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Model 310 a complete miniature
V-0-M with single switch selection
and the ranges and accuracy of units
several times its size. Used with
Model 10 clamp-on ammete: plugged
in it becomes one of the world's most
versatile pieces of test eqLipment—
even measuring current flow without
stripping wires.
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.The New Frontiers

are in science, design, production

Burton Browne Advertising

Model 630-PL V-0-M with such ad-
vanced features as an unbreakable
clear plastic front for wide range,
shadowless, instant vision, polarity
reversing switch, single king size
knob for selecting both range and
circuit, continuous resistance read-
ings from 0.1 ohm to 100 megohms.

Triplett Electrical
Instrument Company
Bluffton, Ohio

The new frontiers are being exploited by companies
which like Triplett have worked the frontier of elec-

tronics for aver 55 years.

Working the frontier means being on the spot
with the equipment to develop and maintain this
new made world. Triplett has a history of over 50
years of being first with the best in panel instru-
ments and test equipment at a practical cost.
Triplett is still working on the frontier of electronics
with such innovations as these:

Model 690-A, a new Transistor Tester
with more Triplett “plus” in accuracy
and simplicity, for testing leakage and
gain of all low and medium power PNP
and NPN transistors. Small, rugged,
battery-operated, it measures DC Beta
from 5 to infinity. Affords exact tests for
shorts, checks forward & reverse leakage
of diodes. Features single switch selec-
tion of transistor types, positive "off"' to
prevent accidental battery drain, separate
‘“calibrate’” and ‘‘gain" buttons eliminate
errors, transistor socket and external
leads for any basing arrangement.

New Unimeters—a great step
forward in increasing meter n-
ventory flexibility while cutting
inventory cost. These Select-
Your-Range unimeters consist of
only two basic meter movemen:s,
which can be combined with any
one of a number of separate dial-
component units fora wide variety
of meter ranges. Movements
quickly and simply slide onto dial-
components and lock together—
no soldering, no wiring. Exclusive
Triplett Bar-Ring construction or
self-shielding, greater accuracy
and sensitivity.

Throughout the world Triplett first . . . to last




Learn Radio-Television

Servicing or Communications
by Practicing at Home

in Spare Time

N.R.1. SENDS kits with which you prac-
tice building ecircuits common to Radio
and TV sets. You LEARN-BY-DCING
to locate Radio-TV troubles. As part of
N.R.I. Servicing Course, you build Vacuum
Tube Voltmeter and AC-DC receiver Use
VTVM to conduct experiments,
earn extra money fixing
sets in spare time

RADIO-TV BROADCASTING (see above
important positions as Operators and Technicians
RADIO-TV SERVICING Technicians (see below
needed in every community. Their services are
respected. their skill appreciated.

offers

i
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“I was repairing Radios . K8 Doing spare time re- - - -
by 10th lesson. Now « | pairs on Radio and TV. | National Radio Institute
2 ® have good TV job.” Soon servicing full :
M. R. LINDEMUTH. time.” CLYDE HIG- : Dept. 9DF. Washington 16, D. C.
4 Fort Wayne. Ind. | GINS, Waltham, Mass. |
I had a successful _ “There are a number of |
Radxo repair shop. Now . NRI graduates here. I ] Name.__________
I’'m Enginecer for = % can thank NRI for this ™ |
WHPE." VW.WORK.- . v &  job.” JACK WAG- =% & Address_ __ _ __ _ ___
MAN, High Point, N.C. NER, Lexington, N. C. s |
: City_

VETERANS Approved Under G.1. Bills
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Fast Growmg Field Oﬁers You
Good Pay, Success, Bright Future

Blggex than ever and still grow-
ing fast. That’s why Radlo TV
has special appeal to ambitious
men not satisfied with their
job and earnings. More than
4,000 Radio and TV stations.
More than 150 million home

<l and auto Radios, 40 million
LESMITH Ty gets Color TV promises
Founder added opportunities. For the

trained man, there are good jobs, bright fu-
tures in Radio-TV Servicing or Blmdmstmg

Training PLUS opportunity is the ideal
combznatlon for success. So plan now to get
into Radio-TV. The technical man is Jooked
up to. He does important work, gets good
pay for it. Radio-Television offers that kind
of work. NRI can supply training quickly,
without expense of going away to school.
Keep your job while training. You learn
at home in vour spare time. NRI is the
OLDEST and LARGEST home study Radio-
TV school. Its methods have proved success-
ful for more than 10 years.

TRAINED 'I'HESE MEN FOR SUCCESS SEND FOR BOTH FREE

Mail me Sample Lesson and 64-Page Catalog 1
FREE. (No salesman will call. Please write plainly.)

ACCREDITED MEMBER, NATIONAL HOME STUDY COUNCIL

————————————————_————_&—

Added Income Soon - $10, $15

a Week in Spare Time

Soon after enrolling, many NRI students
start to earn $10, $15 a week in spare time
fixing sets. Some pay tfor their training and
enjoy extra luxuries this way. Some make
enough to start their own Radio-TV shops.
NRI training is practical —gets quick results.
Easyv to understand, well illustrated lessons
teach you basic principles. And vou LICARN-
BY-DOING by practicing with kits of equip-
ment which “bring (o lite” things you study.

Find Out What NRI Offers

NRI has trained thousands for successtul
careers in Radio-TV. Study fast or slow—as
vou like. Diploma when you, graduate. Mail
coupon now. Paste it on a postcald or mail in
envelope. ACTUAL LESSON FREE. Also 64
page catalog that shows opportunities, shows
equipment vou get. Cost of NRI courses low.
Easy terms. NATIONAL RADIO INSTITUTE,
Dept. 9DF, Washington 16, D. C.

. &
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MAKE MORE MONEY
» TELEVISION

RADIO-ELECTRONICS

BETTER...MORE COMPLETE...LOWER COST...
WITH NATIONAL SCHOOLS SHOP-METHOD
HOME TRAINING!

BETTER...Training that is proved and tested
in Resident School shops and
faboratories, by a School that is
the OLDEST and LARGEST of
its kind in the world.

You learn ALL PHASES of
Television-Radin-Electronics.

. Other schools make scveral courses
out of the material in our ONE
MASTER COURSE . . . and you
pay more for less training than
you get in our course at ONE
LOW TUITION'!

MORE COMPLETE...
LOWER COST..

A
-~ &

You get all information
by mail ... You make
your own decision . . . at
home! NO SALESMAN

WILL CALL

'I'OP PAY... UNI.IMITED OPPORTUNITIES
LIFETIME SECURITY CAN BE YOURS!

You are needed in the Television, Radio, and Electronics industry!
Trained technicians are in growing demand at excellent pay— in
ALL PHASES, including Servicing, Manufacturing, Broadcasting and
Communications, Automation, Radar, Government Missile Projects.

NATIONAL SCHOOLS SHOP-METHOD HOME
TRAINING, with newly added lessons
and cquxpmnnt trains you in your
spare time at home, for these unlim-
ited opportunitics, including many
technical jobs lcading to supervisory
positions.

YOU LEARN BY BUILDING EQUIPMENT WITH
KITS AND PARTS WE SEND YOU. Your
National Schools course includes
thorough Practical training—YOU
LEARN BY DOING!' We¢ send you
complete standard equipment of pro-
fessional quality for building various
experimental and test units. You ad-
vance step by step, perform more than
100 experiments, and you build a
complete TV set from the ground up,
that is yours to keep! A big, new TV
picture tube is included at no extra
charge.

EARN AS YOU LEARN. We'll show you
how to carn extra money right from
the start. Many of our students pay
for their course—and more — while
studving. So can vou'!

RESIDENT TRAINING AT LOS ANGELES

1f you wish-to take your training in our Resident
Schoo! at Los Angeles, the world’s TV capital,
start NOW in our big, modern Shops, Labs and
Radio-TV ~Studios. Here you work with latest
Electronic equipment - - professionally installed

- finest, most complete facilities offered by
anv school. Expert, friendly instructors. Personal
attention. Graduate Employment Service. Help
in finding home near school - - and part time
job while you learn. Check box in coupon for
fult information.

APRIL,
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[ NAT'O"AL SCHOOLS 'C] Check if interested ONLY in Resident School training at ios Angeles.

LESSONS AND INSTRUCTION MATERIAL ARE
UP-TO-DATE, PRACTICAL, INTERESTING.
Every Nmonnl Schools Shop-Mecthod
lesson is made casy to understand by
numerous illustrations and diagrams.
All instruction matcrial has been de-
veloped and tested in our own Resi-
dent School Shops., Laboratories and
Studios.

SEND FOR INFORMATION TODAY . . . it can
mean che difference between SUCCESS
and failure for you' Send for your
FREE BOOK "“Your Future in
Television-Radio-Electronics’ and
FREE Sample Lesson. Do it TODAY,
while you are thinking about your
future. It doesn’t cost you anything
to investigate!

YOU GET. ..

* 19 Big Kits—YOURS TO KEEP!

e Friendly. Instruction and Guidance
e job Placement Service

o Unlimited Consultation

e Diploma—Recognized by Industry
e EVERYTHING YOU NEED FOR
SUCCESS!

SHOP-METHOD HOME TRAINING
COVERS ALL PHASES OF {NDUSTRY
. Television, including Color TV
Radio AM & FM

. Electronics for Guided Missiles

. Sound Recording and Hi-Fidelity
. FCC License

. Automation and Computers
. Radar & Micro-Waves

. Broadcasting and
Communications

NATIONAL-SCHOOLS(’

oo\:an.nbw!\:-

GET THE BENEFITS OF OUR OVER
50 YEARS EXPERIENCE

Approved for
G1 Training

WORLD-WIDE TRAINING SINCE 1905

] MAIL NOW TO
' NATIONAL SCHOOLS, Dept RG-49
4000 S. FIGUEROA ST LOS ANGELES 37, CALIF,
! Rush free TV-Radio "Opportunity” Book and sample
lesson. No salesman will call.

AGE

I
' NAME
I

ADDRESS

CITY ZONE STATE

‘VETERANS‘ Give date of Discharge

Los Angeles 37, Calif. Ty
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-
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TV PROGRAM LICENSING bill has been
introduced in the New York State
Legislature by Assemblyman A. Bruce
Manley. It is intended to give the
State’s highest educational authorities
censorship power over television of the
type that they now have over motion
pictures. If passed, many TV programs
will have to get a license from the
Board of Regents at a cost of $50 or
less for each half hour. Public-service,
sporting events and news programs
would be exempted from the licensing
requirement.

Myr. Manley has stated that TV shows
had been offering ‘“a disproportionate
amount of ecrime, sex, horror, terror,
brutality and violence,” harming the
morals of young people and promoting
juvenile delinquency.

ULTRA - VIOLET MICROSCOPE brings
heretofore invisible things to light.
Bused on the ultrascope, an ultra-
violet converter tube, the new device
makes it possible for scientists to study
living cancer cells. Previously, these
were transparent under an ordinary
microscope and had to be killed and
stained before viewing. Announced by
RCA, the ultra-violet microscope is a
modified optical microscope. A standard
microscope body is used, but, the lenses
are made of quartz (ordinary glass

VIEWING SCREEN - T

ELECTRON OPTICS -

absorbs ultra-violet light). The ultra-
scope tube fits over the top of the
microscope and is connected to its 12,-
500-volt power supply (see diagram).
An ultra-violet light source projects
light through the specimen and the
microscope’s objective lens. This beam
then hits the ultrascope’s face plate,
which is ultra-violet-sensitive. The
image converter tube changes the in-
vigible ultra-violet light into a visible
green-tinted picture on the tube’s
fluorescent viewing screen.

MAPPING THE WASTELANDS becomes
possible at a fraection of the time and
cost formerly necessary with the help
of a new Doppler radar device. Mapping
of desert or waste areas has been
especially difficult because of their lack
of landmarks. The air surveyor was
forced to use navigational systems that
required expensive manned ground sta-
tions. The new system, called Radan,
is completely self-contained and oper-
ates by direct measurement of the di-
rection and distance traveled. It is
produced by General Precision Labora-
tory Inc., Pleasantville, N. Y.

The system has been used by the Aero
Service Co., Philadelphia, Pa., to make
an aerial survey of 40,000 miles of the
central Sahara Desert in southern
Libya. The exploration target was oil.

- EYEPIECE
e VISIBLE LIGHT

o HOUSING
Y- ELECTRONS
< e ULT RASCOPE

ULTRA-VIOLET  F
SENSITIVE ==
FACEPLATE BARRE L
ADAPTER
- OPTICAL
MICROSCOPE
~g === ULTRA-VIOLET
) ) . OBJECTIVE
POWER k‘ U S ‘LENS
SUPPLY: ¢ /-~ SPECIMEN
\ aE
b\ i
" H
% S
MIRROR |/ -\_-‘_}
AC LINE NARROW PASS  ULTRA-VIOLET
: FILTERS  SOURCE

A similar guided survey will cover part
of the Spanish Sahara in southwestern
Morocco.

Radan uses the same principle as
police highway radars. If a radar beam
is reflected from a car moving toward
the instrument, the length of the re-
flected waves will be shorter than if
the car were stationary, since the
car moves a slight distance toward the
radar between each wave. The faster
the car comes, the greater this Doppler
effect. In the Radan system, four beams
are radiated diagonally downward to-
ward the terrain. They are so patterned
that they reach the ground at the ex-
tremities of an X-shaped figure, with
the airplane directly above the center
of the X.

To measure forward speed, the front
and rear pair of beams are compared;
for side drift, the two diagonal pairs
are compared. Results are fed into a
computer which indicates the difference
between the actual and desired course
on a dial, permitting the pilot to fly
a true course. For mapping a large
area, a number of range lines are
plotted and the plane made to fly each
of them successively, photographing the
terrain  beneath with its mapping
canieras.

LIVE ACTION and miniature background
sets (1/6 scale), still photographs or
motion pictures are blended into a
single TV scene through a device called
VideoScene. It enables live television
to use a variety of scenes in a limited
area, eliminating the need for bulky
sets. In the CBS Television Network’s
VideoScene technique the master camera
has two piekup tubes. One photographs
the actor against a special reflective pat-
tern background made by Minnesota
Mining and Manufacturing Co. The sec-
ond tube, sensitive to the highly reflec-
tive indigo background, silhouettes the
actor and blacks out the background
scene in the area he occupies. The back-
ground camera photographing the mini-
ature set feeds its picture into a keying
amplifier, where the background pic-
ture is combined with the picture of the
actor as a single scene.

The “live” camera and the back-
ground camera are linked through a
servo system which svnchronizes their
movements so the background and actor
are always perfectly matched. As the
master camera pans, tilts or zooms
while photographing the actor, the
background camera follows.

In its present form, VideoScene is
designed for black and white but can
be adapted for color television.

RADIO-ELECTRONICS



« TELEVISION-RADIO-

Many DeVry-trained men who now hold good jobs paying real money were once looking
for opportunity, yet wondering if they needed advanced schooling, special experience, or
higher math, They clipped a DeVry Tech coupon, mailed it in—and were pleasantly SUR-
PRISED! Now they work in one of today’s fastest-growing fields — TELEVISION-RADIO-
ELECTRONICS. Many have their own profitable service shops. DeVry Tech’s “Learn-by-Seeing,”
"Learn-by-Reading,” “Learn-by-Doing’”’ training made the difference! You, too, may train at
home the DeVry Tech way with wonderful, helpful movies, clear texts and valuable home
laboratory equipment—or in our well-equipped Chicago or Toronto Training Centers.

Now something NEW* has been added to help you learn more by “doing.” You can choose
to huild and keep your own top quality 6-speaker STEREOPHONIC SOUND SYSTEM that will
provide thrilling enjoyment for years to come. Plans are furnished so that you can also
build your own speaker cabinets—or we can tell you where to buy them. DeVry Tech’s

specially designed Stereo System includes:

o Turntable with Stereo cartridge
o Stereo Pre-Amplifier

*

Build Your Own
6-Speaker
HIGH FIDELITY
STEREOPHONIC
SOUND SYSTEM

... another wonderful DeVry advantage

“special SHORT COURSE in High Fidelity Sound |
Reproduction including Stereophonic Sysloms
also available. ldeal for hobbyists, music
lovers and thase wanting to ADD to their |

incames.

MANY OPTIONS!

NOW . .. DeVry Tech men can take their choice of any
or all of the quality equipment shown above: The Stereo
System . . . the Scope and Meter . . . a 21-inch TV Set
(not pictured) . . . ar ALL THREE. But no matter which
way you do it, you get practical home training at its
best . . . the kind you need to get started in the
fast-moving Electronics field. Send coupon for details.

EMPLOYMENT
SERVICE

DeVry Tech offers real,
down-to-earth employ-
ment service to help you
toward a good job after
graduation — even pro-
vides help in starting
your own servicing busi-
ness.

“One of North America’s

i Foremast Electranics

i Training Centers”

19
1

1
D:VRY TECHNICAL INSTITUTE

4141 BELMONT ¢ CHICAGO 41, ® Formerly DeFOREST'S TRAINING, Inc.

Accredited Member of
National Hame Study Council

L.

o Stereo Amplifier

® 2 Cross-Over Networks

o Six Speakers: two 12-in., two 8-in., two 3-in.

When you build your own equipment, you
learn about the working parts. You can
repair, adjust, maintain. You learn by
doing—the DeVry Tech way. You put basic
principles into “on-the-job’’ practice.

ELECTRONI

about your
chances for suc-
<ess in this field.
*Electronics and
YOU’ and the re-
markable ‘’Pocket
Guide to Real Earnings’”
(just off the press) are
yours without obligation.

MAIL TODAY FOR FREE FACTS

DeVry Technical Institute
4141 Belmont Ave., Chicago 41, lll., Dept. RE-4-P

Please give me your two FREE booklefs, ’Pockei Guide to
Real Earnings’’ and “‘Electronics and You,’’ and tell me how
to prepare to enter one or more brqnches of Efectronics.

NAME _ AGE_
PLEASE PRINT

STREET APT.

CITY ZONE STATE

[J Check here if sub|ec’ to IT\III'GT)’ training.

DeVry Tech’s Conadian Training Center is located ot
2053 626 Roselawn Avenue, Toronto 12, Ontario

APRIL,
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The Greater Vibrator

Radiart Vibrators are unaffected by bounce, jounce, heat, cold,
moisture. There's a replacement type for every 6- and 12-volt
application. Ask your Radiart Distributor for a free Radiart
Vibrator Replacement Guide or write The Radiart Corporation,
2900 Columbia Avenue, Indianapolis 5, Indiana.
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NEWS BRIEFS (Continued)

DR. W. R. G. BAKER, director of the EIA
Engineering Department, announced
the formation of the National Stereo-
phonic Radio Committee. Set up to study
methods of broadcasting stereophonic
sound by AM, FM and TV stations, the
committee is composed of technical ex-
perts in the field. Six panels within the
committee will review the technical
factors involved. Dr. Baker said all
known technical proposals for such
systems would be studied and urged
those who have such proposals to sub-
mit them to the committee, through the
EIA Engineering Department’s asso-

Calendar of Events

Symposium on Millimeter Waves, Mar.
31-Apr. 2, Engineering Society Build-
ing, New York, N, Y.

Pittsburgh Hi-Fi Music Show, Apr. 3-
5, Penn-Sheraton Hotel.

British Radie and Electronic Compo-
nent Show, Apr. 6-9, Grosvenor House
and Park Lane House, London, England.
Buffale (N. Y.) Hi-Fi Music Show, Apr.
10-12, Hotel Statler.

Conference on Industrial Instrumenta-
tion and Centrol, Apr. 14-15, Illinois
Institute of Technology, Chicago, Ill.
Southwestern IRE Conference & Elec-
tronics Show, Apr. 16-18, Dallas (Tex.)
Memorial Auditorium and Baker Hotel.
Conference on Analog & Digital Re-
cording & Controlling Instrumentation,
Apr. 20-21, Bellevue-Stratford Hotel,
Phlladelphla, Pa.

British Industrial Photographic & TV
Exhibition, Apr. 20-24, London, Eng-
land.

Annual Technical Conference on TV &
Transistors, Apr. 21-22, Cincinnati,
Ohio.

National Aeronautical Electronics Con-
ference, May 4-6, Biltmore Hotel. Day-
ton, Ohio.

Society of Motion Picture and Tele-
vision Engineers Convention, May 4-8,
Fontainebleau Hotel, Miami, Fla.
URSI Spring Meeting, May 5-7. Wash-
ington, D. C.

1959 Electronic Components Confer-
ference, May 6-8, Ben Franklin Hotel,
Philadelphia, Pa.

7th Regional IRE Technical Conference
and Trade Show, May 6-8, University
of New Mexico, Albuquerque, N. M.

Joint Conference on Automatic Tech-

niques, May 11-13, Pick-Congress Ho-

tel, Chicago, Ill, |
1959 Electronic Parts Distributors |
Show, May 18-20, Conrad Hilton Hotel,
Chicago, I1l. For manufacturers, repre-
sentatives and distributors onlv Ra-
DIO-ELECTRONICS will exhibit in Room
504 and GERNSBACK LIBRARY in Booth
107.

5th National Symposium on Instru-
mental Methods of Analysis, May 18-
20, Shamrock-Hilton, Houston, Tex. |
International Convention on Transis- |
tors, May 21-27, Earl’s Court, London, ‘

England.

National Telemetering Conference,
May 25-27, Brown Palace and Cosmo-
politan Hotel Denver, Colo.

ciate director, Virgil M. Graham, 11 W.
42 St.,, New York 36, N. Y. The com-
mittee’s formation was suggested last
November by Dr. Baker.

OPEN LETTER TO THE FCC suggests
five changes in rule making to “insure
a complete and equitable utilization of

RADIO-ELECTRONICS



Get
Do you W|SH YOEE Your First C|ases Commercial

were EMPLOYED F.C.C. LICENSE
in ELECTRONICS? QUICKLY !

.C.C. LICENSE —THE KEY TO BETTER JOBS
F:C.C. LICEN , OB CORRESPONDENCE OR RESIDENCE CLASSES
An F.C.C. commercial (not amateur) license is your ticket . o . .
10 higher pay and more interesting employment. This license Grantham School of Electronics specializes in F.C.C. license
; preparation. Correspondence training is conducted from Washington,

is Federal Government evidence of your qualifications in

electronics. Employers are eager to hire licensed technicians. Hollywood, and Seattle: also. resident DAY and EVENING classes

are held in all three citics. Either way, by correspondence or in resi-
dent classes, we train you quickly and well.

This booklet : N

. FREE! K
— DK

This free booklet gives \\\ = Lwr, Q.
\

WHICH LICENSE FOR WHICH JOB?

The THIRD CLASS radiotelephone license is of value
primarily in that it qualifies you to take the second class
examination. The scope of authority covered by a third class
license is extremely limited.

The SECOND CLASS radiotelephone license qualifies
you to install, maintain and operate most all radiotelephone
equipment except commercial broadcast station equipment.

The FIRST CLASS radio telephone license qualifies you
to install, maintain and operate every type of radiotelephone
equipment (except amateur) including all radio and tele-
vision stations in the United States, its territories and pos-
sessions. This is the highest class of radiotelephone license
available.
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details of our training
and explains what an
F.C.C. license can do
for your future.

2

N
=

GRANTHAM TRAINING PREPARES YOU

The Grantham course covers the required subject
matter completely. Even though it is planned prima-
rily to lead directly to a first class FCC license. it does
this by TEACHING you electronics. Some of the
subjects covered in detail are: Basic Electricity for
Beginners, Basic Mathematics, Ohm’s and Kirchho(f's
Laws. Alternating Current, Frequency and Wave-
length, Inductance, Capacitance, Impedance, Reso-

\7

[N
>

N

HERE'S PROOF ... AN

that Grantham students preparc for F.C.C. examinations in a
minimum of time. Here is a list of a few of our recent graduates,
the class of license they got, and how long it took them:

.

A

L

<

>

nance, Vacuum Tubes, Transistors. Basic Principles
of Amplification. Classes of Amplifiers, Oscillators. License Weeks
Power Supplies, AM Transmitters and Receivers. FM N /‘ Roy E. Alexander, Pikeville, Kentucky . ..... ... Ist 12
Transmitters and Receivers, Antennas and Trans- o Robert J. Conley, 129 W. 46th St., New York 36, N.Y.. .. .. o 1st 14
mission Lines, Measuring Instruments, FCC Rules ] ‘V‘ W. R. Smith, 1335 E. 8th St., Long Beach, Calif. Ist 12
and Regulations, and extensive theory and mathe- V k Howard E. Martz, 301 S. Penn. St., Fairmount, Ind. ... . ... . [st 24
matical calculations associated with all the above John W. Dempsey, Box 55, Rising Sun, Md. .. ... .......... 1st 12
subjects explained simply and in detail. Donald H. Ford, Hyannis RD, Barnstable, Mass. ... ... ........... 1st 12
Richard ). Falk, 2303 Holman St., Bremerton, Wash. o o Ist 22
OUR GUARANTEE Denson D. McNully, 1117 N. Houston St., Amarilio, Texas. ... . st 9
If you should fail the F.C. C. exam after finishing our B Jatpes D. Hough, 400 S. Church St., East Troy, Wisc.. ... .. 1st 12
course. we guarantee to give additional training at NO 0'?“’ B. Perry, Jr., Rt. =3, Z'ehulnn, NC.... IEEEEERE S st 12
Milton C. Gee, Rt. #1, Washington, N.J.. .. ... ... ............ 1st "

ADDITIONAL COST. Read details in our free booklet,

1505 N. Western Ave.

o Hollywood 27, Catif. r
y (Phone: HO 7-7727 ), ;/ . (Mail in envelope or paste on postal card)
7 w7
pw i s To: GRANTHAM SCHOOL OF ELECTRONICS
- = | 82119th Street, NW ; bv_llaslt?llrllgt\o\r: . “},{’oﬁy;/\:u;;j * “Seattle
_ Washington 6, D.C . Gentlemen:

(Phone: ST 3-3614) 7 7

//// vy
7 % Vi S, —
i i

408 Marion Street

Please send me your free booklet telling how | can get my com-
mercial F.C.C, license quickly, | understand there is no obligation
and no salesman will call,

o

| et 8w Name S Age
" (Phone: MA 2-7227 )
7 o / IBmr——" //%// Address__ = B
2477, % % 7
. /;/’ T ’,/// S\, i City_ I — State___ -
, / . . / /, 2 ' 4V Ak , _LI am interested in: [] Home Study, [ Resident Classes 94 D
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Are you a recording engineer?

X

" ,
No, I'm a plumber

... but | know good recording tape”

AUDIOTAPE, the thinking recordist’s tape, gives you the full, rich
reproduction so satisfying to the happy audiophile — be he doctor,
lawyer or Indian chief. Because behind every reel of Audiotape are
two decades of research and development in sound recording.

When you buy a reel of Audiotape you're getting the tape that’s
the professionals’ choice. Why ? For example, the machines that coat
the oxides onto the base material are unique in this field — designed
and built by Audio engineers who couldn’t find commercial machines
that met their rigid specifications. Then there’s the C-slot reel — the
fastest-threading reel ever developed. For that matter, there’s the
oxide itself — blended and combined with a special binder that elim-
inates oxide rub-off.

There are many more reasons why the professionals insist on
Audiotape. They know that there is only one quality of Audiotape.
And this single top quality standard is maintained throughout each
reel, and from reel to reel — for all eight types
of Audiotape. That’s what makes
Audiotape the world’s finest magnetic
recording tape. For recording engineers,
doctors, garbage men, investment brokers,
sculptors. .. and plumbers!

Manufactured by AUDIO DEVICES, INC.
444 Madison Ave., New York 22, New York .
Offices in Hollywood & Chicago

TRADE MARK
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NEWS BRIEFS (Continued)

the 88-108-mec¢ band assigned to FM.”

These changes, detailed in the letter by

Charles W. Kline, president of FM Un-

limited Inc., are:

1. 105.1-107.9 me be designated
for use by class-A stations only
with a maximum power of 3 kw
and maximum height of 300 feet,
instead of 1 kw at 250 feet.

2. 91.5-104.9 mc be designated for
use by class-B stations only.

3. 88.1-91.3 mc be designated for
use by class-N (noncommercial)
stations — educational, religious,
municipal, ete. All 10-watt
“campus” stations be assigned to
88.1 me only.

4. Stations licensed to metropoli-

tan-suburban and community

areas be designated as class-A
stations and be required to pro-
vide maximum service for the
areas to which they are assigned.

5. Class-B stations in Zone 1 be
permitted the equivalent of 20
kw at 1,000 feet, instead of
20 kw at 500 feet.

Justification for the preceding sug-
gestions is included in the letter along
with a list showing what the new chan-
nel allocations would look like if the
suggested changes are adopted. An in-
teresting point is the following para-
graph—one of the reasons behind
suggested change 1.

“As FM allocations now stand, class-
A channels are situated between or ad-
jacent to metropolitan class-B channels.
However, according to present rules,
there must be an 800-ke separation be-
tween two class-B stations serving the
same area. Nevertheless, applications
are beginning to be granted for class-A
stations serving suburban sections of
metropolitan areas—only 400 k¢ away
from existing class-B stations. These
suburban elass-A stations not only in-
terfere with the primary coverage of
the adjoining class B’s but are them-
selves prevented from rendering maxi-
mum service to their communities be-
cause they are ‘hemmed in’ by the same
class-B stations whose coverage they
are interfering with.”

TWO ON A CHANNEL is the basic prin-
ciple behind TASI (Time Assignment
Speech Interpolation). Bell Telephone
Labs say that using this system they
can increase the capacity of a 36-
channel submarine telephone cable to
handle 72 talkers.

In a normal two-way phone conversa-
tion, each person, on the average, speaks
only half the time and, even while he
is speaking, there are gaps and pauses
in his speech. So if the two directions
of transmission are separated, each
path is idle more than half the time.
If two conversations were interlaced
to take advantage of these gaps, you
could get twice as many conversations
per channel.

In practice, more than two channels
are needed for the system to work—
two talkers would frequently speak at
the same time. In a submarine tele-
phone cable, say one with 36 channels,

RADIO-ELECTRONICS



TAKE A LOOK AT YOUR FUTURE
IN RADIO-TV-ELECTRONICS-FREE!

How to Succeed

|.C.S. Career Kit tells you where
the big-pay jobs are...who are
the industry’s most wanted men
... how you can “cash in” in a

big way on your own future.

Here’s your chance to find out where you're going —fast!
And it won’t cost you a thing except the time it takes
to clip and mail the coupon at the bottom of this page.

Radio-TV-Electronics is the fastest growing industry
of all time. Opportunity for men in this field is almost un- =
limited. The rewards are great. =

But to “‘cash in”’ you must be properly trained. You must know
more than simply wires and tubes. You must be able to understand and

Send the coupon helow for your

apply the principles of Radio-TV-Electronics. free 1.C.S. Career Kit!

That's where I. C. S. comes in . . . the world’s oldest and largest ‘“How o5 d." 36 id
technical training school. Here are the people who know—who can tell D ' o“; o duccee " it
vou—what you need to go places in Radio-TV-Electronics. © advancemen

You get the full story with your free I. C. S. Career Kit. Electronics, Radio and TV hand-
book or the field of your choice

So take a minute now to get a look at vour future in Radio-TV-
Electronics. Send for your free I.C.S. Career Kit. You have nothing Sample lesson (Math) to
to lose. You can gain an exciting, well-paid career in a vital industry. demonstrate . C. S. Method

. . . N Accredited Member,
For Real Job Security—Get an I.C.S. Diplomal! I.C.S., Scranton 15, Penna. National Home Study Councll

INTERNATIONAL CORRESPONDENCE SCHOOLS

BOX 91465C, SCRANTON 15, PENNA. (Partial fist of 259 courses)
Without cost or obligation, send me *“How to Succeed” 2nd the opportunity booklet about the field BEFORE which | have marked X (plus sample lesson):
AL
RADIO BUSINESS ELECTRIC

[7] Electrical Engineering

[ ] Elec. Engr. Technician

[] Elec. Light and Power

[] Practical Electrician

[] Professional Engineer (Elec.)

LEADERSHIP

] Industrial Foremanship

[] Industrial Supervision

[] Personnel-Labor Relations
7] Supervision

"] Cost Accounting
] Managing a Small Business
] Purchasing Agent

DRAFTING
[T Electrical Drafting

HIGH SCHOOL

] High School Diploma
] Good English
“1High School Mathematics

TELEVISION
ELECTRONICS

{J General Electronics Tech.
[ Industrial Electronics

(] Practical Radio-TV Eng’r’g
(] Practical Telephony

[J Radio-TV Servicing

|
|
|
|
|
|
1
1
|
|
|
1
|
|
|
|
1

Name Age Home Address — —
Zone State Working Hours AM. to. P.M.

Occupation ___Canadian residents send coupon to International Correspondence Schools, Canadian, Ltd.,

Montreal, Canada. . . . Special tuition rates to members of the U. S. Armed Forces.
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Model
A-102

STRIP!

4 NEW |5t COUPLERS

In just a matter of seconds, new quality engineered B-T
couplers featuring ‘No-Strip’ terminals provide a low loss,
matched installation for superior multi-set performance.

B-T ‘NO-STRIP’ TERMINALS
Speedy, Secure Positive Installation — No Stripping. Simply stide the 300 ohm ribbon
into groove provided on the coupler and tighten slotted hex head terminal screws.
12 sharp teeth bite through the insulation making positive electrical contact...secure,
weather-proof. Eliminates loss and impedance mismatch caused by exposed wires.

2-SET COUPLER—MAXIMUM INTER-SET ISOLATION —MINIMUM SIGNAL LOSS |

Model A-102 Two-Set Coupler delivers more signal to each TV or FM set, with greater
inter-set isolation than other couplers. A new original B-T circuit with phase can-
cellation feature automatically defeats interfering signals. No ghosts, no smears, ideal
for color TV and FM. List 2.95.

NEW B-T COUPLERS — FOUR-SET, HI-LO AND UHF-VHF

A-104 FOUR-SET COUPLER — Low-loss 300 ohm  A.107 UHF-VHF ANTENNA COUPLER — Combines
directional coupler only 7.5 db insertion loss and VHF and UHF antennas, or provides separate
12 to 20 db inter-sct isolation. Flat response 50 to VHF and UHF outputs from a common line or
220 me. List 3.95. antenna. List 3.50.

A-105 HI-LO ANTENNA COUPLER ~ Combines low-  A-100 OUTDOOR MOUNTING KIT — Bracket and
band and high-band VHF antennas or provides sep- strap assembly for fast, easy mast mounting for
arate low and high outputs from & common line or Models A-102, A-104, A-105, A-107. List 90¢.
antenna. List 3.50.

* SMARTLY STYLED o WEATHERPROOF ¢« NON-BREAKABLE CASE

Available at parts distributors. For further information write Dept. RE-4

BLONDER-TONGUE LABORATORIES, INC.

9 Alling Street, Newark 2, N. J.
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NEWS BRIEFS (Continued)

an averaging effect occurs and at any
one instant there is a greater prob-
ability of enough free time to accom-
modate the larger number of conversa-
tions.

TASI is essentially a group of high-
speed switches and an electronie com-
puter. When there are more talkers
than channels, the equipment connects
active talkers by disconnecting talkers
who are inactive at that moment. In
turn, the disconnected talker is assigned
another miomentarily inactive channel
when he starts to speak again. A talker
is disconnected only when he is silent.

When a talker starts speaking, his
voice triggers a speech detector. The
detector is scanned by a control circuit
similar to a modern digital computer.
The control circuit sends a coded tone
burst consisting of four audio tones

| which precede the voice over the avail-
| able

channel. After the 10-millisecond
tone burst, the control circuit connects
the talker to the same channel. The
coded tones operate switches which
connect the talker to the proper line
at the receiving end.

THOUSANDS OF MESSAGES handled for
personnel at isolated Arctic and South
Pacific posts earned Julius M. J. Madey,
18, of Clark, N. J., General Electric’s
1958 Edison Radio Amateur Award for
public service. One of a family of four
licensed radio amateurs, Madey spends
an average of 90 hours a week at his
station K2KGJ in his home.

Madey transmitted more than 12,000
messages in the past year, maintaining
almost continuous contact with the far-
flung outposts from mid-afternoon to

8 am. Several times, he has handled

official Navy and Coast Guard mes-
sages for those services.

Active in local Civil Defense and
other community activities, his work
has been featured in several magazines
and newspapers. He won student
science-fair honors several vears ago
for inventing an ultrasonic drill. He
now plans building a system for creat-
ing man-made “whistlers,” the eerie
high-frequency sounds in space which
are attracting scientific attention.

MECHANIZED MAIL PROCESSING from
start to finish is the unusual feature
(Continued on Page 18)
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ALLIED’S 1959

E@@ value-packed 452-page

O ELECTRONIC SUPPLY CATALOG

the only COMPLETE guide
to everything in electronics

WORLD’S LARGEST STOCKS
e Latest Stereo Hi-Fi Systems—
Everything in Hi-Fi Components

e Money-Saving, Build-Your-Own
KNIGHT-KITS—Latest Models

e Values in Recorders and Supplies

e Latest Public Address Systems,
Paging and Intercom Equipment

.o Amateur Receivers, Transmitters
and Station Gear

o Test & Laboratory Instruments

e Specialized Electronic Equipment
for Industrial Application

e TV Tubes, Antennas, Accessories

o Huge Listings of Parts, Tubes,
Transistors, Tools, Books

_-;*,';.———

ave., € Wi ’
YEL&VHONE KAvmuvkﬂ

Send for ALLIED’s 1959 Catalog—it’s the
leading supply guide—452 pages packed with the
world’s largest selection of quality electronic
equipment at lowest, money-saving prices.

Get every buying advantage at ALLIED: fastest

featuring:

MONEY-SAVING knight-KkitS: Finest electronic . !
equipment in money-saving kit form. Complete selection of shipment, expert personal help, lowest prices,
latest Hi-Fi amplifier, tuner and speaker kits (new Stereo guaranteed satisfaction...

units); Hobbyist kits; Test Instruments and Amateur kits.
KNIGHT-KITS are an cxclusive ALLIED product.

4 .
‘ HI-F1! STEREO! Sce the world’s largest selection of quality ‘ send for the leadmg

Hi-Fi music systems and famous name components. First . .

with the latest in STEREOQ! Save on aALLIED-recommended electronic Supply guzde

complete systems. Own the best in Hi-Fi for less! 6500005880508 5000008008808 °

ALLIED RADIO CORP., Dept. 2-D9

L ]
[
L]
e 100 N. Western Ave., Chicago 80, HIl. .
L ] L]
EASY PAY TERMS: Only 10% down; available on * []Send FREE 452-Page 1959 ALLIED Catalog .
orders of $20 or more. Fast handling—no red tape. . :
L] L]
_ e Name o
L] L[]
ALLIED RADIO . :
L] L]
) * Address .
—ut f——=" our 38th year N .
L]
World’s Largest Electronic Supply House T City Zone State. .
® [ ]
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THE
ARCTIC EYE
THAT NEVER

SLEEPS
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This plastic radome houses a radar antenna constantly scanning the skies to detect the presence of aircraft.
A line of these radars provides early warning of any threatening approach to the North American continent,

The Distant Early Warning Line is now on perpetual guard duty. Spanning the
Arctic from Baffin Islind to Alaska, this great system was conceived at the Lincoln
Laboratory of M.I.T. and produced under the leadership of Western Electric.

But first the DEW Line had to be engineered into a workable system. This was
done at Bell Telephone Laboratories.

The obstacles were formidable. Conventional means of communication—telephone
poles, cables and even line-of-sight microwave radio—weren’t feasible. A complicated
system had to be made to operate reliably in a climate so cold that outdoor maintenance
is impracticable farther than a few hundred feet from heated habitation.

Whenever possible, Bell Laboratories engineers utilized well-proven art. But as it
became necessary, they innovated. For example, they designed und directed the devel-
opment of a new and superior radar which automatically scans the skies, pinpoints a
plane and alerts the operator.

To reach around the horizon from one radar station to another, they applied on a
massive scale a development which they pioneered —transmission by tropospheric scatter.
Result: at a DEW Line Station you can dial directly a station more than a thousand miles
away and converse as clearly as with your home telephone.

Bell Lahoratories’ contribution to the DEW Line demonstrates again how telephone
science works for the defense of America.

BELL TELEPHONE LABORATORIES @(‘;—_\

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT "‘:0 g ,_‘{,““
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If you have some knowledge
of Radio or Television or
Electronics now and want to
BECOME A PROFESSIONAL

SERVICE TECHNICIAN

you will want to
investigate the special
ALL-PRACTICE TRAINING
PLAN developed for men
like you by the OLDEST

AND LARGEST home study

Over 40 years ago, J. E. Smith, founder of the R d' T 1 * h l
National Radio Institute, pioneered in reaching -

Radio by the home study method. Today, this mag- a 10 e eVlSlon SC OO

nificent building is completely devoted to NRI's

Radio-TV Electronics training. Here up-to-date lab-

oratory and research facilities are constantly testing ;————————————————————————————————y

new developments and improved methods of train- MAIL THIS TO NRI NOW

ing men for Radio-TV Electronics careers.
National Radio Institute, Dept.9DFT Washington 16, D.C.

All-Practice Method

NRI’s Professional TV Servicing
Training s practical, complete.
You make tests and experiments
to help thoroughly understand

|
|
|
|
: Accredited Member National Home Study Council
|
|

. TV problems. You get equipment :
|
|
|
|
|
|
|
|

|

Please send me a FREE copy of vour caralog “How to Reach the Topin TV i

Servicing.” I understand no salesman will call. |

to build a 5” Oscilloscope, a 177 i
picture tube and all components
for building a TV receiver. Com-
‘prehensive Color TV manuals
also included. You learn how ex-
perts diagnose TV defects, get
knowledge of professional tech-
niques. Mail the coupon for
free catalog now. NATIONAL
RADIO INSTITUTE,Washing-

ton 16, D. C. 1
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RAYTHEON MANUFACTURING COMPANY
DISTRIBUTOR PRODUCTS DIVISION
S5 CHAPEL STREET * NEWTON 58. MASSACHUSETTS *  BiceLow 4.7500
Dear Frank:

How can I prove Raytheon Tubes are superior to all others?
A good question and I'm going to try and give you an honest
answer!

First, we believe that what we put in Raytheon TV and
Radio Tubes . . . and the way we make them . . . are the
real reasons why they are best. Pictures of quality control
manufacturing processes, might help convince you, but would
they actually prove the end result is a quality product?

You still wouldn’t be sure that the Raytheon replacement
Tube you put in your customer's set was as good as or better
than the original and would outlast it in saving you all
those no-charge repeat calls.

To be sure, Frank, we could give you a long list of how
we make all our own tube parts-—use imported getters,
special grids, ceramic insulated multiple fold heaters, and
many, many others—but do you really care about these
things?

You know, of course, that Raytheon is the world's largest
exclusive manufacturer of Electronic Components. Raytheon
Tubes and Components which go into 21 of our nation's
missiles have to be better than normal. They don't just have
to be good!

Honestly, Frank, maybe we can't prove superiority
but you can! You and thousands of men like yourself are
proving it every day. I would suggest that as long as there
is a doubt in your mind, why don't you find out for
yourself by using Raytheon Tubes as others have done? I
don't know of any other way.

Thanks for your letter . . . let's hear from you again
real soon. I know you're going to be convinced.

Sincerely,
RAYTHEON MANUFACTURING COMPANY

P.S. I'll be talking to you again next month.

S acellen p_4_n_££ar7m1'rls
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is now yours in

quality electronic equipment

FOR:

electronic hobbyists
and amateur radio

hi-fi custom building
and service

science education and
technical schools

industrial testing and
quality control

PACO is the only line of
test instrument kits engi-
neered and produced
under the auspices of a
leading test equipment
and meter manufacturer.

and, you pay nothing.

extra for the convenience
of buying PACO kits di-
rectly from your own
local parts distributor.

COMPARE PACO against
any other kits for per-
formance, appearance,
ruggedness, ease of op-
eration and simpliciby of
assembly and wiring.

COMPARE PACO’s su-
perbly detailed, step-by-
step instruction manuals
and giant size wiring dia-
grams, against any you
have ever seen.

SEE HOW PACO sets an
entirely new standard in
electronic instrument kit
design and kit assembly
instruction.

P Available and on display
ot leading

electronic parts distributors.

Pp  Write for free

descriptive bulletin,

.

a quarter-century of PRECISION * know-ﬁbw

e

C
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MODEL B-10

Battery Eliminator Kit

* less than 0.3% ripple output
* no external filters required
Kit Net Price: ....$41.95
Factory Wired: ..........

MODEL C-20
Res-Cap-Ratio Bridge Kit
¢ 10 mmfd to 2000 mfd
* 1/ ohm to 200 mess

Kit Net Price: .......
Factory Wired: ......

MODEL G-30

RF Signal Generator Kit

« 160 Kc to 240 Mc in 8 bands
* 120 Mc fundamental output
Kit Net Price: $ 8.50
Factory Wired:

MODEL M-40

High Sensitivity V-0-M Kit
* 20,000 ohms/volt DC

* 10,000 ohms/volt AC

Kit Net Price: -
Factory Wired:

MODEL S-50

5~ Cathode Ray Oscilloscope Kit

¢ push-pull vertical and
horizontal amplifiers

Kit Net Price: ... $49.50

Factory Wired: .........covunne $84.50

in KIT FORM

MODEL S-55

Wideband 5” Oscilloscope

¢ response DC to 5 Mc

« push-pull V and H amplifiers
Kit Net Price: .. 87
Factory Wired: ..

MODEL T-60

Tube Checker Kit

o full free-point lever
selector system

* built-in roll chart

Kit Net Price: ...

Factory Wired: ...

MODEL T-65

Transistor and Crysta| Diode
Tester Kit

» testsIcso,Bain, leakage, etc.
« testsbothp-n- pand n-p-ntypes
Kit Net Price: 39.95
Factory Wired: ........ccccene $59.50

MODEL V.70

Vacuum Tube Voltmeter Kit

¢ wide-range

* peak-to-peak

Kit Net Price: ... $31.50
Factory Wired: ..........cooue.e $47.50

MODEL 2-80

RF-AF Signal Tracer Kit

* high gain RF and AF amplifier
* visual and audible indicator
Kit Net Price: .....

Factory Wired: .....

C

ELECTRONICS
CO., INC.

70-31 84th Street, Glendale 27, L.
Export: 458 B'way, N .Y. 13, U.S.A,, Canada: Atlas Radio Corp., Toronto 19.

I., New York

*A DIVISION OF PRECISION APPARATUS COMPANY, INC.
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NEWS BRIEFS (Continued from page 12)

of the Post Office’s first fully mech-
anized mail processing plant and post
office to be built at Providence, R. I. As
in many modern mechanized systems
electronic equipment plays an important
role. Operations of this plant will be
supervised from an elevated control
center that will have visual and elec-
tronic views of all activities. Cancelled
letters will be sorted by operators
seated at keyboards which control
other machines that will sort thousands
of letters hourly. The postal station
will be built and equipped by Interlex
Systems Inc.,, a subsidiary of ITT.
Scheduled completion date is September,
1960,

TALKBACK TV lets the student watching
a remote TV receiver ask and answer
questions, and hear questions and
answers from students in other class-
rooms. Currently used in Cortland,
N. Y., the system was reviewed in a
paper by R. C. Norton and J. B. David-
son of the New York Telephone Co., at
the recent general meeting of the AIEE
in New York.

Regular telephone circuits provide
the talkback over a single pair of
wires between each classroom and the
studio. Two small loudspeakers arve
placed in each room and one on the
teacher’s desk. Using, revevsible ampli-
fiers, these speakers serve as hoth mike
and receiver.

ONE NEW TV STATION and the return
of an old-timer reinforce the nation’s
networks.

KOKH-TV, Oklahoma City, Okla....... 25
WHCT, Hartford, Conn...................... 18

WHCT came back on the air after
an absence of a little over a month.

One station closed down:

KXLJ-TV, Helena, Mont................_.. 12

KIDO-TV, Boise, channel 7, became
KTVB in January, and WKTV, Utica,
N. Y., switched from channel 13 to
channel 2.

Leslie F. Garrett, of Derry, N. H,,
reminded us of our oversight in omitting
WHDH-TV, Boston, Mass.,, channel 5,
from our January master list and also
called to our attention that WAST,
Albany-Schenectady-Troy, channel 13,
was shown incorrectly as WTAS. We
thank him for his interest.

The US total is now 549, of which
463 are vhf and 86 uhf. KOKH-TV is
educational, therefore the non-com-
mercial total is 37.

ELECTRONICS COURSE via radio, spon-
sored by the First Army, celebrated its
first anniversary with the New Year.
Outstanding specialists have given lec-
tures over the First Army MARS SSB
Technical Net each Wednesday night.
Ham members of MARS follow up the
lectures with calls, contributing to a
“forum by radio.”

Although theovetically limited to a
1,000-mile radius of New York, the
net has received letters from as far as
the Azores, 2,500 miles distant.

The MARS technical sessions are
conducted each Wednesday at 9 pm on
4030-ke upper sideband. END
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WE'RE MAKING IT EASIER THAN EVER TO BECOME A WELL PAID
RADIO-TELEVISION SERVICE TECHNICIAN

$

RADIO-

SPRAYBERRY

BIG, COMPLETE KITS
of PARTS & EQUIPMENT

TS%ady you lears fast the practical side
of Radio-Television, we
send you expertly engi-

3eered training kits to
zest and assemble for

2

x % % % This great industry is begging
for trained men . . . to step into good paying jobs
or a profitable business of their own! Our new
plan opens the doors of Radio-Television wide to
every ambitious man who is ready to act at once!

interesting, 3-g . g
=P ’ valuable Men by the thousands... trained Radio-Television Service Techni-
"b‘;ﬁ;‘;‘:;‘g; cians...are needed at once! Perhaps you’ve thought about entering

e T3e new Sprayberry
Tra.ning Television Re-
ceiver, uilt and tested
in 5 sections.

¢ Now offered . .. this fine
mocern oscilloscope.

e You build this powerful
twe-band superhetero-
dyre radio receiver,

You build the
new Spray-
berry tester

this interesting, top paying field, but lack of ready money held you
back. Now —just $6 enrolls you for America’s finest, most up to
date home study training in Radio-Television! Unbelievable? No,
the explanation is simple! We believe Radio- Television must have
the additional men it needs as quickly as possible. We are willing to
do our part by making Sprayberry Training available for less money
down and on easier terms than ever before. This is your big oppor-
tunity to get the training you need...to step into a fine job or your
own Radio-Television Service Business.

Complete Facts Free— Act Now; Offer Limited

Only a limited number of students may be accepted on this liberal
and unusual basis. We urge you to act at once.. .mail the coupon be-
low and get complete details plus our big new catalog and an actual
sample lesson—all free. No obligation...no salesman will bother you.

HOME STUDY TRAINING IN SPARE TIME

Under world-famous 27-year old Sprayberry Plan, you learn entirely
at home in spare time. You keep on with your present job and income.
You train as fast or as slowly as you wish. You get valuable kits of
parts and equipment for priceless shop-bench practice. And every-
hing you receive, lessons and equipment alike, is all yours to keep.

LET US PROVE HOW EASILY YOU CAN LEARN!

Radio-Television needs YOU! And Sprayberry is ready to
train you on better, easier terms, that any ambitious man can
afford. Just $6 starts you! Mail coupon today ... let the facts
speak for themselves. You have everything to gain. Let us
prove the kind of opportunity that’s in store for you!

1512 Jarvis Avenue, Dept. 20-T,

Sprayberry Academy of Radio-Television
Dept. 20-T, 1512 W, Jarvis Ave., Chicago 26, Ill.

SPRAYBERRY Academy of Radio-Television

Chicago 26, lllinois

Please rush all information on your ALL-NEW Radio-Tele-

i
|
Tg ‘30:';!1:9;: vision Training Plan. I understand this does not obligate me I
Volt- Ohme and that no salesman will call upon me. Include New Cat-
Milliom. alog and Sample Lesson FREE. l
B * meter test I
- meter. : PUAME e - e amane Age l
CIUD ) S S i
CITY e ZONE....STATE... .. ...
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OUT OF THIS WORLD
PERFORMANCE. ..

with RMC Discap® Ceramic Capacitors

The same dependability that prompted the selection of
RMC Discaps for the power supply of the Explorer IV
satellite can now be yours for use in servicing TV and radio
sets. These quality ceramic capacitors, favorite of original
equipment manufacturers, will help cut time-consuming
callbacks, and at the same time, brighten your profit
picture.

RMC Discaps are available from your distributor in a
handy 5-pack that prevents tangling of leads, and stores
as easily as a file card.

® Trademark of Radio Materials Company, a division of P. R. Mallory & Co. Ine.

FP Capacitors—the original Gem Capacitors—tops in Gold Label® Vibrators—un-

85°C filter with the hum pre- moisture proof design for buf- equalled performance and life

vanting etched cathode. fer, by-pass or coupling. « . . the quietest vibrator ever.
*Trademark

MALLORY

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

Another veteran of outer
space—Mallory Mercury
batteries. They've gone up
with every U.S. satellite.
In satellites or transistor
radios, they can’t be beat
for long, fade-free life.

Sta-Loc Controls—design allows your
distributor to custom-assemble in just
30 seconds, any of over 38,000 combi-
nations.

RADIO-ELECTRONICS



LET RCA TRAIN YOU
) IN ELECTRONICS

RCA Institutes celebrates Fifty Years of Electronic
Training by introducing its newest Home Study Course . ..

ELECTRONICS FOR AUTOMATION

... Now you have four comprehensive courses for your
electronic training ... from basic electronic theory to the more
advanced principles of color TV and Automation.

Electronic Fundamentals , fElectronics
. o or

Automation

Television
Servicing

Practical work with the very first lesson. Pay-as-you-learn.
You need pay for only one study group at a time.

RCA lNSTlTUTES, INC. Home study School, Dept. RE-49

A Service of Radio Corporgtion of America

Send for our

64 page Home 350 West Fourth Street, New York 14, N. Y.
Without obligation, send me the FREE catalog of Home Study Courses. No
Stlldy catalog solesman will call.

FREE!

Korean Vets! Enter Discharge Dafe. .. ........c....ounnenoioiuuaarmneenaon.
CANADIANS — Take advantage of these same RCA courses at no
additional cost. No postage, no customs, no delay. Send coupen to:

RCA Victor Company, Ltd., 5001 Cote de Liesse Rd., Montreal 9, Quebec

To sove time, poste covpen on postcard.

RESIDENT SCHOOL offers Tech-
nical Instituvte and Vocational
School Courses in Electronics. Day
and Evening classes start 4 times
each year. Resident School Cata-
log sent free on request.

APRIL, 1959
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ONLY
UNIVERSITY
MAKES

DIFFERENT PUBLIC
ADDRESS SPEAKERS

DIFFERENT PUBLIC
ADDRESS DRIVERS

5

ONLY WITH \| damnsizz, / CAN YOU GET. ..

THE SPECIFIC SPEAKER YOU NEED —no ‘“‘all-purpose”
compromises, but the right speaker for the right job—
paging, explosion-proof, super-power, etc.—with several
models in each class.

THE RIGHT POWER YOU NEED —from 5 watts to 600
watts. Not more than you need, not less than you need.

THE SOUND DISPERSION YOU NEED—deep or shallow
penetration, narrocw or wide, 360° horizontal . .. only
with University can you put the sound where you want it.

THE FREQUENCY RESPONSE YOU NEED—your choice of
high and low cut-offs as required—whether to cut

through extreme noise levels, or for true high fidelity
music reproduction.

THE ECONOMY YOU NEED—lowest initial costs for plan-
ning and installation, lowest running costs, lowest re-
pair and service costs.

...and only with University can you get the quality
you need ... every University speaker boasts exclusive
design features, the finest of materials, exacting stand-
ards in construction and must pass rigid performance
tests. All these are your assurance that University will
do the job better, longer, and at lowest possible cost.

. . . THAT'S WHY UNIVERSITY IS THE UNIVERSALLY ACCEPTED NAME IN THE ENTIRE FIELD OF SOUNDCASTING

Sznd for FREE copy of Product Catalog

How you can Invest $1 for the invaluable 64-page UNIVERSITY TECHNILOG, the
% authoritative reference book for planning P.A. speaker systems Contains information and specifi-
choose the -y Only book of its kind . . . packed with the solid factual data cations on all University publie ad-
. you need to save time and money, Covers in detail: how to dress speakers...directional, radial,
rlght speaker . .. select the proper driver for the specific job, directional vs. wide-angle, paging and talk-back,
wide-angle horns, best use of radial trumpets, high fidelity in submergence-proof, high fidelity
fOf the mf.n 4 PA., coping with reverberation, methods of overload protec- weatherproof, super-power, explo-
- /«,j%,,»;'?;ujm- 3 tion, ete. Includes specs, charts, diagrams, and the exclusive sion-proof, portable soundeasting,
speclflc i SOUND SYSTEM DESIGN CHART—effective guide for planning ete, Also, high fidelity cone speak-

A e typical installations. Send $1.00 to Desk J-10, University Loud-
L BBl speakers, Inc., 80 So. Kensico Ave., White Plains, New York.

application...
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ers, enclosures and speaker systems
suited for commercial installations.
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Use Delco Radio
Service Parts! B Wi pecr, Mo 9007 oo o

medium-price speaker. Designed for reploce-
ment use and high fidelity oudio systems.

o e —

Your Delco Radio Electronic Parts Distributor carries

the complete line, giving you fast, dependable service on the items
you’ll need for Delco Radio and other radio service work. Delco Radio also
provides:

e Wide selection of special application parts o Effective warranty program
¢ Complete technical training program e Dealer identification signs

Get the facts today on this truly profitable dealer setup, and grow with General
Motors!

DELCO RADIO

DIVISION OF GENERAL MOTORS, KOKOMO, INDIANA

Available everywhere through
Electronic Distributors
associoted with . ..

o LS 2

UNITED -MOTORS SYSTEM

IRON CORES

TUNER PARTS

TRANSISTORS

VIBRATORS CONTROLS

TRANSFORMERS
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Tung-Sol audio tubes

now twin-packed

in matched pairs |

by the manufacturer

9881 ror cenvice n

amplifiers of up to 50
watts,

Y Nnr

6550 For service in

amplifiers and commer- |
cial audio equipment of ‘
up to 100 watts,

NOW you can come as close to
faultless sound reproduction
as the design and circuitry of
your hi-fi equipment will permit.
Tung-Sol 5881 and 6550 beam-
power amplifier tubes are factory-
matched to very tight perform-
ance limits and twin-packed to
help you achieve lowest distor-
tion levels at all volume levels,

TUse of Tung-Sol 5881 and 6550
tubes has long been associated
with amplifiers of the very finest
design. These tubes have always
been produced to closest possible
tolerances with cathode current
ranges held to an absolute mini-
mum.

Now,intwin-packed pairs, they
assure the hi-fi enthusiast and
the commercial sound engineer
of replacement tubes that will
provide new standards of per-
formance—a feature of special
importance with the newest am-
plifiers and loudspeakers, particu-
larly binaural sound equipment.
See your parts supplier.

Tung-Sol Electric Inc., Newark
4, New Jersey.

®&TUNG-SOL

INTERFERENCE-PRONE SETS
Dear Editor:

The letter “TVI and the Law” in your
September 1958, issue omits a rather
important consideration. The writer,
Mr. Dagion, fails to mention that inter-
ference as it finally shows up on the
picture tube or in the loudspeaker is
due to, not caused by, two different
things.

First, there is the fact that some ma-
chines actually emit spurious radiation.
This sort of thing is controlled by rules
of the FCC which require proper shield-
ing to eliminate illegal emission. Recent
rulings have required manufacturers to
hold down local oscillator emission by
shielding or filtering in radio and TV
sets and other devices which may emit
radiation. Most manufacturers are glad
to go along with this sort of treatment
because they have to keep peace with
their customers.

But the most frequent problem is lack
of discrimination in the receiving equip-
ment—both TV and radio. In an effort
to get a sharper picture, more brilliant
sound—and perhaps most important, to
cut production costs—manufacturers
use broad-band circuits which will not
discriminate between the desired signal
and the unwanted one beyond a given
point. “Funnel” type front ends which
seemingly reach out for unwanted in-
terference have been a considerable
problem to those owning industrial,
commercial or amateur gear when the
fault lies with the design techniques
of the manufacturer of the receiving
equipment.

This has been recognized by most
leading TV manufacturers, who supply,
through their distributors, filters to
eliminate this trouble, usually at no
cost to the service technician or cus-
tomer. Such filters are not installed at
the time of manufacture since the per-
centage of these interference cases is
so low that it would become an unnec-
essary production expense if incorpo-
rated in all sets. It has become standard
procedure to supply filters only when
required.

The primary misunderstanding is
blaming the equipment producing the
interference rather than the nonselec-
tive receiving equipment. In practically
every case, owners of electronic equip-
ment are most anxious to clean their
own houses and avoid offending the pub-
lic but are unable to do the whole job
because of design deficiencies in receiv-
ing equipment.

After dealing with this difficulty a
good many times, I am convinced that

the dealer who sells the receiver owes
the purchaser an explanation of the
problem. Though some may not be
aware of this situation, most dealers
are and they are doing a distinct dis-
service to the electronics business and
the service profession by not explaining
it to the customers who are troubled.
There is no excuse for trying to place
the blame on an equipment user when
it belongs on the set manufacturer.
Bos ForMAN
Forman Co., Monmouth, Ill.
(The problem of TV and radio inter-
ference will be treated in detail in a
fortheconing issue.—Editor)

ANOTHER SA5-M
REPLACEMENT
Dear Editor:

The SA5-M used by Ted Ladd in a
light meter (page 123, December, 1958)
and Rufus P. Turner in a light-powered
frequency standard (page 58, February
1959) has been dropped from our
standard products line. However, this
cell can be replaced by a newer type
unit that operates at a higher efficiency.
It is the type S-1020B (unmounted) or
the SD-1020B (mounted). Two of these
cells connected in parallel replace the
SA5-M. HARRY NasH
Chief Application Engineer
International Rectifier Corp.

REFLEX CORRECTION
Dear Editor:

Something unfortunate seems to have
happened at a vital spot to my article
(“All About the Reflex Enclosure,”
Part I, February, 1959).

The diagram on page 39 with its
three sine curves each a quarter cycle
later than the previous one is correct.
The ervor is in the explanation on page
40, column one.

The wording refers to port air
velocity and states: “It also increases
between E and G.” That is wrong. The
two sentences there should read: “It
increases between D and F. The air
moving through the port (Fig. I-2-¢)
moves forward between E and G.”

As additional explanation I would
say that port air velocity increases (in
a forward direction) during the whole
time of forward acceleration—from D
to F and not E to G. Maximum velocity
is therefore reached at F, 90° later
than maximum acceleration. The air
particle displacement at the port passes
through its mid-point at F and reaches
maximuni forward displacement at G.
It is thus at its maximum 180° after
maximum rearward motion of the cone
(E). By then the cone is fully forward

RADIO-ELECTRONICS



ownership of a P HOTOFACT strvic para LiBRARY
SPELLS SUCCESS FOR SERVICE TECHNICIANS

HERE’S MORE PROOF,...FROM COAST-TO-COAST

ARIZGNA
"] weu d not take anything for
my valLable collection of Sams
PHOTOFACT."”
—Charles S. Cook,
Winslow, Arizona

IDAHO
“My PHOTOFACT library is an
indispensable source of service
Information on the...TV sets
servicad in our shop. Without
this in‘ormation, the time re-
quired to complete many repair
jobs would be prohibitive."
~—Richard Huntley,
Craigmont, ldaho

WISCONSIN
""With the PHOTOFACT file to
back us, we have com plete con-
fidence that we can handle any
service problem broi ght to the
shop.”
—Howand R. Olds,
Darlimgton, Wis.
TEXAS
"1 don't see how anycne can run
a shop without a set of PHOTO-
FACT. | would be lest without
mine, They are a must on any
bench job. You can jo a faster
job with the information in
PHOTOFACT."”
—T. 2. Hopkins,
Queznah, Texas

OHIO
YPHOTOFACT speeds up my
service on repairs and the file
cabinets help dress up the
shop.”

—Ed Rahm, Toledo, Ohio

SOUTH CAROLINA
*(With PHOTOFACT) | have a
lot less time on the bench and |
can do a more complete repair
job on a customer’s set and
have less come-backs because
of a perfect repair job."”
—Glen Stewart,
Pickens, S. Car.

MASSACHUSETTS
“PHOTOFACT has been one of
the mainstays in my service
business. The PHOTOFACT
library has cut my service time
well in half and has more than
paid for Itself already. In the
best words—PHOTOFACT
kept my new business in the
black.”
—Benjamin L. Hall,
Edgarton, Mass.

PENNSYLVANIA
“They are just great. Cuts serve
ice time to a minimum.”
~Virgil Franceschini,
Barnesboro, Pa.

NEW EASY-BUY PLAN! 1t's the money-saving way to
bulld yous complete profit-making PHOTQOFACT Library!

HOWARD W. SAMS & C€O., INC. M g

2205 E. 46th St., Indianapolis 6, Ind.

[C] Send me Free booklet *Your Guide To Maximum Profits"
[:] I'm a Service Technician: [:] full-time; [:] part-time

NO INTEREST—NO CARRYING CHARGE—AS LITTLE AS $10 DOWN

FREE! v:luable steel file cabinets for PHOTOFACT
monthly subscribers and Library purchasers.

Valuable hooklet R{E !

shows you how
PHOTOFACT boosts
your profit-capacity

My Distributor is:

Shop Name

Send for it!

Attn.
Address__

City _ Zone State_____




whether your plans are modest

or unlimited ...

.

Compact,

you can

build

your ideal

stereo system
with the
finest

loudspeakers. ..

proportioned for book-
shelf or table top, JBL Bel-Aires —
a pair with components in mirror-
image arrangement—will give you
the clean, exquisitely detailed

stereo reproduction that can only
be achieved with transducers of the

-

Now JBL enclosures
are matched for ster-
eo. If you own a JBL
C34, C35, C37, C39,
or C40, you can add
a matching enclosure
with speaker units
in a pat-
tern that is a mirror
image of your pres-
ent system.

arranged

highest precision.

@

The JBL Ranger-Paragon
is the uiltimate stereo
speaker system. Devel.
oped as a master moni-
tor for use in perfecting
stereo recording tech-
niques, the Paragon adds
to twin folded horns and
professional driver units
a radial refraction panel
which integrates the two
sound sources and
disperses true stereo
throughout the room.

The JBL Ranger-Metregon incorporates
the virtues of radial refraction in an
enclosure of acceptable size for the
average living room. No hole in the
middle, no split soloists, but sound
reproduction spatially proportional to
its original source. The Metregon ac-
cepts seven different speaker system
combinations; can be upgraded
progressively.

Write for free catalog and data sheets.

JAMES B. LANSING SOUND, INC.

3249 casitas avenue, los angeles 39, california
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CORRESPONDENCE (Continued)

again and so the port air displacement
synchronizes with the motion of the
front of the cone. Relative to the in-
ward cone motion which compressed
the air cushion in the first place, port
motion is reversed in phase.

In connection with Fig. I-3, it should
be made clear that the left side illus-
trates ‘““what one might expect” (and
actually happens at very low fre-
quencies), but does NOT happen when
reflexing. The right side of that figure
illustrates conditions when reflexing.
Toronto, Canada P. G. A. H. Voier

KNOCKS PRINTED CIRCUITS
Dear Editor:

I think it is about time we got a
report out concerning the printed cir-
cuits radio and television manufacturers
have been using.

We get about two printed-circuit
sets to every wired set. The trouble is
usually twice as difficult to trace. Parts
replacement is also twice as difficult
because of the heat-sensitive copper
foil and nrultiple-terminal components.
We usually run into twice as many
tough dogs and find twice the number
of failures per year on printed circuit
sets than on wired sets. The failures
result from leakage between foil wiring
or component breakdown due to the
compactness of portables and lack of
sufficient ventilation. Usually twice the
time is spent in troubleshooting printed
circuits. Thevefore, printed circuits are
a loss to technicians. I still prefer
wired sets. I have asked the opimon or
many of the technicians in my area—
they agree. BrianN CHIN
New Yorl, N. Y.

RUMBLE’S RUMBLE

Dear Editor:

In the Try This One column in the
January, 1959, issue (page 186), M.
C. E. Cohn reconmends disconnecting
the plate-load resistor of the first audio
stage from B plus and connecting it to
the plate of the output tube as a method
of applying inverse feedback. However,
the item failed to point out that you
only get inverse feedback if there are
an even number of stages in the ampli-
fier. If there alre an odd number of
stages, positive feedback occurs and the
amplifier oscillates. RoBERT RUMELE
San Luis Obispo, Culif.

SWEET MUSIC
Dear Editor:

I feel like somieone who has been
given a map with indications for find-
ing buried treasure. For composers,
vour “Micromusic” (editorial in the
March 1959 issue) is the open sesame
to a cave of infinite sound and 1, for
one, am infinitely grateful.

Your article also calls to mind these
warning words of Einstein’s: “QOur
actual situation cannot be compared
with anything in the past. We must
radically change our ways of thinking,
our method of action.”

My thanks for “Micromusic.”

New York, N. Y. EDGARD VARESE
END
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SAVE /5 T

E TIME

inTV

,Make !_V!’_c_e The Profit! _ :; Trouble-Shooting

THIS EASY

POINT-TO-POINT -
DIRECT VIEWING

TELEVISION

ANALYST

o o

_‘_-c ® @
@2 3 2@

‘e e eowm = °
T v @
& @ Qer” -

N ——— o
MODEL 1075

@

New Technique Makes TV Servicing
Easier, Faster, More Profitable

Thousands of service technicians already save
thousands of hours every day with the amazing
B&K TELEVISION ANALYST. Enables you to inject
your own TV signal at any point and watch the
resulting test pattern on the picture tube itself.
Makes it quick and easy to isolate, pin-point, and
correct TV trouble in any stage throughout the
video, audio, r.f., i.f., sync, and sweep sections of
black & white and color television sets—including
intermittents. Makes external scope or wave-form
interpretation unnecessary. Enables any serviceman
to cut servicing time in half, service more TV sets
in less time, really satisfy more customers, and
make more money. Color generator provides both
rainbow pattern and color bars..

MODEL 1075 TELEVISION ANALYST. Complete with
standard test pattern, white dot, white line, and color-
bar slide transparencies, and one clear 325995
acetate. Net, —

See your B&K Distributor or Write for Bulletin ST21-E

BaK MANUFACTURING CO.
3726 N.Southport Ave. o Chicdgo 13, lllinois

Canada: Atlas Radio Corp., 50 Wingold, Toronto 10, Ont.
Export: Empire Exporters, 458 Broodway, New York 13,U.S. A,
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TELEVISION
ANALYST

L

| R.F. AMPLIFIER

{ Complete r.f. signal
at all VHF channels.
Iso0lates tuner trouble
ty the r.f. amplifier,

4.5 MC AUDIO I.F.
Provides F A modulated
4.5 mc <osnd channel.
This audie carrier is
modulated from the

-

AUDIO AMPLIFIER
AND AUDIO OUTPUT
Injection of 400 cycie
tone signal simplifies
trouble - shooting this

| converter, or to the buift-in 300 cycle tone section. Isolates the
| rf. oscillator stage. generatcr. defect instantly.
L _ I L
1st, 2nd, 3rd ).F. VIDEO DET. j | VIDEO AMP.
-3 Signals available at Reproduces test pattern on picture
= 20 mc and 40 mc if. tube. Injects signals into video
5 Jued Checks A.G.C. action. - detector or video amplifier stage |u
4 Isolates trouble to of TV receiver for fast, visual
= individual defective trouble-shooting and correction.
[ o stage, i.f. transformer, Makes it easy to check bandwidth,
] or other component. resolution, shading and contrast.
i iL
R.E VERTICAL — Provides separate
. driving pulse to isolate defect
03K SYNC between vertical oscillator and
Composite sync | vertical output stage.
signals available
for checking of
these stages. ‘ HORIZONTAL — Driving pulse ap- ==
plied to output stage produces et
full sweep and highvoltage if out-
put system is working. Eliminates
uncertainty of B+ boost affecting
horizontal oscillator operation.
27



designed by and for the technician

-

........... ety

css) 25EC6 \w

e W
ent aenexthnn A for aeries SO
w-up UmS

s
ccrmon TUSE

cus €

CHECK THESE FEATURES

This new Handbook was designed especially for the technician. o » 550 pages
Planned for on-the-job use, it is compact, handy, rugged. . . . + 1050 receiving tubes
» 390 TV picture tubes

)
24 e 270 special-purpose
P tubes and semiconductors

lies flat whan open. Its modern styling permits quick, easy

reference. And, of course, it is up-to-the-minute, complete in

one volume . . . with data for receiving, special and picture - Comprehensive data, popular types
tubes as well as semiconductors. Get your copy today from vp; - Reference data, seldom-used types
your CBS-Hytron distributor. . Appendix especially for technicians
|
. . . i
Reliable p-oducts through Advanced-Engineering L
L R A A I I IR I AP - @00 L0000 0000000000000000000000000000000000000000008

ELECTRONJUBES . y
S Engineer’s Handbook
SEMICONDUCTORS ; NOW TWO VOLUMES . ...c.4+0.. $10.00
Additional hard-cover binders:

ENGINEER'S $3.00 for 1, $5.50 for 2.

HANDBOOK This modern Handbook has expanded into two volumes.
It includes receiving, special and picture tubes and
semiconductors. Features are: Complete EIA engineer-
ing design data on current tubes e tabulated quick-
reference data for seldom-used types 375 two-color de-
sign curves « over 700 pages, two colors « handy 814 by
9% inches « sturdy hard covers « 16-ring metal binders
* appendix « supplement service available. Order direct.

CBS-HYTRON, Danvers, Massachusetts
A Division of Columbia Broadcasting System, Inc.
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STEREO e

AND
MONAURAL eXpertS
say...

in HI-Fl
the best buys are

World-famous
EICO advantages
guarantee your complete satisfaction:

s Advanced engineering e Finest quality components
o ‘‘Beginner-Tested,” easy step-by-step instructions
e LIFETIME service & calibration guarantee

¢ IN STOCK — Compare, then take home any EICO
equipment—right “‘off the shelf’"—from 1900 neighbor-
hood EICO dealers.

FM Tuner HFT90
AM Tuner HFT94

Stereo
Amplifier-Pr2amp
HF 81

- y 3 Vi

. —

@ @:'1;0 @

Bookshelf
Monaural Intezra:ed Amplifiers: Speakﬁ;sslystem
50, 30, 20, ard 12-Watt
{use 2 “or Stereo)
1 Omni-directional
Monaural Preamplifiers: Speaker System HFS2
HF65, HF65A 36" H x 15%4" W x 112" D

(stack 2 for Stereo)

Manaurzl Power Amplifiers:
€a, 50, 3%. 30, 22 and 14-Watt
(use 2 for Stereow
Stereo Power Amplifier HF86

Over 1 MILLION EICO instruments in use throughout tke world.

APRIL, 1959

NEW STEREOPHONIC EQUIPMENT

HF85; Stereo Dual Preamplifier is a complete stereo con-
trol system in *'low silhouette’ design adaptable to any
type of installation. Selects, preamplifies, controls any
stereo source—tape, discs, broadcasts. Superb variable
crossover, feedback tone controls driven by feedback
amplifier pairs in each channel. Distortion borders on
unmeasurable even at high output levels. Separate lo-
level input in each channel for mag. phono, tape head,
mike. Separate hi-level inputs for AM & FM tuners & FM
Mu'tiplex. One each auxiliary A & B input in each channel.
Independent level, bass & trebie controls in each channel
may be operated together with built-in clutch. Switched-
in loudness compensator. Function Selector permits hear-
ing each stereo channel individually, and reversing them;
also use of unit for stereoc or monophonic play. Full-wave
rectifier tube power supply. 5-12AX7/ECC83, 1-6X4. Works
with any high-quality stereo power amplifier such as
EICO HF86, or any 2 high-quality mono power amplifiers
such as EICO HF14, HF22, HWF30, HF35, HF50, HF60.
“Extreme flexibility . . . a bargain’’ — HI-FI REVIEW.
Kit $39.95. Wired $64.95. Includes cover.

HF86: Stereo Dual Pawer Amplifier for use with HF85
above or any good self-powered stereo preamp. Identical
Williamson-type push-pull EL84 power amplifiers, con-
servatively rated at 14W, may be operated in parallel to
deliver 28W for non-stereo use. Either input can be made
common for both amplifiers by Service Selector switch,
Voltage amplifier & split-load phase inverter circuitry
feature EICO-developed 12DW7 audio tube for significantly
better performance. Kit $43.95. Wired $74.95.

HF81: Stereo Dual Amplifier-Preamplifier selects, ampli-
ties & controls any stereo source — tape, discs, broad-
casts—& feeds it thru self-contained dual 14W amplifiers
to a pair of speakers. Monophonically: 28 watts for your
speakers; complete stereo preamp. Ganged !evel controls,
separate focus (balance) control, independent full-range
bass & treble controls for each channel. Identical William-
son-type, push-pu!l EL84 power amplifiers, excellent out-
put transformers. “‘Service Selector’ switch permits one
preamp-control section to drive the internal power ampli-
fiers while other preamp-control section is left free to
drive vour existing external amplifier. “Excellent’ —
SATURDAY REVIEW: HI-FI MUSIC AT HOME. ‘‘Outstand-
ing quality . . . extremely versatile’” — RADIO & TV NEWS
LAB-TESTED. Kit $69.95. Wired $109.95. Includes cover.
MONO PREAMPLIFIERS (stack 2 for Sterea) HF-65: superb
new design, Inputs for tape head, microphone, mag-
phono cartridge & hi-level sources. M distortion 0.04%
@ 2V out. Attractive '‘low silhouette’” design. HFESA
Kit $29.95. Wired $44.95. HF65 (with power supply) Kit
$33.95. Wired $49.95.

MONO POWER AMPLIFIERS
(use 2 for STEREQ)

HF60 (60W). HFS0 (50W), HF35 (35W). HF30 (30W), HF22
(22W), HF14 (14W): from Kit $23.50. Wired $41.50.

MONO INTEGRATED AMPLIFIERS
(use 2 for STEREQ)

HF52 (50W), HF32 (30W). HF20 (20W), HF12 (12W): from
Kit $34.95. Wired $57.95.

SPEAKER SYSTEMS (use 2 for STEREO)

HFS2: Natural bass 30-200 cps via slot-loaded 12-ft. split
conical bass horn. Middles & lower highs: front radiation
from 814" edge-damped cone. Distortionless spike-shaped
super-tweeter radiates omni-directionallv. Flat 45-20.000
cps, usefu! 30-40,000 cps. 16 ohms. HWD 36", 1514”,
1112”. “*Eminently musical”’—Holt, HIGH FIDELITY. “'Fine
for stereo”-MODERN HI-F!. Completelv factory-built:
Mahogany or Walnut, $139.95; Blonde, $144.95.

HFS1: Bookshelf Speaker System, complete with factory-
built cabinet. Sensen 8” woofer, matching Jensen com-
pression-driver exponential horn tweeter. Smooth clean
bass; crisp extended highs. 70-12,000 cps range.
Capacity 25 w. 8 ohms. HWD: 117 x 23”7 x 9”. Wiring
time 15 min. Price $39.95.

FM TUNER HFT90: Surpasses wired tuners up to 3X its
cost. For the first time, makes practical even for the
novice the building of an FM tuner kit equal to really good
factory-wired units. No alignment instruments needed.
Pre-wired, pre-aligned temperature-compensated “front
end"’ is drift-free — eliminates need for AFC. Precision
‘ieye-tronic'” DM-70 traveling tuning indicator, supplied
pre-wired, contracts at exact center of each FM channel.
Pre-aligned IF coils. Sensitivity 6X that of other kit
tuners: 1.5 uv for 20 db quieting, 2.5 uv for 30 db quiet-
ing, full limiting from 25 uv. IF bandwidth 260 kc at 6
db points. Frequency response uniform 20-20,000 cps
1 db. Cathode-follower & Multiplex outputs. Flywheel
tuning, automatic gain control, stabilized low limiting
threshold for excellent performance from weaker signals,
broad-band ratio detector for improved capture ratio &
easier tuning, full-wave rectifier & heavy filtering, very
low distortion. ‘*One of the best buys you can get in
high fidelity kits" —AUDIOCRAFT Kit Report. Kit $39.95*,
Wired $65.95*. Cover $3.95. *Less Cover, F.E.T. incl.

NEW AM TUNER HFT94: Matches HFT90. Selects "hi-fi”
wide (20¢ — 9kc @ —3 db) or weak-station narrow
(20c — Skc @ —3 db) bandpass. Tuned RF stage for high
selectivity & sensitivity; precision ‘‘eye-tronic’” tuning.
Built-in ferrite loop, prealigned RF & IF coils. Sensitivity
3 uv @ 30% mod. for 1.0 V out, 20 db S/N. Very low
noise & distortion. High-Q 10 kc whistle filter.
Kit $39.95. Wired $69.95, incl. Cover & F.E.T.

BEFORE YOU BUY, COMPARE:

|

: You may examine the complete EICO [ine at
any of 1900 neighborhood EICO distributors

| coast to coast. Compare critically with equip-

| ment several times the EICO cost—then you
judge. You'll see why the experts recommend

| EICO, kit or wired, as your best buy.

|

i

EICO. 33-00 NORTHERN BLVD.. L.I.C. I, N.Y.
Fill out coupon on other side for FREE CATALOG
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Copyright 1958 by Electronic Instr. Co., Inc.

Add 5% in the West.
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the specs prove if. .
your BEST BUY is
GY

for COLOR & Monochrome TV servicing

FREE CATALOG

shows you HOW TO SAVE 50%

on 50 models of top quality
professional test equipment.

MAIL COUPON NOW!

NEW!
TV-FM SWEEP
s GENERATOR &
Lok MARKER #368
3822
007 __g - 36995

excellent linearity. Extremely flat RF output: new
AGC circuit automatically adjusts osc. for max.

output on each band with min. ampl. variations.
Exceptional tuning accuracy: edge-lit hairlines

eliminate parallax. Swept Ose. Range 3-216 mc in
5 fund. bands. Variable Marker Range 2-75 mc¢ in
3 fund. bandsg 60-225 mc on harmonic band. 4.5
me Xt:] Marker Ose.. xta) supplied. Ext. Marker
provision. Sweep Width 0-3 me¢ lowest max. devia-
tion to 0-30 mc highest max. dev. 2-way blanking.

Narrow range phasing. Attenuators: Marker Size,

RF Fine, RF Coarse (4-siep decade). Cables: out-
put, ‘scope horiz.,, ‘scope vertical. Deep-etched
satin aluminum panel; rugged grey wrinkle steel
cabinet.

NEW! RF

SIGNAL GENERATOR
#324

KIT WIRED
26" 39"

150 ke to 435 me with ONE generator! Better
value than generators selling at 2 or 3 times its
cost! Ideal for 1F-RF alignment, signal tracing &
trouble-shooting of TV, FM, AM sets; marker
gen.; 400 cps audio testing; lab. work. 6 fund.
ranges: 150-400 ke, 400-1200 ke, 1.2-3.5 mc,
3.5-11 me. 11-37 nic. 37.145 me; 1 harmonie
band 111-435 me. Freq. accurate to =1.5%; 6:1
vernier tuning & excellent spread at most impor-
tant alignment freqs. Etched tuning dial, plexi.
glass windows, edge-lit hairlines. Colpitts RT osc.
directly plate-modulated by K-follower for
improved mod. Variable depth of int. mod. 0-5¢%
by 400 cps Colpitts osc. Variable gain ext. ampli.
fier: only 3.0 v needed for 30% mod. Turret~
mounted coils slug-tuned for max. accnracv. Fine
& Coarse (3-step) RF attenuators. RF output
100,000 uv; AF sine wave output to 10 v. 50-ohm
output Z. 5-way jack-top binding posts for AF in/
out; coaxial connector & shielded cable for RF out.
J2AU7, 12AV7, selenium rectifier; xmfr-operated.
Deep-etched satin aluminum panel; rugged grey
wrinkle steel cabinet.

TURN PAGE
FOR MORE
EICO VALUES

WIRED
Sl 1 995

Entirely electronie sweep circuit (no mechanical
devices) with accurately-biased increductor for

CONDUCTANCE
TUBE & TRANSISTO
TESTER #666

* fifttttie

Snmmay | se
COMPLETE with steel cover and handle.

SPEED, case, unexcelled accuracy & thoroughness.
Tests all receiving tubes (and picture tubes with
adapter). Composite indication of Gm, Gp & peak
emission. Simultancous sel of any 1 of 4 combina-
tions of 3 plate voltages, 3 screen voltages, 3 ranges
ol continuouslv variable grid voltage (with 5%
accurate pot). New series-string voltages: for 600,
450, 300 ma types. Semsitive 200 ua meter. 5
ranges meter sensitivity (1% shunts & 5% pot).
10 SIX.position lever switehes: frecpoint connec-
tion of cach tube pin. 10 pushbuttons: rapid insert
of any tube element in leakage test circuit & speedy
sel. of individual sections of multi-section tubes in
merit tests. Direet-reading of inter-element leakage
in ohms. New gear-driven rollehart. Checks n-p-n &
p-n-p transistors: scparate meter readings of col-
lector leakage current & Beta using internal dc
power supply. Decp-ctched satin aluminum panel;
rugged grey wrinklesteel cabinet. CRA Adapter $4.50

COLOR

and Monochrome
DCto SMCLAB& TV
5”7 OSCILLOSCOPE
#460
WIRED
$'| 2950

Flat from DC-4.5 mc, usable to 10 mc. VERT.
AMPL.: sens. 25 rms mv/in; input 7Z 3 megs;
direct-coupled & push-pull thrueut; K-follower
coupling bet. stages; 4-step freq-compensated
attenuator up to 1000:1. SWEEP: perfectly linear
10 cps-100 ke (ext. cap. for range to 1 ¢ps); pre-
«et TV V & H pasitions: auto. sync. ampl. & lim.
PLUS: direct or cap. coupling; bal. or unbal.
inputs; edge-lit engraved lucite screen: dimmer;
filter; besel fits std photo equipt. High intensity
trace CRT. 0.06 usec rise time. Push-pull hor.
ampl., flat 10 400 kc, sens. 0.6 rms mv/in. Built-in
volt. calib. Z-axis mod. Sawtooth & 60 cps outputs.
Astig. control. Retrace blanking. Phasing control.
5" PUSH-PULL Oscilloscope =425: Kit $44.95, Wired $79.95.
7" PUSH-PULL Oscilloscope =470: Kit $79.95, Wired $129.50.

NEW! PEAK-to-PEAK
VTVM #232 & UNI-
PROBE (pat. pend.)
KIT WIRED
52995 54995

Half-turn of probe tip selects
DC or AC-Ohms.

Uni-Probe = exclusive with
EICO — only 1 probe performs
all functions!

Latest circuitry, high sensitivity & precision, wide
ranges & versatility. €Calibration without removing
from cabinet. New balanced bridge circuit. High
Z input for negligible loading. 412" me ter, can’t
burn-out circuit. 7 non-skip ranges on cvery
function. 4 functions: +DC Volts, —DC Volts, AC
Volts, Ohms. Uniform 3 1o 1 scale ratio for extreme
wide-range accuracy. Zero center. One zero-adj. for
all functions & ranges. 1% precision ceramic mult;-
plier resistors. Measure directly peak-to-peak volt-
age of complex & sine waves: 0-4, 14, 42, 140, 420,
1400, 4200. DC/RMS sine volts: 0-1.5, 5, 15, 50,
150, 500, 1500 (up to 30,000 v. with HVP probe &
250 mc with PRF probe). Ohms: 0.2 ohms to
1000 megs. 12AU7, 6ALS5, sclenium rectifier; xfmr-
operated. Deep-etched satin aluminum panel,
rugged grey wrinkle steel cabinet.

Send for
FREE CATALOG
now &

Pri(es‘ 5% higher on West Coost. 33-00 Northern Bivd., Long Islond City 1, N.Y.
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Name.
Address

NEW! Transistorized
Power & Bias Supply
=1020

NEW! Battery-Powered
Filament Continuity
Tester =612

Kit $3.95  Wired $5.95

Series/Parallel
R-C COMBINATION
BOX =1140
KIT $13.95
WIRED $19.95

TUBE TESTER =625
KIT $34.95 Wired $49.95

e tests 600 mil series
string type tubes
* ,* e illuminated roll-chart
! o

Pix Tube Test Adapter........ .$4.50

6V & 12V BATTERY
ELIMINATOR

& CHARGER =1050
KIT $29.95
WIRED $38.95

Extra-filtered for

transistor equipt.

#1060 KIT $38.95
WIRED $47.95

. Miniaturized
: MULTI-SIGNAL
? TRACER =145
YY) i KIT $19.95
3 A4 [~ WIRED $28.95
"0 S

20,000 Ohms/Valt
V-0-M =565
KIT $24.95 Wired $29.95

' 1000 Ohms/Valt
V-0-M =536

KIT $12.90
Wired $14.90

R-C BRIDGE & R-C-L

o COMPARATOR +950B

. * KIT $19.95

" - . Wired $29.95

B * Reads 0.50hms—500 megs,
% @ @ 10 mmfd—5000 mfd,

power factor

TR Ty

VTVM PROBES KIT Wired
Peak-ta-Peak . $4.95 $6.95
RF $3.75

High Voitage Probe-1
High Voltage Probe-2
SCOPE PROBES

Demodulator ... 3.75 5.75

Direct 2.75 3.95

Low Capacity $3.75 $5.75
Eico, 3<DO Northern Bivd. .1
Long tsland City 1. N. Y

Show me HOW TO SAVE 50% on [ Test instru-
ments (3 Hi-Fi ] Ram Gear.
Catalog and name of neighborhoad deater.

Send me FREE
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Radio-Electronics

Hugo Gernsback, Editor

ELECTRONICS vs WAR

.« . Why the Billions of Defense Dollars? . ..

HE following letter by the mother of a young son is

one of many similar ones which have reached us

periodically throughout the years. It deserves every

reader’s thoughtful attention, as it correctly mirrors
the sentiments of a large cross-section of our population in
these most unusual times in our history. The letter is slightly
condensed from the original.

In an old (September, 1955) issue of your magazine that
my young son brought home recently, I was interested in
some statistics given in the editorial “The Giant Electron-
ics Industry.” To quote: “By far the largest customer of
the industry is the United States Government. Defense
purchases of electronic equipment last year are estimated
at $2,300,000,000, ... and may go up to over $4,000,000,000
a year by 1964.”

In my opinion it bodes no good for the future when great
nations and blocs of nations concentrate so much of their
economy & know-how in technology & science on purely de-
structive mechanisms of rapidly increasing power. It is
obvious that this stupid (in my opinion) waste of human
ingenuity is extremely corrupting in several ways. For
example, the world’s human energy is channeled destruc-
tively instead of constructively, natural entropy is need-
lessly increased by the addition of human entropy, young
people sense unknowingly the terrible possibilities of mod-
ern technological warfare—hence the rise in juvenile de-
linquency—& a disproportionate part of national incomes
goes into what the nations call defense. It is true that
defense mechanisms are needed but not to such an un-
balanced degree. Otherwise, if our grave problems should
be settled by arbitration or other civilized methods instead
of war, I simply cannot see how economies that lean heav-
ily on war mechanisms will be able to adjust to a construc-
tive economy without very considerable hardship.

Whole populations today are living under the black and
real shadow of huge scale slaughter; therefore please
tell us about the need for far greater applications of
technology & science for constructive purposes.

Baldwin Path, Mgrs. P. CAMMER
Huntington, N.Y.

The ideas expressed so well by our correspondent are
unfortunately not new. They have occurred to every think-
ing individual since our aborigine days, millenia ago. War,
unhappily, has been with us always, and “war” will be with
us until the end of the world, in one form or another.

The nations recognizing this must build up their defenses,
and this admittedly brings considerable waste in its wake.
This is true of most large-scale human endeavors.

If the people of a community are threatened by period-
ically recurring floods, they sooner or later must build a
dam or levee to keep the waters from flooding their homes.
If they skimp in labor, money—and good engineering—
their work may go for naught, as the Johnstown flood
demonstrated. Hence, it is better for safety’s sake to spend
more rather than less. Incidentally, while building many
dams, we learn in time how to build them better, and often
more economically,

When a nation bolsters its defenses, the human energy
expended is not necessarily all channeled destructively. To
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the contrary, the nation builds up its economy, enriches its
engineering in the country’s industrial plant, gives vast
employment and, through hundreds of byproducts of every
imaginable kind, enhances its standard of living.

Even war machines become peace messengers. Our large
four-motor civilian airplanes are, in reality, bombers in
a new dress. Qur new passenger jet planes were born as war
planes. They were brought to their present perfection solely
because of our defense efforts. Is this not in a way a con-
structive result?

The greatest difficulty most people have today is their
inability to distinguish between human-made war and our
constant war against non-human enemies.

We are always at war with famine, cold, heat, floods,
tempests, epidemics, insect pests and microbe invasions, be
they colds, measles or tuberculosis. We fight a continuing
war against cancer and heart disease, and countless other
minor wars. Our war with accidents of every kind will
never be won as long as the world lasts. Nearly 10 million
a year, almost 100,000 deaths in the U.S. alone—the best we
can hope for is to reduce this frightful toll.

Add up the cost of all these wars, which is far greater in
lost lives and treasure in a single decade than any periodic
man-made war you can name. The money we pour into the
defense against these non-man-made wars is fantastic, yet
we know we dare not stop lest we revert to the dark ages
when man died before he was 40, mostly due to ravages of
unconquered diseases.

As to the billions of dollars we pour into the defense
against man-made war during peace, it is in the end a cheap
insurance against such a war. The more formidable our
defense, the less the chances of war, be it man-made or
nature. Take one instance, smallpox, which accounted for
millions of deaths and disfigurement of hundreds of millions
before vaccination was introduced.

Now let us turn to the comparatively few billions of dollars
expended yearly in electronics. It was World War I which
gave us radio and radio communication as we have it today.
War or defense always speeds up technological inventions,
whether we like it or not, and we all hate war. World War
II gave us radar and countless other inventions including
the atomic bomb, which, when used as atomic power, in the
near future, will be a far more important instrument for
peace than anything man ever knew.

The electronic defense billions we expend now and later,
we repeat, bring in their wake not only war inventions but
countless others as byproducts which we would not have
otherwise. These discoveries, inventions, devices and methods
help us in the fighting of our other wars, too, as, for
instance, in the electronic battle against diseases. Since
World War II, electronbiology and electronics in medicine,
among others, have become big branches in the art of
medicine and disease prevention.

Americans should realize that the terminology war should
no longer apply solely to man-made war. We have never
been at peace since man arrived on this planet and we prob-
ably never shall be. As long as humanity endures, there will
always be an eternal war for man’s survival. —H.G.
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TEST INSTRUMENTS

Laboratory accuracy in « home-built unit lets you measure ac

voltages beticeen .0001 and 10 volts with an error of less than 2%

over a bandwidth of 9 cycles to 8.5 me

SENSITIVE WIDE-BAND

VTim

By PHILLIP D. BLAIS

C VOLTAGE measurements are
probably the most important
/ \ method of evaluating circuit
performance. Most vtvm’s can-
not be used because of insufficient
sensitivity and bandwidth. Crystal rec-
tifier probes and preamplifiers are coni-
monly used in attempts to increase the
range of ordinary vtvm’s. Calibration
of such accessories is very difficult, and
stability is poor. The ac vtvm described
is of laboratory quality, and its accu-
racy is surpassed by only a few very
expensive commercial units.

The requirements for a laboratory
voltmeter are many. High input imped-
ance, reliability, ete. are all familiar
to the technician. Statistics can best
represent these qualities:

Ranges (full scale) .005, .01, .05,
0.5, 1, 5, 10
Bandwidth 9cycles-8.5me+5%
20cycles—3.5me=+4%
25 cycles—2.5me=+29,
Input impedance 10 megohms, 25 uuf
Noise level Equiv. to 20-pvinput
Negative feedback 30 db
Line-voltage error Less than 29,
90-125 volts
The serious experimenter will imme-
diately see the advantages of this volt-
meter and its possibilities in his work-
shop. Design of preamplifiers, power
amplifiers and other test equipment
is possible with such an instrument.

0.1,

Basic circuit design

A block diagram of the ac vtvim is
shown in Fig. 1. A cathode follower in

S 4

the input provides a high input and a
low output impedance for the attenu-
ator, which is composed of low-value
precision resistors. At all frequencies
the attenuator is compensated against
errors due to stray capacitance, by
small trimmer capacitors. No atten-
uator compensation is needed on the
.005-volt range because there is no
additional series resistor between Vi’s
cathode and V2’s grid. Thus the current
due to V2’s input capacitance does not
affect the attenuation. At high fre-
quencies, it does shunt the attenuator
as a whole and produce an errvor. This
error is very small, because of the low
output impedance of the cathode fol-
lower, and is negligible up to 10 mec.

The 5- and 10-volt ranges are not
compensated because the input react-
ance to V2 is much larger than the 1.5
ohms presented by the attenuator. On
these two ranges the attenuator’s out-
put impedance is approximately 1.5
and 0.75 ohm while the input reactance
to V2 is approximately 800 ohms at
10 mec. Thus, over 99% of the current
in VI’s cathode passes through RI12
and R13, producing an error of less
than 19.

The attenuator is followed by a high-
gain video amplifier to boost small
voltages. The output of the video ampli-
fier is rectified by a full-wave diode
rectifier and applied to a 0—1-ma milli-
ammeter.

Nonlinear elements, such as vacuum
tubes, in a circuit always produce dis-
tortion and variations in gain with

pEC—
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Fig. 1—Block diagram
of the ac vivim,

changes in applied voltage, temperature,
ete. Gain variations are intolerable in
voltmeters, and some way to control
this source of error is needed. The
most practical way to stabilize gain is
through the use of negative feedback.
In this voltmeter 30 db of negative
current feedback is applied around four
stages, in the video amplifier, and is
responsible for many of the desirable
characteristics. The meter is included
in the feedback cireuit for good scale
linearity.

The power supply is electronically
regulated to reduce further the effects
of line-voltage variations. A de¢ heater
supply reduces hum and noise in the
first amplifier stages.

Cathode follower and attenuator

A voltmeter’s accuracy is often
limited by attenuator accuracy. The
impedance of an attenuator should be
as low as possible to minimize the
effects of stray capacitance. Large
values of resistance show frequency
effects which yield an effective ac
resistance considerably lower than the
de value. An ordinary Y%-watt 1l-meg-
ohm carbon vresistor has an effective
resistance of only 570,000 ohms at 10
me.! Precision carbon resistors suffer
least from this effect and are used in
this voltmeter’s attenuator. See Fig. 2.

Resistors R12 and R13 in the atten-
uator are 0.75 ohm and are not com-
mercially available precision units. Use
parallel combinations such as 1 and 3
to obtain 0.75 ohms, or fabricate from
resistance wire. If resistance wire is
used, keep the inductance at a minimum
by keeping the area enclosed by the
loop of wire to a minimum. At 5 mec,
an inductance of only .02 gh has a
reactance of 0.75 ohm and contributes
an error of 41%. A short hairpin-
shaped loop is satisfactory.

Capacitors C3 through C10 in com-

RADIO-ELECTRONICS



TEST INSTRUMENTS

6J4 6AC7(4)
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R1, 61—470 ohms
R2—I0 megohms, 1% R57—pot, 10,000 ohms, 2 watts C43—40 uf, 350 volts, electrolytic

R3—120,000 ohms, 5%

R4—820,000 ohms

R5—120 ohms

R6—750 ohms, 1%,

R7—600 ohms, 1% (300 and 300 in series)

R8—75 ohms, 1%,

R9—60 ohms, 1%, (50 and [0 in series)

R10—7.5 ohms, 1% (30 and 10 in paraliel)

RI1—6 ohms, % (5 and 1 in series)

R12, 13—075 ohm, 1% (3 and | in paraliel)

RI4 15, 16, 17, I8 19, 20, 21, 23, 29, 33, 34, 35, 40, 41,
42—470,000 ohms

R22—8,200 ohms, 2 watts

R24, 45—10 ohms

R25, 30, 36, 43—48,000 ohms

R26, 56—1,200 ohms

R27—330 ohms

R28, 32, 39—10,000 ohms, | watt

R31—1,000 ohms

R37—1,800 ohms

R38—680 ohms

R44, 48, 55-—15,000 ohms

R46-—33,000 ohms, 5%

R47—pot, 100 ohms, carbon

R49—pot, 50 ohms, 4 watts, wirewound

R50—22 ohms, 2 watts

RSI, 52—22 ohms

R53—25 090 ohms,

R54—10,600 ohms,

I watt

10 watts, wirewound
I watt

Fig. 2—1t takes nine

bination with 1esistors R14 through
R21 reduce transients in the input ciyr-
cuit when changing ranges, and reduce
waiting time. Trimmer capacitors Cl11
through C15 are adjusted during cali-
bration to compensate for stray capac-
itance in the attenuator. The attenuator
is constructed on a five-gang eight-
position steatite switch, and details are
shown in the photo. Unused sections
are disabled by removing the rotor.
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R58—27,000 ohms, 2 watts

R59—pot, 3 ohms, 4 watts, wirewound
R60—I5 ohms, 5 watts, wirewound

All res:sfors 15-watt 10"/ unless noted
Cl, 18, 44— .01 uf disc ceramic
CZ—4O uf, 450 volts, efectrolytic

C3,4,5 6, 7,8 9, fo—s uf, 50 volts, electrolytic
Cll, 14, 15—3-30 uuf, miniature disc trimmer
Cl2, 13—3-12 puf, miniature disc trimmer
CI7—125 4f, 450 volts, electrolytic
C19—500 uf, 25 volts, elet:frolyhc

C20, 45, 46—1,000 uf, 25 volts, electrolytic
C21, 25, 29—100 uf, 350 volts, electrolytic
CZZ 26, 30—30 /zf 450 volts, electrolytic
C23—70 ruf, mica

C24, 28—.02 uf, disc ceramic

C27— 005 uf, paper

C31—I150 uuf, mica

C32—500 uuf, mica

C33—.05 ut, paper

C34—80 pf, 350 volts, electrolytic

C35, 36—0.5 uf, miniature paper
C37—500 uf, 6 volts, electrolytic

C38—50 uf, 450 volte, electrolytic
C39-a—9-180 puf, trimmer (see text)
C39-b—200 uuf, mica (see text)

C40--50 uf, & volts. electrolytic

Cdl-a, -b—25 uf 450 volts, electrolytic
C42—0.f uf, paper

All copacitors 600 volts unless noted

CH—6 henrys, 150 ma

Di, 2—IN34-A

F—1.25 A

JI, 2—terminai-binding-post
FWH or equivalent)

M—0-1 ma

RECT—full-wave bridge,
| amp or higher

Sl—spst toggle

$2—5-gang 5-pole 8-position steatite rotary

Tl—power transformer: primary, |17 volts: second-
ary, 800 volts ct, 200 ma; § volts, 3 amps; 6.3
velts, § amps; (Thordarson 24R07 or equivalent)

T2—filament transformer: primary 117 volts; second-
ary, 6.3 volts, 2 amps (Stancor P6466 or equiva-
lent}

T3—filament transformer:
ondary, 24 volts ct,
equivalent)

Y1=—6J4

V2, 3, 4, 5—6AC7

V6—5Y3-GT

Y7—4Y6-G

Y8—4SJ7

Y9—0A2

Pilot lamp, No. 47

Chassic

Miscellaneous hardware

assembly (National

selenium, 28 volts output,

primary, (17 volts; sec-
| ampere (Triad F-40X or

tubes and two crystal diodes to give the ac vivm its accuracy.

A two-pole eight-position rotary could
have been used, but it would not allow
forr easy attenuator construction. All
components are mounted on the switch.

A 6J4 triode is the input cathode
follower, hecause of its unusually high
transconductance—12,000 pmhos. The
special civeuit used to obtain the grid
bias on the 6J4 reduces the noise
figure® and illustrates the many special
precautions used to obtain the low

naise figure. Heater current required
by the 6J4 is less than that for a 6ACT,
and the 6J4 heater is shunted by R5
to allow series connection of the tubes’
heaters. The grid circuit has a small
resistor near the tube socket to prevent
parasitic oscillations when the input is
shoit-circuited.

Video amplifier
The video amplifier consists of four
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LOW  HIGH
FREQ  FREQ
__RIR2 __CI
ATTENUATION = —™— = & g5~
cz
© Vv * el
R2
INPUT Rl % =Cl OUTPUT
© ©

RICl=R2C2

Fig. 3—How to determine component
values for a {frequency-compensated
attenuator.

6AC7 stages. The 6ACT7’s are used
because of their high transconductance
and low noise figure. The first two
6ACT’s have a dc heater supply. The
cathodes of the second, third and fourth
video amplifiers are grounded directly
to reduce hum and noise. This also
removes any complex impedances in
the cathode cireuits, which tend to pro-
duce degeneration at low frequencies.

A collective back-bias arrangement
provides the required negative grid
voltage.” Each grid is returned to a
common negative voltage source pro-
vided by the center tap of the plate
power transformer winding. This volt-
age is proportional to the total current,
and in this way a collective self-bias
source is maintained. This design is
responsible for the complete absence
of hum in the video amplifier.

The screen grids of the 6AC7’s are
supplied through large screen drop-
ping resistors from the voltage-reg-
ulated supply to reduce changes in
transconductance due to changes in
line voltage. Very large secreen bypass
capacitors keep degeneration and phase
shift small at low frequencies. The
cost of electrolytic capacitors is small
and “bargain” units may be used here.
If their quality is questionable, bypass
each one with a .01-uf ceramic unit to
eliminate high-frequency inductance

effects. These capacitors, not shown in
Fig. 2, were used in the finished vtvm.
They are visible in the bottom view of
They are coded

the video amplifier.

-0 RA2\
c3dc3d-oRAAN o
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with the number of the bypassed elec-
trolytic and the suffix “a”.

The coupling between stages involves
R-C networks called Bode networks' to
control phase shift and attenuation,
for stability with negative feedback.
These networks are the result of many
trials and calculations, and should not
be varied. The balance between fre-
quency response and phase shift is
delicate when applying 30 db of nega-
tive feedback around four stages with
a bandwidth of 10 me, and the design
is vindicated by the final result.

The final 6AC7 stage has a high
plate load resistance—15,000 ohms. It
is shunted by the relatively low imped-
ance of the meter circuit. The meter-
circuit current is thus equal to the ac
tube current, which is equal to the
transconductance multiplied by the ac
grid voltage. The current is rectified
by the two germanium rectifiers and
applied to the meter circuit as pulsating
de, filtered by C37. The two half-waves
of current are then recombined by
capacitors C35 and C36, and applied
to R45. The negative-feedback voltage
is taken from R45. Being familiar with
negative feedback, we realize that this
tends to keep the voltage across R45
constant. This voltage is merely a
measure of the current through the
meter circuit, and thus the feedback is
actually negative current feedback.
The tendency to maintain constant cur-
rent through the meter circuit by nega-
tive current feedback results in a very
linear scale regardless of changes in
the rectifier’s forward characteristies
with applied voltage. Feedback is
adjusted with R47, and the voltmeter
gain is adjusted during calibration by
R47. C39 corrects the negative feed-
back at higher frequencies to improve
frequency response.

Capacitor C39 consists of a 9-180-
ppf trimmer in parallel with a 200-
upf mica. However, in my unit the
trimmer is adjusted for maximum
capacitance and the total value of the
combination is 380 uuf. Due to differ-

A look under the
video amplifier
chassis,

The attenuator is
in a chassis of its
own.

ences in construction and tubes, =a
different value may be required. The
outside limits to the wvalue you may
need in the meter you build are 40 uuf
and .0015 #f. For best results try a
170-780-ppf trimmer as a start. The
chances are the value you need will be
within its range.

The first 6AC7 stage has a small
grid-isolating resistor R61 to prevent
parasitic oscillations at high fre-
quencies.

The power supply is straightforwaird
in design and construction and will not
be discussed in detail. A separate chas-
sis is used for the power supply to
isolate unwanted signals and to facil-
itate adjustment and repair. I used a
power transformer from an old Atwater-
Kent and two 6.3-volt heater trans-
formers. However, you can use the
arrangement shown in the schematic
for greater convenience.

Construction hints

Construction is not critical or tricky
and the lavout may be modified for
special requirements. The layout shown
in the photos is recommended for gen-
eral use. Input capacitance can be re-
duced slightly by placing V1 closer to
the input terminals, and is recom-
mended. A separate, totally enclosed
chassis for the attenuator and cathode
follower is a necessity to reduce hum
pickup in the high input impedance.
Placement of circuit components is not
critical, although normal precautions
should be taken.

The attenuator resistors are the only

precision components required; all
other components are normal 10%
tolerance. Some attenuator resistor

values are not stock items, but may
be made up as combinations of stock
values. Use a heat sink when solder-
ing precision resistors to prevent a
permanent change in resistance due
to heating. Broad limits are possible
on all electrolytic capacitors and near-
est available values may be used.

The custom appearance of the indi-

RADIO-ELECTRONICS



METER LIGHTS

cating meter is obtained by using a
standavrd 4%-inch Triplett 0-1 milli-
ammeter. The unwanted lettering is
removed from the meter scale by gently
rubbing with a small cloth dampened
with acetone.

Two sets of scale numerals should
be applied to match the attenuator
ranges. Appearance may be further
enhanced by drilling two small holes
through the back of the meter and in-
serting two small pilot lights. These
holes must be drilled with a hand drill,
being extremely careful not to damage
the delicate meter movement. Orient
the meter so drill chips fall away from
the suspended coil and pivots.

Use decals to label the front of the
instrument and give a professional
appearance. The clear birch wood cabi-
net is assembled with screws and glue.
Give the sanded surface several coats
of clear lacquer, until it is glossy. The
finished instrument is very attractive,
and professional in appearance and
performance.

Adjustments and calibration

Now that the instrument is com-
pleted, it must be adjusted to make
measurements. After a 30-minute warm-
up, adjust:

1. The voltage-regulated supply. Set
R37 for 300 volts at the cathode of the
6Y6-G.

2. Heater voltage. Trim R59 to get
18.4 volts de at C45 and C46.

3. Grid bias in video amplifier. Rotate
R49 until —2 volts is obtained across
C40.

This completes the adjustments, and
all voltage measurements are with
respect to chassis ground. It may be
necesary to repeat these twice.

Calibration is move difficult, and in-
genuity is vequired if laboratory stand-
ards are not available. Get a 60-cycle
source that is within the voltmetelr’s
range and the most accurate meter
available. With the appropriate meter
scale and range setting adjust R47
until the voltmeter reads the same as
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c19 The finished

chassis has a

professional
look.

€20 Ci7

Under

chassis.

the calibrating voltmeter used as the
“standard.”

The attenuator trimmer capacitors
require a frequency source above 3 mec
with a variable output. The required
steps arve:

1. Set the voltmeter range switch to
.005 volt. Adjust the output of a signal
generator, set between 3 and 10 mc and
connected to the voltmeter, so the volt-
meter reads full scale.

2. Without changing the signal gen-
erator’s output, set the voltmeter range
to .01, and adjust trimmer capacitor
C11 until the output meter reads half
scale (.005).

3. Adjust the signal generator’s out-
put until the voltmeter reads full scale.
Now set the voltmeter range switch to
.05, and adjust C12 until voltmeter
reads .01 volt.

4. Adjust the output of the signal
generator until the voltmeter again
reads full scale. Set the meter to 0.1,
and adjust C13 until voltmeter reads
half scale.

5. Increase signal generator output
for full-scale reading. Change voltmeter
range switch to 0.5, and adjust C14 to
read 0.1 on voltmeter.

6. Finally, increase signal generator
again to give full-seale deflection, and
change the voltmeter range switch to
1 volt. Adjust C15 for half-scale read-
ing.

This completes the attenuator ad-
justments, and the attenuator should
be independent of frequency.

High-frequency calibration is the
final adjustment necessary before use.
Set the signal generator at 7 me and
the output at 1 volt. The output may
be measured at this level and fre-
quency by using a simple diode recti-
fier probe and an ordinary de vtvm.
The 1-volt output is applied to the
input of the voltmeter, and C39 adjusted
to give a full-scale reading on the 1-
volt range. The voltmeter is then placed
in the cabinet, and is ready for use.

Occasionally, due to a 6ACT with an
unusually high transconductance, the

the
power-supply
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video amplifier’s gain requires more
than 30 db of negative feedback for
correct calibration, and any attempts
to reduce the gain, by adjusting R47
for correct calibration, may result in
violent cireuit oscillation. Poorly placed
components can also cause oscillation.
The stability margin for this voltmeter
is only 6 db and is ideal for flat re-
sponse. Changing circuitry is not ad-
vised as a solution, and the best method
to correct this trouble is to increase the
bias on the 6ACT tubes by adjusting
R49 until oscillation ceases. In this
manner, the total gain may be adjusted
for 30 db of feedback.

Input attenuators and probes

The reader may wonder why the top
range of this ac vtvm is only 10 volts.
Why not higher? The reason is simple.
It is better to add attenuation by an
external attenuator or by a probe, and
achieve an even higher input impedance.
A 100X attenuator could have been
placed in the grid circuit of the input
cathode follower to get ranges 100 times
those on the present range switch, but
the input capacitance would still be
approximately 20 guf. However, with an
external probe attenuator, the input
capacitance can be made as small as 2
or 3 uuf.

Probes and external attenuators are
more versatile, and are necessary at
high frequencies to prevent standing
waves in the leads. Attenuators and
probes may be designed and constructed

as in Fig. 3.
For frequency-independent attenu-
ation, R1C1 = R2C2. The designer

must include the input capacitance and
resistance of the voltmeter as being
in parallel with R1 and C1. Also, in
the case of probes, the capacitance of
the cable must be added to C1. END
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uisig SCOPE PROBES

Like « diode tube, a single
probe won’t handle all jobs.
Knowing where and when
to use what probe speeds
servicing

By ROBERT G. MIDDLETON

RADIO-ELECTRONICS TELEVISION CONSULTANT

ITHOUT question, the oscilloscope is among the

most essential instruments used in TV trouble-

shooting. Most technicians have little difficulty in

operating their scopes with direct test leads, but
scope probes often lead to questions.

Field experience proves that some technicians are con-
fused when it comes to which probe to use in a specific ap-
plication. This article will clarify that question. In general,
scope probes extend the applications of a service scope
into high-frequency, high-impedance and high-voltage cir-
cuits. Without suitable probes, scope applications are seri-
ously limited.

The better grades of probes are adjustable, so their char-
acteristics can be matched to various scopes. Thus, better
low-capacitance probes have service adjustments for both

A 1ypical scope demodulator probe.

probe resistance and capacitance, and the capacitance-di-
vider probe for probe ecapacitance. Accordingly, these
probes can be adjusted for aecurate operation with any
modern scope.

A demodulator probe does not require a service adjust-
ment, since no attenuation factor is involved and the probe
responds upon the basis of the peak-to-peak voltage of the
applied signal. The total output from a demodulator probe
is applied directly to the scope input terminals.

HIGH-VOLTAGE CAPACITANCE-DIVIDER PROBES

{Also termed High-Voltage 100-to-1 Divider Probe!

A probe that extends the permissible
input voltage rating of a scope to 10,000
peak volts is the high-voltage capaci-
tance-divider type. Without such a
probe, a service scope typically with-
stands only 600 peak volts before wave-
form distortion starts. Excessively high
input voltages will damage a scope’s
input circuit unless a suitable probe is
used.

A high-voltage probe of this type is
usually designed for 100-to-1 attenua-
tion. Thus, if a 10,000-velt waveform is
applied to the probe, the scope receives
1/100 of this voltage, or 100 volts,
which is well within the capability of
the vertical amplifier for undistorted
reproduction. The probe can be used to

1X2-A

<

INPUT —

13.80PE
Vil o

- :
TRIMMER 100 uuf MAX

advantage at the plate of the horizontal
output tube to check the peak-to-peak
voltage of the flyback waveform and to
compare its shape with the service data
specifications for the receiver.

When measuring peak-to-peak volt-
ages, the operator adds two zeros to
the scope calibrating factor when the
probe is used and no recalibration is
required. It is clear that use of decimal
attenuation factors in such probes
greatly speeds up practical applica-
tions. Of course, the probe must be used
with an up-to-date scope which has a
step attenuator calibrated in intervals

of 10 (X1, X10, X 100, etc.).

A 100-to-1 capacitance divider probe
can be used also to check the waveform

Circuit
This is a high-voltage ac probe, designed to
operate at input voltages up to 10,000 peak
volts. The 1X2-A tube serves as a small high-
voltage capacitor. The trimmer is used to
calibrate the probe for 100-to-1 attenuation.

and peak-to-peak voltage at the cathode
of a damper tube, across the horizontal-
deflection coils and similar high-voltage
points.

There is one limitation in the use of
a capacitance-divider probe which must
be recognized—the probe is not suitable
for checking 60-cycle sweep circuits.
At 60 cycles, the resistive component
of the scope input circuit becomes ap-
preciable with respect to the reactance
of the probe and, since the capacitance-
divider probe is uncompensated, its use
must be restricted to horizontal-fre-
quency circuits. However, this is not
a matter for practical concern, since a
10-to-1 probe will handle the operating
voltages of vertical-frequency cireuits.

Applicotions
Probe can be used to check waveforms and
peak-to-peak voltages at the plate of the
horizonta! output tube, cathode of damper
tube and across horizontal deflection coils.
Should be used in horizontal-frequency circuits
only. Distorts 60-cycle {vertical) waveforms.

LOW-CAPACITANCE PROBES

{Also termed High-Impedance or 10-to-1 Attenuating Probel

A low-capacitance probe effectively
increases the imput impedance of the
scope input circuit. This lets you test
high-impedance circuits without undue
loading and the resulting waveform
distortion incurred when direct test
leads are used in this type circuit. For
example, many synchronizing circuits,
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such as the popular Synchroguide phase
detector, have high internal impedances
and using a low-capacitance probe lets
vou adjust such circuits more accu-
rately than otherwise possible.
Low-capacitance probes are usually
adjusted to provide an impedance step-
up of 10 times. Concurrent with this

provision for high input impedance is
a loss of signal, also of 10 times. In
other words, signal strength is traded
for stepped-up input impedance. How-
ever, the bargain is a good one, as the
available signal is usually much greater
than required for full-screen deflec-
tion, while a higher input impedance is

RADIO-ELECTRONICS



often required for an undistorted wave-
form display.

The attenuation factor of 10 is chosen
so the scope’s basic calibration factor is
retained, whether or not the low-
capacitance probe is used. If the low-
capacitance probe is connected to the
scope’s input, the operator merely adds
one zero to his calibration factor and

TRIMMER |5puf MAX

peak-to-peak waveform voltages can be
measured without recalibrating the
scope’s vertical amplifier.

A low-capacitance probe is also valu-
able for checking signal levels through
a video amplifier, as it keeps you from
loading the peaking coils excessively.
Tests can be made at either the plate
or the grid of a video amplifier tube.

Circuits

When C is set at 1/9 the input capacitance
of the cable and scope, and R is set at
9 times the scope's input resistance, the probe
has 10-to-1 characteristics—the input resist-
ance becomes 10 times higher and the input
capacitance 10 times lower than when a
direct cable is used to the input
terminals.

scope's

¢ COAX
P
INPUT S TO SCOPE
MINIATURE
N L o
TRIMMER 154! MAX
R COAX
SLMEG TO SCOPE
INPUT R2
2 MEG \
MINIATURE

Value of RI principally de'rermlnes +he probe's
input resistance. A 5-megohm metallized-film
resistor is suitable for probe construction.
Potentiometer R2 is adjusted to provide 10:I
signal attenuation at low frequencies and C
to provide 10:1 attenuation at high frequen-
cies. The scope input capacitance is reduced
to 1/10 by use of the probe, but input resist-
ance is multiplied by a factor less than 10.

s

TRIMMER 15pf MAX

i SPECIAL LOW CAPACITANCE COAX

S.IMEG
INPUT

TO SCOPE

MINIATURE

TO SCOPE

It

s

TO SCOPE

L——o

T

T

Because the input capacitance of a scope
may be about 20 upf, while the input capaci-
tance of the cable may be about 100 uuf, it
is clearly advantageous for the scope user to
employ low-capacitance coaxial cable with the
probe.

A low- capacn+ance probe is sometimes slmph-
fied by using fixed values for both Rl and R2.
This arrangement makes it possible to obtain
high-frequency compensation, but low-fre-
quency compensation is correct only with
the scope for which the probe was designed.

Maximum simplification of the low-capacitance
probe is shown here. Fixed values of resistance
and capacitance are used, and proper com-
pensation at low and high frequencies can be

obtained only for one particular scope.

NOTE: Low-capacitance probes can be used properly only if the scope has
a step attenuator which has the same input resistance and capacitance on each
step. Most modern service scopes have satisfactorily constant input impedance

on the XI, X10, Xt00 and XI,000 steps.
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When testing at the picture tube, the
most accurate waveform reproduction
is obtained by unplugging the picture-
tube socket and inserting the probe tip
into the video-signal socket terminal
(grid or cathode). The input capacitance
of the probe substitutes for the input-
capacitance of the CRT, and nearly
normal load conditions are realized.

Applications

Because the probe has 10 times higher input
impedance than a direct cable, it is sometimes
called a ""high-impedance' probe. The 10-to-|
factor is not always provided, but is preferred
to facilitate peak-to-peak voltage measure-
ments with a calibrated scope. The 10-.0-I
probe imposes a 909 loss on the signal ap-
plied to the scope.

This arrangement is similar to the foregoing,
except that a fixed resistor is used in series,
and the potentiometer is placed in shunt.
Better compensation (better square-wave re-
sponse is obtained with this arrangement) at

the expense of slightly greater complexity.

G

Low-capacitance coaxial cable may be diffi-
cult to obtain, but may be constructed by
stripping the central conductor out of a length
of RG-59/U cable and threading a No. 36
copper wire through instead. This arrange-
ment drops the cable input capacitance to
about !/g its nominal value. Attenuation factor
is still 10:1, but the input capacitance is very
much less.

To illustrate the low-frequency consideration,
good low-frequency compensation is obtained
when R2 equals 357,000 ohms, provided the
scope’s input resistance is | megohm. How-
ever, this is not always the case—a scope may
have as little as 500,000 ohms input resistance
or as much as 3 megohms.

e R e e

Compensation error which results when this
type of probe is used with various scopes can
be made less serious by using a small value
of resistance for R, and a high cable capaci-
tance. This is a "brute-force" arrangement
in which compensation is approximated at a

sacrifice of input impedance advantage.

VARIOUS DEMODULATOR PROBES

{Also called Detector, Crystal, High-Frequency, RF or Travelling Detector Probe

The photo shows a typical demodu-
lator probe. This type of probe lets you
use a scope in higher-frequency circuits
than otherwise possible. Popular uses
for the demodulator probe are signal
tracing in if amplifiers, display of sin-
gle-stage if response, display of video
amplifier response curves and display
of bandpass amplifier response in color
television receivers.

There is a practical limitation in the
application of a demodulator probe. Re-
member that waveforms of more than
50 volts peak to peak tend to produce
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pattern distortion, while outputs in ex-
cess of 100 volts peak to peak can im-
pair the sensitivity of the crystal di-
ode or burn it out completely.

A demodulator probe used with a
scope must have several special fea-
tures. Unlike a probe designed for a
vtvm, a scope demodulator probe must
rectify the rf component of the wave-
form and it must pass the modulation
envelope of the signal to the scope’s
vertical amplifier. Accordingly, a scope
demodulator probe must have optimum
filter characteristics to meet the service

applications for which it is intended.

The probe shown on page 36 has a
voltage-doubler configuration in the
crystal-diode network to provide maxi-
mum sensitivity. With such a probe,
you can trace if signals back to the
tuner output, provided a reasonable
signal input is applied to the receiver’s
antenna input terminals. When a
strong TV station signal is not avail-
able, the output of a sweep generator
is useful for signal tracing.

The demodulating capability of such
probes is somewhat limited, due to the
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appreciable input capacitance of serv-
ice scopes, and this point should be
clearly recognized so the receiver is
not unjustly blamed for limitations of
probe response. The demodulating ca-
pability of the probe permits good re-
production of a vertical syne pulse,
but only partial reproduetion of a hori-
zontal syne pulse. Hence, signal-tracing
procedures should always be followed
with the scope deflection rate set to 60
eycles (or 30 cycles), and the observa-
tions based upon the observed display
of vertical syne pulses.

To display a bandpass amplifier re-
sponse curve, the fundamental require-
ment is that the probe be capable of
displaying a 60-cyecle square-wave en-
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Demeodulator-probe arrangement using a se-

SWEEP &
MARKER

GEN SCOPE

BANDPASS
AMPL

DEMOD
PROBE
Fig. 1—Test setup for checking band-
pass amplificr response in a color TV
receiver.

Fig. 2—Typical bandpass amplifier re-
sponse curve obtained with the test set-

velope without distortion. The probe is up in Fig. 1.

capable of this response, and hence the
test setup shown in Fig. 1 provides an
accurate check of bandpass amplifier

response in a color TV receiver, with
the result shown in Fig. 2.

Circuits Applications

Arrangement is simple and economical, but
has limited demodulating capability — hori-
zontal sync pulse is greatly attenuated and
distorted, although vertical sync pulse is de-
modulated without severe distortion. Input
cable is not isolated from the probe network
and operates as a resonant stub at various
high frequencies, which makes the probe ap-
pear insensitive at certain radio frequencies.

Simplest form of demodulator probe, made
up of a germanium diode in series with the
shielded input cable. The input cable serves
as a charging capacitor. A series-detector
arrangement, providing half-wave rectification.

This type is not resonant at radio frequencies
and provides uniform sensitivity. Sensitivity is
less than that of doubler types, but its cutoff
frequency is considerably higher than that of
a doubler probe. The series charging capaci-
tor permits using it in signal circuits where
some 60-cycle hum voltage may be present.
Vertical sync pulses are demodulated reason-
ably well, but horizontal sync pulses are
greatly attenuated and distorted.

A general-purpose demodulator probe. The
detector is arranged in shunt, with a 270-uuf
charging capacitor. The shielded input cable
is isolated from the high-frequency circuit in
the probe by a 220,000-ohm resistor. Half-

wave rectification is provided.

Demodulating capability cannot be extended
indefinitely by lowering the value of R, be-
cause a limitation is imposed by the time con-
stant of R2 and cable capacitance. It is not
practical to reduce the value of R2 appreci-
ably because cable capacitance then imposes
an excessive capacitive shunt across the diode

and reduces the detector efficiency.

This arrangement for a demodulator probe is
the same as the preceding version, except that
the diode is shunted by a 100,000-ohm re-
sistor. When a diode with a high front-to-
back ratio is used, the shunt improves the
probe's demodulating capability.

Chief disadvantage of this probe arrange
ment is lack of rf isolation between the cable
and the probe network. Therefore, the probe's
sensitivity will appear quite good at some
radio frequencies, but poor at others. The
series input capacitor provides good rejection

of 60-cycle hum voltages.

N1 s i i

ries detector, with a 10,000-ohm shunt on both
sides of the diode and no cable isolation.
Sensitivity is moderate, and demodulating
capability is considerably greater than for the
foregoing types of demodulator probes, De-
modulates horizontal sync pulse satisfactorily.
This arrangement is used in a voltage-doubler
demodulator probe, sometimes called a peak-
to-peak high-frequency probe. The probe net-
work provides full-wave rectification and cor-
respondingly greater sensitivity, compared

with a half-wave probe.

Demodulating capability is not greater than
that of conventional half-wave types and
horizontal sync pulses are greatly attenuated
and distorted. Vertical sync pulses are rea-
sonably well demodulated. The frequency cut-
off is only about half as high {about 100 mc)
as that of typical half-wave probes.
Wide-band demodulator probe, with high-fre-
quency compensation for reproducing enve-
lope frequencies up to 4 mc. The input cable
to the scope is of special low-capacitance con-
struction having an outer diameter of !
inch and a No. 40 central conductor.

i Ry i QU

To obtain the 4-mc bandwidth of output signal
from the probe, the scope's input capacitance
must be maintained very low (not over 10
ppf). This necessitates bypassing the step at-
tenuator and applying the cable output direct-
ly to the grid of the cathode-folllower input
stage. The probe's sensitivity is much less than
that of the narrow-band probes shown above.

Inm; IR "

NOTE: The input resistance of all service demodulator probes is relatively low and the input capacitance

is appreciable. For this reason, the

robe tends to load signal circuits in which it may be applied, and the

user must be aware of this limitation to avoid the possibilty of drawing false conclusions in some iﬁsf
END

situations.
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TEST INSTRUMENTS

SIMPLE CAPACITOR

CHECKING fl\

METHOD

Simple circuit plus multimeter
make accurate test instiument

By GEORGE P. PEARCE

OR several years I have been test-
ing capacitors by measuring the
current flow through them when
connected in a 120-volt 60-cycle
line and calculating the capacitance by
the standard formula. I never liked the
idea although it gave very good results.
The trouble was that while testing I
was pestered with the disturbing
thought of what would happen to the
delicate and expensive 50-ga meter in
my multitester if the capacitor under
test should puncture or short—a flip,
a puff of smoke and no meter. I finally
decided to build a capacitor checker for
testing a wide range of capacitances,
one that could not possibly damage my
expensive meter even if a capacitor
should short while I read the meter.
The circuit is shown in the schematic
diagram. The potentiometer permits
obtaining the exact voltage required for
any test on capacitors from .00025-
10 pf. My junkbox supplied all the
items needed to assemble the checker,
except the steel cabinet which I bought.
The transformer has a 270-volt sec-
ondary with taps at 120, 30, 8 and 1.5
volts. I happened to have a burnt-out
power transformer so [ pulled it apart,
cleaned the steel laminations, wound
the coil for the above voltages and re-
assembled it. The amount of secondary
current required is very small so fine

APRIL, 1959

VOLTAGE
SELECTOR

DPST SWITCH

wire can be used. I had some No. 33
enameled copper wire on hand and used
this for the secondary winding.

(A tube tester transformer has all
the voltages but 270. Readers wishing
to wind their own transformers would
be well advised to pick up one in good
condition—from the junkbox, prefer-
ably—with a secondary of roughly the
required voltage. The filament wind-
ings and half the secondary can then
be removed and the other taps obtained
by winding some of the secondary wire
back on again. The center tap will
then become the common lead, with
270 volts on one side and the tapped
winding from 1.5 to 120 volts on the
other. The number of turns needed per
volt can be learned by counting the
turns on a filament winding and divid-
ing the figure by the voltage of the
winding.—Editor)

To obtain the testing range I used
five voltage scales on my multitester:

-0
NiTVAC
~—0

TO VOLTMETER

TO
VOLTMETER

PUSHBUTTON

NEON LAMP

Front-panel view showing all controls.

250, 100, 25, 5 and 1. I wound the
transformer for a higher voltage in
each range so that even during the
Jowest house voltage I would be able
to get what was necessary. This is
where the potentiometer is so valuable.
All that has to be done is to set the
selector switch to the nearest higher
voltage. Then, with the potentiometer,
reduce and adjust the voltage to the
meter to the exact amount needed for
a given range.

Operating the checker

Suppose the transformer is set to
deliver exactly 250 volts to the multi-
tester. If, say, a .001-gf capacitor is
placed in series in one of the leads to
the meter, the reading will no longer
be 250 volts but something less. It is
best to read this deflection on the uni-
form scale which has the most divi-
sions. On my meter there is a scale
divided into 50 spaces that I always

|—power transformer with tapped secondary (see
text); |1—B-position selector switch; l|—pushbutton
switch, normally closed; 1.5-amp fuse and holder;
{—5,000-ohm |-watt potentiometer; 1—220,000-ohm
resistor; I—I/25-watt neon lamp and holder; Z—
alligator clips; l—cabinet.

Schematic of the capacitor checker.

39



TEST INSTRUMENTS
TO VOLTMETER

CAPACITOR |

NEON LAMP

VOLTAGE
SELECTOR

POWER

Layout of capacitor checker parts.

use when checking capacitors. On this
scale, with 250 volts potential, I get
a deflection of 4 divisions when testing
a .001-uf capacitor, about 0.7 division
for a .00025-xf capacitor and 46 divi-
sions for a .08-uf unit.

By providing a table based on these
and other readings the value of any
capacitor from about .00025 to .05 uf
can be determined immediately in the
250-volt range. If the capacitor to be
tested is larger than .03 uf, say .07 uf,
then it cannot be tested at 250 volts
because the needle deflection would be
too small to give an accurate reading.

This difficulty can be easily overcome
simply by taking the next lower voltage
from the transformer (in my case, the
120-volt tap) and then carefully adjust-
ing the potentiometer to give full-scale
deflection. Readings on this scale can
be taken on capacitors ranging from
about .001 to 0.1 uf, on the 25-volt scale
from .005 to 0.2 uf, on the 5-volt scale
from .03 to 1.2 uf and on the 1-volt
scale from 0.5 to 10 ¢f. It does not mat-
ter what the scale ranges are on your
nultitester or even a simple high-
resistance ac voltmeter, you can make
your calibration to suit.

When the capacitor to be tested is
placed between the alligator clips (see
diagram), it is shorted and the meter
reads the transformer voltage. Pushing
the test button removes the short and
places the capacitor in series with the
circuit so you can take the capacitor
reading. Release the button and check
to see that the voltage has not changed
while testing. You now have a simple
method of getting an exact voltage
across the terminals of the capacitor
under test and reading the meter deflec-
tion. You know that any other capac-
itor that gives the same deflection under
the same voltage will have to have the
same capacitive reactance (and capac-
itance). Thus you can equate the scale
divisions with microfarads. This is
your test scale.

It is possible to calculate the exact
reading for every capacitor within the
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range of the multitester, but it is a
lot of trouble. It is easier to just pick
up a couple of dozen good fixed capac-
itors from .00025 to about 10 xf and,
one by one, get the readings at the
various voltages. Then make a table

similar to that shown. When testing a
capacitor, should the needle just barely
dip, you will have to turn to a lower
voltage. If the needle swings too near
zero, you will have to use a higher
voltage.

The alligator clips are very
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l (50-division scale—numbers indicate

divisions from full scale)

Meter Scale—Volts Ac |

Capacitor | =
(u¢) 250 100 25 5 1
.00025 0.7 t
o0 | 40 15
002 10.0 40
005 20.0 85 15
0l | 340 185 40
.015 41.0 28.0 7.0
03 460 390 140 2.0
05 480 455 230 40

0.10 480 330 8.0

020 440 16.5 f
0.50 360 85
1.0 440 105 |
1.2 450 10
2.0 220
40 3.0 |
60 4200
8.0 46.0
10.0 a7.6 J

handy for they bite onto almost any
kind of capacitor connection. If a
capacitor should suddenly short, no
harm will come to the meter—it will
simply swing to full deflection and
stay there.

Because the test voltage at times is
as high as 250 it is advisable to open
the line switch when clipping to a
capacitor. When checking a pile of
capacitors, one is apt to become con-
fused and either snap the switch twice
or not at all so to be absolutely safe I
included the little 1/25-watt neon lamp
in the primary circuit so it would glow
whenever the primary circuit was en-
ergized.

END

N EXT—I

MONTH

Golden Ears or Bats' Ears?

Is the widely touted frequency response of

modern high-fidelity audio equipment necessary
—or useful? This and some other fetishes of
hi-fi are discussed—and demolished—by George

Fletcher Cooper.

Water Is the Trigger

A 1l-transistor alarm that
senses rain and actuates
a relay to shut windows
and doors, or warns sleep-
ers of rain. It can also
be adjusted to act as a
humidity alarm or relay.

Tube Changers and “tube changers”

Depending on whether the
knows what he is doing or not, tube changing can
be the quickest and best service technique or it

service technician

can be worthless. The Old-Timer distinguishes be-
tween tube changers and Tube Changers.
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ABC's of MOBILE RADIO
©

Part III—Circuitry and
special features of mobile
radio equipment

By LEO G. SANDS

New 450-470-mc mobile
radio developed by Ben-

LL makes of mobile equipment are B+ nett Laboratories is an
essentially similar: the trans- J AM unit
mitters must conform to the 12AT7 S2md

i : 0SC-MO 100 ppet
same FCC technical standz'n'ds N e Hf QUADRurLEF
and the receivers must have competitive 330 ¢
characteristics. They do differ in cir- ""f
cuitry, special features and styling. I _’v'TL,:—
782 ppt T S 2MH
i i XTAL 8 ppf
Mobile e'qulpmenf . XTAL ,I,-\{ B T8 \‘_ o
A mobile unit is a radio station on LSS T SKe T
B . I RE 5 7C L
board a vehicle or one carried by a 4 > 00477 <I0K
person. A typical mobile unit consists = = 2MH = = = =1
of a transmitter and receiver with their =
. 1/2
power supply, an antenna system, hand 12 12AT7 6AL5 ox 15AT7
microphone or handset, speaker, control ISTAF AMPL OO LlMITER 02 S{paF

head and interunit cabling. The trans-
mitter, receiver and power supply are
usually housed in a single sheet-metal
case, forming a package often called a
“communications unit,” which is mount-
ed in the trunk or under the dash of a
passenger’ automobile (or in a box or
other protective enclosure when in-
stalled on a truck).

Some manufacturers have weather-
proof cases for radio units that will be
exposed to the elements. Sometimes the
radio is installed without an external
protective enclosure when used indoors.
The control head, speaker and micro-
phone are installed near the driver.
Mobile communications units installed
under the dash of a vehicle are gen-
erally provided with a built-in speaker,
and the controls are mounted on the
front panel.

The transmitter, receiver and power
supply may be on individual chassis
strips fastened together or combined
on a single chassis. Sometimes, there is
more than one receiver strip and, in
some sets, space for selective-calling
decoders or auxiliary audio amplifiers
is provided. In some early sets, the
transmitter and receiver were packaged
as separate units.
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Fig. 1—Unique phase modulator used in the

Bendix Dyna--Com 1V14A for the 25-54-mc¢ band.

Mobile units are also available for
the 1.6-8.0-me portion of the radio
spectrum. Operation at these relatively
low frequencies is restricted to certain
industries and governmental agencies
which have special need for longer-
range communication than is normally
available in the vhf and uhf bands.

These medium-frequency mobile units
are AM whereas most vhf and uhf
equipment are FM. AM vhf sets, com-
patible with aviation radio systems,
are used on land vehicles in airport
utility applications and are operated

in the 118-184-mc aeronautical band.
Sonie low-power-industrial (LPI) units
for the 25—54- and 152-162-mc bands
are also AM. Also using AM is a new
450-470-mc mobile unit recently devel-
oped by Bennett Laboratories.
Ordinarily, the mobile transmitter
and receiver are operated sequentially.
The receiver is left on so a signal can
be intercepted. A squelch circuit silences
the speaker except when a strong
enough signal to override background
noise triggers the squelch cireuit and
activates the receiver’s audio amplifier.
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The receiver is disabled and the
transmitter turned on with the press-
to-talk button on the handset or palm
microphone. This also switches the
antenna from the receiver to the trans-
mitter. When the press-to-talk button
is released, the transmitter is turned
off and the receiver turned on.

Rated power output of mobile trans-
niitters ranges from 0.1 to more than
100 watts. Most mobile units operate
interchangeably from either a 6- or
12-volt battery, although there is a
trend toward eliminating the require-
ment for 6-volt operation since modern
catrs have 12-volt batteries. Mobile units
for on trains are generally designed
for direct operation from 64 volts de
though some operate from 117 volts ac
furnished by a de-to-ac rotary or
vibrator type converter.

25-54-mc equipment

Because of its long-range capabil-
ities, the 25—54-me band is popular and
used by nearly all who are eligible for
licensing in this band. Ignition noise
and skip interference, however, are
more of a problem than at higher
frequencies.

Most mobile 1adio manufaecturers
build units for this band. Bendix Radio,
for one, makes bhoth wide-band and
narrow-band mobile sets in 30- and
60-watt models. They can be operated
from either 6- or 12-volt batteries with-
out modification and are available with
vibrator or transistor power supplies.

The Bendix Dyna-Com 1V14A is a
narrow-band model for operation on
any frequency in the 25-54-mc range.
Output power is 30 watts. Frequency
stability of +.003% is obtained without
a crystal oven while +.0006% stability
is realized when a temperature-con-
trolled erystal oven is used. Crystal
frequency is multiplied 16 times by a
quadrupler and two doubler stages. A
single 6146 is used as the final if
amplifier. In the 60-watt model, a pair
of (146’s is used.

Bendix uses the unique phase mod-
ulator shown in Fig. 1. A 12AT7 dual-
triode serves as the crystal oscillator—
modulator. The audio modulating signal
is fed to the grid of one of the triodes,
causing both phase and amplitude mod-
ulation. The following class-C stages
erase the amplitude modulation, vield-
ing an FM signal at the transmitter’s
output,

The signal from the microphone is
amplified by one section of a dual-triode
whose output is fed to the second audio
amplifier stage through a dual-diode
limiter. The limiter, which uses biased
diodes, prevents overdriving the second

audio stage, effectively eliminating
overmodulation. A 50,000-ohm poten-
tiometer at the input of the second

audio stage may he adjusted to set
maximum frequencv deviation to any
point between 0 and *15 ke.

The receiver employs a unique
double-conversion superheterodyne eir-
cuit. However, three, not two inter-
mediate frequencies are used. The out-
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put of the mixer is at 5.8 mc. The main
if amplifier and first and second limiters
are tuned to 262.5 ke. The second
limiter, however, also acts as a fre-
quency doubler. Its plate circuit, tuned
to 525 ke, feeds a third limiter which in
turn feeds the diseriminator, also tuned
to 525 ke. The frequency-doubling action
also doubles frequency deviation at the
discriminator’s input.

To provide *=7.5-ke if bandpass and
more than 100-db attenuation of signals
=17 ke off frequency center, two 5.8-me
filter networks are used between the
first and second mixers, and four 262.5-
ke bandpass filters in the main if
amplifier of narrow-band models. Nine
triodes and only one pentode are em-
ployed as amplifiers in the if section.
However, pentodes are used in the
three limiter stages. Most of the triode
if amplifiers ave used in a grounded-
grid airrangement and are followed by
a cathode follower. Thus, the if trans-
formers are connected between two
cathodes rather than between plate and
grid as they would be in a conventional
pentode if strip.

The Bendix Dyna-Com low-band sets
have three separate chassis. One con-
tains the transmitter, another the re-
ceiver. The power supply, receiver audio
output stage and transmitter speech
amplifier—limiter are on the third. All
three are in a single metal enclosure.

152—162-mc units

Much of the available so-called 152~
162-me band equipment is also operable
in the 144-148-mc Amateur band as

well as the 162-174-me¢ Government
band.
This is true of General Electrice’s

Progress Line. This equipment may he
packaged in various combinations in
different size cases, uas is true with
25-54-me G-E units, to meet individual
requirements.

G-E model 4ET21 transmitters are
rated at 50 watts output when operated
between 144~162 me, and 40 watts from
162-174 me. The crystal frequency is
multiplied 24 times and frequency
deviation can be adjusted from 0 to
=15 ke for wide- or narrow-band
operation. Deviation is automatically
regulated to prevent overmodulation.
Two-channel operation may be obtained
by adding a second crystal oscillator.
Four frequency-multiplier stages are
used, compared to three in G-E equiv-
alent low-band (25-54-me) equipment.
Otherwise the circuitry is similar.

In G-I model 4ER25 receivers, as in
low-band G-E units, multiple-tuned cir-
cuits are used ahead of the rf amplifier
and between various stages. Separate
crystals are used for the first and
second converters (mixers). The first
if amplifier section is tuned to 8.7 me
and the second section to 290 ke. Similar

circuitry is used in G-E low-band
receivers, The if filters may be re-
placed when converting from wide-

band to narrow-band operation.
Two limiter stages precede a Foster-
Seely type diseriminator which drives
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Fig. 2—Simplified diagram of the
squeleh cireuit found in G-E model

4ER235 reccivers.

both the audio amplifier and the squelch
circuit. In the squelch cireuit, shown
in simplified form in Fig. 2, the higher-
frequency components of the noise
voltage at the discriminator’s output
when no signal is being received are
amplified and fed to a noise rectifier.
The de output of the noise rectifier,
which is a voltage doubler, is fed to
the squelch tube. The grid of the squelch
tube is driven to cathode potential,
causing plate current to flow and
developing a large drop across the
plate resistor. This biases the first
audio amplifier to cutoff, disabling it
and electronically muting the speaker.

When a strong enough signal is re-
ceived, the high-frequency noise compo-
nents are eliminated from the discrim-
inator output by the limiter stages.
The squelch tube no longer disables the
audio amplifier, because of the absence
of noise, the received audio signal is
amplified and heard through the loud-
speaker. Squelch threshold is set by an
external variable control.

The choice of 6- and 12-volt power
supplies which use vibrators or a
combination of a vibrator and a dyna-
motor depends upon transmitter re-
quirements. There are also transistor
power supplies. Smaller than their
electromechanical equivalents, they have
no moving parts.

For the 450-470-mc¢ band

Several makers are turning out uhf
mobile units for the 450-470-me band.
Transmitter power is less significant at
ultrahigh and microwave frequencies
and range is limited more by obstruc-
tions in the signal path than by lack of
power. To get a significant extension in
range by raising transmitter power
would require a drastic increase, beyond
the capabhilities of existing mobile
equipment.

When operating on the same fre-
quency, the man with the highex-
powered rig has the advantage that his
signal can sometimes capture receivers
within range, blanking out a signal
from a lower-powered transmitter.
This capture effect occurs in FM sys-
tems. The stronger signal saturates
the limiter of a receiver, making it
insensitive to a weaker signal on the
same frequency. The stronger signal
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Fig. 3—This phase modulator is in the
Kaar Expeditor, 450-470-mc transmit-
ter. It is shown in simplified form.

does not necessarily come from the
most powerful transmitter but could
come from a lower-powered transmitter
a short distance away.

While many uhf mobile transmitters
on the market can be loaded to as much
as 50 watts input to the final, Kaar
Engineering Corp. deliberately designed
its TR500 and TR501 Expeditor mobile
units for lower power. The transmitters
of these 450-470-mc¢ mobile units arve
loaded to 12 watts input to the final on
frequencies where more than 10 watts
is permitted and to 10 watts for use in
the Citizens band.

Actual field tests revealed that under
conditions when a 50-watt-input unit
provided 12-mile range, a 10-watt set
reached out to 10 miles.

Since a 10-watt set would provide
adequate range in urban applications,
Kaar designed a compact uhf mobile
unit which consumes very little battery
power. When transmitting, only 8.5
amperes is required (with 12.6 volts
de input) compared to 20 or more
amperes for higher-powered sets.

The transmitter, receiver and tran-
sistor power supply are housed in a
single case. The model TR500 is in-
tended for mounting under the dash
or for use as a base station. It has a
built-in speaker, and the operating
controls are on the front panel. The
TR501, intended for trunk installation,
has an external control head, external
speaker and remoting cables.

The transmitter section employs nine
tubes. A new type, the 6939, is used in
the tripler and power amplifier stages.
It costs considerably less than tubes
used in these stages in earlier equip-
ment. Tests also indicate that it has a
greater life expectancy.

While many vhf transmitters employ
conventional coils and capacitors in the
rf tank circuits, resonant lines or
cavities are used in uhf transmitters,
lines tunable by trimmer capacitors are
used in the plate circuit of the tripler
and both the grid and plate circuits of
the power amplifier of this equipment.

Frequency stability is *.0025% in
standard models and, when a tempera-
ture-controlled erystal oven is used,
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stability is increased to *.001%. The
crystal frequency is multiplied 24 times.
Fig. 3 is a simvlified schematic of
the phase modulator. The audio signal
from the speech amplifier is fed through
a speech clipper to the grid of the
G6BH6 phase modulator. This causes
the rf signal being fed to the first
doubler to lead and lag in step with
the modulation. This changes the phase
of the rf signal reaching the first
doubler, giving the effect of frequency
modulation. Potentiometer R1 can be
set to produce frequency deviation from
0 to a maximum of *15 ke.
Overmodulation is prevented by a
speech clipper inserted between the
speech amplifier and the phase mod-
ulator. Fig. 4 shows the speech amplifier
and clipper sections of the transmitter.
The components have been selected to
favor amplification of speech between

6BH6
SPEECH AMPL
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ciated oscillator feed local-oscillator
signal to the third mixer.

An adjustable L-C filter assembly
between the third mixer and the 1,500-
ke if amplifier, normally supplied with
the equipment, provides adequate selec-
tivity for operating on a 100-ke channel-
spacing basis (100 db down at *100
ke). Another filter may be installed at
any time to provide adequate selectivity
for 50-ke channel spacing (100 db down
at =50 ke).

The squelch circuit is of the signal-
to-noise ratio type, activating the first
audio amplifier when background noise
is quieted by the presence of a signal.
An afe circuit automatically adjusts
the first and second mixer local-osecil-
lator frequencies to the incoming signal.
The afe correction ratio is 5 to 1 over a
frequency range of =20 ke; a switch
is provided for disabling afe if desired.
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Fig. 4—Speech amplifier and phase modulator circuitry of the Kaar TR500.

300 and 3,000 cycles. The clipper is a
two-stage cathode-coupled amplifier
which saturates when overdriven, limit-
ing the amplitude of the audio signals
reaching the modulator.

The receiver has 18 tubes. It employs
triple conversion using 50 me, 10 me,
and 1,500 ke as intermediate fre-
quencies. Two 1f stages, employing
coaxial lines, precede the first mixer,
which delivers a 50-mec signal to an if
amplifier which feeds the second mixer.
One if stage at 10 mc feeds the third
mixer whose 1,500 ke output is ampli-
fied by two more if stages. Two limiter
stages precede the phase detector which
feeds audio to a two-stage audio ampli-
fier.

A  single erystal provides local-
oscillator signal for both the first and
second mixers. The crystal signal is
fed through two tripler stages to the
first mixer and directly to the second
mixer. A separate crystal and asso-

The afc control voltage is obtained
from the cathode of one of the diodes
of the unique phase detector (dis-
criminator) shown in Fig. 5. This
detector is sensitive to changes in phase
of the incoming if signal yielding the
audio component which is fed to the
audio amplifier.

The Kaar Expeditor is furnished with
either a transistor power supply for
12-volt dec operation only or a universal
vibrator type supply for 12-volt de or
117-volt ac operation. The latter unit
permits using the same set as either a
mobile unit or as a base station.

So far we have examined several
types of mobile equipment. Units for
25—54-, 152-162- and 450-470-mc bands
have been described. Next month we
continue with details on portable equip-
ment, railroad radio, and AM operation
in the 118-134-mc¢ band. A few words
on antennas and a forecast of things
to come end the series. TO BE CONTINUED
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Fig. 5—Phase detector in the receiver section of the Kaar TR500.
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You can determnine the distance to the ocean
floor with an echo sounder. But can you

tell someone how Tf works and

con you fiz one that comes

RS for SMALL
BOA
OWNERS

=3

By ELBERT ROBBERSON

HEN a person gets out in a
N— boat, the land may fade in
N : the distance and seem very
remote. Actually, it is never

7 very far away-straight down. Know-
~ > ing just how far away this closest land
: lies has always been one of the nav-
" SN— igator’'s prime concerns. And nowa-
days, the term “navigator” means
_ N— about 30 million Americans. Use your
O electronic skill to help these boatmen
ke 3 keep track of the bottom, and you'll
N be aiding public convenience and safety,
and very likely helping yourself finan-
TSt cially.

e The first commercial echo sounders
Sonar portable wcha sownder with single-hole transducer. 2 were several-hundred-pound brutes scat-
S tered in pieces throughout a ship, from
— the bridge deck to the keel. To carry
=l | one, a vessel had to be a thousand-
N’ tonner, with an owner having money
— to match. Today, a good sounder can
R be bought with lunch money and carried
S’ away under an arm. No toys, either,
~—— are these. They will spot the bottom
3 2 as effectively as the big babies, and

; . even find fish.
T — The science of echo sounding began

S — with percussion devices, set in the hull

- '_," of a ship, that periodically sent out a
. walloping burst of sound. An operator
i equipped with a wmicrophone, headset
B A and stop watch measured the interval
S N between the main bang and the echo
>l . . from the bottom. Sound has an average
Beadix  recorder. Right: dcuble type  transducer. Left: power j i ." velomt_\' in salt water of 4’800 fpS
cable, “stuffing tube’ scals trensducer cable passing through huli. P v =k (feet per Second)' If the bottom la.\v
\_’( 2,400 feet below, the sound would re-
= turn in 1 second.
—— : In shallow water, it would take a
R ] fast man with a stop wateh to measure
\3’ this interval, so various -clockwork
mechanisms were devised. One had a
— - depth-graduated dial which started
L — revolving when the sound was sent out.
The returning echo stopped the dial,
\"""‘" and the distance to the bottom could
e be read off. Primitive though it may
i seem, this basic scheme is so effective

that some variation of it is employed
S—— in most echo sounders used today.

A The timer indicator

Re-- Sportsiman echo sounder consists of indicator, power unit and

transdueor, The heart of most modern echo
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Ross Labs transistor sounder uses permanently
installed or portable transducer.

sounders is a constant-speed ac motor,
which drives a rotating arm carrying a
neon bulb at its end. The circle de-
sceribed by the neon lamp on this arm
constitutes the time base, and foot or
fathom (6-foot) calibrations are super-
scribed on a transparent cover.

The rotating arm also is fitted with
a contactor or magnetic keying arrange-
ment which initiates the sound pulse at
time zero. A returning echo causes the
neon bulb to flash, and the distance to
the bottom is read off the scale. By
running the arm at different speeds,
the maximum range of the indicator is
made to be any desired value from
under a hundred feet to many thou-
sands.

Motor speed and accuracy depend
upon a carefully regulated power
supply, which converts de power from
the hoat’s batteries to ac. Two kinds of
power supply arve used: the vibrator
type, which chops battery current into
square waves that are stepped up to
the motor voltage by a transformer,
and the more recent transistor oscillator
or chopper, which does the same thing
electronically.

Instead of indicating depths with a
flashing light, some instruments are
built to record the contour of the
bottom on a specially prepared sheet of
graph paper. In place of the revolving
arm an electrical stylus on a motor-
driven bhelt writes vertically on the
slowly moving sheet of paper. At the
veturn of each echo, the stylus burns
a mark, which is interpreted in terms
of depth from calibrations printed on
the paper. The result is a profile map
of the bottom over which the boat has
sailed. By comparing this with a
standard navigational chart, under-
water landmarks may be spotted, or
schools of fish.

One instrument, manufactured by
Bludworth Marine, has an all-electronic
timing and indicating system. A multi-
vibrator flip-flop and integrating ecir-
cuit allows current flow to build up
through a conventional meter 12 times
a second. The sound signal is sent out
in synchronization. If no echo is re-
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ELAC (Electroacoustie) echo sounder

showing recorded trace of bottom.

turned within the 1/12 second, the
meter will reach full scale. However,
when an echo is received, the integrat-
ing cireuit is cut off, allowing only a
proportionate amount of the full-scale
current to flow. Therefore, the angle
of needle deflection indicates the depth,
up to 200 feet.

The most elaborate instruments, used
on large fishing vessels or ocean-going
ships, use electronic timing -circuits,
with depths indicated as a trace on a
cathode-ray tube.

Transducers
The next distinguishing feature of
an echo sounder is the transducer sys-
tem which sends the pulse of sound
downward into the water and receives
the echo. Some instruments have two
transducers—one for each function—
while others have one that serves hoth
for sending and receiving.
Magnetostriction transducers use a
stack of nickel laminations, excited by
current through a coil. An oscillatory
discharge of current through the coil
causes the nickel to expand and con-
tract, or “ring,” and the resulting
sound is transmitted from the trans-
ducer face to the water. Oscillating fre-
quencies are in or near the ultrasonic
range, from 14 to about 50 ke.
Piezoelectric transducers use Ro-
chelle salt crystals or ceramic wafers.
An oscillatory pulse of voltage applied
to the crystal electrodes causes physical
oscillation, which is transmitted through
the transducer face to the water. Fre-
quencies used with piezoelectric trans-
ducers extend all the way up to 500 ke.
Low frequencies have the longest range,
while high frequencies detect smaller
objects and have better resolution.
For insulation and cooling, and to
seal out moisture, transducer housings
are filled with a special oil which also
acts as an efficient conductor of sound.
Most housings are designed to be fitted
onto the surface of the keel or the
boat’s hull, while others are intended
to be recessed to present a smooth

outer surface to the flow of water.
Sometimes transducers are installed

inside the hull, in a specially con-
structed water-filled well. This form of
installation eliminates holes in the hull
and is a convenient method to use for
installations made while the boat is in
the water.

Driver—oscillator

To excite the transducer a powerful
pulse of current or voltage which
oscillates at the transducer’s resonant
frequency must be generated. The
simplest drivers use a gaseous dis-
charge tube or thyratron, fired by the
keying cirveuit in the timer-indicator,
to discharge a capacitor into a mag-
netostrictive transducer. Circuit time
constants are chosen to create an
oscillatory current discharge at the
desirved frequency.

Another system uses a coil in par-
allel with a piezoelectric transducer in
the cathode circuit of a thyratron.
When the keyer drives the thyratron
into conduction, a capacitor discharge
is impressed upon this cathode “‘ring-
ing cireuit,” creating the oscillatory
pulse.

Still another method is to use a
conventional oscillator ecircuit, such as
the Colpitts or Hartley. Its output is
impressed upon the transducer when
the tube is keyed by the timer.

Video amplifier

The type of circuit used to amplify
returning echoes depends upon the
frequency of oscillation. At frequencies
just above the audible range, a conven-
tional R-C-coupled amplifier, using up
to five tubes, with coupling components
chosen to accentuate the “highs,” will
turn the trick. Higher-frequency ampli-
fiers very closely resemble radio re-
ceiver if amplifiers, and have three or
four transformer- or impedance-coupled
stages.

Put it all together

You can see how the different parts
of an echo sounder work together by
tracing through the schematic of the

Ross echo sounder (Fig. 1). The
vibrator and vacuum-tube rectifier
45



RADIO

MIN GAIN

=z
o
z © Zo
e we 3 < L N
__________________ zz 33T w DO MOOONOTY MONO —C
Ir ~ 5 zh 1 | St )
[ . 2= g <y %
i w wa no
RUEZ 288 £2 E
= i > >0 Yy =
! z : o wr © Pt &
Sl &% | x oz 2 ¥9 w
3| | =
= L} < hax @
ZL oo — . S uw g =
3 SWr Wi ]
asw =97
::‘:J% =4 Wwra
57 =~ €54 |
os A =W
5 9 pe g <
4 > 385 | Z
=SV NY >Q=z= @
=
|
' =
M 1 1
3 I
P SEIRIE
. O 3 &
(] _— m
z @
<< = |
= |
- i
w r—u { s
L]
e ! 3
o~ c
=
2 g
0, i
<C = % -
oo < [T} =
o-® 3 i3
! g v
—3 2
<t =
= £
. 3
- =
2 .!:
a =
(e kN 3
w = ¥
mZ ]"VVV—‘I S
WO s It = It
d 3
< (L3
> = .
z i
= g
x -
= =
_ | = = ©
= S
z ! e S = 2
> Oi I 1 ™ " < = —C'
' ST . & =
R | S8 l Y Y £
e | > > 3
| < ['e] s
5 a | A v
wl I _—
~ T | > —
b 4 I, +] ‘
NA < a | S
Xt > | 1) =
0| lo o L B
x| & | [ >oy
| x 2 =1 0| A
. 81 ° - S T2
! 3 <
“ les T lv o s @ ; - | | =
! e P & J " e
Q- {
1= 009 | 5N '
ol === | | Yo 8 I -
= ;)Ig.' o0 | a9 2 ! TEm
- © =12 ~ (51t w>2 | 2
O, 7 F1E ok s ~ ST e | =
! 5‘0,_ Sl = [ Sm"q’ a
wo>T — & 2z39o | _ =
>2a8 & L% zo5Y | SO
5y — Segs | | V" E
QoM D>Zm I :
Zu O _ —
‘ ©O x| ~ >y =4
N S | 1 5
= I == |
& S oy e e ———— X ZE2S ®
> 1 | m >
I 2 1 v
=z
_—— S
@ ~
i - \ >
; .4“
power supply and the heater lineup arm, the Lkeving contactor closes former T1 to the ceramic transducer

follow conventional niobile equipment
design. Power consumption is approx-
imately 40 watts, with inputs of 6, 12
or 32 volts de.

The synchronous ac timing motor
(box labeled INDICATOR) is run from
the secondary of the vibrator trans-
former, the speed being kept within
+59% by the vibrator. Connected to the
motor shaft are the keying contractor
and the neon-bulb echo indicator.

Once every revolution of the motor
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momentarily. This grounds the network
through which a highly negative block-
ing bias from rectifier V7 is applied
to the grid of oscillator V1. When the
contact opens, the blocking bias is not
reapplied for a total time of 1 milli-
second, because of the grid network’s
time constant (R2, C1, C2). During
the time that the bias is removed, V1
oscillates at 110 ke, its power output
appearing at the plate.

This burst is applied through trans-

unit, which oscillates in resonance,
sending the pulse down through the
water. Another secondary also sends a
small amount of energy to the receiver.

While most receivers consist of a
resistance, transformer- or impedance-
coupled amplifier, this unit is a super-
heterodyne, closely resembling a low-
frequency radio receiver. With a local-
oscillator frequency of 285 ke, the
signal is converted to 175 ke in V3,
and amplified. The if amplifier ends up

RADIO-ELECTRONICS
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Chart of a pipe-laying operation as traced

by a recording echo sounder.

with a diode detector that applies a
negative voltage to V5’s grid.

The output tube plate is grounded
and its cathode connected to the —375-
volt line through a 40,000-ohm resistor.
The tube is used as a variable resist-
ance. To see how it acts to trigger the
neon indicating lamp, see Fig. 2, a
simplified diagram of the circuit.

V5 forms part of a voltage divider
that applies current to the neon lamp.
When V5 conducts, as during normal
operation (no pulse), it acts as a low
resistance and does not let enough cur-
rent flow through R15 to fire the neon
lamp. When the 1-millisecond trans-
mitted pulse from V1 reaches V5’s
grid, the tube is cut off and becomes a
very high resistance. Now current flows
through the tube is at a minimum and
enough current flows through R15 to
flash the lamp. This is at the zero depth
point. When the pulse ends, V5 con-
ducts once again.

The entire circuit has quick recovery
so that, immediately after the pulse is
transmitted, the system is ready for
the reception of echoes. Echoes striking
the transducer are coupled into the
receiver by T1, and amplified.

After the neon lamp flashes at the
zero depth point, it continues around
the indicating scale. When the echo is
picked up and fed through the receiver,
V5 is cut off once again and the neon
lamp flashes—this time indicating the
distance to the bottom.

Any echo which falls outside the
envelope of the transmitted pulse shows
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Fig. 2—Partial simplified schematic
shows neon triggering circiit.

as a flash of light, so depths from about
1 foot down are registered.

Installation

Indicators should be located where
they can be easily viewed by the man
at the helm. Instruments using flashing

Oscilloscope indi-
cator made by

Edo.

RADIO

lights should be placed in an area
where direct sunlight will not fall on
the dial, if possible. An external power
supply can be mounted in a locker
below or in the engine compartment.
Keep equipment as far from the com-
pass as conditions permit, and make
sure at the time of installation that
putting the equipment in place does
not swing the compass off.

Transducers are most easily installed
when the boat is hauled out or laid up
for off-season storage. For this reason,
it is a good idea to sell the owner on
the idea of an installation in the winter,
so the underwater parts can be in-
stalled during layup. Some agencies
sell the transducer in the winter, the
remainder being purchased later. This
has the further advantage to the cus-
tomer of spreading out payments, and
it also provides winter work for tech-
nicians.

Transducer installation ranges from
mounting a clip on the hull, for portable
or “flashlight” types, to boring one or
more holes in the bottom, and fitting
and sealing on fairing blocks for
streamlining.

Techniques have cven been worked
out for installing the transducer on
the bottom of the boat while it is in the
water. This involves bhoring a hole in
the bottom and sending a “leader” float
through the hole and up to the suirface
of the water outside. Then the trans-
ducer cable is attached to the leader,
and the unit is pulled down outside the
hull. Next, the mounting bolt is pulled
up into the hole, and the fastening nuts
are installed. A little water comes into
the boat in the process, but hardly
enough to get your feet wet, and cer-
tainly not enough to be dangerous.

The transducer should be mounted
s0 the sending face points exactly
straight down. A position amidships is
generally best, since the forward part
of many fast boats is often out of the
water, or at least picking up quantities
of air which boil along the bottom for
2t considerable distance and would block
off transmission and reception of sig-
nals. In the stern, engine and propeller
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vibration and noise create interference
that might obliterate the sounding sig-
nals. Another consideration is to make
sure that the transducer is not located
where it might be damaged by the
cradle when the boat is being hauled.
The face of the transducer should not
be painted.

Wiring should conform to manufac-
turer’s instructions. Also, it is a good
idea to get acquainted with the recom-
mendations of the National Fire Pro-
tection Association. Standards for small
craft are set forth in their publication
No. 302, available for 50 cents from
their office at 60 Batterymarch St.,
Boston 10, Mass. Be particularly care-
ful that battery connections are not
reversed from the specifications.

Service

As in other mobile electronic equip-
ment, vibrators and tubes should be
checked in case of trouble—and remem-
ber the neon bulb. Also, the motor
should be inspected and lubricated
periodically and slip rings, brushes and
contactors must be kept scrupulously
clean. Intermittent or jumpy indica-
tions are usually caused by a dirty
contactor or slip rings. An oscilloscope
is very handy for servicing by signal
tracing, but in its absence trouble can
be corrected by the well known proce-
dure of cleaning and tightening con-
nections, checking voltages and resist-
ances, and exercising a little common
sense.

One of the peculiarities of marine
electronic equipment is that it suffers
more from lying idle than from being

used. Gear which is operated daily
keeps dry. The controls and other
vulnerable points are kept clear of

corrosion. Capacitors stay formed and
the owner becomes familiar with proper
operation. Always stress the point that
the equipment is aboard to be used, and
actually benefits thereby. If the owner
operates the equipment every time he
is aboard his boat, service will probably
amount to nothing more than a routine
vearly check up. END

“Ok! Ok! Don’t burn it to a crisp this
time!”
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RADIO TELEGRAPHY in 1866

Like Columbus, Marconi wasn’t first

By DARRELL L. GEIGER

yEARS before Marconi was even born,
a now forgotten Washington, D. C.,
dentist, Mahlon Loomis, was communi-
cating by wireless telegraphy for dis-
tances of at least 14 miles. Thus, wire-
less communication, far from being new,
is nearly as old as most other practical
uses of electricity. The electric lamp
was not invented until 1878, long after
Loomis’ successful experiments.

Dr. Loomis called his system “aerial
telegraphy,” and his first public demon-
stration was made in 1866 between two
peaks of the Blue Ridge mountains of
Virginia. A kite was sent up from each
site, each with a small piece of fine
copper-wire gauze attached to its under-
side. Metallic kite strings, 600 feet
long, the ground ends submerged in
water, conducted the signals to earth.
Galvanometers were used to indicate
signal reception.

In his later patent application he
states that he dispenses with all “arti-
ficial” batteries, using the “natural” or
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“free” electricity of the atmosphere for
power “Upon these mountain tops I
erect suitable towers and apparatus to
attract the electricity—or in other
words to disturb the electrical equi-
librum—and thus obtain a current of
electricity, or shocks, or pulsations
which traverse or disturb the positive
electrical body above and between the
two given points. . . .”

Loomis states that reception was
perfect during the cloudy part of the
day, “as exact and distinct as any that
ever traveled over metallic conductors.”
The distance was 14 to 18 miles. In 1896,
thirty years later, Marconi had suc-
ceeded in signaling barely more than 1
mile. Loomis was granted patent No.
129,971, entitled “Improvement in Tele-
graphing,” on his invention in 1872, two
years before Marconi was born!

After receiving his patent Loomis,
as had Morse before him, appealed to
Congress for funds. But Congress did
not have the imagination to cope with
an idea this revolutionary. Funds were
refused and two companies formed to
back him were wiped out, first by a
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Dr. Mahlon Loomis.

Wall Street crash and later by the
Chicago Fire.! Dr. Loomis died shortly
after, without realizing his ambitions.

Loomis was led to his experiments by
noting that in wire telegraphy, the
earth (charged, it was then supposed,
with negative electricity) could be made
to serve as one conductor. Why then

Sketch of Loomis’
transmitting and
receiving setup.
(Reproduction
from Loomis’
sketeh, 1865.
Original drawing
now in archives
of Library of Con-
gress, Washing-

ton, D. C.)

Broas Deee. b

S ot filas B,
7, ,a;.z:.,?:ézz

could not the upper atmosphere, also
abundant with electricity, be used as
the other conductor, thus doing away
with all wires?

By making contact with the atmos-
pheric stratum of electricity through
towers built on high mountains, Loomis
visualized world-wide communication.
The atmospheric electricity, which he
considered as positively charged, would
with the negative electricity of the
ground furnish all needed power.

Should Loomis rather than Marconi
be acclaimed the inventor of radio?
Probably not. For one thing he did not
know that his method of communication
was by radio waves. Loomis’ patent
specifications show that he himself con-
sidered his method to be similar to that
uvsed with wire telegraphy. But as
primitive as his ideas seem to us now,
they were advanced for their time. Had
Loomis lived, who knows how he would
have influenced the early development
of radio? END

1 Mary Texanna Loomis, Radio Theory and Oper-
ating, Loomis Publishing Co., Washington, D, C.,
1925,
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Want something for nothing?
Try a free-poiter one-tran-
sistor radio receiver that
doesn’t need « battery

By DR. WILLIAM H. GRACE

F vyou live within 10 miles or so of

a broadcasting transmitter, this cir-

cuit is a way to get something for

nothing. The field created by the
nearby transmitter can supply the
power you need to operate a 1l-tran-
sistor receiver. Circuits of this type
have appeared before (see “Transistor
Radio Uses No Power Supply,” RabpIo-
ELECTRONICS, April, 1955, and *“Free
Power Receiver,”” RaADIO-ELECTRONICS,
April, 1957). But the one described
here has a few unusual features.

Some models consist of two receivers
including separate antennas. In this
unit (see Fig. 1) only one antenna is
needed and the detector, amplifier and
power supply ave connected by only
one lead to the rf or tuned section.
No ground return is used as it is not
needed. At first glance the circuit may
appear unworkable, but it does work,
and very efficiently at that.

Check for power

Before building any free-power re-
ceiver you should determine if your
location, plus a suitable antenna sys-
tem, will deliver enough power to oper-
ate the amplifier. There are at least
two ways to do this. Dr. H. E. Holl-
mann, in his April, 1957, article “Free
Power Receivers,” suggests a formula
for the purpose. It is a simple, work-
able method by which the transmitter’s
power, the effective length of the
receiving antenna and the distance of
the receiver from the transmitter are
correlated mathematically to give the
power available in microwatts.

There is one important factor Du.
Hollmann did not include in his for-
mula that affects the strength of a
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receiver’s signal, and that is the height
of the receiving antenna. In practice,
antenna height contributes as much as
its effective length to signal strength,
so place the receiving antenna as high
as you can possibly get it.

The second way to determine the
amount of available power is empir-
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L—antenna coil, 99 turns No, 22 or 24 dcc on 2-inch
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Y—2N35, 2N106, 2N 107, 2N130

High-impedance headphones

Miscellaneous hardware

Fig. 1—Circuit of the batteryless re-
ceiver.
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EIVER

ical——erect the longest and highest
single-wire antenna possible in your
location and connect it to the simple
crystal set shown in Fig. 2. The tuner
and the two diodes are connected with
clip leads as these components will be
used in the receiver. Place a microam-
meter across the diodes and, if you get a
reading of 500 pa or better, you should
have enough power for a batteryless
transistor radio. If you get a reading
between 1 and 2 ma, you have enough
de to operate an efficient speaker. Of
course, a good ground such as a water-
pipe will contribute to the power ve-
ceived. Sometimes multiple ground con-
nections to separate grounds produce
even greater current.

In making your tests, be certain you
have tuned in your strongest station
because this is the frequency you will
use later. In short, if you live within
reasonable distance of a strong trans-
mitting station, have an antenna at
least 100 or 150 feet long and 35 to 45
feet high, you should have no power
shortage. 1 have seen antenna systems
only 75 feet in length at an aver-
age height of 35 feet that were capable
of delivering better than 1 ma when
located in a favorable spot and I have
obtained nearly 38 ma, 17 miles north
of a New York City station, at night
during the winter season.

The receiver circuit

While the few components required
are familiar to all radio men and need
no description, the unconventional cir-
cuit does require some discussion. Its
operation is similar to that of the
double-diode arrangement in the power-
checking circuit of Fig. 2 with detector
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One possible parts lavout for the
carrier-power receiver,

diode D1 working in conjunction with
the emitter to the base element of the
transistor. Diode D2 is set up so the
rectified carrier de is supplied to the
collector in the proper direction. While
the cireuit appears freakish upon casual
inspection, its operation is entirely con-
ventional.

It may interest readers to know that
in the power-checking circuit, one of
the diodes may be replaced with an 1f
choke with equal efficiency. This latter
type of one-wire feed was used quite
often in the circuitry of wavemeters in
the days of spark and is employed today
in the Miller hi-fi crystal tuner.

Of the several types of diodes tested,
the 1N34 and CK705 were found suit-
able, with perhaps a shade in favor of
CK705’s. Various types of junction
transistors were tried and some per-
formed better than others. Among those
which seemed to produce the loudest
and clearest signals were the Raytheon
2N106, 2N130, G-E 2N107 and
Sylvania 2N35. The last is a n-p-n
tvpe and, if used, the polarity of both
diodes must be reversed. The circuit
works just as well with either type of
transistor if proper current direction
is insured. The value of the base capac-
itor is not critical and values from 0.1
to 1 uf were suitable. A base-bias
resistorr did not add to the circuit’s
efficiency. Try several diodes and tran-
sistors, using the ones that perform
best in your final circuit. Many inex-
pensive types are suitable.

Almost any type of coil may be used
in the antenna circuit. A single-layer
coil of 99 turns of No. 22 or 24 dcc
wire, tapped at the 33d turn allowed for
adjusting the total inductance used, so
I could adjust for the most favorable
ratio of L to C in the series-tuned cir-
cuit. For best power response C1 should
be the largest value that will let the
circuit be resonant at a given fre-
quency in respect to the value of L—
more current is passed when the ratio
of C to L is large. Naturally, a series-
tuned tank is not the most selective
type of tuning element, but selectivity
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is not too important with this receiver.
Because both the signal frequency and
the power or carrvier frequency are the
same, A station has to be on frequency
for the power circuit to function, hence
the amplifier works only when there is
sufficient power to activate it. Further-
more, it is unlikely that any builder
lives at a location where more than
two or three local transmitting stations
furnish enough power for signal over-
lapping. So selectivity is sacrificed for
simplicity.

Some operating notes

Receiver operation is exactly the
same as that of a simple crystal set—
the one dial is moved to the point of
greatest volume. With certain tran-
sistors, a heterodynelike whistle may be
heard just to the higher-frequency side
of the station resonant point on the
dial. The whistle is caused by feedback,
but does not interfere with reception
if the dial is turned a slight bit toward
the lower-frequency side. By adjusting

SEE TEXT
ANT
coiL
337
66T
MAY REPLACE D2
SEE TEXT
i §l-b
LN365 puf

Cl—2-gang variable capacitor, 345 uuf each section

D1, 2—IN34, CK705

L—antenna coil, 99 turns No. 22 or 24 dcc on 2-inch
diameter form, tapped at 33 turns

M—meter, | ma

RFC—2.5 mh (optional, see text)

Miscellaneous hardware

Fig. 2—To check available power use
this sctup.

The author got enongh output from
his set to drive a speaker.

C4, a small tuning capacitor or medium-
sized trimmer, the whistle can be elim-
inated. The point of clearest reception
is easily noted, and once adjusted need
not be changed.

Another interesting point noted was
that it does not seem to make much, if
any, difference how long a conductor
is used to connect the tuning circuit to
the rest of the set. One experiment was
made with the tuner proper left in one
room while the rest of the unit was
placed 40 feet away in another part
of the house. There was no reduction in
volume.

If the receiver is operating correctly,
its output is in the order of four to
eight times that of a plain crystal set.
Exact measurements cannot be given
because the volume always depends on
the actual power delivered by the an-
tenna. In some places the volume level
is surprisingly strong—enough to drive
a sensitive PM or an old magnetic type
speaker, should one be at hand. Signals
from a pair of headphones should be
audible 10 or 15 feet away. The whistle
effect will be absent and the quality
ragged if power is borderline. A longer
antenna will usually end this problem.

The percentage of modulation of the
transmitter can also affect reception
on a receiver of this type if the modula-
tion is less than 1009, the quality of
the receiver’s output will be far better
than otherwise. There must always be
more carrier power to the collector
than voice signal.

The experimental receiver described
above uses the same station to furnish
both the signal and power but some-
what more advanced circuitry leads to
a batteryless receiver which uses the
carrier frequency of a very strong
transmitting station to amplify the
signals from a low-level or weaker
station on another frequency. The re-
ceiver described here serves as an
interesting introduction to the con-
struction of more complicated receivers
using the free-power principle. And we
all like to get something for nothing.

END
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EASE OF SERVICING is emphasized in this
new 17-inch TV which doubles as a portable and
table model. Housed completely in plastic, the
chassis is exposed by removing eight screws (three
on each side, two on the top) and sliding the cabi-
net off. The chassis may be completely removed
by unscrewing two more screws, providing access
to the filter capacitors. Made by Sylvania, this
model is called the Dualette.

MAGNETIC DISC RECORDER combines disc
and tape techniques; records and plays back 70 seconds
of material on each side of a 7-inch disc at 33% rpm.
Recording grooves are premolded into the blank disc
which is said to have a life expectancy equal to or greater
than tape. Recorded material on the discs may be easily
erased. The magnetic head (inset) consists of two
C-shaped pole pieces which protrude through the narrow
slot (arrow). The recorder in the photo was designed by
RCA for broadcasting use; plug-in pickups convert it for
playing of standard records or transcriptions. Another
version is designed for computer use. No unit for use in
the home has as yet been developed.

UNIQUE ANTENNA DESIGN using 33 end-fire arrays in

parallel is a scale model of a 40-foot telemetry antenna which

will soon be built for operation at about 200 mc by GB Electronics

Corp., subsidiary of General Bronze Corp., Garden City, N. Y. The
antenna has a gain of 30 db, and is the equivalent of a 60-ft. parab-
oloid. Other versions of this design, called SVE (for “swept vol-
ume efficiency”), replace parabolas in radar and scatter installations.
Made of lightweight aluminum, they are far lighter and easier to
ship, install and maintain than conventional parabolic units.

MODULES FOR THE KIT BUILDER
have now appeared. This Knight chassis (modcl 83
Y 737 clock radio) uses two of them in its circuitry.
The module terminals are pushed inte predrilled
holes in the printed-circuit board and soldered by
the constructor on the under side. All the small
fixed resistors and capacitors in the set are in the
modules. The schematic supplied to the do-it-
vourselfer is standard, with indications showing the
module terminals.
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O DB=DIPCLE GAIN
HORIZONTAL SESPONSE OF SINGLE YAG!

Fig. 1—Polar diagram for a single 10-
element Yagi.
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Fig. 2—Horizental polar diagram for
a 4-bay - herizontally stacked array.
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Noise cen be generated right in the
antenna or lead-in—or in the con-
nections. In fringe areas this added
notse may make the difference be-
tween a usable picture and a snow-

storm

Fig. 3—These illusirations show how
noise from above or below can he re-
jected by vertical stacking: a—vertical
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E measure signal strength in
microvolts. If the number
of microvolts is above a cer-
tain  minimum value, we

sometimes consider an antenna instal-
lation to be satisfactory.

Such a simple measurement can be
misleading. What we really need to
know is how much the signal is above
the noise level. For example, 500 uv
on a field-strength meter is usually
considered good. But such a 500-uv sig-
nal can be completely unsatisfactory in
a very noisy area. On the other hand,
a signal of only 160 uv can be very
good if noise is low.

How antennas generate noise

Noise can be, and often is, generated
right in the antenna and lead-in systen.
Metallic antennas corrode when ex-
posed to the weather. Oxidation on
metal surfaces adds resistance to the
system and decreases antenna efficiency.

Oxidation is chiefly responsible for
the noise that develops as the antenna
ages. Here is what can happen: The
lead-in terminals usually consist of
zine- or cadmium-plated steel bolts.
They pass through holes punched or
drilled through the aluminum antenna
feed element.

Lead-ins and connecting lugs are
usually made of copper. These metals
fall at opposite ends of the galvanic

RADIO-ELECTRONICS



table. Moisture causes them to form a
battery, oxidizing and corroding the
metal.

Vibration varies the pressures on the
oxidized surfaces. This makes them
a changing resistance in series with the
transmission line. It changes the ter-
minal impedance and causes the sig-
nal at the receiver to vary.

Corrosion progresses more rapidly as
time passes. Evenually. a point is
reached where there is no effective con-
nection between transmission line and
antenna.

The same situation occurs at points
where antenna elements are spliced.
Hence, we can reduce the inroads of
corrosion by protecting connections
from the weather. They should be
covered with a good high-frequency
insulating tape. You can also protect
a joint with silicone jellv—Dow Corn-
ing No. 5, or some equivalent product.

Corrosion problems are reduced by
replacing the cadmium- or zinc-plated
screws with stainless-steel or Monel
screws of the same size. Noise volt-
ages generated by other joints, such as
the connection of the matching section
to the driven elements, can also be pro-
tected by tapes and plastics. The same
precaution applies to joints at center
folds, which are provided for easy as-
sembly and shipping.

Polar diagram helps fight noise

We can reduce noise further by
proper use of the antenna’s radiation
pattern (see “Dipoles and Yagis,”
November, 1958).

For example, Fig. 1 is the polar dia-
gram for a single 10-element Yagi (for
a forward gain of 8 db over a dipole).
Note that the sensitivity lessens con-
siderably at the sides and rear.

In addition to a gain of 8 db, we have
pickup rejection exceeding 12 db from
the sides and rear of the array. The
smaller lobe at the right would not
be present in free space. However, it
should be considered in most installa-
tions, because of the disturbance of
the antenna field by the supporting
tower.

This means that much less noise is
picked up from the sides and rear. If
noise comes from the sides, it can be
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Installation at

Eagle Mountain,

Calif. The left bay

. is eut to channel

P, 7, right bay to
: channel 9.

Courtesy Jerrold
el Electronics Corp.

reduced even further by horizontal
stacking. Fig. 2 shows this. Note the
increased rejection of pickup from the
sides. We can increase this rejection
still further, if we wish, by additional
horizontal stacking.

If there is a noise source below (or
above) the antenna array, we can help
solve this problem by vertical stacking,
as shown in Fig. 3. Two prominent but
minor vertical lobes to the left and
right of the single Yagi (Fig. 3-a)
(caused hy side radiation of the driven
element) can be reduced considerably
by using two vertically stacked anten-
nas (Fig. 3-b). We can stack more than
two arrays, to reduce these lobes still
further.

Stacking in both horizontal and ver-
tical planes reduces noise from both
planes. For example, in the Barstow,
Calif., community system, the antennas
are located on a tower on a hillside.
The city of Barstow is immediately be-
low. A main highway is on the right.
After experimenting with various
methods of stacking, four Yagis were
used for each channel, stacked both
horizontally and vertically.

A community system in Guyman,
Okla.,, on the other hand, had little
trouble from the sides. Most of the
noise was coming from below the an-
tenna site. Hence, eight Yagis were
stacked vertically for the troublesome
channel.

The photo shows the Eagle Moun-
tain installation, located approximately

“I’m afraid that I’ll
have to take it into

the ~hop!”

~mum unwanted signal is noted.
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175 miles from Los Angeles TV trans-
mitters. After careful probing to locate
a constant signal level and maximum
rejection of man-made noise from the
town 2,000 feet below, it was decided to
use eight 10-element Yagis for each
channel. They were stacked two hori-
zontally and four vertically.

Co-channel interference

Co-channel interference is caused by
two TV stations operating on the same
channel. This is often a problem in
community systems. In fringe areas,
signals are received over long distances,
because the antenna site is usually on a
very high mountain or tower.

We recognize co-channel interference
as a venetian-blind or windshield-wiper
pattern in the picture. The windshield-
wiper pattern results from interfering
sync and blanking pulses. Sometimes,
sound is distorted by co-channel inter-
ference.

The usual method of locating the
source of interference is to study a map
of the area. However, because of re-
flections, conclusions drawn from a map
may be incorrect. Direction of the in-
terference can be determined by rotat-
ing the antenna carefully, until maxi-
Then,
measure the angle between the wanted
and unwanted signals. This angle, plus
the signal strength of the interference,
gives the installation man the data
needed to determine the required di-
rectivity of the array.

A single-channel Yagi has 30° to 60°
beam width to the half-power point.
Horizontal stacking of the two Yagis
reduces this figure to half, approxi-
mately. If four Yagis are used, the
figure is further reduced.

Thus, the greater the number of an-
tennas stacked in a horizontal plane,
the greater is the directivity obtained.

Remember, vertical stacking affects
only the vertical lobe. Horizontal stack-
ing effects only the horizontal lobe.
Hence, if you need directivity in both
planes, stack antennas both vertically
and horizontally.

Following our discussion of noise re-
jection, the next article will cover locat-
ing the best antenna sites, shattered
wavefronts, impedance matching, an-

tenna spacing and phasing for maxi-
mum gain.

END
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By CYRUS GLICKSTEIN*

VERY so often, in servicing some
section of a TV receiver, I’ve come
across a complex R-C circuit
which made me scratch my head.

Complex (series-parallel) R-C circuits
don’t act like series R-C circuits. They
don’t even act like each other. Euch
basic type of complex R-C circuit ucts
in a different way.

The circuit in Fig. 1 is part of the
phase-detector system of horizontal
afc (automatic frequency control) found
in many TV sets. Afc keeps the hori-
zontal oscillator at the correct fre-
quency by changing out-of-phase sync
pulses to a dc correction voltage when
the oscillator starts to slip out of sync.
Afc circuits must prevent noise pulses
from developing any control voltage in
the system, since that would cause a
loss of sync. The systems must also pre-
vent hunting.

Afc hunting

Too much correction voltage devel-
oped at the instant the oscillator goes
off frequency causes hunting (moving
rapidly above and below correct fre-
quency). To prevent hunting, over-
correction of the horizontal oscillator
must be avoided by building up the
correction voltage gradually.

The general operation of horizontal
afe circuits has been described many
times. However, almost no information
has previously appeared on exactly how
anti-hunt action takes place. A large
correction voltage is developed instan-
taneously when circuit conditions
change, but the afe circuit is designed
to allow only a small part of this to
be applied to the horizontal oscillator
at the first instant. As the horizontal
oscillator starts to come back to fre-
quency, less correction voltage is devel-
oped. A point is finally reached where
just enough correction voltage is gener-
ated to keep the oscillator at the cor-
rect frequency under the new circuit
conditions. This full correction voltage
is applied to the horizontal oscillator’s
grid.

Hunting is prevented by the small
time lag between the instantaneous
generation of the input correction volt-

*Author  of Repairing Television Receivers

(John F. Rider Publlsher, Inc.).
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Those odd-looking R-C net-
works in the TV set’s hori-
aren’t so

zontal circuits

hard to understand

R=C circuits

age (across R3 or R4 in series with
R2 in Fig. 1) and the comparatively
slow increase of dc¢ correction voltage
applied to the grid (across C2). If the
full correction voltage were applied
immediately to the grid, the horizontal
oscillator would shift frequency in the
opposite direction, generating a correc-
tion voltage of opposite polarity to
cause another frequency shift in the
original direction, and so on. The oscil-
lator would hunt above and below the
correct frequency.

Therefore, the portion of the phase-
detector circuit in Fig. 1 consisting of
R1, C1, C2, R2 and R3-R4, has three
functions:

1. It integrates out-of-phase sync
pulses so that only the average correc-
tion voltage is applied to the horizontal
oscillator to bring it back to the correct
frequency.

2. It reduces the effect of noise pulses
and minimizes development of a control
voltage by these pulses.

3. It prevents hunting.

The R-C circuit has a long time con-
stant and the correction voltage is taken
off C2. It can therefore be considered
an integrating circuit. The de correction
voltage is applied to one grid of the
horizontal oscillator. Positive correction
voltages decrease the oscillator’s fre-
quency and negative pulses increase the
frequency.

A specific example will clarify this
action. Assume the plate voltage of the
horizontal oscillator drops. When this

occurs, the oscillator shifts to a lower
frequency. The horizontal sawtooth, fed
(V2), is

to the phase-detector diodes

now out of phase with the incoming
syne pulses. Negative pulses are devel-
oped across R2 as a result. These pulses
are applied to the parallel combination
R1, C1 in series with C2 (see Fig. 1).
During the initial charge period, series
capacitors C1 and C2 act as a voltage
divider.

The capacitors charge through R3 or
R4. This time, they charge through R3.
The time it takes for them to charge
depends on the circuit’s time constant.
At the first instant, the capacitors
short out R2. As more sync pulses come
in they start to charge. The pulse volt-
age divides across them in inverse ratio
to their capacitance. That is, since C2 is
10 times as large as C1, C2 has approxi-
mately 1/10 as much voltage or 1/11 of
the applied voltage. The capacitors
charge through R3 but discharge
slightly through R2 and R1 between
pulses.

As C2 charges, the oscillator starts to
return toward its original frequency
due to the negative correction voltage
on its grid. The sync pulses applied to
R1, R2, C1 and C2 become smaller since
the frequency is a little less off. As
smaller syne pulses are applied to C1
and C2, the capacitors try to charge to
a smaller voltage, They still continue
to charge, since an integrating circuit is
unable to charge instantly to the applied
voltage because of its long time con-
stant.

As C2 continues to charge, the oscil-
lator’s frequency continues to change
toward the original frequency. The out-
of-phase sync pulses become smaller.
C2 continues to charge more slowly as

HORIZ €5C
(MVB)

Fig. 1—Phase-detector R-C circuit. Arrows show charge
path for C2 when ncgative incoming pulses are developed.
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it is now closer to the maximum applied
voltage. Also as C2 continues to charge,
C1 reaches a maximum value and then
discharges, allowing C2 to charge fully.
(This action is typical in this type of
complex R-C circuit and will be dis-
cussed in greater detail later.)

Phase and frequency

A point is reached where equilibrium
is established with C2 charged to the
maximum amplitude of the sync pulses
and there is just enough correction volt-
age at the oscillator’s grid to give the
correct oscillator frequency. The phase
of the picture is slightly different but
the frequency is correct.

The difference in phase causes a
slight sideways displacement of the pic-
ture. This displacement is unavoidable
and necessary to keep generating a cor-
rection voltage as long as the oscilla-
tor’s plate voltage remains low (Fig. 2).
The same kind of corrective action oc-
curs for any change in operating condi-
tions of the horizontal oscillator cir-
cuit.

Action of this circuit becomes clear
by comparing it with several basic cir-
cuits. If two capacitors are connected in
series across a battery, both charge in-
stantly (Fig. 3). If a resistor is placed
in series with the capacitors (Fig. 4),
the action is a combination of a series
R-C circuit and the instantaneous action
described above. When the switch is
closed, the capacitors start to charge.
The voltage across each capacitor rises
while the voltage across the resistor
falls. Through the charge period, the
voltage across C1 plus the voltage
across C2 plus the voltage across Rl
adds up to the battery voltage. When
they are fully charged, the smaller ca-
pacitor has the larger voltage across it.
Voltages across the capacitors equal the
source voltage and there is no voltage
across the resistor.

In Fig. 5-a, a pavallel R-C network
is in series with a capacitor. When the
switch is closed, the battery voltage
divides across the two capacitors. In
this first instant R1 has no cffect on the
action, but immediately thereafter C1
starts to discharge through R1 at a rate

POS SYNC PULSE

!
NEG SYNCPULSE l'J
+ /\
SAWTOOTH

POS SYNC PULSE

Fig. 2-a
in
b—out of
voltage
corrceetion \oll:lgo.

determined by the network’s time con-
stant. At the same time C2 continues to
charge through R1 until it charges to
the source voltage while C1 discharges
to zero (Fig. 5-b). Curves showing the
voltage change across each capacitor
appear in Figs. 5-¢ and 5-d.

The basic R-C circuit corresponding
to the one in the phase-detector circuit
is shown in Fig. 6. It acts like a com-
bination of the two preceding circuits,
but not exactly like either.

When the switch is first closed, C1
and C2 short out R1 and R2, placing the
whole battery voltage across R3. As the
capacitors charge, the voltage across R2
rises. The voltage across R2 equals the
voltage across C1 plus the voltage
across C2. In the same way the voltage
across R1 rises. Throughout the first
part of the charge period, voltages
across the capacitors are in inverse
proportion to their capacitance. Also,
during this period, voltage across R3
decreases across R2 increases.

At the instant the increasing current
through R1 equals the decreasing cur-
rent through C2, C1 stops charging and
starts to discharge through R1. This
occurs because the total current keeps
dropping as C2 continues to charge (Cl1
is fully charged). Therefore, the voltage
across R1 must drop as the current
drops. Cl cannot keep its full charge
and starts to discharge through R1. C2
charges while C1 discharges. The volt-
age across R2 keeps increasing, the volt-
age across R3 keeps decreasing. The
voltage across R1 decreases as Cl dis-
charges. As the voltage across R3
started at battery potential and went
down while the wvoltage across R2
started at zero and went up, a point is
reached where the voltages across the
resistors are proportional to their re-
sistance. At this instant C2 (charged to
the voltage across R2) stops charging.
C1 is discharged and there is no voltage
across R1. A steady current flows
through R2 and R3, and they act as a
voltage divider.

In the circuit of Fig. 1, positive or
negative pulses of decreasing amplitude
are the source of voltage, rather than a
battery. However, circuit action is es-
sentially the same.

Sawtooth voltage
with syne pulses;
phase sawtooth
results in  negative

phase
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Fig. 6—Basic circuit corresponds to por-
tion of Fig. 1 phase detector. Arrows
show current paths during initial charg-
ing period.

CONTROL TUBE 180 ppt

AR

NEG SYNC PULSE:

SAWTOOT: \ ' /\

s

e az

APRIL, 1959

l= \
_!m-wom
R HoRIZ
| LOCKoIN
= RANGE 2820k
F_i—?
Cl=2.2 C2.02 RIZI50K B+
T ai 2
AVAV
8.2k = 220K

Fig. 7—Pulse-width afe
system, showing anti-

hunt circuit (C1-R1).
55



TELEVISION

}
tOZRoIGlNALLY
120V)
= 20V 20V, ¥c2
ﬁ' + +| 5
b
INSTANTANEOUS ACTION
a
il
(ORIGINALLY 1 Rl
120V) 50K
20y
JF 20v =c2
+| .5
b

SLOWER ACTION-DETERMINED
BY CKT'S TIME CONSTANT

]

Fig. 8—Circuit action when a charged
capacitor is placed across an uncharged
one.

The integrating action of this circuit
tends to make it less sensitive to noise
pulses. Fast, random pulses have little
effect in building up a charge on C2. R1
has a double funetion in the anti-hunt
portion of the circuit (R1-Cl). First
it lets C1 discharge toward the end of
the correction period, allowing C2 to
build up to the full amplitude of the
source pulses. Second, it provides a de
path from the horizontal oscillator’s
grid to ground through R2.

In this circuit, if C2’s capacitance de-
creases or Cl’s increases, correction
voltages may build up too fast and
cause hunting.

Pulse-width circuit

Another common afe circuit is the
pulse-width circuit (see Fig. 7). R1-~
Cl in VI’s cathode circuit acts as the
anti-hunt network. In this system, a
composite signal appears at V1’s grid
at the end of every line. This signal con-
sists of a trapezoidal (modified saw-
tooth) signal with a sync pulse riding
on top. If the oscillator’s frequency
changes, the sync pulse is displaced on
the composite signal, making the top
either narrower or wider. This makes
the control tube, normally cut off be-
tween pulses, conduct for a longer or
shorter interval when the signal comes
in. This, in turn, develops a smaller or
larger average cathode voltage. Part of
the positive cathode voltage is tapped
off by R2 and applied to V2’s grid. This
tapped positive voltage bucks the nega-
tive voltage at the oscillator’s grid.
This bucking voltage determines the
point at which the oscillator fires, there-
by controlling oscillator frequency.

C1-R1 in VI's cathode circuit pre-
vents hunting by not allowing full cor-
rection voltage to be applied to the os-
cillator’s grid at the instant there is a
change of frequency. As in the phase-
detector system C1-R1 act so that the
correction voltage at the grid builds up
gradually. The circuit permits an equi-
librium point to be reached after sev-
eral cycles, when a slightly displaced
sync pulse provides the required amount
of corrective voltage for the oscillator’s
grid. The correct horizontal frequency
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1s re-established even though the change
in operating conditions continues. As
before, there is a slight phase displace-
ment of the picture to maintain the
correction voltage.

The exact action to the C1-R1 anti-
hunt network can be understood by no-
ting the action in the simplified circuits
of Fig. 8.

When a charged capacitor is placed
across an uncharged one (Fig. 8-a), it
discharges into the uncharged one and
the voltages across the two become
equal. If hoth capacitors have the same
capacitance, the charged one loses half
its charge before the voltages become
equal. If one capacitor is larger, C2 in
Fig. 8-a, it requires more electrons to
charge to same voltage as Cl. So C1
will discharge more than half its elee-
trons before the voltages across the two
capacitors become equal.

Since Q = CE, E = Q/C. If two ca-
pacitors of unequal C are to have the
sanme E, the smaller capacitor must have
a smaller Q@ (quantity of electrons). C1
originally had 120 volts. C1 is 0.1 uf
and C2, 0.5 uf. To find the new voltage
across both capacitors remember that
C2, the uncharged capacitor, is five
times as large as C1. Therefore it must
have five times as much charge for the
capacitors to have the same voltage
across them. When C2 is placed across
C1, C1 discharges to 1/6 of its original
charge or 20 volts. Five parts of the
original charge go to C2, one part re-
mains in Cl. There are now 20 volts
across both capacitors.

Add a resistor to Fig. 8-a as shown
in Fig. 8-b. The charged capacitor is
again allowed to discharge into un-
charged C2. The only effect of the re-
sistor is to slow down the action.

Anti-hunt system

Fig. 9 shows the exact action of the
pulse-width anti-hunt circuit. When the
switch is closed (Fig. 9-a), C2 instantly
charges to the battery voltage. C1
charges more slowly through R1 and
can charge to battery voltage only if
the switeh is kept closed for a period
of about 5 RC. (A capacitor charges to
63% of the battery voltage in 1 RC and
to 100% in about 5 RC, in a series R-C
circuit.) If the switch is kept closed
for only a fraction of this time, C2
charges to the full battery voltage but
C1 charges to only a small fraction of
this voltage. When the switch is opened,
C2 discharges into C1 through R1 (Fig.
9-b). C2 also discharges through R2.
However, R2 is a high-resistance path
compared to C1-R1. Most of the charge
in C2 is discharged into C1. Also, since
Cl1 is large compared to C2, C2 loscs
most of its electrons and its voltage in
discharging into C1. C2 gains a small
voltage. At the instant the voltages
across the capacitors becomes equal,
they both discharge through R2 (Fig.
9-¢).

The effect of placing C1-R1 across
C2, while opening and closing the
switch, is to make C2 lose part of its
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Fig. 9—Equivalent circuit illustrates

action of a series anti-hunt network

(C1-R1).

voltage each time the switch is opened.
Without C1-R1, C2 would immediately
charge to the battery voltage and keep
this voltage at practically the same
value during the intervals when the
switch is open. With C1-R1 in the cir-
cuit C2 discharges into C1 at the instant
the switch is opened, but, as the switch
is repeatedly closed and opened, the
average voltage across the capacitors
builds up the battery voltage.

Hunting in the afc circuit of Fig. 7
may be caused by anti-hunt capacitor
C1 opening or decreasing in value. The
anti-hunt circuit would naturally be
checked first for defects. However,
other possibilities are: cathode capaci-
tor C2 increasing, R2 increasing or R3
decreasing in value.

The basic principles used in analyzing
the anti-hunt circuits can be applied to
many other complex R-C cireuits in TV
receivers. END

Transistor Lecture Series

Beginning April 1 and continuing
for the next five Wednesday even-
ings, the Boston Section of the In-
stitute of Radio Engineers will spon-
sor a series of practical, workshop
type transistor conferences. Each
will be given by an expert in the
field of transistors. The whole ven-
ture is supported by six leading
transistor manufacturers.

The six-session series will be held
at Boston’s John Hancock Hall, be-
ginning at 7:30 pm. Cost of the whole
course is $7 to IRE members and
students, $10 to others. For further
information, write to the Boston
Section, IRE, 73 Tremont St., Boston
8, Mass.
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ROBLEMS of ringing in the raster
or in the picture often are per-
plexing at the service bench.
Hence, we are giving this sub-
ject a once-over-lightly this month.

First, we have to distinguish clearly
between raster ringing and picture ring-
ing. Raster ringing (Fig. 1) is apparent
even when there is no picture. It shows
up as a series of vertical gray bars at
the left side of the screen.

There are two sources of these bars
in a raster:

1. The ringing voltage can be picked
up by the video input lead to the
cathode-ray tube.

2. The ringing voltage can be gen-
erated by transient oscillations in
the yoke circuit.

It is easy to distinguish between these
types of ringing. If you shunt a 0.1-uf
capacitor from the video signal lead to
chassis, the first type disappears, but
the second type does not.

If you find that the bars disappear
when the shunt capacitor is connected
in circuit, the remedy is to dress the
video signal lead out of any field that

Fig. 1—Vertical bars caused by transient
ringing in horizontal yoke circuit.
(Foldover was a separate trouble.)
might cause such bars. Ringing fields
are strongest near the high-voltage

cage.

On the other hand, if you find that
the bars remain with the shunt capac-
itor connected, the yoke circuit needs
attention. As shown in Fig. 2, a fixed
capacitor or sometimes a resistor and
capacitor are needed across the “high”
side of the horizontal yoke winding.

Values required vary considerably,
but 56 puf is typical for C. Sometimes
the value is rather critical. R is rela-
tively low, and the best value can be
found only by experiment.

Note that Fig. 1 also shows a vertical
foldover. The receiver had a weak
vertical output tube, which was re-
placed to correct this raster trouble.

If you inspect the ringing bars care-
fully, you can distinguish between the
two types of displays just described.
When the ringing voltage is picked up
by the video signal lead, the raster
lines remain straight but they change
in intensity to give the appearance of
a bar.

On the other hand, when the bars
are caused by transient ringing in the
voke circuit, the raster lines become
curved or kinked, as shown in Fig. 3.

Ringing in the picture only is caused
by sharp peaks in the response curve—
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either in the if or video amplifier. The
proper procedure is to use a good sweep
and marker generator, with a scope, to
align the circuits for flat-topped re-
sponse.

Distorted sound

I have an Admiral 20Z4FFB with
distorted sound. It has a background
hiss which follows the sound, especially
on loud peaks. Sometimes a crackling
noise comes through. Any suggestions?
—A. A., Chicago, Il

The trailing hiss in the audio is
characteristic of regeneration. The best
approach will be to sweep the 4.5-mc
intercarrier circuits from the sound
takeoff point to the FM detector circuit.
Regeneration will show up as a sharply
peaked response curve. By checking
the circuit components systematically,

HOT . HoT

A
LEAD l LEAD M
c
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Fig. 2—Transient ringing can be cor-

lecte(l or minimized by shunting the
horizontal yoke winding with a capacitor
or capacitor and resistor in series.

you will be able to see from the scope
pattern which fault has been corrected.

Conversion problem

Can you provide « diagram and list
of parts to change from a 16- to a 21-
inch picture tube in a Video Products
K33130 receiver?—J. I., Fort Lee., N. J.

We have found in the past that this
type of conversion is difficult, but it is
a job which can be done if cost is not
the primary factor. I would suggest
that you consider reworking the chassis
in accordance with the circuit and parts
list for the RCA 21-T-6115, as pub-
lished in standard service data.

Fuse-blowing 6DQé

I would like some information about
fuse blowing and shorts in the 6DQG6
in an RCA 21D8588. (I replaced it with

a 6BQs.) Also, how can focus be ad-
justed for a sharp and clear picture?
—A.V.P., Troy, N. Y.

It would be advisable to check the
voltages at the 6DQ6 socket. Drive or
screen voltages may be too high. This
receiver uses an electrostatically fo-
cused picture tube. The focus electrode
requires different voltages for picture
tubes with varying manufacturing tol-
erances. Try adjusting this voltage from
zero to full B-plus, to find the best
focus.

Drifting vertical hold

The vertical hold drifts in a Motorola
TS45 as the set warms up. A heat lamp
test shows that the chassis is heat-
sensitive. However, I cannot pinpoint
this to a definite component. I will ap-
preciate any help—J. I. L., Niagara
Falls, N. Y.

You have made a good start with the
heat lamp. The next step is to heat
individual components in the general
trouble area to see which one is heat-
sensitive. Use a soldering gun, and
hold it close to each suspected com-
ponent in turn. You will soon be able
to run down the faulty part.

Problem in a color set

I hope you can help solve a problem
which has stumped local techs, includ-
ing the factory service people. A CTCS
color set has off-tolerance vertical lin-
earity. The horizontal Unearity also is
not too good. Scanning lines are
bunched at the top, them spread for
about 8 inches, after which the raster
appears normal. To avoid a long list
of tests and replacements, many parts
were replaced in the sweep circuits,
the PW board changed, and the chassis
tested in another cabinet to check the
yoke and picture tube. This is not a
breakdown, as it was delivered this
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Fig. 3—A rmgmg yoke circuit shows up
as kinks in the scanning lines.
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way. Hope you can help—R. D. P.,
Marrero, La.

I have seen this type of difficulty in
another make of color set, as delivered
from the plant. This might be a lead
which would apply. The trouble was
caused by filtering and decoupling
capacitances which were on the low
side. As a result, peak current drains
were affecting the operation of the
vertical section noticeably. With capac-
itances on the high side in the power-
supply circuits, better regulation is
obtained, as shown by scope tests.

Too much width

Could you give me a lead on how to
reduce the width on « Philco 22C4014,
‘ode 131?—F. L. T., Fortuville, Ind.

The simplest method is to slide a
sleeve of aluminum foil under the yoke.
This has very little effect on height,
but reduces the width of the picture.

No color sync

We have in our shop « CBS Columbia
color vreceiver, model 205C1, which
gives good black-and-white reception.
On color reception, however, the colors
are in red, green and blue horizontal
bars across the screen. Can you give
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any clues as to where the trouble could
be?—H. S., Leeshuryg, Ind.

This is loss of color svne. It would
be advisable to try new tubes in the
color sync section first. Then try adjust-
ing the color afc balance control for
zero volts to ground, with burst pres-
ent. (See Figs. 4 and 5). If this does
not snap the color into syne, the possi-
bility of color syne circuit trouble must
be investigated.

Bright, blurred vertical bar

A G-E 21C115 1is giving us some
difficulty. The raster has « wide verti-
cal bar whiel is both bright and blurred.
The picture can be seen at the left- and
right-hand sides, but appears at low
brightness. The wertical hold control
has been replaced. A suspected electro-
lytic cliecked out Ok on an ohmmeler
test. We would appreciate any assisi-
ance.—F. L. A., Los Angeles, Culif.

You are probably on the right track
in checking out the electrolytics. I have
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seen similar cases in which loss of ca-
pacitance in decoupling electrolytics
caused just this trouble. This is a good
job for a scope. The vertical bar is
most likely caused by spurious ac volt-
ages entering at one of the picture-tube
electrodes. The scope will show wheth-
er the dc supplies to the picture-tube
electrodes are clean or not. Then, it isa
simple matter to follow back through
the faulty supply cireuit, to find a faul-
ty decoupling capacitor. There is a
lesser possibility that the sawtooth cur-
rent waveform through the horizontal
voke windings is distorted, but your re-
port does not seem to indicate scanning
distortion.

Horizontal nonlinearity

We have an Olympic 21KB24 in the
shop with considerable nonlinearity.
The sweep is compressed on the left
and expanded on the right. Since there
18 mo linearily coil in the circuit, we
would lille to get data on adding one to
overcome this difficulty. —J.B., New
York, N. Y.

Since the original circuit does not
provide for a linearity coil, it is quite
possible to get satisfactory linearity if
the circuit components are within tol-

Fig. 4—Loss of color
syne causes color pie-
ture to split up into
horizontal strips of red,
green and blue. Color
bar generator pattern
makes fault obvious.
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Fig. 5—To adjust color afe balance con-

trol, tune in a eolor signal. Connect a

vtvim where indicated. Adjust control
for zero volis,

erance. Instead of changing the origi-
nal design, it would be advisable to
locate the faulty component. First check
the sweep-circuit capacitors for correct
values. If this does not turn up the
fault, check the horizontal oscillator
plate voltage. This should be close to
240 volts. Low plate voltage will cause
a nonlinear sweep.

Faulty test instruments?

We recently added a popular sweep
and marker gemerator and a scope to
our shop equipment. Failing to get
true displays of curves, we returned
the gencrator to the factory for a
checkup, but we are having difficulty
and ure taking alignment jobs to an-
other shop. Do you consider the popular
type ot aligninent equipment adequate?
—W. S, Saco, Me.

Our experience has been that inad-
equate sweep and marker generators
disappeared from the market a number
of years ago. The equipment you men-
tion should perform satisfactorily.
Difficulties in making sweep-alignment
tests are to be expected, until the
operatorr has gained considerable ex-
perience. Control settings are more
numerous than in simpler instruments,
and one incorrect setting can throw the
pattein completely off. After the oper-
ator learns the ropes, such incorrect
operation is immediately recognized.
Since you have access to a shop which
is doing sweep-alignment work, it might
be possible to check your instruments
against theirs on a chassis, and observe
the control settings used by their
operator.

Power-line interference

I would like to eliminate interference
that seems to be coming from the power
lines. Three 01 four of my customers in
different parts of town are having the
same trouble. It seems to be a 120-cycle
interference, producing two dark bars
about 2 inches wide horizontally across
the sereen. Theve is a loud buzz. Some-
times the picture rolls and tears. The
local channel is wnaffected.—J. K.,
Toledo, Ohio

This report is indicative of diathermy
interference. It is quite possibly being
radiated from power lines about town.
The interference is not noticeable on
your local channel because the high
signal strength gives a high age volt-
age and suppresses the elfect of the
interference voltage. The only possi-
bility of eliminating the interference
at the receiver is to use a directional
antenna. A better plan is to run down
the source of the interference and
eliminate it. If you can establish that
the interference is being radiated from
power lines, I am sure that your local
utility company will offer you all pos-
sible assistance in locating the source
and eliminating the cause.

Split picture
An Admiral 2041 has an intermit-
tent split picture. The horizontal lock

control does mot correct the split pic-
ture, but will cause a high-pitched
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squeal awith a bright vertical line at
right screem. The trouble occurs on
commercials or from outside interfer-
ence. If the receiver is turned off, it will
start up again OK.—J. 0., Copiague,
N Y

This is a squegging condition which is
almost certainly caused by poor de-
coupling between circuits which include
the horizontal output system. This is
a sneaky type of trouble, because usual
de voltage checks do not turn it up.
It can be easily found with a scope,
which will show abnormally high ac
voltages on de supply buses. Check
bypass and decoupling eapacitors.

6-21-inch conversion

I wonld Uke some advice on convert-
inyg « Hyde Park 16CD from a 16DP4
pictinre tube to « 21EP4.—B. P., New
York, N. Y.

Some of these receivers used a 60°
voke on the 16DP4 glass tube. If this
receiver has a 60° yoke, the 21EP4 can
be used with minor electrical changes.
Wildth may be insufficient. If so, it can
be increased by any of the usual meth-
ocls, such as shunting a 20-30-uxf 6,000-
volt capacitor from the 6BG6-G plate to
chassis. If the receiver does not have
a 60> voke, it will need to be supplied.

Horizontal jitter
I owm writing for your opinion on
Locizontal jitter in ¢ Regal 101. The

jitter does not affect the entire picture
at one time, but occurs at all points at
trregular intervals. Only sections of the
picture jitter, and the raster is un-
affected. All tubes and the horizontal
oscillator coil have been replaced.
Cupacitors and resistors in the Synchro-
lock section check out OK. I will appre-
ciate any help youw may offer—J. C. K
Manchester, N. H.

There is not a great deal to go on
here, but this report could describe the
effect of a small arc somewhere in the
flyvback or high-voltage circuits. This
should be investigated. Frequent inter-
mittent breakdown in an electrolytic
capacitor could also be responsible. The
report does not indicate that this pos-
sibility has been eliminated.

Convert to intercarrier sound
I have the problem of converting a
DuMont RA112 to intercarrier sound.
Can you help me?—J. S., Bronx, N. Y.
Disconnect the existing sound-takeoff
lead. Remove the second sound trap,
located at the picture detector input.

Take intercarrvier (4.5-me) sound from #

the plate of the second video amplifier.
This can be done by using a 1-uuf
capacitor at this point. The sound if
syvstem must be converted to 4.5 mec.
I would suggest using a circuit similar
to the Trav-Ler 517-82. The sound if
is driven from the 1-puf coupling
capacitor. END
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RADIO IN YOUR BOAT

Now is the time to install new
marine radiotelephones or reinstall
the old ones on cabin type boats. On
open outboards, the new type ‘“out-
board radiotelephone,” which is de-
signed for easy installation and re-
moval, should be given its “start of
the season” tune-up, since every ra-
diotelephone should be tuned to
match a specific boat’s antenna and
ground system. The Kaar TR249
shown on the cover fits onto a per-
manently installed mounting plate
from which it can be quickly slipped
off and made more accessible for
tune-up before being placed into
service for the 1959 boating season.
Tune-up includes frequency check,
trimming and tube testing. Be sure
also to read the interesting article
about echo sounders in this issue.
The color transparency was taken by
Jacques Saphier of Paramus, N. J.
at Freeport on Long Island and
shows Maurice Holland, veteran ma-
rine radio service specialist doing
the tune-up with Lee Sands watch-
ing.

COLOR-PROJECTION SYSTEMS

WO color TV projectors, both de-

veloped in Europe, have been demon-
stiated in the US by two pharmaceutical
firms, which will use them for closed-
circuit medical demonstrations and
seminars. Both color systems set new
records for brightness and screen size.

The Swiss-developed Eidophor sys-
tem, long in preparation (Rabplo-ELEC-
TRONICS, October, 1946; October, 1952)
was unveiled by Ciba Pharmaceutical
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Products Ine. Unlike conventional TV
projection systems, it does not depend
on a cathode-ray tube as the light
soutrce and therefore has vastly in-
creased brightness: it can project a
bright color picture on a 12 x 16-foot
theatre screen.

Eidophor (a Greek word meaning
“image bearer”) works in this way:
An electron beam bombards, and mod-
ifies, the surface of "a film of oil on a
concave mirror. Light from a xenon
are lanip passing through the resulting
*wrinkles” in the oil film is projected
through a special grating onto the
screen. The field-sequential color sys-

Smith, Kline &
French use three
projector ‘barrels’
for their color
projection system.

—

Eidophor system
does not use a
cathode-ray  tube
as the light
source.

PEu.

tem is used. The Eidophor projector
(left) is 5% feet high, weighs 800
pounds.

The other new color TV unit is the
1,500-pound Norelco projector built by
Philips of Eindhoven, Netherlands, and
introduced in this country by Smith,
Kline & French Laboratories, Phila-
delphia.

It uses the more conventional Schmidt
optical system, with three separate
projector “barrels”—one for each color.
It projects a color TV picture of good
brightness on a 9 x 12-foot sereen. The
standard NTSC (broadeast) color sys-
tem is used. END
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Q —Please tell the court in your own
words, Mr. Slowblow, your reasons
for refusing to pay the plaintiff $6
allegedly due for one home-service call.
A.—Well, this man was out to my
house about two weeks before and was
supposed to have fixed my TV, but he
didn’t. In fact it played worse than
it did before, and I told him so. Right
away I said this call should be free.

Q.—How did he respond?

A.—Well, he fumbled around in a
book and finally came up claiming his
records showed it had been five months
since he had been there, and why
hadn’t 1 phoned him before if I was
dissatisfied ?

Q.—Why hadn’t you?

A.—I meant to, but just never got
around to it.

Q.—Go on.

A.—That seemed to make him mad.
Right away he began picking on my
kids, asking would I please stop them
from jumping on his tube caddy, he
called it. Next he snatched some tools
away from Junior, who was only look-
ing at them. It he hadn’t been so rough,
he wouldn’t have startled little Clevis
and made him break the guy’s mirror,
like he did.

Q.—You said the plaintiff grew pro-
gressively belligerent ?

A.—Yes. When I told him I knew
there was nothing wrong with my TV
except a small tube, he stopped doing
anything for about a minute; just sat
there glaring into the back of the
cabinet, muttering. Sounded like he
was kind of swearing under his breath.
He didn’t even answer when I explained
how I'd adjusted all the knobs and
controls on the back so he wouldn’t
have to waste any time fooling with
them.

Q.—It was at this juncture that the
plaintiff took exception to your dog?

A.—Well, he seemed to be dead
scared of Queenie, although I told him
she never bites. She just growls and
snarls and lunges like that whenever
strangers are around. She acts like
she was ready to eat you up, but
actually there ain’t a mean hair in all
her 95 pounds.

Q.—You have charged that the plain-
tiff appeared to be making alibis. How
was that?

A.—He was trying to alibi, all right.
You see, the trouble with my TV was
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a short in the condenser or else a short
in a small tube. Also it wasn’t throw-
ing a very good picture; kind of smeary,
which was the main trouble. This short
would make the screen go squiggly
about every three or four hours, and
sometimes it would go four or five days
without shorting. That was when this
man tried to tell me that intermittents,
he said they were, generally had to be
taken into the shop for repairs. Right
then I said nobody was going to take
my TV to no shop. You know how it
is; let one of these racketeers get hold
of your set and he loads it up with
defective parts that break down again
right away and bingo, he’s got you on
the hook again.

Q.—By this time you say the plaintiff
became so surly that your children
began crying. Tell the Court what
happened.

A.—Not all the kids; just little Aspic.
All she wanted was to have him wait
and leave the set on channel 4 until the
Bugs Bunny cartoon was over, but this
man kept switching around from chan-
nel to channel. Finally he batted little
Aspic’s hand away from the selector
knob so hard she started crying. She’s
a very sensitive child, you know; her
teacher says she’s definitely “unusual.”

All this got Queenie worked up of
course. I kept telling this man she
didn’t mean a thing by snarling and
showing her teeth but he grabbed a
big soldering iron out of his kit and
acted like he was all set to knock her
brains out. The only way I got him to
drop the iron was by dragging Queenie
out and locking her in the kitchen.

Q.—Everything went from bad to
worse quite rapidly thereafter?

A.—1It sure did. I have a very good
book, “How To Fix Your Own TV,”
which tells everything. It starts in
with aerials, all about the difference
between Comicals and Yogis and Ele-
phant Ears, and ends up explaining
exactly how to adjust your own iron
trap. Very thorough. I could see this
man was getting nowhere fixing my
TV—I don’t think he knows his business
—so0 I tried to help him by showing
him page 17, where it says when a set
goes squiggly, the thing to do is stick
a screwdriver in the horizontal some-
thing-or-other.

These TV guys are all alike. The
minute they find out you know some-

By H. A. HIGHSTONE

Case 441: Fly-
back TV Service
vs. Slowblow,
Praying Judg-
ment in the Sum

of $6

thing about your set, they get mean,
Like that other TV gyp downtown
where 1 took my tubes to be tested.
Sold me four new ones and the set
didn’t work a bit better, actually
worked worse. Then got very mean
and said absolutely no dice when I tried
to insist on getting my money back.

Q.—Please confine your remarks to
the current case, Mr. Slowblow. Will
vou proceed?

A.—The way it wound up was by this
Flyback TV guy insisting he had to
take the set into his shop if he was
going to correct this intermittent, and
also to find out why the picture was so
smeary. When 1 said uh-uh, nobody
was taking my TV into no shop just
because the condenser was shorted, he
had the nerve to try to collect $6 for
a service call. Now he sues me for it!

Q.—You said earlier you subsequent-
ly called a second TV repairman who
succeeded in correcting the trouble in
your home?

A.—Yes. And that goes to show how
little this Flyback guy knows about
his business. This second man was
mean too; didn’t like Queenie and got
huffy when Aspic broke the lid on his
tube tester, but he fixed my set all
right, after I all of a sudden remem-
bered and told him how 1 had tried
swapping tubes around in different
sockets, hoping that could cure the
trouble. It was something about a 6CBg
and a 6AU6 changed around which
made the picture smeary and here this

Flyback guy . .. Hey, what’s he doing,
jumping over that rail at me? Ow!
Help! Murder! Get him offa me!

Police! Judge! . . . END
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It’s seldomn the record that causes the skip-
ping—groove jumpting is nearly always the
fault of the player. Here’s a simple, proc-

ess-of-elimination
playing’s worst nuisance

the record

By CHARLES W. FARRINGTON

ELDOM considered as a subject
for service, the skipping and stick-
ing of records is already a hot
problem from the industry down
to the customer, and it's getting hotter.

Those responsible for and those
affected by the problem bat the ball of
blame back and forth without producing
ary remedy. Included are record buyers
and dealers, player dealers, distributors
and manufacturers.

The ability of the service technician,
combined with his unbiased understand-
ing of the situation, can provide the
only tangible relief presently available
to the frustrated victim of it all—the
customer. The remedy can be effectively
applied only with clear comprehension
of the facts which pose the problem.

Ignored and unrecognized, a common
law of standards actually exists for
records and playback equipment: Vir-
tually all 33- and 45-rpm records can be
traced without trouble by the mujority
of players.

The fact that one allergic record
player is unable to trace a particular
pressing can never condemn that press-
ing as “defective’” so long as a majority
of representative players can trace it.
One exception is the vastly superior
record, of wide dynamic range, coura-
geously marketed by a few manufac-
turers; these can be traced only by
components of high compliance.

The standard level of record manu-
facture is necessarily held to a com-
patibility with the class of parts used
in $19.95 super hi fi. To be marketable,
any record run must meet these un-
natural but exacting playback require-
ments. As a result, records have a strict
uniformity, limiting to be sure, but
nevertheless adhering to high tolerances
which are sadly missing in playback
apparatus. Therefore, players which
are unable to trace all ordinary records
are subjects for service.

An awareness of such facts permits
a straightforward approach to the cure
of skipping. One other help is an under-
standing of the human attitudes in-
volved.

For instance, the record dealer usu-
ally placates the customer with an
affable exchange. This avoids argument
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treatment for

record

and explanation, but omits the genuine
help of locating the real cause of
trouble. Player dealers receive fewer
complaints, and usually parry those
they do with condemnation of records.
A little investigation and enlightened
servicing could be profitable!

Until some miracle happens to pull
into sync the makers of players and
the makers of records, here is easy first
aid. Service technicians and set owners
with superior do-it-yourself ability can
be sure of results by following a simple
formula.

Although many factors contribute to
improper groove tracing, checking all
of them 1is seldom required except to
insure optimum preservation and per-
formance of records; skipping usually
is cured early in the process.

Testing the equipment

The control in these tests is the cur-
rent production standard already de-
scribed—Any record which can be
played by a majority of equipment is
normal.

Test the record first, on equipment
in which:

1. The needle is perfect; either new
or checked by microscope.

2. Cartridge compliance is consider-
ably superior to that in the one that
skipped.

3. The arm is friction-free, nonreso-
nant and nonautomatic (even to trip
switeh).

4. Stylus pressure is well within the
range recommended by the cartridge
manufacturer.

Examine under magnification the dull
marks left on the record at skip points
if tracing is still imperfect (except for
the slight clicks to be expected at points
where the previous stylus skipped). If
jagged or lateral, usually caused by
mishandling, accidental needle drop or
jarring the turntable, an identical rec-
ord can be tried on the original player.
If there’s no skip, check and remedy
either handling and care of records or
susceptibility of the turntable to any
kind of jarring.

Examine the needle with a miecro-
scope of at least 100 X power (Fig. 1).
Any worn needle should be quickly re-
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Fig. 1—Microphotograph of a worn

needle tip (top) compared with a good

one. Worn needles should be replaced
immediately.

placed, but the idea that worn needles
are a primary cause of skipping is
subject to question. Some cases of skip-
ping which are stopped by replacing the
needle may have had other contributing
factors. To check on this probability,
the tests can be continued with the worn
needle. If some other remedy proves
effective, its benefit plus needle re-
newal will provide a double gain toward
record preservation.

Reject compromise needles. Quick
surgery is the remedy for a hot appen-
dix, and for any compromise needle—
cut it out! Replace with a microgroove
point. If 78’s are used, change the
cartridge or give the customer two
needles.

After each of the remaining tests,
try the record again. If it can be traced
without skips, further procedure is
optional.

Level the turntable with a circular
spirit level.

Measure stylus pressure, accurately,

(Continued on page T4)
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do so
many people buy

ATHKITS?

every year more people
buy Heathkits than any other
Electronic Instruments

in kit form!/!

Here are a fe'w
reasons why...

EASY TO BUILD

Heathkits are engineered for easy kit construc-
tion. You need no electronic or kit building ex-
perience whatsoever to successfully complete
your own kit. Use of printed circuit boards and
pre-wired, pre-aligned assemblies cuf construc-
tion time. Manuals are carefully prepared, em-
ploying step-by-step instructions written in
simple, non-technical language. Large pictorial
diagrams and photographs show you exactly
where each part goes,

LASTING QUALITY

Only top quality components go into Heathkits,
assuring you of a finished product that is unsur-
passed in performance, dependability and endur-
ance. Rigid quality control standards are main-
tained at the Heath factory to see that each
component lives up to its advertised specifica-
tions. Heathkits are conservatively rated. No per-
formance claims are made that are not thoroughly
proven and tested under the most stringent fabo-
ratory conditions.

ADVANCED ENGINEERING

Progress in electronics engineering never stands
still at Heath. The latest developments in circuit
design and components are exploited by Heath
engineers, offering you superior performance-at
lower costs. New advances in all fields of elec-
tronics are carefully watched by Heath sngineers
to keep abreast of the rapidly growing industry.
The modern, up-to-date styling of Heathkits
make them a handsome addition to your home
or workshop.

WORLD-WIDE REPUTATION

A pioneer in do-it-yourself electronics, Heath
Company, over more than a decade, has estab-
lished public confidence in its products both in
the United States and abroad. Today, as the
world's largest manufacturer of electranic kits,
" Heath stands as the leader in its fieid.

GREATER SAVINGS

Do-it-yourself Heathkits save you up fo % the
cost of equivalent ready-made equipment. Direct
factory-to-you selling, eliminating middle-man
profit, plus the tremendous Heath purchasing
power mean even further savings to you. And the .
convenient Heath Time Payment Pian allows you
to use and enjoy your Heathkit NOW, while you
pay for it in easy instaliments. :

HEATH COMPANY

Benton Harbor 20, Mlichigan

”@ a subsidiary of Daystrom, Inc.

RADIO-ELECTRONICS
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TRANSISTOR PORTABLE RADIO KIT

Fun for the whole family, this easy-to-build 6-transistor
portable radio is ready to go wherever you go. The modern
molded plastic case with pull-out carrying handle and fully
enclosed back add beauty and convenience to this splendid
kit. Six name-brand (Texas Instrument) transistors are used
for good sensitivity and selectivity. The 4” x 6” PM speaker
with heavy magnet provides *‘big set” tone quality. Use of
this large speaker and roomy chassis make it unnecessary to
crowd components adding greatly to the case of construc-
tion. Transformers are prealigned making the radio ready
for use as soon as kit is assembled. A built-in rod-typec an-
tenna assures good reception in all locations. Six standard
flashlight batteries are used for power, providing extremely
long battery life (between 500 and 1,000 hours) and they
can be purchased anywhere. Stylish cabinet is two-tone
blue molded plastic with gold inlay and measures 9” L.
x 7" H. x 334" D. Shpg. Wt. 6 Ibs.

MODEL XR-1L: Identical to XR-1P except in handsome
leather case instead of plastic case. Leather carrying strap
included. Shpg. Wt. 7 lbs.

LEATHER CASE: Can be purchased separately if de-
sired. Fits all XR-1P and earlier XR-1 chassis. No. 93-1.
Shpg. Wt. 3 lbs. $6.95.

NAVIGATE BY
PORTABLE RADIO

HEATHKIT
MODEL DF-2

$6995 —

2-BAND TRANSISTOR
PORTABLE RADIO
DIRECTION FINDER KIT

~ Enjoy the safety, convenience and entertain-
ment of this self-contained, self-powered,
six-transistor superheterodyne radio direc-
tion finder. It receives aeronautical and ma-
rine beacons as well as standard band broad-
casts with startlingly clear tone reproduction
over a long range. Covering the beacon band
from 200 to 400 kc and broadcast band from
540 to 1620 kc, the DF-2 is designed to
take directional **fixes” on both aircraft and

: marine beacons as well as standard broad-
cast stations, while providing the entertain-
ment of a high quality transistor portable
radio. You are able to receive aircraft
weather reports every thirty minutes and
constant Coast Guard beacons on the 200 to
400 kc band. A dial light is provided for
night operation. Power is supplied by six
standard flashlight batteries which will last
you up to one year under normal operation.
Shpg. Wt. 9 lbs,

APRIL, 1959

MODEL PC-1

$2495

MODEL Ti-1

$2595

HEATHKIT
MODEL XR-1P

POWER CONVERTER KIT

Now you can operate your TV set, radio,
razor, and other AC electrical equipment
directly from your 12-volt boat or car bat-
tery. With the Heathkit Power Converter
you can enjoy the convenience of home
clectricity whether boat cruising or on
¥ automobile trips. Two power transistors
are employed for years of trouble-free, de-
pendable service. No moving parts to wear
out, no tubes to replace. Shpg. Wt, & Ibs.

ELECTRONIC IGNITION ANALYZER
KIT

Ideal for use on automobiles, boats, air-
craft engines, etc., the IA-1 checks ignition
systems with the engine in operation (400
to 5,000 RPM). Shows the condition of
coil, condenser, points, plugs and ignition
wiring. Shows complete engine cycle or just
one cylinder at a time. Two test leads are
supplied, each 10’ long, which will enable
you to reach cither the breaker points or
the spark plug wires. Shpg. Wt. 20 Ibs.

$5995

ELECTRONIC TACHOMETER KIT

Useful on inboard and outboard boats, as
well as in automobiles, the TI-1 operates
directly from the spark impulse of the en-
gine. Use on any spark ignited 2 or 4 cycle
engine of any number of cylinders. Com-
pletely transistorized, it works with 6, 8,
12, 24 or 32 volt DC systems. Indicates
revolutions-per-minute from 0 to 6,000.
Calibration control provided for adjusting
to engine type. Easy-to-build and easy-to-
install. Shpg. Wt. 4 lbs.
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PROFESSIONAL OSCILLOSCOPE KIT

Everything you could possibly want in an oscilloscope is found in the
new Heathkit model OP-1. Featured are DC coupled amplifiers and
also DC coupled CR tube un-blanking. The triggered sweep circuit
will operate on either internal or external signals and may be either
AC or DC coupled. The polarity of the triggering signal may also be
selected, and any point on the waveform may be selected for the start

HEATHKIT
MODEL OP-1

$17995

of the sweep by using the ““triggering level’” control. An automatic
position is also provided, in which the sweep recurs at 50 cycle rate,
but can be driven over a wide range of frequencies with no additional
adjustment. Prewired terminal boards are used for rapid, easy assem-
bly of all critical circuits. Power supply is transformer operated utiliz-
ing silicon diode rectifiers and is fused tfor protection. Handsome
cabinet features silver anodized front panel with red and black
lettering and matching knobs. Shpg. Wt. 34 lbs.
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VARIABLE VOLTAGE
REGULATED POWER
SUPPLY KIT

Invaluable in experimental and
design work, the PS-4 eliminates
the need for building up a sepa-
rate power supply for each new
circuit tried. It provides a con-
venient source of variable regu-
lated B+, variable bias voltage
and filament voltage for labs and
work shops. The PS-4 supplies
regulated B4 output continuously
variable from 0 to 400 volts DC
at up to 100 ma, bias voltage vari-
able from 0 to —100 volts DC at
I ma, and filament voltage of 6.3
volts AC at 4 amps. Separate
panel meters continuously moni-
tors voltage and current output.
Rugged, top-rated components
used throughout for long, reliable
service. Shpg. Wi. 16 lbs.

sesesescssan seesae

TEST OSCILLATOR KIT

Provides the test frequencies most
often used by servicemen in re-
pairing and aligning modern
broadcast reccivers. Five fixed-
tuned frequencies (262 kc, 455 ke,
465 kc, 600 kc and 1400 kc) are
quickly selected for troubleshoot-
ing or alignment of the IF fre-
quency and high and low end of
the broadcast band for proper
tracking. Shpg. Wt. 4 lbs.

D R A I A P S N

MODEL sG-8 $1950

RF SIGNAL

GENERATOR KIT

A “must” for any beginning serv-
iceman, this indispensable instru-
ment is used for aligning tuned
circuits quickly and tracing signals
in faulty RF, IF and audio cir-
cuits. Covers 160 ke to 110 mc on
fundamentals in five bands and
from 110 mc to 220 mc on cali-
brated harmonics. Coils are pre-
wound and calibrated. Complete
with output cable and instruc-
tions. Shpg. Wit. 8 lbs.
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HEATHKIT
MODEL TO-1

R RY

MODEL AG-9A $3 450

AUDIO SIGNAL
GENERATOR KIT

This unique generator uses three
rotary switches to sclect two
significant figures and a multi-
plier to determine audio fre-
quency, allowing return to the
exact frequency previously mea-
sured when making multiple fre-
quency measurements. Covers
10 CPS to 120 kc with less than
.1 of 19, distortion between 20
and 20,000 CPS. Shpg. W1i. 10
ibs.

HEATHKIT
MODEL 0O-12

HEATH COMPANY -
U@/bsidiary of Daystrom, Inc.
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HEATHKIT

Michigan

“EXTRA DUTY' 5"
OSCILLOSCOPE KIT

Laboratory quality at utility scope price
makes this instrument an unusual vajue.
The Heath patented sweep circuit func-
tions from 10 CPS to better than 500 ke in
five steps, giving you five times the usual
sweep obtained in other scopes. Vertical
frequency response extends from 3 CPS
to S mc +1.5 db —5 db without extra
switching. An automatic sync circuit with
self-limiting cathode follower provides
excellent linearity and lock-in character-
istics. Extremely short retrace time and
efficient blanking action are characteristic
of this scope. Frequency response of the
horizontal amplifier is within =1 db from
1 CPS to 200 kc. Horizontal sensitivity is
0.3 volts RMS-per-inch. Construction is
simplified through the use of two etched
metal circuit boards and precut. cabled
wiring harness. Complete step-by-step
instructions and large pictorial diagrams
are supplied for easy assembly. An ideal
scope for all service applications as well
as in standard or color TV servicing.
Shpg. Wt. 22 ibs.

| == 8

MODEL cD-1 $5995

Benton Harbor 20,
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MODEL TS-4A $4950

TV ALIGNMENT
GENERATOR KIT

TV service technicians will ap-
preciate the outstanding features
found in this swecp generator.
Provides essential facilities for
aligning FM, monochrome TV
or color TV sets. The all-elec-
tronic sweep circuit employs a
trouble-free controllable induc-
tor which varies frequency by
magnetic means. An unusual
buy at this low price. Shpg. Wi,
16 lbs.
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COLOR BAR AND

DOT GENERATOR

The CD-1 combines the two
basic color servicing instru-
ments, a color bar and white dot
generator in one versatile and
portable unit, which has crystal
controlled accuracy and stabil-
ity for steady lock-in patterns.
(Requires no external sync
leads.) Easy-to-build and easy-
to-use. No other generator on
the market offers so many fea-
tures at such a great price sav-
ing. Shpg. Wt. 13 Ibs.

RADIO-ELECTRONICS



ETCHED CIRCUIT VTVM KIT

Time proven for dependability, accuracy and
overall quality, the V7-A is one of the wisest
investments you can make for your electronic
workshop or lab. Its multitude of uses will make
it one of the most often used instruments in
your possession. Use it to measure all operating
voltages and potentials such as B+ and AC-DC,
or straight AC power supplics, filament voltage,
bias voltage, AVC voltage, line voltage, etc.
Ideal for measurements in all types of AM, FM
and TV circuits. Checks discriminator or detec-
tor operation, AVC or AGC performance,
while the chmmeter may be used to measure
circuit continuity, circuit resistance, to test out
individual components with resistance measure-
ment, or to trace circuit wiring through cables or
chassis openings. Front panel controls consist
of rotary function switch and a rotary range
selector switch, zero-adjust and ohms-adjust
controls. Precision 19 resistors are used in the
voltage divider circuit for high accuracy and an
etched circuit board is employed for most of the
circuitry. The circuit board not only simplifies
assembly but permits levels of circuit stability
not possible with ordinary conventional wiring
methods. Shpg. Wt. 7 Ibs.

HEATHKIT
MODEL V7-A

TUBE CHECKER KIT

Brand new in every respect, the TC-3 features outstanding performance and
ease of operation. Sockets are provided for 4-pin, 5-pin, 6-pin, 7-pin, large,
7-pin miniature, 7-pin sub-miniature, octal, loctal, and 9-pin miniature tubes.
Protection against obsolescence is provided by a blank socket to facilitate

odification for checking newly added tube types. A 10-lever switch makes it
possible to connect any element to any other element regardless of the pin
numbers involved. A neon bulb indicator shows filament circuit continuity and
leakage or shorts between elements. A specially designed spring loaded roll
chart mechanism permits the roll chart to run freely throughout its entire
fength without binding.
Thumb wheel drive knobs are
provided on both sides of the
panel to accommodate the
left handed operator. Com-
pact and small in size, the
TC-3 is ideally suited for port-
able applications. Both the
roll chart and the meter are
illuminated to facilitate use
in darkened areas. Shpg. Wt.
12 Ibs.

HEATHKIT
MODEL TC-3

HEATHKIT
MODEL M-1

HEATHKIT
MODEL MM-1

HANDITESTER KIT

Ideal for use in portable appli-
cations when making tests away
from the work bench or as an
“extra” meter in the service
shop. The combination function
range switch simplifies opera-
tion. Measures AC or DC volt-
age from 0 to 10, 30, 300, 1,000
and 5,000 volts. Direct current
ranges are 0 to 10 ma and Oto
100 ma. Ohmmeter ranges are 0
to 3,000 and 0 to 300,000, Top
quality, precision components
used throughout. Small and
compact, take it with you wher-
ever you go. Very popular with
home experimenters and elec-
tricians, Test leads and 114 volt
size C battery are included with
the kit. Shpg. Wt. 3 Ibs.

20,0060 OHMS /VOLT

VOM KIT

Portable and accurate, this kit
features a 50 ua 414" meter and
1%, precision multiplier resis-
tors for high accuracy. No ex-
ternal power required. Provides
a total of 25 meter ranges on a
two-color scale. Sensitivity is
20,000 ohms-per-volt DC and
5,000 ohms-per-volt AC, Mea-
suring ranges are 0-1.5, 5, 50,
150, 500, 1,500 and 5,000 volts
AC and DC. Measures direct
current in ranges of 0-150 ua,
15 ma, 150 ma, 500 ma and 15 a.
Resistance multipliers are X 1,
X 100 and X 10,000. Covers
—10 db to 465 db. Housed in
an attractive bakelite case with
plastic carrying handle. Bat-
teries and test leads included.
Shpg. Wt. 6 Ibs.

oo

MODEL AV-3

$2995

. .
. .

: : MODEL T-4 N .
MODEL BE-5 $3995 . %1995 . MODEL c-3 $1950 5
LOW RIPPLE BATTERY . VISUAL-AURAL . CONDENSER 5
ELIMINATOR KIT : SIGNAL TRACER KIT . CHECKER KIT M
Completely up to date the BE-5 . New in every respect the T-4 : Check unknown condenser and .
will power all the newest tran- : features a built-in speaker and M resistor values quickly and ac- .
sistor circuits requiring 0 to 12 . electron beam ‘‘eye” tube for . curately as well as their oper- 0
volts DC, and the new hybrid . stgnal indication, and a unique . ating characteristics with this .
automobile radios using both M noise locator circuit. 1deal for : fine instrument. All values are N
transistors and vacuum tubes. . use in AM, FM and TV circuit . read directly on a calibrated .
An extra low-ripple filter circuit N investigation. Transformer op- : scale. An clectron beam ‘‘eye” N
is employed holding AC ripple . erated for safety and high effi- . tube indicates balance and leak- .
down to less than ,3%. Doubles . ciency. Complete with test leads . age. A valuable addition to any .
as a battery charger or marine . and informative construction . service shop or lab, Shpg. Wit. Q)
converter, Shpg. Wt. 21 lbs. . manual. Shpg, Wt. 5 Ibs, M 7 lbs. .

APRIL, 1959

AUDIO VTVM KIT

This vacuum tube volt meter
emphasizes stability, broad fre-
quency response and sensitivity
for accurate measurement of
critical AC voltages. Features
a large 414” 200 ua meter with
increased damping in the meter
circuit for stability in low fre-
quency tests. Mcasures AC from
a low value of | millivolt to a
maximum of 300 volts AC
(RMS). Voliage ranges are:
0-.01,.03, .1, .3, 1, 3, 10, 30, 100
and 300 volts. Db ranges cover
—52 to +52 db. 19, precision
multiplier resistors used for
maximum accuracy. Frequency
response i1s essentially flat from
10 CPS to 200 kc. Shpg. Wit
6 Ibs.

MODEL CT-1 $795

IN-CIRCUIT
CAPACI-TESTER KIT
This handy kit checks capaci-
tors for “*open” or “‘short” right
in the circuit. Detects open ca-
pacitors from about 50 mmf,
not shunted by an excessive low
resistance value. Checks shorted
capacitors up to 20 mfd (not
shunted by less than 10 ohms).
Checks all bypass, blocking and
coupling capacitors of the paper,
mica or ceramic types. (Does
not detect leakhage nor check
electrolytic condensers.) Elec~
tron beam “‘eye’ tube is used
for quick indication. A 5-posi-
tion function switch is featured
which controls the power to the
instrument and selects the test
being made. Easy to build and
easy to use. Test leads included
Shpg. Wt. 5 lbs.
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HEATHKIT ¢ Built-in cooling fan

MODEL TX-1

* Rotating Slide Rule Dial

¢ Compact, Stable, VFO

$50.00 required on C.0.D. orders. Shj d i
unless otherwise specified. Phed mtor fraight

£

HEATH COMPANY

Benton Harbor 20, Michigan

U@/bsidiary of Daystrom, Inc.

MODEL
DX-100-8

s189so

$50.00 deposit required on
€.0.D, orders. Shipped mo-
tor freight unless otherwise
specifled.

DX-100-B PHONE & CW TRANSMITTER KIT

The same fine performance of the time proven DX-100 is retained in the
DX-100-B with improvements in the crystal and loading circuits. The one-
piece formed cabinet has convenient access hatch for changing crystals, etc.
and the chassis is punched to accept sideband adapter modifications. Features
a built-in VFO, modulator and power supply, complete shielding to minimize
TVI, and a pi network output coupling to match impedances from 50 to 72
ohms. RF output is in excess of 100 watts on phone and 120 watts on CW.
Covers 160 through 10 meters. Single-knob bandswitching and illuminated
VFO dial and meter face. RF output stage uses a pair of 6146 tubes in parallel,
modulated by a pair of 1625’s. Designed for easy assembly. Measures 1154”

H. x 194" W, x 16” D. Shpg. Wt. 107 Ibs.
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* Provision for SSB Adapter
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HEATHKIT
MODEL SB-10

““APACHE’’ HAM TRANSMITTER KIT

This beautifully styled transmitter has justabout everything you
could ask for in transmitting facilitics. The “Apache” is a high
quality transmitter operating with a 150 watt phone input and
180 watt CW input. In addition to CW and phone operation,
built-in switch sclected circuitry provides for single-sideband
transmission through the use of a plug-in external adapter. A
completely redesigned, compact and stable VFO provides low
drift frequency control necessary for SSB transmission. A slide
rule type illuminated rotating VFO dial with full gear drive
vernier tuning provides ample bandspread and precise fre-
quency settings. The bandswitch allows quick selection of the
amateur bands on 80, 40, 20, 15 and 10 meters (11 m with
crystal control). This unit also has adjustable low-level speech
clipping and a low distortion modulator stage employing two
of the new 6CA7 /EL34 tubes in push-pull class AB operation.
Time sequence keying is provided for ““chirpless” break-in CW
operation, The final amplifier is completely shielded for greater
TVI protection and transmitter stability. A formed one-piece
cabinet with convenient access hatch provides accessibility to
tubes and crystal socket. Die-cast aluminum knobs and front
panel escutcheons add to the attractive styling of the trans-
mitter. Pi network output coupling matches antenna impe-
dances between 50 and 72 ohms. A “spotting” push button is
provided to allow tuning of the transmittcr before switching
on the final amplifier. This feature also enables the operator
to “zero-beat™ an incoming frequency without placing the
transmitter on the air. Equip your ham shack now for top
transmitting enjoyment with this outstanding unit. Shpg.
Wt. 110 lbs.

SINGLE SIDEBAND ADAPTERKIT

Designed as a compatible plug-in
adapter for the model TX-1 it can also
be used with transmitters similar to the
DX-100 or DX-100-B by making a few
simple circuit modifications and still re-
tain the normal AM and CW functions.
Easy to operate and tune, the adapter
employs the phasing method for gener-
ating a single sideband signal, allowing
operation entirely on fundamental fre-
quencies. The critical audio phase shift
network is supplied, completely pre-
assembled and wired in a sealed plug-in
unit. Features include single-knob band-
switching for operation on 80, 40, 20,
15 and 10 meters, an casy-to-read panel
meter, built-in electronic voice control
with anti-trip circuit. Enjoy the advan-
tages of SSB operation by adding this
fine kit to your ham shack now. Shpg.
Wt. 14 lbs.

MODEL DX-40 $6 495

DX-40 PHONE & CW
TRANSMITTER KIT

Operates on 80, 40, 20, 15, 11
and 10 meters, using a single
6146 tube in the final for 75 watt
plate power input CW, or 60
watts phone. Single-knob band-
switching, pi network output,
complete shielding, provision
for three crystals and VFO.
D’Arsonval movement! panel
meter. Shpg. Wt. 25 Ibs.

R I T R

MODEL DX-20 $3 595

DX-20CW T TRANSMITTER
KIT

This fine unit covers 80, 40, 20,
15, 11 and 10 meters with single-
knob bandswitching. Features
a 6DQ6A tube in the final for
50 watt plate power input, pi
network ou{put, complete
shielding to minimize TVI. Easy
to build with complete instruc-
tions supplied. Shpg. Wt, 19 Ibs.

RADIO-ELECTRONICS



**“MOHAWK' HAM RECEIVER KIT

Designed for ham band operation and for maximum stability
and accuracy, the Heathkit ‘“Mohawk” receiver will let you
enjoy ham activities to the utmost. This 15-tube receiver fea-
tures double conversion with IF’s at 1682 kc and 50 kc and
covers all the amateur frequencies from 160 through 10 meters
on seven bands. An extra band is calibrated to cover 6 and 2
meters using a converter. The “Mohawk™ is specially designed
for single-sideband reception with crystal controlled oscillators
for upper and lower sideband sclection. A complctely pre-
assembled, wired and aligned front end coil /bandswitch as-
sembly assures ease of construction and top performance.
Many more important features are provided in this outstand-
ing receiver for dependable and effective amateur communi-
cations. Ruggedly constructed with well rated components
throughout. Shpg. Wt. 66 Ibs. Matching accessory speaker Kkit;

optional extra. Model AK-5. $9.95. Shpg. Wt. 8 lbs.

* Prewired and Aligned
Coil/Bandswitch Assembly
* Crystal Controlled
Oscillators for
Drift-Free Reception

HEATHKIT
MODEL RX-1

$274%

“SENECA' VHF TRANSMITTER KIT

Brand new in every respect, the model
VHF-1 “Seneca’ is the latest addition
to our line of ham transmitters. This
self-contained 6 and 2 meter transmitter
features built-in VFO, modulator, and
dual power supply. A pair of 6146 tubes
are employed in the push-pull final am-
plifier stage and features up to 120 watts
input on phone and 140 watts input on
CW in the 6 meter band. Slightly less in
the 2 meter band to prolong amplifier
tube life. Panel controls allow VFO or
crystal control, phone or CW operation
on both amateur bands. Four switch-
seiceted crystal positions. Complete RF
shielding to minimize TVIl. Spotting
push-button provided. The VFO slide
rufe type dial features edge-lighting and
vernier tuning. An ideal transmitter for
the ham who wants to extend operation
into the VHF region. Shpg. Wt. 56 1bs.

MODEL AM-2 $1595
REFLECTED POWER
METER KIT

Check the match of your an-
tenna transmission system by
measuring the forward and re-
flected power or standing wave
ratio from 1:1 to 6:1. Handles
a peak power of well over 1 kilo-
watt and may be left in antenna
feed line. No external power re-
quired. 160 through 6 meters.
For 50 or 75 ohm lines. Shpg.
‘Wt. 3 lbs.

APRIL, 1959
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MODEL B-1 & $895

BALUN COIL KIT

Unbalanced coax lines can be
matched to balance lines of
cither 75 or 300 ohms by using
this balun coil kit. Use without
adjustment from 80 through 10
meters at power up to 200 watts.
May be located any distance
from transmitter or antenna.
Protective cover included. Shpg.
Wt. 4 lbs.
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HEATHKIT
MODEL AR-3

(LESS CABINET)

HEATHKIT
MODEL VHF-1

$2395
ELECTRONIC VOICE

CONTROL KIT
This unique device lets you
switch from receiver to trans-
mitter merely by talking into
your microphone. Provision is
made for recciver and speaker
connections and also for a 117
volt antenna relay. Adjustable
to all conditions by sensitivity
and variable time delay controls
provided. Shpg. Wt. 5 Ibs.

MODEL VX-1

ceaes

ALL-BAND RECEIVER KIT

A fine receiver for the beginning
ham or short wave listener. Fre-
quency coverage is from 550 ke to
30 mc in four bands. Features in-
clude bandswitch, bandspread tun-
ing, phone-standby-CW switch, an-
tenna trimmer, noise limiter, RF
and AF gain controls and head-
phone jack. Easy to build. Shpg.
Wt. 12 lbs.

MODEL
QF-1

$995

“Q" MULTIPLIER KIT

Use with any receiver with TF fre-
quency between 450 and 460 ke 1o
add additional selectivity for sepa.
rating two signals or to reject one
signal and eliminate heterodyne. A
great help on crowded phone and
CW bands. Not for use with AC-DC
type receivers. Simiple to connect
with cable and plugs supplied. Shpg.
Wt. 3 lbs.

MODEL
CA-1

$139s

"*AUTOMATIC'® CONELRAD
ALARM KIT

This easy-to-build device gives in-
stant warning and cuts AC power to
your transmitter when a monitored
station goes “‘oft-the-air”. Use with
any radio receiver having an AVC
circuit. A sensitivity control adjusts
to various AVC levels. Incorporates
a heavy duty six-ampere relay and
manual “‘reset’”’ button 1o reactivate
the transmitter. Complete instruc-
tions provided for connection 1o
receiver, Shpg. Wt. 4 lbs.

P I S A S N I I I Y
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VARIABLE FREQUENCY
OSCILLATOR KIT

Fur below the cost of crystals to ob-
tain the same frequency coverage
this VFO covers 160, 80, 40, 20, 15,
11 and 10 meters with three basic
oscillator frequencies. Better than
10 volts RF output on fundamen-
tals. Requires only 250 volts DC at
15 to 20 ma, and 6.3 VAC a1 0.45 a.
Illuminated dial reads dircct. Shpg.
Wt. 7 lbs.

MODEL VF-1
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Beautifully Styled With Plenty of
Room For The Most Complete

Stereo System

E MODEL SE-1 (center unit) $| 4995 Shpg. Wt. 162 Ibs.

MODEL SC-1 (speaker enclosure) $3995 each shpg. Wt. 42 Ibs.

HEATHKIT
MODEL CE-1

CHAIRSIDE ENCLOSURE KIT

Combine all of your hi-fi equipment into one com-
pact control center and, at the same time add a beau-
tiful piece of furniture to your home. The CE-1 is
designed to house AM and FM tuners (BC-1A and
FM-3A) and the WA-P2 preamplifier along with the
majority of record changers which will fit in the space
provided. Changer compartment measures 1734” L.
x 16" W. x 9%" D. Adequate space is provided in the
rear of the unit to house any of the Heathkit ampli-
tiers designed to operate with the WA-P2. Good
ventilation is achieved through properly placed slots
in the bottom and back of the enclosure. Overall
dimensions are 18" W. x 24"H x3514" D. All parts arc
precut and predrilled for easy assembly. The Con-
temporary cabinet is available in either mahogany or
birch, and the Traditional cabinet is available in ma-
hogany suitable for the finish of your choice. Beauti-
ful hardware supplied. Shpg. Wt. 46 |bs.

Hi-Fi Syiteu....

STEREO EQUIPMENT CABINET KIT

This superbly styled cabinet ensemble is designed to
hold your complete home stereo hi-fi system, con-
sisting of a ‘“‘stereo equipment center’ flanked by
two individuat “'stereo wing speaker enclosures'.
The unit has room for all the components required
for sterco sound. Although designed to hold Heath-
kit stereo components, it is not frozen to this ar-
rangement. The kit is supplied with mounting panels
precut to accommodate Heathkits, but interchange-
able blank panels are also furnished so you can
mount any equipment you may already have. The
precut panels accommodate the Heathkit AM-FM
tuner (PT-1), stereo preamplifier (SP-1 & 2), and
record changer (RP-3). Record changer chassis pulls
out casily for convenient loading and unloading.
Adequate space is provided for record storage and a
pair of matching Heathkit power amplifiers (from 12
to 70 watts). The stereo wing speaker cnclosures are
open backed, cloth grilled cabinets designed to hold
the Heathkit SS-2 or similar speaker systems. The
cabinets are available in beautifully grained 34" solid
core Phillipine mahogany or select birch plywood
suitable for the finish of your choice. The matched
grain sliding tape deck access door on top pops-up
flush when closed. Entire top features a shaped edge.
Hardware and trim of brushed-brass and gold finish.
Rich toned grille cloth is flecked in gold and black.
No woodworking experience required. All parts pre-
cut and predrilled for easy assembly. Maximum
overall dimensions (all 3 pieces): 8234” W.x 364" H.
x 20" D. Center Cabinet: 4714” W. x 364" H.
x 20" D.
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HEATHKIT
MODEL RP-3

$6495 £

HIGH FIDELITY
RECORD CHANGER KIT

Every outstanding feature you couldask for in a
record changer is provided in the HeathkitRP-3, the
most advanced changer on the market today. The
unique turntable pause during the change cycle saves
wear and tear on your records by eliminating the
grinding action caused by records dropping on a
moving turntable or disk. Record groove and stylus
wear are practically eliminated through proper weight
distribution and low pivot point friction of the tone
arm. Clean mechanical simplicity and precision parts
give you turntable performance with the automatic
convenience of a record changer. Flutter and wow, a
major problem with automatic changers, is held to
less than 0.189, RMS. An automatic speed selector
position allows intermixing 33Y%; and 45 RPM rcc-
ords regardless of their sequence. Four speeds pro-
vided: 16, 333, 45 and 78 RPM. Changer is supplied
complete with GE VR 1l cartridge with diamond LP
and sapphire 78 stylus, changer base, stylus pressure
gauge and 45 RPM spindle. Shpg. Wt. 19 Ibs.

RADIO-ELECTRONICS



“‘BASIC RANGE' HI-FI SPEAKER
SYSTEM KIT

The popularity of this modestly priced speaker sys-
tem attests to its high fidelity performance. The SS-2
provides an ideal basic speaker for your home hi-fi
system. Flexibility of design allows it to be used as a
table top model or as an attractive consolette with
optional legs. May also be used as a supplementary
speaker in more advanced systems or as replacement
speaker for TV sets, etc. The specially designed
tweeter horn rotates 90 degrees allowing you to use
the speaker in an upright position if desired, as in the
Heathkit stereo wing speaker enclosures. Total fre-
quency range is from 50 to 12,000 cycles-per-second.
An 8" mid-range woofer covers from 50 to 1,600 CPS
while a compression-type tweeter with flared horn
covers 1,600 to 12,000 CPS. Both speakers are by
Jensen. A variable balance control allows level ad-
justment of the high frequency speaker. Power rating
is 25 watts. Constructed of 14" veneer-surfaced ply-
wood suitable for light or dark finish. All wood parts
are precut and predrilled for simple, quick assembly.
An added feature of the SS-2 is that, although an
outstanding performer in its own right, it may be
combined with the SS-1B “‘range extending”’ speaker
system later to extend the frequency range at the
high and low ends of the audio range. Build in just
one evening for many years of listening enjoyment.
Shpg. Wt. 26 lbs.

ATTRACTIVE BRASS TIP ACCESSORY LEGS
convert SS-2 into handsome consolette. 14" legs
screw into brackets provided. All hardware included.
Shpg. Wt. 3 l1bs. No. 91-26. $4.95.

Assemble it in

Just One Evening

HEATHKIT
MODEL SS-2

OPTIONAL LEGS
NO. 91-26 $4.95

DIAMOND STYLUS HI-FI
PICKUP CARTRIDGE

MODEL MF-1 $269°5

Replace your present pickup with the MF-1
and enjoy the fullest fidelity your library of
LP’s has to offer. Designed to Heath specifica-
tions to offer you one of the finest cartridges
available today. Nominally flat response from
20 to 20,000 CPS. Shpg. Wt. | Ib.

=
«HEATHKIT

RANGE EXTENDING MODEL HH-1

HI-Fi SPEAKER
‘, SYSTEM KIT

}:Designed exclusively for use
| with the SS-2, the SS-1B em-

-

.

Extended
Frequency Range
for Your SS-2

APRIL, 1959

ploys a 15” woofer and a super
| tweeter horn to extend the
| range of the $S-2 to an overall
| response of =5 db from 35 to
| 16,000 CPS. When used to-
| gether the two units form an
integrated four-speaker sys-
tem and are designed to com-
bine into a single piece of at-
tractive furniture. Impedance
of the SS-1B is 16 ohms and
power rating 35 watts. A con-
trol is provided to limit the
output of the super tweeter.
Constructed of beautiful 34"
veneer-surfaced plywood suit-
able for light or dark finish of
your choice. All parts are pre-
cut and predrilled for simple
assembly. No woodworking
experience required. All hard-
ware included. Shpg. Wt. 80
Ibs.

S T R I I R

““LEGATO'' HI-FI SPEAKER
SYSTEM KIT

It is difficult to describe in words the performance of
this magnificent speaker system. You may never find
absolute perfection in reproduced sound, but the
Legato comes as close to achieving it as anything yet
devised. Perfect balance, precise phasing, and ade-
quate driver design combine to produce the superb
quality of reproduction inherent in this instrument.
The crisp, clear high frequencies and rich full bass
engulf you in a sea of life-like tone. Two 15" Altec
Lansing low frequency drivers cover frequencies
from 25 to 500 CPS while a specially designed ex-
ponential horn with high frequency driver covers 500
to 20,000 CPS. The unique crossover network is
built-in making electronic crossovers unnecessary.
The legato emphasizes simplicity of line and form to
blend with modern or traditional furnishings. Con-
structed of 34” veneer-surfaced plywood in either
African mahogany or white birch suitable for light
or dark finishes of your choice. All parts are precut
and predrilled for easy assembly. Shpg. Wt. 195 Ibs.
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and FM reception

High Fidelity AM

in a Single Set

HEATHKIT
MODEL PT-1

Professional Stereo-Monaural AM-FM Tuner Kit

Enjoy stereophonic broadcasts as well as outstanding individual AM and FM radio
reception with this deluxe 16-tube AM-FM-stercophonic tuner combination. Features
include three ctched circuit boards for high stability and ease of construction, prewired
and prealigned FM front end, built-in AM rod antenna, tuning meter, FM-AFC
(automatic frequency control) with on-off switch, and flywheel tuning. A multiplex jack
is also provided. AM and FM circuits are tuned individually making it ideal for stereo
applications since both AM and FM can be used at the same time. A switch selected
tuning meter functions on cither AM or FM. Cathode follower outputs with individual
level controls are provided for both AM and FM. Other features include variable AM
bandwidth, 10 kc whistle filter, tuned-cascode FM front end. FM AGC and amplified
AVC for AM. Anywhere from ] to 4 limiters or IF’s assure smooth, non-flutter recep-
tion on weak or strong stations alike. The silicon diode power supply is conservatively
rated and is fuse-protected assuring long service life. Flywheel tuning combined with
new edge-lighted slide-rule dial provide cffortless tuning. Use of three printed circuit
boards greatly simplifies construction. Vinyl-clad steel cover is black with inlaid gold
design. Shpg. Wt. 20 Ibs.

———— — aﬁf—ﬁ
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MODEL FM-3A E MODEL BC-1A
$2695 $2695

HIGH FIDELITY FM TUNER KIT

The Heathkit FM-3A Tuner will provide you with
years of inexpensive hi-fi enjoyment. Features broad-
banded circuits for full fidelity and better than 10 uv
sensitivity for 20 db of quieting. Covers the complete
FM band from 88 to 108 mc, Stabilized, temperature-
compensated oscillator assures neglible drift after
initial warmup. Employs a high gain cascode IF am-
plifier and has AGC. Power supply is built-in. IF and
ratio transformers are prealigned as is the front end
tuning unit. Two outputs provided, one fixed, one
variable, with extra stage of amplification. Shpg.

HIGH FIDELITY AM TUNER KIT

The BC-1A incorporates many features not usually ex-
pected in an AM circuit particularly in this low price
range. It features a special detector using crystal diodes
and broad band-width IF circuits for low signal dis-
tortion. Audio response is =1 db from 20 CPS to 9 k¢
with § db of pre-emphasis at 10 kc to compensate for
station rolloff. Covers the complete broadcast band
from 550 to 1600 kc. Prealigned RF and IF coils
eliminate the need for special alignment equipment.
Incorporates AVC, two outputs, two antenna inputs
and built-in power supply. Shpg. Wt. 9 Ibs.

Wit. 8 ibs. :

s B rr
MODEL W5 $1 Q995

“HEAVY DUTY" 70 WATT
HI FI AMPLIFIER KIT
Designed for “rugged duty”’ called
for by advanced hi-fi systems and
P.A. networks. Silicon diode rec-
tifiers assure long life and heavy
duty transformer provides excel-
lent powersupply regulation. Vari-
able damping control provides
optimum performance with any
speakersystem. Quick change plug
selects 4, 8 and 16 ohm or 70 volt
output and the correct feedback
resistance. Shpg. Wt. 52 Ibs,
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MODEL w-5 $5975

25 WATT HI FI
AMPLIFIER KIT

Enjoy the distortion-free high fi-
delity sound from one of the most
outstanding hi-fi amplificrs avail-
able today. Featurcs include a
specially designed Peerless output
transformer and KT66 tubes. Fre-
quency response is + 1 db from §
to 160,000 CPS at 1 watt and
within 2 db 20 to 20,000 CPS at
full 25 watts output. Hum and
noise are 99 db below 25 watts.
Shpg. Wt. 31 lbs.

D I T A A O T T

MODEL W-4AM $3 975

SINGLE CHASSIS 20 WATT
HI FI AMPLIFIER KIT

A true Williamson-type high fidel-
ity circuit, the W-4AM featurcs
5881 push-pull output tubes and
a special Chicago-Standard out-
put transformer to guarantee you
full fidelity at minimum cost. Har-
monic distortion is 1.5% and IM
distortion is below 2.7¢ at full 20
watt output. Hum and noisc are
95 db below full output. Taps for
4, 8 or 16 ohm speakers. Shpg.
Wt. 28 lbs.

LR R A N I R R R R S N S A R

MODEL w-3AM $4975

DUAL CHASSIS 20 WATT
HI FI AMPLIFIER KIT
Another famous Williamson-type
high fidelity circuit, the W-3AM
featurcs the famous Acrosound
TO-300 “ultralinear” output trans-
former and 5881 tubes. The power
supply and main amplifier are on
scparate chassis for installation
Nexibility. Harmonic distortion is
less than 1% and IM distortion is
less than 1.29, at 20 watts. Shpg.
Wit. 29 Ibs.

RADIO-ELECTRONICS



HEATHKIT
MODEL SP-2

(STEREO)

Monaural-Stereo Preamplifier Kit
(2-Channel Mixer)

This unique kit allows you to purchase it in the monaural
model if desired and then add the second or stereo
channel later. The SP-2 features 12 separate inputs, six
on each channel, with input level controls. Six dual con-
centric controls consist of: two 8-position selector
switches, two bass, two treble, two volume level and two
loudness controls, a scratch filter switch and a 4-position
function switch. A separate on-off switch is provided.
The function switch provides settings for stereo, 2-
chanrel mix, channel A or B for monaural use. Inputs
consist of tape, mike, mag phono and three high-level
inputs. NARTB equalization and RIAA, LP, 78 record
compensation are provided. A remote balance control
is included. Printed circuit boards for easy assembly.
Built-in power supply. Shpg. Wt. 15 Ibs.

7 L
MODEL W-TM

45498

MODEL UA-1

$2195

Shpg. Wt, 13 lbs.

MODEL sw-1 $2495

MODEL A-oc $3550

GENERAL.-PURPOSE
20 WATT AMPLIFIER KIT

Designed for home installation as
well as for PA requirements, the
A9-C comtines a preamplifier,
main amplifier and power supply
all on one c¢hassis. Four switch-
selected inputs are provided as
well as separate bass and treble
tone controls offering 15 db boost
and cut. Detachable front plate
allows for custom installation.
Shpg. Wt. 23 Ibs.

APRIL, 1959

D N I T

SPEEDWINDER KIT

A real timesaver, the SW-1 leaves
your tape recorder free for opera-
tion while rewinding tape at the
rate of 1200 feet in 40 seconds.
Prevents unnecessary wear to the
tape and recorder. Handles up to
104" tape reels. Handles 800’
reels of 8 and 16 millimeter
film as well. Automatic shutoff
prevents whipping at end of re~
wind, Shpg. Wt. 12 lbs.
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“EXTRA PERFORMANCE'' 55 WATT
Hl FI AMPLIFIER KIT

Enjoy this high fidelity power amplifier at less
than a_dollar per watt. Full audio output and
maximum damping is conservatively rated at
55 watts from 20 CPS to 20 k¢ with less than
29, total harmonic distortion throughout the
entire range. Features famous “bas-bal” cir-
cuit, EL-34 output tubes and special 70 volt out-
put. Shpg. Wt. 28 lbs%\

%
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“UNIVERSAL" 12 WATT HI Fi
AMPLIFIER KIT,

The versatility and economy of this fine kit
make it a truly “‘universal” hi-fi amplifier. An
ideal basic amplifier for any hi-fi system or a
perfect addition to gear your present hi-fi sys-
tem to stereo soutid. Uses 6BQS/EL84 push-
pull output tubes for less than 29 harmonic
distortion throughout the entire audio range.

5

MODEL SP-1 (MONAURAL)
$3795 Shpo. Wt. 13 lbs,

MODEL C-SP-1 (CONVERTS SP-1 TO SP-2)

$2195 5100 wi s ks,
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“*MASTER CONTROL'’
PREAMPLIFIER KIT

Control your hi-fi system with
this compact unit. Features 5
switch-selected inputs to accom-
modate a record changer, tape
recorder, AM tuner, FM tuner,
TV receiver, microphone, etc.,
each with level control. Provision
also for a tape recorder output.
Equalization for records through
separate turnover and rolloff
switches for LP, RIAA, AES and
early 78’s. Shpg. Wt. 7 lbs,

L I R N ]

MODEL
XO-1

$1895

ELECTRONIC
CROSSOVER KIT

This unique instrument separates
high and low frequencies and feeds
them through 2 amplifiers into
separate speakers. Located ahead
of the main amplifier, it virtually
eliminates IM distortion and
matching problems. Note: Not
for use with Heathkit Legato
speaker system. Shpg. Wt. 6 ibs.

$46000000000c0cr s 00000000000t

NO. 401-6
$750 =

127 UTILITY SPEAKER KIT

Replace inferior speakers in radio
or TV sets to obtain better tone
quality or set up an auxiliary
speaker for testing purposes with
this convenient, high quality
speaker. The speaker will handle
up to 12 watts with a frequency
response of +5 db from 50 to
9,000 CPS. Speaker impedance is
8 ohms and has a 6.8 oz. magnet,
An outstanding dollar value.
Shpg. Wt. 7 Ibs.
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MODEL Tk-1 $O95

COMPLETE TOOL SET

These basic tools are all you need
to build any Heathkit. The pliers,
diagonal side cutters, 2 screw-
drivers, and soldering iron are all
of top quality case hardened steel
for hard duty and fong life. Pliers
and side cutters are equipped with
insulated rubber handles for
safety. A good example of just
how easy Heathkit building really
is. Shpg. Wt. 3 Ibs,

7



HIGH FIDELITY TAPE AT
RECORDER KIT TR-1A

The model TR-1A tape deck and preamplifier
combination provides all the facilities you need
for top quality monaural recording /playback
with fast forward and rewind functions. 714 and
33/ IPS tape speeds are sclected by changing belt Includes tape deck assembly,
drive. Flutter and wow arc held to less than 0.35%,. preamplifier and roll of tape.
Frequency response at 714 IPS =2.0 db 50-10,000
CPS. at 334 IPS =2.0 db 50-6,500 CPS. Both
units may be mounted together or separately
affording high flexibility in every application.
Features include NARTB playback equalization
—separate recording and playback ga