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YOU DUT THIS TYBE I AD. ..

BLAH . . « BLAH . ..

YAP. .. vyap... vap...

...IT’S

Serviceman, at this point you are on your own! Your cus-
tomer holds only you responsible if the picture tube goes
bad because it was your selectien. if your selection for
replacement was a high quality brand, chances are your
reputation for quality work wouldn't be under the gun
like this.

When you use Du Mont picture tubes your reputation is
backed by the pioneer commercial cathode-ray tube manu-
facturer of the country. The Twin-Screen Hi-Lite* alumi-

make rt. ..

Cathode-Ray Tube Division

ELAH

REPUTATION!

nized picture tube is a product of the finest engineering,
design, and production features assembled in 25 years of
commercial manufacturing. Your confidence is definitely
assured because you know that the guarantee on Du Mont
picture tubes is good—as it has always been.

Your reputation for high quality work is established when
you use high quality products. You have a reliable
partner when you use Du Mont picture tubes.

‘The vltimate in aluminized picture tubes

ALLEN B. DU MONT LABORATORIES, Inc., 750 Bloomfield Avenue, Clifton, N. J.
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NATIONAL SCHOOLS

(oo dly prcoonTs

ELERAMA . AL 8 BRANC
TELEVISION . .«

IN ONE DYNAMIC, MODERN SI
HOME TRAINING COUR

Another great advance in HOME STUDY TRAINING. Let National
Schools, of Los Angeles, a practical Technical Resident Trade School
for over 50 years, train you at home by Shop-Method, for today’s
unlimited opportunities in ALL 8 BRANCHES of the Television, Elec-
tronics, Radio Industry.

Check all you receive in One Master YOU DO MANY PRACTICAL JOBS.
Course at One Low Tuition You do servicing, circuit analysis and

1. Television — Including Color TV
2. Radio — FM and AM

3. Industrial Electronics

4. Sound Recording and Hi-Fidelity
5. Preparation for FCC License

6. Automation

7. Radar and Sonar

8. Communications

ALL OF THIS MODERN, NEWEST,

PRACTICAL EQUIPMENT iS YOURS TO KEEP!

o Parts to Build a modern TV set, including
large screen Picture Tube.

e Parts to build a powerful Superhet Re-
ceiver, standard broadcast and short wave.

e Parts to conduct many experiments and
build Continuity Checker, RF Oscillator,
TV Circuits, Audio Oscillator, TRF Re-
ceiver, Signal Generator.

* Professional Multitester

o These are a MUST for all technicians,

many other down-to-earth experi-
ments. You build a modern TV set
from the ground up . . . with equipment
kits we give you, including a new large
screen picture tube and professional
Multitester, at no additional charge.

EARN AS YOU LEARN! Many of our
students earn their entire tuition and
more in Spare Time jobs we show
them how to do while learning. YOU
GET GRADUATE ADVISORY SER-
VICE, TOO

N

e

' LOS

4000 S. FIGUEROA ST., LOS ANGELES 37, CALIF,
187 N. LA SALLE ST., CHICAGO 1, ILL.

IN CANADA: 811 W, Hastings St., Vancouver, B, C.

NATIONAL SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1905

' 4000 S. FIGUEROA ST.

* Registration applied for

L. J. ROSENKRANZ

President of NATIONAL SCHOOLS

This Master-Shop-
Method course is com-
pletely up-to-date.
Here in Los Angeles,
the TV and Electron-
ics center of the world,
we are able to keep in
constant touch with the
industries’ latest de-
velopments. As a stu-
. dent, you will quickly
master all phases at home . . . in your spare
time. Your eaming power will grow with
every lesson. Just as thousands of National
Schools graduates do every day, you can
handle servicing, manufacturing, repairing,
hundreds of other jobs, or make good money
in your own business. SECURE YOUR
FUTURE—NOW. SEND COUPON BELOW.

v,

; - Ll
IN THESE MODERN TV STUDIOS,

SHOPS AND
LABORATORIES, your Shop Method Home
Study Course was developed by experi-
enced instructors and engineers. What
an advantage that is to you at home —
cach lesson is tested, proved, ecasy to
understand. You can master the most up-
to-date projects, such as color TV set
repair, printed circuits — even prepare
for F.C.C. License and industrial eclec-
tronics without taking a special course.
TAKE YOUR FIRST STEP NOW TO
A TOP-PAY jJOB IN TV, ELECTRON-
1ICS, RADIO. SEND COUPON BELOW
TODAY,

myl i I

Los Angeles, California

NATIONAL SCHOOLS, DEPT. RG-1i6

ANGELES 37, CALIE.  OR

APPROVED fop

VETERANS
AND
NON-VETERANS

OLS

'GE'I' FAST SERVICE_ MAIL NOW TO OFFICE NEAREST YOU! '

187 N. LA SALLE ST.
CHICAGO 1, ILL. '

Rush free TV-Radio “Opportunity” Book and sample

Fully illustrated *“CAREER" lesson. No salesman will call.

BOOK in TV, Radia, Elec- ' '
tronics. AND actual Sample NAME BIRTHDAY 19 ’
Lesson—yours at na cost, no '

obligation SEND COUPON [} ADDRESS

NOW--TODAY! ‘ CITY ZONE____STATE

VETERANS. Give Date of Discharge
AN BN EES IS GNN NN UEN Bun SER DEE I D AN SN e

1956 3
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volxxvi N1 &
NOVEMBER 1956, Vol 0 .lA\l'l'. —
ELECTRONICS

Formerly RADIO (RAFT @ incorporating SHORY WAVE CRAST ® TELEVISION NEWS ® RADIO & TELEVISION®

EDITORIAL
33 Technicianless Age?—Hugo Gernsback ON THE COVER

(Story on page 88)
TEST INSTRUMENTS
34 An Electronic Scope Probe—Charles W. Rhodes
36 Build a Dual Wide-Band Crystal Oscillator—1. Queen
38 Tube Testers—\Valter ]. Swontek
40 Calibrating AC Voltmeters—Edwin N. Kaufman

Engineers of IT&T's Federal Tele-
communication Laboratories making
tests on o Tacan antenna for ship-
board use, prior to shipping it te
the Navy.

T ELEV' S l O N Color original by Deon Price

41 TV Sets with Remote Control, Part IIH—Henrv O. Maxwell
44 Service Shop Time Savers—Stanlev L. Karal

46 Industrial TV Techniques, Part III—Edward M. Noll

48 TV Service Clinic—Conducted by Jerrv Kass

50 R, for Weak Video—Cvrus Glickstein

WHAT’'S NEW

33 Pictorial Report of New Developments

AUDIO—HIGH FIDELITY 35 s s ¥ OO

54 Upside-Down Amplifier—George L. Augspurger - ezl Minsging Esstor
57 Stereo Tape Comes of Age—Herman Burstein Robect F. Sealt e
60 Audio Conversions Are Profitable—Joseph Chernof o

ELECTRONICS

63 Stabilizing the Metronome—Tomn Jaski

78 Confused About Transistor Types? Part II—Paul Penfield, Jr. P o S
81 Technical Abbreviations—Charles S. Kimball G
Angie Poscale
—_..Eéerial Fradictin
RA D | o g L'-_rui. iHustraian Direchar
88 Tacan (Cover Feature)—]. Whalen Hm ........ —Art Biraciar
101 Transistor Radios, Part VI—1. Queen Las Rebinsen B
104 Transistor Radio Has RF Stage—]. E. Pugh, Jr. e
108 Improving Sensitivity in AC-DC Radios—Charles Garrett S einiiei il
153 Books 145  People e i Iseshunt Bees
147 Business 134 Question Box Rabeit Fallath
18 Correspondence 8 Radio Nonth b e i e o
112 Miscellany 126 Radio-Electronic praLan
118 New Devices Circuits K -
114 New Records 150 Teehnical Literature A
131 New Tubes and 129 Technicians” News Average Paid Circulation over 184.000
Transistors 136 Technotes
140 Patents 142 Try This One

NEXT MONTH: Stability in Feedback Amplifiers ® How to Lick the Intermittent

Associate Member Institute of High Fidelity Mfrs., Inc.

RADIO-ELECTYRONICS, Novewber, 1956, Vol XXVIL No. 11 Published monthly at M. Moris, 15, by Gernsback Publications, lnc. Secomd-class mail privileges anthoriged
st Mt Morris, TN Copyright 1956 by Gernshack ublications, Ine. Al rights reserved amder Universal, international and Pan- Aaerican Copyright Conventions.

SUBSCRIPTION RATES: L. &, U. & possesaions and Canada. $3.50 for ohe year: $6.00 for two vears; XM jor three vears: <ingle copies 23¢, 1%an- Anerican canntrics $4 o0
fan ale year: $7.00 for two vears: $9.5 for three years, A other countries $4.50 a yearl $Xu tor twa years: $11.00 tor three years,

SUBSCRIPTIONS: .Address correspondence 1o Radio- Eleetronics, Subseription Deptl, 414 N, Wesley Ave., Mt Moreis, L, or 154 West ldth 8., New York 1, N. Y
Mben ardering a change please turnish an address impression from a cecent weapper, Alow one month for change ot adidress,

GERNSBACK PUBLICATIONS, INC. Execcutive. Editorial and Advertising Offices. 153 \Weat 14t) N, New York 11, NOY
¢hatman of the Board: M. Harvey Gernsback, I're<ident: G. Aliquo, Necretary.

B H ADVERTISING OFFICES anil FOREIGN AGENTS li-ted on pawe 153

POSYMASTER: It undeliverable, <end Form 235378 to: RADIO ELECTRONICS, 154 West i 81, New Yak 11, N, Y.

- Y. Telephone Algonduin 5-7755. Hugo Gernshack.

Trademark rogistered 170 S0 1%ar. Ol
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G. F. Beane, W. Virginia, was
a truck driver. He took the
DeVry Tech Training Program,
and is now tape recorder en-
gineer at Webcor Co.

Edward Hahn, lllinois. Now
an electronics technicion with
Televiso, Inc, DeVry Tech
training helped him prepare
for his present position.

Nick Barton, lllinois, o DTI
grad, now has his own busi-
ness ond tells us he is “liter-
ally snowed with work.”'

George D. Crouch, Califor-
nia, was a retail store clerk.
He took the DeVry Pragram,
and today is in business for
himself.

Get these

Valuvable
Facts....

Member of

MEN CAN D

DeVRY TECH Will Tell You FREE

How You May Prepare At Home For

9/r

#e Big-Opportunity Fields

TELEVISION

RADIO

TIRED OF THE SAME OLD JOB?
if you're under 55, you're not too old to consider a
new type of job. If you feel the need of a change
and want to look oheod to the opportunities in
Television-Rodio-Electronics, mail the coupon below.
Let DeVry Tech tell you about its industrial training
program . .. about the good pay jobs open to trained
men. Find out if you ore qualified for DeVry Tech
froining.

LEARN WITH REAL EQUIPMENT
DeVry Tech puts tools and parts in your hands to
build your own test equipment., loans yov home
training films to follow, explains problems in simple,
down-to-earth language.

You need no previous technical experience to
prepare at home or in our million-dollar Chicago
Training Center. If you ore between 17 and 55, send
today for free booklet, {ree sample lesson and ad-
ditional information.

vates well. Why wait and wonder? Maybe
your futurc depcnds on sending in the
coupon below right now!™

A word of advice to Veterans
and Non-Veterans from
JACK DEMPSEY

“Let DeVry Tech give you an honest opinion
of the great opportunities in the electronics

Draft-Age Men .
sure to get vuluobh
information just for you.

..Be

ELECTRONICS

field. This school is now
in its 25th year. I've
known it a long time and,
believe me, it makes no
idle claims. It is interested
only in producing top-flight
technicians. And in placing
them, too. The DeVry
Placement Service is in
contact with some of the
nation’s biggest businesses
it serves DeVry grad-

\ MAIL TODAY FOR FREE FACTS

*'One of America’s
Foremost
Electronics Training

DeVRY TECHNICAL INSTITUTE
4141 Belmont Ave., Chicago 41, ill.. Dept. RE-11-M

Please give me free facts about the many opportunities in Tele-

vision-Radio-Electronics, including the 3 publications, and how
DTl may prepare me for my start in this billion-doliar field.

|
National Home Centers” '

Study Cowncil

DeVRY TECHNICAI. INSTITUTE

CHICAGO 41, ILLINOIS

FORMERLY
DEFOREST'S TRAINING, INC.

NOVEMBER, 1956 5


www.americanradiohistory.com

you
wouldn’t
buy

vet that may be all your present system reproduces!

Recent improvements in high-fidelity recording have captured the full tonal
color of every instrument in the orchestra . .. every subtle shading from the
brilliance of the violins to the deep roll of the kettle-drums is impressed on
discs made with the latest recording techniques. Yet this dazzling other-world
of sound may be beyond the capacity of your present high-fi equipment .
terms of sound reproduction, you may be buying only balf a record!

PICKERING professional-quality components—the best that money can buy _
—recreate all of the music on fine microgroove recordings—give you the rich- o
ness of reality that makes listening the extreme pleasure you have
dreamed about. .. but never experienced.

PICKERING components include the world-renowned
“FLUXVALVE" magnetic cartridge with one-mil or half-mil
diamond styli... the Pickering 410 Audio Input System,
combining preamplifier, record compensator, and equalizer
network (each of which is available separately) ...

the famed Pickering Model 190-D distortion-free tone arm
...and the revolutionary new PICKERING ISOPHASE
electrostatic SPEAKERS, which reproduce music so faithfully
they must be beard 10 be believed!

«

PICKERING & CO., INC. occeansineE,

e Gl o ol con e o

. Demonstrated and sold by Leading Radio Parts Distributors everywhere. For the one nearest you and for detailed literature: write Dept. P.12
EXPORT AD. AURIEMA, INC., 89 BROAD ST.. NEwW YORK / CANADA: CHARLES W. POINTON LTD.. 6 ALCINA AVE., TORONTO

6 RADIO-ELECTRONICS
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New gift idea!

. « « Terrific TV traffic-builder
for Christmas!

.

{

l\\\- .d\l .’

v REMOTE CONTROLTUNER

i

I
1 ]

ol |

changes channels

from your

A

easy chair! A
N\

DON WILSON—RADIO AND TV'S
GREATEST SALESMAN WILL BRING
| CUSTOMERS IN DROVES! #

Don Wilson, one of America’s

| long-time favorite radio and TV
announcers, will lend his strong

support to help you sell I-T
Remote Control Instant Tuners

on television. So place your order
now for a big stock of I-T’s

and capitalize on this big
advertising campaign , . , timed
for Christmas.

Goes On Practically Any Set!

The I-T Remote Control Instant Tuner is
engineered to go on practically any set—new or
old. Your market is wide open!

No Installation Problems!

Customers can install 1-T themselves in less
than 3 minutes! It's easy—no tools needed—no
electrical connections. And, there’s no

service problem}

I-T sells like hot cakes! All you :,/ } /{J

have to do is demonstrate it—and 7 i e 4
you’ll sell I=T*s by the bushel! Almost /i R
every T'V set owner is a red hot :
prospect. IN ADDITION—I-T is the
perfect gift for every occasion—Christmas,
wedding, housewarming! You
name it—and you’ll sell I-T!

1-T IS SOLD AND FULLY GUARANTEED BY

THE ALLIANCE MANUFACTURING CO., INC., ALLIANCE, OHIO

(Division of Consolidated Electronic Industries Corp.)
In Canada—Alliance Motors, Schell Ave., Toronto, Ontario

WRITE, WIRE, OR CALL NOW FOR INFORMATION ON HOW YOU
CAN ORDER and PROFIT with I-T Remote Control INSTANT TUNER!

NOVEMBER, 1956 7
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Made to the highest requirements
of leading set manufacturers,
Tung-Sol Tubes are perfect re-
placements for all sets. Bank on
Tung-Sol's brand of quality —tops
in the industry. It's the sure way to
ovoid callbacks that eat into
profits. Tell your supplier you'd
rather have Tung-Sol tubes.

MID-AIR COLLISION warning device
has been developed by the Collins Radio
Co. Approved by a special committee of
the nation’s airlines, two companies—
Amnerican and United—are already ne-
gotiating to purchase the device.

The installation will be made in two
stages. The initial setup will consist es-
sentially of a horn or other audible
unit and six lights. The lights will tell
the pilot whether the dangerously close
oncoming plane is ahead, behind, right,
left, above or below. The distance will
also be indicated. Readers will remem-
ber that this type of equipment was
called for by Hugo Gernsback in his
editorial “Airplane Collision Preven-
tion” in the September issue. In it he
said in part “. . . it should be possible
to evolve an instrumentality whereby
the pilot or navigator can read not only
the exact distance between the two
planes in miles, but he will see the
vertical and horizontal angle of the ap-
proaching plane, too.”

The final system will, in addition,
provide instructions on which way to
turn. A light on either the right or left
side of the cockpit will indicate an
abrupt turn in that direction.

The lights will be actuated by elec-
tronic computers that will consider the
positions of the merging planes, rela-
tive speeds and directions of flight.

PICTURE PHONE

using standard

telephone line was unveiled by Bell
Telephone Laboratories at a joint meet-
ing in Los Angeles of the Institute of
Radio Engineers and the West Coast
Electronic Manufacturers Association.
The pictures that are transmitted along

with the sound vary in size from 1 x
1% inches to 2 x 3 inches.

This picture-phone system over or-
dinary telephone line was made possi-
ble by slowing down the rate of trans-
mission of picture information so that
the required bandwidth can easily be
handled. The raster is made up of 60
lines, each of which may have a maxi-
mum of 40 dots.

Thus, each complete frame may be
considered to contain 2,400 dots. If a
single frame were transmitted each
second, an overall bandwidth of 1,200
cycles would be necessary. With this
system one complete frame is trans-
mitted every 2 seconds, requiring a
bandwidth of only 600 cycles.

Since the 600-cycle video band con-
tains very-low-frequency components
which might be greatly attenuated dur-
ing transmission over phone lines, a
carrier scheme is used in which the
video signal amplitude modulates a
1.200-cycle carrier. The transmitted
signal is then a conventional AM
double-sideband signal with a fre-
quency range of 600 to 1,800 cycles, an
optimum  range for telephone-line
transimission.

The picture equipment is still under-
going development and is not ready for
manufacture or commercial use.

FIRST TRANSLATOR GRANTS have
been made by the Federal Communica-
tions Commission. In authorizing the
“inexpensive” translator stations the
FCC stated that this “is part of the
commission’s program for bringing TV
service to small communities.”

The grants were made to the Mount

(Z) tee Z%f}@m{g{gz
®TUNG-SOL

MAGIC MIRROR ALUMINIZED
PICTURE TUBES
RECEIVING TUBES

TUNG-SOL ELECTRIC INC., Newark 4, N. J. Sales i
Offices: Atlanto, Ga., Columbus, Ohio, Culver
City, Calif., Dallos, Tex., Denver, Colo., Detroit,
Mich., Irvington, N. J., Melrose Pork, ill.,, Nework,
N. J., Seattle, Wosh.

TUNG-SOL makes All-Glass Seoled Beam Lamps,
Minicture Lamps, Signol Flashers, Picture Tubes,
Rodio, TV ond Speciol Purpose Electron Tubes !
ond Semiconductor Products,

8 RADIO-ELECTRONICS
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E\ { ALLIED’'S 1957
value=-packed 356-page
rgg | CATALOG

the only COMPLETE catalog *
for everything in electronics

(ouddi Moat M&n@m«,

o Latest Hi-Fi Systems and Components
e Super-Value KNIGHT-KITS o P. A.
Systems and Accessories ® Recorders and

Supplies ® TV Tubes, Antennas, Acces-
sories ® Amateur Receivers, Transmitters,
Station Gear ® Test and Lab Instruments
® Specialized Industrial Electronic Equip-
ment ® Huge Listings of Parts, Tubes,
Transistors, Tools and Books...

@-

\
o -
LATE
¢ (ARTH SATE : act
quprass ! /a

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

FEATURING

SUPER-VALUE knight-kits: Finest electronic
equipment in money-saving Kit form —Test

Instruments, Hi-Fi kits, Hobbyist kits, Ham lowest prices, guaranteed satisfaction...
kits. Easiest to build and you SAVE MORE.

EVERYTHING IN HI-FI: World’s largest selection send for the leading

of quality H#Fi components and complete music . .
systems—available for immediate shipment from electronic supply guide

stock. Own the best in Hi-Fi for less!

—— S T—— W
rAlLlED RADIO CORP., Dept. 2-1L-6 1

EASY-PAY TERMS: Only 10% down, up 100 N. Western Ave., Chicago 80, IIl.
to 18 months to pay. Available on orders over $45. I

Fast handling—no red tape. [] Send FREE 356-Page 1957 aLLIED Catalog '

O%%‘d&%@d[y |Name.A......; ................................ I
ALLIED RADIO IAddress ......................................... l

Werld's Largest Electronic Supply House Gty e s epssraprngsnaEemmes oo Zone. .. .State....... I

e " :
Flaran —aaay o
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The Only COMPLETE Line ...

Model $S3 — 3 speed

S$S4 — 4 speed
e w

2-pole motor

Model DSS
3-speed, 4-pole motor

RELY on GI

PHONOMOTORS

e FOR PORTABLE PHONOS ¢ FOR HI-FI

UNITS ® FOR COMBINATIONS © FOR

RECORD CHANGERS * FOR TAPE
RECORDERS ® FOR REPLACEMENT USE
® FOR EVERY PHONO APPLICATION
Follow the lead of Americo's foremost monu-
focturers — Specify Gl for oll your phono-
motor needs. A complete ronge of speeds
ond types to meet every requirement —

bocked by over holf a century of
design leadership |

Model DR
2-speed,
4-pole motor

Model AX
Single speed,
2-pole motor

Model D-10
4-pole, shaded pole A.C. fl
Induction type for
tape, wire, or disc
recorders

Model RM 4
Single speed,
4-pole motor

DEPT GR ¢ ELYRIA, OHIO

LOOK What RAPIOELECTRONICS hzs

n Store fo r youu in the Months 2head ’

® HINTS ON TV TUBE TROUBLES
By Cyrus Glickstein

o THE NEW MOTI/ON-PICTURE SOUND
By Aaron Nadell

® AUDIO TRANSFORMERS
By Norman H. Crowhurst

® A SELF-CALIBRATING MARKER
GENERATOR ® SELLING EXTRA TELEVISION SERVICE
By Richard Graham By Matthew Mandl

The DECEMBER issue of RADIO-ELECTRONICS goes on sale Novembher 23 at hetter parts distributors and newsstands
Subscription Rates increase January |. Subscribe now at old rates.
Two years $6.00
154 West

® SIMPLE TRANSISTOR SHORTWAVE
RECEIVER
By Joseph Braunbeck

® IMPROVING SOUND IN AM RADIOS
By Albert Stratmoen

® A HOME INTERCOM SYSTEM
By John F. Millar

One year $3.50
RADIO-ELECTRONICS

Three years $8.00

[4th St., New York 11. N.Y.

10
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RADIO MONTH (Continued)

Grant Television Booster Service Corp.
Hawthorne, Nev., to rebroadcast chan-
nel 4, KRON-TV, San Francisco, on
channel 70, and to James R. Oliver,
Bishop, Calif., to rebroadcast the Los
Angeles signals of channel 2, KNXT,
on channel 70, and channel 4, KRCA,
oh channel 73.

ELECTROCUTIONS caused by im-
proper television antenna installations
have prompted several North Carolina
cities to consider adopting ordinances
regulating these instullations. While
one city, Durham, has dismissed the
idea as being impractical, another,
Greensboro. has begun checking all
sets in the city to see if they are
grounded correctly.

Representative of the type of acci-
dents occurring during antenna in-
stallations by untrained persons is a
recent report from New Port Richey.
Fla. A 61-vear-old woman, Mrs. Aur-
elia M. Walrath, was killed instantly
when the guy wire from a television
antenna fouled a 7,200-volt high-ten-
sion wire while she was helping her
husband install a TV antenna.

Calendar of Events

1956 High-Fidelity Show and Music Fes-
tival, Nov. 2-5, Palmer House, Chu.u:o
tRanto-Ericrronics will exhibit in Room
IRCIE

New England Radio Electronics Meeting.
Nov. 15-16. Hotel Bradford, Boston.
Dallas High-Fidelity Music Show,
16--18. Hotel Adolphus. Dallas. Tex.
St. Louis High-Fidelity Music Show, Nov.
22-25. Hotel Statler. Saint Louis. Mo.
Electronics Fair of Long Island. Dec. 6-8,
New York State University, Farming-
dale, N. Y.

1956 Eastern Joint Computer Conference,
Dec. 10-12, Hotel New Yorker. New York
City.

RETMA Symposium on Applied Reliabil-

Nov.

ity, Dec. 19-20, Bovard Hall, University
of Southern California. los Angeles.
Calif.

TELESCOPE BOOSTER now being
developed promises to provide a tenfold
incrvease in the power of the world’s
biggest telescope on Mount Palomar.
The booster, known as an image con-

verter, consists of a vacuum tube con-
taining a photocathode which emits

electrons when exposed to starlight.
The electrons are focused and passed
through an opening only a few mil-
lionths of an inch thick. A photographie
plate is directly behind the opening.
The cfficiency of the image converter
is due to the ability of light to more
effectively produce electron flow from
a photocathode than to create an image
on a photographic plate. The image
converter is placed at the foeal point
of the telescope and is expected to furn-
ish pictures of stars 10 times fainter
than can now be seen with the 200-inch
telescope. Tt will also make modest
telescopes the world over equal to the
present power of Mount Palomar.

SOVIET TV BOOM finds large cities

like Moscow and Leningrad with roofs

cramimed with television antennas, re-
ports the European ncws director of
Fairchild Publications, who was re-

cently permitted to visit Russia. Start-
(Continued on page 14)
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WE GUARANTEE
YOUR FCC LICENSE

If you fail to pass your Commercial License
exam after completing our course, we guaran-
tee to continue your training, without addi-
tional cost of any kind, until you successfully
obtain your Commercial license.

Here's proof FCC Licenses are often se-
cured in a few hours of study with our
coaching at home in spare time . . .

Name and Address
Walter Eggers, Pacific Grove..... 1st 12 weeks
Paul Reichert, West Salem, Ohio...2nd 10 weeks
Harold Phipps. LaPorte, Indiana...1st 28 weeks

John H. Johnson, Boise City, Okla..2nd 12 weeks
James Faint, Johnstown, Pa....... 1st 26 weeks

WE CAN PROVIDE HUNDREDS
OF NAMES IN YOUR AREA ON
REQUEST

License Time

| MAIL COUPON TODAY
* AND RECEIVE

Mo“ey Maki“% .
FCC License |

ALL 3 BOOKLETS

FRER!

CARL E. SMITH, Consulting Engineer, President

CLEVELAND INSTITUTE OF RADIO ELECTRONICS
Desk RE-97, 4900 Euclid Bldg., Cleveland 3, Ohio

License
Exams

NOVEMBER, 1956

MONEY MAKING

FCC

Commercial
INFORMATION ]

%&
H An FCC License can be

your Guarantee of Success in Electronics
o o et R e
e

EMPLOYERS MAKE OFFERS LIKE THESE TO
OUR GRADUATES EVERY MONTH!

Letter finme nationully-known  Airlines:  “‘Radio Operators  and  Radio
Mechanies are needed for our company. Periodic wage incerease with oppaor-
tunity dor advancement. Baoth pusitions include many company benefits such

as pabd vacations. free flight miteage allowance and group insurance.”

Letter from nationally-known manufactmer: “We have a very great need

at the present time for radio-electronics technicians and would appreciate

any helpful suggestions that vou wmay be able to offer.”

Thest are just a few of the examples of the job offers that come to our ¢ §
office perivdieally. Some licensed technician filled each of these jobs; it
:onld have heen you!

OUR TRAINEES GET JOBS LIKE THESE EVERY MONTH

CHIEF ENGINEER

“*Since enrolling with Cteveland Institute [ have received my
15t eluss license, served as a temsmitter engineer ;uul am now
Chief Engincer of Stution WAIN. Alsn have a Matorla 2-Way
Service Station. Thinks 1o the Institute for making this

possible. "’
Lewis M. Owens, Columbia, Ky.

to mform vou that [ recently sceured a position
as Test Engineer with Melpar. Inc. (Subsidiary of Westing-
house}. A substantial  salary  inerease  was  involved. My
Clevelind Institgte teaining played o major role in qualifying
me for this position.””

Boyd Daugherty, Falls Church, Va.

Member National Home Study Council

: Cleveland Institute of Radio Electronics

Desk RE-97, 4900 Euclid Ave., Cleveland 3, O.

' Please send Free Booklets prepared to help me
| get ahead in Electronics. | have had training or
} experience in Electronics as indicated below:

U

[] Broadcasting ;

(] Military
[} Home Experimenting !

(] Radio-TV Servicing
[J Manufacturing

i

[

| [] Telephone Company
| [] Amateur Radio

I

I

{] Other b

1 R |

In what kind of work are you In what branch of Electronics l

now engaged? are you interested?_____ |

t

| Name Age f

! Address _ [

l City Zone State |
' Special Tuition Rates to Members of Armed Forces

L e i S it

0
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OBVIOUS o

REASONS o

why you should order a

TECH-MASTER HI-FI KIT o

... today! |

- YOUR CHOICE OF FOUR
. HI-FI TECH-MASTER KITS:

TECH-MASTER TM-15A Ultra-Linear
Williamson-Type 20-Watt Power Amplifier Kit

Flat response throughout the oudible frequency ronge os
well os considerably below and above it. Vanishingly low
distortion at all normal listening levels., Not more than
V2% intermodulation or harmonic distortion even ot 15
watts output. Smooth, crisp, transparent listening quality.
Superior transient response. Hum and noise level 70 db
below rated outputl. 1.1 volts RMS input required for 20 3
watts output. Specially wound high-fidelity output fransformer with 4, 8 ond 16 ohm output
impedances. Comes with sockets, terminal strips and connectors already mounted.

Model TM-15A (dimensions 9" x 12" x 6'2"'; weight 27 Ibs.}.s oo .

)

5
G
o
£

TECH-MASTER TM-16A
De Luxe, Self-Powered Preamplifier-Equalizer Kit

Completely redesigned according to the latest techniques.
Contains the most aodvanced features. 5-position phono
equalizer (78 rpm, old 78‘s, RIAA, ffrr, AES). Four input
channels (one low-level, high-gain input for magnetic car-
tridges; three high-level; high-impedance inputs for AM,
FM, or TV tuner, crystal or ceramic cartridge, high-outpul
microphone, tope recorder, etc.). Loudness compensating control. Boss and treble controls
with 15 db boost or cut ot 20 cps and 20 ke, respectively. Cathode follower output. Smartly
styled in hondsome locquered cabinet. Comes with sockets, terminol strips and connectors
olready mounted. Amazingly simple 1o assemble for trouble.free high-fidelity results.

Model TM-165P (dimensions 97/5" x 33" x 41;"; weight 4 Ibs.) oo
Matching gold escutcheon 1.50

TECH-MASTER TM-17P
Economy Preamplifier-Equalizer Kit

Same basic design as the Model TM-16SP, except for
3-position phono equalizer (78 rpm, RIAA, AES), stondard
true-taper volume control and provision to obtain power
from the main amplifier or o similar external power
supply {120 volts DC @ 6 ma, 6.3 volts AC @ 600 ma).
Plug-in connection for TM-15A furnished. Cathode follower
output. Gold-tone cabinet. Comes with sockets, terminal
strips and connectors already mounted.

Model TM-16SP (dimensions 97/3" x 333" x 4',"; weight 4 Ibs.).

S TR

85554

TECH-MASTER FM-18
Hi-Fi FM Tuner Kit

Designed for optimum reception and sound quolity at mini-
mum cost. Sensitivity 4 microvolts for 20 db quieting. IF
bandwidth 200 Kc. Drift-free rotio detector. Automatic
frequency control {AFC) with manual front-ponel cutoff.
Micro-vernier tuning. Both cathode foltower and high-
impedance outputs provided. Self-contained power supply.
Very easy to assemble.
Model FM-18 {dimensions 412" x 8" x 614"
Model 18-C Cabinet.

weight 62 Ibs.) s et e

B
TECH-MASTER CORPORATION
12
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TECH-MASTER amplifier, preamplifier, tuner
and radio kits represent the ultimate in modern
electronic kit design—nothing is easier or more
fool-proof to assemble; nothing gives finer per-
formance once assembled!

TECH-MASTER hi-fi kits carry the double guar-
antee of the Tech-Master Corporation, famous
leaders in custom television and high fidelity
since 1942, and of the LOCAL electronic paris
distributor who fills your order and acts as your
convenient, near-by source of expert informo-
tion ond odvice. Ask him to demonstrate o
Tech-Master kit when you are in his neighbor-
hood — consult him ogoin if you should ever
need technical assistonce, testing or service
ofter you hove purchased your kit

TECH-MASTER hi-fi kits now offer you the
unique convenience of simplified mail order
from a LOCAL firm combined with the extra
courtesy ond sales backing you expect when
dealing with o reliable parts-distributor,

SRR g Y e

32 E-4 Falilers e B

ORDER NOW FROM YOUR NEAREST
TECH-MASTER DISTRIBUTOR:

California, Pasadena
Dow Radio Inc.

1759 E. Colorado St.

California, San Francisco
Market Radio Supply Co.
1240 Market St.

Colorado, Denver
Fistell's Radio & Electrical Supply Co.
1081 Lincoln Street

Florida, Miami )
East Coast Radio & Television Co.
1900 N.W. Miami Court

Georgia, Atlanta
Specialty Distributing Co., tnc.
425 Peachtree St. N.E.

Ilinois, Chicago
J. G. Bowman and Co.

513 E. 75th Street

Indiana, South Bend
Radio Distributing Co.
432 S. Carroll St.

Maryland, Baltimore
Radio Electric Service Co.
5 North Howard Street

Massachusetts, Cambridge
Hi-Fi Lab Electronic Supply
1077 Massachusetts Ave.

Minnesota, St. Paul
Gopher Electronics Co.
370 Minnesota St.

Missouri, St. Louis
Walter Ashe Radio Co.
1125 Pine St.

New Jersey, Newark
Radio Wire Television Inc.
24 Central Ave.

New York, New York
Airex Radio Corp.

64 Cortlandt St.
Federated Purchaser Inc.
66 Dey St.

Ohio, Dayton
Stotts-Friedman Co.

135 E. Second Street

Pennsylvania, Philadelphia
Albert Steinberg and Co.
2520 N. Broad St.

Texas, Houston
Gulf Coast Electronics
1110 Winbern St.

Washington, Seattle
Seattle Radio Supply Inc.
2117 Second Ave.

West Virginia, Wheeling
James M. Black and Sons
952 Market St.

Canada, Montreal
Payette Radio Ltd.

730 St. James St., West

75 Front Street, Brooklyn 1, New York

RADIO-ELECTRONICS
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another Raythe

y/
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Thanks to an exclusive new Raytheon fin design,
the Raytheon 6DQG6 is the first TV tube which elim-
inates SNIVETS that is 100% interchangeable —
will work without special selection. It eliminates
borderline performance, too, because its new de-
sign gives it additional and improved sweep char-
acteristics not available in ordinary types.

Raytheon 6DQ6 tubes provide SNIVET free per-
formance because they are individually tested for
deflection operation and are given special tests
under sweep amplifier conditions. Raytheon
12DQG6 and 17DQ6 Tubes incorporate this same
fin construction and will provide the same supe-
rior, trouble-free performance.

heon

An added bonus from the Raytheon 6DQ6 is that
its interchangeability simplifies stocking. (It’s an
improved replacement for 6CUG6 and 6BQGGA
series.)

Finally, the Raytheon 6DQG6 is another outstand-
ing example of how Raytheon’s superior engineer-
ing skill and production know-how have brought
you still another tube that is first and finest in the

field.

* SNIVET — a vertical disturbance on
the right hand area of the screen.

RAYTHEON MANUFACTURING COMPANY

Receiving and Cathode Ray Tube Operations
Newton, Mass. ¢ Chicago, lll. + Atlanta, Ga. + Los Angeles, Calif.

all these

Raytheon mqkesz Receiving and Picture Tubes, Reliable Subminiature and Miniature Tubes, ®

1956

Semiconductor Diodes and Transistors, Nucleonic Tubes, Microwave Tubes.

Excellence ¢rn Eleclronds

www americanradiohistorv com
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100% INTERCHANGEABLE TV TUBES
THAT ELIMINATE SNIVETS*
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3 NEW FEATURE-
PACKED AMPLIFIERS!
(Models 99C, 210E com-
plete amplifiers, 121C
preamplifier) Color-
marked Green Dot con-
trols that make it easy
for your family to operate
your hi fi system , . .
smartly designed mahoga-
ny cabinets . , , years
ahead features that defy
obsolescence , . . that's
H. H. Scott for '57, your
best dollar investment.
See for yourself!

4 NEW SUPER-SENSITIVE TUNERS!

(Models 330B, 331B AM-FM tuners; 311B, 310B FM tuners)
For the first time AM that gives you audio response beyond 10 kc

. FM with new wide-band circuitry that makes drift a thing of the
past . . . AM-FM tuners equipped for Stereophonic (binaural) operation.
That's H. H. Scott for '57. Hear for yourself!

2 COMPLETELY REDESIGNED

POWER AMPLIFIERS!

(Models 240, 280) Exclusive Dynamic
Power Monitor on Model 280 affords full
output on music, yet protects expensive

speakers against burnout . . . variable
damping controls for perfect speaker match-
ing . . . new exterior styling . . . clean

distortion-free performance typical of all
H. H. Scott components. Judge for yourself!

ALSO SEE THE NEW 710A TURNTABLE

Visit your dealer or write today
for complete technical specs.

~
Export Dept: Telesco international Corp., 270 Park Ave., N. Y. 17 ~
14
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RADIO MONTH (Continued)
(Continued from page 10)

ing virtually from scratch in 1953, at
the end of 1955 there were 1 million
TV sets in operation in Russia. By the
end of 1956 this total will be doubled.
This year most sets produced were 12-
and 14-inch models, with the trend
toward 14- and 17-inch units.

At the end of 1955 there were 15
state stations; by the end of this year
there will be 20. In addition, there are
some 60 local stations.

AIR TRAFFIC CONGESTION is to
be alleviated by the use of closed-cir-
cuit TV in air traffic control. Using
New York City as the test avea, the
Civil Aeronautics Administration an-
nounced that an experimental setup is
in operation at the New York Interna-
tional Airport, Idlewild.

The heart of the system is a long-
range radar and television arrange-
ment in which the radar aids the con-
trol center to track planes into the
New York area with blips on the radar
screens. The television section relays
the control center’s radar images to the
towers at individual airports nearby to
help the planes land.

FOUR NEW TV STATIONS have

gone on the air since our last report:

KAVE-TV Carlsbad, N.M. ... 6
KFXJ-TV  Montrose, Colo. .............. 10
KILT El Paso, Tex. .ceooeeeeeeeee. 13
WTVW Evansville, Ind. .ooooeeeee... 7
One station has left the air:
WHUM-TV Reading, Pa. ... 61

This is the 62nd uhf station to close.

Station CBLT, Toronto, Canada, has
changed channels, from 9 to 6.

The total of TV stations now operat-
ing in the U.S. and its territories is
486 (391 vhf, 95 uhf), including 22
noncommetrcial of which 5 are uhf ones.

FIRST PHONE CABLE across the
Atlantic was put into operation this
fall. Operated by AT&T, the new cable
will carry 36 conversations simulta-
neously, free from interference which
occasionally hampered the trans-
Atlantic radiotelephone.

ELECTRONIC TRAILMAKER is
being used by the Army to indicate a
safe trail on the Greenland ice cap.
Poor visibility during the polar night,
snowstorms and summer ‘“white-outs”
(dense Arctic fog) make free move-
ment over the ice cap virtually impossi-
ble. Safe trails through this area are
crooked and narrow and visual mark-
ers like flags and poles are obscured by
poor visibility or destroyed by the ele-
ments.

The clectronic trailmarker consists
of two parallel wires buried beneath
the snow on either side of the trail.
Alternating current is fed into the
wires and a receiver mounted on a
tracked vehicle detects the current in
the wires. Indicators in the vehicle
give the driver his position within the
trail. Warning devices inform the
driver when the vehicle gets out of
bounds and crosses a trail wire. END

RADIO.ELECTRONICS
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PHOTOFACT FOLDERS
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TAKE THE RIGHT STEP TO TIME-SAVING
PROFIT-BUILDING BUSINESS: Sign up with
your Parts Distributor to get PHOTOFACT
Folder Sets automatically each month.

DO IT NOW!

NOVEMBER, 1956

Use this Supplement tagether
it the new 36.pags BAMS
MASTER WHDEX for complete

THE NEW sams INDEX
70 PHOTOFACT FOLDERS

it keeps you up-to-the-minute
on receiver coverage

PHoTOFACT Folders give you the world’s finest Service
data on TV and radio models just as soon as they hit
the market. Now—with the new INDEX SYSTEM to
PHOTOFACT, you locate the /latest PHOTOFACT cover-
age immediately.

If you’re a Service Technician, you can get the new
Sams Index FREE. Here’s how it keeps you up-to-date
on receiver coverage: The Master Index (36 pages—
issued twice yearly) is the complete reference to all
PHoTOFACT Folders produced up to the date of its
issue. In addition, you get an Index Supplement each
month covering that month’s releases of PHOTOFACT
Folders. Thus, the Master Index plus the supple-
ments keep you right up with current PHOTOFACT
coverage. (The Index Supplements also appear each
month in “PF Reporter” Magazine.)

It’s easy to get your complete Index service to
PHOTOFACT at NO CosT TO You. If you’re a Service
Technician, just fill in the coupon and mail to us
today. It will bring the Master Index direct to your
shop, and monthly supplements will be mailed to you
regularly thereafter. YOU’LL KEEP RIGHT UP-TO-THE-
MINUTE ON PHOTOFACT COVERAGE—you’ll be able to
locate the data you need on over 30,000 models, as

~ * well as on CURRENT MODEL RELEASES.

Mail coupon today for your free subscription
to the Sams Photofact Index

i
i
i
i
i

Howard W. Sams & Co., Inc,
2205 E. 46th St., Indianapolis 5, Indiana

(7] Send me your FREE Master Index to PHOTOFACT Folders (twice yearly),
ond put me on your mailing list to receive oll Index Supplements. My letter-
heod and/or business cord is attoched.

{1 1 am a Service Technician: ("] full time; [ '] part time.

My Distributor is:

Shop Name

Attn:

Address

City Zone State

15
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TEST 5 TUBES in 4 SECONDS EACH...ACCURATELY!

WITH THE NEW ADVANCED ENGINEERED

Gm. & Em. ULTRAFAST B o\ (e
TUBE & TRANSISTOR TESTER |\ e\ NG/

PRECISE MODEL 16K in kit form. .. .. . - R

PRECISE MODEL N6W factory wired. . .. ..
Incl. carrying case and cover

Servicemen know the Precise Model 111 (the winner in an independent survey)
easily rates “‘the finest tube tester in the field” at any price, BUT FOR AN ON

THE JOB QUICK-TEST . . . the fastest, most accurate is the PRECISE Model 116.
What's more you test tubes the foolproof method inherent in the famous Precise
Mode! 111, |

Did you ever wish you could plug in 5 of the same type tubes at once and check
each one individually by rotating a switch? YOU CAN WITH THE PRECISE
) MODEL 116—Plug in 5 IF tubes and let them heat up at once and then check
each one separately by rotating the TUBE BANK switch. ACTUALLY CHECK 5
TUBES IN 20 SECONDS, 4 SECONDS PER TUBE.

The Precise Model 111 taught the lesson that IF amplifier tubes (like the 4BC5
or 6AU4) should be tested for Gm (mutual transconductance) while the power ¢
amplifiers (like the 6L6) should be tested for Em (emission)—that's ULTRAFAST
Model 116 test! [t checks each section of each tube separately . . . by rotating the 1
FUNCTION SWITCH . . . each triode of a dual triode is checked individually . . .
each diode and the triode of a duo-diode-triode is separately tested and not
lumped as in other testers . . . and a pentode is tested as a pentode—not a diode.
TRANSISTORS, SHORTS, GAS, LIFE, Em, Gm etcetera can be tested with the
PRECISE Model 116.

You can inexpensively extend the Precise Model 116 to test filament current, etc. }
The Model 116 gives an accurate, ultra-fast (3 basic knobs for testing) check of
television tubes!

THE_FIRST LOW PRICED
7" COLOR SCOPSE 8o

"

No Surplus—An etched panel—beautiful Moleskin covered wood carrying case "THE FIRST AND ONLY

and cover and specially simplified instructions makes the PRECISE MODEL 116 31%?(‘” PRICED 57 Scagﬁgs 88’/2 COLOR SC$0PE9
THE FINEST FAST-CHECK TUBE TESTER AND DOLLAR EARNING TRAVELING s ]
COMPANION A TV SERVICEMAN EVER HAD. 1

Not yet at your distributor. Order NOW to insure early delivery.
SEE YOUR LOCAL DISTRIBUTOR FOR PROOF OF WHAT WE OFFER — OR WRITE
US FOR DOCUMENTARY RESULTS OF AN INDEPENDENT SCIENTIFIC SURVEY.

i RF—AF—BAR GENERATOR
LOWEST PRICED * head
WIRED 414" VIVM sv;(l)t'r(l pre-assembled 3ea o

LOW PRICED RF SIGNAL GENERATOR UNIV AF SINE, SO, & PULSE GEN. Prices slight'y higher in the West. Prices and PTAK . §2.95
| 35K 50

OK“BEST BUY'" IN GEN. FIELD specifications subject to change without notice. PTAW $4:25
stok 0 e $23.
WRITE FOR CATALOG RE 11-6 gigy & ossempled head..... 428. 03 SEE THE MANY MORE PRECISE INSTRUMENTS AND PROBES AT YOUR DISTRIBUTOR TODAY!

DEVELOPMENT CORP. OCEANSIDE, NEW YORK, U.S.A.
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ROhIl TV and C

only complete line of

OMMUNICATION TOWERS

proven in Profits and Customer Satisfaction

® HOT DIPPED
GALVANIZED

The finest, most durable finish is avail-
able for ROHN Towers and accessories

. all done entirely on the ROHN
premnses under careful ROHN super-
VlSlOn

® UNEQUALLED DESIGN
AND ENGINEERING

ROHN is the only design thac has stood
up over the years. ROHN has been first
and foremost . . . and always the leader
in new products to meet the changing
demands.

® MASS PRODUCTION
FOR LOW COSTS

ROHN was the first to utilize mass
production techniques to build a supe-
rior tower at the most competitive
prices. This means no sacrifice in qual-
ity yet far greater profits for you.

® UNIVERSAL CUSTOMER
ACCEPTANCE

Thousands and thousands of installa-
tions prove the ROHN line first in
customer satisfaction.

® PIONEER
MANUFACTURERS

Pioneers in tower manufacturing—and
today one of the world's largest manu-
facturers of this type equipment. The
ROHN Company was built on satisfac-
tion on the part of distributor, dealer
and customer alike.

® COMPLETE LINE

Only ROHN offers a full line—one de-
pendable one-stop source for all TV in-
stallation equipment. Save headaches,
save shipping costs, save time . . . use
ROHN unequalled service exclusively.

—
=

0. B tower

“All-Purpose” tower-

Fulfills 75¢% of your general
tower needs—is structurally as
sturdy —yet costs less than the
well-known Rohn No. 10 Tow-
er. ldeal for home and indus-
trial installations. communica-
tion requirements . . . eliminates
stocking many different tower
models. Self-supporting to 50 f1.
or guyed 1o 120 fr.! Easy to climb
for fast, efficient servicing. Util-
izes " Magic Triangle' which in-
sures far greater strength and
stability. Permanent hot-dipped
galvanized coating. Dependabil-
ity — a feature customers de-
mand — is assured with the
Rohn No. 6 Tower., . de-
signed to “stand up”’ for years
to the rigors of weather and
climatic conditions.

i :ih- :m-n;rh nni pmﬂ-.lﬁrnw

Package Tower

“Space Saver”— cuts storage space
300% or more!

Popular PT-48 has almost 50’ of
s(urdy tower within a compact 8’ x
20" package! "Magic Triangle” de-
sign is adapted to a pyramid shape
using a wide 19” base with progres-
sively decreasing size upward. De-
creases your overhead . .. easy to
transport and assemble — cuts ship-
ping costs. Galvanized throughout.
Available in heights of 24, 32, 40,

48, 56 and 64 feet!

-ﬂiﬂ.ﬁ'l'nrweﬁ FﬂmeHE ld I.“ 1 I
MAGIC mllﬂﬂ“

!‘vs rraciaral -wgerm:;
£ trianghe du]gn i I'rnp’ngz‘l;ﬁ “1“; :
all-sbuel ‘IP'?;??:‘: bt
-mrn £ [
S s e

Tanwigrd

A Edila
mhﬂﬂﬁlrpbl:ﬁﬁﬂm#ﬁ: it

\ Quick installation . . .

.
Telescopmg Musis
Heavy-duty hot-dipped galvan-
ized steel tubing and rigid joints
give extraordinary strength.
mast at-
tached to base—antenna fixed,
then mast hoisted quickly to
desired height. Utilizes special

ROHN FOLD-
OVER TOWERS

These unique told-over tow-
ers are perfect for experi-
mentation. TV service de-

e

clamp and guy ring arrange-
ment. Flanged interior section;
crimped exterior section gives
mast stability that can't be beat.

partments, amateur use, and
special purposes. Uses regu-
lar ROHN tower sections
with kit. Now available in
standard No.

10 tower t0

N T T
S

Complete with guy rings and
necessary erection parts. In 20,
30, 40 and 50 ft. sizes. Bases

and ground mounts available.

ALSO atull line of ROHN ACCESSORIES

Rotor posts, house brackets, eave
brackets, peak and flat roof mounts,

tower installation accessories, TV
service tables, mast and TV hot-

56’. and in ROHN No. 30
& No. 40 towers for heavy-

duty use.

® @ ¢ ¢ HIGHLIGHTS OF THE ROHN LINE @ @ ¢ ¢

COMMUNICATIONS

TOWER

For extreme
heights and com-
munication pur-
poses of all kinds,
the Rohn No. 40
gives you strength
and durability on
which you can
depend. The time
tested and proven
equnlateral triangle de-
sign using extra heavy
duty tubing and corru-
gated steel cross-bracing
1s utilized. The No. 40
is structurally sound so
you can install it for
heights up to 300°; or
at lesser heights when
considerably greater
strength is required be-
cause of excessive wind
or antenna loading. Use
for radio telephone,
broadcasting, micro-
wave relay and all other
such communication
purposes, If a particular
job calls for this type
tower, save real money
by using ROHN tow-
ers

Note: For lesser

heights, use the Rohn
No. 20 or No. 30
Tower.

_MAIL THIS COUPON FOR FREE LITERATURE!

instant drive-in bases, hinged base
sections, telescoping mast bases, guy-
ing brackets, UHF antenna mounts,
erection fixtures, variety of mounts
and supports for masts or tubing,

dipped galvanized tubing, guy rings,
“"twister-anchors”, rubber tower
grommets, insulator sections, hinged
rotor platform, accessory shelf and
platform and dozens of other items.
Get the complete catalog TODAY!

ROHN Manufacturing Company

l 116 LIMESTONE, BELLEVUE

NOVEMBER,

PEORIA, ILLINOIS
1956

www americanradiohistorv com
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Peorio, lllinois

Rohn Monufodunng Compony
116 Limestane, Bellevue

Gentlemen: Pleose rush me complete details on the full
line of Rohn Towers ond Accessories.

Firm

Nome —_Title
Address

City State

17
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Have fun-

The MASTER is truly a masterpiece that can be seen
and should be heard! The finest principles of acoustic
engineering and the most tasteful elements of styling
have been lavished on it.
MASTER is a gem which contributes to its overall
magnificence. Just listen to the sonorous
tre’” i~ woofer,
duced by exclusive
heavy duty compression driver and the crystal clear,
natural highs emanating from the super-tweeter—all
kept in perfect balance by the famous Acoustic Baton
3-way crossover network. A true cornerless-corner en-
closure, it can be used flat against wall or in a corner.

Each component of the

“'big thea-
the rich full-hodied middles pro
“reciprocating tflare’” horn with

Unusually low price! Mahogany $285.00, Blond $200.00

BUILD THIS MAGNIFICENT
SPEAKER SYSTEM /t’s so simple!

""DO-IT-YOURSELF’’ KWIKITS — You can build your
own version of the fabulous MASTER with a KwiKit,
University’s “do-it-yourself” enclosure kit. With this
truly amazing kit, you don’t end up with a “cheesebox™!
You do end up with an enclosure as good as the finest
factory-assembled enclosure, in construction and design.

The keN-15 KwiKit is similar in every respect to the
MASTER, except that the Kwikit employs a simplified
front frame design. It's so easy to assemble . . . almost
all you need is a screwdriver. 3 ” cabinet plywood used
throughout. Finest % ” Birch hardwood used for all fin-
ishing surfaces. Kit contains: all pre-machined and pre-
shaped wood sections; glue; hardware; plastic wood;
sandpaper; easy-to-follow instructions. If you like to
build your own and save money then the KwiKit is made
to order for you. KEN-15 KwiKit $49.75 net.

THE EN-15 ENCLOSURE is the exact enclosure used in
the MASTER system; minus the speaker components. Uni-
versity makes this enclosure available for those who
either have speakers or intend to build toward the
MASTER In successive stages, via P-S-E.

Mahogany $125.00 net. Blond $130.50 net. Unfinished $102.00 net.

THE P*S°E STORY

P-S-E-Progressive Speaker
Expansion plan (a concept
first introduced by University)
is the most revolutionary de-
velopment in speaker history.

University speaker compo-
nents, enclosures and networks
have been so uniquely designed
that it is possible to start an
excellent basic system at low
cost, and add to it later—while
enjoying immediate listening
satisfaction.

P-S-E makes it possible to build
up to the MASTER (or any other
fine system) in successive, in-
expensive steps, using the KEN-
15 KwiKit and EN-15.

For the complete,
fascinating story of
P-S-E please send
for FREE illus-
trated brochure.

THE COMPONENTS THAT MAKE THE MASTER A MASTERPIECE

HF 206

4409

LISTEN MWW&M -

UNIVERSITY LOUDSPEAKERS INC :,

18

80 SOUTH KENSICO AVENUE WHITE PLAINS, N. Y.
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NEW TRANSISTOR SYMBOLS

Dear Editor:

The letter from Mr. Pugh in the
August issue brought a lot of questions
to my mind about the way transistors
are drawn. To a man experienced in
tube circuitry the transistor diagrams
don’t seem to contain the necessary in-
formation to make the circuit under-
standable at a glance. I would like to
go Mr. Pugh one step further and sug-
gest that transistors be shown logically
as well as physically.

“
8 B
£ £
a c
c c
B B
E £
4 d

In the Gernsback Library book on
transistors it states that a transistor
is basically two diodes. If this is true
then why not draw them as such? For
instance, Fig. ¢ shows a p-n-p junction
transistor. The collector could be shaded
and then identifying letters would be
unnecessary. Or, it could just be under-
stood that the collector is always drawn
on top. An n-p-n junction type would
be drawn as at b, with ¢ representing
a point-contact p-n-p, and d a point-
contact n-p-n. [A base is of one ma-
terial,, whether p or n. Mr. Lafferty’s
symbols would show what appears to be
two in n-p-n transistors.—FEditor]

With these symbols the diode action
is clarified, voltage polarities and cur-
rent flow become obvious. A circuit
using these symbols is easy to under-
stand and would make the transition
from tubes to transistors much sim-
pler. And the newcomer will have to
be taught only diode theory to be able
to understand transistors.

DoN LAFFERTY
Electro Data Division of Burroughs
Pasadena, Calif.

IMPROVED LIGHT COMPUTER

Dear Editor:
In the September issue of RabIO-
ELECTRONICS we noted with great in-
(Continued on page 24)
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You Can Train at Home for Good Pay Jobs in

RADIO-TELEVISION

Fast Growing Industry Offers Good Pay, Security, Bright Future

Training PLUSOPPORTUNITY istheideal com-
bination for success. Today’s OPPORTUNITY
field is Radio-Television. Over 125 million home
Radios plus 30 million sets in cars and 40,000,000
Television sets mean big money, opportunity for
trained Radio-Television Technicians. More than
4,000 Radio and TV Broadcasting stations offer
interesting and important positions for techni-
cians, operators. Color Television, portable TV
sets, Hi-Fi, other developments assure future
growth. Radio, Television are both growing. Need
for trained technicians is increasing!

Find Out What Oldest and Largest Home
Study Radio-Television School Offers You

Since 1914 -for more than 40 years—N.R.I. has been training
ambitious men at home in spare time for Radio-TV. Thousands of
successful graduates say N.R.I.'s 50-50 training method is a fast,
easy, effective way to higher earnings, desirable jobs. Carefully
planned experiments and practice with equipment supplied free of
extra charge, bring basic principles, techniques to life right in your
own home. Find out what dependable training can do for you.

You Learn by Doing—Get Practical
Experience with Kits N.R.1. Sends

Nothing takes the place of practical experience.
As part of N.R.I. Servicing Course you build
AC-DC Radio Receiver and Vacuum Tube Volt-
meter shown below. Use them to make tests,

.

]
J. E. SMITH
Founder

Add to Your Income Starting Soon

n Make $10-515 o Week Extra
¢ e Fixing SetsinYour SpareTime on.'cc: Sribtea

> Soon after enrolling, many N.R.I. students exp.er\er'x:ce. All
. start earning extra money fixing neighbors’ €duipment yours to
radio sets. Many earn enough extra to pay
entire cost of course and provide capital to
start their own full time Radio-TV business
after getting N.R.1. Diploma. If you want a
job with a future, find out how you can train
at home for Radio-Television. Mail Postage

Free postcard for Sample Lesson. See how | ; : _ )
practical it is to learn at home. Get 64-Page SRS, NP PRIy S
Catalog, too. See equipment you get, out- & - '4’-‘"’«’ —~ f S - -

li}rlnes of courses, fact},)s aboutfopporturgties in 5 S Flamalis =
this growing field. Prices of N.R.I. Courses @s O'h s d
are low, terms easy. 1“ ee er I e “

MNML.R.l. Training leads to g.ood pay jods like these. BROADCASTING: r e e e S U] OUT AND MAIL CARD NOW

Chief Technician, Chief Operator, Remate Conirol Operotor. SERVICING: Home ond
Auto Rodics, P. A. Systems, Television Receivers, Electronic Controls, FM Rodios, Hi.Fi. . SAM Pl! l!sso" No STAMP NEEDED'
AND CATALOG "

SHIP AND HARBOR RADIO: Chief Op , Assistont Op . Radioteleph
Ooerator. POLICE RADIO: Transmitter Operntor, Receiver Servicemon. GOVERN- '
‘ j The ABC's of
o i SERVICING
Thanks N.R.l. for Good Stort  QuitJobto Start Business | : ‘ ) ‘
I This card entitles you to Actual Lesson on Servicing, shows

WM ENT RADIO: Operator in Army, Navy, Marine Corps, Coost Guord, Forestry Service
“Right now I am doing ‘I decided to quit my ; - ; ,
spare-time repairs on h jd_.)h and do TV work full how you learn Radio-Television at home. You'll also receive
—

N.R.l. TRAINED THESE MEN

Dispotcher, Airwoys Radio Operator. IN RADIO PLANTS: Design Assistant, Trons- I
mitter Design Technicion . . . AND MANY OTHERS.
<« Radios and Television. time. I love my work ! 64Fage-Canlog.
and am doing all right | NATIONAL RADIO INSTITUTE, Dept. F

Going into full time L fi ially.” W. F .
servicing soon.” C. HIG- ‘/ K”I‘ﬁ?qcéa i.ncinn~ati; Washington 9, D. C.
¥ GINS, Waltham, Mass. A ‘ 3 Ohio Please mail me the FREE sample lesson and 64-Page

Catalog. (No Salesman will call.)

Engineer with Station WHPE N.R.l. Storted His Woy vp i

‘I operated a successful ‘I was a cab driver earn- Name Age
Radio repair shop. Then ing $35 a week. Then I l

L I “(;"' a J°tl’ with WPAQ enrolled with N.R. I I Address
and now I am an engi- - 1

. neer for WHPE.”” VAN :_?“t]t~e:;e§:l'g;,1;{\ga"$~ City Zone. State

W. WORKMAN, lIligh
Point, N. C.

Bloomington, Ind.

www americanradiohistorv com
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YOU BUILD

As part of N.R.I. Communications Course
you build this low power Transmitter,
learn commercial broadcasting operators’
methods, procedures. Train for your FCC
Commercial Operator’s License.

N.R.I. Servicing

modern receiver.
Learn-by-doing.

[t

Broadcasting Transmitter

needed parts. By 1ntroduc1ng defects
you get actual servicing experience
practicing with this _

Practice Servicing-Communications wnh Kits of Purts N.R.l. Sends

YOU BUILD AC-DC
Superhet Receiver

Course includes all

You build this Signal Generator.
Learn how to compensate high fre-
quency amplifiers, practice aligning
| typical I.F. amplifiers in receiver
circuits.
Make tests,
conduct ex-
periments.

YOU BUILD Vacuum Tube
Voltmeter

Use it to earn extra cash 4
fixing neighbors’ sets; .
bring to life theory
you Iearn from
N.R.I.’s easy-to-
understand texts.

Radio-Television Can lee You
a Good Job with a Future

N.R.l. Graduates do Important Work
— Get Important Pay

Cl;lef Englneer
with Station

“I am Chief Engineer of
Station KGCU in Mandan,
N. D. I also have my own
spare time business serv-
icing high frequency, two-
way communications sys-
tems.” R BARNETT Bis-
marck,

Paid for Initrumenfs
out of Earnings

“I am doing very well in
spare time TV and Radio.
Sometimes have three TV
jobs waiting and also fix
car Radios for garages. I
paid for instruments out of
earnings.” G. F. SEAMAN
New York, N.

Has Own Radio-TV
Business

“We have an appliance
store with our Radio and
TV servicing and get TV
repairs. During my Army
service, N.R.I. training
helped get me a top rated
job.” W. M WEIDNER,
Fairfax, 8. D

@M See Oiher Side @N

FIRST CLASS I

Permit No. 20-R | |
(Sec. 34.9, P. L. & R.) I
Washington, D. C. I

BUSINESS REPLY CARD

No Postage Stamp Necessary If Mailed In The United States

POSTAGE WILL BE PAID BY

NATIONAL RADIO INSTITUTE
16th and U Sts., N. W,

Washington 9,

D. C.

Here is a line of work that people respect-—a vocation where you
can advance, win a place for yourself, earn good pay and gain
much personal satisfaction in what you are able to do. And you
can learn at home in your spare time. Smart fellows everywhere
are using their spare time to develop new knowledge, new skills.
They know it is the trained man who gets ahead, gets the better
job, drives the better car, is respected for what he knows and can do.

Be a Skilled Technician

The technical man is looked up to. He should be. He does important
work, gets good pay for it. Radio-Television offers that kind of
work. There are more than 40 million Televisions, 150 million home
and auto Radios. Millions more are sold each year. There are
splendid opportunities for the man well trained in Radio-Television

{ Servicing or Broadcasting. Micro-Wave Relay, Aviation and -Police

Radio, Two-Way Communications for buses, taxis, trucks, ete. are
expanding—making more jobs, greater opportunity.

You Can Train in Spare Time

Keep your job until you're ready for a better one. Learn at home.
N.R.I. Courses are planned for men who can study only during
spare time. You get many kits to build equipment, get practical
experience. You work on circuits common to both Radio and TV.
Equipment you build “brings to life’”” things you learn in N.R.I.’s
easy-to-understand texts. Experienced N.R.I. instructors, techni-
cians, specialists devote full time to making sure you get the best
and simplest Radio-TV training. Train as fast or as slow as you like.

Tested Way To Better Pay

N.R.I. Training is practical, thorough. You get the benefit of
N.R.I’s 40 years experience training men for success in Radio-
Television. Most successful N.R.I. men start without any knowledge
of Radio, many without a high school education. Find out what
Radio-Television training can mean to you. Make a decisive move
today toward becoming one of that select group a Radio-TV
Technician. Send for Actual Lesson and 64-Page Catalog, both
FREE. NATIONAL RADIO INSTITUTE, Dept. F, Washington, D.C.

SAMPLE LESSON AND

BoTH FREE

BOTH

CUT OUT AND MAIL
POSTAGE-FREE CARD

WWWW AN meere==——=s A o history com
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'50", THE RADIART CORP.
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NEW PICTURE TUBE CLEANER

in the handy easy-to-use squeeze bottie

CLEANER

Just S-Q-U-I.5-H it on and wipe it off! It’s the perfect cleaner
for the picture tube faceplate and protective glass. Quickly dis-
solves accumulated grime, dust and smoke. Gets glass clean.
Leaves no annoying reflective film.

Just right for your caddy . . . won’t break or leak. Now available
in the big 6 oz. squeeze bottle at your CBS Tube distributor’s.

¢

\CTURE T4

6 oz. squeeze bottle only 39¢ net
Ask your CBS Tube distributor for your FREE trial bottle

%

SE R RS FEFFFFSFF T T EIESEEERERR R
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here’s how you
can get more

teccccccns

service calls
... repeat

e ee neeccca

customers

®s0000000000000000 e

Garry Moore is advertising your special
“Picture Tube Clean-Up”’ September 14
through November 23.

When your telephone rings and you’re
asked for the Garry Moore *““Special Pic-
ture Tube Clean-Up,” grasp the oppor-
tunity. Clean the picture tube faceplate
and protective glass. Then check the set
for any needed service. But be sure you
have CBS tubes in your caddy. Your cus-
tomer will want them if tubes have to be
replaced.

CBS Tubes, through the Garry Maoore
“Special Picture Tube Clean-Up.”" get
you into new television homes where
you can check sets for neeessary serv-
ice. What’s more, CBS is building
“every-six-months check-ups™ for vou.

CBS-HYTRON

Danvers, Massachusetts

A Division of
Columbia Broadcasting System, Inc.

See Garry Moore building new business for you
... Fridays 10:30 to 10:45 A.M., EST, over
the CBS Television Network. Tie in . . . get new
business and more profits.

RADIO-ELECTRONICS
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Juet what
you re
looking for...

N

CLAROSTAT A47
Y2 watt
composition-element control

that you need for so many service calls.
Whether it's television, radio (portable,
communications or audio as well), test
equipment and sound systems—you're
“in'" with the A47!

A choice of 13 shafts; 5 different
switches; linear, taper, plain or tapped
elements; in a range of from 500 ohms
to 10 megohms — meeting your servic-
ing needs for this type control.

Don't look any further: you've found T
when you ask your distributor for
Clarostat A47 controls.

for 'erformance...  ependability... s vality

CONTROLS and RESISTORS

CLAROSTAT MFG. CO., INC. Dover, New Hampshire

InCanaoda: Canadian Marconi Co., Ltd, Toranto 17, Ont.

NOVEMBER, 1956 23
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AT T E N T l o N CORRESPONDENCE
MEN 17 to 55

HERE'S A NEW
OPPORTUNITY

£z YOU!

PREPARE AT 1}
HOME FOR A
PROFITABLE i
CAREER IN

AUTOMATION

ELECTRONICS

Recording and Billing;

Handlmg Materiols i 1a

Get in on the Ground
Floor of this
Fast-Moving Field

Get the right troining, and you'll “get ploces’
—with opportunity for money, security ond
advancement—in Automation Electronics.
Avtomotion is alreody estoblished in many
plants. More foctories and offices ore adding
elecironic equipment right along. Who's to
instoll, operote and maintain it? You — with
the correct training!

HOME MOVIES PRAISED

""The Congressionol Record" records how DTI
was praised in Congress for its method of
training thousands of men for careers in Tele-
vision—Radio—Electronics by using movies,
experiments, and other voluable aids—a
method we've successfully followed for the
past 25 years. And now for Automation Elec-
tronics, too, you train ot home in spare time,
or at our big laboratories in Chicago, among
America’s finest. No previous technical expe-
rience or advanced education required.
MILITARY SERVICE—f you are subject to
Military Service, we have valuable informa-
tion for you.

A REAL EMPLOYMENT SERVICE! We help you
get started when your training is completed.

GET FREE BOOKLET!
MAIL COUPON TODAY!

DeVry Technicol Institute, Dpt. RE-11A-M
I 4141 Betmont Ave., Chicoge 41, 1iI.

I Please give me information obout Automotion- I

I Electronics, and how you moay help me. i

| Nome Age 1
PLEASE PRINT

I street Apt

I City Zone. State. ]

1042A DTI's training is also available in Canada

DeVRY TECHNICAL INSTITUTE

Chicago 41, Minois

Formerly DeForest's Training, Inc
{Member National Home Study Council)
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(Continued)
(Countinued from page 18)

‘telest the article Photoelectric Light
| Computer. After reading the article T
checked on the spectral response of the
868 phototube, which is the type used
with the computer. The 868 has an S-1
response which is move sensitive in the
red and infra-red. The 1P29 phototube
is clectronically identical to the 868 in
all respects except that it has an S-3
spectral response, mainly in the blue,
!g)'een, violet region.

| Sinee photographic paper 1is inost
| sensitive to blue light, it would appear
that the 1P29 phototube would make the
light computer much more effective and
Isensitive for the purpose for which it |
| was intended. |

E. V. WEINER |
Towa City, Towa

MORE ON SYMBOLS

Dear Editor:
Allow me to explain the “mysterious
nonnafarad (n)” you mention in your

‘edltors note to a letter by Mr. Haas
lin the July issue. The letters nF means
197F. In other words, 1 nF equals
1,000 pF (upf). \

The reason for its use is that—in the
German language area at any rate—it
is customary to express capacitance

| below 0.1 uf in picofarads [little farads,

or micromicrofarads—Editor]. What |
in the Anglo-American countries is
005 uf, is 5,000 pF in the Germun‘

area. As it is impractical to print so
many zeros on a diagrant an abbrevia-
tion was expedient. Thus, .005 uf or
5,000 pF could simply be expressed as
5 nF.

It has also become practice to sim-
plify symbols when no ambiguity ex-
ists, i.e, M for M@, K for kilo-ohm
and just the arithmetic figure for val- |
ues below 1,000 ohms. Similarly, fm"
capacitance the letter ' is sometimes
omitted from ulF, nF and p[F, leaving |
only u, n and p. |

The threc-part designation (1 M 2)
that you mention in connection with a
Yugoslav magazine is, I believe, a
more or less private code of Philips |
(Holland). The first figure indicates
wattage rating or working volts, the
letter and last figure indicate the value
of the component. This code is rarely
used. |

Finally, I'd like to express disagree-
ment with Mr. Haas’ critiecism. Not
that there weren’t those differences in
‘symbols, but they are much smaller |
| than the differences in the languagesy
and simply have to be translated to-‘
gether with the rest.

I personally find the lack of stand-
ardization of circuit symbols and Iay—‘
outs much more trying. For example,
some French magazines print values
horizontally, inductors and transform-
ers are drawn like resistors, although
these are standardized by the ICE.

RoBerT T. BLACH

END

|
|

Wimbledon, England

www americanradiohistorv com
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MERIT )

first in exact replacement

MDF-78 and MDF-80 for exact re-
placement in over 200 models and
chassis of MOTOROLA—HOFFMAN
—HALLICRAFTERS. Provides exact
lead color coding and exact net-
work. Two more in the exact re-
placement line of a company that
has always led the industry with
the most complete selection of trans-
formers, yokes and coils. Merit re-
placement parts are actually bet-
ter than original equipment because
Merit is the only manufacturer of
transformers, yokes and coils who
has complete production facilities
for all parts sold under their !
brand name.

MERIT

MERIT COIL AND TRANSFORMER CORP.
4427 N. CLARK ST., CHICAGO 40, ILLINOIS

P
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PICTORIAL MICROWAVE DICTIONARY
by Victor J. Young & Meredith W. Jones

With the ever increasing applications of
microwaves, there has developed a need
for a ready reference which defines
and explains present day microwave
terminology.

This pictorial dictionary, written by two
acknowledged experts in the microwave
field, presents with rigorous accuracy
the microwave language.

Derivation, explanation, definition, and
illustration are combined in such fashion
as to give the reader complete cover-
age of the microwave activity. The or-
ganization of the dictionary makes it
easy to use ... and very understandable.
Usable by engineers, laboratory tech-
nicians, engineering students, and all
others who have a strong interest in
microwave techniques.

Soft Cover, 5% x 81", illus.

HI88. . e Only $2.95

INTRODUCTION TO PRINTED CIRCUITS
by Robert L. Swiggett

Here is a really comprehensive text on
PRINTED CIRCUITS, the recent devel-
opment that has revolutionized the elec-
tronics industry. The author, who is an
acknowledged expert on the subject,
gives complete coverage to the various
manufacturing processes used. Numer-
ous practical applications are discussed,
and the maintenance techniques peculiar
to printed circuits are clearly explained.
Soft Cover, 112 pages, 5% x 8%", illus.

HI185. e Only $2.70

- HAVE YOU READ THESE NEW RIDER BOOKS ?

SERVICING TV AFC SYSTEMS
by John Russell, Jr.

Troubles in the AFC systems of TV re-
ceivers are difficult to diagnose and
correct. This book discusses the trouble,
location, and repair of the major types
of AFC circuits used today ., . as well
as some of the less common AFC sys-
tems the technician may encounter. The
theory, waveforms, components, common
faults, and their diagnosis in these sys-
tems are presented in a manner that
affords the reader a thorough under-
standing of AFC circuits and their be-
havior. Supplemented by more than 75
illustrations, it makes it easy for the
technician to locate and correct troubles.
Soft Cover, 128 pp., 5% x 8%", illus.

H192. e Only $2.70

ARITHMETIC FOR ENGINEERS
(5th Edition, Revised)
by Charles B. Clapham

An outstanding text on practical, ele-
mentary mathematics for shop machin-
ists, shop mechanic trainees, tool and die
maker trainees, mechanical engineering
students at the industrial level, mechani-
cal drafting trainees . .. and all others
who want to learn the elementary math-
ematics of Mechanics.

Written for use in schools or home study.
Ideal for industrial upgrading.

More than 390 numerical examples of
solutions fully explained. More than
1,950 problem exercises, with answers.
Cloth Bound, 558 pp., 5% x 8%", illus.
HIB3. .o Only $6.50

TV TUBE LOCATION & TROUBLE GUIDE (RCA)
by Rider Lab. Staff

This book shows the tube locations for
all RCA TV receivers produced between
1947 and 1956. It lists the tube comple-
ment, key voltages, and common troubles
correlated with the tubes that may be
responsible for them. Complete chassis
and niodel index.

Soft Cover, 56 pp., 5% x 8%", illus.
HI194. .. . . Only $1.25

BASICS OF PHOTOTUBES & PHOTOCELLS
by David Mark

Phototubes and photocells are promi-
nently used in a great many applications
of electronic devices. Science, industry,
government agencies, television, and
many communication facilities employ
them. This book is devoted to the ex-
planation of the principles and practices
surrounding phototubes and photocells,
with the utmost in visual presentation.
Soft Cover, 136 pp., 5% x 81", illus.
HI184. . e Only $2.90

PICTURE BOOK OF TV TROUBLES, Vol. 7
(Sound Circuits & L-V Power Supplies)

by Rider Lab. Staff

Volume 7 of this famous and extremely
popular series. This volume shows the
effects of faults in the Sound and L-V
Power Supply circuits by examples of
incorrect waveforms at specific test
points. The component at fault is identi-
fied on appropriate schematics. Correct
waveforms also are shown.

Soft Cover, 64 pp., 5% x 812", illus.
H#168-7.......cviiiiin, Only $1.50

AND... s——

IF YOU WANT THE BBEST IN TV SERVICE INFORMATION
...ASK YOUR JOBBER ABOUT

ON

RCA
PHILCO
ADMIRAL
EMERSON

SYLVANIA

GE

JOHN F.RIDER PUBLISHER, INC.

116 West 14th Street, New York 11, N. Y.

CROSLEY
MOTOROLA
ZENITH
WESTINGHOUSE

(other manufacturers later on)

RIDER'S NEW
SPO

(*single diagram only”)

ONLY S5 @€ PER CHASSIS!

in Canada:
Charles W. Pointon, Ltd.

& Alcina Ave., Taronto, Ontario
In Canoda, afl prices opproximotely 5% higher.

NOVEMBER, 1956
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A TRIUMPH OF TELEPHONE TECHNOLOGY

L |
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Contour of ocean bed where cable swiftly and clearly carries 36 conversations simultancously.
This is deep-sea part of system — a joint enterprise of the American Telephone und Telegraph
Compuny, British Post Oflice and Canadian Overseas  Uelecommunications Corporation.
A great new telephone cable now links North America frequency band and efficient wavs of overcoming huge
and Europe—the first transoceanic cable to carry voices. attenuation losses over its more than 2000-mile span. The
To make possible this historic forward step in world complex  electronic apparatus must withstand  the  tre-
communications, Bell Laboratories scientists and engincers mendous pressures and stresses encountered on the occan
had 10 solve formidable new problems never encountered Hoor, far beyond adjustment or servicing for vears to come.
with previous cables. which carry only telegraph signals. Here are a few of the key developments that made
To transmit voices clearly demanded a much wider this unique achievement possible:

Precisely designed equalizing net-
works and amplifiers compensate
for the loss in the cable cvery 40
miles and produce a communica-
tion highway 144 ke. wide.

More than 300 electron tubes of
unrivaled endurance operate con-
tinuously, energized by current
sent from land.

—————— s ——— - —— — e — e ma = = = e =

Power supplies of exceptional re-

A unique triple watertight seal Rt )
liability send precisely regulated

protects the amplifiers from pres-
sures as high as 6500 pounds per
square inch.

current along the same coaxial
that carries vour voice to energize
the amplifying units.

BELL TELEPHONE LABORATORIES

World center of communications research and development

26 RADIO-ELECTRONICS

www.americanradiohistorv.com


www.americanradiohistory.com

offers you the

electronics, |
Servicing,

Y, B » w The instruction you receive and equipment you
& fr& ] ‘ I get (and keep) will start you on your way. Pay-
W “ vW = 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 E-116,
350 West Fourth Street New York 14, N. Y.

VETERANS
Without obligation, send me FREE CATALOG

i

|

|
| T | on Home Study Courses in Radio, Television KOREAN G-I
g ® | and Color TV. No salesman will call. Check here

!

i

|

A SERVICE OF RADIO CORPORATION of AMERICA Name . Sy S PL550
350 WEST FOURTH STREET, NEW YORK 14, N.Y. Address ... . e
City . : ~ Zone State . . - ————
L o o e o e e PN e e 5
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The Equation that Shook the World!

A hasty scrawl on a scrap of paper ushered in the Atomic Age. Through
this equation, Dr. Albert Einstein revealed to mankind the awesome
secret of atomic fission, with all of its tremendous power for good or evil.

This is the kind of a world we live in . .. a world where knowledge is
power in a truer sense than ever before. It is an exciting world.

Univac® has added a new dimension to the world of science, process-
ing data with a speed that crowds many lifetimes of research into a
few hours.

Squarely in the midst of this exciting world are the engineers and
scientists of Remington Rand Univac. Their potential for growth and
achievement (and the rewards that go with them) is unlimited. You
can be one of them.

Immediate Openings for:

FIELD LOCATION ENGINEERS with a college degree in a scienfific or engineer-
ing field and experience in electronics. Extensive electronic background may sub-
stitute for some college. Many opportunities for rapid advancement.

FIELD LOCATION TECHNICIANS with technical school background and prefer-
ably some experience in electronics. These positions can lead to full engineering
responsibility.

Send complete resumé to:
Nomington Fand UWnivac

DIVISION OF SPERRY RAND CORPORATION

® Registered in U. S. Patent Office

Mr. Phil Wilson
Dept. SO-10

1902 W. MINNEHAHA AVENUE « ST. PAUL W4, MINNESOTA
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Need For Television

In
Technicians To Rise dustry Wa!‘ned

About Shortage
Of Trained Men

Head Expects
ic Gains

© A
TV SALES
SET NEW_RECORD

Sy‘\!ﬂﬂiﬁ
Huge Electron

T

RCA HEAD PREDICTS SALES
BOOM FOR COLOR TV SETS

All over the nation the Television-Radio-Electronics industry is making News —
News that means opportunity for YOU. You can cash in on the headlines.

af; I WILL TRAIN YOU AT HOME FOR A TOP-PAY JOB IN TELEVISION
L &

= I will prepare you for a spot in America’s fastest-growing industry. You can

become a trained technician in your spare time without giving up your present

LEARN BY DOING

As part of your training | give you the equipment you
need to set up your own home laboratory and prepare
for a top-pay job or set up your own business. You build and keep an
Electromagnetic TV RECEIVER designed and engineered to take any size
picture tube up to 21-inch. (10-inch tube furnished. Slight extra cost for
larger sizes.) . .. also a Super-Het Radio Receiver, AF-RF Signal Generator,
Combination Voltmeter-Ammeter-Ohmmeter, C:W Telephone Transmitter,
Public Address System, AC-DC Power Supply. Everything supplied, including
all tubes.

Ammater-Ohmmater

L€ lons, BS. MA.
Prasident, Rodio-Televiion
Troining Anociotion.
Erocutive Direcsor, Plerce
School of Rodie & Televiuen,

[ STUDY NEWEST DEVELOPMENTS |
My training covers all the latest developments in the fast-growing Television-
Radio-Electronics industry. You learn about FM — RADAR — COLOR TV —
TRANSISTORS — PRINTED CIRCUITS, etc.

CHOOSE FROM THREE COMPLETE COURSES
covering all phases of Radio, M and TV

1. Radio, FM and Television Technician Course — no previous experience needed.
2. FM-TV Technician Course — previous fraining or experience in radio required.

3. TV Studio Technician Course—advanced training for men with Radio
or TV training or experience.

EXTRA TRAINING IN NEW YORK CITY AT NO EXTRA COST!

After you finish your home study training in Course 1 or 2

job or social life. No experience needed.

Combinatien Veltmeter.

you can have two weeks, 50 hours, of intensive Lob work on
modern electronic equipment of our associate resident school,
Pierce School of Radia & Television. THIS EXTRA TRAINING
IS YOURS AT NO EXTRA COST WHATSOEVER!

FCC COACHING COURSE
Importont for BETTER-PAY JOBS requiring FCC License! You
get this training AT NO EXTRA COST! Top TV jobs go to

VETERANS

My Schoo! fully approved
to train Veterans under
new Korean G. 1. Bill. Don't
lose your school benefits
by waiting too long. Write
discharge date on coupon.

FCC.licensed technicions.

Radio-Television Training Association

52 EASY 19th STREET ¢ NEW YORK 3, N. Y.
Licensed by the Stote of New York ® Approved for Yeteran Training

NOVEMBER, 195%

(W Telephone Transmitter

Super-Het
Radio Receiver \

_r
’ frﬁm'

AF-RF Signel Generotor

.’G

Public Addrest Syitem

EARN WHILE YOU LEARN

Almost from the very start of your course you can earn extra
money by repairing sets for friends and neighbors. Many of
my students earn up to $25 a week . . . pay for their entire
training with spare time earnings . . . start their own profit-
able service business.

F R E El'll send you my new 40-poge book,
i "How to Make Money in Television-
Radio-Electronics,” a Free sample les-
son, and other literature showing how
and where you can get a lop-pay job
in Televisian.

MAIL THIS COUPON TODAY!
IS BN R N NS R AN N i IE .

Mr. Leanard €. lone, President

RTTA

Dept.RE-11C, 52 Eost 19th Street, New York 3, N. Y.
Dear Mr. Lane: Send me your NEW FREE BOOK, FREE
SAMPLE LESSON, and FREE aids thot will show me
how | can make TOP MONEY IN TELEVISION. 1 under-
stand | am under no obligation.

(PLEASE PRINT PLAINLY)

Nome. Age

Address

Ciry, Zone State.
t AM INTERESTED IN:
{7 Rodio-FM-TV Technician Course
[ FM-TY Technicion Courte
TV Studio
Technician Course

OBLIGATION!

Write discharge date

NO
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bl
is attracting Creative Engineers
and Scientists who are bound
toward success
MTP « « the Missile Test Project of the
RCA Service Company, Inc. ... at the Air Force
= Long Range Missile Test Center . . . is the largest
— missile-testing range and laboratory in the world!
The responsihility for providing precision
instrumentation for advanced stage missiles with a
vast range of performance characteristics means
. new engineering and planning organizations and—
Speczﬁc ﬁelds real opportunity for rapid individual growth.
z’nclude: Here you will encounter instrumentation problems
that challenge the state of the art and stimulate
TELEMETRY your creative ability in Aero, Ballistic and
Space techniques.
TIMING Your rewards will include all the fascination,
co M M U N l CATIO S excitement and satisfaction of achievement
N in new frontiers of scientific knowledge . . .
DATA PROCESSING 5=
What’s more, you’ll enjoy the pleasant climate
OPTICS and ideal living on Florida’s central east coast,
where Patrick Air Force Base, site of the MTP, .
is located.
®
Request Your Interview Now_ 2 RCA offers many additional advantages:
Complete facilities . . . Planned advancement

RCA Engiveering management
will arrange an interview at the
time and place you find most
convenient. Please send complele
resume of education and
exrperience to:

program . .. Professional recognition . . . Liberal -
program of company-paid benefits . . . Relocation

assistance. You should have a Bachelor’s or

advanced degree in EE, ME, Physics or

Mathematies and two or more years’ experience.

Mr. H. N. Ashby, Technical Employment
Missile Test Project, Dept. N-15L

RCA Service Company, Inc,, P.O. Box 1226
Melbourne, Florida

RADIO CORPORATION of AMERICA

RADIO-ELECTRONICS

www americanradiohistorv com


www.americanradiohistory.com

s 3 i s o

NEW! coLOR and Black-&-White
LAB & TV 5 OSCILLOSCOPE #460
KIT $79.95. Wired $129.50

The FINEST professional 5 mc wide-band scope
value. Ideal for rescarch, h-f & complex waves,
plus Color & Monochrome TV scrvicing. Flat from
DC to 3.58 mc =1 db (color burst freq.), flat DC
to 4.5 me +1, —3 db. Vert. sens. 25 rms mv/in.
Vert. Z 3 megs. Has the following outstanding fea-
tures not found in scopes up to several times its
price, kit or wired:

VERTICAL AMPLIFIER: dircct-coupled (DC)
thruout to climinate 1-f phase shift; push-pull
thruout for negligible distortion; K-follower coup-
ling between push-pull pentode stages for extended
h-f resp. (minimizes h-f phasc shift, extends use-
ful resp. to 10 mc); full-screen undistorted vert.
defl; 1-step freq-compensated decade step attenu-
ator up to 1000:1. SWEEP CIRCUIT: perfectly
linear sweeps, 10 cps — 100 ke (ext, cap. for down
to 1 cps); pre-set TV vert. & hor. positions (30 &
7875 cps); automatic sync. ampl. & limiter clim-
inates sync amplitude adj. PLUS: direct or cap.
coupling; bal. or unbal. inputs; edge-lit engraved
lucite graph screen; dimmer; anti-glare filter
bezel fits std photo equipt. OTHER IMPORTANT
FEATURES: High intensity trace CRT. Finest sq.
wave resp. (.06 usec rise time). Push-pull hor.
ampl., flat to 400 k¢, sens. 0.6 rms mv/in. Built-in
voltage calibration. Intensity mod. Sawtooth & 60
cps outputs. Astigmatism control. Retrace blank-
ing. Instant, drifti-frec full-screen vert. positioning & 2X full-screen hor
positioning. Bal., cal., astig. adj. externally accessible. 5UP1 CRT,
2—6AUS, 2-6CB6, 1-12AU7A, 2-6]6, 1-6AX5, 1.1V2. Deep-etched satin
aluminum panel, rugged grey wrinkle steel cabincet. Designed for casy
building at home with no special equipment. 137 x 842" x 167, 30 1bs.
SCOPE DIRECT PROBE* =PD: KI1 $2.75. Wired $3.95. Eliminates stray-
pick-up & signal re-radiation.

SCOPE DEMODULATOR PROBE* =PSD: KIT $3.75. Wiied $5.75. Demodu-
lates AM carriers between 150 ke and 250 mec.

SCOPE LOW CAPACITY PROBE* =PLC: KIT 83.75. Wired $3.75. For signal
tracing in high frequency, high impedance & wide-band circuits (as in TV)
without distortion from overioading or frequency discrimination.

W gy
" St

g

@ . ﬂg&
LA

150 ke to 435 mc
with ONE generator!
New! RF SIGNAL GENERATOR #324
KIT $26.95. Wired $39.95
for COLOR and Monochrome TV servicing

@

New wide-range, stable generator — better value then genera-
tors selling at 2 or 3 times its cost! Ideal for: IF-RF alignment,
signal tracing & trouble-shooting of TV, FM & AM sets; mar-
ker gen.; 400 ¢ps audio testing; lab. work. 6 fund. ranges:
150-1400 ke, 400.1200 ke, 1.2-3.5 me, 3.5-11 me, 11-37 me,
37-145 me; 1 harmonic band 111-435 me. Freq. accurate to
+1.5%; 6:1 vernier tuning X excellent spread at most import-
ant alignment freqs. Etched tuning dial, plexiglass windows,
edge-lit hairlines. Colpitts RF osc., directly plate:modulated
by K-follower for improved mod. Variable depth of int. mod.
0-50% by 400 cps Colpitts osc. Variable gain ext. mod. ampli-
fier: only 3.0 volts nceded for 309 mod. Turrct-mounted
coils slug-tuned for max. accuracy. Fine & Coarse (3-step) RF
attenuators. RT output 100,000 uv: AF sine wave output to
10 volts. 50-ohm output Z. 3-way jack-top binding posts for
AF in/out; coaxiul tonnector & shiclded cable for RF out.
Tubes: 12AU7, 12AV7, selenium rectifier; xfmr-operated.
Deep-etched satin aluminum panel, rugged grey wrinkle steel
cabinet. 87 x 107 x 4347, 10 lbs.

for COLOR and Monochrome TV servicing

New! PEAK-to-PEAK VTVM #232
i & UN'-PROBE (pat. pend.)
' KIT $29.95. Wired $49.95

UNI-PROBE: cxclusive with EICO! Terrific

time-saver! Only 1 probe performs all func-

tions—a half-turn of probe-tip selects DC or

AC-Ohms.

The new leader in professional peak-to-peak VTV Ms.

Latest circuitry, high sensitivity & precision, wide

ranges & versatility. Calibration without removing

from cabinet. New balanced bridge circuit. High Z B

input for negligible loading. 1%2” meter, can’t-burn.
out circuit. 7 non-skip ranges on every function. 4
functions: 4+ DC Volts, —DC Volts, AC Volts, Ohms.
Uniform % to 1 scale ratio for cxtreme wide-
range accuracy. Zere center. Onc zero-adj. for all
functions & ranges. 1% precision cCramic multi-
plier resistors. Measure direetly peak-to-peak
voltage of complex & sine waves: 0-1, 14, 42, 140,
420, 1400, 4200. DC/RNMS sine volts: O-1.5, 5,
15, 50, 150, 500, 1500 (up to 30,000 v. with HVP
probe, & 250 mc with PRF probe). Ohms: 0.2 ohins to 1000 megs.
12AU7, 6AL5, selenium rectifier; xfmr-operated. 8%¢” x 57 x 5”. Decp-
etched satin aluminum panel, rugged grey wrinkle steel cabinet. 7 bs,
New/! peLuxe PEAK-to-PEAK VIVM #249
with 7% METER & UNI-PROBE ipat pend)
KIT $39.95. Wired $59.95
Al the advanced & exclusive features of =232—PLUS the
extra convenience and readability of its big 72" mcter. Your
ideal bench instrument.
VIVM RF PROBES* ZPRF-11 or PRF-25:
KIT $3.75. Wired 84.95. Accuracy *=10%. Use with any
11 or 25 megohm VTVAML
VIVM HV PROBE #HVP-2: Wired $4.95. Complete

with multiplier resistor. Mecasures up to 30 kv with
any VTVM or 20,000 ohms/volt VOM.

The specs are the proof...

COMPLETE
with Preamplifier, Eavalizer and Control Section

wJ 20-WATT Ultra-Linear Williamson-
type HIGH FIDELITY AMPLIFIER #HF20

KIT $49.95. Wired $79.95

A low-cost, complete-facility amplifier of the highest quality
that scts a new standard of performance at the price, kit or
wired. Every detail. down to the ctched, brushed solid brass
control plate, is of the fine quality EICO is famous for.

Rated power output: 20 watts (34 w peak). IM distortion (60
eps: 6 ke/4:1) at rated power: 1.3%. Mid-band harmonic
distortion at rated power: 0.3¢%. Maximum harmonie distor-
tion between 20 and 20,000 c¢ps at 1 db under rated power:
approx. 1%. Power response (20w): *0.5 db 20-20.000 cps:
=*1.5 db 10-40,000 cps. Frequency response (Y4 w): *=0.5 db
13-353.000 ¢ps: =1.5 db 7-50.000 cps.

5 feedback equalizations for LP's & 78's including RTAA.
Variable turnover feedback tone controls do not affect volume
& permit large boosts or cuts at either end of audio spectrum
with mid-fregs. unaffected. Loudness control & separate level
set control on front panel. Low Z output to tape recorder.
4 hi-level switched inputs: tuner, tv, tape. auxiliary (xtal/cer-
amic phono or 2nd tuner): 2 low-level inputs for proper
loading with all leading magnetic, FM & quality xtal cart.
ridges. Hum bal. control. Extremely fine output transformer
has interleaved windings. tight coupling, carcful balancing &
grain-oriented steel. 8V2” x 157 x 107, 24 Ibs,

These amazing E1CO values are NOW IN STOCK
at your nearest distributor. Examine them
side-by-side with ANY competitor. You'll sce

for yourself why indecd EICO is your BEST BUY.
Fill out conpon on reverse page.

TURN PAGE FOR MORE EICO VALUES ...

NOVEMBER, 1956 N
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the specs are
the test that tells
who’s best!

FREE 1956
EICO CATALOG!

o ot 5 o3 Tells you how to SAVE 50% on

1Y
Tat IDOS e \,mluvnm u\

3wt EE e XN your test equipment costs!

for COLOR & Monochrome

New! GEIGER COUNTER 1803

TUBE VESTER
i 625

0o ursaaas| e (X AR

NEW! pyNamic Wired 5405 P

P d

* tests 600 KIT $44.95
CONDUCTANCE TUBE & mleies Wired $79.95
tub 77 PUSH-PULL
TRANSISTOR TESTER #666 | 1 S== 1 2g)] ,mll:,’mf:a{ed g(a':tsesm.) =/ - osciLLoscore
KIT $69.95 WIRED $~|09.95 roll-char rofesdslontall, aIl-% ectrgmf,d_sentsmv:, KIT $79.95
Unexcelled testing thoroness & accu- Pix Tube Test Adapter ... $4.50 ;‘é%ﬁe Ianfp ;meesad;)cl?gné cnliclf(‘:.es i Wired $129.50

racy. Checks transistor collector cur-

rent & Beta using internal dc power RF SIGNAL NEW!
supply. Tests all receiving tubes includ- VACUUM TUBE GENERATOR REDI-TESTER
ing subminiatures (& Color & Mono- VOLTMETER 7221 #320 #540
chrome tv pic tubes with accessory KIT $19.95

adapter). Composite indication of mu. WKI,YT8¢$§§99955 Wireds $29.95 w'(-”ds;ﬁv:gs
tual conductance, plate conductance, & . : 150 k¢-34 me e :

peak emission. Simultaneous sel. of any
I of 4 combinations of 3 plate, 8 screen,
& 3 ranges of control grid voltage. Grid

calibrated har.
monics to 102
mc. Pure or

Multi-range ac/dc
voltmeter, amme-
ter, ohmmeter,

DELUXE VTVM
# 214 (1V2# METER)

voltage variable over 3 ranges with 5% KIT $34.95 mod. RF, & wattmeter, leak-
accurate pot. New series-string voltages Wired $54.95 Colpitts osc. age checker for
for 600, 450 & 300 ma types. 5 ranges 400 cps sine home & auto re-

meter sens. with 1 9% precision shunts & outputs, pairs.
5%% accurate pot. 10 SIX-position lever
switches for free-point connection of

every tube pin or cap. 10 pushbuttons

Range 500 kc—

944 FLYBACK
# 228 mc on fund.

TRANSFORMER & - 1% accuracy on

for rapid insert of any tube element in YOKE TESTER c,g?,‘] swfe‘i ;?;Lge'?gﬁs_
leakage circuit & speedy sel. of individ- wo_330r,-‘n£° : 150 mc¢
ual tube sections. Direct reading of KIT $23.95 ' Volt reg.
inter-element leakage in ohms. New Wired $34.95 KIT $34.95

gear-driven rollchart. Steel case with .

cover & handle. Sensitive 200 «a meter. » fast check all Wiles oasss NiTd$SpR%S

flybacks & yokes
in or out of set. =
o spots even 1 TV/FM SWEEP GENERATOR #360

shorted turn! 5MC-4.5MC CRYSTAL ... $3.95 ea. DELUXE RF SIGNAL GENERATOR #315

Wired $59.95

Sep. volt- Sep. hi-gain RF m Reads 0.5 ohms

meter & & lo-gain audio -500 megs, 10

ammeter inputs. mmfd~5000 mfd
Special nojse power factor.

locator. Calibra-
ted wattmeter.

e K1t

£ B $29.95 oA el $19.95
for COLOR & Monochrome ®. - - B Wired KiT $24.95 @§ g 0 o H wired
TV servicing 5 $38.95 =3 Wired $39.95 i etk $29.95
6V & 12V BATTERY ELIMINATOR & " R-C BRIDGE & R-C-L COMPARATOR
IV'FM SWEEP GENERAIOR CHARGER #1050 DELUXE MULTI-SIGNAL TRACER 7£147 #9508
& MARKER #368 e S T G 20,000 Ohms/Vglsfs unl TG,
KIT $69.95 WIRED $119.95 ¥ ® @ e MU;T"TM:L?:Z VIVM PROBES KT wired
The FINEST service instrument of this . Wired 525'95 e i Sd.;: 5:::
type ever offered in either kit or wired RF - $3. $

$6.95

High Voltage Probe-1 ... $
$4.95

1000 Ohms/Volt High Voltage Probe-2 ...
MULTIMETER

form at ANY price! Quistanding case &
accuracy in FM & TV (including Color)

HI-FI PREAMPLIFIER ~HF-61

alignment. Entirely electronic sweep :

eirenit with accurately biased Increduc. KIT $24.95, Wired $37.95. With Power # 536 SCOPE PROBES

tor: superb li i g Supply: KIT $29.95. Wired $44.95 Demodulator ........... $3.75 $5.75

: superb linearity on both sides of KIT $12.90 I

sclected center freq. Newly-designed Feedhack circuitry thruout! Prtecﬁlmns: wired $14.90 Direct ... $2.75 $3.95
AGC cireuit automatically adjusts osc. Tambie iteres K foltawer “pataut. Low Capacity -$3.75  $5.7%
fo!' max. I{’(“‘é’l" of‘lf’“d‘ ;):md with cE " T I I I T T rrrrrrrrrry
mm. amplitude variations. Sweep gen. For FR 1956 catalog, mail coupon NOW! A i
range 3-216 mc in 5 OVERLAPPING {: EICO, 84 Withers Street SELN

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 ealibrated harmonic band (60-
225 me). Varizble marker calibrated

| Brooklyn 11, New York |

Send FREE 1956 Catalag and name of neighborhood 1
| EICO jobber.

Name .............................. PAB3 B » o T s Breb B Ets 4 Rl P
with int. xtal marker gen. 4.5 mc
xtal included. Ext. marker provision. 84 Withers St. o Brooklyn ll N Y l Home Address...
Double pi line filter. Edge-lit hair-
lines eliminute parallax. Prices 5% higher on west coast C56 lCny ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
and subject to change without notice.
’ € lchcupahon ...........................

Turn page for other £1CO od

1945 to 1955: a decade of Know-How & Value Leadership in Kits & Instruments—over 2 million sold to date!
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RADIO -
ELECTRONICS

Hugo Gernsback, Editor

TECHNICIANLESS AGE?

... 1sa Se/f—Serviciﬂg Receiver Possible? . . .

to a number of people about the progress of

radio electronics and television in Mexico. As

in all up-to-date countries today,
advancing rapidly from a technical viewpoint.

One of our friends, an American who has lived in
Mexico for many years, deplored the fact that their
technicians were far behind the times, so much so that
he would not allow one to take his set off the premises
“because it would surely be wrecked.” We told him that
no country had a patent on this situation—exactly the
zame thing happens in many instances in the United
States and elsewhere. There are ‘“technicians” and tech-
nicians in every country, some good, some mediocre,
some bad.

At this juncture an electronic manufacturer, a native
of Me:xico, advanced the theory that sooner or later
electronics would advance to such a state that the serv-
ice technician would become obsolete. He maintained
that it should not be too difficult to construct radio and
television sets so that they would be “self-servicing.”
In other words, if a set became inoperative, you would
press a special button and the set would then start to
anaiyze itself. making all necessary corrections, reject-
ing useless parts and putting new ones into the circuit,
until the set was restored to its original state and
efficiency. He maintained that this was by no means
science-fiction and that some day it would be done.

We would be the first to deny progress in this direc-
tion: indeed, on this page we have from time to time
presented similar—if not quite such far-fetched—ideas.
In this age of automatism, hardly anything is impos-
sible when it comes to electronies. But it is also true
tha* what is possible may not always be practical.

Indeed, in our most modern electronic calculating
and computing machines, the so-called electronic brains,
these same ideas have been used for some time. Thus,
for instance, when vacuum tubes burn out or no longer
render service an automatic circuit flashes a red light
so the attendant can change the incapacitated tube. But
incorporating expensive automatic gadgets into the
average television set, while quite feasible, would run
up the cost of the receiver out of all proportion. If any-
one—and there are millionaires who can afford it—
could spend anywhere from five to ten thousand dollars
for a foolproof television set that could correct and
remedy all or nearly all of its operating faults—such sets
could, of course, be built. But how much of a market
would there be for this type of receiver? It is conceiva-
ble that such sets could be made and sold in inaccessible
locations where servicing technicians could not be had
for any price, if the owner cared to spend the money.

But in spite of all the automatic regenerating features,
it is doubtful that any self-servicing set could be con-
structed that would be absolutely foolproof under all
circumstances. Suppose lightning hit the antenna? What
then? Automation would be of no help in such a case.
Suppose that there had been a flood and the set had been
submerged in water. It would be hopeless to expect
electronics to repair such a damaged set. Fire on the
premises and other accidents, such as dropping the

DURING a recent visit to Mexico City, we talked

Mexico is

NOVEMBER, 195¢

receiver on the floor, would all tend to make the receiver
inoperative in spite of the best electronic engineering.

On the other hand, it must be admitted that, as elec-
tronics advances, manufacturers tend more and more to
make sets more foolproof than were our first radio sets
of the Twenties.

We have mentioned before on this page that certain
parts of television and radio sets can be engineered
in such a manner that by taking out a “block unit”
where trouble is most apt to arise and replacing it with a
new block, the set can be made operative again—but not
in all instances. There remains the great problem which
haunts most service technicians: the intermittent re-
ceiver.

An intermittent can occur in dozens of spots and
locations in a receiver. It may be a loose connection or
a plurality of loose connections, not only in the wiring
but in the components themselves. It is true that some
intermittents, due to poor connections, could be elimi-
nated by soldering the connecting wires to the tube
prongs and at all other points where plug connections
are now made. Internal intermittents could be reduced
by increasing quality of components, all at a cost.

These are the imponderables of servicing and no de-
gree of automatism could eliminate such faults when and
if they develop. They are the most time-consuming and
vexing difficulties in servicing and so far have resisted
all the ingenuity of engineers and manufacturers. There
does not seem to be anything in sight—at least, not eco-
nomically—to do away permanently with all intermit-
tents in our commercial sets today.

Components for civilian electronic equipment are
rated lightly as a rule. A municipal engineer who had
his set in for service was startled to hear that a 600-
volt capacitor would break down on a 509 overload and
said that all electrical equipment for the city had to take
6009 overloads for short periods and 660-volt stresses
across insulation permanently, to be accepted. A TV
set s0 made might cost two or three thousand dollars
but could conceivably run for a number of years—with
regular tube replacement of “reliabilized” tubes—with-
out servicing.

While we now actually have automatic, nonhuman
“service technicians.”® even these ingenious and ex-
pensive gadgets will not locate an average intermittent.
Such a machine, it is true, will tell you that there is an
intermittent or open circuit but exactly where it is, no
machine will be able to indicate, at least not in the im-
mediate future.

In this discussion, we have not begun to touch upon
servicing color television sets, which multiplies the haz-
ards of nonfunction almost in geometrical proportion.

We must therefore come to the inevitable conclusion
that servicing technicians need not begin to despair of
their profession. It is still human ingenuity, know-how
and a thorough knowledge of electronics and all that goes
with it that will reign in the servicing field, not only for
the predictable future but for the distant future as far
as it can be foreseen today. -—H.G.

*See Rabio-ELEcTrRONTCS for July, 1956, page 55.
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TEST INSTRUMENTS

AN ELECTRONIC

Low-capacitance unit
may be used with

any oscilloscope; bandwidth exceeds

R2

By CHARLES W,

RHODIS

ANY television technicians get

inaccurate and confusing re-

sults from their oscilloscope

because they are not using a
properly  operating low-capacitance
probe. These probes reduce circuit load-
ing by the oscilloscope so that true
operation may be observed.

The design of the conventional low-
capacitance probe depends greatly upon
the length of input cable and the input
resistance and capacitance of the oscil-
loscope. Many scopes used in television
shops are of such design that their
input resistance and capacitance may

2
Gam:OUT . _R2

EN  RI+R2

FLAT RESPONSE:
RICl=R2 (2

Em C2sx R2 Eour

o— —4 <
Fig. 1—Frequency-compensated volt-
age divider as used in low-capacitance

prol)es.
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Fig. Z—Prequem_\ distortion on com-
posite video waveform: a, (1 correct;
b, C1 too large; ¢, C1 too small.

o It

VERT IN

gain-control
oscilloscopes.

Fig. 3—High-impedance
circuit used in some
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SCOPE

PROBE

20 e

vary with control adjustment, making

it impossible to use such a probe.
Under these conditions conventional
probes attenuate the input signal

greatly and low-gain scopes are not
sensitive enough to make up this loss.

The electronic low-capacitance probe
overcomes these difficulties and has no
circuit adjustments. It may be used
with any oscilloscope. Its bandwidth
extends beyond 10 me and produces
only a 5% voltage loss. Input capaci-
tance is under 5 puf and input resist-
ance exceeds 15 megohms.

An oscilloscope with a shielded input
cable may represent a circuit load of
2 megohms and 120-puf shunt capaci-
tance. The conventional low-capacitance
probe uses the circuit shown in Fig. 1.
The scope input resistance is R2 and
its shunt capacitance, including ecable,
is C2. By making R1 much greater
than R2, input resistance can be in-
creased. For proper frequency response
the time constant formed by R1-C1
must equal the time constant R2-C2.
Normally, C1 is a small trimmer capaci-
tor in the probe; its exact value is
determined by experiment.

Fig. 2 shows the results of errors in
the value of Cl. In Fig. 2-a, the value
is correct and the composite video wave-
form is undistorted. In Fig. 2-b C1 is
too large and the horizontal syne is
above the vertical syne, a condition
known as “high peaking.” In Fig. 2-¢
Cl is too small and the vertical sync
is too high. Note the rounding off of
the pulse. The value of C1 depends upon

WwWwWWw.americanradiohistorv.com

6BK?7-A

Closeup shows construction of the low-
capacitance oscilloscope probe.

the scope input characteristics and
cable length.

Some oscilloscopes use a high-imped-
ance vertical gain control circuit as
shown in Fig. 3. When the gain control
is near minimum, high frequencies are
fed across the control by C., the stray
circuit capacitances. Waveform distor-
tion as shown in Fig. 2-b results. At
higher gain stray capacitance C. by-
passes the high frequencies, producing
the waveform at Fig. 2-c. At full gain
C. shunts the input circuit, throwing
additional capacitance across the input
terminals which unbalances the low-
capacitance probe.

Other scopes use a low-impedance
vertical gain control, avoiding the

above trouble, but use an input attenu-
ator switch which does not always pre-
sent the same input resistance and
capacitance to the input terminals.
Many of these instruments can give
excellent performance if this one design

limitation is removed—which is what
the electronic low-capacitance probe
can do.

Low-capacitance probe circuit

This probe (Fig. 4) uses a 6BK7-A
as a cathode follower. While this type
of ecircuit provides no voltage gain, it
does have an extremely high input
impedance and a very low input ecapaci-
tance. With a 6BK7-A, using one sec-
tion- only, a voltage “gain” (A) of 0.95
is obtained. While grid resistor Rl is
shown as 820,000 ohms the aection of
the cathode follower is to increase this

RADIO-ELECTRONICS


www.americanradiohistory.com

ougEn swiELp ER STELD
! \r"___*—‘/T’ ¥ N
L f; 2 6BK7-A
s
l k] \
L e W iy
3| c2fos

TEST INSTRUMENTS

R
(3-;‘[?{%(3-»

RS R?
L2 148 /VW'
(6 S SPOT PUSH BUTTON
PLUG 2 R6 220 (Sb 1t (5 $2
o i 20507
i 207350 l 1
RI 25K
wivar EYVITA
W\ Atsa : ?socmx GANS  grreur o soee
1t ©
HET 2 ‘

Fig. 4—Schematic diagram of the low-
capacitance probe and power supply.

value by 1/(1 A) times so that it
approaches 16 megohms as far as the
circuit under test is concerncd.

The inner shield of the probe com-
pletely shields the grid circuit from
the outer shield by its coaxial con-
struction. The inner shield is con-
nected to the cathode of the 6BK7-A.
Thus, there is virtually no grid-to-
ground capacitance in this type of
design. Instead, there will admittedly
be a high grid—cathode capacitance.
However, another property of a cathode
follower is to degenerate any capaci-
tance between its grid and cathode by
(1—A). With a gain approaching unity,
this capacitance is washed out. The
only other input capacitance is that
of grid to plate, nearly half the total
input capacitance. Therefore one sec-
tion only of the 6BK7-A is used. The
increased gain which would result from
using both sections is marginal and
would be more than offset by the in-
creased capacitance and power supply
requirements. While other triodes can
be used, one section of a 6BK7-A looked
best.

The output impedance of a cathode
follower is extremely low. This probe
has an output impedance of 100 ohms.
The cable capacitance does not there-
fore attenuate frequencies below 12
me. With the high input resistance
afforded by the cathode-follower con-
nection, low-frequency response is
excellent.

An accessory power supply was built
to furnish 240 volts at 18 ma and 6.3
volts at 450 ma. However most con-
structors will prefer to obtain this
modest power from their oscilloscopes.
It is extremely important to bypass the
B-plus line with at least 40 uf. The
decoupling resistor should be chosen to
deliver not over 240 volts maximum to
the probe.

When the probe is to be used with
an instrument having a high-imped-
ance gain control, the low-impedance
gain control unit consisting of R11 and
C6 should be added to the instrument.
Set the high-impedance control to
maximum and use only the low-imped-
ance control. Short unshielded leads
should be used to connect Ri1l to the
instrument.

A voltage calibration feature is
included on the power supply chassis.
Depressing PB feeds a 60-cycle cali-
brating voltage into the gain control,
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Parts for low-capacitance probe

R1—820,000 ohms, !/; watt
R2—10,000 ohms, 2 watts
R3—56 ohms, !/; watt
R4—10,000 ohms, 2 watts
R5—1,000 ohms, | watt
R6—22 ohms, |/; watt
R7—1,000 ohms, | watt | amp
R8~—330 ohms, !/; watt S—pushbutton
R9—600-ohm pot. linear contact
R10—1,500 ohms, !/; watt PLUG
R11~7500-ohm pot. linear
C1—.03 pf, disc ceramic
C2—.03 uf, disc ceramic
C3~—.02 pf, dual disc ceramic
C4—40 pf, 150 volts

Potentiometer R9 is adjusted to pro-
vide the same scope deflection as a
5-volt peak-to-peak signal at the probe
input. This is 1.77 volts rms.

Construction

A 3% -inch-square if shield has an
RCA type phono jack installed in it.
It projects through a 3z-inch hole, and
flathead screws hold it in place. The
prod uses an RCA phono plug with a
small finishing nail soldered in it. A
piece of spaghetti insulates the nail.
The body of this plug should be taped
as it is at cathode potential, 90 volts.
Cathode load resistors R2 and R4 are
soldered to the phono jack and lie out-
side the inner shield. Inside the shield
are R1, R3 and C1. The heater bypass
and plate bypass capacitors lie between
the two shields. The use of these exact
capacitors is recommended for space
reasons.

The coaxial cable, RG59/U, is sol-
dered to the cathode pin of the tube

The scope

WWW americanradiohistorv com

C5—40 uf, 150V, 4040 puf, 350V

C6—40 pf, 150 volts

Dl—selenium rectifier, 35 ma

D2—selenium rectifier, 35 ma

T—isolation transformer, secondary
117 volts @ 35 ma, 6.3 volts @

switch,

|—miniature 4-prong cable
connector {male)

LUG 2 — single-contact coaxial
connector for RG-59/U (male)
SOCKET |—miniature 4-prong chas-

sis connecter (female)

probe
and power supply.

SOCKET 2 — single-contact coaxial
connector (female chassis-type)

V—6BK7-A

Miniature socket, 9 pins

Length of RG-59/U coaxial cable

Line cord

Shield for 6BK7-A

Binding posts for power supply {2)

Length of 4-conductor cabte for
power supply

Shield, if type, 3¥-inch square

Phono jack, RCA type

Phono plug, RCA type

Shield, if type, 13 inches square

momentary

socket. This cable length is noncritical.
A four-conductor unshielded power
cable carries heater and B power to
the probe. The heater should not be
grounded in the probe.

The tube socket is bolted to an elec-
trolytic  capacitor mounting plate
(three-tab small type) with 4-40 ma-
chine screws cut short. This particular
mounting plate exactly accommodates
the outer shield. another if can 13
inches square and 3 inches long, with
spade bolts. A 1%-inch hole in its end
carries a grommet which will insulate
and space the RCA phono jack and
plug. The two cathode load resistors
are soldered directly to the mounting
plate and help space the inner shieid.

The power supply was built from
material at hand. R6 was chosen to
limit the voltage output.

The high sensitivity and wide band-
width of this probe permit its use in
color servicing with an oscilloscope
having a wide bandwidth. END
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Build a Dual
WIDE-
BAND

CRYSTAL

OSCILLATOR

Unit contains
terminals for
external power
supply — bat-
teries may be
inserted.

CRYSTAL oscillator is accurate.

It can provide frequency check

points to calibrate the dial of

a signal generator, receiver,

wavemeter or vfo, and is nearly free

from frequency changes. Drift is neg-

ligible. Voltage variations or circuit

defects result in little if any frequency

change. Furthermore, crystals are avail-

able on the surplus market, often
several for a dollar.

When the crystal oscillator is tran-
sistorized the instrument becomes dou-
bly useful for we gain the additional
advantages of compactness and port-
ability. This article describes two tran-
sistorized crystal oscillators: a circuit
suitable for crystal frequencies from
about 3.5 to 12 me and one for crystals
ranging from 80 ke to 1 me. Each cir-
cuit covers a very wide band of fre-
quencies without need for retuning
every time the erystal is changed. The
two were built in a single 3 x 2 x 1%-
inch box, but can be constructed indi-
vidually if desired.

3.5-to-12-mc oscillator

Fig. 1 shows the schematic of an rf
generator, using a Raytheon 2N113
transistor, a high-frequency cutoff type
suitable for this purpose. The power
supply may be anything from 3 to 6
volts.
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Layout of the dual oscillator.

Highly accurate separate transistorized units on

single chassis cover 3.5 to 12 mc
and 80 ke to 1 mc

By 1. QULEEN

EDITORIAL ASSOCIATE

This circuit oscillates when its tank
is nearly resonant with that of the
crystal plugged in. Surprisingly, the
lock-in range is greater than 2 to 1.
With C5 switched out of the circuit,
L is adjusted to tune to crystal fre-
quencies from about 5 to 12 me. With-
drawing the coil slug raises the fre-
quency. In my instrument L was tuned
to provide erystal-controlled frequencies
up to nearly 12 me, and the low limit
was then about 5§ me. When C is added
it lowers the tank frequency.

Preferably, this second band should
just overlap the first. In this particular
instrument a value of C5 equal to 270
wuf provided a second band of fre-
quencies from 3.5 to just over 5 me, so
the desired overlap is obtained. There-
fore Fig. 1 can provide continuouns
coverage of crystal-controlled frequen-
cies from about 3.5 to 12 me. Once the
desired band is chosen (by switching
C5) any crystal may be plugged in
without need to retune the circuit.

The output from this oscillator is the
usual pure tone (when heard on a near-
by receiver with beat-frequency oscil-
lator) expected from any crystal-con-
trolled circuit. There should be enough
output to block a receiver coupled tight-
ly to the oscillator. In most cases a
loose hanging lead may be sufficient
for coupling purposes.

wWWwWWw.americanradiohistorv.com

Collector coil L is wound with 25
turns of No. 34 enameled wire on a
14 -inch-diameter slug-tuned form. Once
the slug has been tuned it need not be
reset thereafter.

Tuning the oscillator

Plug in the desired crystal and switch
on the oscillator. Listen in on a nearby
receiver with bfo, tuning it approx-
imately to the crystal frequency. When
you find the signal it should sound pure

Parts for Fig. 1 oscillator

RI—I1,500 ohms, |/; watt VY—2N1{13
R2—270 ohms, !/, watt Xtal—see text

Cl—I120 pptf Batt—3-6-volt battery
C2—100 ppf S—switch, 4-position, La-
C3—.005 pf fayette SP-88

C4—.005 |uf Crystal socket (Mosley
C5—270 puf 500 or equivalent)

Transistor socket

Small chassis, about 3/
x 2 x !/ inches

Pin jack (for oscillator
output}

L—25 turns No. 34 enam-
eled wire, Y4-inch di-
ameter slug-tuned
form, closewound

Pl JACK 2

GJTPUT 100upf

C51270uut

|
CHASSIS 3-]5\: 2ita
Fig. 1—High-frequency oscillator.
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and clear, like a flute. The receiver
antenna lead should be disconnected
during this time or you may pick up
considerable outside interference.

After the oscillator is found to be
working correctly, adjust L as required.
When a crystal frequency is outside the
upper limit of the band, its tone (with
receiver bfo switched on) may tend to
sound rough. If the crystal frequency
is too low for the band, its oscillations
may be slow to start or it will not
oscillate at all. Crystals within the
band will sound clear and steady.

The reference to “12 mec” needs
explanation. Surplus crystals with fre-
quencies higher than 8 me¢ are not
common. My own highest crystal is
marked 8.775 me. However, if a crystal
of about 3.5-4.0 me is plugged into its
socket, it oscillates at its third over-
tone. This differs from a harmonic. An
overtone is the lowest frequency avail-
able from a given crystal yet it is
(nearly) an odd multiple of the crystal
frequency. For example. a 3.7-mc crys-
tal puts out a signal at nearly 11.1 me
in this circuit, and there is no trace of
output at either 3.7 or 7.4 mec. The
lowest oscillator frequency is approx-
imately 11.1 me. The overtone signal
is much more powerful than if it were
the third harmonic of the same crystal.
For all intents and purposes, the crys-
tal behaves just as if its fundamental
is 11.1 me, not 3.7.

The overtone of any crystal must
always be odd. There can be no second
or fourth overtone. In this circuit 80-
meter crystals are effective only at
their third overtone because the fre-
quency comes out to about 11 me, with-
in the oscillator range when C5 is
switched out.

Crystals with fundamentals near 3.5
me do double duty in this oscillator.
They oscillate normally at their labeled
frequency when C5 is switched into the
cireuit, for then the band is from about
3.5 to 5.0 me. When C5 is switched out,
the output frequency is approximately
three times the crystal fundamental.

If vou listen to the fundamental out-
put and then the overtone output, you
will notice a much stronger signal avail-
able from the overtone; the harmonic
will be weak. Also, you will note that
the frequencies are not equal. For
example, a 3.7-mc crystal has a third
harmonic at exactly 11.1 me. The over-
tone appeared about 15 k¢ lower, an
error of about 0.147%. Other crystals
may produce overtones a few ke above
the harmonic. This error may be ignored
for all practical purposes since it is so
small.

The output frequency must be checked
against a reliable standard before using
a fundamental type crystal operating
in the overtone mode or an overtone
type on an overtone other than the one

COMMON TERMINAL

MCUNTING SCREW =
& NuT

Fig.2—Subminiature switch—rear view.
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calibrated by the manufacturer. This
is doubly so when the oscillator is used
as a transmitter control or in a calibrat-
ing device.

Ordinarily, we might expect to need
two switches for this oscillator, one to
close the battery circuit, the other to
switch C5. Both functions have been
combined through a special four-posi-
tion switch (Lafayette SP-88). This is
a tiny unit, less than 1% inch deep and
only % inch in diameter. Fig. 2 shows
a rear view of the switch terminals.
When the knob is rotated fully counter-
clockwise (as viewed from the front),
the common terminal (1) is isolated
from the others. In the next position
terminals 1 and 2 are shorted. In the
third position terminals 1, 2 and 3 are
shorted. The last position shorts all

o 1.5-5

o]
5o 2 3 C?,”N

[t €

}
I
I

"2 ai"‘:'
+

Fig. 3—Diagram of Fig. 1 circuit show-
ing connections to switch terminals.

terminals, but this position is not used
in this cireuit.

Fig. 3 shows how the switch terminals
connect to the oscillator. In the counter-
clockwise position battery power is dis-
connected. The next step closes the
battery circuit but leaves C5 discon-
nected. The next step switches in C5
(through C4) for the lower-frequency
band and the power remains on.

The crystal socket is Mosley No. 500
(or equivalent) for FT-243 crystals.
The transistor socket is the usual five-
pin in-line type. Emitter and collector
pins of the transistor socket are sol-
dered directly to the lugs of the crystal
socket.

When used as an overtone generator
the output is very strong even through
TV bands. Thus it may be used to
calibrate and align receivers and signal
generators at these high frequencies.
As previously stated, the overtone is
not an eract multiple of the crystal
fundamental frequency so the oscillator
must be carefully calibrated before use
as a test instrument.

80-kc-to- |-mc oscillator

Fig. 4 shows a transistor oscillator
designed for low-frequency crystals. It
is ideal for if crystals, often advertised
in the radio magazines at several for
a dollar. This generator uses a pair of
G-E 2N170 transistors, n-p-n units that
require a negative bias on emitters and
positive voltage on collectors. The tran-
sistors are coupled to feed back from
one collector output to the other base
input. Due to this regeneration the
circuit tends to oscillate when a crystal
is plugged in.

The highest frequency tried in this
circuit is 1 me. The lowest is 80.86 ke,

wwWw.americanradiohistorv.com
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provided by a surplus type crystal
purchased several years ago. It is type
FM-6, manufactured by Crystal Re-
search Labs, Hartford, Conn.

A number of low-frequency crystals
have been tested successfully in the
circuit. No tuning is required when
changing from one crystal frequency
to another. Not all these low frequen-
cies fall within the broadcast band so
they cannot be picked up directly on
a broadcast receiver. However, their
harmonics may be heard. For example,
a 80-ke crystal has harmonics at 560
ke, 640 ke and so on and a 400-ke
crystal has output at 800, 1200 and
1600 ke, in the broadcast band.

The output of a low-frequency gen-
erator such as this may be checked
against a standard and then used for
amplifier alignment. Thus, a variable
attenuator is included. Also, the dc

Parts for Fig. 4 oscillator

R1—3,900 ohms C3—.005 uf
R2—1,800 ochms YI—2N170 transistor
R3—4,700 ohms ¥2—2N170 transistor
R4—15,000 ohms Xtal—see text
R5—1,500 ohms Crystal socket

Ré6—1,000-ohm pot
All resistors /2 watt
C1—.005 pf
C2—.005 uf

Pin jack (for oscillator
output

Transistor sockets {2)

Common chessis and bat-

tery used for oscillators

3008

R5SL5H

RESGIK OUTPYT
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Fig. 4—Low-frequency oscillator.

component has been blocked out. The
generator has a phono type jack that
takes a coax lead.

Adjustments and applications

This circuit is not critical as to parts
value or placement. However, try inter-
changing transistors for widest band
coverage with least voltage input. If
several transistors are available, use
those that show greatest output in the
band.

Among the useful applications of this
cireuit are: if signal generator, stand-
ard frequency source to calibrate Wien-
bridge oscillators (by Lissajous pat-
terns) and calibrating broadcast radios
(by using harmonics).

For an extremely wide-band oscil-
lator, both circuits may be included in
the same instrument. The photos show
such a device housed in an aluminum
box 3% x 2 x 1% inches. A small 6-volt
battery could be placed inside since
there remains plenty of room. In this
particular instrument, however, an
external power supply is used. Note
that both oscillators are separate cir-
cuits, therefore both can oscillate at
the same time, if there is any need for
such operation.

The high-frequency oscillator may be
shut off by its switch. The low-fre-
quency job has no switch but its out-
put may be reduced to zero by the
attenuator. END
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Tube
Tester

I aluable tools wohen proper-

/_ vapplied. Thiv article

relly ou how

By WALTER J. SWONTEK

HE tube tester is one of the most
valuable pieces of equipment a
service technician can own. Since
many are likely to disagree with
this statement it might be advisable to
change it to: A tube tester cun be one
of the most valuable pieces of equip-
ment a service technician can own.

Practically all service shops own a
tube tester of some sort. In many of
these shops it is used only when a cus-
tomer brings in tubes to be tested.

This article points out the many val-
uable uses to which tube testers can
be put, and attempts to explain and
overcome the prejudice in many tech-
nicians’ minds against them.

Since a discussion of the merits of
a tube tester ig valueless when work-
ing against a heavy prejudice, let us
see how this bias is produced and how
entirely unfounded it is,

At the first contact with any sort of
testing device, it is only human to ex-
pect a ves-or-no answer. In other words,
the device is automatically expected
to say: “Yes, the item is good” or “No.
the item 1is bad.” Actually, in real
life, very few things are definitely
good oy cleavly and undeniably bad.

Manufacturers cater to human weak-
ness and provide a good-bad scale,
clearly marked in red and green.

When such a device is offered, it is
expected to be 1007/ accurate. In other
words, the tester itself is judged on
a “good-or-bad” basis. If 1007, accur-
ate, the tester is “good”; if not 1009
accurate, the tester is “bad.” Since
nothing is absolutely perfect it is only

38

human to judge tube testers “bad.”

What usually happens is that the
novice technician becomes acquainted
with a tube tester and learns how to
manipulate the knobs. He puts the
tube tester on a pedestal as a tin god
or supreme judge of all tubes. His tube
worries are over! All goes well for a
while, and the novice is a rabid tester
of tubes. His faith is implicit. He sup-
ports the tester ardently in discussions
with more experienced technicians.

Then, one fatal day, the tube tester
misses a bad tube. The bad tube is re-
inserted in the set and troubleshoot-
ing begins. All bad parts are replaced;
everything is tested. The stubborn
symptoms refuse to disappear. The
technician becomes a nervous wreck.
Finally, the help of a more experienced
friend is sought. The friend swaps
tubes and presto! the trouble is cleared.

“But I checked that tube . . . ,)”
howls the novice, His friend just laughs
with that horrible, superior air. The
navice’s faith in testers is completely
shattered.

Now that we can see that this preju-
dice against tube testers is founded in
unreasoning emotion (all prejudices
are, really) we can inspect them for
their real values.

The tester as tube salesman

Let us consider this red-green scale
in a realistic light. Its purpose is to
sell tubes! The control settings given
on the charts are calibrated so that
the average new tube will read well
in thae green. If a tube measures an
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arbitrary percentage (usually 15% or
20%) below “normal,” it will read in
the red. This merely means that the tube
is weak in emission (or transconduc-
tance on some testers) and not neces-
sarily “bad” in the sense that it will
not operate. However, the customer can
accept the tester as a supreme judge,
with the net result that we sell him a
tube when his tests in the red, even
though we know his old tube may work.

The function of a tube tester as a
tube-selling aid is one of its most val-
uable uses and will, in fact, pay for its
cost many times over. There need not
be any sense of guilt connected with
this selling. Most customers will us-
ually buy a new tube even though
they are told: “This tube will prob-
ably work, but it tests weak on the
tester.” The customer’s logic is good.
The tube tests weak, therefore it is
likely to fail in the near future.

If the customer does not purchase a
replacement for the weak tube, the
technician has still gained several ad-
vantages: the customer is impressed
with the technician’s honesty; in case
the set fails within the guarantee pe-
riod, the customer is not as hostile
when he brings it back. His thought
is: “Maybe that weak tube went.”

When the question of testing tubes
for troubleshooting arises, the usual
answer is: “Why bother? Swap them!
That’ll tell.” This is true enough on the
surface, and swapping tubes is a help-
ful maneuver. There are several dis-
advantages, however. If new stock is
used for swapping, it soon degenerates
badly. The cartons become shopworn
and unusable. Unless extreme care is
taken, used and defective tubes will
work their way into the stock.

Many shops avoid the deterioration
of their new stock by keeping a “bench
stock” of tubes on the test bench for
swapping. This is fine, but it represents
an investment of a surprising number
of dollars. In addition, the bench stock
deteriorates rapidly. To prove this to
yourself, take an afternoon when you
are not busy and test the bench stock.

Advantages of tube testers

Tube swapping is not 100% accurate
any more than a tube tester 1s! Swap-
ping is accurate only when the substi-
tute is Anown good. There can never
be absolute certainty that it is.

One TV set was brought in for bench
service. The outside man had (sup-
posedly) swapped tubes. However, the
bench man tested the tubes with a
view of sales and found five defective
(not just weak) tubes. This cleared all
symptoms and the set required no
further service. The only tube-swapping
system that would have cleared the
set would have been the insertion of
a complete known-good set of tubes,
followed by reinsertion of the old tubes,
one at a time. This is time-consuming
and not generally done by tube swap-
pers. Had it not been for the tube
testing, the bench man would have
had a rip-snorting troubleshooting job.

RADIO-ELECTRONICS
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A situation that arises repeatedly is
the case of a circuit that contains
both a defective component and a de-
fective tube. The tube is swapped first,
and, since no improvement is seen, it
is reinserted. After the replacement
of the defective component further
troubleshooting is needed to find the
bad tube. Here, the tester would most
likely have caught it on the first try.

As another example, take the case
of a tube with a heater—cathode short.
If this tube is inserted in a set where
one side of the heater and the cathode
are grounded and if the short is from
the cathode to the grounded side of
the heater, the tube will work perfectly
and be considered a known good. This
may seem a long chain of circumstance,
but anyone who tests many tubes will
testify that it happens surprisingly
often. Now, when this “known-good”
{(but actually defective) tube is used
as a substitute, it can cause a diagnosis
that leads to much fruitless trouble-
shooting.

Grid emission (not shown by the less
expensive testers) also causes much
confusion in tube swapping. If the
tube is inserted in a circuit where the
grid circuit resistance is very low, it
may work perfectly and be considered
a known good. This same tube in-
serted into another circuit with high
resistance in the grid return will de-
velop a positive voltage on the grid
and cause many peculiar symptoms.
The gas test on better tube testers
catches these quickly.

The short test on tube testers is of
more value to the bench technician
than the emission or transconductance
test. Any tube that shows an inter-
element short can safely be considered
defective (definitely ‘“bad”) and re-
placed. Circuits where the tube will
work even though shorted are rare
and the number of tubes unnecessarily
replaced is negligible. If an intermit-
tent short is suspected, the logical step
is to tap the tube gently at each posi-
tion of the short test.

The noise test present on some test-
ers is seldom needed, but it is a life-
saver when the occasion arises. Each
tube can be checked for noise or micro-
phonics separately with concrete, de-
pendable indications.

Most of the preceding has been in
faver of using the tube tester. How-
ever, this should not be taken as argu-
ment against tube swapping. The most
profitable attitude a technician can take
is to consider the tube tester as a valu-
able tool and tube swapping a valuable
procedure, and use both.

The tube tester should be looked
upon as a fact-indicating device, just
as a voltmeter or ohmmeter, and not
judge. The indications of the
checker must be interpreted and judged,
just as those of other test equipment.

A resistor measures 500,000 ohms.
Is it bad? This reading of a resistor
does not say whether it is good or bad.
If it is marked 68,000 ohms, it is bad.
Similarly, a 6K6-GT tests somewhat

as a
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low on emission. Is it bad? Well, let’s
see—if it is used in the sound output,
the slight loss in volume may be un-
noticeable, It will work, so we can
consider it “good” or at least satis-
factory. But wait—the focus coil is in
the cathode of the sound output and
the symptom is poor focus! Now, the
interpretation is different. A new tube
clears the trouble and the weak 6KG6
is now considered bad.

When the disillusioned technician is
ready to return to the use of a tube
checker, he should also be ready to keep
in mind the failings of most testers.
The following is a list of common tube-
tester shortcomings obtained from
bench experience.

1. When a tube tester checks a tube
“bad,” the tester is much more likely
to be accurate than when it says the
tube is “good.”

2. Rectifiers will often test in the
green on entission test and still produce
low B-plus voltage. This is because a
tube may have sufficient emission to
carry the de required to test good and
yet have insuflicient emission to handle
the peak currents demanded in actual
operation.

3. Tubes used in high-frequency
oscillators, such as the 6J6, will often
test good and still refuse to operate.

4. Most power tubes, such as 6K6,
25BQ6, ete., operate at a much higher
temperature in the receiver. If trouble
shows up only after a long warmup, the
suspected tube should be tested imme-

diately upon removal from the set,
while it is still hot.
5. High-voltage tubes, 1X2, 1B3,

etc., are not tested under normal opera-
tion by most tube testers. A ‘“good”
test of one of these means little.

6. Certain tube type numbers, as
those used in tuners, will show a strong
tendency to test good and still refuse
to operate.

Ten commandments for testers

A few general rules can be set up
concerning the decision as to swap or
check. These are merely guides to the
use of the fastest and most convenient
system.

1. In customers’ homes it is gen-
erally much faster to swap tubes. A
complete tube check is too time con-
suming. If the symptom is distinet and
clearly indicates trouble in one specific
circuit, the two or three tubes in that
circuit can be changed quickly. In addi-
tion, carrying the tube tester is excess
effort while the tube kit must be brought
along for replacements.

2. When a set is placed on the bench
and has many vague symptoms, it is
wise to give it a complete tube test.
Although new tubes will seldom cure
the trouble completely, it will usually
be found that defective tubes are caus-
ing some of the symptoms. Replacing
these clarifies the remaining symptoms
and makes troubleshooting easier.

3. If a receiver on the bench has
one clear symptom, tube swapping is
faster and more certain. For instance,
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lack of width indicates changing the
horizontal output tube immediately
without bothering to test it.

4. When a set has a long history of
recalls and general customer dissatis-
faction, a complete tube test is very
helpful in most cases.

5. When a stubborn symptom, def-
initely in one specific circuit, is met,
use both systems. Test the old tube.
Test a new tube, then swap.

6. When a technician is completely
stopped on a symptom that is apparent-
ly in one specific circuit, it is wise to
give the set a complete tube test. The
various circuits in any TV set are
usually not completely isolated from
each other. Often a defective tube in
a completely different section of the
receiver will be found to be causing
the symptom.

7. When in doubt, test new tubes.
Only too frequently will it be found
that entire “runs” of a certain tube
number will develop the same defect
shortly after being placed in a radio or
TV receiver.

8. If a set has too simple a trouble,
the profit may be too small to provide
for a possible recall. A tube test here
serves a dual function. It reduces the
possibility of a recall, and also in-
creases the profit to enable the tech-
nician to accept a recall on this set
with better grace.

9. Sometimes a technician will gam-
ble a new tube rather than pull the
chassis, and he will replace a tube that
might have been caused to go by a
defective component. If the tube tester
is handy and the new tube is tested
before insertion, the technician will
know if he has lost the gamble. Thus he
will not wonder whether the new tube
was bad in the carton.

10. When selling a tube over the
counter, it is wise to test the new tube.
This improves goodwill by preventing
the sale of defective tubes. If the tube
is of a type number that is often blown
by defective components {(such as a
3575), the customer should be warned
of the possibility. This will avoid argu-
ments over tubes burned out by the
customer and should bring the set to
the shop.

The tube tester is also a very valu-
able psychological tool. Most technicians
detest having the customer look over
their shoulder when they are working.
If the customer insists on watching
while the technician takes a look at his
set, the tester gives the service tech-
nician something to do while inspecting
the set for an estimate. A tube test is
a much more satisfying show for the
customer than the spectacle of a man
probing around with a test prod,
apparently aimlessly.

Thus, if the technician thoroughly
understands what the tube tester actu-
ally does and how it does it, the results
he obtains will not be mystifying. In
addition, this knowledge will enable
him to use it in original ways, devel-
oped to fit the circumstances of a par-
ticular situation. END
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calibrating Ac voltmeters

ALIBRATING the ac scales of

the common analyzer, voltmeter

or vacuum-tube voltmeter is a

problem not only for individuals
but for many small laboratories with
insufficient funds for calibration equip-
ment.

Most laboratories calibrate their ac
instruments by supplying an accurate
ac voltage obtained from a “standard”
transformer, with taps. The input volt-
age to the transformer is maintained
manually at a fixed, accurate value by
using a precision input ac voltmeter
with a “set-to-red-line’” scale. A stand-
ard transformer and voltmeter with
appropriate tap switches usually sell
for about $750.

A transformer type calibrated ac
voltage has the advantage that the
impedance of the supply is very low
and thus both low-impedance volt-
meters or high-impedance vtvm’s shunt
the supply impedance very slightly
and cause negligible error. If the imped-
ance of the instrument is so low that
a considerable amount of current is
drawn, an error of about 1¢, for 100
ma will occur.

Another less common method of cali-
bration is to use precision secondary
standard voltmeters and then compare
the standard to the instruments to be
calibrated. This has several disadvan-
tages: Meters (standard) are rated in
percentage of full-scale accuracy which
means that at any voltage less than full
scale the accuracy may be much less.
The standard meter must be read accur-
ately many times to cover even a single
voltage scale, as many ac meters are
not linear. The standard dynamometer
type of meter requires lots of power
(several watts) which can be serious
at times. The lowest voltage which ean
be indicated satisfactorily is—depend-
ing upon what you call satisfactory—
from 0.3 to 3 volts. Since many vtvm’s
indicate as low as .001 volt aec, full
scale, this means that many ranges
cannot be calibrated. The cost can be
as great as the standard transformer
type of calibrator.

It was found impractical to calibrate
ac voltmeters and analyzers (volt-ohm-
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Cheap and accurate means

of supp lying calibration

voltages for vtvm's

by EDWIN N. KAUFMAN

meters) directly because of their low
impedance and high current require-
ments.

It is practical to make a very inex-
pensive calibrator capable of supply-
ing voltages from 1.5 mv to 80 volts
(with 277 or better calibration) for
vacuum-tube voltmeters.

Once a vtvm has been calibrated it
can be used as a standard for checking
other meters. It is not the best method,
but it is inexpensive and relatively
accurate. If a vtvm, after calibration,
is to be used as a standard for check-
ing other ac meters, I can very strongly
recommend using a Ballantine vtvm,
as it has a logarithmic scale and thus
the error is the same at either end. It
is also a very reliable meter.

The circuit shown uses an inexpen-
sive ac voltmeter as a standard. This
meter is rated at 2% but, as it is used
at one point only on the scale, much
better accuracy can be obtained if the
meter is calibrated.

Without calibration the voltage cali-
brator should provide voltages within
27 or better and with calibration prob-
ably 1% or better. The resistors shown
are all 0.1¢7, 1 watt, wirewound so that,
although a string of them are used, the
maximum error possible is 1%, but in
actual practice all errors will average
out to about 0.5%. The resistors can
be obtained from the Hycor Co., 11423
Vanowen St., North Hollywood, Calif.

If economically possible, a line iso-
lation transformer should be used in
the circuit for safety; however, my
personal calibrator does not use one.

The calibrating voltages were selected
so that whether a vtvm indicated high
or low the meter would still indicate
on scale. In many cases two voltages
are supplied per vtvm scale.

This circuit cannot be used on a
regulated ac line but must be plugged
into a regular power outlet as the cali-
bration is dependent upon a pure sinu-
soidal waveform.

Some vtvm’s are sensitive to line
voltage and to waveform distortion.
Therefore, on calibrating, it is advis-
able to calibrate under the condition
the meter will normally be used. In
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117V AC

VOLTS
p—O B0
ISOLATION TRANS >
R2 & 65K
15
R3 & 7K
ALL RESISTORS 8
A% /IWATT
R4 2 6.5K

Schematic of the ac calibrator.

Parts for Calibrator

R1—10,000-ohm potentiometer
{can be 10-turn Helipot)

R2—65,000 ohms

R3—7,000 ohms

R4—6 500 ohms

R5—700 ohms

R6—650 ohms

R7—70 ohms

R8—65 ohms

R9—7 ohms

RI10—8.5 ohms

RI1—1.5 ohms

All resistors are 0.1%, 1 watt

Tl—isolation transformer

M—0-100 volts ac meter
{(Weston 476 or equivalent)

Sl—I-poie nonshorting 10-position
switch (Mallory 32112J or equivalent)

Chassis—aluminum, approximately
5 x 4 x 3 inches

Mounting strips for resistors

other words, keep an eye on line volt-
age when calibrating or in use, unless
the vtvm is stabilized by using a regu-
lated ac power line. Remember, how-
ever, that the calibrator cannot be used
on the average regulated ac line satis-
factorily. END
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This, the third in a series on
remote-control TV, covers
split-chassis models

L

The Radio Craftsmen C210 chassis.

In our opinion, the split-chassis type
of remote control TV set is highly prac-
tical for use in custom installations
where the job is planned or completed
at the time that the home is being built
or renovated. Interesting circuit fea-
tures of five sets are discussed here.
The Conrac split-chassis type and sev-
eral electronic and electromagnetic '
remote controls were discussed in the 12AU7, 12BH7 g 1 “CsE H
two previous issues, gsouH  VIDEO CATH FOLL =

Fig. 1 shows how the video and audio
circuits are divided between two chassis
in the Gotham 525 and 323 receivers.
The tuner and if strips are on the con- 06
trol or tuner chassis. After detection, %‘——4
the video and audio signals are each N
amplified in a single stage and then
fed through cathode followers and
interconnecting cable to the deflection
chassis. The deflection chassis is turned
on by a 6-volt relay excited by ac from
the tuner chassis. The circuit is con- =
ventional except for the use of cathode
followers. Brightness is controlled only UGS l
from the deflection chassis.

Douglas Chairside

The Douglas Chairside TV receiver
is a 27-inch model similar to the Conrac
800. Fig. 2 shows the keyed age and Fig. 1—Schematic of interconnecting
on—off circuits and the video ecircuits circuits in the Gotham 525 and 323.
on the remote tuner chassis. The method
of feeding flyback pulses to the age
keyer is a little different from the Con-

™
rac arrangement. The flyback pulses " x E:
and 6 volts ac for controlling the remote S oo GSS
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power relay are carried on a common
pair of lines. A 5-uf capacitor prevents
the interaction between the two circuits.
Control voltage for the tuner is delayed
and clamped by half of a 6AL5.

A 6US8 pentode-triode is the two-stage
video amplifier. The pentode section is
direct-coupled to the video detector.
Resistance—capacitance coupling is used
between the first and seccond video
amplifiers. Contrast is controlled by a

V26ALS5

potentiometer in the grid circuit of the
second stage—a cathode follower feed-
ing the low-impedance video line of
the deflection chassis. Traps in the
cathode circuits of the cathode follower
and the third video amplifier (on the
deflection chassis) eliminate 4.5-mc beat.

Pilot TV-527

Fig. 3 shows part of the remote
tuner, including cathode follower and

VIDEO DET
|

TO SOUND IF AMPL

age circuits of this receiver. A diode
rectifier is used for age voltage. Con-
trast is controlled by varying a bias
voltage applied to the age line.

The video circuits on the deflection
chassis are shown in Fig. 4. A cascaded
12AU7 video amplifier drives the 6CL6
video output stage. Peaking is not used
in the first two stages. Adequate re-
sponse is obtained by using low plate
load resistors and frequency-selective
feedback between the cathodes. The
second half of the 12AU7 feeds the
grids of the 6CL6 and a 12AT7 cath-
ode follower, which is used when con-
necting additional deflection chassis as
remote viewers.

Half of a 6AL5 is connected between
ground and the input to the 6AU6 sync
clipper. This diode conducts and
charges the 0.22-uf coupling capacitor
to a peak voltage equal to the level
of the sync tips. The time constant of
the discharge circuit is longer than
the sync interval so a negative volt-
age of about 20 appears on the diode
plate. Thus, for all normal signals, the
diode conducts only enough to maintain
the charge on the capacitor.

If a noise pulse exceeds the level of
the sync tips, it overcomes the negative
bias on the plate, causing the diode
to conduet and clip noise to the point
where it does not affect sync stability.

Craftsmen C210

Pertinent interchassis features of
this set are shown in Fig. 5. This sct
is designed for use with a separate af
amplifier so the usual power amplifier
is not included. Jacks for tapping the
output of the audio cathode follower
are provided on both chassis. Direct
coupling is used between the first af
amplifier and the cathode follower for
good fidelity.

The contrast control on the tuner
chassis is in the cathode return of the
6CB6 video amplifier on the sweep
chassis. The lead to the remote chassis
is bypassed by a 50-uf capacitor to pre-
vent trouble caused by stray pickup
on the long lead.

The deflection-chassis power supply
is controlled by a 6-volt relay. It has
an extra set of contacts (normally
closed )that ground the cathode of the
picture tube when the set is turned off.

4 ()
WIDTH CONT

NE
i

6,3V AC RELAY

AGC |T|RANS

WINDING ON
FLYBACK
TRANS

726ALS
AGC CLAMP

PWR TRANS ON
SWEEP CHASSIS

1500 =

125v

¢B+TU 3RD VIDEO IF IIZ5V

_ REMOTE TUNER CHASSIS

Fig. 2—Diagram shows remote-control

circuitry of the Douglas Chairside
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Fig. 3—Schematic diagram of the agc
circuitry in the Pilot TV-527 receiver.

TELEVISION

This discharges the B-plus filter capaci-
tors rapidly enough to prevent a bright
undeflected spot.

Sylvania circuitry

The Sylvania remote-controlled TV
receiver (chassis series 1-519) is the
only one reviewed here that does not
have the if circuits on the tuner chassis.
The if output of the tuner is fed to a
6CB6 first video if amplifier over a
coaxial cable. The signal appears across
a 75-ohm grid resistor in the first if
amplifier.

Fig. 6 shows the brightness and vol-
ume control circuits. To avoid running
long audio signal leads between the
tuner and main chassis and risking loss
of highs and possible hum pickup, vol-

trolled circuit. We hope to cover these

in an early issue. END

REMOTE TUNER CHASSIS

DEFLECTION CHASSIS

12AT7
VIDEO INPUT PLUG VIDEQ QUTPUT SOCKET VIDED CATH FOUL
Fig. 4—Diagram of the video circuits
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. ! o on the deflection chassis of the Pilot.
o5 321 = 0543 B
4
QISTAE oo, I 3! 27EP4
AMPL ol 10K IMEG G 4400V 4.5MC TRAP 19504 &CP4-A
ST - 200V
G TO CONTROL t 0;4_] [ _'—'.
BN 200V oyt K 600V JH
1204M L a4 i
6CLS SYNC NOISE CLIPPER < o~
! VIDE AMPL 2K 7 2
'04%: v‘v‘v M_'
7 >
|~ == PIow| 3mSiow IIMEG
- HAE ) $ 02 OC REST B
S 8 ) A
5 3 % 2
3.IMEG Tnd | meg oo games fro BrGHTNESS coNTROL
adow| S G
BT | o i VERT BLANKING
= +] =
ﬁl"OOV 470:\%2‘# -4y 150V
N 260v T SYNC CLIPPER
12AU7 R ume is controlled by varying the screen
cRow 100 AFAMPL CATHFOLL S35 KOy and plate voltages on the sound if
RATIO [ limiter. Brightness is controlled by a
0T 12 S S00n [ 2.megohm potentiometer that varies the
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Fig. 6—The remote-control circuits in
the Sylvania chassis series 1-519.
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SERVICE SHOP

TIME SAVERS

Hints for improving uop efficiency

P TITRE

Handy rack with job
cards and scratch
pads increases ef-
ficieney in the shop.

Service hench layout
keeps test equipment,
service manuals and
replacement parts
stock close at hand.

»

priv
LA

L

A simple setup for
speedy and accurate
voltage measurements.
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By STANLEY L. KARAL

HE goal of all service shops is to

trim service time to a minimum

and thus reap a healthier profit.

With this in mind several proven
timesavers will be reviewed in the hope
that they are just what you need to
boost your shop efficiency.

Let us start where most service jobs
start, at the telephone. If yours is a
small shop and phone calls are taken
by the bench man, considerable time
can slip by while fumbling for a
pencil, looking for a scratch pad or
making like Sherlock Holmes to trace
the status of a service job. This wasted
time can be eliminated by using a file
rack (see photo).

The rack holds all the job cards in
four separate divisions, labeled from
left to right: Pickups and outside jobs,
jobs in the shop for service, hold for
parts and completed jobs. Directly
under the file are two scratch pads
tacked to the file. One is for listing
parts needed, the other for notes.

If the parts required to complete a
job are not in stock, the job card is
filed in the hold-for-parts file and the
job number and the parts required are
listed on the assigned scratch pad
which serves as a continual reminder
to order them. Tiro pencils are attached
to the file rack with strong cord.

The rack shown is made for the
usual three-piece service cards, con-
sisting of guarantee tag, record card
and claim check. Each piece is stamped
with an identical number. When the
job is brought into the shop—or picked
up—the claim check is given to the

150K
EAAA MA h
001 390K o

8% T 390ut

v

TO VERT QUTPUT TUBE

Fig. 1—Schematic diagram of the ver-
tical oscillator in the RCA KCS82.
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customer and the guarantee tag is
attached to the set. The record card
then zoes to the back of the jobs-in-the-
shop-for-service file. To work on the
johs tn order, simply remove the record
cards from the front of the file.

The most time-consuming place in
the shop i» the service bench. Keep
handy a supply of screwdrivers, align-
ment tools, pliers and small socket
wrenches. Always keep spare sets of
these on hand; the time thus saved
will move than pay for the tools.

Considerable time can also be saved
by the general layout of the service
bench. The photo shows an efficient
layout for auto and home radio serv-
icing. All test equipment is placed in
an easy-to-reach cluster and all tools
are removed from the work area.

The scope shown is used for tracing
distortion in the audio section and it
is used also to check the performance
of vibrators and buffers in auto radio
power supplies.

Directly under the scope-is an adjust-
able isolation transformer which is
used to isolate ac-dc chassis from the
highline. [t also serves to check port-
ahle radios for operation at low line
voltages. To the right of the trans-
former is a dc supply for checking
car radios. This voltage can be varied
to catch slow starting vibrators, ete.,
by plugging the de supply into the
adjustable transformer.

The hand tools are housed in the
drawers under the work surface of the
beach and do not clutter the work space.
The soider gun is mounted in a holster
hetween the signal generator and the
vivim.

Another time saver is the use of a
hench stool for a spare changer rack.
This is especially handy when the
shop is swamped with changer jobs.

For maximum efficiency every tech-
nician should establish a set service
routine and use it until it becomes
second nature. One such well-proven
procedure is first to isolate the faulty
section and test the associated tubes,
by substitution or tube tester. If this
does not clear the trouble, measure the
B voltages in the faulty section and
compare them with the schematic. In
most cases this will show the trouble

LIS 1787 CERTER DRLL
GEFTH AS SHMWH

Fig. 2—Drilling hole for guide.
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spot and chmmeter checks will find the
faulty component.

Thig is where a time saver—tube
voltage guide (see photo)—comes in.
The guide helps record the voltages in
a readable manner. These data are then
compared with the schematic and any
differences investigated. The faulty
component will show up quickly and
without any of the false starts that
usually go with hit-and-miss systems.

As an example, consider the case of
Mr. B. A. Setfixer. He thumbed through
the job file to find an easy one to finish
off a particularly hectic day and he
came to a set marked ‘“dead vertical
oscillator.”

“This’ll be a snap,” he thought,
hoisting the chassis onto the bench.
He produced a schematic (Fig. 1) and
laid it beside the set. As the set warmed
up, a single horizontal line appeared.
Delighted that the set was not inter-
mittent, he took the voltmeter probe
and “looked at” the plate voltage of
the vertical oscillator tube.

“H’'mmm. very little plate voltage
. .. but the voltage is OK coming into
the height control. The height control
must be shorxted to ground,” his weary
mind concluded.

He shut off the set and replaced the
control. Another trial produced no
raster and the voltage on the plate of
the oscillator was still practically nil.
Next our hero replaced the oscillator
tube. Then anxious to see if the plate
voltage had returned, he quickly
touched the probe to the plate pin. It
went high on the 250-volt scale.

“Doggone cheap tub-e-s Hey!
what gives here?” he exclaimed as the
plate voltage slowly diminished to zero
when the new tube heated up. Baffled, he
checked voltages around the tube socket.

“What's this? 6 volts positive on the
erid?” He tinally stumbled onto the clue
he needed — capacitor C was shorted.

The trouble is easy to explain now
that we know the cause. The tube, with
its high positive bias, looked like a
direct short to ground to the high
plate resistor (height control plus the
the 1.5-megohm resistor). Therefore the
plate voltage was near zero.

Using this hit and miss system it

TELEVISION

the trouble. Think of the time he could
have saved had he used the voltage
guide. The high bias would have shown
itself immediately.

The guide is made from 1/16-inch
Plexiglas. Two circles 1 inch in di-
ameter are drawn on the protecting
paper that comes attached to the plastic.
One is divided into 8 equal parts, the
other into 10. Each division mark is
then pricked with a sharp center punch
and holes drilled with a %4-inch
center drill to the depth shown in Fig. 2.

Octal, loctal and 7- and 9-pin tube
bases can be quickly drawn with the
guide. After you use this method a
while it will take less than a minute per
tube to draw the tube base and pick the
necessary data from the chassis.

Much time is also wasted in parading
to the tube shelves, removing the tube
from the carton, substituting it, re-
turning it to the carton and then taking
it back to the shelves. This time can be
cut to a fraction by keeping a supply
of often-used tubes right at the bench,
with those that are used continually
kept out of their cartons.

This can be done with the tube car-
rier shown in Fig. 3. It holds uncar-
toned tubes in all of the current sizes
plus a supply of cartoned tubes on the
two shelves. Several of these carriers
can be made, one for ac—dc radios, one
for consoles and one for each of your
most popular TV brands. Each space in
the carrier should be marked for a cer-
tain tube type, making it easier to iden-
tify the tube needed or the tubes miss-
ing from the carrier.

Holes in the front row (for seven-pin
miniatures) are % inch in diameter
and 1% inches deep. Those in the sec-
ond row are 7 inch in diameter and
1% inches deep for nine-pin miniatures.
The two rear rows are 13 inches in dia-
meter drilled clear through the piece for
glass, GT and metal tubes. The lower
shelves and lips are made from %-inch
plywood. The shelves may be set into
dados as shown or fastened with brads
and glue.

This by no means covers all of the
time savers available to the service
man, but it should be enough to orient
your thoughts to time saving—and pro-

took our hero over half an hour to clear  duce bigger profits. END
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industrial

techniques

Part IlI'—the camera cireuitry

By EDWARD M. NOLL

N previous articles the pulse gen-
erator and its important coor-
dination function in a closed-circuit
television system were considered.
This installinent describes the camera
arrangement of the Kay Lab industrial
television systenr, model 1985A, taken
as an example. It has three major units

-caniera, camera control and video
nmonitor. The camera proper as shown
at the left of the functional block dia-
gram (Fig. 1) houses the Vidicon, a
two-stage video amplifier and a cath-
ode-follower output stage. A special
protective circuit protects the Vidicon
tube particularly in case of a sweep
failure.

The camera control unit, which can
be located at a convenient operating
position hundreds of feet away, sup-
plies all the operating voltages, pulses
and deflection currents for the camera.
It accepts the camera video signal,
corrects it and inserts horizontal and
vertical sync-blanking pulses. A com-
posite video signal that can convey
the picture information to a television
monitor or viewer is thus formed in the
camera control unit. The camera con-
trol unit and viewer can be adjacent
to each other or separated, depending
on the needs of the installation.

The camera proper

A number of signals and voltages
are applied to the Vidicon camera tube,
as shown in Fig. 2 (left side). Ad-
justable beam, target and focus oper-
ating voltages must be supplied to it.
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These voltages are supplied from and
controlled at the camera control unit,
Fig. 1. Hence camera-tube adjustments
can be made remotely. Variable control
grid or beam wvoltage is supplied di-
rectly to pin 2 of the tube. Negative
vertical blanking pulses also arrive
over the same line from the camera
control. (You will recall from previous
discussions that it is necessary to blank
a camera tube in the same manner as
a television picture tube is blanked,
so that no spurious signals are gen-
erated during retrace intervals.)

Horizontal blanking pulses are de-
rived by shaping properly a signal
taken from the horizontal deflection
coil. This horizontal blanking arrives
as a positive pulse via capacitor C603
at the cathode of the Vidicon.

Adjustable de focus voltage is sup-
plied through a decoupling filter (re-
sistor R605 and capacitor C604) to
the focusing electrode. Adjustable tar-
get voltage is likewise applied through
a decoupling filter (capacitors C602 and
C601 and resistor R602) and the out-
put load resistor R601 to the signal
electrode.

Video signal origination

The video signal is released at the
signal electrode of the Vidicon camera
tube, developing a black-positive video
signal across load resistor R601. This
signal is increased in amplitude by a
two-stage video amplifier and is then
matched to a low-impedance coaxial
cable by a cathode-follower third video
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Typical industrial TV camera

stage. The two-stage aniplifier is a
cascode video amplifier which—as you
know from TV tuner expericnce—has
an excellent signal-to-noise ratio. Hence
the very weak video signal is kept as
noise-free as possible much as we mini-
mize snow by using cascode tuners.

As you also know, a cathode follower
is the impedance transformer of video
circuits. The camera employs such a
circuit to match the low-impedance
cable (carrying video signal over a
few hundred feet to the camera con-
trol unit) to the higher-impedance out-
put of the cascode video amplifier.

Deflection

The deflection system of the camera
consists of horizontal and vertical de-
flection coils, focus coil and two mag-
netized beam-centering rings. These
components are assembled as a com-
plete unit and fitted around the Vidi-
con tube. Horizontal deflection currents
arrive via coaxial cable (pins 8 and 20).
Vertical deflection energy arrives via
a twisted pair and pins 6 and 18. Po-
larity reversing switches are provided
at the deflection coils to provide mirror
or inverted images when desired. Such
an arrangement permits the camera
to be mounted more conveniently in
any position with the knowledge that
an upright left-to-right image can al-
ways be obtained on the viewer.

An adjustable current arrives for
the focus coil via pins 14 and 16. This
coil provides an axial magnetic field
along the length of the camera tube

RADIO-ELECTRONICS
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to obtain true uniform focus of the grid 1 of V605. In the same manner a If one or both of the deflection cur-
beam. similarly derived pulse develops posi- rents fail, the positive bias is lost at

A protective relay K601 makes beam
current dependent on the presence of
deflection currents. A pulse removed
from the vertical coil is passed via ca-
pacitor C614 to the grid of V604. It
is amplified, rectified and filtered to
provide a positive sustaining bias at
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tive bias at grid 7 of V605. The two
positive biases, when present, cause
tube V605 to draw sufficient plate cur-
rent through the relay coil to hold it

the relay control tube. Hence the relay
is de-energized and its contacts connect
a grounded resistor to the acceleration
circuit. Thus beam current is shut off

energized. In so doing the relay con-
tacts close and apply the necessary
accelerating voltage to the camera tube.

www americanradiohistorv com

and target burning by a concentrated
beam of electrons focused on a small
area is prevented. END
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JERRY KASS

OW well a television set is func-
tioning can be determined read-
ily from the picture on the
screen and the quality of the
audio from the loudspeaker. When either
of these deteriorate, the technician, by
analysis, can pretty much pin the
trouble down to a very few stages.

As an aid in doing this, and in those
cases where the trouble is difficult to
isolate, the technician can take advan-
tage of several tell-tale clues indicating
receiver operation. These clues are de
voltages available at the many test
points. The voltages at these points,
while varying from set to set, are
nevertheless signposts of what is hap-
pening in the set up to that point. In
many cases these test points have been
brought out by manufacturers to the
top of the chassis.

Several of these dc voltages are pro-
duced by local generators in the set and
thus do not vary significantly with sig-
nal strength. In fact, they exist with
the antenna terminals shorted. These
include the negative grid voltage of the
rf, vertical and horizontal oscillators,
and horizontal output tube, the boost
or bootstrap voltage and the high volt-
age.

With a TV signal applied, other dec
test points come into play to a greater
or lesser extent. These include, depend-
ing upon the receiver, the voltage devel-
oped across the video detector load, on
the age bus, at the grid of the sync
amplifier, at the limiter grid and across
the ratio detector.

The above voltages will vary, not only
with the set, but with the incoming
signal strength and occasionally with
control settings. Nevertheless, in most
cases, a range can be established as
representing a typical voltage. Expe-
rience with various sets will enable the
technician to compress this range with
different TV sets.

In considering typical voltages a
signal strength equivalent to at least
6 mv from a signal generator must be
applied. Preferably a stronger signal,
in the order of 30 mv, should be used
as a reference point.

The rf oscillator grid is an important
de check point where sound and picture
are missing on all or even a single
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channel. If a single typical voltage had
to be selected for this point it would
be —6. However, a great many sets
work nicely with oscillator grid volt-
ages as low as — 3 and as high as —13.
Unlike the vertical and horizontal oscil-
lators, the rf oscillator does not operate
at a single frequency. Varying from
about 81 me on channel 2 (21-mc if)
to about 237 me on channel 13, the
oscillator will often vary as much as
from —10 on the lowest to —5 volts
on the highest channel.

For the vertical oscillator the type
of circuit must be considered. The most
popular is the blocking oscillator which
produces a negative voltage on its grid
of from about —10 to —40. There is
sometimes a variation in this voltage
due to the grid being connected to a
hold control.

Most of the multivibrator type ver-
tical oscillators will have about —10
to —30 volts on the grid of the section
feeding the vertical output tube; prac-
tically zero on the input grid. Some
vertical oscillators depending upon feed-
back from the vertical output tube (Fig.
1) develop widely varying voltages on
their grid—as much as —65 or so as
little as —8 volts.

The horizontal oscillator stage is
pretty much dominated by the Synchro-
guide and multivibrator circuits. The
grid of the horizontal oscillator in the
Synchroguide setup is usually highly
negative, an average reading being
about —60 volts. Some sets will develop
as little as —25 volts at this point,
others as much as —80. The multi-
vibrator ecircuit, usually cathode-cou-
pled (Fig. 2), produces a much lower
voltage. The input grid is generally
close to zero or a volt or so negative,
with the output-section grid measuring
about —12 volts.

The hard-working horizontal output
tube develops a grid bias usually about
one-quarter of the peak-to-peak value
of the driving grid voltage. A common
average for this stage is about —25
volts. The variation from here is not
too great, being seldom less than —15
or more than —35 volts. This voltage
can be varied by the setting of the drive
control.

The boost voltage varies considerably
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and must be considered in relation to
the B-plus voltage of the TV set.
Assuming an average B-plus voltage of
275, we can assume an average boost
voltage of at least 475. In older sets the
boost voltage may be hardly more than
100 volts higher than B plus; in some
of the newer sets it may be as much as
300 volts above.

Average high voltages cannot be
listed since they will vary with the size
and model of picture tube. A tube man-
ual can be consulted for average operat-
ing high voltages for picture tubes.

Of the test points that develop a dc
voltage in the presence of a signal only,
the drop across the video detector load
is most important as it is an excellent
indication of signal strength. Most sets
develop a signal of about 4 volts peak
to peak at the video detector, with some
as little as 2 volts and a few as much
as 9. How much of this signal appears
on the age bus will depend upon the
point of agc takeoff and the type of age
circuitry used. The negative voltage in
simple age circuits is usually not too
much less than the voltage across the
video detector load resistor. Of course,
this relationship can vary considerably
in keyed or amplified age circuitry.
Generally, the age range from the weak-
est to strongest usable signal is from
—0.25 to —6 volts.

The voltage developed at the limiter
grid is a good indication of audio
strength. With the gated-beam and
ratio detectors and other new circuitry
this point is becoming less reliable.
However, in conventional limiter cir-
cuits a voltage of from approximately
—0.5 to —2.5 can be expected.

The voltage on the grid of the input
tube to the synec section will generally
read something less than the peak volt-
age of the input signal. Thus. conven-
tional syne amplifier or separator grid
voltages are about -—20. Voltages as

low as —6 and as high as —30 are
common.
The ratio detector is still another

important test point. Fig. 3 shows a
typical eircuit. The voltages in paren-
thesis are signal-developed. The volt-
age across the stabilizing capacitor may
vary from —5 to as much as —20.

A high-impedance voltmeter, prefer-
ably a vtvm, should be used in making
these measurements. The above volt-
ages are only typical. How efficiently
these test points can be used depends
upon the familiarity of the technician
with a given set.

Devacuuming picture tubes

I have a window display in mind that
contains a few picture tubes. It may
be handled by my customers and I would
like to make it as safe as possible. This
means breaking the seal on the picture
tube and letting atr in. I have never
attempted this but I heard that it could
easily be dome. My few experiences
with broken or cracked picture tubes
have left them wunusable for display
purposes—R. T., Chicago, Ill.
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The vacuunt in a picture tube can be
broken very easily and safely, but the
procedure requires care and patience.
Place the picture tube face down in a
shipping or similar carton. Put enough
soft packing material under the face so
that the base of the tube extends
through a small hole cut in the closed
cover. See photo.

Now drill a %-inch hole in the end
of the locating lug on the base. An al-
ternative to this is to break the lug off
with a sharp blow or with a pair of
pliers. Use a small file or cutting pliers
and make a very small hole in the ex-
haust tip so air enters the tube slowly.
Letting air in too fast may discolor
the screen or make it flake. The silvery
getter deposit on the neck will change
color immediately.

A few minutes after the small hole
has been made, the tip can be broken
off completely. From here on in caution
is limited to that of handling glassware.

Capacitor breakdown

An RCA chassis KC83 came in with
no wvertical sweep. After some search-
ing I found a defective capacitor con-
nected between plate and screen of the
vertical output tube. I simply replaced
this capacitor and the wvertical sweep
was perfect. Less than two weeks later
! had a callback, and it was the same
trouble.

I replaced the capacitor again and
and also replaced the 6K6 vertical out-
put tube; all other components in this
cireuit checked good. I mow have the
set back with the same trouble and
would like to know wchat the cause is.
I can’t face the customer on this again.
—T. L., Kansas City, Mo.

In this case the trouble is very sim-
ple. The capacitor, a .001-uf unit, is
rated at 1,000 volts. It shunts the verti-
cal output transformer and is thus sub-
jected to extremely high sweep volt-
ages. Replace this capacitor with a
good-quality .001-uf 1,600-volt unit.

15-kc whistle

Although I have noticed it on several

Motorola receivers, customers have
never complained of a high-pitched
whistle. However, I have a Motorola

row in which it is very loud and the
owner objects. I have pinned it down to
the horizontal output stage because it
appears with the vertical oscillator out
of the circuit and with the last if ampli-
fier tube removed. It is no doubt the
frequency of the horizontal oscillator.
However, the best I can do is to vary
the pitch slightly. I would like to know
of some way to shield this interference.
—P. R., Cleveland, Ohio

Unfortunately, you did not state
specifically the model number of the set.
However, the question is of a general
nature. The whistle you refer to is no
doubt the 15,750-cycle horizontal sweep
frequency. Basically, it is a mechanical
vibration and so cannot be shielded in
the usual sense—it could be caused by
a loose turn of wire or some part of the
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Devacuuming pic-
ture tube. Tiny
hole filed in ex-
haust tip lets air
in slowly and
sounds like leak
in tire or a bal-
loon.

horizontal circuit that is mechanically
resonant to the sweep frequency. Fortu-
nately it is outside the hearing range of
most people. When it is not, it must be
damped.

The most common sources of this
trouble are the horizontal output tube
and the flyback transformer. The tube
solution is simple—replacement. In some
horizontal output transformers you can
adjust the width control slightly and
eliminate the whistle. A more common
solution is to pour high-voltage insulat-
ing compound between the core and
windings of the flyback transformer. In
some horizontal output transformers
that do not use the variable air-gap
type of core, the sound can be eliminated
by slightly loosening or tightening the
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Fig. 3—Sylvania ratio-detector circuit
with static and signal voltages.

core clamping screws. However, the
powdered-iron core is fragile and breaks
easily, so tighten gently. END

49


www.americanradiohistory.com

TELEVISION

. emh e A S A Gt e b = e =

of insuphcient signal strength

i an tmportant section of the recerver

By CYRUS GLICKSTEIN#*

EAK video—a poor, low-con-

trast and possibly snowy pic-

ture—is a common TV com-

plaint. In this article it is
assumed that the weak video has
occurred in a set which previously
worked normally.

A weak picture may result suddenly
from a component breakdown or grad-
ually because of aging components.
Weak video can originate in several
sections of the set and may be caused
by:

1. A fault in the video signal path
(Fig. 1) between the antenna and pic-
ture tube.

2. A fault in a section supplying
either control or operating voltage to
any of the above circuits. These volt-
age-supplying circuits include the age
and low- and high-voltage power sup-
plies.

3. A fault which does not affect either
the video signal path or voltage sources
vet produces the effect of weak video by
reducing picture contrast or brightness.
Examples of such miscellaneous faults
are dust on the face of the C-R tube and
safety glass and a weak ion-trap mag-
net.

Tracking down a fault to the defec-
tive stage and component is usually
done in five main steps: a. noting all
symptoms carefully; b. checking the
action of pertinent controls; ¢. chang-
ing tubes; d. making key voltage, oscil-
loscope and similar checks; e. making
voltage and resistance checks around
the defective stage.

a. Symptoms Note if there is an ac-
cumulation of dust on the face of the

*Author of Repairing Television Receivers (John
F. Rider Publisher, Ine.).
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picture tube or inside the safety glass.
Check the line voltage, especially if
there are other symptoms in addition to
weak video, such as a small raster,
vertical roll, etec.

Note if there are any additional
symptoms which may localize the trou-
ble further, such as poor focus, low
brightness, sweep distortion, poor syne,
snow as well as weak video, ete. A weak
picture with snow usually indicates a
failure in the antenna, transmission
line, rf amplifier or converter stage, or
the age circuit as it affects the rf am-
plifier. A weak picture without snow
generally indicates trouble in some
stage after the tuner.

b. Controls With the set tuned to an
active channel, each of the following
controls should be rotated through its
range in approximately the order listed
and the indications noted.

1. Contrast control There should
be some variation of contrast as the
control is rotated. If no variation is no-
ticeable, check further in the contrast
control circuit.

2. Age threshold control If rotat-
ing the age control has little or no ef-
fect in varying the contrast, this may
indicate a fault in the age line.

3. Brightuness control If the bright-
ness control at maximum fails to pro-
vide normal brightness, or at minimum
fails to blank out the picture tube, but
volume is normal, this points to the
following possibilities: defective picture
tube, misadjusted ion-trap magnet, de-
fective high-voltage circuit, defective
last video amplifier tube or circuit, a
defect upsetting C-R tube bias, incor-
rect voltage to other C-R tube pins.

4. Volume control Low volume to-
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Tracking down causes

gether with weak video may originate
in a stage common to both video and
sound signals (tuner, common if stage,
etc.). However, if the volume seems
normal, this does not completely rule
out trouble in a common video—sound
stage. A fault causing a reduction in
both may still leave the sound at a
fairly high level with weak video.

To check the operation of the
complete sound signal path, turn the
channel selector to a blank channel,
turn the volume control to maximum
and note if the normal rushing sound is
heard from the speaker. If so, the fault
causing the weak video is probably in
the antenna—transmission line or one
of the tuner stages; if not, the fault is
in a stage after the tuner.

5. Channel selector and fine tuning
If weak pix is evident on only one chan-
nel and other channels are normal, re-
align the oscillator coil for the affected
channel. On occasion, an antenna—
transmission line fault may show up on
one channel only. If the weak pix is
common to all channels and the fine
tuning brings in a picture only at the
extreme of rotation, this points to a
need for a new oscillator tube, realign-
ment of the oscillator coils, or both.

6. Hold controls Check if the sync
action is defective by rotating both the
vertical and horizontal hold controls
and noting if the hold-in range is nor-
mal. If both controls act normally the
fault is probably not actually weak
video but some condition which simu-
lates this fault (such as low bright-
ness or dust on the C-R tube face).
Poor hold action indicates weak video.

c¢. Tube checks If control adjust-
ments do not eliminate the trouble,
tubes should be changed in all sections
that may be at fault. If the set has
developed a weak picture over a period
of time, one or more faulty tubes may
be the cause. Substitute a new set in
the tuner and check the result. If oscil-
lator tube substitution improves the
picture noticeably, but throws off the
alignment, vary the overall oscillator
adjustment or the individual oscillator
coil adjustments as required for correct
alignment. If the video is improved but
still weak after tuner tube changes,

ANTENNA VIDEO SIBNAL CHANNEL

TRANSMISSION LINF

TUNER VIDEN SECTION
(RF AMPL, F—s-{(VIDEO (7S,

l0SC, MIXERY VIDED DET & AMPLY
AGC CKT
LOW VOLTAGE HIGH VOLTAGE
PWR SUPPLY PWR SUPPLY

VOLTAQE SUPPAYING CKTS

Fig. 1—The video signal path and
circuits supplying voltages to it.
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substitute new video if tubes. If nec-
essary, try new video detector and am-
plifier tubes. Several new tubes in the
video channel of an older set often work
wonders in overcoming weak video and
restoring peak performance.

To determine if any of the old tubes
are usable, they may be replaced one
by one and the effect on the picture
noted. Old tubes which don’t result in
a weaker picture may be left in.

If the weak video developed suddenly,
replace those tubes first which are most
likely to be faulty on the basis of previ-
ous checks. If necessary, tubes should
be changed in the tuner, video section
(including age circuit), low-voltage rec-
tifier and any other circuit as indicated
by the symptoms and control action. If
a crystal-diode video detector is used,
make a preliminary resistance check
across the diode, measuring front-to-
back and reverse resistance before any
further troubleshooting.

d. Key checks If tube changes do not
cure the fault, the next step is to make
quick checks at the following key
points to localize the trouble further:

1. Dc wvoltage checks at the video
detector load and age line De voltage
checks should be made at the video de-
tector load and age line (Fig. 2), first
with the set tuned to an active channel,
then with the set turned to an inactive
channel.

With no signal applied (set
turned to an inactive channel), the volt-
age at the video detector load should
be a fraction of a volt negative. If a
substantial negative voltage is meas-
ured with no signal, this points to re-
generation in the video if stages and
further checks are necessary in this
circuit. With an incoming signal (set
tuned to an active channel) the volt-
age at the video detector load should be
—38 to —5. A reading of less than —2
volts indicates weak output between the
antenna terminals and the video detec-
tor.

With no signal applied, the volt-
age on the age line should be practically
zero. A positive voltage usually indi-
cates a leaky coupling capacitor con-
nected to one of the controlled if tube
grids or a defective if tube.

With a normal signal the nega-
tive voltage on the if age bus should be
—2 to —6, depending on signal
strength. In some sets there are sep-
arate agc lines to the rf amplifier and
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to the if stages. In such sets check
both age lines.

A low age voltage (small nega-
tive reading) together with an abnor-
mally high negative voltage at the
video detector, with a signal tuned in,
points to a fault in the age line which
is responsible for the loss of age volt-
age and for the video overload. The
high negative voltage at the video de-
tector may bias the video amplifier so
heavily that the video amplifier output
to the picture tube is abnormally weak

(Fig. 3). In the same way, low if age

VIDEO DET

FROM

LAST VIDED
¥ AMPL

COMMON VIDEO DE™ LOAD &
VIDEO AMPL GRID RETURN

Fig. 3—A common video-detector
output and amplifier-input circuit.

voltage, high rf agc voltage and high
video detector voltage may result not
only in a weak picture but a snowy one
because of the low amplification in the
rf amplifier. This again points to a
defect in the if age line such as a leaky
or shorted age filter capacitor.
Servicing up to this point may be
performed in the home. The following
steps are usually taken in the shop:
2. Signal tracing with an oscillo-
scope In making bench checks for weak
video, signal tracing with an oscillo-
scope is very effective. Check the wave-
form at the video detector load and
measure the peak-to-peak voltage to
determine if output at this point is be-
low par (Fig. 4). Normally it is from
2.5 to 6 volts. Check the waveform at
the plate of the last video amplifier,
with the contrast control at the maxi-
mum clockwise position. The normal
peak-to-peak voltage at this point is 40

g\ ||||:Jb.|”,|ﬂj ‘E—Aiw
ELW__:EJ-GV \ 4

Fig. 4—Typical waveforms at the video
amplifier grid and plate circuits.
1ST VIDEO IF

RF AMPL MIXER

2ND VIDEG IF

TELEVISION

to 60. These checks quickly determine
if the trouble is before or after the
video detector stage.

3. Gain checks with a sweep signal
generator and oscilloscope When a fault
is located to the video section before
the video detector, it can be further lo-
calized by gain checks with a sweep
generator and oscilloscope. Turn set to
a blank channel and disconnect the an-
tenna lead-in from the antenna termi-
nals. The scope is left at the detector
load throughout the series of checks
(Fig. 5).

With the sweep generator tuned
to the intermediate frequency and with
a 10-me sweep, apply the output to the
grid of the last video if stage. For this
stage maximum generator output may
be required. Set the scope at maximum
vertical gain for the entire test. Note
the amplitude of the signal on the scope
screen. If it is large enough, turn the
generator attenuator down so the least
possible signal input is used.

Move the generator forward to
the preceding video if grid and again
note the output on the scope. A notice-
able increase in waveform amplitude
should be visible to indicate normal
gain in the stage. A small increase or
no increase indicates a defective stage.
Repeat the process of turning down the
generator gain and noting the ampli-
tude before going on to the preceding
grid. This prevents overloading an if
stage which would result in a mislead-
ing indication of stage gain.

Then move the generator input
to the preceding grid. Check each if
stage this way in turn.

Check the front end, similarly,
by turning the set to a given channel,
again with the antenna disconnected.
The sweep generator is set to the video
carrier frequency of this channel. Gen-
erator output is applied to the mixer
grid and antenna terminals, following
the procedure described above. Per-
forming these checks on several normal
receivers will establish the wusual
amount of gain per stage.

Where misalignment is indicat-
ed, if and rf alignment should be
checked with sweep and marker gen-
erators and oscilloscope according to
manufacturer’s specifications. However,
most cases of weak video are not caused
by misalignment. Partial or complete re-
alignment may be required after replac-
ing rf or if tuned-circuit components.

e. Voltage and resistance checks
When previous checks have localized
trouble to a particular stage, further

3RD (LAST)VIDEOF

@ ;@ % VIDEO DET
ANT F 7 A
‘;puT I // // //

’

Fig. 5—Test setup for checking gain in
stages preceding the video detector.
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TELEVISION

voltage and resistance checks around
this stage usually show up the defective
part. In some cases, such as a change
in capacitor value, substitution may be
necessary to isolate the faulty com-
ponent.

Common causes of weak video

In practically every stage which can
cause weak video the fault may be pro-
duced by a defective tube or by a dras-
tic change of component value, such as
o change in value of the plate, cathode
or plate decoupling resistor or cathode,

VIDEQ AMPL

requiring realignment; open or leaky
plate bypass capacitor; defective cou-
pling capacitor from oscillator plate to
mixer grid; change in value of plate
resistor.

3. Low conversion transconduct-
ance in the mixer may be caused by:
defective mixer tube; change in value
of plate or cathode resistor; open or
leaky plate bypass capacitor; defective
coupling capacitor from mixer plate
to grid of first if stage.

c. Video section Weak video caused
by a video section defect commonly

CRT
_|_.

T 8+

screen bypass, plate decoupling or cou-
pling capacitor. The symptom may also
arise if any capacitors are open or
leaky. To avoid repetition, all trouble
possivilities are not outlined for each
section; only those most commonly
found.

a. Antenna—transmission line Com-
mon causes of weak video resulting
from antenna—transmission line trou-
hles include: antenna rotated away
from the optimum position for signal
pickup; antenna partially shorting to
some obstruction; corroded antenna
connection terminals; partial or com-
plete short across antenna terminals;
break in transmission line; one or both
transmission-line wires disconnected
from the antenna or the receiver.

b. Front end Weak video may origi-
nate in any of the three front-end
stages for the following reasons:

i. Low amplification in the rf am-
plifier stage. The signal-to-noise ratio
is determined mainly by the strength of
the video signal applied to the receiver
input; gain of the rf amplifier; tube
noise in this stage. A weak, snowy pie-
pure results from low video input to the
rf amplifier (antenna—-transmission line
fault or poor signal area) or from a
drop in signal amplification in the rf
amplifier. (The fault may be in the rf
stage or in the B-plus or age line con-
nected to this stage.) In some cases,
a weak, snowy picture may result from
a defective mixer with excessive tube
noise,

Common rf amplifier faults in-
clude: defective tube; loose shield on rf
amplifier tube; defective coupling ca-
pacitor from rf amplifier plate to mixer

erid:; change in value of cathode or
plate resistor; faulty rf coils; de-
tuned rf circuits requiring realign-

ment; open or leaky bypass capacitors,
especially in the screen or plate cir-
cuits; loose, dirty or corroded contacts
on a turret tuner.

2. Low voltage output from the
oscillator stage may be caused by:
faulty oscillator tube; open grid-leak
capacitor; detuned oscillator coil(s)
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Fig. 6—Typical pix tube input circuit.

arises from:

1. Low amplification of a video
if or amplifier stage caused by: de-
fective tube; contrast control incor-

rectly set or defect in contrast control
or associated circuit; open or drop in
value of cathode bypass capacitor re-
sulting in degeneration; substantial in-
crease in value of plate resistor or plate
leaky screen or
defective

decoupling resistor;
plate decoupling capacitor;

AGC OUTPUT

F } ].
Fig. 7—Keyed age pickup

coil is coupled to the hori-
zontal output transformer.

SOUND OUTPUT

CHANGE IN VALUE
b

300v
A LEAKY CAP

I LEAKY CAP

130V VIDEO IF’S

Fig. 8—B-plus path in series-tube set.

if coil; open peaking coil in video
amplifier.

2. Abnormally low output from the
video detector caused by: defective tube
or crystal diode; open peaking coil;
change in value of diode load resistor.

3. Incorrect bandpass in the video

section caused by: component value

www.americanradiohistorv.com

KEYED AGC

changes; defective if coil; detuning;
change in value of grid resistor.

4. Regeneration in if or video am-
plifier resulting from: open bypass ca-
pacitor; faulty lead or component dress;
cold-solder ground connection; if tube
shields missing or making poor contact
with chassis; incorrect placement of
peaking coils

d. Picture tube: A number of C-R
tube faults produce symptoms which
give the effect of weak video. These
include: defective tube (low emission
causes low brightness, gassy tube
causes unfocused beam and poor defini-
tion); defect in tube focusing circuit
or magnet assembly; incorrect voltage
applied to screen grid or focusing elec-
trode resulting in poor contrast; weak
ion trap; defect or value change in
cathode or grid circuit causing either
abnormally low or high brightness on
the screen (Fig. 6).

e. Age circuit: Age faults which can
cause weak video include: defective
age rectifier amplifier tube or clamping
diode; change of resistor or capacitor
value in agce stage or bus; shorted or
leaky capacitor in the age bus; age
control incorrectly set; defect in age
control or associated circuit. In keyed
age circuits a defective keyer pulse
coil may cause loss of age (Fig. 7).

f. B-plus supply: A fault in the B-
plus supply may result in incorrect
voltage to one or more stages in the

HORIZ OUTPUT TRANS W RECT

—
HORIZ QUTPUT

- /‘r
DEFECTIVE =

video channel and therefore cause weak
video. Most common troubles are:
defective low-voltage rectifier tube;
defective filter capacitor; defective re-
sistor or bypass capacitor in B-plus
voltage-divider connections to the video
section, front end, age stage or picture
tube. In some sets, a defect in the
audio output stage may cause weak
video where this stage is in series
(B plus) with video if stages (Fig. 8).

g. High-voltage supply: A faulty
high-voltage system can cause reduced
high voltage, thereby causing low
brightness, poor focus and a weak-
appearing picture. This type of defect
can usually be spotted quickly because
of the inability of the brightness con-
trol to provide normal brightness at
the maximum clockwise position. In
addition, other symptoms are often
present, such as a distorted raster,
blanking of the picture and raster at
maximum brightness control rotation,
ete. Corona or arcing in the high-
voltage circuit can cause noise in the
picture which looks like excessive snow
in weak signal areas. END
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MODULAR CONSTRUC-

TION appears in home radios for the
first time in the Motorola chassis HS-
515, a portable. Modules have been
used in television (Emerson) and test
instruments (Du Mont). The components
modulized in this circuit are the con-
verter circuit, including the oscillator
coil but excluding the »f output trans-
former, and most of the input and out-
put components of the detector—ave—af
stage. One interesting point that has
puzzled technicians since modules have
been announced—the list price of each
of the “modulized units” is $2.85, per
the service manual shect.

WORLD’S FIRST UNDERWATER
STUDIO is this setup of WMOP, Ocala, Fla. Solely

for publicity purposes, the studio was set up 15 fect
below the surface of Florida’s Silver Springs and broad-
casts continued for over 13 hours. The “studio,” only 8
x 8 feet in dimensions, contained a recard player, two
mikes and a line telephone. Biggest problem was
getting the cquipment into  position without dam-
age—solved by enclosing it in plastic bags for the trip to
the “studio.” The picture was taken just before signoff
with the studio lighted by lamps above the tank.

MARRIAGE of clectronics and Hollywood's tradi-

tional techniques was consummated with the leasing to
Paramount of the Du Mont Electronicam, a pictore-
taking setup which comes in two trailer trucks, one of
which is intended to be wheeled right onto the sound
stage. Essentially a standard moving-picture camera
with an clectronic viewfinder and a light sharing setup,
the Electronicam system records pictures on high-quality
film, delivers high-resolution pictures to viewfinders and
as many monitors as desired and records a kinescope
film with sound and supplies signals for recording on
video tape.

AIRBORNE TELEVISION gives viewers a
clear picture of the Pennsylvania Turnpike 50 miles
away from the camera. The transmitting station is a
helicopter whose cabin contains an FM transmitter of
100 watts ERP, an image orthicon camera, timing gen-
crator and high-gain antenna, dropped below the heli-
copter. The system was developed by Philco for the
Navy Department’s Bureau of Ships and is intended for
control of amphibious landings and possibly in jet air-
craft reconnaissance and other undisclosed applications.
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AUDI0O—HIGH FIDELITY

HIS little unit is a combination

record player and hi-fi amplifier.

The photos show a Garrard model

T manual player and 10-watt am-

plifier built into a single cabinet no

larger than the base used with the turn-
table alone.

This compactness is made possible by
building the amplifier upside down on a
standard 8 x 12 x 3-inch aluminum
chassis. The turntable motorboard
mounts above the chassis so that the
phono motor and turntable bearing
projects down into the innards of the
amplifier, Components and wiring are
arrunged so that space is left for the
mechanical assembly and the two units
are then sandwiched together.

The power transformer and tube
sockets are mounted on the rear of the
chassis along with signal jacks and ven-
tilating holes. Controls and preamp
assembly are arranged along the front
edge and the output transformer uses
the remaining space available in front
of the phono motor.

Obtain all components first, then very
carefully decide exactly where the turn-
table assembly is to be mounted and
what position the chassis will occupy
with pegard to the mechanical unit.
Then measure precisely where mechani-
cal parts project into the chassis and
how much space they will require.
When you are sure that you have al-
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Compact upside-
down amplifier.

lowed sufficient space in the amplifier
chassis for the phonograph motor and
associated parts, lay out the amplifier
components and wiring to make the
best use of the space left.

The unit shown uses Knight (Allied
Radio) S-234 10-watt amplifier kit with
the addition of a few parts. The sche-
matie diagram (Fig. 1) indicates by
large dots parts not furnished with the
kit. The mixer and preamp circuits with-
in the dashed lines are also extra parts.
A few changes were made in the origi-
nal amplifier circuit to increase stabil-
ity and extend frequency response. The
preamp and mixer sections were added
to give correct equalization for a wide-
range crystal phono cartridge and pro-
vide for a radio tuner without extra
switching.

Because the power transformer is
necessarily located close to the phono
pickup, magnetic cartridges simply will
not do. Unless you want to mount the
power transformer at the end of a 10-
foot cable, the only solution is to use
one of the new wide-range erystal pick-
ups. I selected the Ronette TO-284-P
which combines the virtues of smooth
frequency response with extremely low
intermodulation distortion.

The Ronette is fed into a 220,000-ohm
load to attenuate response below 50 cy-
cles. The .03-uf coupling capacitor in
the plate circuit of the first stage was

www americanradiohistorv com

Unusual arrangement has
amplifier built around

record player

By GEORGE L. AUGSPURGER

chosen for the same purpose. If the
cartridge works into a load of 1 meg-
ohm or greater, it picks up all sorts of
subsonic pulses from the turntable
whieh easily overdrive small speaker
systems. Since (contrary to advertise-
ments you may read) no bookshelf
speaker puts out any sort of usable re-
sponse below 50 cycles, it seems silly to
use amplifier power just to burble the
speaker cone back and forth. Such low-
frequency pulses can cause considerable
distortion by driving both amplifier and
speaker into nonlinear operation.

The response curve of the Ronette
shows a very gentle rise to about 5 ke
and then a gradual slope to about 10 ke.
High-frequency losses in the mixer cir-
cuit smooth out the high-frequency
peak, and the .004-uf bypass capacitor
in the 6SC7 cathode circuit reinforces
the droop above 5,000 cycles to give a
very close approximation to the RIAA
curve.

Output voltage from the Ronette car-
tridge is enough to drive the amplifier
without the 6SC7 preamplifier stage,
but phono—radio isolating resistors and
balance control drop the gain enough
to make the extra tube desirable. It
would be easier just to include a
“phono-radio” switch on the front
panel but the system was designed to
be as simple to operate as possible: To
play the phonograph turn the amplifier
on and put a record on the table; to
hear the radio switch on both tuner and
amplifier, and there you are.

A balance control is included in the
phono preamp so that radio and record
player loudness can be adjusted to the
same level. If a compensated loudness
control (such as the Centralab Cl-70-S
Compentrol) is used for the main vol-
ume control, the balance control can be
used to adjust the maximum level and,
therefore, the amount of loudness com-
pensation at normal listening level.

The two-channel mixing circuit at-
tenuates high frequencies somewhat.

RADIO-ELECTRONICS


www.americanradiohistory.com

R1—220,000 ohms
R2—3,300 ohms
R3—100,000 ohms
R4—33,000 ohms
R5—100,000-0hm pot
R6—100,000 ohms
R7—100,000 ohms
R8—100,000 ohms
R9—2,700 ohms
R10—270,000 ohms
Ril—1-megohm pot

Parts for upside-down amplifier

R20—1,500 ohms
R21—33,000 ohms
R22—33,000 ohms
R23—7,500 ohms
R24—220,000 ohms
R25—220,000 ohms
R26—300 ohms, 5 watts
R27—50-ohm pot, 2 watts
R28—15,000 ohms, | watt
R29—2,200 ohms, 2 watts
R30-—250 ohms, 5 watts

Cé6—.02 uf

C7—250 uuf
C8—.005 uf

C9—.05 uf

C10—.001 uf
Cl1—.05 uf

Cl12—.05 pf
C13—270 puf
Cl4—.01 pf

CI15—40 uf, 450 volts
Ci16—50-80 pf, 475 volts, electrolytic

AUDIO—HIGH FIDELITY

V6—5Y3-GT

S—spst switch on volume control

Tl—output transformer for push-pull
6V6's, 10,000 ohms plate-to-plate,
10 watts

T2—power transformer, 760 volis ct @
125 ma, 6.3 volts @ 3 amps,
5 volts @ 2 amps

Octal sockets (6)

Pilot light and assembly

Input jacks (2)

R12—22,000 ohms All resistors /2 wott unless otherwise All copocitors 600 volts unless other- Output jack
R13—i-megohm pot noted wise nofed Line cord
R{4—i.megohm pot C1—.004 pf YI—6SC7 Knobs (3)
R15—270,000 ohms C2—.03 uf V2—6SN7-GT Chassis, about 8 x 12 x 3 inches
R16—4,700 ohms C3—20-10, 50 uf, 450-450, 50 volts, V3—6SNT-GT Record player
R17—47,000 ohms electrolytic V4—4V6-GT Cabinet for record ptlayer and
R18—{ megohm C4—.02 uf V5—6V6-GT amplifier
R19—100,000 ohms C5—.002 pf
- ———— v2 6SN7-GT v 6SN7-GT va,v5 6V6-GT

XTAL PHONO INPUT
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R3C 250a
50R7W
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TSN T-GT %, 6V6-GT
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POWER
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Amplifier com- c3
ponents are ar-
ranged to fit around
underside assembly
of the phonograph
record player.
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T
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Fig. 1—Schematic diagram of the up-

side-down

unit—fundamentally

the

Knight 10-watt high-fidelity amplifier.

Rear view of the amplifier,
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OUTPUT TRANS
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AUDIO—HIGH FIDELITY

Fig. 2—How high  §§ ]
- 100K
frequencies e
are lost in
mixer circuit.
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GRID-CATH CAPACITANCE
MULTIPLIED BY MILLER EFFECT

B

The DMiller effect increases interelec-
trode capacitance between the first
6SN7 grid and ground. This capaci-
tance. together with the 100,000-ohm
isolation resistors, forms a high-fre-
quency shunt circuit (Fig. 2). Addi-
tional treble losses are introduced when
the 1l-megohm volume control is near
mid-setting.

Fortunately, the .001-uf capacitor in
the main feedback loop not only stabil-
izes the high-frequency response of the
amplifier but compensates for the loss
of highs in preceding stages. The value
of this capacitor can be changed to
compensate for wiring layouts, trans-
formers variations or circuit changes.
Once the response curve of the ampli-
fier has been flattened, however, check
for high-frequency instability.

All inexpensive feedback amplifiers,
such as the Knight or Heathkit A-7D,
have a tendency to ring when over-
driven. This can be observed by run-
ning about 60 cycles into the amplifier
and watching the output on a scope
while the system is connected to a
speaker load. Crank up the input signal
until clipping is visble. If somewhere
in the process a fuzzy shape (Fig. 3)
appears on part of the waveform, it
indicates high-frequency instability.

N

SHADED PORTIONS INDICATE MGH FREQ INSTABILITY

Fig. 3—Oscillescope pattern shows
ringing as amplifier is overdriven.

Changing the values of C10 and C13
will get rid of the ring but will also
change the amplifier response curve. A
small capacitor of 50 to 250 puf across
the phase-inverter plate resistor will
often eliminate instability without seri-
ously changing of characteristics.

The Knight kit, as furnished, also
nas a positive feedback loop to increase
sensitivity, but it was impossible to re-
tain this circuit and still keep the am-
plifier stable under all load conditions.
Since the amplifier has plenty of gain
as diagrammed, there is no reason to
worry about loss of positive feedback.

Juggling capacitors and feedback
loops, as mentioned, is necessary only
if you are a perfectionist and have the
necessary equipment. The amplifier will
sound good if the diagram is followed
exactly. Hum is a different sort of
problem—it is something you can hear
and consequently worth while getting
rid of. The 50-ohm 2-watt hum-balanc-
ing pot and .01-uf capacitor from the ac
line to chassis ground are both added
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to keep hum below audibility.

The balancing pot is a feature found
in most commercial hi-fi amplifiers. The
idea is that, by shifting the ground
point of the filament system, a null
can be found where hum introduced in
the heater circuit cancels hum voltage
picked up from other sources. Although
this scheme lowers the hum level of
the amplifier to insignificance if good
wiring practice is followed, the input
circuit is still sensitive to body capaci-
tance unless the chassis is grounded.
And most people don’t have ground
wires available for small record players.

Nonmetallic tone arms, such as that
on the model T, provide no shielding

for the pickup wires at the point where
you handle the arm to put it on a
record. Every time you put your fingers
on the pickup head an annoying loud
buzz is heard. A small capacitor from
one side of the ac line to the chassis
will stop this nuisance so long as the
line plug is inserted the right way.

Any small amplifier circuit can easily
be adapted to the upside-down type
of construction. The Knight circuit de-
scribed or the Heathkit mentioned are
both excellent low-power amplifiers for
small systems. The builder will find
that one of these or a similar kit plus
the additional chassis and other perts
cost considerably less than purchasing
individual components.

The cabinet can be made like the
one shown here or designed to fit any
standard manual player or rczcord-
changer assembly. Most comp2nies
furnish mounting templates with their
phono units so that chassis and cabinet
can be accurately laid out beforehand.
If you don’t have the tools or skill, any
local cabinetmaker can do the job. END

BALANCING THE GOLDEN EAR

The long-term stability of the direct-
coupled front end in Mr. Marshall’s
Golden Ear amplifiers is poor because
of the severe requirements which it
places on the stability of the B-plus
and heater-voltage supplies. Since the
B-plus supply to the inverter stage is
regulated by a voltage-regulator tube,
the primary cause of balance drift is
probably line-voltage variations. For a
particular 12AU7 selected at random,
the cathode-to-cathode voltage of the
cathode-follower input stage varies
about .038 volt as the line voltage is
varied from 105 to 125, with plates
held at 150 volts.

This modification improves the bal-
ance and minimizes drift by applying
negative feedback from the driver
plates to the grids of the input stage
as shown in dashed lines. To maintain
gain within the loop, the feedback
paths are designed as low-pass net-

2.5MEG BALANCE CONT

e Yy e g — e — A AN ——
} - __T TI 4.7MEG

> 1IMEG 5ie

p3 | L s

works with the 3-db point at .04 cycle.
For the values shown, the feedback
amounts to around 27 db. The proper
balance point is reached by controlling
the resistance in one of the feedback
legs with a variable resistor. The 330,-
000-ohm grid resistor for the lower half
of the 12AU7 is shunted by 15 uuf for
907 compensation of the grid-to-plate
capacitance.

No claim is made for originality in
this design, although I have not seen
a comparable feedback circuit described
anywhere.—Joseph J. Conradi

(Mr. Marshall reports that this mod-
ification works fine and produces a very
stable amplifier. He adds however that
it is simpler and no more expensive
to add another 150-volt voltage-regu-
lator series with the one already in the
Golden Ear amplifiers and apply 360
volts regulated to the driver—Editor)
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tereo
Tape
omes

Theory, tape and equipment for the

latest in aundio realism

HERMAN BURSTEIN

By

T is virtually a matter of months

since tape equipment has hecome a

significant member of the high-

fidelity family. Though there are
perhaps two million tape recorders in
American homes, yet the vast majority
have been employed as novelties rather
than to record and reproduce music
with anything like fidelity. But during
the past year the home tape player
has at last made substantial headway.
Today some 30 lahels of prerecorded
tape offer various types of music, cer-
tainly an indication that tape is finally
coming into its own.

With monaural tape just acquiring
a firm foothold in the high-fidelity
rcalm, stereophonic tape is but a step
behind. So short is the step that it is
hard to remember the infant of two or
three years ago, to be heard only at
audio fairs, a few sound salons and
other select places. Although it still has
a long way to go, nevertheless it may
fairly be said that stereo tape has come
of age. A year or so ago the audiophile
who wanted to play around with stereo
was thrown largely on his own re-
sources unless he could atford one of
the few and expensive pieces of equip-
ment then available. Today he is in a
position to choose from a variety of
stereo tape products at prices suiting
any pocketbook. Monthly his choices
increase.

When we consider that much has
been made of three-dimensional listen-
ing only within the last few years
(outside of a few path beaters like
the motion picture Fantasia which ap-
peared in 1941), it is interesting to
note that stereophonic reproduction
goes back at least as far as 1933. At
the Chicago World’s Fair that year a
binaural system was demonstrated

NOVEMBER, 195¢

which employed earphones. Later that
vear Bell Laboratories presented a
three-channel system using speakers
instead. There are even earlier re-
ports of experiments carried on by
broadcast stations on two channels, on
which I can get no details at the mo-
ment. These ecarly experiments were
limited to simultaneous production and
reproduction of sound because the ex-
isting media for audio recording did
not permit preservation of the exact
phase (time) relationship between
pickup of the sound by each micro-
phone.

The advent of tape recording pro-
vided a ready means for recording two
separate sources of sound in their orig-
inal phase relationship. Shortly after
World War II, experiments along this
line were conducted hy personnel of
the Armour Research Foundation. Then
followed the practical adaptation of
these findings first by one or two tape-
recorder manufacturers and subse-
quently by a considerable number.

Stereo vs binaural

Three-dimensional sound on tape,
feasible for the home, initially took the
form of binawural reproduction, requir-
ing earphones in playback. This syvstem
employs two microphones spaced about
8 inches apart—equivalent to the dis-
tance between a human’s ears—and
separated by a sound-absorbent mate-
rial. The dual microphone setup is
positioned in such a spot as a listener
might occupy for favorable results.
Sound picked up by one microphone
is recorded on the lower track of the
tape and sound from the other on the
upper track. In playback, the signals
from each track are separately ampli-
fied and fed to the listener’s left and
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Educational Labs
M-7 stereo recorder.

The portable stereo
recorder made by
the Amplifier Corpor-
ation of America.

right ears. In short, the tape recorder
is a time-delay device which places
the listener’s ears at the original per-
formance.

Although binaural reproduction has
pronounced advantages for industrial
use, such as analyzing machinery per-
formance, it became apparent that sus-
tained listening to music through head-
phones, while marvelously realistic, is

a downright nuisance for most per-
sons. Therefore the sound from bi-
naural tape was funneled through

speakers instead. But the remarkable
illusion gained through headphones no
longer existed when speakers were sub-
stituted.

However, it was found that a good
deal of the illusion could be regained
by proper placement of microphones
and speakers. Stereo reproduction
through speakers, although still not
as realistic as through headphones, has
improved to the point that—weighing
comfort against realism—stereo is
preferable. Consequently, practically
all the three-dimensional tapes made
today are produced on a stereo basis;
that is, the microphones are several
feet rather than a few inches apart.
It is to be expected that further ad-
vances in microphone technique and
speaker location will continue to lessen
the difference between binaural and
stereophonic reproduction.

Stereo systems

Stereo reproduction (via speakers)
is based on the “curtain-of-sound”
theory. It assumes a soundproof curtain
between the original source, say an
orchestra, and the listener. This curtain
is punctured—in monaural listening—
by the single microphone on the stage
and the single speaker in the listener’s
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Above, the Ampex S-5290 stereo
recorder. Above right, Educa-
tional l.aboratories model M-6A.
Right, the Berlant-Concer-
tone model 33-2 stereo recorder.

living room, giving rise to the so-called
“hole-in-the-wall” type of reproduction.
Hypothetically, for the curtain-of-sound
effect, on the far side of the curtain
i= a line of microphones, while on the
listener’s side is an equal number of
speakers. Each mierophone is linked
tarouzh an amplifier to the speaker di-
rectly opposite it. Thus each micro-
phone-speaker combination constitutes
a channel for penetrating the sound-
proof ctirtain. By inserting a tape re-
covder between each microphone and
speaker, one introduces a time delay
which permits the listener to hear the
orchestra at a later time and at another
site; the orchestra is brought into his
own room,.

While the curtain-of-sound theory
does not operate perfectly because each
microphone cannot be confined to an
exact area, nevertheless it performs
very well in practice. The number of
transmission channels required to com-
plete the stereophonic illusion ranges
from four to six, depending upon the
nature of the sound source. Experience
has shown that a lesser number of
channels can closely approach the ster-
eophonic etfect. A two-channel system
is a major advance over a monaural
(one speaker or two speakers fed from
ore channel) system. Another major
step iz achieved by a three-channel
system, which is often considered to be
optimum. Further increase in number
of channels adds relatively little or
nothing to the stereophonic sensation.

For economic and technical reasons,
present stereo tape equipment intended
for the home is two-channel although
at least osne company (Ampex) makes
a professional three-channel machine
with a price tag around $2,500. As
previously indicated, however, a two-
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channel system can go a long way
toward imparting the illusion of a

three-dimensional source.

Two-channel stereo tapes require
that the two microphones be spaced
between 6 and 20 feet apart, depend-
ing on the sound source. Usually, the
spacing is between ¢ and 12 feet. The
reproducing speakers should be sim-
ilarly spaced if possible. It is recom-
mended that both speakers be in line
with each other so that their axes are
parallel, as shown in Fig, 1-a. not
turned in, as Fig. 1-b, so that their
axes converge. Fig. 1-a corresponds to
the curtain-of-sound principle previ-
ously described. Thus the stereophonic
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Fig. 1—Speaker placement at a is pre-
ferred to the toed-in arrangement at b.
illusion is preserved (more or less)
in virtually any part of the room when
the speakers are as in 1-a whereas
the placement in 1-b causes the listen-
er’s position to be more critical for
satisfactory results. Some authorities
disagree as to the rigidity of this rule,
and the listener may well experiment
with speaker placement.

Although a stereo system apparently
calls for doubling the audiophile’s para-
phernalia so far as control units, power
amplifiers, speakers, etc. are concerned,
this is not true when cost and space

www americanradiohistorv com

are considered. Dual preamplifier—am-
plifier combinations, all on one chassis,
that are less than double the price of
their monaural counterparts are avail-
able. If the user needs only add an
additional amplifier to accommodate the
second channel, he can do quite nicely
with a unit of moderate power, say
10 watts, not only because the total
power requirements are now divided be-
tween two channels, but also because
music at a substantially lower level
will provide the same sensation of
sound filling the room as does a mon-
aural system operated at high power.

So far as speakers are concerned,

it has been observed that a stereo-
phonic  system makes considerably
smaller demands than does a monaural
system for the same degree of satis-
faction. True, it would still be nice
to have the best that money can buy.
However, one is apt to find much less
difference between relatively small and
inexpensive speaker systems and their
expensive brethren when using a stereo
system than when reprodueing mon-
aurally. It has also been observed that
stereo systems are more tolerant of
limited frequency range and distortion.

On the other hand, it is felt in some
quarters that ideal stereo results call
for speakers with frequency response
characteristics carefully matched to
preserve the correct amplitude relation-
ship between channels.

In-line vs. staggered heads

The stereo effect depends upon sev-
eral acoustic phenomena, one of which
is a difference in frequencies picked
up by each microphone—*violins on
the left, bass on the right”; another
is difference in amplitude; a third is
difference in phase of the same sound
picked up by each microphone. Sub-
stantial importance is attributed to
phase differences.

If the playback heads for each chan-
nel are not spaced exactly the same
distance apart as in recording, the
phase relationship between channels is
altered. A number of authorities feel
that it is therefore vital to preserve
precisely the same spacing between
heads in playback as in record. To this
end the so-called in-line head has been
developed. It consists of two individual
heads constructed as a single unit seo
that the gap of one is vertically in
line with the other. To align the two
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gaps exactly is no small feat, so one
in-line head at present often costs
more than two equivalent single-gap
heads.

In part because of cost, some man-
ufacturers are using staggered heads,
which are spaced 1.25 inches apart.
Some authorities claim that gap spac-
ing must be preserved with an ac-
curacy on the order of .0001 inch (well-
nigh impossible with staggered heads) ;
others claim that in practice the spac-
ing can be varied considerably before
the ear detects a difference. Moreover,
they believe, if a difference is detected,
it does not necessarily follow that the
stereophonic effect is less profound than
it otherwise might have been. It is
different, but not necessarily inferior.

From the viewpoint of fostering the
stereophonic sensation, the battle of in-
line vs staggered heads is still to
be won decisively, although the trend
appears to be toward in line. As a
general rule, the more expensive ma-
chines use in-line heads, but some mod-
erately priced units incorporate them
as well,

In-line heads have at least two ad-
vantages apart from preservation of
phase relationship. Mechanical posi-
tioning of a single in-line head with
respect to the tape is simpler than
alignment of two heads. A second
important advantage is that editing
is far simpler. Staggered heads pose
the problem of cutting splices in stag-
gered fashion to avoid detection.

On the other hand, the staggered-
head system is—at least up to now—
less costly and has the advantage of
no cross-talk. There is mutual coupling
between each section of an in-line head
—each section, through induction, de-
tects some of the signal picked up by
the other section. Although the cross-
coupled signal from the opposite chan-
nel is usually at least 35 to 40 db down,
this nevertheless presents certain dif-
ficulties. If the head is used to play
a stereo tape, some reproduction of
channel A by head B and vice versa
is not noticeable because, after all,
both channels are reproducing the same
material. However, if one section of
and in-line head is to play track A
of a dual-track monaural tape, then
the unused section will pick up the sig-
nal from track B, transferring some
of this signal to the first section. Even
though the signal from track B is 40
db down, it can be quite disturbing
during quiet passages of track A. Con-
sequently, at least one of the machines
with in-line heads uses an additional
single-gap head for playing monaural
dual-track tapes.

Commercial equipment

This section describes products al-
ready available or shortly to appear on
the market and intended principally
for home use in connection with re-
cording and/or playing stereophonic
tape. The author has tried to contact
all tape-recorder manufacturers listed,
to ascertain what stereo equipment is

NOVEMBER, 1956

being made. Such omissions as may
occur are therefore entirely inadvertent.
Prices have been included wherever
obtainable. Note that these are highly
approximate and are given chiefly to
show ratios of cost between one piece
of equipment and another. Prices vary
too greatly with time, geographical
location and dealer audiophile policies
to make it possible to come very close
to the actual price at any given point
some months after the article is written.

Stereo tape equipment presently or
soon to be available offers the audio-
phile a great deal of choice in setting
up a stereo system. He can purchase
a unit which permits stereo recording
as well as playback; he can purchase
playback equipment only; he can pur-
chase a complete stereo system inclu-
sive of power amplifiers and speakers;
he can purchase individual components
intended for stereo use, such as tape
transports, preamps, power amplifiers,
heads, speakers, ete.

All the equipment discussed below
is designed to operate at 7.5 inches per
second. Most ave designed to operate
at 3.75 ips as well. Some offer the
option of other speeds, such as 15 ips.
In virtually all cases, the NARTB
equalization characteristic is followed.

Record—playback units

Record-playback stereo machines
now available include those of Ampex,
Concertone, Amplifier Corporation of
America and Educational Laboratories.
Reference here is to an ensemble con-
taining a transport mechanism and
matched preamplifiers, with no assem-
bly or adaptation of one unit to an-
other required.

The Ampex stereo recorder, model
S-5290 is available on special order.
Except for the in-line heads, this model
has the same components as the familiar
monaural model 601 (formerly the
600, which had a high-impedance out-
put). The tape transport is the same
and so are the record-playback pre-
amplifiers, two of which are used. How-
ever one of the preamplifiers contains
no oscillator, means being provided for
feeding bias and erase currents to both
channels from the oscillator in the
“master” preamplifier. Price of the
S-5290 is $950 for the chassis alone
and $995 in a portable case.

Ampex manufactures a companion
amplifier-speaker combination, model
620, available in a portable case or in
a “furniture” version at $169.50 (blond
$10 additional). Model 620 contains
equalization to compensate the fre-
quency characteristics of the speaker
in its enclosure so that the amplifier—
speaker combination is substantially
flat over an extended range. Altogether,
a complete Ampex stereo system may
be had at a cost of about $1,335.

Berlant-Concertone produces a stereo
recorder in both its series 20 and series
30 lines. (The essential differences be-
tween the two are that the latter em-
ploys better motors in the transport
and is manufactured under conditions
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of more rigid quality control and parts
tolerances. The series 30 line costs $200
more.) Model 23 is priced at $795 and
model 33 at $995; this includes trans-
port and two preamplifiers, without
enclosures. Model 33-2 is housed in two
portable enclosures costing $120 addi-
tional. In the Berlant-Concertone units,
each preamplifier has its own oscillator,
the two being operated in synchroniza-
tion to avoid beat frequencies. The
company has introduced a variety of
conversion kits which permit its mon-
aural machines to be converted into
stereo units either for playback only
or for record as well as the playback
function.

An amplifier-speaker combination is
produced by Berlant-Concertone. Part
No. 105250, priced at $150, is housed in
a portable enclosure, and Part No.
105251, priced at $195, comes in a wood
cabinet. Each cabinet also provides
room for one preamplifier. Thus a
complete system, including power ampli-
fiers and speakers, would cost a min-
imum of $1,155 (series 20, portable
enclosures) and a maximum of $1,460
(series 30, wood cabinets).

While intended for educational pur-
poses, primarily language instruction,
two machines marketed by Educational
Laboratories may be used for home
stereo recording and playback. Models
M-6A and M-7 both employ staggered
heads and are respectively priced at
$269 and $295. At present the Edu-
corder Duals, as they are called, do
not offer response beyond 7,500 cycles
at 7.5 ips, but a communication from
Educational Laboratories states, *In
the near future we will bring a com-
panion model into production which
will have improved frequency response,
suitable for hi-fi recording and repro-
duction of stereophonic sound.” The
company offers two separate speakers
in a split case (model EL-2S) for $48.
Separate power amplifiers are not
necessary as the Educorder Duals con-
tain their own. The M-6A furnishes
1 watt per channel and the M-T7 nearly
5 watts.

A portable battery-operated machine
is manufactured by Amplifier Corpora-
tion of America. The Stereo-Magnemite
uses staggered heads and has a price
of $395 for the 7.5-ips model. Frequency
response at this speed is 50-7,500
cycles. The transport has a spring-
wound motor, which must be rewound
every six minutes for the 7.5-ips model,
The preamplifier is powered by bat-
teries, which have a life of about 59
hours. The machine contains no erase
head but for $13.50 additional an eras-
ing device in the form of a permanent
magnet may be obtained. Accessory
stereo headphones are available (these
permit playback checks in the field).
Another accessory of interest is a
spare-tube kit consisting of selected
low-microphonic tubes. T0 BE CONTINUED

The second and concluding part of this article
will discuss playback units, conversion kits and
other components and will contain a listing of
stereo equipment available to date.
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By JOSEPIT CHIERNOF

AUDIO CONVERSIONS

are PROFITABLE

Improve the sound
i extsting T1 s

and radios. The
author cites a job on
a 20-inch T as

an example

The completed in-

stallation—amplifier

is mounted, speaker
is enclosed.

The added outboard
amplifier chassis.
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NE of the service technician’s

more lucrative sidelines has

been custom installation work.

Most of these jobs are on high-
fidelity audio equipment, although cus-
tom TV installations were quite popular
a few vears ago. The rewards in this
field have been fairly high, yet few tech-
nicians have actively solicited this type
of work.

Probably this is because technical
ability in electronies does not neces-
sarily qualify one as an interior dec-
orator, cabinetmaker or carpenter.
Conversely, the scarcity of technicians
who can do satisfactory work in this
line and the resulting high labor costs
have priced custom installation beyond
the reach of much of the potential mar-
ket.

I have worked out what I believe a
new approach to this dilemma. Here,
the existing console radio—phonograph
or TV set, already firmly established
and accepted from a furniture stand-
point, is audio-modified to give higher-
fidelity performance. The modification
is complete: the chassis is reworked,
inferior components replaced and cir-
cuits poor in fidelity are redesigned.
Even the acoustical properties of the
cabinet are improved whenever possible.

Total costs are surprisingly small;
most of the conversions I have worked
on have been in the $50 to $75 range,
vet results have been good. Best of all,
the conversion of existing sets removes
the appearance problem as a major fac-
tor. At the same time. you are able to
present the customer with a complete,
ready-made, easy-to-operate improved
fidelity home sound system at a fraction
of the cost of equivalent commercial
sets or custom installations built from
separately purchased units.

Only a few basic requirements need
be met by a radio or TV set to justify
its conversion: the set must be a con-
sole model, although a separate speaker
enclosure plus a good speaker would do
much to improve any table-model set.
It should have a transformer type
power supply; a push-pull audio output
circuit is desirable. A reasonably sub-
stantial and attractive cabinet is just
about a necessity. A built-in record
changer would be convenient but not
particularly important.

In the installation to be described, the
original set—a Hoffman 20-inch con-
sole TV—met most of these qualifica-
tions. Its owner was an amateur musi-
cian of considerable ability. He had
used the set, which was equipped with
phono input jack, with an external
three-speed record changer. Somewhere
along the line he had heard some of his
records played on a top-quality sound
system and shortly thereafter asked
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me to “make my equipment sound that
way” in the most economical manner
possible.

Approaching the problem

[ examined the four main elements of
his original sound system: phono car-
tridge, amplifier, speaker and enclosure,
to determine what, if any, changes or
substitutions were needed. The phono
cartridge was a turnover type crystal
unit. Its frequency response was quoted
as being flat from 80 to 5,000 cycles,
which hardly placed it within the high-
fidelity class. This was replaced by an
Electro-Voice type EV-47 push-pull
ceramic cartridge, ideal for this appli-
cation since the ceramic unit provides
improved fidelity while retaining the
low cost and high output voltage of a
crystal unit. The relatively high out-
put voltage makes additional preampli-
fication unnecessary.

Using the ceramic cartridge necessi-
tated changing R1 (Fig. 1) from 1 to 2
megohms and R2 from 500,000 ohms to
I megohm to provide the proper 3-meg-
ohm load termination. Capacitor C1 was
changed from 47 to 22 puf. The speaker,
an inexpensive 12-inch unit, was checked
and found deficient in fidelity and
power-handling ability at both ends of
its range. An Electro-Voice type SP-
12B, a good-performing moderately
priced coaxial speaker, was substituted.

The amplifier circuit was checked and
response curves taken at several levels.
Fig. 2, made with an input of 1 volt
from a Hewlett Packard 200D audio
oscillator, is the voltage across the voice
coil. The relatively poor fidelity was at-
tributed to the inadequate output trans-
former, the normal limitations of a
single-ended output stage without feed-
back and the small values of coupling
capacitators used in the audio circuits.
The power supply seemed adequate, but
[ made a note to check for a possible
need for additional hum filtering in the
audio B-plus supply.

Rather than making the most of the
set's single-ended output, I decided to
change to push-pull. To reduce the
amount of modification work required
in the original TV receiver chassis, an
external output chassis (Fig. 3) was
built. This contained phase-inverter
and push-pull output tubes, an output
transformer and tone controls. The out-
put transformer was a Triad type
S-31A. Power for the external chassis
and the audio input signal were ob-
tained from an adapter which plugged
into the socket originally occupied by
the 6K6 audio output tube.

Conventional circuits were used. A
12AX7  twin-triode drove push-pull
8V6’s. The first section of the 12AX7T
provided additional amplification and
the second section was used as a phase
splitter of the split-load or cathodyne
tvpe. Both treble and bass tone controls
are in the grid circuit of the first
12AX7 section. Since the external out-
put chassis was to be mounted in the
rear of the set (see photo) adjacent to
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Fig. 2—Graph shows

the frequency re-

sponse of the original
audio circuit,

Fig. 1—Schematic of original audio
circuitry in the Hoffman 183B chassis.

the main chassis, these controls would
not be readily accessible. However,
since one of the main reasons for their
use was to provide & flexible means for
equalizing the various types of record-
ing characteristics, it seemed unlikely
that frequent readjustment would be
necessary.

The power output stage is conven-
tional; CI, C2. Ri and R2 are recom-
mended by Triad engineers for use with
the S-31A output transformer. The re-
sistor and capacitor across each half of
the output transformer primary wind-
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ing work with the transformer leakage
reactance, creating a low-pass filter to
eliminate the extreme high frequencies
and prevent instability. This permits
substantial amounts of negative feed-
back with the feedback loop around all
three stages of the output chassis. The
speaker connections are made directly
to the 8-ohm tap of the secondary wind-
ing of the output transformer.

The remaining modifications were
done on the main TV chassis. The major
problem here was to obtain the neces-
sary ac and de power for the external
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Fig. 3—Schematic diagram of the audio output amplifier fed from the TV set.
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Fig. {—Diagram shows modified circuits in the audio section of the televiser.
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chassis without overloading the TV
power supply. The most straightfor-
ward approach seemed to be to disable
some of the high-current-drain TV cir-
cuits when the set was used solely for
audio reproduction. This method, how-
ever, would not provide a means of op-
erating the external chassis during TV
reception.

The problem was solved by rewiring
the TV—phono switch (Fig. 4). Orig-
inally, this switch changed the audio
amplifier input from the ratio detector
output to the phono input jack. It also
switched the picture-tube control grid
from the brightness control circuit to
ground, cutting off the picture tube
when the phonograph was being used.

In the revised circuit, a triple-pole
double-throw switch was substituted for
S1-a and S1-b (ganged sections of the
original TV-phono switch). In the new
circuit Sl-a performs as before in
switching the audio amplifier input
from the ratio detector output to phono
input; S1-b is in series with the % -amp
fuse which carries the entire current of
the horizontal output and damper tubes
so that this supply is open in the PHONO
position. The current thus obtained is
ample for operation of the output
chassis. Section S1-c¢ opens the cathode
return of one of the 6V6 output tubes
which is run into the main chassis
through the adapter. This cathode re-
turn is open for TV reception to cut
down. the B-plus drain of the output
chassis to an amount only slightly more
than that used by the original audio
circuit.

Even using the single 6V6 output
stage, due to the superior output trans-
former and speaker plus the negative
feedback there is a substantial improve-
ment in fidelity over the original TV
audio circuit. Other changes made in the
original TV receiver chassis are: R3 is
deleted; C2 (.005 uf) and C3 (.01 uf)
are both increased to .05 uf.

No provisions were made to supply
the additional filament current require-
ments for the external output chassis.
Fortunately, the original power trans-
former was able to handle the increased
load. This was not completely a matter
of chance since a uhf adapter jack at
the rear of the receiver indicated that
there would be spare filament current
available from the power transformer.
It is possible that in other modifications
of this type a filament transformer
might have to be added. This is a fairly
low-cost item and should present no
problem.

Parts for conversion amplifier

(does not include changes made in TV chassis)
Resistors: 1—2,200, 1—2,700, 1—10,000, 3—47,000, |—
180,000, 1—270,000, 3—470,000 ohms, ' watt; 2—2,200,
i—10,000 ohms, | watt; 1—270 ohms, 5 watts; 2—
500,000 ohms, potentiometers.

Capacitors: 3—.001, 1—.002, 1—.01, 1—.02, 3—.05,
1—0.25 uf, 400 volts; |—8-uf 450-volt filter capacitor;
{—20-uf 50-volt filter capacitor.

Miscellaneous: 2—&Yé's, 1—12AX7; 2—octal, |—9-pin
miniature socket: |—octal adapter plug; |—I5-watt
audio output transformer, good quality (Triad S-31A
of equivalent) Pri: 8,000 ohms P-P, Sec: 4, 8, 1é6
ohms; l|—chassis; |—3-pole 2-position switch; 2—
knobs.
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Reviewing the audio modifications
made, an external high-quality audio
output chassis was used in place of the
original output tube. It was connected
through an adapter to the original out
put socket to pick up power—supply
voltages and the audio input. The ex-
ternal unit provides push-pull output
for phonograph playback and highly
improved single-ended output for TV
reception. The existing TV-phono
switch on the main receiver chassis was
modified to provide the additional cur-
rent needed during phono operation by
disabling the horizontal output circuits.

(When the amplifier in Fig. 3 is used
for TV reception, there is the possibil-
ity that the potential difference between
the open cathode and the grounded
heater will cause leakage or shorting
between these two elements. This might
be mininized by using a separate trans-
former for the 6V6 heaters and leaving
the secondary ungrounded or applying
around 150 volts B plus to the center
tap. A separate power supply for the
audio chassis would be the ideal solu-
tion.—Editor)

The final step was an attempt to im-
prove the acoustical properties of the
cabinet. The physical volume available
in the speaker compartment was suffi-
ciently limited to, make impractical any
attempt to change it into a resonant
type structure. The next best approach
was to convert the enclosure into some-
thing remotely approaching an infinite

baffle. This required complete suppres-
sion of any back radiation due to the
speaker as well as eliminating com-
pletely any resonance effects due to the
enclosure. It was necessary to line the
whole interior of the speaker compart-
ment with soundproofing material. This
included covering the back and bottom
of the enclosure, which were originally
open (see photo). Not too much care
was taken in applying and fastening
the soundproofing material although
nothing was left loose to vibrate at high
sound-intensity levels. Additional pieces
of lining were added to break up the
interior of the enclosure and dampen
any resonant tendencies.

This conversion job proved to be
somewhat more complicated than aver-
age due to the changeover from single-
ended to push-pull output. Reworking a
set already featuring push-pull output
would naturally be much simpler.
Again, output transformer and speaker
would be replaced with more adequate
units.

Using a higher-quality output trans-
former would permit substantial
amounts of inverse feedback with re-
sulting improvement in fidelity.

There are, of course, many ap-
proaches to improving TV sound and
using the TV audio amplifier for high-
quality and even hi-fi reproduction. In
some cases series-string filaments pre-
sent new problems. This specific ex-
ample shows what could be done. END

2 watt?

need for careful study.

wwWw.americanradiohistorv.com

For Your Convenience...

With the growing interest in construction—largely inspired by the
transistor—RADIO-ELECTRONICS is including a larger number of
construction articles. To make life easier for constructors (though hardly
for the editors!), we are increasing the amount of information given in
schematics and photographic illustrations.

@ SCHEMATICS will generally have all parts coded
(RI, C2, etc.) in addition to our long-time practice of
having the value noted next to the part.

@ CODED PARTS LIST will also be furnished. This
should settle such parts list questions as: which of the
five 100 K-ohm resistors specified are !/, watt, | watt and

® PHOTOGRAPHS will have many more call-outs than
in the past, to eliminate difficulties which might result
from parts placement different from the original con-
structor's and to make parts location obvious without

Let us know what you think of these steps, and what others should be
taken to help the reader make better use of his magazine.

RADIO-ELECTRONICS
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at small cost

By TOM JASKI

OST electronic metronomes de-
scribed in recent years use
either a multivibrator or some
form of neon-tube oscillator.

Both these oscillators are inherently
unstable, particularly with variation in
the supply voltage.

A cold-cathode tube is, with regard
to trigger point, for all practical pur-
poses unaffected by a reasonable varia-
tion in the supply voltage. In the met-
ronome deseribed here, which uses a
5823 cold-cathode relay tube, instability
has been overcome to a great extent.
Nevertheless, the circuit is simple and
inexpensive.

The author’s metronome, now in use
for several years, has not yet required
recalibration. It is instant starting,
requiring no more warmup time than
the space between beats, and produces
a clear click very similar to that of the
old mechanical metronomes. Visual indi-
cation could easily be added, but stu-
dents should be looking at the music
and not be distracted by the sight of a
flashing light.

The circuit (see diagram), consists
of a low-power de¢ supply with a 1-
megohm voltage divider which charges
the 0.5-¢f trigger capacitor. This capac-
itor charges through the 470,000-ohm
fixed resistor and the 5-megohm vari-
able resistor. When the trigger voltage
of the relay tube is reached it conducts
for somewhat less than a half-cycle
and the capacitor discharges through
the arc in the tube. The conducting
tube draws a fairly strong current
through the sounder relay.

NOVEMBER, 1956

This relay can be almost any type
with a coil dc resistance of at least
500 ohms (to limit the current in the
5823). The contacts should be removed,
except in the case where the armature
is returned only through contact pres-
sure. In that case at least one contact
spring should be left on. I used a small
G-E relay picked up in surplus. The
relay should be rigidly fastened to the
back of the box. The click is produced
by the armature hitting the core of
the relay.

A cold-cathode relay tube can be
regarded for this purpose as an all-
or-nothing device. Thus, if we provide
a relatively rapidly rising voltage to
trigger the tube, the variation in
trigger point will be very small com-

Parts for metronome

Lamp—I15-volt 3-watt
pilot light (G-E 356 or
equivalent)

Ry—Relay (dc resistance
at teast 500 ohms—see
text)

S—spst switch

Cabinet (see text)

Rl—I-megohm pot
R2—470,000 ohms, /2 watt
R3—500,000-ohm pot
C1—40-uf, 150 volts
C2—0.5 ul, 400 volts
C3—0.1 uf, 400 voits
D—20-ma selenium recti-

fier
v—5823 Socket for 5823

SQN)ERRELAV

Schematic of the metronome circuit.

www americanradiohistorv com

ELECTRONICS

Internal construction.

pared to the spacing between beats.
By selecting the value of the time-
determining capacitor and resistors so
that the charging current of the capac-
itor is still rising sharply, this varia-
tion is again minimized. In the circuit
shown, the voltage divider is set for
approximately 120 volts. The tube
triggers at about 67.5 volts, when the
capacitor is only half-charged.

The 0.1-pf capacitor synchronizes the
triggering with the ac supply voltage,
assuring that triggering always takes
place at the same point on the half-
cycle. In this way all beats are equally
long and equally loud. The range of
the metronome with the values shown
is from 28 to 240 beats per minute,
approximately equal to commercial
metronomes.

Some calibrating can be done with
the voltage-divider setting. But if a
calibration means is to be provided, a
better way is to replace the 470,000-
ohm fixed resistor with a l-megohm
variable.

The front of the metronome is a
piece of transparent ruby plastic, edge-
lighted by a 115-volt 3-watt G-E indi-
cator light. The plastic is backed up
with a piece of fishpaper to make it
opaque to the interior. The figures are
scratched onto the plastic with a sharp
scriber and a lettering guide—free-
hand only if you are extremely skillful
at it.

A metal chassis box could be used
for the enclosure, but a wooden or
plastic box gave more satisfactory
acoustic results. END
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HEATHKIT ETCHED CIRCUIT, PUSH-PULL

85" 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 electronic laboratory. Vertical response extends
from 2 CPS to 5 MC without extra switching. Response
only down 1% DB at 3.58 MC. The 11-tube circuit
features a SUPI1 cathode-ray tube. Sync circuit functions
effectively from 20 CPS to better than 500 k¢ 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!

MODEL O-11

Shpg. Wt.
2} Lbs.

@O0 OO0 OOOOOOOOOOCOEOIEOSGIOSGOEOSOEOSOEONOGIBSONNONLDS

1 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.

Heathkits

ARE YOUR BEST BUY...

PROVEN DESIGNS MEAN RELIABLE

PERFORMANCE.

® Research and development efforts concentrated on kits
only.

® All kits guaranteed to meet advertised specifications.

4 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.

64 RADIO-ELECTRONICS
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uew HEATHKIT ETCHED CIRCUIT

5" Oscilloscope Kit

Brand new model with improved performance
specifications.

GREATEST SELECTIO

N .
Whether Your i

r specia
ﬁdeh‘ly, or just
Your needs,
b, buy o com
set up g real

Particulg ]
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cing,
—there o

i re
service Shop or Io
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fidelity system, or ‘re

n o high. Full 5" scope for service work at a remarkably

low price.

plete ham statio
'Y deluxe hQ,"e

by Choos,'ng from
Yourself’’

Attractively styled front panel in charcoal gray with
sharp white lettering.

* X * X

Easy to build from step-by-step instructions and large
pictorials. Not necessary to read schematic.

D e N

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-2
for general application wherever a reliable instrument with good response charac- so
42>

teristics may be required. Complete step-by-step instructions and large pictorial
00000000000 00000000000 0000000000000000000000000000000000

Shpg. Wt,
21 Lbs,

diagrams assure easy assembly.

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

HEATHKIT ELEC:TRONIC SWITCH KIT

This handy device allows simultancous oscilloscope observation of
two signals by producing both signals, alternately, at its output. It
features an all-clectronic 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

these cffects. It features a variable cap- No. 342 low as 0.1 volt. This modern device finds many ap-
acitor, to provide correct instrument $35° plications in the laboratory and service shop. It $2|95
impedance match. Also, the ratio of ° employs an entirely new circuit, and yet is priced L4

attenuation can be varied.

Shpg. Wt 1 Lb.

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
RF 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 $35.°
volts DC. It uses an etched circuit g$hpg. wr. 1 Lb.,
board to simplify assembly.

NOVEMBER, 1956

HEATHKIT VOLTAGE CALIBRATOR KIT

This entirely new voltage calibrator produces near-perfect square
wave signals of known amplitude. Precision 1%, 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
peak-lto-peallk._dAllcb)ws measurement of unknkown
signal amplitudes by comparing to known peak-to-
peak output of VC-3 on an oscilloscope. Will also MODEL VC.-3
double as a square wave generator at 1000 cycles for $ 50
determining gain, frequency response, or phase- Iz °
shift characteristics of audio amplifiers. Equally Shpg. Wi. 4 Lbs
v}z:luable in the laboratory or in radio and TV service i '
shops.

www americanradiohistorv com
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" HEATHKIT ETCHED CIRCUIT

VACUUM TUBE

. * Easy to build — a pleasure to use.
* 1% precision resistors employed for high accuracy.

* Etched circuit board cuts assembly time in half.

Voltmeter Kit

The fuact that this instrument is the world’s largest-selling
VTVM says a great deal about its accuracy, reliability,
and ovcrall quality. The V-7A is equally popular in the
laboratory or service shop, and represents an unbelievable
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 VTVM will measure AC voltage
(rms). AC voltage (peak-to-pcak), 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 arc
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 X] meg-
ohm. Center-scale resistance readings are 10, 100, 1000,
10K, 100K ohms, 1 megohm, and 10 megohms. A DB
scale is also provided. The precision and quality of the
components used in this VTVM cannot be duplicated at
this price through any other source. Model V-7A is the
kind of instrument you will be proud to own and usc.

[
5
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HEATHKIT Etched Circuit

RF PROBE KIT

This RF probe eatends the frequency
response of any {l-megohm VTVM
so that it will measure RF up to 250
megacycles within £ 107, Employs
printed circuits for increased stability
and ease of assem-

bly. Ideal for ex- No. 309-C
tending seryice und

laboratory appli- $35°
cations of your .
Heathkit VIVM. Shpg. Wi 1 Lb.
HEATHKIT SCOPE
DEMODULATOR PROBE KIT

This probe functions like an AM de-
tector 1o pass only modulation of
signal and not signal itself. Permits
observation of modulation from RF-
or IF carriers in TV and radio re-
ceivers. Extends usefulness of your
oscilioscope, Volt-

age limits are 30 V. No, 337-C
rms,and 500V.DC,

Very valuable .in $35°
service or_ labora- .
tory applications. Shpg. Wt. 1 Lb.

HEATHKIT 30,000 VOLT DC

HIGH VOLTAGE PROBE KIT

This probe provides a multiplication factor of 100 on the DC ranges of the
Heathkit 11-megohm VTVM. Precision multiplier resistor mouated inside
the two-color plastic probe body. Plenty ‘of insulation No. 336

for completely safe operation, even at highest TV poten-
tials. Designed especially for TV service work. $4 50
L]
Shpg. Wt. 2 Lbs.

HEATH COMPANY

A Subsidiary of Daystrom, Inc.
BENTON HARBOR 20, MICH.

HEATHKIT 20,000 OHMS/VOLT VOM KIT
Sensitivity of this instrument is 20,000 chms-per-volt DC and 5,000 ohms-per-volt AC. Mecasuring
ranges are 0-1.5, §, 50, 150, 500, 1500. and 5000 volis for both AC and DC. Also measures current
in the ranges of 0-150 microamperes. 15 ma, 150 ma. 500 ma, and 15 a. Resistance ranges provide
~multipliers of X1, X100, and X10.000, resulting in center scale readings of 15, 15,000, and 150,000
ohms. DB ranges cover from —10 dh 1o —65 db. Housed in attractive black bakelite case with
plastic carrying handle, this fine instrument provides a total of 25 meter ranges
on its two-color scale. It employs a scnsitive 50 microampere. 414" meter and
features all 1, precision multiplier resistors. Requires no external power, and is,
thercfore, valuable in portable applications where no AC power is available.

MODEL MMm-1

$29%°

Shpg. Wt. 6 Lbe.

HEATHKIT HANDITESTER KIT

The Model M-1 measures AC or DC voltage at 0-10. 30. 300,
1000, and 5000 volts. Dircct current ranges are 0-10 ma. and
0-100 ma. Ohmmeter ranges are 0-3000 (30 ohm center scale)
und 0-300.000 ohms (3,000 ohms center scale). Uses a 400
microumpere meter for sensitivity of 1000 ohms-per-volt. A
very popular test device for the home experimeter. clectricians,
and appliance repairmen. and for use as an “‘extra” instru-
ment in the service shop. Its small size and rugged construction
malfc it pcrfgcl for any portable application. MODEL M-1
Easily ships into your tool box, glove com-

partment. coat pocket. or desk drawer. Top $l4 50
quulity, precision components employed *
throughout. Shpg. Wt. 3 Lbs.

RADIO-ELECTRONICE
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and added stability.

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, etc. Employs a cascode amplifier circuit with
sathode-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
{{ megohm at 1000 CPS). Response of the AV-3 is essentially flat from 10 CPS to 200
¢, 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
Jnly 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 +52 DB. An entirely new circuit as compared to the previous model. Em-
ploys 1% precision multiplier resistors for maximum accuracy. Handles AC measure-

HEATHKIT NEW AUDIO VACUUM TUBE
Voltmeter Kit

Brand new circuit for extended frequency response
Ten accurate ranges from 0-.01 to 0-300 volts.

sk Modern, functional panel styling. “On-off” switch
at both extreme ends of range switch.

MODEL AV-3

Shpg. Wt

ments from a low value of one millivolt to a maximum of 300.volts.

29*

5 Lbs.

"..O’O..................0.’............00000..0...0...0

HEATHKIT AUDIO WATTMETER KIT

This instrument measures audio power directly at 4, 8, 16, or
500 ohms. Load resistors are built in. Covers 0-5 MW, 50
MW, 500 MW, S W, and 50 W full scale. Provides 5 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 ke.
Functions from AC power line. Use in the
audio laboratory or in home workshop.

MODEL AW-1

$29°9

Shpg. W1. 6 Lbs.

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, 100, 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

$49°5

Shpg. Wi. 13 Lbs.

NOVEMBER.

HEATHKIT HARMONIC DISTORTION METER KIT

The HD-1 is equally valuable for the audio enginecr 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 VTV M 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-
tras”. Meter calibrated in volts (RMS), per=
cent distortion, and DB.

MODEL HD-1

54950

Shpg. Wt. 13 Lbs.

1956

HEATHKIT AUDIO OSCILLATOR KIT

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 good sinc waves, and good,
clean square waves with a rise time of only
two micro-seconds for checking square wave
response of audio amplifiers, etc. Designed
especially for the serviceman and high-
fidelity enthusiast. A real dollar value in test
equipment.

MODEL AO-1

52450

Shpg. Wt 10 Lbs.
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HEATHKIT 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 4%2” panel
meter calibrated in volts and in db. Attenuator system
operates in steps of 10 db, corresponding with the meter
calibration. Output ranges are 0-.003. .01, .03, .1. 3. 1, 3,
and 10 volts rms. A “load” switch provides for the usc
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 kc. New enginecring details combine to provide
the user with an unusually high degree of operating effi-
* Less than 0.1% distortion — ideal for hi fi work. 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,
. . X and you will appreciate the genuine value of this pro-
* Step-type tuning for maximum convenience. i T -

* Large 412" meter indicates output.

000000 000000000 000000000000000000000000000000000000000OCOS

HEATHKIT RESISTANCE = HEATHKIT CONDENSER HEATHKIT AUDIO GENERATOR KIT
SUBSTITUTION BOX KiT SUBSTITUTION BOX KIT The Model AG-8 is a low cost, high performance unit for use
The RS-1 ccntai*ns 36 llg)%hl-watt r‘ed T}:jis kit gontains 118 REEMA stang- in scrvice shop, or home workshop. It covers the frequency
sistors ranging from ohms to ard condenser values that can be . . Y o I . .
megohms in standard RETMA val-  selected by a rotary switch. Values r.1_ngg Of‘.() cps Ue 1.'.“‘ QISR O,Et?m G DELERS S
ues, All values are switch-selected for  range from 0.00001 mfd 1o 0.22 mfd. overall distortion will be ]L‘SSlhan «4of 177 from 100 ¢cps through
use in determining desirable resist-  All capacitors rated at 400 volts the audible range. Output is available up to 10 volts, under no
i;‘ggri%?:&ci‘r'] MODEL RS-1 g’ac}’i‘tgge:-s acra;. MODEL CS-1 load conditions, and output remains constant o e
cuits. Many 50 SYE e within +1 db from 20 ¢ps to 400 ke. A five-
applications _in ss A mica, or plastic $55.0 step attenuator provides control of the out- $29 50
‘;:r‘éi‘c‘; a::rkTV e molded, hoe. W put. Precision resistors are employed in the .

) LeB s ' Shpg. Wt. 2 Lbs. frequency determining network. Shpg. Wit. 11 Lbs.

HEATHKIT DECADE
+ CONDENSER KiT

Precision, 197 silver-mica capac-
itors are employed in the Model
DC-1 in such a way that a selec-
tion of precision capacitor values
is provided ranging from 100
mmf (000! mfd) to 0.11 mid
(110,000 mmf) in 100 mmf steps.
Extremiely valuable in all types of

design and de-
velopment MODEL DC-1

work. Switch-

¢$ are ceramic slbso

wafer types. L
Shpg. Wt. 3 Lbs.

HEATHKIT DECADE RESISTANCE KIT HEATHKIT VARIABLE VOLTAGE
The Model DR-1 incorporates twenty 157, precision resistors arranged around REGULATED POWER SUPPLY KIT
g:ﬁﬁ:g??&:{t’c{nf&Sg;‘:“gh‘,ﬁr:g“&gf;;%g?;ﬁ: ft LR This power supply is regulated for stability and the amount of
ohm steps. Switches are labeled “units,” “tens,”” “hun- MODEL DR-1 DC output available from the power supply can be controlled
dreds,” “thousands.” and “ten thousands.” Use it for 50 manually from zero to 500 volts. Will provide regulated output
f’nhrr::‘ﬂ:f;ﬁ,r,_fd:::’cr\?:t'f"c:é‘ UL SEESRERL A s'9 . at 450 volts up to 10 ma, or up to 130 ma at 200 volts output.
Shpg. Wt. 4 Lbs. In addition to furnishing B-plus, the power supply provides 6
volts AC at 4 amperces for filaments. Both the B-plus output
y and the filament output arc isolated from
HEATH COMPANY ground. Ideal power supply for use in experi- MODEL PS-3
A Subsidiary of Daystrom, Inc. mental work inthe laboratory, the home work- $355°
: shop, or the ham shack. Large 415" panel b
BENTON HARBOR 20, MICH. meter indicates output voltage or current. Shpg. Wi. 17 Lbs,
68 RADIO-ELECTRONICS

WWW.americanradiohistorv.com


www.americanradiohistory.com

2090060000000

NOVEMBER,

BO '
If o s?fls PERFORMANCE
9le word hag to b, i
C.-Ompany odverh’sing Poliecyse,i?d:d 'l: s Heail
f ou,

"
be Conservg.

re of equaling

- In almosy every in.

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 ke 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 1o three volts of audio at approximately 400 cps are available at the output
terminals for testing AF circuits. Employs a 12AU7 and a 6C+4 tube. Built-in power

supply uses a selenium rectifier.

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 clec-
tronics work. Complete step-by-step instructions combined with large pictorial
Jiagrams assure successful assembly. Pre-aligned coils make calibration from an

2xtlernal source unnecessary.

HEATHKIT LABORATORY GENERATOR KIT

This laboratory RF signal gencrator covers from 100 kc to 30 mc
on fundamentals in five bands. The output signal may be pure
RF, or may be modulated at 400 cycles from 0to 507 Provision
tor external modulation has been made. RF output available up
1o 100,000 microvolts. Qutput controlled by a fixed step and a
variable attenuator. Output impedance is 50 ohms. Panel mecter
rzads RF output or percentage of modulation.
Incorporates voltage regulated B+ supply, MODEL LG-1
double shielding of oscillator circuits, copper 54895
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, or vertical bar pattern. It feeds
video and sync signals to the set under test, with completely con-
trolled gain, and unusual stability. Covering channcls 2 to i3,
the LP-2 will produce 5 to 6 vertical bars and 4 to 5 horizontal
bars. The dot pattern presentation is a rmust for the sctting of
color convergence controls in the color TV set. Pancl provision
made for external 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 522 5.0
RS E Shpg. Wt. 7 Lbs.

1958

HEATHKIT
Signal
Generator Kit

* No calibration required with pre-aligned coils.
* Modulated or unmodulated RF outpu,

* 110 mc to 220 mc frequency coverage.

HEATHKIT TV ALIGNMENT GENERATOR KIT

This improved sweep gencrator model provides essential stability
and flexibility for work on FM, monochrome TV, or color TV
sets. Covers 3.6 mc to 220 mc in four bands. Provides usable out-
put even on harmonics. Sweep deviation from 0-42 mc, depend-
ing on base frequency. All-clectronic sweep ¢ircuit eliminates
unwieldy mechanical arrangements. Includes built-in crystal
marker generator providing output at 4.5 mc
and multiples thereof, and variable marker
covering 19 to 60 me on fundamentalsand from
57 to 180 mc on harmonics. Effective two-
way blanking.

MODEL TS-4A

54950

Shpg. Wt 16 Lbs.

HEATHKIT CATHODE RAY TUBE CHECKER KIT

This instrument checks cathode emission, beam current, shorted
elements, and lcakage between clements in electro-magnetic
picture tube types. It climinates all doubt for the TV scrviceman,
and even more important, for the customer. Features its own
self-contained power supply. transformer operated to furnish
normal test voltages for the CRT. Employsspring-loaded switches
for maximum operator protcction. Large 414" meter indicates
CRT condition on *‘good-bad™ scale. Luggage-
type portable casc ideal for home service calls.
Special “*shadowgraph’ test permits projection
of light spot on screen. Also gives relative check
of picture tube screen coating.

MODEL CC-1

$22%°

Shpg. Wt, 10 Lbs.
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HEATHKIT

B .
Attractive counte_r-style cabinet. . «

2
»

Wiring-hainess stmpkﬁes assemb!y .

***

scale. .
L ) Y \“? LN
. . * Separate tube element sthches prevent obsol—
escence. .

#

Large P mezer wzih two-color. “good bad” ’

Tube Checker Kit

This fine piece of test gear checks tubes for quality,
emission, shorted elements, open clements, 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 42"
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 efficicncy 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, etc. Consists of

12-pin TV tube socket, 4 ft. cable, octal $45°
connector, and necessary technical data. Shpg. Wt.
Not a kit. ' ]

.’.4.........0...‘...........:‘.............................

HEATHKIT PORTABLE
TUBE CHECKER KIT

This portable tube checker is identical,
electrically, with the Model TC-2. How-
ever, it is housed in an attractive and
practical carrying case, finished in prox-
ylin impregnated material. The cover is MODEL
detachable, and the hardware is brass T1¢-2P

plated. This rugged unit isideal for home 534505;7;,9. we.
*

service calls or any portable application. 15 Lbs.

HEATHKIT
DIRECT READING
CAPACITY METER KIT

Operation of thisinstrument
is simplicity itself. One has
only to connect a capacitor
to the terminals, select the
proper range. and read the
capacity value directly on
the large 414" meter cali-
brated in mmf and mfd.
Ranges are 0 to 100 mmf, 1,000 mmf, 0.01
mfd: and 0.1 Amfd full s'cale. Precision c‘ali- MODEL CM-1
brating capacitors supplied. Not susceptible

to hamt capacity effects. Residual capacity 52950 :
less than | mmf. Especially valuable in pro- Shea. W:
duction line checking. or in quality control. 7 Lbs.

HEATH COMPANY

A Subsidiary of Daystrom, Inc.
BENTON HARBOR 20, MICH.
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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 sct or TV recciver. Uses built-in
speaker and electron beam eye tube for in-

dication. Also features built-in wattmeter ~ MODEL T-3
and a noise locater circuit. Provision for $2350
patching speaker and/or output transformer .
into external set. Shpg. Wt. 9 Lbs.

HEATHKIT CONDENSER CHECKER KIT

The Model C-3 consists of an AC powered bridge for both
capacitive and resistive measurements. Bridge bulance is in-
dicated on clectron beam cye tube. and capacity or resistance
value is indicated on front panel calibrations. Mecuasures
capacity in four ranges from .00001 mfd to .005 mfd, .00t
mfd to .5 mfd. .1 mfd to 50 mfd, and 20 mfd to 1000 mfd.
Measures resistance in two ranges, from 100 ochms 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 clectrolytic capacitors. Indicates power slqs.o
factor of electrolytic condensers. Shpg. Wt. 7 Lbs.

RADIO.ELECTRONICS
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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
mid. inductance from 10 mh to 100 h, dissipation factor (D) from 0.002 to 1,
and storage factor (Q) from 0.1 to 1000. Y2 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,
a Maxwell bridge, and a Hay bridge. Special two-section CRL dial provides
maximum convenience in operation. Use the Model IB-2 for determining
values of unmarked components, checking production or design samples. etc.

HEATHKIT
Impedance
Bridge Kit

* 1595 precision resistors and silver-mica
capacitors.

* Battery-type tubes, no warm-up required.

* Built-in phase shift generator and
amplifier.

MODEL
1B-2

A real professional instrument.

*5Q>0 .

HEATHKIT “Q‘” METER KiT

The Q Meter permits measurement of inductance from [ micro-
henry to 10 millihenries, “W” on a scale calibrated up to 250 full
scale, with multiplying factors of 1 or 2, and capacitance from
40 mmf to 450 mmf, +3 mmf. Built-in variable oscillator per-
mits testing components from 150 kc to 18 me. Large 414" pancl-
mounted meter is features. Very handy for checking pecaking
coils, chokes, etc. Use to determine values of

unknown condensers, both variable and fixed. SODESM
Compile data for coil winding purposes, or 54450
measure RF resistance. Distributed capacity, .
and Q of coils. Shpg, Wt. 14 Lbs.

HEATHKIT ISOLATION TRANSFORMER KIT

This device isolates equipment under test from the power line.
[t 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 picce of cquipment. Protects
main fuses. Features voltage control, allowing
control of the output from 90 volts to 130 volts. MODEL IT-1
Panel meter monitors output voltage. A very $'65°
handy device at an extremely low price. .
Shpg. Wt. 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 raiscd or lowered to determine how the recciver 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, orup to 7
amperes on the 12-volt range. Two 10,000 microfarad output
filter capacitorsinsure smooth DC output. Two

separate panel meters indicate output voltage R ODEEES
or output current. Makes it possible to test $3' 50
automobile radios inside at the workbench. =
Will also double as a battery charger. Shpg. Wt. 17 Lbs.

NOVEMBER, 1956

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 Modcl BE-4
battery eliminator. The construction book for MODEL VT-1
the VT-1 contains vibrator test chart for popu- $'|4 50
lar 6-volt vibrator types. A real time saver! b
Shpg. Wt. 6 Lbs.

FA|
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HEATHKIT DX-100 PHONE AND CwW

/

i

hipped motor freight unfess
therwise specified.
50.00 deposit required

an ¢.o.d. orders
’e

meters. .
Built-in VFQ, modulator, and power supplies.

High quality components used throughout for re-
liable performance.

sk Features 5-point TV1 suppression.

00 0000 000 QGO O O0O 000000000000 00000008 060000000 00000600000 ¢ 00

HEATHKIT COMMUNICATIONS TYPE
ALL BAND RECEIVER KIT

This receiver covers 550 kc to 30 mc in four bands, and is ideat
for the short-waye listener or beginning amateur. It provides
good sensitivity and selectivity, combined with good image re-
jection. Amateur bands clearly marked on illuminated dial
scale. Employs transformer type power. supply—electrical
bandspread—antenna trimmer-—separate RF and AF gain
controls-——noise limiter—headphone jacks— MODEL AR-3
and automatic gain control. Has built-in s 75
VFO for CW reception. 30 C
CABINET; Fabric covered cabinet with alumi-
num panel as shown. Part 91-15A. Shipping
weight 5 Lbs. $4.95%

INCLUDING NEW
EXCISE TAX%E

(less Cabinet)
Shpg. Wt 12 Lbs.

EASY ON THE BUDGET!

You can buy Heathkits on an easy time-paynient plan
that provides a full year to pay. Write for complete
details and special order biank.

HEATH COMPANY

A Subsidiary of Daystrom, Inc.
BENTON HARBOR 20, MICH.

‘189~

Phone or CW on 160, 80, 40, 20, 15, 11 and 10

Transmitter Kit

The Heathkit DX-100 transmitter is in a class by itscif in
that if offers features far beyond those normally received
at this price level. Tt takes very little listening on the bunds
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 1«
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 &
pair of 6146 tubes in parallel. The VFO dial and meier
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 voliage.
and modulator current. The chassis is constructed of heavy
# 16 gauge copper-plated steel. Other high-quality com-
ponents include potted transformers, ceramic switck 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, thot
will insure many hours of “on-the-air” enjoyment ir yous
ham shack.

HEATHKIT VFO KIT

You can go VFO for less than you might expect. Hore 18 4
variable frequency oscillator that covers 160, 80, 40, Z(, 19
11. und 10 meters with three basic oscitlator frequencivs, 1ha
sells for less than $20. Provides better than 10 volt averuge R ¥
output on fundamentals. Plenty of drive for most modurn
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 . ITuminated frequency dial reads fre- 519 50
quency directly on the band being employed. _.

Temperature-compensated capacitors offset *
coil heating.

MODEL vE)

Shpe. W e

HEATHKIT CW TRANSMITTER KIT

This is the original low-priced Heathkit CW transmtice
reliable performance has been proven time and time agamn oo
the CW bands. Designed for crystal control, the Model AT-
covers 80, 40. 20, 15, 11, and 10 mcters. May be excited Trorr
external VFO. Plate power input up to 30 watts. Powcer suppls
built in. Panel meter indicates grid current or plate current for
final. Incorporates pre-wound coils, copper-plated chosas,
built-in line filter, profuse shielding. and top-
quality paris throughout. Crystal socket and  MODEL &7-1
kev iack on front panel. Built-in key-click fil

ter. and single-knob bandswitching. 52-ohm 52950
coaxial output. Uses 6AG7 oscillator-multi- .
plier. 6L6 powcer amplifier-doubler, and  shpg. we o5 b
SU4G recufier.

RADIO-ELECTROCNICS
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HEATHKIT PHONE AND CW

Transmitter Kit

sk 6146 final amplifier for full 65-watt plate power

DOLLAR.s4 VIN

:fhere would be po

G ECONomy . .

tremend
5 i Qus
Y-to-you distribyy;

¢Omponents '°F" uality equipmeny

i+ at such jow . 4

as opposed Prices. This s

say, th . fo the $o-called “bargai "'edl €conomy,
< there is ¢ pig difference 9ains”, Needless 1o

The DX-35 features a 6146 final amplifier to provide 65 watts plate power input
on CW, with controlled carrier modulation peaks up to 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. 12BY?7 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”, *
coupling”, “drive level control”, and “band change switch”. Panel meter indicates

final tuning”, “antenna

input.

sk Phone and CW operation on 80, 40, 20, 15, 11,
and 10 meters. Pi network output coupling.

sk Switch selection of three crystals — provision for

external VFO excitation.

(LI

—oT

final grid current or final plate current. A perfect low-power transmitter both for MODEL DX-35

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- s 95 sheg. Wr.
sary for assembly. As with all Heathkits, comprehensive instruction manual assures L 24 Lbs.

successful aggembly.

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. Func-
tions up to 150 mc. 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 TVI. 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 MODEL AC-t
panel. Copper-plated chassis—high quality
components throughout—simple to build. $'I45°
Eliminates waste of valuable communications )
power due to improper matching. A *‘natu- Shpg. Wt. 4 Lbs.
ral” for all AT-1 transmitter owners.

NOVEMBER, 1956

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. Opecrates
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 of
approximately 4,000 for Sharp “‘peak”™ or
“null”. Tunes to any signal within the IF

MODEL QF-1

$99.5

bandpass of the receiver, without changing gpaqg. we. 3 Lbs.
main receiver tuning dial.

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

$'|99'5

Shpg. Wt. 4 Lks.
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HEATHKIT BROADCAST BAND

MODEL BR-2

{Lwss Cabinet)
Shpg. Wi 10 Lbs.

19*

INCLUDING NEW
EXCISE TAX#

ATTENTION BEGINNERS.. .

This kit is an ideal “first project” if you have never built
a HeathKkit before. A good chance to “learn by doing.”

sk Miniature tubes and high- 3 5V5-inch PM speaker.
e sk Provision for phono jack.

-3 Transformer - operated
power supply.

sk Rod-type built-in antenna.
Good sensitivity and se-
lectivity.

Receiver Kit

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%2” PM speaker is em-
ployed, along with high gain miniature tubes and a new
rod-type built-in antenna. Provision has been made in the
design of this receiver for its use as a phonograph ampli-
fier. The phono jack is located on the back chassis apron.
A transformer operated power supply is featured for
safety of operation, as opposed to the usual AC-DC
supply commonly found in “economy radio kits.” Don’t
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
an explanation of basic receiver circuit theory so you can
“learn by doing” as the receiver is built. The manual even
provides information on resistor and capacitor color codes,
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.

CABINET: Proxylin impregnated fabric covered plywood cabinet
available for the BR-2 receiver as shown. Complete with alumi-
num panel, reinforced speaker grill, and protective rubber feet.
Shipping weight 5 Ibs., part No. 91-9A. .. ... ..% .. . . $4.95%
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HEATHKIT PROFESSIONAL RADIATION COUNTER KIT

This sensitive and reliable instrument has already found 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 level,
and oral indication produced by panci-mounted speaker.
Meter ranges are 0-100, 600, 6,000 and 60,000 counts per
minute, and 0--.02, .1, 1 and 10 milliroent-

gens per hour. The probe, with expansion MOPEL RC-1
cord, cmiploys type 6306 bismuth counter $7995
tube, sensitive to both beta and gamma radia- .
tion. It is simple to build, even for a beginner.  shpg. Wr. 8 Lbs.

%k Amazing new circuit for
high efficiency.

*C"ompact, portable:and rugged.

¥ Stable tircuit requires only one 67% volt “B” battery
arid two 1Yz volt "A” batteries.

g

HEATH COMPANY

A Subsidiary of Daystrom, Inc.
BENTON HARBOR 20, MICH.

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
housed in a compact plastic box, and fcatures two Hi-Q tank
circuits, employing ferrite core coils and variable air tuning
capacitors. The CR-1 covers the standard broadcast band from
540 kc to 1600 kc, and no external power is  MODEL CR-1
required for operation. Could prove valuable s 75
for emergency signal reception, This casy-to- 8 5
build kit is a real "'learn by doing’ experience
for the beginner, and makes an interesting
project for all ages.

INCLUDING NEW
EXCISE TAX $
Shpg. Wt. 3 Lbs.

HEATHKIT ENLARGER TIMER KIT

The Modcl ET-1 is an easy-to-build device for use by amateur
or professional photographers in controlling the timing cycle
of an enlarger. It covers the range of 0 to | minute with a con-
tinuously variable, clearly calibrated scale. The timing period
is pre-set, and the timing cycle is initiated by depressing the
spring-return switch to the “‘print’’ position. Front panel pro-
vision is made for plugging in the enlarger and a safelight. The
safelight is automatically turned “‘on’" when
the enlarger is “‘off". Handles up to 350
watts. The timing cycle is controlled clec-
tronically for maximum accuracy and relia-
bility. Very simple to build in only one
evening, even by a beginner.

MODEL ET-1
1150

Shpg. Wt. 3 Lbs.

RADIO-ELECTRONICS
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HEATHKIT HIGH FIDELITY

Preamplifier Kit

COMPREHENSIV
ste
th

E INSTRUCTIONS =

i P assembly | N
H Y inst 0
bee;i':sk”'cre e finest cvoilct:ll::hons Provided with eqch
: at the beginn; ;E 5 switch-selected inputs, each with its own level

control.
Equalization for LP,RIAA, AES,and Early 78's.

Separate bass and treble tone controls, and
special hum control,

¥ Kk

Clean, modern lines and satin-gold enamel finish.

Literally thousands of these preamplifiers are in use today, because the kit meets e T ——
or cxceeds specifications for the most rigorous high-fidelity applications, and <. : ——
will do justice to the finest available program sources. Provides a total of .5 : e e G Sl
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
1% 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- 1
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 47" D, e
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 1 ampere and 300 VDC s 75
at 10 MA. Easy to construct from step-by-step instructions and pictorial dia- °
grams provided.
090 00000000000 000000000000000000000000000000000000000000
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
¥ Hiuminated slide-rule dial covers 88 to 108 MC.

the mixer to increase overall gain and reduce oscillator leak-
. . T age. It employs a ratio detector for high efficiency without
* Modern circuit emphasizes sensitivity and = ey E i
stability.

sacrifice in high-fidelity performance. IF and ratio transformers
are pre-aligned, as is the front end tuning unit. This means the
* Housed in attractive satin-gold cabinet to
match WA-P2 and BC-1.

(D, i

kit can be constructed by a beginner, without claborate test
and alignment cquipment. The FM-3A is designed to match
the WA-P2 preamplifier and the BC-1 AM MODEL FM-3A
tuner. An illuminated slide-rule dial is em-

ployed for frequency indication. Step-by-step 526905
instructions and large pictorial diagrams
assure success.

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

INCLUDING NEW
EXCISE TAX#

{With Cabinet)
Shpg. Wt. 7 Lbs.

HEATHKIT BROADBAND AM TUNER KIT

This AM tuner has been designed especially for high-fidelity
applications. It incorporates a low-distortion detector, a
broadband IF, and other fecatures essential to usefulness in
high-fidelity. Special voltage-doubler detector employs crystal
diodes for low distortion. Sensitivity and selectivity are excel-
lent. Audio response is = 1 DB from 20 CPS to 2 k¢, with §
DB of pre-emphasis at 10 kc to compensate for station roll-off.
Covers the standard broadcast band from  MODEL BC-1
550 to 1600 kc. Incorporates a 10 kc whistle-

filter and provides a 6 DB signal-to-noise 52695
ratio at 2.5 UV. RF and IF coils are pre- o
aligned, and power supply is built-in. Incor- 'NECXLCU,?EN(T;A';E,W
porates AVC, two outputs, and two antenna (With Cobinet)

inputs. Shpg. Wt. 8 Lbs.

NOVEMBER, 1956

HEATHKIT ELECTRONIC CROSS-OVER KIT

This unusual device functions to separate low frequencies and
high frequencics so that they may be fed to separate amplifiers
and to separate speakers. This eliminates the need for conven-
tional cross-over circuits, since the Model XO-1 does the com-
plete job clectronically. Cross-over frequencies of 100, 200,
400, 700. 1,200, 2,000 and 35,000 CPS are sclectable with front
panel controls on the XO-1, and a separate level control is
provided for each channel. Minimizes inter-
modulation distortion problems. Handles un-
limited power, since frequency division is
accomplished ahead of the power stage.
Attenuation is 12 DB per octave. with sharp
“*knee’” at cut-off frequency.

MODEL XO-1

$18°5

Shpg. Wt. & Lbs.

www americanradiohistorv com
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HEATHKIT ADVANCED-DESIGN

' MODEL
W-5M
Shpg. Wi, 31 Lbs,
Express Only

597

Full 25 watt output with KT—
66 output tubes. -

MODEL W-5

Consists of Model W-5M
plus Model WA-P2 pre-
amplifier.

Shpg. Wt. 38 Lbs.
Express only....$79.50

All connectors brought out
to front chassis apron.

* %%

Protective cover over all
above-chassis components.

HIGH FIDELITY

Amplifier 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-5SM provides per-
formance characteristics unsurpassed at this price level.
Frequency response is = 1 DB from 5 to 160,000 CPS
at I watt. Harmonic distortion is less than 1% at 25 watts
and IM distortion is less than 1% at 20 watts (60
and 3,000 CPS. 4 to 1). Hum and noise are 99 DB
betow 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-66s and a SR4GY rectifier.
Measures 13-3/32” W, x 82" D. x 8%4” 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!
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HEATHKIT DUAL-CHASSIS—~WILLIAMSON TYPE
HIGH FIDELITY AMPLIFIER KIT

This, 20-watt high-fidelity amplifier employs the famous Acro-
sound Mode! TO-300 ‘‘ultra-linear” 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 is = 1- DB from 6 CPS to {50 kc at | watt.
Harmonic distortion is only 197 at 21 watts, and IM distortion
is only 1.3% at 20 watts. (60 'md 3,000 CPS). Qutput impe-
dance is 4, 8, or 16 ohms. Hum and noise are 88 DB below 20
watts. A very popular high- ﬁdehty unit employmg 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-
amplifier. Shpg. Wt, 37 Lbs. Express only............. $69.50-

AMPLIFIER KIY

This amplifier is more limited
in power than other Heathkit
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 tapped-screen
output transformer of new de-
sign, the Modet A-7D provides
a frequency response of = 114
DB from 20-to 20,000 CPS. Total distor-
tion is held to a surpris- MODEL A-7D

ingly low level. Output*
s1g6>

stage is gush pull, and’
separate bass and treble

INCLUDING NEW
EXCISE TAX#

tone controls are pro-
vided. Shpg. Wt. 10 Lbs.
MODEL A-7E: Similar to the A-7D, except
that @ 12517 tube has been added for pre-
amplification. Two inputs, RIAA compensa-
tion, ond extra gain. $20.35%

HEATH COMPANY

A Subsidiary of Daystrom, Inc.
BENTON HARBOR 20, MICH.

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 amplificr on one chassis, and using a special-
design output transformer by Chicago Standard brings you
savings without a sacrifice in quality., Emploving 5881 output
tubes. the frequency response of the W-4AM is = | DB from
10 CPS to 100 ke at 1 watt. Harmonic distortion is only .57
at 20 watts. Output impedance is 4, &8, or 16 ohms. Hum
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. Express only.............. $59.50

HEATHKIT 20-WATT HIGH FIDELITY AMPLIFIER KIT

This high-fidelity amplifier features fult 20-watt output using
push pull 6L6 tubes. Built-in preamplifier provides 4 separate
inputs, selected by a panel-mounted switch, It has separate
bass and treble tone controls, each oftering 15 DB boost and
cut. Output transformer is tapped at 4, 8, 16, and S00 ohms.
Designed primzlxjrily for home installations. but also used ex-
tensively for public address applications. True

high-fidelity performance with frequency re- MODEL A-98
ponse of = 1 DB from 20 CPS to 20.000 CPS. 535 50
Total harmonic distortion only 19, (at 3 DB 4
below rated output). Shpg. Wt. 23 Lbs.

RADIO-ELECTRONICS
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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
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
17%" D. The speakers are both special-design Jensens, and the power rating is 3§
watts. Impedance is 16 ohms.

HEATHKIT HIGH FIDELITY

MODEL
$§-1

53995

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.

HEATHKIT HIGH FIDELITY

Range Extending

SPEAKER SYSTEM KIT

MODEL
$S-18

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.

$9995 Shpg. wt. 80 Lbs.

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-refiex type. Attractively styled, the Model S$S-1
features a broad “picture-frame” molding that will blend with any
room decorating scheme. Pre-cut and pre-drilled wood parts are of
furniture grade plywood. The Kit is easy-to-build, and all component
parts are included, along with complete step-by-step instructions for
assembly. Can be built in just one evening, and will provide you with
many years of listening enjoyment thereafter.

"HEATH- COMPANY :suidiory of baysirom, . BENTON HARBOR 20, MICH.

NOVEMBER,

ORDER
BLANK

NOTE: All prices subject to
change without notice.

Enclosed find ( ) check ( )
money order for

Please ship C.0.D. (
enclosed for pounds.

On Express orders do not in-
clude ftransportation charges
—- they will be collected by
the express agency at time of
delivery.

ON PARCEL POST ORDERS in-
clude postage for weight shown.
ORDERS FROM CANADA and
APO’'S must include full remit-
tance.

SHIP VIA
] Parcel Post
] Express
] Freight

] Best Way

Name

Address__

City & Zone _ State_

(PLEASE PRINT)

) postage

QUANTITY

MODEL NO.

ITEM

i PRICE

I
|

|

) | |

1956
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ELEGTRONICS

By PAUL PENFIELD, JR.

N unusual four-region transistor
available now in small quan-
tities is the hook transistor.
This device (Fig. 1) is just

like the junction transistor except for
unusual construction of the collector.

Consider the right-hand three sec-
tions of the hook transistor by them-
selves. They form an n-p-n transister.
And the usual method of biasing the

I

Fig. 1—Hook transistor—bias is same
as for p-n-p junction transistors.

hook transistor (same as for the p-n-p
junction models) is such that the n-p-n
“transistor within a transistor” acts
as though it had its emitter at the
right, its base in the middle and its
collector on the left where the hook
transistor base is. Remember that a
normal junction transistor, with the
base left free, acts as a current mul-
tiplier for any electrons or holes at the
collector junection.

With these facts in mind consider a
hole which is injected from the hook
transistor emitter into the base (the
left-hand n-region). It suddenly sees
itself in what looks like the collector
of an n-p-n transistor (the right-hand
three elenients). And it does what every
good hole does in like situations—it
flows toward the base. However, at this
point hook current multiplication takes
place and many electrons are injected
from the right. One of these fills the
hole being considered, but most flow
through to the hook transistor base.
Thus the collector current is many
tirnes larger than the emitter current.

In this respect (having an alpha
greater than 1) the hook transistor is
very much like the point-contact type.
And remember that one explanation
for point-contact transistor current
multiplication was in terms of just such
a “hook multiplier” as described here.

The hook transistor, like the point-

78

contact device, is unstable in some cir-
cuits. And like the point-contact tran-
sistor it can be made into an oscillator
by simply biasing it into a normally
unstable region and hanging a tuned
circuit across the proper terminals.
However, because of the relatively
large size of the base and the hook-
multiplication regions, the hook tran-
sistor is not useful to quite as high
frequencies.

Field-effect transistors

The operation of the field-effeck tran-
sistor is so far removed from the opera-
tion of junction units that the same
names are not even used for the three
elements.

In a field-effect transistor (Fig. 2)
voltage at the gate controls the flow of
current from the source to the drain.

Q GATE

Fig. 2-—Field-effect transistor—n-re-
gion extends from source to drain.

The material between the two low-
resistance contacts at the source and
the drain is n-type, and the gate mate-
rial is p-type. The gate fits like a ring
around the eylinder of n-type material.

The transistor is normally biased in
such a way that the junction between
the two regions is in reverse—that is,
very little gate current flows.

The input gate voltage controls the
current between the source and the
drain. As this voltage is increased,
more and more of the middle cylinder
near the junction has its current
carriers (excess electrons) removed by
the gate voltage. This means, in effect,
that less and less of the material be-
tween the source and the drain is avail-
able for current. At some gate voltage
known as the “pinch-off voltage,” the
source-to-drain current, already low,

www americanradiohistorv com

remains constant as the gate voltage
is further increased.

The device amplifies because the gate
voltage input is at a relatively high
impedance—that of the reversely biased

junction. The output is at a lower
impedance and there can be consider-
able voltage gain to boot, so that the
power gain can be high.

The high input impedance and rela-
tively high output impedance of the
field-effect transistor mean that ampli-
fier stages can be cascaded directly
without need for a coupling trans-
former and without much power loss.
In addition, the impedance levels are
not too far removed from those cf an
ordinary vacuum-tube triode and many
practical eircuits can be lifted complete
from vacuum-tube practice and used
with field-effect transistors without
major changes.

Tetrode transistors

The normal junction tetrode is shown
in Fig. 3. It operates exactly like a
junction transistor except that the extra
base contact can be used to limit the
effective areas of the two junctions.
This makes the tetrode useful at high

8t

B2

Fig. 3—Schematic of the junction
tetrode, showing the two base terminals
for applying a transverse voltage.

frequencies and for remote control of
amplifier gain, such as in avc circuits.

Frequency range is raised in this
transistor type by reducing the collector
capacitance. This is done by putting a
transverse voltage between the two
base leads. The effect is to force all
transistor action to occur at one side
or the other of the transistor. In this
way the effective junction area be-
tween the base and the collector is

RADIO-ELECTRONICS
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made very small. It is possible to con-
trol the etfective junction area by
varying the potential between the two
base terminals. If the junction area is
decreased, the collector capacitance is
cut down and the frequency range
thereby increased.

At lower frequencies, such as for
audio applications, the tetrode tran-
sistor has useful properties, too. The
gain of the transistor depends on the
junction area available for transistor
action. By varying the potential across
the base transversely, this area can be
varied. Practical automatic volume con-
trols have been made by this sort of
action.

Tetrode transistors are expected to
become commonplace in the next few
years as their applications multiply.

Phototransistors
Phototransistors and photodiodes are
two different things. A photodiode (Fig.
4) looks exactly like any other diode—
either point contact or junction (a
junction model is illustrated) —except
LIGHT RAYS

—1 e v L3

Fig. 4—Diagram of the photodiode.

that a window is provided in the case
to let light reach the junction. The
diode is normally biased in reverse so
that little current flows. When light
strikes the junction it creates electron-
hole pairs. These flow apart and con-
stitute current. Efficiencies very close
to 1007: have been observed for well-
made photodiodes.

A phototransistor (Fig. 5) is merely
a photodiode with a built-in hook ampli-
fier. Tt is made just like an ordinary
junction transistor (either p-n-p or
n-p-n) and operated with the base lead
disconnected. The reversely biased col-
lector junetion is illuminated and hook
multiplication (which all junction tran-

LIGHT RAYS

o I

Fig. 5—The phototransistor—a photoe-
diode with built-in hook multiplier.

sistors show with a base floating) re-
sults in far greater sensitivity than
possible with merely a photodiode.

Some time ago the photodiode was
called a phototransistor, and some
writers still use the terms wrong—do
not be confused.

Tandem transistors

Just as two vacuum-tube sections are
often put in the same envelope (such as
the 6SN7), so it is possible to put two
transistors in the same case. One inter-
esting application of this idea is the
tandem transistor. Two transistors are
put in the same case and connected
electrically inside. Fig. 6 tells the story.
The first half is a smaller transistor
than the second—both in size and rat-

ing. The first stage, which acts as a |
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Model 2560

TOPLINER ’50
Model 2550

Tiode mask

TOPLINER 70

TOPLIMNER 40 Model 2570

Model 2540

get more useable power

Each of the four TOPLINER models has the Power Pack, an exclusive fecture
that delivers more of the signal at the receiver—where you need it, and

... precision manufacture saves assembly and installation time.

.. .dry cleaning eliminates apologies for your appearance.

...streamlining gives the customer a better looking installation.
Dollar-for-dollar, a TOPLINER gives the customer more performance, grecter

picture clarity for enly TOPLINERS have

exelusive built in

Ask For
Your Copy
of the Folder

“Tomorrow's
Antenna Today"'

TACO Distributors
Have Full Information
on The Topliner Antennas

TECHNICAL APPLIANCE CORPORATION, SHERBURME, N. Y.

N CAMNADA: Hockbusch Electronics, Lid., Toranta 4, Ont.
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demands a fine antenna. .”

... and the audiophile’s best bet for clear, sparkling FM

sound is an AMPHENOL broadband FM antenna. Available
in two popular models, anpHENOL FM antennas have been
carefully engineered for specific reception problems. The
114-008 “Inline-type” folded dipole and reflector offers
the unidirectional directivity pattern, high gain and me-
chanical rigidity that have made ampheNoOL’s tv Inline
antenna famous. The 114-010 “Turnstile” double folded
dipole is intended for use in urban areas where there
are many FM stations. Its circular directivity pattern
assures efficient pick-up of such stations.

* Do it yourself
COMPLETE KITS $16.25 each, list

AMPHENOL ELECTRONICS CORPORATION chicago 50, illinois

www americanradiohistorv com
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common-collector amplifier, supplies the
entire base current—bias and signal—
for the second stage. The second stage
may be operated either as a common-
collector or-—more likely—a common-
emitter stage.

Tandem transistors offer no advan-
tage over using two normal junction
transistors, except for the unique space-
saving package.

The particular combination in Fig.
6 is not the only one and it may be
protitable in the future {for manufac-
turers to make several styles of tandem
transistors (that is, internally con-
nected) as well as dual transistors
(two wunits not internally connected
together). Twin units (matched tran-

Fig. 6—The basic tandem transistor.

sistors of the same or opposite polarity)
will also undoubtedly become popular.

Miscellaneous types

Various other transistor types. too
numerous to mention, have been either
tried or dreamed up. Three of the most
promising are the symmetrical tran-
sistor, the fieldistor and the point-
Jjunction transistor.

The symmetrical transistor is just
like a junction transistor except that
either end may be used as the collector
and either us the emitter. This is quite
unlike normal junction transistors in
which connecting “backward” is not
recommended. The symmetrical tran-
sistor is made by making the collector
and emitter junctions exactly the same;
this i1s not done for several reasons in
normal junction transistors.

A fieldistor (do not confuse with the
field-effect transistor) is made by plac-
ing a metal electrode close to a reverse-
ly biased junction—close to but not
touching. The field produced by this
control element affects the amount of
reverse current flowing. Since the input
terminal does not actually touch the
germanium elements, very high input
impedances are possible—as high as
possible with a tube grid. And mod-
erately high output impedances are also
possible although the power gain is low.
Whether this device—not yet fully
developed—will ever become popular
remains to be seen.

Point-junction transistors are pos-
sible in which the emitter is a junction
and the collector a point-contact. Some
properties of such a device are interest-
ing for computer applications, although
these devices are also not yet fully
developed.

The author hopes that some of the
confusion so commonplace because of
the many types of devices using the
name “transistor” has been settled by
this article, and that the reader has
gained some valuable perspective. END
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ABBREVIATIONS
and Symbols

3v CHARLES S, KIMBALL |

HE rapidly expanding fields of sci-

ence bring with them a language |
very often all their own. Many of the |
words used are not words in the usual |
sense, but are fabricated from a group |
of words, ie, radar (radio direction and !
ranging). With these comes a vast
array of engineering shorthand con-
sisting of technical abbreviations, pre- |
fixes, symbols and letter designations,
all designed to speed up the transmis- |
sion of technical meaning. |

This list is a compendium of those
used in electronies and allied fields of
science. It is based on current general
usage within the electronics industry
and is compiled from accepted reference
sources such as Reference Data For
Radio Engineers, Radiotron Designers
Handbook, Webster’'s New World Dic-
tionary, Radar Systems Fundamentals,
ete.

This list differs considerably from
the RADI0-ELECTRONICS abbreviations
(January, 1956, page 138; March, 1956,
page 108) in that it covers a broad field.
RADIO-ELECTRONICS style is geared
primarily for the general subject mat-
ter appearing in the magazine and in
many cases abbreviations are used only |
in artwork.

This list is printed to give a broader
coverage and for the benefit of the per-
son who has looked up an abbreviation
in the Ranro-ELEcTRONICS list. only to
find that obviously some other definition
than the one given was intended. For
instance, the letter B in our abbrevia-
tions stands for base (of a transistor)
whereas this list has no less than eight
definitions.

ABBREVIATION DEFINTTIONS

A

A —Ampere

—Area

— Bartery or ather supply source of
vueuum-tube filament power,

—CLiss of vaenum-tube operation in
which plate current flows coutinuously
during the entire evele,

—TIu rf transmitter emissions, designation
for amplitude moduliation

— L rudar. an iudicator that presents tar-
get range data only

—In viacuum-tule equations, the voltage
gain of a stuge.

—A class of broadeasting station which
rervices primarily to communities other
than the prineipal ity of the area. A
maximum effective rated power of 1kw
and an antenna height of 250 feet are
permitted.

—U. %, Navy prefis for airborne equip-
ment.

* Abbreviations are used to indicate either sin-
gular or plural: either as a noun «ar as an ad-
Jective,

Standardization is lacking 1n the use of cap-
ital letters and periods as used with abbrevia-
tions. Thus the term _lwtomate Polwne Caontrol
is expressed as 4170, 7.0 arc or .t

In the use of Greek letters a lower case letter
is used except where a capital is indicated.

NOVEMBER, 195%

WHICH CAME FIRST?

There’s a lot of controversy about which came first, the chicken or the egg
... but there’s no question about the fact that University has been first with
many of the most sensational developments in the loudspeaker field.

Merely being first is not enough. We, at University, subject every new
product to the most rigorous laboratory tests, placing it on the market only
when it has been brought to the peak of perfection. (Our customers have felt
it was worth waiting for these “proven-firsts”).

We’'ve always enjoyed the challenge of finding new answers to old prob-
lems as well as exploring entirely new fields in audio engineering. Perhaps
that's the reason University has become the leading manufacturer of spe-

cialized loudspeakers and components.

For the record—here are some of the “firsts” which we have engineered.

University was the FIRST to ...
Pioncer high power reflex trumpets . o .
now the industry standard

Introduce radial projectors . .
coverage still more economical

. making fuil

Achieve the one-picce integrally cast tone
arm, reflector and bell Cobrettex—permit-
ting durable construction of intricate designs

Offer wide-range response, breakdown and
weatherproof driver units . . . bringing the
best in Sound to public address

Devise “rim-centered” diaphragm /voice coil
and magnet assemblies . . . eliminating need
for shims and guides, ensuring shock and
vibration-proof reliability

from

Depart obsolete, ecrratic-performing

LISTEN MW&W V578

UNIVERSITY LOUDSPEAKERS. INC .

www americanradiohistorv com

&0 SOUTH KENSICO AVENUE

multi-cellular and slit type diffraction pro-
jectors . . . by introducing the still superior
“reciprocating flare”” principle for uniform
wide-angle dispersion of high frequencics

Make available high efficiency blast and
submergence-proof spcakers for p.a. and in-
dustrial applications . . . opening new 1war-
kets to Sound installations

Combine driver and multi-match transform-
er in one unit . . . substantially increasing
versatility of application and flexibility ot
operation

Conceive “progressive speaker expansion”
(PSE) . . . together with specially designed
components such as adjustable tmpedance
voice coils, adjustable rtesponse  woofers,
adjustable crossover networks

and others too numerous to mention

WHITE PLAINS. N

Y
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A

A=

Ao
AA
AAC
AAM
AAVC
AB

ABy

AB2

among tubular "\ .
capacitors |

abe

ac

MALLORY |
Qe 2 8
GEMS ! / > 212

AGL

really (% /ﬂg - N

c/r N

Try Mallory “Gems” for your AM
next replacement job...and WL
we’re sure you’ll make them your ANL

favorite among plastic tubulars. o
Made to rigid standards com- ASM
parable to military specs, they Qi{‘

give you high quality at mod- !

est cost.
"True center’” construction, using atg
separately molded case, elimi- ATL
nates chance of damage or defor- iR

mation of the capacitor cartridge ‘ v A

. .. prevents premature failure. QUM
AUTO

Securely fastened leads can’t IOTEEE

loosen or open when pulled, even £

under soldering iron heat. We
Moisture-proof case won’t burn, Az-FI

char, soften or dent,
Get your Mallory “Gems” today, 5
in all popular ratings, from your
nearby Mallory distributor.
M MALLORY & CO. in Y
P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA b
. B+
B—
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ABBREVIATION®* DEFINITIONS

—Point of positive filument voltaze con-
rection in a vacuum-tube circait; the
positive terminal of such a voltage
souree.

—Point of negative filument volt: 1ge con-
nection in a vacuum tube eireult: the
negative terminal of such a voltage
source

—Angstrom unit.

—In vacuum-tube equations, the voltuge
gain of a stage nt midfrequency.

—Antiaireraft.

—Automatic amplitude control (radar).

—Alir-to-air missile.

—Audio ave.

—Class of vaguum-tube push-pull opera-
tion in which plate current flows for
appreciubly more than half but less
than the entire input cycle.

—Cluss AB1 same us AB. Grid current
does not tlow during any part of the
cycle.

—Class AB» same as AB. Grid current
tlows for at least a part of the eyele.

— Prefix used in the numes of the electro-
magnetic units.

—British term for nomograph.

—Automatic brightness control (TV).

—Automatic bias control.

—Automatic bass compensation.

— Alternating current.

—Alireraft.

—Autematic chroma control.

—Alternating or direct current.

—Automatic direetion finder (or finding)

—Adjavent.

—Adjustable.

—Audio frequeney.

—Automatic fire control (rudar).

—Automatic frequency control.

—Audio-frequency tr msformer.

—Automatie gain control

—Automatie ground econtrol approuach
(radar).

—JAireralt gun laying.

—Air— ;.rmmd operations system.

—Anti-jamming.

Greek letter symbol for:

—Absorption factor.

—Aitenuation constani.

—Angles and coefficients.

—'I'ransistor current amplitication fuctor
(emitter to collector).

— Amplitude modulation.

-—\mpere.

—Amplifier.

—Army-Navy.

—Automatic noise limiter.

—Antenna.

— Automatie phase control (color TV).

—Automatie picture control (TV).

—Air-to-surface missile.

—Airport surveillance rudar.

—Air-to-surface vessel (rudar).

—Type of piezoelectric erystul extensive-
ly used between 500 ke and 10 me;
designation for the axis on which such
a crystal is eul.

—Automatic temporal control (radar).

—Automatie tracking control (radar).

—Artifieia) transmission line (radur and
other).

~—~Ani-TR tube (radar).

—Attenuutor.

—Angstrom unit: ulso A

—Air-to-underwater missile.

—\utomatic.

—Autotransformer.

—Average.

-—Aulomatic volume control.

—Automatie volume expansion.

—American wire gauge. Sume as B&S
wire gauge.

— Azimuth elevation (radar indicator).

—B—

—Flux density,

—Susceptance.

~-Battery or other supply source of vae-
wum-tube plate voltuge.

—U. 8. Navy prefix to designate identi-
fication equipment. Examples: ABK.
BEK, etc.

—Class of vacuum-tube push-pull opera-
tion in which the tubes ure biased al-
most to the point of cutoff. Plate cur-
rem ﬂn\ss approximately half the input

—In m«hr the letter designation for the
type of indicator that presents taruet
azimuth and range data, a type not in
general use.

—A elass of broadeusting station serv-
ing primarily a metropolitan district
or principal eity and s surrounding
area, or primarily rural areas.

—Base (of transistor).

—Pomr of positive plate voltage connec-
tion in i vacuum tube circuit: positive
terminal of such a voltage source.

—Point of negative plute voltage connec-
tion in a vacuum tube circuit: negative

RADIO-ELECTRONICS
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ELECTRONICS

ABBREVIATION* DEFINITIONS

terminul of sueh a voltage source.

B —Class By. Same us Class B. No grid
current ig permitted to flow during any
purt of the cyele. Also known as
quiescent push-pull.

Bs —Class of vacuum-tube push-pull opera-
tion: the same us class B, Grid cur-
rent Hows during part of cycle.

BATT —Buttery.

BC —Broudeust (frequeney bund).
BCI —Broadcast interference.

Beta (3) —Greek letter symbol for:

—Phase constant.

—Coeflicients,

—Augles.

—Transistor current amplification (base
to collector).

hio —Beut frequency oscillator,

B-H —B-H Curve: A graph of the relation-
ship hetween the magnetic tlux (B) and
the magnetic force (H): also known as
a permeability curve.

BMNT —Beginning, morning nautieal twilight
(navigation). |

BO —Barkhausen oscillation. |

bo —Beat oscillator.

BRL —Bamb release line (radar navigation). |

BASWG -—Brown & Sharpe wire gauge; swneas |
AWG, |

BT —Letter designution or a type of piezo-

electric crvstal exfensvely used be-
tween 4500 ke and 10 me: also the axis
about wheh such a erystal is cut .
BTO —Blocking tube oseillator. ’
—Bombing through overcast (radar). O I. V a u e l l l
BTU i i

—British thermal unit.

BWG —Birmingham wire guuge. |
BWO —Buckward wave oseillator (rudar). | ( . , ,
. o wire-wounds

—Cathode of a vacuum tube. The sym-
hol generally used is K. k :
—Class of vacuum-tube push-pull opera- llla e lt
tion in which plate current tlows for
appreciubly less than one-hall of the

input eyele.

—1In radar, the letter designation for the
type of indicator that presents target
azimmth and elevation data.

—Buttery or other supply source of hias
voltage in a vacuum tube circuit.
—Collector (of transistor).

C+ —I'oint of positive bias voltuge eonnec- Take your choice of these Mallory
tion of a4 vacuum-tube eirewit; xlso the b i d 3
g positive terminal of such a voltage. wire-wound resnstors, and youre
- —Doint of negative bias voltage counec- . a:
tion of a \'acxlml?Hlbemrcu]n the nega- sure of lonlg Sel'VlC(i ang Stablhty
tive terminal of sueh a voltage. on any reptacement job.
CALIB —»galibrzite. y p J
CATH —Cuathode.
C'ATH FOLL —Cathode follower. Mallory vitreous enamel resistors are
CCx —Carrier-controlled approach. g .
cew —Counterclockwise. protected against moisture and
cernl o T P B corrosion by a specialnon-porous,
CGS — Centimeter-gram-second  system  of non-alkaline vitrified coating . . .
units . ane
cH —Choke, are wound on a high-stability
CHaN N . steatite core. In both fixed and
Chi(x) Greek letier symbol for: adjustab]e types, 5 to 200 watts.
—FEleetric susceptibility.
CIC ~-Combat information center. L. §. .
Navy ;ic}s]lgn qution for the cgmpdrftment Mallory axial lead resistors, famous
aboard ship in which all radar informa- . - B
tion is screened md disseminated: cor- for cool operating ‘lnd' easy
R 1e o dslolUNS Tt vlfiller yehters mounting, are coated with a
CKT BRKR —Cirauit breaker. dense, non-corrosive cement that
MR i keeps moisture out, and assures
co =y e — good heat dissipation. Leads can’t
=3 Vi es = P
E,o SN —Couxial. pull away from the winding.
‘oh —( scilla adar). ) 0 2
o oo e El O GRS 4-watt and 7-watt ratings, in a
(:OA\"iCA\l —(:omnmnicmions couNter measures. full range of resistance values.
COND —Conductor. i
CO!\EL](AD —Contro! of electromagnetic radiation.
88%1 —gonnecltion, | Order now—from your nearby
A —{L ontrol. . .
CONY —Convergence. i Mallory distributor!
CONVTR —Counverter. :
cp ~—("andle power.
Crs —Cyeles per seconil.
C-R —Cuthode-ray (tube, ete.).
C'RO —Cuthode-ray oscilloscope.
CRTI —UCathode-ray tube indicator (radar).
VG —Composite video generator (radar).
Cw —Clock wise.
—Continuous wave.
cycles —Cyecles per second.
In vacuum-tube terminology :
Cp ~Grid capacitunce.
Cun ~—Grid-heater capacitance. |
((‘ wk —Grld—(,lnhnde capacitance.
§% —Gnid t t 1
Ctl —Crt‘l ID‘(’JEIC(ZI]CM:{‘)II:I:XI‘L“]L‘,C" ‘ P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA
Cy —DPlate capucitunce. \
Con —Plate heater eapucitance.
Cuk —Plate—cathode capacitanee. ‘

TO RE CONTINUED
NOVEMBER, 1956
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Superior’'s New Model 770-A Superior’s New Model 670-A
The FIRST

ieses VOLT-0HM  SUPER-METER
MII.I.IAMMETER A COMBINATION VOLT-

USING TH[ NEW "FULL-VIEW” METER OHM MILLIAMMETER
71% MORE SCALE AREA PLUS CAPACITY RE-

Yes, although our new FULL-VIEW

e L LG ACTANCE INDUCTANCE ]
AND DECIBEL MEAS-

UREMENTS.

older standard 212"’ Meters, it pro-

vides 71% more scale area. As a
D.C. VOLTS: 0t0 7.5/15/75/150/
750/1,500/7,500 Volts. A.C.

result, all calibrations are printed in
large easy-to-read type and for the

VOLTS: 0 to 15/30/150/300/
1,500/3,000 Volts. OUTPUT

first time it is now possible to obtain
VOLTS: 0 to 15/30/150/300/

measurements instead of approxima-

tions on a popular priced pocket-sized

V.0O.M.

® Compact — measures 3% x 5% x

2%, ® Uses “Full View” 2% accurate,

850 Microampere D‘Arsonval type meter. 1,500/3,000 V. D.C. CURRENT: 0 to 1.5/15/150 Ma. O to 1.5/15

® Housed in round-cornered, molded Amperes RESISTANCE: 0 to 1,000/100,000 Ohms O to 10
Megohms. CAPACITY: .001 to 1 Mfd. 1 to 50 Mfd. (Good-Bad
Scale for checking quality of electrolytic condensers). REACT-

ANCE: 50 to 2,500 Ohms, 2,500 Ohms to 2.5 Megohms. IN-

DUCTANCE: .15 to 7 Henries 7 to 7,000 Henries. DECIBELS: —&

to 418, 414 1o }38, 4-34 1o }-58.

case. ® Beautiful black etched panel.
Depressed letters filled with permanent
ADDED FEATURE:
Built-in ISOLATION TRANSFORMER reduces pos-

white, insures long-life even with con-
sibility of burning out meter through misuse.
. l4dbio+38db + 34 db to 4 58 db. $15

28,
NET
20,000 OHMS PER VOLT

ALLMETER

includes services never before pro-
vided by an instrument of this type.

Specifications
$ A.C. VOLTAGE RANGES: 0-15/30/150/300/1500/3000 Volts. 6 D.C.
VOLTAGE RANGES: 0-7.5/15/75/150/750/1500 Volts. 2 RESISTANCE
RANGES: 0-10,000 Ohms, 0-1 Megohm. 3 D.C. CURRENT RANGES:
2-15/150 Ma., 0-1.5 Amps. 3 DECIBEL RANGES: —6 db to 4+ 18 db,

The Model 670-A comes
housed in a rugged crackle-
finished steel cabinet com.
plete with test leads and
operating instructions.

The Model 770-A comes
lete with self-cont
ba"enes, test leads and all

operating instructions.

Superior’'s New
Model TV-60

Read and compare features and
specifications below!

SPECIFICATIONS
8 D.C. VOLTAGE RANGES: {At a sensitivity of 20,000

Ohms per Volt} 0 to 15/75/150/300/750/1500/7500/

30,000 Volts.

7 A.C. VOLTAGE RANGES: (At o sensitivity of 5,000 Ohms
per Volt) G to 15/75/150/300/750/1500/7500 Volts.
3 RESISTANCE RANGES: 0 to 2,000/200,000 Ohms, 0.20

Megohms.

2 CAPACITY RANGES: .00025 Mfd. to 30 Mfd.
S D.C. CURRENT RANGES: : 0-75 Microamperes, 0 1o 7.5/

75/750 Milliamperes, 0 ta 15 Amperes.

3 DECIBEL RANGES: — 6 db to -+ 58 db.
R. F, SIGNAL TRACER SERVICE:

Enables following the R.F. signal from the antenna to
speaker of any radio or TV receiver and using that signal =
os a basis of meosurement to first isolate the faulty stage
and finally the component or circuit condition cousing the
trouble.

» The line cord, used only when making Ca-

pacity measurements, need be plugged in

only when using that service. It is out

of the way, stored in its pliofilm com-
partment at all other times.

» A built-in Isolation Transformer automatis
cally isolates the Model TV-60 from the
power line when the capacity service is
in use.

» Selected, 1% zero temperature coefficient
metallized resistors are used as multipliers
assuring unchanging accurate readings on
all ranges.

» Use of the latest type of printed clrcuit
guarantees maintenance of top quality
standard in the production runs of this
precise instrument,

» A new Improved type of high-voltage

FEATURES

# A sensitive, agccurate Volt-Ohm-Milliommeter
with giant meter and mirrored scale,

An accurate direct-reading Capacity meter.
A Kilovoltmeter.

An R.F, Signal Tracer.

An Audio Slgnal Tracer.

Giant recessed 62 inch 40 Microampere
meter with mirrored scale assures accuracy
and easy-reading. All calibrations are printed
in large easy-to-read type. Fractional divi-
sions are easily read with the aid of the
mirrored scale.

AT U S W Y

probe is used for the measurement of high
voltages up to 30,000 Volts. This service will
be required when servicing color TV receivers.

» Simply plug-in the R.F, probe and convert the
Model TV-40 into an efficient R.F. SIGNAL
TRACER permitting the measuremenf of stage-
gain and cause of trouble in the R.F. and I.F.
circuits of A.M., F.M., and TV receivers,

» Plug in the Audio probe and convert the
Model TV-60 into an efficient AUDIO SIGNAL
TRACER. Measure the signal levels and com-
parative efficiency of hearing-aids, public~
address systems, the amplifier sections of
Radio & TV receivers, etc.

AUDIO SIGNAL TRACER SERVICE:

Functions in the some manner as the R.F. Signal Trac.
ing service specified above except that it is used for the
location of cause of trouble in oll oudio aond amplifier

g
NET

Model TV-60 comes complete
with book of instructiens; pair
of standard test leads: high-
voltage probe; detachable line
cord; R, Signal  Tracer
Prohe and Audio Signal
Tracer Probe, Pliofiim bag for
all above accessories is also
included. Price complete,
Nothing else te buy. Only

SHIPPED ON APPROVAL
NO MONEY WITH ORDER —NO C 0.D.

FINANCE CHARGES ADDED If not completely suhsf‘ed return to us, no
explanation necessary. (See approval form on page 87 for complete details.)

Try for 10 days before you buy' lf completely sahsf‘ed send down payment
after trial and pay balance at indicated monrhly rate — NO INTEREST OR

WwWWWwW.americanradiohistorv.com
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Superior's New
Model 7C-55

e weu T
e
(o st 109

TUBE TESTER

TUB

T

The Experimenter
The Professional §
Th
yet efficient operation is accomplished by:

1. Simplification of all
switching and controls.

FOR

SPeedy,

You can't insert a tube in

uc } t wrong socket
ll]tsilr?gm;ﬁgssmle to insert the tube in the wrong socket when
. eagﬁwtyl\ggdgfl tTCb-SS. Separate sockets are used,
Sockat ok ube base. If the tube fits in the

be tested.
‘‘Free-point"
The Model TC-55 incorporates a new!

Checks for shorts and leakages

The Model TC-55 provides oo supmree 2l elements

a super sensitive method of

The Model TC-55 comes com

cabinet. Use it
extra charge, accommoda

denser

Superior's New
Model TV-T2

Superior’'s New
Model TV-11

EXTRA SERVICE — The Model TY-Il may
e used

on the benchpEtSséNiith orhalire instruction

tes the tester and book of instructions.

% Tests all tubes including 4, 5, 6, 7, Octal, Lock-
in, Peanut, Bantam, Hearing Aid, Thyratron
Miniatures, Sub-miniatures, Novals, Sub-minars,
Proximity fuse types, etc.

% Uses the new self-cleaning Lever Action Switches
for individual element testing. Because all ele-
menfs are numbered according to pin-number
in the RMA base numbering sysfem, the user
can instantly identify which element is under
test; Tubes having tapped filaments and tubes
with filaments terminating in more than one
pin are truly tested with the Model TV-|l as
any of the pins may be placed in the neutral
position when necessary.

The Model TVY-ll does not use any combination

type sockets. Instead individual sockets are

used for each type of tube. Thus it is impossible
detect

an extremely sensitive Con- will

Checker. A relaxation

as
Leakage

TRAS-‘COVNDUQM

TUBE

TESTING TUBES .
t. An

improved TRANS-CONDUCTANCE circuit. |
L3 'Er:"gr'\';ﬁ |;Tilgnal is impressed on the input s%gt':o:
of a tube and the resultant plate current chang

i i t suitable
i easured. This provides the most,
::e{rrllod of simula_tingR t(;x_e rgar_}r:lerrel:ei\cv:rus:h at;%?is-
actually operate in Radio & TV receifs o L
i other circuits. An]ph_flcatlon R
::aesriitz;?'l%e and cathode emission are all correlated

in one meter reading.

SYSTEM. A tapped
to compensate for
of better than

EW LINE VOLTAGE_ADJUSTING

*t':ansformer makes it possible

line voltage variations to a tolerance
2%.

tube under test

J SAFETY BUTTON —protects both the damage due to

the instrument meter against

A'.so TESTS TRANS'STORS.' gr\:grload or other form of improper switching.

or Part-time Serviceman,

Serviceman, who need
 busy 1V sevics Organiastinn. whichsnaene extra Tube Tester for outside calis.

2. Elimination of
57, 59, etc.) and providin
the new Noval and Sub-Minar types.

! s and ch i
t for field cails. A streamlined (:aarrtrsylin"'gql::s‘aes% b

TUBE TESTER

SPECIFICATIONS:

ESTER

who has delayed purchasing a higher priced Tube Tester.

ds extra Tube Testers for its field men,

old style sockets ysed for testing obsolete tubes (26, 27

8 sockets and circuits for efficiently testing

Elemental switches

ar in stri
R.M.A, specification & numbered in strict accordance with

One of the most important j
tant improvements, i i
;rlx'enflfr::]tbthat the 4 position fast-action sriagviw??(!;neevse' o
ered in exact accordance with the standard R Ma;e

numbering system. Thus if the i
tem. , element te ing in pi
No.7 of a tube is under test, button No. 7 is u;:](;nf?)tr'?ga;ntegltn

26..

included at no

to domage a tube by inserting it in the wrong
socket.

% Free-moving built-in roll
plete data for all tubes.

% Newly designed Line Yoltage Control compen.
sates for variation of any Line Voltage between
105 Volts and 130 Volts.

+ NOISE TEST: Phono-jack on front panel for
plugging in either phones or external amplifier
will detect microphonic tubes or noise due to
faulty elements and loose internal connections.

$A "750
NET

chart provides com-

The model TV-11 oper.
ates on 108-130 VoIt 60
Cycles A.C. Comes housed
in a beautiful hand.
rubbed oak cabinet com-
plete with portable cover

type oscillator incorporated in this model
leakages even when the fre-
quency is one per minute.

N
*ASSEMBLY. permits applicat
ages as required for both p
under test,
ance circuit. .

TESTING TRANSISTOR
tor can be safely and adequately testgﬂ 22!5{
under dynamic conditions. The Model TV-12 ;vn .
all transistors in that approved manner, an q | ¥
is read directly on a special ‘'transistor only' mete
scale. S

Tv-12 will accommodate all transis
1{]:dimngd§|PN's, PNP's, Photo and Tetrodes, whether

made of Germanium or Sili- $7 250
NET

A transis

con, either point contact or
junction contact types.
Model Tv-12 housed in hand-

some rugged portable cabi-
net selis for only

SHIPPED ON APPROVAL

~ NO MONEY WITH ORDER — NO C.0.D.

after trial and pay bolance at indicated monthly rate — NO

Try for 10 days before you buy! If completely satisfied, send down payment  FINANCE CHARGES ADDED. If not completely satisfied, return to us, no

INTEREST OR anat
www americanradiohistorv com

explunuﬁon necessary. (See approval form on page 87 for complete details.)
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THour Vesting Pictiune -7,,(2%

Of Course

. You can buy an “ad .

apt 5 .
will convert your standard Tube Tf :Er .Whlch fheoref/cally
tester. Sounds TS ster f

WQy_l

5 abOUf ﬁVe d /
nto a pjct ollars, our Mod
b - Pictyre . tube sell odel Tv.
ut - it simply doesn't work out th t  for $15.85 But, if you beliey h
of 2 sy, then you must agree th fe;hf at Television js here
8 e d/'fference in X
price

We do not mak mend use of CRT ’;rxsgeyc:za&”iusﬁﬁed by the many
e is avery COm;'DI;:\x /ncidenfally, the i‘ec:dc:/}fr?/f_;gis' indispensible s
ober g on in fToUrbegggsgfz:; which /'nc/ud.es a ’rsefah/emo?r;lé /OXI'P’iCed CRT
ing else. and electric-jine testers, byt efc;vlsrear?s fine

no

substitute for q
. meter wj
reading scale ith an honesf—fo.goodneSS emissiny

40 CRT. Tube Tester

dev.lce and fto pProperly test it

Tests all m . ' .
agnencquy deflec
ted tub .
-out of the sey . . in the carf:;l.r. In the set
SPECIFICATIONS. !

Tests o/l m .
7 inch 10 30 ey def

Tests for i
quality by
method. Al readings on “Good-Bad
-Ba “

® Tests for ;
inter-eleme
5 megohms. nt shorts ang leakages up to

Test for open elements.

The Mode| TV-40 s
T i ) absolutely o
'es'sag\;i‘d, including built-in :owe’r"P'efe! Se!_{-

] fure tubes in the onl E e
efficiently tesy such tubes; th f
@ separote instrument w;'u'cha'
sr.ve!y to test the ever
Picture tubest

i B by the use of o ected picrure tubes from
Is designed exclu-

increasing number of the well establ;

shed €mission
scale.

. EASY 1O USE: .~
imply insert Jine i

110 volt AC. ouHe:ord e
tester socket o fub,e

b
frap need ase (lon d
switch not be on tube). Throw r;:,:r’ V-40 C.R.T. Tyhe

up for quality tegt comes absolyrely 5

direct ...read  Complete—ngthi
on Good-Bad scqle, Throw PY¥ HOUSEdI?g e,’;zn'g

switch
down for g leakage tests f'.?e’":;ed, g\c?lded bake.
: se. Only

any
then attach

NET

i GENOMETER

Model TV-50
all-inclusive GENERATOR which provides ALL the outputs for servicing:

A versatile )
" A.M. Radio ® F.M. Radio ® Amplifiers ® Black and White TV e Color TV

xf-_f: Mi_]‘ @:}3: 7 Signal Generators in One!

- i e @, e B + R.F. Signal Generator ffor ?u ; %:.;scs;e‘::::;oae“em"
ppEeres o ignal Generator for F.M.
: S ; :.:&izlgl'-::que?cy Generator v Color Dot Pattern Generator

o E asat
o
1 Marker Generator

BAR GENERATOR: The

o,
;:-..NM .

vostn T

N

VARIABLE AUDIO FRE-

NAL GENERA- h i e o
$'0RF;'1‘SMLG‘\W101 TVH0 G QUENCY GENERATOR: in Model TV-50 projects '\1.1 'l‘C.
ometer proviles “mmh.“" 1({""\: addition to a fixed 400 cycle tual Bar DPattern o any (S

Pattern will

the Model Heceiver Rereel,

erage for AM, and 1ML a RIE
wist of 4 to 16 horizental

i ment,  Grenerades l{:injjiv i sine-wave audio,
4 mejes from 100 Kiloeyeles e - . o nrovides &
aneneies I tundae V.o 0 0 Genometer b o

300 Megacyeles o : :
:"""”“,“]" "’;h‘“""”“‘ 6 Mega variable 300 cyele U)‘ 30,'0“” bars or 7 to 20 verticul burs.
o Tfnlolr}::?on‘\izw IR cyele peaked wave audio signal. ars
i puwer R
T TV-50
GENERATOR: The THE MODEL
BT b o R all the mast comes absolutely com-

Model TV-30 includes

DOT PATTERN GENE the me
or botnts. oy plete with shielded

$ggss 'HIATQEMSIENPE\.R)A'; o ik _f\ltlmu;:h };;)\‘\ll \‘:‘ilttl::‘ui{m‘l\ frequently needed mark qAUEs I
; ¢ wi e E st of your resiigf SN f cing markers are provided oo S .

e ert Oh . any :"“l‘*“r'k"‘°‘]“:oﬁ" servicing Color TV, the ime tl‘("o‘”“tl"‘;'?» WSS Ke., 600 Keo, leads and operating

cross-hateh pattern Ul.l‘{lnl), addition whicli is a must™ is a Dot I'at- N Yon e Sl Ke, e NET
Ty vieture tube. e l)m“ t 4 ivrn renerator.The Dot Patter projected O a0 e 8579 Ke., 1.5

Rl GO " o :1“'1“;"}; on any color TV Recviver tube by .”‘_c Me, D Mce., 107 Me. (3579 Keo Onl eremressven

horizontal and vertical lines Model TV-50 will ¢nable you to adjust M e et frevuency. ) BlY ceenees

interl vide a stable b
2;:}:;!}ulf|(;<ll‘tn(.d_»l:gt\.uk ot for proper culor cony ergencee.

SHIPPED ON APPROVAL
NO MONEY WITH ORDER — NO C.0.D.

Ty for 10 days before you buy ! If completely satisfied, send down payment  FINANCE CHARGES ADDED. If not completely satisfied, return to us, no
after trial and pay balance at indicated monthly rate — NO INTEREST OR  explanation necessary. (See approval form on page 87 for complete details.)
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Superior's New Model 70 UTILITY TESTER®
FOR TESTING AND REPAIRING

ALL ELECTRICAL APPLIANCES
AUTOMOTIVE EQUIPMENT-TV TUBES

As an electrical trouble shooter the Model 70:

ity from zera ahms ta 5 megahms (5,000,000
ohms).

o Measures A.C. and D.C. Voltages, A.C. and o Will test Toasters, Irons, Broilers, Heating Pads,

D.C. Current, Resistances, Leakage, etc. Clocks, Fans, Vacuum Cleaners, Refrigerators,
P e Will measure current cansumptian while the Lamps, Fluorescents, Fans, Switches, Thermo-
AN appliance under test is in operatian. stats, etc.

e Incarporates o sensitive direct-reading resist- . .
ance range which will measure all resistances Will test all TV tubes for apen ﬂ|0menf5,.mfef-
commonly used in electrical appliances, matars, element shorts, burned aut tubes, etc. (Will nat
etc. test TV tubes for quality. An emission type tester

o leakage detecting circuit will indicate cantinu- such as the models TC-55, TV-11, TV-12, etc.,

described an preceding pages is required to
test tubes for quality.)

As an Automotive Tester the Model 70 will test:

o Both 6 Volt and 12 Volt Storage Batteries ® Generators ® Starters @ Distributors @ Ignition Cails
o Regulators @ Relays e Circuit Breakers o Cigarette Lighters ® Stop Lights # Condensers @ Direc-

tional Signal Systems e All Lamps and Bulbs . Fuses e Heating Systems . $15

READ THIS!! READ THIS!! READ THIS!!

You don’t pay for the Tester you select until AFTER you
have examined it in the privacy of your home! All models

SHIPPED ON APPROVAL
NO MONEY WITH ORDER — NO C 0. D.

Yes, when you send in the coupon (below) you are
merely giving us permission to submit the item(s) you
select for your approval. If, after trying it you decide
to keep it, then and only then do you send us the down
poyment and pay the balance at the monthly indicated

k1

}Handsome round-cornered molded bakelite case, 318" x5%''x214". Complete with all test
leads. Also included is a 64 page book giving detailed instructions, for testing all eleuntal
appliances, automotive equipment, TV tubes, etc.

rate with not one penny added for interest or
finance charges! s! If not completely satisfied (we can't
please everyone) you simply return the unit to us; no
explanation necessary.

{1 Model 670-A . Total Price $28.40 [7 Model TV-12. Total Price $72.50

MOSS ELECTRONIC DISTRIBUTINE CO., INC.
Dept. D-296, 3849 Tenth Ave., New York 34, N. Y.

Please send me the units checked. | agree to pay down payment within
10 days and to pay the monthly balance as shown. It is understood there
will be no finance of interest charges added. It is further understood that
should I fail to make payment when due, the fuil unpaid balance shall be-
come immediately due and payable.

[m}

$7.40 within 10 days. Balance $3.50
monthly for 6 months.

Model TV-11 Total Price $47.50
$11.50 within 10 days. Balance
$6.00 monthiy for 6 months.

Model TV-40 . .Total Price $15.85

$3.85 within 10 days. Balance $4.00
monthly for 3 months.

monthly for 4 months.
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$22.50 within 10 days. Balance
$10.00 monthly for 5 months.

Model 770-A Total Price $15.85
$3.85 within 10 days. Balance $4.00
monthly for 3 months.

Model TV-60 Total Price $52.50
$12.50 within 10 days. Balance
$8.00 monthly for 5 months.

B n e a a8 5 e e e a0 6000880083088 000a00aaaeatanaaaaoana (O Model TV-50 Total Price $47.50 Model TV-70 Total Price $15.85
$11.50 within 10 days. Balance $3.85 within 10 days. Balance
$6.00 monthly for 6 months. $4.00 monthly for 3 months,

AddreSs . . e e e

(O Model TC-55. . . Total Price $26.95
$6.95 within 10 days. Balance $5.00

City. . oo Zone State. .......... .

AIll Prices net, F.O.B., N.Y.C.
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RADIO COVER FEATURE

TACAN

New aerzal navigation system
combines the features of two older
tpes to pin-point planes’ position

By . WITALEN

INCE man started to fiy he has

searched for more precise meth-

ods of finding his way from one

place to another. To get where he
wants to go, a pilot needs to know
his distance and direction (range and
bearing) from a fixed point on Earth.
Modern aviation relies mainly on elec-
tronies for this chore. Radio and radar
signals, cutting through clouds, fog,
rain, snow and darkness, permit air-
craft to follow their routes over an
unseen Earth.

Till recently, systems that gave bear-
ing only have been satisfactory. The
pilot could take his bearings on more
than one station, find his position at
the intersection of the bearing lines
and measure his distance from that
point to his destination. But planes are
getting faster—and there are a lot
more of them than a few years ago.
Pilots—especially in jets—haven’t the
time to take bearings and compute
distances.

The most modern aerial navigation
system in general use, the visual omni-

|

— 7 |

range (VOR) tells the pilot his bearing
relative to a fixed point on the ground.
(VOR was deseribed in RaAplo-ELEC-
TRONICS, February, 1951.) A more re-
cent unit, DME (distance measuring
equipment), which tells the pilot his
distance from the VOR-DME station,
is not so generally used. But a new and

more precise navigational system,
called Tacan (TACtical Air Naviga-

tion) worked out by the Navy in con-
junction with Federal Telecommunica-
tions Laboratories, may supersede this
entirely practical setup, simply because
of greater accuracy and adaptability.

Unlike VOR-DME, Tacan gives both
distance and bearing with one com-
posite signal, with five times the bear-
ing accuracy of the old system (and
equal distance accuracy).

How Tacan operates

The system works in the 1000-me
portion of the spectrum. Transmitters
and receivers are rvequired for both
ground and aireraft stations (see Fig.
1). Each ground station transmits on

! BEARING REFERENCE !

| & DISTRNCE REPLY PULSES

FMITTIR RCVR

REFERENCE ENVELOPE

PULSE DET SIG DET

I L

———— e

i
i
| | |
I | I
| { 1
! |
TIMING

| @ : : i PHASE COMPARISON CKTS
I

I |
| | i
| | ISTANCE INTERROGATION |

RCYR XMITTER

| ) PULSES ] % B\EAEA%)‘F‘{G
S i) |
TACAN GND STATION b .. =

TACAN AIRBORNE EQUIPMENT
Fig. 1—Diagram shows Tacan airborne and ground equipment and operation.
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a fixed frequency Dbetween 962 and
1024 or 1151 and 1213 me. Channels
are spaced 1 me apart. The airborne
equipment receives on any one of 126
selectable channels in the spectrum used
by the ground stations and transmits
on any one of the 126 selectable chan-
nels between the frequencies of 1025
and 1150 me.

The 1000-me signals are broken up
into pulses, or rather pulse pairs, each
pulse 3.2 microseconds wide and sep-
arated from its neighbor by 12 miecro-
seconds. Every second 3,600 of these
pairs are transmitted.

How distance is measured

The airborne transmitter initiates
the action by sending out interrogation
pulses at a specific repetition rate. Spac-
ing between pairs is made purposely
random—no two airborne transmitters
have the same spacing and the con-
trol circuits have a certain amount of
built-in instability to permit the rate
to jitter slightly. These pulses trigger
the ground transmitter into replying
to the airborne interrogator. The reply
is received by the aircraft's equipment,
which measures the time it took to
reach the ground station and return,
allows for the fixed delays in the equip-
ment and shows the distance in nauti-
cal miles on an indicator.

Theoretically, the ground transmit-
ter need not opcrate except in answer
to interrogations. To transmit bearing
information, however, and to keep the
receiver up to top sensitivity, it has
been found better to maintain a ‘“con-
stant-duty cyele” in which the same
number of pulses are sent out whether
interrogations are rveceived or not. The
gain of the receiver is such that when

RADIO-ELECTRONICS
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Idealized 3-D model of nine-lobed car-
dioid radiation pattern. Transmitter is
aboard ship at focus of cardioid.

no interrogations are received random
noise triggers the transmitter. As in-
terrogations are received. an auto-
matic gain control reduces sensitivity
slightly so that the transmitter is
triggered partly by receiver noise and
partly by aircraft interrogations. If
100 interrogations are received, all the
2,700 pulse pairs used for distance
measurement are triggeved by plane-
to-ground signals. (The remaining 900
pulse pairs are used for bearing in-
formation.)

Pulse pairs sent out ‘in answer to
interrogations have the same spacing
as those sent by the interrogating air-
craft. Noise-triggered pairs have ran-
dom spacing. This is why the aircraft
can recognize the reply to its own
query. Only the reply meant for it will
follow the spacing of the interrogating
transmitter. Obviously, only the replies
meant for the aircraft would give the
right distance and bearing information.

How bearing is measured

Picture a lighthouse whose narrow
beam rotates at some fixed rate. As-
sume that every time the beam passed
north it triggered off a red light that
could be seen equally well in all di-
rections. Let’s say you are out at sea
in a boat somewhere within visual
range of the light.

To gauge your bearing relative to
north you would need only a stopwatch.

You would simply measure the time
between the instant the vred light

flashed (north) and the instant the
rotating beam swept past vour position.
Knowing the vrpm of the beam you
could easily calculate your bearing.
For instance, say the light rotated

NOVEMBER, 195%6

Hinstrations

at 1

clockwise rpm and you measure
15 seconds between the red flash and
the instant the beam swept past your
position. Your bearing relative to the
lichthouse would be 90° (east).

This is actually what any omnirange
(including Tacan) does by electronic
techniques. In Tacan, bearing informa-
tion is contained in audio signals with
which the pulse-modulated rf carrvier
is  amplitude-modulated. The AM is
imposed by a rvotating antenna system;
the strength of the signal at the output
of the transmitter remains constant
at all times.

Heart of the Tacan svstem is the
ground antenna, Fig. 2. Our cover
shows a photograph of the antenna,
covered with its protective dome. The
central element is a 3-inch diameter
stationary array of seven biconical di-

15 RPS

ch Ry

REFEREMCE PULSE DISC

Fig.
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Federal  Telecommpnications  Laboratories

poles stacked vertically. The central
element is the only excited one.

Surrounding this element are two
Fiberglas cylinders, one 5 inches and
the other 33 inches in diameter. Both
are rotated at 15 vrps (900 rpm) around
the central element. The inner cylinder
carries a single parasitic element—the
outer nine eclements.

With just the one parasite (inner
rotating cylinder) the cireular pattern
of the vertical arvay is transformed
into the cardioid pattern of Fig. 5-a.
This cardioid pattern rotates at 15
revolutions per second. To a receiver
at a fixed point (or a plane whose
position changes little in 1/15 second)
the strength of the signal rises to a
maximuni, drops to a minimum and
returns to the starting point 15 times
a second—in other words the signal

e e i = e = et o

DRIVE SHAFT

PERSPECTIVE VIEW

2—Plan and perspective views of the antenna—*heart of the Tacan system.”
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..here’s how to LEARN
SERVICING R-1-G-H-T!

Complete training in modern

professional methods . . . only
$12 ... 3 months to pay!

FIX ANY RADIO OR TV SET EVER
MADE....easier....better....faster

This big, 822-page book brings you
f:e kind of PROFESSIONAL training
that

You learn to deal with any kind of

trouble in any kind of receiver. No

822 pages, 417
Mustrations
T'rice %6.75

(See special offer in
Coupon

. helps you handle the toughest uesswork. No aimless testing.

Radio & TV radio-felevisi):)n-elec?ronic servicegiobs 9 9
Recciver as slick and as accurately as you now Here are just a few of the subjects
TROUBLESHOOTING do_the easy ones! X covered: Components and Their Trou-
AND REPAIR .Eor service beginners, Radio & Tele- bfes; Basic Troubleshooting Me'fhgds;
vision Receiver TROUBLE-SHOOTING ""Static’*  and ''Dynamic™ Testing;
by Ghirardi & AND REPAIR is a complete, easily Practical Troubleshooting Tips and
Oy Liinrardt o understood professional training course, Ideas; AC/DC, 3-way Portable and
Johnson For experienced servicemen, it is the Battery-set Problems; Servicing Com-

ideal way to "'brush up" on specific
jobs: to develop better troubleshoot-

ing methods and shortcuts; and to
find quick answers to puzzling service
problems.

Step by step, it takes you through
each service procedure . . . from lo-
cating troubles quicker and with less
testing to repairing them faster and
better.

munications Receivers; A Complefe
Guide to Television Service; AM, FM
and TV Realignment Made Easy; Re-
sistor, Capacitor, Inductor and Trans-
former Problems; Servicing Tuning,
Selector and Switching Mechanisms;
Loudspeakers; Servicing Recorders and
Record-playing Equipment . . . and
dozens more. Use coupon. Read it
for 10 days at our risk.

LEARN BASIC CIRCUITS....and watch
service ‘"headaches’’ disappear!

Radio & TV It's amazing how much easier you know their likely "troublespots™ . . .
Receiver can repair radio and television sets and and how to eliminate guesswork and
CIRCUITRY even industrial electronic equipment useless testing.

AND OPERATION when you know all about its circuits.
You locate troubles in a jiffy because
you know what to look for and where
to look. You handle jobs lots faster,
better . . . and more profitably.
669 Dages Radio & Television Receiver CIR-
oo i Gy CUITRY AND OPERATION gives you
417 ‘lllu-"”mj“”-" a complete understanding of basic
P'rice $6.50 circuits as well as their variations, It
teaches you to recognize them . . . to
understand their peculiarities . . . to

Throughout, this new book brings you
the kind of above-average professional
training that fits you for the bigger,
better-pay jobs. Covers all circuits
used in modern television and radio
receivers, amplifiers, phono pick-ups,
record players, etc.

Price only $6.50 . . . or See money-

saving combination offer in coupon.
10-day FREE examination.

FREE EXAMINATION . . . easy terms!

O N O S S B ae am B B B e G G G B .
Dept. RE-116, RINEHART & CO., INC.

I 232 Modison Ave., New York 16, N.Y.
Benl hooks indicated tor FREE EXAMINATION.

by Ghirardi &
Johnson

(sce special offer!)

In 10 days, I

l will either renit price imdicated plus a2 tew cents postage or rvtlu‘nl
hooks postpiid @il owe yon nothing.
Il] Radio & TV CIRCUITRY (J Radio & TV TROUBLE-'
AND OPERATION (Pricc $6.50) SHOOTING AND REPAIR
Lo commmation R ... Both hoaks ony $12.00 (Regul
ini ON OFFER . . . Both hooks only .00 (Regular
Mﬂke Y°l"' frﬂlﬂlﬂg l price separately $13.25 . . . you save $1.25)
- (Combination offer is payahlc at rate of $3 (plus postage) after
Ilbrary complefe. Have 1 10 days if you decide to keep hooks, and $3 a month thereafter ||
until $12 has heen paid.)
ALL the latest data at  Nyoe . 1
your fingertips. Get B adaress. 1

ICity. Zone. State . . . . 5
I()('TSII)]E US.A. ... §7.25 for TROURLI: IIOOTIN(:I
AND REPAIR: $7.00 for CIRCUITRY AND OPERA-

°ﬂ|Y slz-oo fOI’ fhe fwo TION : $13.00 for both books: Cash with order, but money l
refunded if youw return books in 10 days.

...YOU SAVE $1-25- - D D S B B Em D B D B B B a .

RINEHART BOOKS ARE SOLD BY LEADING BOOK STORES

both these books at
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is amplitude-modulated at a 15-cycle
rate. Since the amplitude goes through
a 360° cycle for every revolution, the
phase of the modulation (number of
degrees from maximum amplitude or
other recognizable point in the signal)
is equivalent to the number of compass
degrees from the same point.

CENTRAL ANTENNA
ARRAY

W
REFLECTOR

b
Fig. 3—The 15-cycle modulated pat-

b).

But so far we have no such point
—nothing to take the place of the
flash of our optical phare every time
the beam pointed north. Actually, at
the instant the maximum radiation of
the ground-to-air Tacan signal is due
east, a closely spaced group of pulses,
easily recognized by the airborne re-
ceiver, is sent out as a reference signal.
The airborne equipment measures the
phase difference between this reference
signal and the 15-cycle coarse variable
signal to obtain the coarse bearing.

The fine modulating signal is pro-
duced by the outer cylinder with its
nine parasitic elements. These super-
impose a 135-cycle amplitude modu-
lation on the 15-cycle pattern already
being transmitted, since the cylinder,
sweeping around at the same 15-cycle
rate as the inner one, adds its nine
lobes or ripples (Fig. 3-b) to the cardi-
oid pattern as received at any distant
station. The coarse system identifies
the bearing sector within 20°; the fine
system pinpoints it to within 1° within
this sector.

tern (a«) and the 135-cycle one

Receiving circuits
To the airborne receiver, the cardi-
oid pattern produces a 15-cycle sine

t_—-‘ /15 SECOND, FUNDAMENTAL ——i

1/135 SECOND, 9TH HARMONIC

SIG STRENGTH

TIME

Fig. 4—How the 15-plus-135-cycle sig-
nal appears to the airborne receiver.
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FOR EXTREME DISTANCE
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ever designed

DIRECTOR

FOUND ONLY IN THE TRIO ZEPHYR LINE

15P HYR

e

POWER PACKED PAIR

POWER PACKED THREESOME

L]

ZEPHYR ROYAL

POWER PACKED FOURSOME

Trio's Zephyr and Zephyr Royal, the leaders of the
1956 s2ason, are brought to you in the 1957 models
improvad and perfected, and destined to remain the
champions. This famous antenna family is expanded
by the Zephyr-Mite, newest addition to the Zephyr
family. Trio's Zephyr fomily features the "Wing"
dipol=—the composite dipole that brought the power
of the Tagi to every channell Add to this the "Wing"
director, the revolutionory new director specifically

UL mectacen ot

GRIGGSVILLE, 1LLINOIS

COPYRIGHT 1956 TRID MFG. CO. EXPORTSALES DIV, SCHEEL INTERNATIONAL INC., 4237 N. Lincoln Ave., Chicago, US.A. Cable Addrers: HARSCHEEL

NOVEMBER, '956

designed to enhance the power and sensitivity of the
"Wing" dipole—and you have a combination that is
unequalled in the TV antenna field today for the maxi-
mum in performance. The "Wing" dipole and "Wing’
director are exclusive features of the Trio Zephyrs—
features thot moke Trio ''the choice antenna line.”

Trio's recognized quality construction features the
internationally famous Insta-Lok clamps—the clamps
that ‘protect’ the element!
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SNOWY PICTURE?

TRY BENCO'S

LOW NOISE
SUPER 20

MAST- MOUNTED

BOOSTER

® Very Low Noise Cascode Circuit
Brings Weak Snowy Pictures to
Entertainment Level

® Automatic ON-OFF from TV Re-
celver

® Fasily mounted on Mast

® Supplied Complete with all
nectors ({Solderless)

® 20 DB Gain

® Contains separate 3-tube Amplifiers
for High and Low Bands (3 Dual
Triodes)

® Amazing Low Price

'

Available at all leading
Canadian distributors

U.S. JOBBER INQUIRIES INVITED

Con-
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U.S. and
Canadian List

USE THIS HANDY COUPON
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Benco Television Associates Ltd.,
278 Bridgeland Ave. Downsview
TORONTO, Canada.

3 Please send e camblete details on the
RUPER e

O New Equipment CAPLVLOG

Address

City.
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Fig. 5—Diagram of bearing circuits.
wave as shown in the dashed line of
Fig. 4. The bearing ecircuits thus only
have to measure the phase of the wave
received at the instant the reference
signal is received. The bearing circuits
of an aircraft receiver are shown in
simplified form in Fig. 5. After pass-
ing through a decoder in the earlier
stages of the receiver, to eliminate all
but properly spaced pairs, the signal
is split, one portion going to reference
burst decoders and the other through
separate 15- and 135-cyele channels of
a coarse—fine computing electromechani-
cal servo.

As previously stated, the reference
signal 1s transmitted when the maxi-
num lobe is due east. But the reference
signal is not at the maximum (which
to the receiver is the rather broad
peak of a sine wave) but 90° ahead of
it. (A sine wave crosses the zero axis
90° beyond its peak and at that point
is changing most rapidly in instanta-
neous value.)

The sine wave received from the 15-
cycle filter is applied to the servo and
is made to produce a “gate” at the
reference frequency. If the aircraft is
due south of the beacon, this reference
frequency will fall inside the gate. The
indicator will indicate 0°, or north,
and a relay is closed to switch the
equipment from search to track. If the
plane is not due south, the gate must
be shifted in phase till the gate and
reference signal coincide. This is done
by a phase shifter which rotates at 4
rpm. As soon as the gate has been
moved the requisite number of degrees,
eate and reference signal will coincide,
the meter indicates the difference from
north, the relay closes and the 135-cycle
circuits take over. These have their
own reference pulse bursts and the
process is repeated, with the rotation
of the phase shifter being transmitted
to the indicator through a 9-to-1 re-
duction gear. It is this that makes the
bearing indications of the system so

WWW.americanradiohistorv.com
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(Peak rider and decoder circuits omitted.)

much more accurate than older meth-
ods.

When the gate is in exact coincidence
with the reference burst, the compari-
son cireuit supplies no voltage to keep
the phase shifter in rotation and the
indicator remains fixed till some slight
change in the course of the plane may
activate the tracking circuits. The c¢ir-
euits then operate to indicate the
changed bearing.

A somewhat analogous method is
used in the distance-measuring equip-
ment, with a pair of gates varying
to tie in with signals having the same
spacing as those sent from the plane.
There is also a search and tracking
mode, with a much lower interrogation
pulse rate (approximately 24 per sec-
ond) while tracking than during the
search period when about 150 pulses
per seceond are sent out. Circuit refine-
ments in both the bearing and distance
equipment add a ‘“memory” to the
circuits so that temporary interrup-
tions of the signal, as by static, inter-
ference or the reference burst or identi-
fication signals do not return the equip-
ment from the tracking to the search
mode.

Tacan is regarded by experts to be
the most refined system for furnishing
range and bearing and is applicable to
use on shipboard and in mobile appli-
cations where VOR-DME is not prac-
tical. Already in use in Air Force and
Navy aireraft, the system met with
some objection from civil aircraft au-
thorities because it would make ex-
pensive and satisfactory VOR-DME
equipment uscless. However, a com-
promise has recently been worked out
in which the bearing equipment of the
older system may be retained—at least
for a time. The compromise system,
Vortae, has already been accepted by
the Government’s Air Coordinating
Committee and will be put into effect
systematically over the next several
years. END
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Note the space-saving
compact design of this
150 volt DC 5 amperes
Solo power supply for
computer circuits. Panel
height is only 7".
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chooses Sangamo Capacitors

for Germanium Power Supplies

VO‘.O.O-!anOQ.OOOQ‘I.'.00.t..t.t'0..000."'.'00006'.0“'!.o.'

9@ 90 09 00 000

Space-saving compactness and light weight . .. features assured by the exacting
demands of Sola engineers . . . are among the many advantages ol Sola Constant
Voltage DC Power Supplies for intermittent, variable. pulse or high current loads.
That’s why they specify Sangamo Type DCM Electrolytic Capacitors for the high-

capacitance filter section of these power supplies.

Besides contributing to the space-saving, weight-reducing design of the “Sola CV
DC,” Sangamo Capacitors minimize ripple voltage and insure steady, stable DC
voltage. No further need for heavy, bulky
choke components with their substantial and

often-varying load voltage drops.

Just as Sangamo Capacitors meet the exacting
specifications of Sola design engineers, they
can meel yours . .. no matter how demanding

—regardiess of how specialized.

Sangamo DCM Electrolytic Capacitors pro-
vide excellenl capacity stability with long life
... exceptionally low equivalent series resist-
ance . . . extremely lrigh capacity for case size

in low voltage ranges. Special design permits

high ripple current without overheating. Can

be supplied in maximumenergy contentrating  The Sangamo DCM Electrolytic Capacitor is
of 80-watt seconds with maximum voltage rat- ~ "evsedin a seamless, drawn aluminum con-
tainer with gasket-sealed molded alkyd

ing of 450 VDC. Maximum capacity value of  resin base thermosetting plastic cover.

33,000 mfds. can be supplied at 15 WVDC. Detail of cover construction insures mini-
mum contact resistance in current carrying

members and provides an adequate safety
vent in case of heavy overicad.

SANGAMO ELECTRIC COMPANY

CAPACITOR DIVISION + SPRINGFIELD, ILLINOIS

$C56-5
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Winegard

one-man, one-call TV Antennas!
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S

ONE MAN — Save hours you now spend on antenna installa-
tion. One man can install a WINEGARD TV Antenna in a
matter of minutes. Only WINEGARD features “Umbrella-Ease”
construction for ONE-MAN installation. Comes from the factory
as a completely assembled iustallation! Just open like an um-
brella! Most models anodized after assembly so all surfaces are
corrosion and rust resistant. Gleaming gold color (exclusive
with Winegard) complements the finest home...adds extra
sales appeal.

ONE CALL—Don’t spend valuable hours on return calls! Install
a WINEGARD antenna—and be sure your customer’s happy, the
first time! “In-the-studio” clarity is assured with all these exclu-
sive WINEGARD features: *ALL-12-CHANNEL high gain per-
formance—especially designed for COLOR! #Optional POWER-
PACK for signal-building boost on all channels! *Patented
ELECTRO LENS intensifies signal, increases gain,

and. ..

ONE STANDARD OF WINEGARD QUALITY!

The unmatched quality story of WINEGARD antennas is hitting
hard at your customers in the pages of SATURDAY EVENING
POST, FARM JOURNAL, BETTER HOMES AND GARDENS,
HOUSE BEAUTIFUL, TOWN JOURNAL, SUNSET, TV
GUIDE and other national magazines. And quality strengthens
the selling story all across WINEGARD'S complete line of

television antennas.

WINEGARD Complete Antenna Installations start as low as
$17.95. Ask your Parts Distributor for complete information
or write:

@Winegard
company

3000 Scotten Blvd., Burlington, lowa

cut your roof time

Color'ceptor
$29.95 list

*Pat. No. 2700105
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. insist

Sprague. Use complete radio-
Marshall Streei, North

Adams, Massachusetts.

TV service catalog C-610. Write
Sprague Products Company,
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SOLAR CELL
FOR SATELLITES

Possibly one of the most unique uses
for the recently developed silicon solar
cell will be to supply electrical power to
future man-made satellites. With the
announcement that the first such satel-
lite will be launched in 1457-38, Dr.
John Picrce, rescarch head of Bell Labs,
suggested this application for their
solar cell,

Several months ago the solar cell
made its  first high-altitude balloon
flight. An automatic recorder showed
that the solar cell had actually doubled
its output at a mere 10,000 feet. Light
is much more intense outside the filter-
ing effect of the atmosphere, and cold
increases the cell’s efliciency. Data, as
vet unreleased, from more recent flights
at higher altitudes are sure to disclose
unbelievable solar-cell performance.

In RADIO -
ELECTRONICS

December issue—

STABILITY
in

FEEDBACK AMPLIFIERS
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Reserve your
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ALLIED'S own knight=-kits

THE FINEST ELECTRONIC EQUIPMENT IN MONEY-SAVING KIT FORM

LOWEST COST—our huge buying
power means biggest savings for you.
You do the easy assembly and your
finished instrument is equal in perform-
ance and appearance to equipment
selling for several times the remarkably
low KNIGHT-KIT price.

ADVANCED DESIGN—months of re-
search, development and field-testing
go into each KNIGHT-KIT to bring you
the latest advances in quality design.
And to assure top performance, premium
quality parts are supplied in each kit.

Beild Your Own Qeality

Equipment of Substatiel Savings )

Buy With Confidence From the Pioneers in Electronic Kits

EASIEST TO ASSEMBLE—-all
and panels are punched; all parts are
clearly identified—resistors are mounted
on cards and values are shown. Instruc-
tion manuals are a marvel of clarity,
featuring "Step-and-Chek” assembly,
"King-Size" diagrams and “Spotlight”
pictorials. All you need are soldering
iron, pliers and screwdriver.

ALLIED stakes its 36-year repu-
tation in the Electronics field on
your complete success and fullest
satisfaction with KNIGHT-KITS.

chassis

—

NEW knight-kit LOW COST
GENERAL-PURPOSE 5” OSCILLOSCOPE KIT

Model F-146
s 50 Outstanding value in an all-new, highly versatile 5 oscilloscope kit.

Perfect for visual display of all commonly encountered waveforms. Ex-

cellent for AM, FM and TV servicing, plus other high-frequency appli-

cations. An easy-to-build, easy-to-use, dependable performer that
matches or beats commercially wired 'scopes selling at several times more. Up-to-the-
minute kit design features printed circuit, laced wiring harness, and pre-cut wires for
quick and easy assembly. Has 4 sweep ranges, 15-150,000 cps. High vertical sensitivity:
25 rms millivolts /inch; input impedance, 3.3 megs and 15 mmf; response down only
3 db at 700 kc. Horizontal sensitivity, 70 rms mv /inch; response, down only 3 db at
200 kc; input impedance, 2.2 megs and 30 mmf. Deluxe features include DC positioning
controls for fast trace positioning; blanking circuit on all ranges to eliminate retrace
lines; graph scope screen and internal, regulated calibrating voltage for highly accurate
signal measurements; frequency-compensated vertical attenuator; provision for internal
or external, positive or negative synchronization; Phantastron linear sweep generator;
high 2nd anode voltage for high:intensity trace. Kit is complete with 5" CRT and all
tubes—ready for assembly. Blue steel case with “'disappearing” handle. Handsome
panel in contrasting gray. Size, 1415 x 915 x 16" deep. Shpg. wt., 40 lbs.

Model F-146. Complete 5" Oscilloscope Kit. Netonly. ..................... $49-50
F-148. RF Demodulator Probe Kit. Netonly................. T T o $3.45
F-147. Low-Capacity Probe Kit; s ssmvsrsssmscsnsisrnmssrsonsreromeerneas $3.45

NEW knight-kit TV-FM
SWEEP GENERATOR KIT

Guaranteed Linearity ¢ Fool-proof Calibration
Wide-Range Coverage ¢ Electronic Blanking

Model F-123

54475

All-new; precision-designed for lab use, TV and FM servicing, pro-
duction line testing. Covers 300 kc to 250 mc continuous on 4 bands
(all fundamentals). Center frequencies of VHF TV channels appear
on scales. Exclusive KNIGHT-KIT sweep circuit assures almost
perfect linearity—RF sweep output in _excess of 0.15 volts, flat
within 1 db, is available on all bands. Sweep width continuously
variable, 0-13 mc. Crystal-controlled marker oscillator with dual
crystal socket and selector switch. Phase control provides blanking
shift, 0 to 180°. Step-type and continuous output controls; separate
marker amplitude control. Filter connected to 0-50 mc output jack provides 20 db
attenuation of frequencies above 50 mc. to assure pure, fundamental output. 5-volt
horizontal sweep voltage (for scope) available from front panel. Professional-looking
blue-finish steel case with gray panel. Has “‘disappearing’ handle. 813 x 12 x 714", With
all parts, tubes, test cable, solder and multi-color pre-cut wire. Less crystal. Shpg.
wt., 1315 lbs.

Model F-123. TV-FM Sweep Generator Kit. Netonly . . .................. 544-75
P-286. 4.5 mc Crystal (.005%). Net
P-143. 5.0 mc Crystal (.029%,). Net. .. .......
P-145. 10.7 mc Crystal (.029%,). Net

EASY
PAYMENT TERMS
If your total KNIGHT-KIT
order is over $45, take
advantage of our liberal
fime Payment Plan—
only 10% down. Write

for applicction form.

ALL PRICES NET F.0.B. CHICAGO

ALLIED RADIO SEE FOLLOWING PAGES

NOVEMBER,
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ALLIED’S own knight-kits... better by far

knight-kit 5" ALL-PURPOSE WIDE-BAND OSCILLOSCOPE KIT

2 Printed Circuit Boards o

Model F-144

$ 6900

Ready to build. Shpg. wt.. 5 lbs,

Model F-136. Voltage Calibrator Kit. Net .

26"

knight-kit
VISUAL-AURAL SIGNAL TRACER KIT

A remarkable value in an instrument
which permits visual and aural signal
tracing of RF, IF, video and audio
circuits—has highest gain in its price
class. Traces the signal from the an-
tenna to the speaker. Reproduces
signal at plate or grid connection of
any stage. lIdentifies and isolates
“‘dead’’ stages. Fcatures: usable gain
of 91,000; “‘magic eye” with cali-
brated attenuators for signal pres-
ence indication and stage-by-stage
gain measurements; built-in 4" PM
speaker; single probe with plug-in
head gives instant chdice of RF or
audio tracing. Provides noise test;
built-in watt meter calibrated from
25 to 1000 watts; provision for exter-
nal scope or VTVM. Blue-finish steel
case. Shpg. wt., 13 Ibs.

Model F-135. Signal Tracer

Kit. Netonly............. 526.50

NEW knight-kit
VOLTAGE CALIBRATOR KIT

Model
F-136

Permits the use of any scope
as a precision peak-to-peak
AC voltmeter. Provides a true
square-wave voltage on scope
screen. Range switch and cali-
brated potentiometer permit selecting any voltage be-
tween .01 and 100 volts, in 4 ranges. Fifth position of
switch feeds external signal to scope for comparison.
Constant output on line volt. variation from 80-135 v,
+6% on all ranges. Shunt capacitance only 15 mmf.
Use any 20.000 ochms /volt VOM or a VT'VM for initial
calibration. Direct coupling of output provides ground
reference for DC scopes. Portable case, 737 x 514 x 4%4".

5"275

AR

i

BE

s

5 Mc Width for Color TV

Wide-band, 5" Oscilloscope; equals or betters the performance of commercially-
wired 'scopes costing several times the price. Two printed circuit boards and
laced wiring harness assure wiring accuracy and reduce assembly time. Ideal
for lab use, color TV servicing and high frequency applications. Provides
unusually wide sweep range—from 15 to 600,000 cps. Locks in at frequencies as
high as 9 mc. Vertical response, 5 cycles to 5 mc. Response, down only 1 db at 3.58 mc color
burst frequency; down only 3 db at 5 mc. High vertical sensitivity of 25 mv /inch. Input capacity
20 mmf and 3.5 megs. Outstanding features: cathode-follower vertical and horizontal inputs;
2nd anode provides 1400 volts high-intensity trace; push-pull vertical and horizontal amplifiers;
positive and negative locking; faithful square wave response; frequency-compensated attenu-
ator; Z-axis input for intensity modulation; one volt P-P calibrating voltage; astigmatism con-
trol; blanking circuit to eliminate retrace lines; DC positioning control, Complete with CRT,
all tubes and parts. Handsome, professional, blue-finished steel case with “‘disappearing”’
handles. 1414 x 914 x 16". Shpg. wt., 40 lbs.

Model F-144. Wide-Band 5" Oscilloscope Kit. Netonly . . . ... ... ... ... .. ... .. .. $69-00
F-148. Demodulator Probe. Net. .$3.45.

F-147. Low Capacity Probe. 12 mmf. Net....$3.45

knight-kit LOW COST
RF SIGNAL GENERATOR KIT

Model F-145 Build this wide-
range extremely

75 stable RF signal

$ generator and save
two-thirds the cost
of a comparable
wired instrument. Ideal for align-
ment of RF and IF stages in radio
and TV sets, and for trouble-

shooting audio equipment. Delivers output on fundamentals from
160 kc all the way out to 110 me; useful harmonics to 220 me. Has
built-in 400-cycle sine-wave audio oscillator for modulating RF;
audio is also available cxternally. Features high-stability Colpitts
circuit with precision-wound coils—no calibration necessary. Has
input for external modulator. Maximum audio output, 10 volts.
RF output, over 100,000 micro-volts. Step and continuous-type
output attenuators. With all parts. tubes, wire and solder. Port-

able case, 7 x 10 x 5”. Shpg. wt., 10 Ibs.

$12.75

Model F-129

37

NEW
knight-kit
6-12 VOLT BATTERY ELIMINATOR KIT

A valuable new unit for servicing
auto radios, mobile gear, etc. Delivers
continuously variable filtered DC
output from 0 to 15 volts. Provides
DC output at 0-8 volts or 0-15 volts.
Continuous current rating: 12.5 amps
at 6 volts, 10 amps at 12 volts. Can
also be used as batterv charger.
Oversize rectifiers and transformer
for better regulation and long life.
Two meters provide simultancous
current and voltage readings; ranges:
0-15 volts DC: 0-20 amps DC.
Doubly protected: fused primary and
automatic-reset overload relay for
secondary. Heavy-duty binding
posts. Blue-finish steel case with
“'disappearing’’ handle. With all parts,
solder and pre-cut wire. 9 x 1214 x
734". Shpg. wt., 20 lbs.

Model F-129. Power Supply

Kit. Netonly. ........ p .. 537.95

Model F-145. RF Signal Generator Kit. Net only. ... ... 519.75

knight-kit
AUDIO GENERATOR KIT

Model F-137 An ideal audio fre-
quency source for
$ 50 checking audio cir-
3 7 cuits and speaker re-
e sponse. Covers: 20
cps to 1 mc in 5 ranges. Qutput voltage: 10 volts into 600
ohms impedance. Offers the flat response of a lab standard—
+1 db to 1 meg. Generator imp., 600 ohms. Less than
.25% distortion from 100 cps through the audible range;
less than .59, when driving 600 ohm load at maximum out-
put. Cont. var. step-attenuated output. 17 lbs.

Model F-137, Audio Generator Kit. Net only. .. 537.50
knight-kit RESISTANCE SUBSTITUTION BOX KIT

Model
F-139  values needed in a circuit. 36 stand-
ard 1 watt resistance values be-
ss 95 tween 15 ohms and 10 megohms
with an accuracy of 10%. 18-posi-
tion switch; also slide switch for multiplying
values by 1000. Extra switch wafer serves as
tie points, eliminating buss bar.5x3x2”. Com-
plete with test leads and clips. 2 lbs.

Model F-139. Resis. Sub. Box Kit. Net. $5.95
knight-kit CAPACITANCE SUBSTITUTION BOX KIT

Makes it easy to find capacitor
£-138 values needed in a circuit. Provides
- 18 standard capacitor values from
$ 95 .0001 mfd. to .22 mfd., #20¢,.
5 Values are 600 volts, except .15 and
.22 which are 400 volt. 18-position
switch selects all values quickly and easily.
In bakelite case, 5 x 3 x 2”, Complete with all
parts, test leads and clips. 2 lbs.

Model £-138. Cap. Sub. Box Kit. Net . .$5.95

Simplifies determination of resistor

Model!

QUALITY ELECTRONIC TEST EQUIPMENT IN MONEY-SAVING KIT FORM

96

WWW.americanradiohistorv.com

RADIO-ELECTRONICS


www.americanradiohistory.com

e e}asigsMo”build. ..you get mbre.:,YO'(j SAVEMORE

4%
Meter

Model F-128
knight-kit
1000 OHMS/VOLT VOM KIT

Exceptional accuracy and versa-
tility at amazing low cost. Ideal
for service shop, lab and Amatcur
use. Uses 4147 meter (400 micro-
amp movement) with separate
scales for AC voltage and current.,