPAN
. 4 Subsididry of ‘Daystram, Iné.
B N T SR E % K X
: BENTON HARBOR 20 MG

Audio
Generator Kit

This particular audio generator is “made to order” for high
fidelity applications. It provides quick and accurate selec-
tion of low-distortion signals throughout the audio range.
Three rotary selector switches on the front panel allow
selection of two significant figures and a multiplier for
determining audio frequency. In addition, it incorporates
a step-type output attenuator and a continuously variable
attenuator. Output is indicated on a large 415" panel
meter calibrated in volts and in db. Attenuator system
operates in steps of 10 db, corresponding with the meter
calibration. Qutput ranges are 0-.003, .01, .03, .1, .3, 1, 3,
and 10 volts rms. A “load” switch provides for the use
of a built-in 600 ohm load or an external load of higher
impedance when required. Output and frequency indi-
cators accurate to within = 5%. Distortion is less than .1
of 1% between 20 cps and 20,000 cps. Total range is 10
cps to 100 ke. New engineering details combine to provide
the user with an unusually high degree of operating effi-
ciency. Oscillator frequency selected entirely by the switch
method means that accurate resetability is provided. Com-
parable to units costing many dollars more, and ideal for
use in critical high fidelity applications. Shop and compare,
and you will appreciate the genuine value of this pro-
fessional instrument.

..QQQOQ..QQQ.Q..OQQOQQQ.QQ

HEATHKIT AUDIO GENERATOR KIT

The Model AG-8is a low cost, high performance unit for use
in service shop, or home workshop. It covers the frequency
range of 20 cps to | mcin five ranges. Output is 600 ohms, and
overall distortion will be less than .4 of | 7% from 100 cpsthrough
the audible range. Output is available up to 10 volts, under no
load conditions, and output remains constant

within £1 db from 20 cps to 400 kc. A fiye. MODEL AG-8
step attenuator provides control of the out- $29 50
put. Precision resistors are employed in the b
frequency determining network. Shpg. Wt. 17 Lbs,

HEATHKIT VARIABLE VOLTAGE
REGULATED POWER SUPPLY KIiT

This power supply is regulated for stability, and the amount of
DC output available from the power supply can be controlled
manually from zero to 500 volts. Will provide regulated output
at 450 volts up to 10 ma, or up to 130 ma at 200 volts output.
In addition o furnishing B-plus, the power supply provides 6
volts AC at 4 amperes for filaments. Both the B-plus output
and the filament output are isolated from

ground. Ideal power supply for use in experi- MODEL Ps-3
mental workinthelaboratory, the home work- $35 50
shop, or the ham shack. Large 414" panel e
meter indicates output voltage or current. Shpg. Wi. 17 Lbs,
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Here is an RF signal generator for alignment applications in the service shop or the
home workshop. Thousands of these units are in use in service shops all over the
country. Produces RF signals from 160 kc to 110 mc on fundamentals on five bands.
Also covers from 110 mc to 220 mc on calibrated harmonics. RF output is in
excess of 100,000 microvolts at low impedance. Output is controllable with a
step-type and a continuously variable attenuator. Front panel controls provide
selection of either unmodulated RF output or RF modulated at 400 cps. In addition,
two to three volts of audio at approximately 400 cps are available at the output
terminals for testing AF circuits. Employs a 12AU7 and a 6C4 tube. Built-in power

supply uses a selenium rectifier.

HEATHKIT
Signal
Generator Kit

* No calibration required with pre-aligned coils.
* Modilated or unmodulated RF output.

* 110 mc to 220 mc frequency coverage.

One of the most outstanding features about the Model SG-8 is the fact that it

can be built in just a few hours, even by one not thoroughly experienced in elec-
tronics work. Complete step-by-step instructions combined with large pictorial
diagrams assure successful assembly. Pre-aligned coils make calibration from an

external source unnecessary.

MCDEL
SG-8
$ so Shpg. Wt
b 8 Lbs.

HEATHKIT LABORATORY GENERATOR KIT

This laboratory RF signal generator covers from 100 kc to 30 m¢
on fundamentals in five bands. The output signal may be pure
RF, or may be modulated at 400 cycles from O to 507. Provision
for external modulation has been made. RF output available up
to 100,000 microvolts. Qutput controlled by a fixed step and a
variable attenuator. Qutput impedance is 50 ohms. Panel meter
reads RF output or percentage of modulation.
Incorporates voltage regulated B+ supply, MODEL LG-1
double shiclding of oscillator circuits, copper $4895
plated chassis, and other “extras.” .
Shpg. Wt 16 Lbs.

HEATHKIT LINEARITY PATTERN GENERATOR KIT

This instrument supplies information for white dots. cross-hatch
pattern, horizontal bar pattern, ot vertical bar pattern. It feeds
video and sync signals to the sct under test, with complétely con-
trolled gain, and unusual stability. Covering channels 2 to 13,
the LP-2 will produce 5to 6 vertical barsand 4to 5 horizontal
bars. The dot pattern presentation is a nust for the setting of
color convergence controls in the color TV set. Panel provision
made for cxternal sync if desired. Use for adjustment of vertical
and horizontal linearity, picture size, aspect  MODEL LP-2
ratio, and focus. Power supply is regulated for

added stability. Essential in the up-to-date TV $22 5.0
service shop. Shog, Wi 7 Lbs.

APRIL, 1957

HEATHKIT TV ALIGNMENT GENERATOR KIT

This improved sweep generator model provides essential stability
and flexibility for work on EM. monochrome TV, or color TV
sets. Covers 3.6 mc to 220 mc in four bands. Provides usable out-
put cven on harmonics. Sweep deviation from 0-42 mc, depend-
ing on base frcquency. All-clectronic sweep circuit eliminates
unwicldy mechanical arrangements. Includes built-in crystal
marker generator providing output at 4.5 mc
and multiples thereof, and variable marker
covering 19 to 60 mc on fundamentals and from
57 to 18¢ mic on harmonics. Effective two-
way blanking.

MODEL TS-4A

54959

Shpg. Wt. 16 Lbs.

HEATHKIT CATHODE RAY TUBE CHECKER KIT

This instrument checks cathods emission, beam current, shorted
elements. and lcakage between clements in electro-magnetic
picture tube types. It climinates all doubt for the TV serviceman,
and even more important, for the customer. Fecatures its own
self-contained power supply, transformer operated to furnish
normal test voltages forthe CRT. Employsspring-loaded sw itches
for maximum operator protcction. Large 41" meter indicates
CRT condition on *“‘good-bad” scale. Luggage-
type portable case ideal for homeé service calls.
Special “shadowgraph’ test permits projection
of light spot on screen. Also gives relative check
of picture tube screen coating.

MODEL CC-1

$225°

Shpg. Wi 10 Lbs,
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¢ HEATHKIT
DIRECT READING
CAPACITY METER KIT

Operation of this instrument
. is simplicity itsglf. Ohe“*il;as o
" only to connect a capacitor |
to the terminals, select the "
proper.range, and read the
< eapacity value directly on °
the large 414" meter cali-
brated in mmf and mfd. =

o

Wiring:-harness, siniplifis,

" Large 415" meter w
scale. N

Separaté tube e

®0e00cssesee soee 0000 oo
'HEATHKIT PORTABLE = . - @B
TUBE CHECKER KIT o

This portable tube checker is identicaly
electrically, with the Model TC-2. How-~
" ever, it is housed in an attracﬁve and
practical carrying case, finished in prox- gy
ylin impregnated material, The cover jy MODEL
detachable, and 'the hardware is brass TC-2P

issembly. |

L Pp

s

/‘: ;

service calls or any portable application.

plated. This rugged unit is ideal for home 534505,,,?_ R
L4 15 tbs,

Ranges are 0 to 100 mmf, 1,000 mmf, 0.01"

" «mfd, and 0.1 ‘mfd full scale. Precision cali- .
brating capacitors supplied. Not susceptible
to"hand capacity effects. Residual capacity
less than t mmf. Especially valuable in pro-
duction line checking, or in quality control,

9o

HEATH COMPANY

A Subsidiary of Daystrom, Inc.

Zéme;;t; switches prevent obspl
escence. - . $ & % 3 gasa B

B

MODEL CM-1. 7~

52959

Shpg. Wi. AR
7 ths. - o

' BENTON HARBOR 20, MICH.

Tube Checker Kit

This fine piece of test gear checks tubes for quality,
emission, shorted elements, open elements, and filament
continuity. Will test all tube types normally encountered
in radio and TV service work. Sockets provided for 4, 5,
6, and 7-pin large, rectangular, and miniature types,
octal and loctal types, the Hytron 9-pin miniatures, and
pilot lamps. Condition of tubes indicated on a large 412"
meter with multi-color “good-bad” scale. An illuminated
roll chart is built right in, providing test data for various
tube types. This tester provides switch selection of 14
different filament voltage values from 0.75 volts to 117
volts. Individual switches control each tube element.
Close tolerance resistors employed in critical test circuits
for maximum accuracy. A professional instrument both
in appearance and performance.

The Model TC-2 is very simple to build, even for a
beginner. It employs a color-coded cable harness for
neat, professional under-chassis wiring. Comes with at-
tractive counter style cabinet, and portable cabinet is
available separately. At this price, even the part-time
serviceman can afford his own tube checker for maxi-
mum efficiency in service work.

HEATHKIT TV PICTURE TUBE

TEST ADAPTER

Designed especially for use -with the Model
TC-2 tube checker. Use it to test TV picture MODEL 355
tubes for emission, shorts, ctc. Consists of s 50
12-pin TV tube socket, 4 ft. cable, octal 4 A

connector, and necessary technical data. Shpg. Wi.
Not a kit. 1 b,

HEATHKIT VISUAL-AURAL SIGNAL TRACER KIT

Although designed primarily for radio receiver work, this
valuable instrument finds extensive application in FM and
TV servicing as well. Features a high-gain channel with de-
modulator probe, and a low-gain channel with audio probe.
Will trace signals in all sections of a radio receiver and in
many sections of a FM set or TV receiver. Uscs built-in
speaker and electron beam eye tube for in-

dication. Also featurcs built-in wattmeter =~ MODEL T-3
and a noise locater circuit. Provision for 52350
patching speaker and/or output transformer .
into external set. Shpg. Wt. 9 Lbs.

HEATHKIT CONDENSER CHECKER KIT

The Modcl C-3 consists of an AC powered bridge for both
capacitive and resistive measurements. Bridge balance is in-
dicated on electron beam eye tube, and capacity or resistance
value is indicated on front pancl calibrations. Measures
capacity in four ranges from .00001 mfd to .005 mfd, .00
mfd to .5 mfd, .1 mfd to 50 mfd, and 20 mfd to 1000 mfd.
Measures resistance in two ranges, from 100 ohms to 50,000
ohms, and from 10,000 ohms to 5 megohms. Selection of
five different polarizing voltages for check-

ing capacitors, from 25 volts DC to 450 MODEL C-3
volts DC. Checks paper, mica, ceramic,

and electrolytic capacitors. Indicates power $l95.°
factor of electrolytic condensers. Shpg. Wt. 7 Lbs.

RADIO-ELECTRONICS



HEATHKIT
Impedance
Bridge Kit

* 15% precision resistors and silver-mica
capacitors.

*x

PIONEER DESIGN |

New and unique q

Battery-type tubes, no warm-up required.

Built-in phase shift generator and
amplifier.

The Model IB-2 is a completely self-contained unit. It has a built-in power
supply, a built-in 1000 cycle generator, and a built-in vacuum tube detector.
Provision has been made on the panel for connection to an external detector,
an external signal generator, or an external power supply. A 100-0-100 micro-
ampere meter on the front panel provides for null indications. Measures
resistance from 0.1 ohm to 10 megohms, capacitance from 10 mmf to 100
mfd, inductance from 10 mh to 100 h, dissipation factor (D) from 0.002to 1,
and storage factor (Q) from 0.1 to 1000. ¥2 of 1% decade resistors employed
for maximum accuracy. Typical accuracy figures are: resistance, =+3T;
capacitance *=3%; inductance, +10%: dissipation factor, =20%; storage

factor, =20%. Employs a Wheatstone bridge, a Capacity Comparison bridge, MODEL

a Maxwell bridge, and a Hay bridge. Special two-section CRL dial provides IB-2

maximum convenience in operation. Use the Model 1B-2 for determining Shoa. Wi
values of unmarked components, checking production or design samples, etc. 55950 [k WA
A real professional instrument. o Ul

..............lb.................0...0..0............0.

HEATHKIT “Q’ METER KIT

The Q Meter permits measurement of inductance from 1 micro-
henry to 10 millihenries, “Q™ on a scale calibrated up to 250 full
scale, with multiplying factors of I or 2, and capacitance from
4Q mmf to 450 mmf, +3 mmf. Built-in variable oscillator per-
mits testing components from 150 ke to 18 nmic. Large 414" panel-
m(_)unted meter is features. Very handy for checking peaking
coils, chokes, etc. Use to determine values of
unknown condensers, both variable and fixed.
Compile data for coil winding purposes, or
measure RF resistance. Distributed capacity,
and Q of coils.

MODEL QM-1

54450

Shpg. Wt. 14 Lbs.

HEATHKIT ISOLATION TRANSFORMER KIT

This device isolates equipment under test from the power line.
It is rated at 100 volt-amperes continously, or 200 volt-amperes
intermittently. AC-DC sets may be plugged directly into the IT-1
without the chassis becoming “hot.”” Additionally, since the IT-1
is fused, it is ideal for use as a buffer between the power line and
a questionable receiver, or a new piece of equipment. Protects
main fuses. Features voltage control, allowing
control of the output from 90 volts to 130 volts. MODELHISE
Panel meter monitors output voltage. A very $1650
handy device at an extremely low price. L4
Shpg. W1. 9 Lbs.

HEATHKIT 6-12 VOLT BATTERY ELIMINATOR KIT

This completely modern battery eliminator will supply DC out-
put in two ranges for both 6-volt and 12-volt automobile radios.
The output is variable for each range, so that operating voltage
can be raised or lowered to determine how the receiver functions
under adverse conditions. Range is 0-8 volts DC or 0-16 volts
DC. Will supply up to 15 amperes on the 6-volt range, or up to 7
amperes on the 12-volt range. Two 10,000 microfarad output
filter capacitors insure smooth DC output. Two

separate panel meters indicate output voltage MODEL BE-4
or output current. Makes it possible to test $3‘I 50
automobile radios inside at the workbench. O
Will also double as a battery charger. Shpg. Wt. 17 Lbs.

APRIL, 1957

HEATHKIT 6-VOLT VIBRATOR TESTER KIT

This instrument functions very much like a tube checker, to test
auto radio vibrators. Vibrator condition is indicated on a simple
“good-bad” scale. Tests for proper starting and overall quality
of operation, of both interrupter and self-rectifier types of 6-volt
vibrators. The model VT-1 is designed to operate from any bat-
tery eliminator capable of delivering continuously variable out-
put from 4 to 6 volts DC at 4 amperes or more. It is an ideal
companion unit for the Heathkit Model BE-4 MODEL VT-1
battery eliminator. The construction book for "
the VT-1 contains vibrator test chart for popu- $'I4 50
lar 6-volt vibrator types. A real time saver! 4
Shpg. Wt. 6 Lbs.
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Shipped motor freight ynless . iﬁ?‘ .
otherwise specified, ’ '
$50.00 deposit required
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ALL BAND RECEIVER KIT- =~
- This veceiver covers 550 ke to 30 me in four bah
! for the short-wave listener.or bg:g;innin’g*amate%;
" good sensilivity and selectivity, combined with:good ima

B

“189% ' «
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Phoné or CW on 160, 80, 40, 20,15, 11-and 10

% jection, Amateur bands clearly marked. on_illiminated_dixl .

-+ scale.  Employs transformer
f . bandspreadiis
i . controlsBingise ~héailphone jack— MODEL AR-3,
¢, and Jautomatic  gairi’ control. Has built-in szqqsg 5

. BFO for'CW reception. - ’ L P 2wl

CABINET: Fabric éav%ene‘d cabinet with alumi- s

© snum panel asfshown.” Part 91-15A. Shipping ™
weight § ibs, $4.95%. - & . = :

type Z§pm\/sf‘ér “supply—electrical

INCLUDING NEW.
. EXCISE TAX
kLgss Cebinet) i
Shogt W12 Lbs,

Lol s . o= Ch .
[ "EASY ON THE BUDGET! i, - ey -
- %You can buy Heathkits on an easy time-pa

=Payment. plan-
that provides a full year 1o pay, Write for complete

details and special order blank." ', |

b o
e Léﬁ

K4
o

. id{nr;ﬁ,f;of aystrom, Incig™
BENTON HARBOR: 20, MICH. -

nna_trfmuier—-separate RF ahd ‘AF -gain’

Transmitter Kit

- The Heathkit DX-100 transmitter is in a class by itself in
that if offers features far beyond those normally received
at this price level. It takes very little listening on the bands
to discover how many of these transmitters are in opera-
tion today. A truly amazing piece of amateur gear. The
DX-100 features a built-in VFO and a built-in modulator.
It is TVI suppressed, and uses pi network interstage coup-
ling and output coupling. Will match antenna impedances
from approximately 50 to 600 ohms, Extensive shielding is
employed, and all incoming and outgoing circuits are
filtered. The cabinet features interlocking seams for sim-
plified assembly and minimum RF radiation outside of
the cabinet. Provides a clean strong signal on either phone
or CW, with RF output in excess of 100 watts on phone,
and 120 watts on CW, Completely bandswitching from
160 through 10 meters. A pair of 1625 tubes are used in
push-pull for the modulator, and the final consists of a
pair of 6146 tubes in parallel. The VFO dial and meter
face are illuminated, and all front panel controls are
located for maximum convenience. Panel meter reads
driver plate 1. final grid I, final plate I, final plate voltage,
and modulator current. The chassis is constructed of heavy
#16 gauge copper-plated steel. Other high-quality com-
ponents include potted transformers, ceramic switch and
variable capacitor insulation, silver-plated or solid-silver
switch terminals, etc. All coils are pre-wound, and the
main wiring cable is pre-harnessed. The kit can be built
by a beginner from the comprehensive step-by-step in-
structions supplied. It is a proven, trouble-free rig, that
will insure many hours of “on-the-air” enjoyment in your
ham shack.

booo&ocrooooooooooooooooooo

HEATHKIT VFO KIT

You can go VFO for less than you might expect. Here is a
variable frequency oscillator that covers 160, 80, 40, 20, 15,
11, and 10 meters with three basic oscillator frequencies, that
sells for less than $20. Provides better than 10 volt average RF
output on fundamentals. Plenty of drive for most modern
transmitters. Requires a power source of only
250 VDC at 15 to 20 ma. and 6.3 VAC at
0.45A. Incorporates a regulator tube for
stability. Illuminated frequency dial reads fre-
quency directly on the band being employed.
Temperature-compensated capacitors offsct
coll heating.

MODEL VE-1

$195°

Shpg. Wt., 7 Lbs.,

NEW HEATHKIT CW TRANSMITTER KIT

The brand new Heathkit Model DX-20 Transmitter is one
of the most cfficient littie rigs available today. Featuring an
entirely new circuit, it is ideal for the novice, and even for
the advanced-class CW operator. A 6DQ6A final amplifier
provides plate power input of 50 watts. A 6CL6 oscillator is
employed, and a 5U4GB rectifier. The transmitter features
one-knob bandswitching to cover 80, 40, 20, 15, 11 and 10
meters. It is designed for crystal excitation,
but may be excited by an external VFO, A
pi network output circuit matches antenna
impedances between 50 and 1000 ohms.
Front panel controls are functionally located
for your convenience. If you appreciate a
good signal on the CW bands, this is the
transmitter for you!

MODEL DX-20

53595

Shpg. Wt. 18 lbs,

LN 4
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HEATHKIT PHONE AND CW
Transmitter Kit

sk 6146 final amplifier for full 65-watt plate power
input.

sk Phone and CW operation on 80, 40, 20, 15, 11,
and 10 meters. Pi network output coupling.

DoLLAR-savING

:l'here would be no

ECONOmy . . .

row  abouyt when,

pPower and facfory-fo-
can offer top-quglity
CoOmponents, ot such Jo
as opposed to the so-
say,

; there js something to

remendoys i

U purch

you dlsrrlbution, Heath Com?:sc:ng

. n
equ:f:men), using ncme-brcn;l

W Pprices. This js real e

o called = .
there is q big diﬂerenie bargalnst;

through

COnomy’

Needless 1o Switch selection of three crystals — provision for

external VFO excitation.

The DX-35 features a 6146 final amplifier to provide 65 watts plate power input
on CW, with controlled carrier modulation peaks up ta 50 watts on phone. In addi-
tion, it is a most attractive transmitter. Modulator and power supplies are built-in,
and the rig covers 80, 40, 20, 15, 11, and 10 meters with a single band-change
'switch. Pi network output coupling provided for matching various antenna im-
pedances. A 12BY7 buffer stage provided ahead of the final amplifier for plenty
of drive on all bands. 12BY7 oscillator and 12AU7 modulator. Provision for switch
selection of three different crystals. Crystals reached through access door at rear.
Front panel controls marked “off —CW—stand-by—phone”, “final tuning”, “antenna e,
coupling”, “drive level control”, and “band change switch”. Panel meter indicates

MODEL DX-35

final grid current or final plate current. A perfect low-power transmitter both for
s Q8 Shpg. Wt
e 24 Lbs.

the novice, and for the more experienced operator. A remarkable power package
for the price. Incidentally, the price includes tubes, and all other components neces-
sary for assembly. As with all Heatbkits, comprehensive instruction manual assures

\.\......0‘..........0.

APRIL,

successful assembly.

HEATHKIT ANTENNA IMPEDANCE METER KIT

This instrument employs a 100 microampere panel meter and
covers the impedance range of 0-600 ohms for RF tests. Funec-
tions up to 150 me. Used in conjunction with signal source,
such as the Heathkit Model GD-1B grid dip meter, the Model
AM-1 will determine antenna resistance and
resonance, match transmission lines for mini-
mum standing wave ratio, determine receiver
input impedance, etc. Will also double as a
phone monitor. A very valuable device for
many uses in the ham shack.

MODEL AM-1

51450

Shpg. Wi, 2 Lbs.

HEATHKIT ANTENNA COUPLER KIT

This device is designed to match the Model AT-1 transmitter to
a long-wire antenna. In addition to impedance matching, this
unit incorporates an L-type filter which attenuates signals
above 36 megacycles, thereby reducing TVL. Designed for 52
ohm coaxial input. Handles power up to 75 watts, 10 through
80 meters. Uses a tapped inductor and vari-
able capacitor. Neon RF indicator on front
panel. Copper-plated chassis—high quality
components throughout—simple to build.
Eliminates waste of valuable communications
power due to improper matching. A “‘natu-
ral” for all AT-1 transmitter owners.

MODEL AC-1

51450

Shpg. Wt. 4 Lbs.

1957

HEATHKIT “Q’/ MULTIPLIER KIT

The QF-1 functions with any receiver with an IF frequency
between 450 and 460 kc that is not AC-DC type. Operates
from the receiver power supply, requiring only 6.3 VAC at
300 ma. and 150 to 250 VDC at 2 ma. Simple to connect with
cable and plugs supplied. Provides additional selectivity for
separating two signals, or will reject one sig-
nal and eliminate heterodyne. A big help on
crowded bands. Provides an effective Q o
approximately 4,000 for sharp “peak” or
“null”. Tunes to any sigaal within the IF
bandpass of the receiver, without changing
main receiver tuning dial.

MODEL QF-1
599.5

Shpg. Wt. 3 Lhs.

HEATHKIT GRID DIP METER KIT

The grid dip meter was originally designed for the ham shack.
However, its use has been extended into the service shop and
laboratory. Continuous frequency coverage from 2 mc to 250
mc with pre-wound coils. 500 microampere panel meter em-
ployed for indication. Use for locating parasitics, neutralizing,
determining RF circuit resonant frequencies,
etc. Coils are included with kit, as is a coil
rack. Front panel controls include sensitivity
control for meter, and phone jack for listen-
ing to zero-beat. Will also double as an ab-
sorbtion-type wavemeter.

MODEL GD-1B

51975

Shpg. Wt. 4 Lbs,
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BROADCAST BAND | Receiver Kit

) . '
2° .0 B G g Y

You need no previous experience in electronics to build
this table-model radio. The Model BR-2 receiver covers
550 kc to 1620 ke and features good sensitivity and selec-
tivity over the entire band. A 5% " PM speaker is em-
ployed, along with high gain miniature tubes and a new

\ 2, of rod-type built-in antenna. Provision has been made in the
PR design of this receiver for its use as a phonograph ampli-
\\‘ Ca fier. The phono jack is located on the back chassis apron.
\‘ » A transformer operated power supply is featured for
o K safety of‘ operation, as opposed to the usual AC-DC

E supply commonly found in “economy radio kits.” Don’t
oo let the low Heathkit price deceive you. This is the kind
of set you will want to show off to your family and friends
after you have finished building it.

Construction of this radio kit is very simple. Giant size
pictorial diagrams and detailed step-by-step instructions
assure your success. The construction manual also includes

MODEL BR-2 s'I 89.5
s

 {Less Cabinet)
CL-T AR DR T INCLUDING NEW

EXCISE TAX# -~ - an explanation of basic receiver circuit theory so you can

s i “learn by doing” as the receiver is built. The manual even
i T S provides information on resistor and capacitor color codes,

ATTE"NTIOQJI BE@&N&ERS\&;W& 4 ' / ' %{ . soldering techniques, use of tools, etc. If you have ever

had the urge to build your own radio receiver, the out-
standing features of this popular Heathkit deserve your
attention.

This kit is an iéee\i’f""\‘f\ﬁ/r;st;% project™ if you: have hever builts:
a Heathkit before. A, good chance to “learn- by doing.
d.high-" 3k 5%4-inch PM. speaker,

3o

S Provision for phono jack.

sk Miniature tubes an

gain IF tm’nsjoriﬁei‘w CABINET: Proxylin impregnated fabric covered plywood cabinet

3 VR ) F o available for the BR-2 receiver as shown. Complete with alumi-
* g@ﬂygﬁnii‘;‘lii;; a:;f‘l se: ‘*‘Transfatmer - operated num panel, reinforced speaker grill, and protective rubber feet.
lectivity, - . % ca .. power supply. S B Shipping weight 5 Ibs., part No. 91-9A............... $4.95¢%

- B BT T :

~
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HEATHKIT CRYSTAL RECEIVER KIT

The crystal radio of Dad’s day is back again, but with big
improvements! The Model CR-1 employs a sealed germanium
diode, eliminating the critical “cat’s whisker” adjustment. It is

HEATHKIT PROFESSIONAL-RADIATION COUNTER KIT

This sensitive*and reliable‘instrument_has aIreadyiﬁfound ex-. *
tensive application in prospecting, and also in medical ‘and
industrial laboratories. It offers outstanding performance at a-

reasonable price. Front-panel meter indicates radiation fevel, - housed in a compact plastic box, and features two Hi-Q tank
and "oral indication produced. by panel“mounted speaker. ¢ circuits, employing ferrite core coils and variable air tuning
Meter ranges are 0-100, 600, 6,000 and 60,000 counts per capacitors. The CR-1 covers the standard broadcast band from
minute, and 0--.02, .1, 1. and 10 milliroent- o . 540 kc to 1600 ke, and no external power is  MODEL CR-1
gens per hour. The probe, with expansion ~ MODEL RC- o E required for operation. Could prove valuable 95
cord, employs type 6306 bismuth counter $7995~ ¥ for emergency signal reception, This easy-to- $7 o
tube, sensitive to both beta and gamma radia- LI build kit is a real “'learn by doing” experience

h oSt . ; . . ; : 5 IN NG N
tion. Itis simple to build, even for a beginner. Shpg, Wt 8 Lhs. for the beginner, and makes an interesting ECXLCl{glE TAXEtw

- project for all ages. Shpg. Wt. 3 Lbs,

v TN : : i . - "
i i \ sk Amazing new circuit

H
, high effivioncy. Jor © HEATHKIT ENLARGER TIMER KIT
. bl = g T 8 The Model ET-1 is an easy-to-build device for use by amateur
* Comp/qc({ por!‘able\am? rigged. . ) or professional photographers in controlling the timing cycle
¥ Stable circuit requires only one 67 volt “B” battery - of an enlarger. It covers the range of 0 to 1 minute with a con-
L and two 1Y% volt “A” batteries. Y5 tinuously variable, clearly calibrated scale. The timing period
, ; is pre-set, and the timing cycle is initiated by depressing the
; st spring-return switch to the “print”* position. Front panel pro-
. . . . : vision is made for plugging in the enlarger and a safelight. The
v, ~ o safelight is automatically turned “on” when
- HEATH COMPANY : the enlarger is “off”. Handles up to 350
-, WA S;b d . F D - ' f a | watts. The timing_cycle is controlled elc}c- MODEL ET-1
g A suDdsidiary of Daystrom, inc. “ ) tronically for maximum accuracy and relia- SII 50
¥ o« BENTON HARBOR 20, MICH. . bility. Very simple to build in only one °
A s ’ . - 8 evening, even by a beginner. Shpg. Wt. 3 Lbs.

LN J
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HEATHKIT HIGH FIDELITY

COMPREHENSIVE INSTRUCTIONS = Preamplifier Kit

The
He

step-by-ste

- P assembly | q
athkit are Y instructions q .

begins at thee Zzgf?neft available chWi:’:d;d hw”h each § 5 itch-selected i : B with it level
; inning, - Eac switch-selected inputs, e wit w

ing or experience on Styh ¢h manyal ae B puls, eac its own leve

Equalization for LP,RIAA, AES, and Early 78’s.

Separate bass and treble tone controls, and
special hum control.

Xk ok ok

Clean, modern lines and satin-gold enamel finish.

Literally thousands of these preamplifiers are in use today, because the kit meets
or exceeds specifications for the most rigorous high-fidelity applications, and
will do justice to the finest available program sources. Provides a total of .5
inputs, each with individual level controls (three high-level and two low-level).
Frequency response is within 1 DB from 25 CPS to 30,000 CPS, or within
115 DB from 15 CPS to 35,000 CPS. Hum and noise are extremely low, with
special balance control for absolute minimum hum level. Tone control pro-
vides 18 DB boost and 12 DB cut at 50 CPS, and 15 DB boost and 20 DB
cut at 15,000 CPS. Cabinet measures only 12-9/16” W. x 33%” H. x 41" D,
and it is finished in beautiful satin-gold enamel. 4-position turnover and 4 - MODEL {With Cabinet}
position roll-off controls provide “LP,” “RIAA,” “AES.” and “early 78” equal- WA-P2 Shpg. Wt. 7 Lbs.
ization, and 8, 12, 16, and 1 flat position for roll-off. Derives operating power

from the main amplifier, requiring only 6.3 VAC at I ampere and 300 VDC $ 75

at 10 MA. Easy to construct from step-by-step instructions and pictorial dia- °

grams provided.

..0.............I!C......................................

HEATHKIT HIGH FIDELITY FM TUNER KIT IF circuits, and better than 10 UV sensitivity for 20 DB of
. . quieting. A high gain, cascaded, RF amplifier is used ahead of

* Hluminated slide-rule dial covers 88 to 108 MC. the mixer to increase averall gain and reduce oscillator leak-
Mod L. hasi e d age. It employs a ratio detector for high efficiency without

* odern circuit emphasizes sensuvity an sacrifice in high-fidelity performance. IF and ratio transformers
stability. are pre-aligned, as is the front end tuning unit. This means the

kit can be constructed by a beginner, without elaborate test

Housed in attractive satin-gold cabinet to .
% 8¢ and alignment equipment. The FM-3A is designed to match

match WA-P2 and BC-1. the WA-P2 preamplifier and the BC-1 AM MODEL FM-3A
tuner. An illuminated slide-rule dial is em- $2595
ployed for frequency indication. Step-by-step .

instructions and large pictorial diagrams  INCLUDING NEW
- EXCISE TAX
(With Cabinet)
Shpg. Wt. 7 Lbs.

This amazing new FM tuner can provide you with real high-
fidelity performance at an unbelievably low price level. Cover-
ing 88 to 108 MC, the modern circuit features a stabilized,

temperature-compensated, oscillator, A.G.C., broadbanded 2SSUICISLECESS

HEATHKIT BROADBAND AM TUNER KIT HEATHKIT ELECTRONIC CROSS-OVER KIT
This AM tuner has been designed especially for high-fidelity Tkhis unusual device functions to separate low frequencies ana
applications. It incorporates a low-distortion detector, 2 high frequencies so that they may be fed to separate amplifiers
broadband IF, and other features essential to usefulness in and to separate speakers. This eliminates the need for conven-
high-fidelity. Special voltage-doubler detector employs crystal tional cross-over circuits, since the Model XO-1 does the com-
diodes for low distortion. Sensitivity and selectivity are excel- plete job clectronically. Cross-over frequencies of 100, 200
lent. Audio response is = 1 DB from 20 CPS to 2 ke, with 5 400, 700, 1,200, 2,000 and 3,500 CPS are selectable with front
DB of pre-emphasis at 10 kc to compensate for station roll-off. panel controls on the XO-1. and a separate level control is
g:overslé}(;% itax}dard broadcasltoliandhfram MODEL BC-1 pro&/it}ed for each channel. Minimizes inter-

50 to c. Incorporates a 10 kc whistle- modulation distortion problems. Handles un-
filter and provides a 6 DB signal-to-noise $259.5 limited power, since I%rcquency i e SR

Iatio at 2.5 UV. RF and IF coils are pre-

INCLUDING NEW accomplished ahead of the power stage. $1895
*

aligned, and power supply is built-in. Incor- EXCISE TAX Attenuation is 12 DB per octave, with sharp
porates AVC, two outputs, and two antenna  (wih Cabinet) knee” at cut-off frequency. Shpg. Wt. 6 Lbs.
inputs. Shog. Wt. 8 Lbs.

APRIL, 1957
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HEATHKIT ADVANCE

i

Shpg. Wt 31 Lbs, y
Express Only = | o o
i

S
% it

MODEL W-5
Consists of Model W-5M

66 output tubes.

plus -Model WA-PZ pre- sk Al connectors brought out

amplifier.
Shpg. W 38 Lbs.

to front chassis apron.

Express _only:....$79,56 sk Protective cover over all

above-chassis components.

e ) g

D-DESIGN

o ; s
sk Full 25 wart output with KT-

HIGH FIDELITY

lifier Kit

This 25 watt unit is our finest high-fidelity amplifier. Using
a special design peerless output transformer, and KT-66
output tubes by Genalex, the Model W-5M provides per-
formance characteristics unsurpassed at this price level.
Frequency response is = 1 DB from 5 to 160,000 CPS
at 1 watt. Harmonic distortion is less than 1% at 25 watts
and 1M distortion is less than 1% at 20 watts (60
and 3,000 CPS, 4 to 1). Hum and noise are 99 DB
below 25 watts. Damping factor is 40 to 1. Input voltage
for 5 watts output is 1 volt. Tubes employed are a pair
of 12AU7’s, a pair of KT-66's and a SR4GY rectifier.
Measures 13-3/32” W. x 8%2” D. x 814" H. Output im-
pedance is 4, 8, or 16 ohms. Featured, also, is the “tweeter
saver” which suppresses high frequency oscillation, and a
new type balancing circuit requiring only a voltmeter for
indication. This balance is easier to adjust, and results in
a closer “dynamic” balance between output tubes. The
Model W-5M provides improved phase shift character-
istics, reduced IM and harmonic distortion, and improved
frequency response. Conservatively rated high-quality com-
ponents are used throughout to insure years of trouble-free
operation. No technical background or training is required
for assembly. Step-by-step instructions are provided for
every stage of construction, and large pictorial diagrams
illustrate exactly where each wire and component is to be
placed. An amplifier for music lovers who can appreciate
subtle differences in performance. Just ask the audiofile
who owns one!

$00000000000000000000000000600c00c0000c000c00000000000
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‘in power than other Heathkit

HEATHKIT DUAL-CHASSIS—WILLIAMSON TYPE
HIGH FIDELITY AMPLIFIER KIT

This, 20-watt high-fidelity amplifier employs the famous Acro-
sound Model TO-300 “‘ultra-lincar’’ output transformer and
uses 5881 output tubes. The power supply is built on a separate
chassis, and the two chassis are inter-connected with a power
cable. This provides additional flexibility in mounting. Fre-
quency response i3 =.1 DB from 6 CPS to 150 kc at | watt.
Harmonic distortion is only, 1% at 21 watts, and IM distortion
is only 1.3%, at 20 watts. (60 and 3,000 CPS). Output impe-
dance is 4, 8, or 16 ohms. Hum:and noise are 88 DB below 20
watts. A very popular high-fidelity unit employing top-quality
components throughout.

MODEL W-3M: Shpg. Wt 29 Lbs, Express only........ $49.75
MODEL W-3: Consists of Model W-3M plus Model WA-P2 pre-

omplifier, Shpg. Wt. 37 Lbs. Express only............. $69.50

HEATHKIT 7-WATT
AMPLIFIER KIT
This amplifier is more limited

models, but it still qualifies as -
a high-fidelity unit, and its per- :
formance - definitely exceeds
that of many so-called *‘high-
fidelity” phonograph ampli-
fiers. Using a tappéd-screen
output transformer of new de-
sign, the Model A-7D provides
a frequency response of = [14
DB from 20 t0.20.000:CPS. Total distor-
tion is held to a surpris-

ingly low level. Qutput MODEL A-7D
stage is gush pull, and $'795
Separate bass and treble .
tone controls are pro-  nclLupiNg NEW
vided. Shpg. Wt. 10 Lbs. EXCISE TAX

MODEL A-7E: Similar to the A-7D, except
that a 12517 tube has been added for pre-
amplification, Two inputs, RIAA compensa-
tion, and extra gain.’ $19.95%

" HEATH COMPANY

A Subsidiary:of Daystrom, Inc.
BENTON HARBOR 20, MICH.

e

HEATHKIT SINGLE CHASSIS—WILLIAMSON TYPE
HIGH FIDELITY AMPLIFIER KIT

The 20-watt Model W-4AM Williamson type amplifier is a
tremendous high-fidelity bargain. Combining the power sup-
ply and main amplifier on one chassis, and using a special-
design output transformer by Chicago Standard brings you
savings without a sacrifice in quality. Employing 5881 output
tubes, the frequency response of the W-4AM is = 1 DB from
10 CPS to 100 kc at 1 watt. Harmonic distortion is only 1.59,
at 20 watis.
and noise are 95 DB below 20 watts.

MODEL W-4AM: Shpg. Wt 28 Lbs. Express only....... $39.75
MODEL W-4A: Consists of Model W-4AM plus Model WA-P2 pre-
amplifier. Shpg. Wt 35 Lbs. Expressonly.............. $59.50

HEATHKIT 20-WATT HIGH FIDELITY AMPLIFIER KIT

This high-fidelity amplifier features full 20-watt output using
push pull 616 tubes. Built-in preamplifier provides 4 separate
inputs, selected by a pancl-mounted switch. It has separate
bass and treble tone controls, cach offering 15 DB boost and
cut. Output transformer is tapped at 4, 8, 16, and 500 ohms.
Designed primarily for home installations, but also used ex-
tensively for public address applications. True

high-fidelity performance with frequency re- MODEL A-98
ponse of = | DB from 20 CPS to 20,000 CPS. $35 50
Total harmonic distortion only 19, (at 3 DB C .
below rated output). Shpg. Wt. 23 Lbs,

Output impedance is 4, 8, or 16 ohms. Hum

> ®
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HEATH CompaNy

This range extending unit is designed especially for use with the Model SS-1 speaker
system. It consists of a 15" woofer, providing output between 35 and 600 CPS, and
a compression-type super-tweeter that provides output between 4,000 and 16,000
CPS. Cross-over frequencies are 600, 1,600, and 4,000 CPS: The SS-1 provides the
mid-range, and the SS-1B extends the coverage at both ends of the spectrum. Together,
the two speaker systems provide output from 35 to 16,000 CPS within =+ 5 DB.
This easy-to-assemble speaker enclosure kit is made of top-quality furniture-grade
plywood. All parts are pre-cut and pre-drilled, ready for assembly and the finish of
your choice. Complete step-by-step instructions are provided for quick assembly by
one not necessarily experienced in woodworking. Coils and capacitors for proper
cross-over network are included, as is a balance control for super-tweeter output

ce e e, ety

HEATHKIT HIGH FIDELITY

Range Extending

SPEAKER SYSTEM KIT

High quality speakers of special design — 15" woofer
and compression-type super-tweeter.

Easy-to-assemble cabinet of furniture-grade plywood.

Attractively styled to fit into any living room.
Matches Model SS-1.

MODEL
SS-1B

level. The SS-1 and SS-1B can provide you with unbelievably rich audio reproduction,

and yet these units are priced reasonably. The SS-1B measures 29" H. x 23" W. X
17v4" D. The speakers are both special-design Jensens,

watts. Impedance is 16 ohms.

and the power rating is 35

$9995 Shpg. Wt. 80 Lbs.

‘......................O..OOOOOO...O..Q.O.......O...OQOO

HEATHKIT

HIGH FIDELITY

MODEL
$5-1

39"

Shpg. Wt. 30 Lbs.

Special design ducted-port, bass-reflex enclo-
sure,

Two separate speakers for high and low fre-
quencies.

Kit includes all parts and complete instructions

% for assembly.

o e R ; e N
TR :

SPEAKER SYSTEM KIT

This speaker system is a fine reproducer in its own right, covering
50 to 12,000 CPS within = 5 DB. However, the story does not end
there. Should you desire to expand the system later, the SS-1 is
designed to work with the SS-1B range extending unit — providing
additional frequency coverage at both ends of the spectrum. It can
fulfill your present needs, and still provide for the future. The SS-1
uses two Jensen speakers; an 8" midrange-woofer, and a compression-
type tweeter. Cross-over frequency is 1,600 CPS, and the system is
rated at 25 watts. Nominal impedance is 16 ohms. The cabinet is a
ducted-port bass-reflex type. Attractively styled, the Model SS-1

features a broad “picture-frame

» molding that will blend with any

room decorating scheme. Pre-cut and pre-
furniture grade plywood. The kit is easy-to

drilled wood parts are of
-build, and all component

parts are included, along with complete step-by-step instructions for
assembly. Can be built in just ene evening, and will provide you with
many years of listening enjoyment thereafter.

. Name SHIP VIA
[ Parcel Post

Address [ Express
N"OTE.- All prices subject to [ Freight
change without notice. Clty & Zone, State Best W.
Enclosed find ( ) check ( ) (PLEASE PRINT) [0 BestWay
money order for____ -
Please ship €.0.0. ( ) postage

losed for d QUARTITY ITEM PRICE

On Express orders do not in-
clude transporfation charges

the express agency af time of
delivery.

ON PARCEL POST ORDERS in-

MODEL NO.

clude postage for weight shown.

ORDERS FROM CANADA and
APO'S must include full remit-

tance.

1
1
]
1
' — they will be collected by
i
1
1
1

|
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DE

Layout of the
major components.

Bakelite panel sup-
ports cireuit wiring.

(Continued from page 61)

Feedback to produce oscillation is
provided by T. C1 in parallel with the
primary winding of T blocks the flow
of dc to the collector of the transistor
but permits the 1,000-cycle ac signal
to pass through.

The output of this oscillator—-amplifier
transistor is capacitively coupled
through C3 to potentiometer R2 which
provides a constant load across the
collector and emitter output of the
transistor.

The movable arm of the potentiom-
eter passes the ac signal to the bridge
rectifier where it is rectified and fed,
in series with current-limiting resistor
R3, to the 0-100 microammeter.

This portion of the circuit forms one
arm of the Wheatstone bridge. The
other, brought into the circuit by throw-
ing the switch to REap, includes, in
series, compensating resistor R4 and
the sensing-probe load whose resist-
ance in terms of moisture percentage
is to be read.

Construction

The instrument was built in a bake-
lite meter box. When cutting holes in
this material, especially when using
an expansion drill, operate at very
slow speeds and use a hand vise to
hold the work. For the potentiometer
and switch holes, drill through at 14
inch and then ream out to the necessary
diameter.

The chassis plate is made of 1/16-
inch Masonite Presdwood but bakelite
or similar material may be used. The
rectifier shelf is also made of 1/16-inch
Masonite Presdwood. The chassis plate
supports are made of threaded brass
or aluminum collars. The transformer
mounting strap is formed from sheet
brass or aluminum.

Remove the insulation from two short
pieces of No. 12 solid copper wire.
Solder one end of one piece to the
positive pole of the 30-volt battery and
one end of the other to the negative
pole. The other ends go to the lugs on
the meter support screws. This heavy
wire keeps the battery from vibrating.

In mounting the transistor, use a
cold, damp rag and a pair of long-nose
pliers on the transistor terminals to
dissipate the heat while soldering.

Checking and calibration
The photo shows the completed meter

( MOISTURE PERCENTAGE

ZERD ADJ

S _J

Fig. 2—Template for dial to read in per-
centage of moisture.

RADIO-ELECTRONICS



Hot-and-humid or cold-and-damp...Aerovox
“DURAMIC” Capacitors give you “trouble-free”
operation even under the most adverse weather
conditions. You avoid costly call-backs when you
specify-and-buy “DURAMIC" capacitors because
the severe-service characteristics are built into
each capacitor.

AEROVOX “DURAMICS"

...utilize a dense steatite case to provide ex-
ceptional protection against humidity. All termi-
nal lead wires are firmly imbedded into the end
seals so that they will not pull out or work loose
even under the most severe operating conditions.

AEROVOX “DURAMICS”

... have that exclusive Aerovox end-fill which will
not soften or flow nor separate from the case at
any rated temperature.

AEROVOX ““DURAMICS”

... have excelient power-factor, insulation resist-
ance and temperature characteristics. Operating
temperatures from —55°C. to +85°C. Available
in 10 standard voltage ratings from 200 to
15,000 VDC.

Your local Aerovox Distributor always carries a
stock of Aerovox “DURAMIC” Capacitors in a
wide range of capacitance values and voltage
ratings. While you're there ask for your free copy
of the latest Aerovox Catalog with complete list-
ings of all Aerovox components.
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with its original dial which is abso-
lutely linear. Fig. 2 gives a template
of a special scale to be used if so
desired. This template shows moisture
percentage very accurately for meas-
urement of granular materials when
the probe shown in Fig. 3 is used.
If a larger probe is to be used with
electrode spacing of more than 9/16
inch, the Fig. 2 scale cannot be used.
This meter is designed to be used only
with this probe and scale. The regular
scale which comes with the meter can be
used by using the conversion table.

DIAL CTONVYERSI!ON TABLE
Template Dial Triplett Dial
{Reading in %) {Scale Reading)

5 2
] 4
15 8
20 13
25 17
30 22
35 28
40 32
45 4i
50 46
55 52
40 58
65 63
70 70
75 75
80 80
85 86
90 90
95 95
100 109

Throw the switch to SET. The meter
needle should swing to the right. Adjust
the potentiometer so that meter needle
swings to the extreme right of the
second “0” of the “100.” If the template
dial scale is used, the needle should
swing to the line marked zero adjust.

If the meter shows no current, check
the wiring carefully. See if the oscil-
lator is working by using a pair of
high-impedance headphones with one
terminal to the ground bus bar and
the other to various points in the
oscillator circuit. A very loud 1,000
cycles should be heard plainly. If there
is no signal, reverse either the pri-
mary or sezcondary transformer leads.

Calibration has been simplified so
that it is limited to two basic things:
1. The oscillator signal must be as
close to 1,000 cycles as possible. High
C, or the C on the second added line
above the treble clef on the piano, is
1,024 cycles. Such a musical tone may
be used to check the frequency. Usually,
it is too low and the value of R1 must
be lowered. As the frequency increases
the meter needle will deflect well beyond
the scale limits. 2. Ample current out-
put to the meter must be available.
While the increase in frequency will
increase current, if it is not enough
for off-scale deflection, then R3 will
have to be changed for a smaller value.
Again, adjust until you do get the
current which the needle deflects well
beyond the right end of the scale.

Hand pick your resistors and capac-
itors so that accuracy will almost be
limited only by the tolerance of the
meter itself. With a meter tolerance
of *2% and by carefully selecting
components it is possible to have 4-5%

BUILD THE BEQT—
BUI Lﬁ' Al-l-l E D’S OWN

knight-

Kkits

Here is a typical Knight-Kit value— !
available anly from ALLIED—one of
15 great Knight-Kits you'll find
in our special Supplement No. 165.
M/rite for your FREE copy today.-

knight-kit INSTRUMENT VALUE
5” GENERAL-PURPOSE SCOPE KIT

Model
Y-146

549"

Feature for feature, the world’s best scope
kit walue. Equal in performance to wired
units several times its price. 1deal for radio
and TV servicing, audio work and hundreds
of other applications. Phantastron sweep
circuit provides extreme sweep linearity;
retrace blanking on all ranges eliminates
retrace lines; vertical sensitivity is three
times that of comparably priced scope kits.
Printed circuit and laced wiring harness
speed assembly. SPECIFICATIONS: Vertical
Response— + 3 db, 3 cps to 1.5 mc.; + 6 db
to 2.5 mec. Vertical Sensitivity—.025 rms
v/inch. Sweep—15 to 150,000 cps in 4 ranges.
Horizontal Sensitivity—.07 rms v/inch. Vert-
ical Input Imp.—3.3 meg shunted by 45
mmid. Calibrating Voltage: 1 volt peak-to-
peak, applied by push-button switch. Com-
plete with 57 CRT, wire, solder, etc. 9}4 x
1334 x 173{”. Shpg. wt. 28 lbs.

Meodel Y-146. Net, F.O.B. Chicago. ... 54950
OTHER knight=-kit INSTRUMENT VALUES
e -

VOLTAGE CALIBRATOR KIT
v-138 $]75

HIGH-GAIN SIGNAL
TRACER KiT

v-135 $2450

TV-FM LINEAR
SWEEP GENERATOR

Y-123 34475

See our Supplement No. 165 for 18 other
knight-kit instrument valves

SUPPLEMENT
featuring knight-kits

Send for our FREE
Supplement No. 165
featuring 45 great
Knight-Kits, including Test
Instruments, Hi-Fi, Hobbyist
and Amateur Kits. Write
for your copy today.

- QRDER FROM

accuracy with this meter.
R4 in the sampling or READ circuit!

_ALLIED RADIO

Dept. 02-D7, 100 N. Western Ave., Chicago 80, 11l
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NEW SONOTONE CA-12 127 CO-AXIAL LOUDSPEAKER

40-14,000 cycles—elliptical cone tweeter—complete divid-
ing network. And the price...$19.50. That’s right, $19.50.
Yet it out-performs speakers selling at three times the
price. Interested ? Listen to the CA-12 and be convinced.

Ask your dealer for a demonstration, or send your name and address for full details,

Electronic Applications Division

SONOTONE® CORPORATION

ELMSFORD, N. Y.

SONOTONE CORPORATION, Dept. LE-47, Elmsford, N. Y.

ADDRESS.

|
|
|
[
] NAME
|
|
I
|

CITY. ZONE STATE

I S ——— - S——
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was selected for a sensing probe with
electrodes spaced % to % inch apart.
If the distance between the electrodes
is increased for some speecial purpose,
this resistor must be changed to cal-
ibrate the meter properly. R4 may be
checked by inserting the sensing probe
into a cup of completely saturated
Cream of Wheat granules. The needle
should swing all the way to 100 since
there is 1009% saturation. If it does
not, change the resistance value.
Probe details are given in Fig. 3.
Use ordinary flexible, plastic lamp cord
for connecting the sensing probe to the
meter. In field experiments, cord lengths
up to 250 feet have shown no appre-
ciable difference in meter readings in
soil moisture checks. The bared ends

/8,1 0/ ) 38
. MASONITE
v 0] O .
VA
w 0
LIRS IRE SN
6-32 BINDING PQSTS
T —

34

\”
3/327DIA BRASS ROD
THREADED 6-32 BOTH ENDS

e

J U

Fig. 3—Construetion of the prohe.

of this cord should be soldered to pre-
vent unraveling and to provide better
electrical connection. Although brass
rod is specified in Fig. 3, stainless steel
is recommended for foods and all mate-
rials which might be contaminated by
rust or other oxidation. For explosive
mixtures use only beryllium copper.
As the meter is designed, it will
measure moisture percentage in soils,
face powder, dehydrated foods, snuff,
plastic granules, ete. accurately so long
as the electrode spacing in the sensing
probe is not changed. But, if you wished
to measure the moisture in a concrete
mix, for example, you might have to
increase the electrode spacing. The
type of material and spacing of elec-
trodes are two variables. It is an axiom
of good engineering to change but one
parameter at a time. So, don’t change
type of material and electrode spacing
at the same time. Change one and
evaluate it; then do the same to the
other. In any case you will have to
make a new dial plate to conform as
previously stated. The sensing probe,
as designed here, is excellent for soil
moisture testing. If used for this pur-
pose, readings under 25% usually mean
insufficient moisture; those over 75%,
excessive moisture. END

RADIO-ELECTRONICS



AT v wares DYNAQUI MODIL 308 TUB CHARY

FASTEST SELLING TUBE TESTER
IN THE WORLD

Jests over gj Z OF ALL

POPULAR TV TUBES —IN SECONDS

Accurately makes soch tube test in seconds
Checks average T\ set in minimum minutes

Tests each tube far shorts, grid emission, gas
content, leokage, cnd dynamic mutvol conductance.

Ingenious life test detects tubes with short
life expectancy.

One switch tests everything No multiple
switching Mo roll charts.

Shows fube condifion on “Good-Bad” scale
and in miccomhos. Large 4Y%-inch plostic meter
has two highly orcurate scales calibrated
0-6000 and 0-18,000 micromhos

Automatic line compensation is maintained by a
special bridge that continuously monitors
line voltage

Built-in 7-pin and 9-pin stroighteners are mounted
on the panel.

* NAMES ON REQUEST

- Makers of Dyna-@uik, CRT,
Dyna.Scan and Zalibrator

BaK MA-“UFACTUR.NG‘ €O.
3726 N. Sdu'hpcl"t-Ave. + Chicago 13, Hlinois
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”ald for 1tself several times. §
Really indispensable."

o evar owned:
Saves time.

e testerl 1

vgest tub

Sipple to OP°¢ rate.

= i A

"Makes lots of mcney Ior us. §
Wonderful instriment "_., {

— il se
" s my pu rpo
Serve and depe“dab

pest far
jlity-

One exira tube sale on each of 5 calls a day
pays for the Model 500 in 30 days

Enthusiastic comments like those above" come from
servicemen all over the country. Actual experience shows an
average of close to 2 additional tube sales per call.

Instead of the “trial and error” method of substitution
testing, the Dyna-Quik 500 quickly detects weak or
inoperative tubes. Cuts servicing time, saves costly call-backs,
shows each customer the true condition and life expectancy
of the tubes in the set, and makes more on-the-spot tube
sales. Helps keep ‘customer good-will, give a better

service guarantee, and make more profit.

The B&K Dyna-Quik 500 measures true dynamic mutual
conductance. Completely checks tubes with laboratory
accuracy under actual operating conditions right in the home
...in a matter of seconds. Saves time and work in the shop,

too. Simple to operate. Easily portable
in luggage-type case. Weighs only 12 1bs.  NET, $ E @ 995

See Your B&K Distributor or Write for Bulletin No. 500-E

Model 750 CALIBRATOR

Model 400 CRT
Ficture ond Pottern Video Cathode Rejuvenator Tester Designed to check and odjust
Senerator Complete Flying  Tests and repeirs TY picture  fest instruments with lobora-

Model 1000 DYNA-SCAN

$oer Scanner, Net, $199.95  tubes. Net, $54.95 tory accuracy Net, $54.95
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= peae G sl L LECTRONIC-acoustic warning de-
. L iy Sl 3 4 vices have hitherto been unable
= = '__,f = z e “F to compete successfully with elee-

SRR g = . tromechanical horns and sirens.
' 2 A ; The vacuum or gas tubes used have
been too fragile and short-lived or have
required operating potentials not con-
veniently or economically obtained in
vehicles.

Enter the transistor or, more spe-
cifically, the cheap power transistor.
Here we have an audio oscillator which
is mechanically rugged and can be
electrically operated from a 6-volt
supply. Furthermore, as the operating
duty cycle of a horn is very low, battery
life is long even from penlight cells.
Having acquainted myself with these
facts, I devised an electronic horn for
bicycles. Very pleasing results were
obtained. The device is not just another
transistorized novelty. Rather, it is a
natural for the transistor. All the horn
components, including the penlight
cells, are comfortably contained in a
small plastic box of 20 cubic inches.
A T50-cycle tone rich in harmonics is
extremely effective in alerting the un-
wary, and 2 watts of collector input
power is ample for ordinary speeds
and distances.

The circuit of the electronic horn is
shown in the diagram. It is basically
a common-emitter arrangement with
magnetic feedback. The 3.2-chm voice
coil of a 2-inch PM speaker is con-
nected directly across the collector
winding. Although this would not be
permissible with small transistors, the
very low collector resistance of the
2N156 power transistor permits efficient
power generation and transfer by this
method. In fact, no better way of
coupling power into the speaker could
be found. When experiments were first
carried out, it was found that the best
type of conveniently available trans-
former was a midget power transformer
with two 6.3-volt filament windings.
These two windings were used and the
line- and high-voltage windings were
unused. I felt, however, that the size

I
i
il

o

(s

.

R

Internal “view of horn. - Transistor is
mounted on frame of lpudspeaker: Sz

B
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Making the trans-
former — removed
coil is not used.

e

R—0.9 ohm, /2 watt (4 3.6-ohm, 5% resistors in
parallel)

T—(see text)

V—CBS 154 power transistor

SPKR—2-inch PM loudspeaker,

BATT |—3 |.5-volt peniight cells

BATT 2—I 1.5-volt penlight cell

§—3-terminal pushbutton switch, momentary contact
(use dpst normally open switch or modified G-E
Switchet described in text}

Box, approximately 3 x 3 x 24 inches

3.2-ohm voice coil

Schematic of the electronic horn.

and weight of the power transformer
were excessive for this application.
Consequently, I decided to perform a
bit of surgery on a smaller iron-core
component. A readily obtainable de
choke, the Stancor C1080, was used
and the modification involves no par-
ticular skill.

The procedure is: Remove the mount-
ing bracket. This permits separating
the I and E laminations. Next, remove
the winding itself from the center leg
of the E. No further use is made of
this winding. Now, wrap several layers
of Scotch brand electrical tape around
the entire length of the center E seg-
ment. The two windings L1 and L2
consist of 25 turns of No. 28 enameled
wire. These windings are scramble-
wound and are adjacent to each other.

The two windings should be wound
in the same direction and the start and
finish leads identified by knots or
colored sleeving. The windings should
be so placed that they are not in con-
tact with lamination edges. Otherwise,
there will be a danger of shorted turns
as the result of the iron scraping the
enamel insulation from the wire. By
the same token, do not allow the wire
to touch the iron laminations during
winding. The completed windings should
be impregnated with radio Q dope.
When the dope has dried, the core

APRIL, 1957

should be reassembled. Do not include
the thin paper shim which originally
separated the E's and I’s. If it is used,
oscillation will be weak and of too high
frequency for our purpose. Check with
an ohmmeter to be sure that both coils
are insulated from the core.

When connecting the various compo-
nents make certain that the finish of
1.2 connects to the base electrode of the
transistor and that the start of L1
connects to the collector electrode. This
will—if the two coils are wound in the
same direction—provide correct phas-
ing for oscillation. (Either coil may
be designated L1 or L2 since they are
identical windings.)

The transistor is mounted at one of
the corner holes of the speaker frame,
which serves admirably as a heat sink.
The collector electrode of this transistor
is electrically grounded to the metal

(Continued on page 84)
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“I hear he’s having trouble with his

rotator.”

BUILD THE BEaT—
‘BUILD AI.“ED,S OWN

knight-

Kits

Here is a typical Knight-Kit value—
available only from ALLIED—one of
45 great Knight-Kits you'll find
in-our special Supplement No. 165.
Write for your FREE copy today.

knight=kit HI-Fl VALUE
25-WATT LINEAR-DELUXE AMPLIFIER KIT

Luxury quality at modest cost! Williamson-
type circuit delivers 25 watts of virtually
flawless response. Can be used with any
tuner or preamp with a full set of controls
(for volume, tone and equalization). Printed
circuit wiring board for simplified assembly;
balance control for precise matching of
output tubes; variable damping control,
Response: + 0.5 db, 10-120,000 cps at 20
watts. Harmonic Distortion: 0.156% at 30
watts. Intermodulation: 0.4% at 20 watts,
Output Impedances: 4, 8 and 16 ohms. 64
x 14 x 9" deep. Chrome-plated chassis. With
all parts, tubes and easy-to-follow instruc-
ticns. Shpg. wt., 25 Ibs.

Model Y-755. Net, F.O.B. Chicago..... 54450
Y-759. Metal top cover for above. .. .. $4.25

OTHER knight-kit HI-Fl VALUES

P e e
R il

FM HI-Fi TUNER KIT
Model Y-751

53773

10-WATT HI-FI
AMPLIFIER KIT

¥.753 $9350

20-WATT HI-FI
AMPLIFIER KIT

Y-750 $3575

See our Supplement No. 165 for other
knight=kit Hi-Fi values

SUPPLEMENT
featuring knight-kits

Send for our FREE
Supplement No. 165
featuring 45 great
Knight-Kits, including Test
Instruments, Hi-Fi, Hobbyist
and Amateur Kits. Write
for your copy today.

ORDER FROM
ALLIED RADIO

Dept. 02-D7, 100 N. Western Ave., Chicago 80, Ill.
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Philco Corporation Accessory Division
A’ Street & Allegheny Ave.

Philadelphia 34, Pa.

Please send information on Philco Star-Bright
20/20 Aluminized Picture Tubes.

NAME

Clearest, Most lifelike pi:ture for
any TV. And only Philco gives you
this double edged selling tool

Philco Star-Bright 20/20 is the only
picture tube that’s BONDED to have
all new picture making parts . . | plus
full year replacement warranty. This
offers double protection to
your customers,

ADDRESS
CITY

ZONE STATE

RE-457

Mo

o
e
e
vl b

o
L Mk

Millions of TV set owners will be
told to phone service dealers immediately for
a picture tube replacement

For 8 consecutive weeks the Philco Star-Bright 20,20
Aluminized Picture Tube story will be told in TV Guide. ..
reaching millions of TV set owners each week. This means
big replacement business for yor. Have stock on hand and
prepare to cash in,
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The 660 is ideal for the proper alignment of color TV
receivers. It is accurate and unusually easy to use. Pre-
set channels allow easy selection through a built-in
switching arrangement. Provides either of the following
patterns on any color TV receiver:
White Line Crosshatch; 20 vertical and 15 horizontal,
less those in blanking.
White Dot {small size); 300 dots, less those in blanking.
Crystal Accurate Color Display Pattern; in a blended
sequence of orange, red, magenta, blue, cyan, green,

Bl crvstaL controLen [
WHITE DOT-BAR—COLOR DISPLA

White line crosshatch pattern. 20 ver-
tical and 15 horizontal, less those in
blaenking.

white dot pattern. 300
white dots, less those in blanking.

The 660 features the necessary high degree of stability
not found in variable white-dot generators. In the 660,
the white dots are “locked” together {0 assure stability.
This locking is achieved through the extremely stable
(crystal controlled) timer circuit. Frequency of chromin-
ance (color) signal is exactingly crystal controlled to
reduce possibility of alignment errors. This feature pere
mits increased accuracy over ordinary color gen-
erators which use a free running oscillator. RF
output frequency is in preset channels, 2 thru 6,
to allow easy selection through a built-in switch-
ing arrangement. Small dot and crosshatch size
down to two lines in both horizontal and vertical
planes. Ratio of sync to video is variable
from 10 to 90%.

# The cireuit of the 660 is
such that the instrument
will be useable regard-
less of future color TV
receiver design.

TECHNICAL SPECIFICATIONS:

VIDEO OUTPUT: 0 to 4 volts Peak-to-Peok. 300
ohm output impedance. Black positive or negative.
300 white dots, less those in btanking. Crosshatch
white lines, 20 vertical and 15 horizontal, less those
in blanking. Sidelock colar frequency crystal is
3.563795 MC output 1 volt Peak-to-Peak.

RF OUTPUT VOLTAGE: .05 volts maximum. .001 volts

minimum,
RF modulated by all video outputs (60% modulatian}.

Y The Model 660 is especially designed for Home
service calls.

Yk Light weight portable with detachable cover. ..
weighs only 15 pounds.

ORANGE RED MAGENTA BLUE CYAN GREEN

Color display pattern with crystal
accuracy. Color sequence: Orange,
Red, Magenta, Blue, Cyon and Green.

THE HICKOK ELECTRICAL INSTRUMENT €O,

84

10531 Dupont Avenve Cleveland 8, Ohio
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case, Thus, the whole speaker structure
Is at collector potential, de and ac. For
this reason, insulate othe