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SONO CASTER
indoor /outdoor
High

fidelity Spe3ker

At last

an outdoor speaker with full sized sound, yet so small and light it
goes anywhere- connects to any portable radio, TV, console or component
high -fidelity system!

Use the new E -V Sonocaster at the
pool, on the patio, by the barbecue, or
at your next beach party or picnic for
the finest sound you've ever heard from
any portable!

The Sonocaster boasts such true component quality features as an 8 -inch die cast speaker frame, high compliance
cone suspension, long -throw voice coil
and efficient ceramic magnet. And
everything is weatherproof
including the finish. No rusting, fading, or peeling
attractive Dune Beige
color is molded into the
unbreakable plastic
housing forever!

-

-

It costs no more than
$36.00 to add the new E -V

Sonocaster to your outdoor living. Or use it the
year -round in your recreation room. Set it down or
hang it on its wall bracket,
as you wish. Pick up a
Sonocaster (or a pair for
stereo) at your E -V hi -fi
showroom today!
SPECIFICATIONS: Frequency
Response, 70- 13,000 cps; Impedance,
8 ohms; Peak Power Handling,
30 Watts; Dispersion, 120 °;
Dimensions, 16 %, in. H, 17 -in. W,
5% in. D; Net Weight 8 lbs.

ELECTRO- VOICE, INC.
Dept. 744N, Buchanan, Michigan 49107

gLereAretleC
SETTING NEW STANDARDS IN SOUND
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NOW 10 WAYS Pick Your Electronics
Field and Train at Home with the Leader
Which field of Electronics is for NRI CUSTOM- DESIGNED
TRAINING KITS
you? NRI's 10 specialized instruction plans give you a choice MAKE LEARNING EXCITING, FAST
of ways to go within the amazing
Electronics field. Mail coupon for Tens of thousands of hours have been invested by NRI engineers and technicians in
full information.
testing, changing, retesting and improving
1 TELEVISION -RADIO SERVICING
Learn to fix black- and -white and color sets,
AM -FM radios, stereo hi -fi, etc. A profitable
part or full -time business of your own.

INDUSTRIAL -MILITARY
ELECTRONICS
Learn Principles, Practices, Maintenance of
Electronic equipment. Covers computers,
servos, telemetry, multiplexing, other subjects.
3 COMPLETE COMMUNICATIONS

2

Comprehensive training for broadcasting or
mobile, marine, aviation communications.
Learn to operate, maintain transmitting
equipment. Prepares for FCC License.

LICENSE
Prepares you quickly for First Class License
exams. Every communications station must
have licensed operators. Also valuable for
Service Technicians.

A. FCC

MATH FOR ELECTRONICS
short course of carefully prepared texts
from basic arithmetic to graphs and electronics formulas. Quick, complete, low in cost.
6 BASIC ELECTRONICS
26- lesson course covering Automation -Electronics, TV-Radio language, components,
principles. Ideal for salesmen, hobbyists,

5A

`

others.

7

ELECTRONICS FOR AUTOMATION
For the man with a knowledge of basic electronics who wants to learn process control,
ultrasonics, telemetering and remote control,
electromechanical measurement, others.
AVIATION
8 For a career COMMUNICATIONS
in and around planes. Covers
direction finders, ranges, markers, loran,
shoran, radar, landing system transmitters.
Prepares for FCC License.
MARINE COMMUNICATIONS
Q Learn to operate, repair
transmitters, direction finders, depth indicators, radar, other
Electronic equipment used on commercial
and pleasure boats. A growing, profitable
field. Prepares for your FCC License.
MOBILE COMMUNICATIONS
Learn to install, operate, maintain mobile
equipment and associated base stations as
used by police, fire departments, taxi companies, etc. Prepares for FCC License.

in

NOTE:

You must pass your FCC
(Communications courses) or
NRI refunds in full the tuition you have paid.
July, 1964
License exam

NRI training kits. Their aim: to simplify
and speed your training, make it absorbing,
exciting, fun to learn. Unlike other schools,
"stock" or "standard" equipment has never
been good enough. NRI custom -designs
equipment exclusively for training. It demonstrates the theory you read about in
clearly written, well illustrated lesson texts.
It brings to life circuit action, defects,
end -results. You learn operation, maintenance, trouble-shooting, by the exciting
"discovery" method.

BUILD ACTUAL TRANSMITTER
Complete your Communications course
by building an actual phone -CW transmitter with components NRI sends.
Complies with FCC regulations. Can
be put on the air.

50 YEARS OF LEADERSHIP
IN ELECTRONICS TRAINING
Fifty years of leadership in home -study
BUILD COMPUTER CIRCUITS
Radio -TV, Electronics training is behind In NRI's Electronics
course you solve
the NRI instruction plan you select. A half mathematical problems with analog
circuits you build yourself.
century has been devoted to simplifying computer
One of 10 training kits you get.
and perfecting training to make home -study
easier, more interesting, more meaningful
Whatever your reason for wanting knowledge in Electronics (hobby, part -time earnings, retirement income or full career) . .
whatever your education, you'll find an
NRI plan to fit your needs. Before you consider enrolling with any school, you owe it
BUILD YOUR OWN TV SET
to yourself to see what NRI offers you. As part of NRI's Servicing course you
everything to build this complete
Mail coupon for catalog. No salesman will get
attractive set from "the ground up."
call. National Radio Institute, Washington, What better way to learn, than to do it?
D.C. 20016.

MAIL NOW

2 -74

NATIONAL RADIO INSTITUTE
WASHINGTON, D.C. 20016
I have checked the field(s) of most interest to me. Please send
me your catalog.
(No salesman will call.) Please PRINT.
TV-Radio Servicing
Industrial Electronics
Complete Communications
FCC License
Math For Electronics

Basic Electronics
Electronics For Automation

Aviation Communications
Marine Communications
Mobile Communications

Name

Age

Address
City

State

Zip
Code

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL

°J
1
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IN THE HALL OF

EDUCATION
and all around
the FAIRJERRO LD

PARALOG
ANTENNAS
and TV
DISTRIBUTION
EQUIPMENT
There's a lot of television throughout the New York
World's Fair. And you know the reception must be
utterly reliable and flawless.
That's why Jerrold was chosen as the equipment
to ensure the cleanest signals on screens in the

fabulous School of Tomorrow and in other important Fair exhibits.
Jerroid products at work and on exhibit at the
Fair are being seen this year and next by millions
of people from all parts of the world.
JERROLD EDUCATIONAL TV SYSTEM PIPES
SIGNALS THROUGHOUT HALL OF EDUCATION

The School of Tomorrow exhibit is equipped with
a Jerrold comprehensive rf and video distribution
system which not only supplies all signals for
classroom TV demonstrations but also feeds the
programming of exhibitor displays throughout
the two -level building. Paralog VHF and Paracyl
UHF antennas bring in off -the -air signals. Elsewhere in the Hall of Education, a Jerrold exhibit
features Powermate preamplifiers, Paralog and
Paracyl antennas, and Vista UHF converters.
JERROLD EQUIPMENT USED TO
FEED RCA COLOR SETS
The rf signals for the network of color
television receivers on display by RCA
throughout the fairgrounds are being
fed from an rf distribution system em-

ploying Jerrold equipment.

JERROLD VIDEO MICROWAVE
AT THE FAIR
Television signals are beamed from the
New York City Pavilion of the Fair to the
downtown Manhattan studios of
WNYC -TV (Channel 31) by Jerrold
video microwave equipment.

EASY HOME. UHF
DEMONSTRATION

Jerrold's new Paracyl UHF antennas
and Vista converters are being used in
the New York City Pavilion by Channel
31 to demonstrate how to receive UHF
on standard VHF home receivers.

WHEN YOU COME TO THE FAIR, SEE TELEVISION AT ITS BEST
JERROLD ELECTRONICS
CIRCLE NO. 134 ON READER SERVICE PAGE
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JERROLD

nation's foremost manufacturer and
supplier of television distribution systems
The

o
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Radio Telescopes: Past, Present & Future

24

Rating Unknown Power Transformers

26

Recent Developments in Electronics

28

Binary Computer Codes and ASCII

30

New Pay -TV System to Start in July

31

Results of EW Tests on U.H.F. Converters

L.

Maggi

Lied ron ics World

Ed Bukstein

RADIÚA

d

36

Electronic Scanning Simplifies Telemetry

38

Tape- Recorder Equalization Curves

41

Transistor -Photocell Color Organ

44

Capacitor Value Checker

46
48

Light Dimmer & Power -Tool Control

49

Transducers for Industrial Instrumentation

61

Maintaining TV Color Balance

62

Remote Volume Control

65

R.F. Pickup in

66
78

Bootstrap Circuits

Len

A. A.

Simplified Mexican Color TV

Buckwalter

THIS MONTH'S COVER illustrates the University of
Texas' 16 -foot radio to escope. This is probably the
most accurate radio telescope made having its surface finished to an accuracy
of .0025 inch, less than the
thickness of a human hair.
It is gold plated with a film
of 14K gold, 40 millionths
of an inch thick. This is only
one of the many radio te!e scopes scattered over the
world that are being used to
advance man's knowledge of
the physical universe that
surrounds him. For more information, see the article
"Radio Telescopes: Past,
Present & Future."
(Illustration: Geo. Samerjan )
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NEXT MONTH

RAVE REVIEW
ON SONY 600

SPECIAL ISSUE:
Measurements & Standards

Jones explains how v.s.w.r., R, C, L, and
"Q" can be determined at TV frequencies using ordinary shop or lab equipment. Method can be used on TV tuners,
FM receivers, field- strength meters, antennas, attenuators, r.f. amplifiers, signal
splitters, coaxial traps and stubs, and
other r.f. devices.

FREQUENCY & TIME STANDARDS

National Bureau of Standards' work on
atomic frequency standards is described
by G. E. Hudson, Assistant Chief of the
Radio Standards Physics Div. of NBS.
He discusses the U.S. Frequency Standard which can control clocks that would
run 3000 years without gaining or losing
over a second.

Pfui=

Op......®
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Radio -Electronics

-'This recorder has some very good
specifications and, although its price is
above the 'cheap' range, one does not
Is objective testing possible in the audio
readily believe such excellent specs for a
field? Do some of our present tests have
4 -track machine until they prove out.
reliability but no validity? Can a device
This machine fulfilled its promise. With
that measures well still sound bad? Ed
it, you can tape your stereo discs and
MEASUREMENTS
R.F.
PRECISE
and
president
designer
Villchur, speaker
It isn't necessary to have elaborate lab play them back without being able to
of Acoustic Research, has some interesting ideas on the subject backed up by his equipment in order to measure transmit- detect any difference, which is saying
ter or r.f. generator frequencies. J. Richown years of designing experience.
ard Johnson explains how a secondary something. The physical design of this
standard, checked against unit is good, for either permanent infrequency
DATA FLOW IN DIGITAL COMPUTERS
Ed Bukstein provides a step -by -step WWV, can be used to obtain accuracies stallation or the most complete portadescription of how a computer is pro- far exceeding present FCC requirements. bility.
grammed in order to perform a deliber"The footage indicator is a footage
ately simplified (for this article) calcula- FLOATING TRACKING STATIONS
not merely a place spotter,
indicator,
stations
tracking
spacecraft
Not all our
tion automatically.
are located on solid ground. We have and it keeps its count with all normal
two highly sophisticated tracking sta- tape movements. Independent control of
NEW APPROACH TO
tions installed in two specially equipped left and right channels, so one can be
HIGH -FREQUENCY MEASUREMENTS
ships which are virtual floating labs for
In a variation of the microwave slotted operated in record, while the other is in
line measurement technique, Robert all -ocean operation.
playback, enables the unit to be used for
will
be
yours
All these and many more interesting and informative articles
an endless variety of `special' effects.
21st.
in the AUGUST issue of ELECTRONICS WORLD ... on sale July
"Playback and record functions are
completely separate, so that a recorded
ZIFF -DAVIS PUBLISHING COMPANY
program can he monitored immediately.
ZIFF -DAVIS PUBLISHING COMPANY
William B. Ziff
Editorial and Executive Offices
Microphone and auxiliary inputs can be
Chairman of the Board (1946-1953)
One Park Avenue, New York, N.Y. 10016
mixed for combination and re- record
William Ziff
212 ORegon 9.7200
First stage amplification uses
effects.
P, eNideat
MIDWESTERN and CIRCULATION OFFICE
434 South Wabash Avenue, Chicago, III. 60605
transistors. while the main amplification
W. Bradford Briggs
312 WAbash 2 -4911
good marriage in this
uses tubes
lì v erutire Vice President
Midwestern Advertising Manager, Royce Richard
design.
particular
Hershel B. Sarbin
WESTERN OFFICE
lire President and General Manager
"The mikes are very good, compared
9025 Wilshire Boulevard, Beverly Hills, Cal. 90211
213 CRestview 4 -0265
most of the `inexpensive' types
with
M. T. Birmingham, Jr.
Western Advertising Mauagel, Bud Dean
Vice President and Treasurer
used with home recorders. Extremely
FOREIGN ADVERTISING REPRESENTATIVE
good realism is possible for home recordWalter S. Mills, Jr.
D. A. Goodall Ltd., London, England
(in'ulation Director
ings. I had my family `act natural' in
`tDa
front of the two -mike combination and
Stanley R. Greenfield
Member
!'ice President
Audit Bureau of
the
playback was unbelievably real.
(AOC/
Circulations
Phillip T. Heffernan
"The Sony 600 will naturally take a
CYL0
Tice President
little playing around to find out how to
Reg. U.S. Pat. Off.
Trademarks
Engineering
Radio
-Electronic
News
Radio
do various `extra' things you may want.
Radio & TV News
should be addressed to Electronics World. CircuSUBSCRIPTION SERVICE: All subscription correspondence
But when you get to know it, you'll find
for
change
of
weeks
least
six
allow
at
Please
Ill. 60605.
lation Dept.. 434 South Wabash Ave.. Chicago,
a recent issue.
address. Include your old address as well as new--enclosing if possible an address label from
it a very versatile instrument. It's a repostage and will be handled with reasonable
EDITORIAL CONTRIBUTIONS must be accompanied byforreturn
or
work.
photographs,
safety
of
art
or
return
corder with which familiarity brings
no
responsibility
assumes
publisher
care; however
manuscripts.
confidence."
434
Wabash
South
Company
at
Publishing
Ziff
-Davis
monthly
by
ELECTRONICS WORLD is published
Photography. Popular Electronics. HiFi/
Norman H. Crowhurst
Avenue, Chicago. Ill. 60605. (Ziff -Davis also publishes Popular Bride,
Amazing, and Fantastic.) Subscrip-

-

CRYSTAL -FREQUENCY STANDARD

Irwin Math of Manson Laboratories
tells how crystal oscillators can be designed to have frequency stabilities
approaching those provided by atomic
standards.

HIGH -FIDELITY MEASUREMENTS
SCIENCE OR CHAOS?

-a

Stereo Review. Popular Boating, Car and Driver, Flying, Modern
$5.00; Canada and Pan American Union countries
tion rates: one year United States and possessions
Second class postage paid at Chicago. Illinois and at additional
S5.50; all other foreign countries $6.00.
mailing offices. Authorized as second class mail by1. the Post Office Department, Ottawa, Canada and for
payment of postage in cash. July, 1964. Vol. 72, No.
for a one year subscription:
PAYMENT MAY ALSO BE REMITTED in the following foreign currencies
English pounds 12/4/61; French
Australian pounds (2 /161; Belgian francs (3101; Danish kroner (431:
2100) ; NorJapanese yen
3900
francs 31 ; Dutch guilders 22 ; Indian rupees 31 ; Italian lire 4.50
:
Swedish kronor 133 : Swiss
wegian kroner (451; Philippine pesos ( 251; South African rands
francs 127 I: West German marks 1251.
1

1

(

(

(

(

I

I

;

1

(

For further information, or complete
copy of the above test report, write
Superscope, Inc. "600 Test Report E,
Sun Valley, Calif.
ELECTRONICS WORLD
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The commanding presence of Sony sound

Now enter the world of the professional. With the Sony Sterecorder 600,
superbly engineered instrument with 3 -head design, you are master of the
most exacting stereophonic tape recording techniques.

a

Professional in every detail, from its modular circuitry to its 3 -head design,
this superb 4 -track stereophonic and monophonic recording and playback unit
provides such versatile features as: vertical and horizontal operating positions
sound on sound tape and source monitor switch.. full 7,f reel capacity
microphone and line mixing magnetic phono and FM stereo inputs 2 V.U.
meters hysteresis-synchronous drive motors dynamically balanced
capstan flywheel automatic shut off pause control and digital tape counter
all ind spensable to the discriminating recording enthusiast. Less than $450,0
complete with carrying case and two Sony F-87 cardioid dynamic microphones.
Multiplex Ready!

-

SONY

SUPERSCOPE .

The Tapeway to

Stereo

Yes, less

than $450!

Sony tape recorders, the most complete line of quality recording
equipment in the world, start at less than $79.50.
For literature or name of nearest dealer, write Superscope, Inc., pant. 25
Sun Valley, Calif. In New York, visit the Sony Salon, 585 Fifth Avenue.

July,

1964
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cr the recor

NEED

WM. A. STOCKLIN, EDITOR

EXTRA
INCOME

MEASUREMENTS AND STANDARDS

SELL AUDIO
COMPONENTS
SUCCESSFULLY
Who's the Garrard rep in Minnesota?
What's the price on Apparatus Development's
strap -type stand-offs for holding antenna wire
away from a roof-top mast?
You have a technical question about a Pickering cartridge and want to write to the chief

field engineer. Who is he?
"Ekkofon" is the trade name for what manufacturer?

-

and
All of the answers to these questions
can be found in one
thousands like them
reference book: the Sound Industry Directory.
The Directory is issued by the publishers of
HIGH -FIDELITY TRADE NEWS. The 1964 Edition
lists over 2,360 products with descriptions,
specs and prices. About 200 manufacturers of
audio equipment are listed, with addresses,
names of key personnel, and, in many cases,
their sales reps. There are cross -indexes, store tested merchandising tips, and everything to
lead the reader through the complexities of
this many -faceted industry.
One more thing. The Directory is printed on
heavy stock with a sturdy cover. Limited edition
available while supply lasts. Send $5.95 (postpaid per copy) to Ken Nelson, Sound Industry
Directory, 25 W. 45th St., New York 36, N.Y.

-

ONE of our most important tasks, as
technicians and engineers, is to take
measurements. Seldom does a day go by
that some of us have not been measuring
voltages or resistance, taking responses,
checking output power, looking at waveforms, measuring frequency, determining currents or impedances, reading

distortion, counting pulses, measuring
resolution, checking for flutter, compliance, or any of hundreds of others.
Whether the measurements are done in
an advanced laboratory, at a plant, on a
service bench, or in the private or home
laboratory, we seem to always be interested in knowing how much and what
kind. Hence, measurements are important to all our readers, whether they are
working on a radar system for our space
program, on a new computer, on a television set, or on a transistor audio amplifier.

Measurements have always been important in technology. One of the early
workers in the field was British physicist
Lord Kelvin, who might be called one of
our earliest communications engineers
for his work in submarine telegraphy.
Over a hundred years ago, he calculated
the absolute voltage of a Daniell cell and
determined the absolute resistance of a
wire from the heat produced by a known
current. The first famous committee of
the British Association to determine electrical standards was set up because of his
urging. Present -day engineers and technicians agree with Kelvin's famous pronouncement:

DIRECTOR

-:

ituying,'

The trade's
guide to audio

equipment

Send to Ken Nelson, Sound Industry Directory
25 W. 45th St., New York 36, N.Y.
NAME
ADDRESS
COMPANY

"I often say that when you can measure
what you are speaking about, and express it
in numbers, you know something about it."
In order to take all the measurements
we must have, a wide variety of test
equipment is used. Some of this test
equipment is simple, fairly generalized
in its applications, inexpensive, and with
only enough accuracy to do its job adequately. Other test equipment is complex, highly specialized, expensive, and

with extremely high accuracy. We recently talked to a military instrumentation specialist who told us about some
of his field equipment that is so accurate
that he does not have equipment that is
accurate enough to check it against.
This leads us to the thought that just
about all the measurements we take are
actually comparisons, and these comparisons always go back to some standard of
reference. When we measure voltage or
resistance, for example, our meter is

comparing these quantities with the

NAME

$5.95 Enclosed

standard volt or standard ohm maintained by our National Bureau of Standards. When we check the frequency of a

CIRCLE NO. 123 ON READER SERVICE PAGE
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transmitter, we are comparing it to a
standard of frequency that ultimately
goes back to the period of rotation of the
earth. Even this rotation is not an accurate enough standard however, since the
earth has slowed down by almost 3 seconds since 1957. Flights into space and
highly accurate long- distance radio wave
measurements require even greater accuracy. Therefore, the Bureau of Standards has gone to even more accurate
time and frequency generators involving the natural vibrating period of certain elements, such as cesium.
An electronic device based on this
idea is now being used to check the
earth's rotation and to operate as our primary standard of frequency. This cesium -beam "atomic clock" is so accurate
that a clock, controlled by this instrument, might lose or gain no more than
one second after running continuously
for 3000 years. Or, put another way, its
accuracy is equivalent to measuring the
width of the United States with less
error than the thickness of the paper on
which this editorial is written. This
"clock" is not the ultimate, however.
Scientists are currently working on devices that may prove to have even higher accuracies.
Because of the importance of test
equipment, measurements, and standards to all our readers, we have planned
a special issue next month dealing with
these subjects. We will have articles,
written for us by eminent authorities
from the National Bureau of Standards,
on the basic electrical standards and on
frequency and time standards; what they
are, their accuracy, stability, and what
is being planned for the future. Also,
articles on making precise r.f. measurements and some unusual measuring techniques will be included. Just to show
that "atomic clocks" are not the only way
to obtain high accuracies, we will cover
some unusual crystal oscillators for
which extremely high accuracies are
possible.
Finally, to make sure that we do not
get overwhelmed by our measurements,
we will feature a provocative article on
high-fidelity measurements. The author
will take to task those engineers and
technicians who make highly accurate
measurements but in such a way that
there is little or no significance to what
they have measured. The important distinction between the reliability of a test
versus its validity will be covered.
All in all, we are finding next month's
issue interesting to work on and we believe you will find it interesting and useful too.
ELECTRONICS WORLD

www.americanradiohistory.com

Want a magic formula for success in electronics?
You wont find it here!
If you work in electronics, you know why we can't offer
you an easy way to success. There isn't any. Electronics is a demanding field. To earn more money,
you need more technical education -especially in the
areas of electronics that have changed so much in
the last few years. Getting more education isn't easy,
especially if you hold down a full -time job and have

family obligations.
CREI Home Study Programs offer you a practical way
to get more education -and the right kind of education
-without going back to school. You benefit almost
immediately because you study the material technical

organizations want their employees to know. You
choose the specialty that matches your intérests and
employment objectives. CREI Programs cover every
major area of electronics from communications to
servomechanisms and computers, even nuclear engineering technology. And you study at home, set
your own pace, apply your knowledge daily on the job.
You're eligible if you work in electronics and have a
high school education. Our FREE book gives all the
details. For your copy, mail coupon today or write:
CREI, Dept. 1107B, 3224 Sixteenth St., N. W., Washington 10, D. C.
SEND FOR FREE BOOK

r

The Capitol Radio Engineering Institute.

Accredited Member of the National Home Study Council

Dept. 1107B, 3224 Sixteenth St.,
Washington 10, D. C.

CREI

N. W.

Please send me FREE book describing CREI Programs in Electronics and Nuclear Engineering
Technology. I am employed in electronics and
have a high school education.

Founded 1927

Name

Age

Address
City

Zone

State

Employed by

Type of Present Work

L

Check:

Home Study
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Residence School
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NEW
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Model 75

SOLDERING

PISTOL

LETTERS
FROM OUR
READERS

with ATR*

Only'.

TRANSISTORS FOR MUSIC

$495
Pencil"
Delicacy

with BIG-JOB
CAPABILITY
A new space -age metal wire heats
a heavy tapered copper tip so effi-

ciently this lightweight beautifully
balanced pistol delivers heat normally available only from heavier
devices with twice its low rating
of 50 watts. °NEW ATR REGULATES TEMPERATURE FOR HIGHsurge of 50
EST EFFICIENCY

-A
...

watts brings tip to working temthen only
perature in seconds
30 watts are needed under normal soldering conditions. When
the tip is placed against an unusually large cold mass, ATR automatically triggers more watts until
.
the mass is properly heated
then regulates back to its amazing

To the Editors:
Three cheers for Messrs. Furst and
Zide ( "Transistors for Music," March
1964 ELECTRONICS WORLD). At last the
acoustic air is being cleared in terms
that are easy to understand.
It would be a shame if our ears were
nothing more than stretched diaphragms
incapable of detecting the total information contained in complex music; however, nothing could be further from the
truth. It is possible to completely miss
important facts such as these by im-

proper measurement techniques and

30 watt efficiency. No double
triggers or tricky switches with
ATR -exclusively in the new WEN
Model 75 Soldering Pistol.

Electric Plane

"Zipp"

Solder Guns

Sew

1n

Sander /Polisher

CVPRODUCTS, INC.
Northwest Highway
Chicago 31, Illinois

5810

o

o

µf.
If an oscilloscope can be used, the

.033

DONALD J. BROWN

circuit is functioning properly when
there is a 10 -volt saw -tooth waveform
across C5, C6, and C7.
If a reader is still having difficulty at
this point, it is best to replace the neon
lamps with 30 -volt p -n -p -n trigger diodes
(Texas Instruments TI -43, Transition
ER -900, G -E "Diac," etc.) R9, R11, and
R13 may then be changed to 10,000
ohms. This will add about $7 to the unit
cost, but perhaps could save a bit of

Alexandria, Va.

time.

misinterpretation of the test data taken,
as evident in past articles.
Most hi -fi addicts that I know agree on
the cleanness of transistor sound, the
something that makes it sound just plain
"different." What is it? Furst and Zide
seem to know. Could it be among other
things a lack of phase shift at frequencies well above 10 -20 kc.?

..

diodes D9, D10, or D11 were slightly
leaky, this could also cause the neon
bulbs to remain on constantly and not
oscillate.
I would suggest the following modifications to anyone unable to get the
circuit to function properly: ( a ) raise
R4, R5, and R6 to 220,000 ohms; (b)
omit R1, R2, and R3. This should allow
the circuit to operate properly with
reasonable parts substitutions. In addition, C5, C6, and C7 could be raised to

.

DONALD E. LANCASTER

o

Phoenix, Ariz.

SOLID -STATE COLOR ORGAN

To the Editors:
Some readers have written and informed me of some difficulties they were
having in getting their "Simplified Solid State Color Organ" ( January '64 issue )
to perform properly. Most of the troubles
seem to stem from parts substitutions
and a not -too -clear understanding of just
how the circuit operates.
In answer to inquiries, the circuit is
correct as it appeared in the article. All
parts values are correct. Several readers

have successfully completed working
models, and are quite pleased with the
results.
The load SCR's are pulsed on when
the control neon bulb discharges timing
capacitors C5, C6, or C7. This is a 10volt pulse only a few microseconds long.
It is this pulse that turns on the SCR
once each half -cycle. If too much current
is fed to the timing capacitors, the neon
bulb will lock on and operate continuously, thus providing no gate pulses for
the SCR and no load power.
A change in neon bulb, SCR, capacitor, output transformer, or R4, R5, or
R6 could conceivably prevent the neon
circuit from oscillating properly. If

CIRCLE NO. 129 ON READER SERVICE PAGE

O

°

o

MAGNETIC -CORE COMPUTER MEMORIES

To the Editors:
This is in reference to Richard B.
Rusch's article on "Magnetic Core Memories" in the April, 1964 issue of
ELECTRONICS WORLD. He wrote: "As
computers come into greater use, and
more use is made of them, memory systems will have to be greatly enlarged. In
the not- too-distant future, computers
with multi -million word random- access
memories will be called upon to perform

the necessary storage
."
Not -too -distant future? The Univac
1107 thin -film computer was delivered
to the field over 18 months ago with
random -access memory. This computer
uses magnetic drums for memory with
read -write heads riding on a cushion of
air. Each drum's storage is 786,432 (36bit) words. The average access time is
17.5 milliseconds, and once it is accessed
the transfer rate is a word every 16
microseconds. Up to 8 of these drums
can be put on one input /output channel.
The 1107 computer has up to 16 of these
channels, or 100,663,296 words of drum
storage.
.

.

ELECTRONICS
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What Job Do You Want
In Electronics?
Whatever it is, Cleveland Institute can help you get
Yes, whatever your goal is in Electronics, there's a
Cleveland Institute program to help you reach it
quickly and economically. Here's how: Each CIE
program concentrates on electronics theory as applied to the solution of practical, everyday problems.
Result ... as a Cleveland Institute student you will
not only learn electronics but develop the ability to

it!

use it! This ability makes you eligible for any of

the thousands of challenging, high -paying jobs in
Electronics. Before you turn this page, select a program to suit your career objective. Then, mark
your selection on the coupon below and mail it to
us today. We will send you the complete details ..
without obligation ... if you will act NOW!

First Class FCC License
_....

r-

A comprehensive program

.

z>awitt z4,rw,rwtn.
<

013110411.1.7010.17.1.0A

If you want

111111.10A

a:utl}mujaagaa'.l roymM.Pey,iP'JMPJI

covering Automation, Com-

a

1st Class FCC

ticket quickly, this stream-

munications, Computers,
Industrial Controls, Televi-

lined program will do the

sion, Transistors, and prep-

maintain

aration for

types of transmitting
equipment.

a

trick

1st Class FCC

License.

Industrial Electronics & Automation

and

enable you to
service all

and

Electronic Communications

This exciting program in-

Mobile Radio, Microwave,

cludes many important
subjects as Computers,
Electronic Heating and
Welding, Industrial Controls, Servomechanisms,

and 2nd Class FCC prepa-

Telephony too, if you so

and Solid State Devices.

desire.

ration are just

a

few of the

topics covered in this "com-

pact" program

Broadcast Engineering

...

Carrier

Mail Coupon TODAY For FREE Catalog

Cleveland Institute of Electronics

1776 E. 17th St., Dept. EW -91

Here's an excellent studio

Cleveland, Ohio 44114
Please send FREE Career Information prepared to help me get ahead in
Electronics, without further obligation.
CHECK AREA OF MOST

engineering program which

will get you

a 1st

Class FCC

License and teach you all

about

Program Transmis-

INTEREST-

sion and Broadcast Trans-

Electronics Technology
Industrial Electronics
Broadcast Engineering

mitters.

Name

City
F.,,, °'

Electronic Communications
Advanced Engineering

(please print)

Age

Address

u1T F.0

.'a

1776 E. 17th St., Dept. EW -91
Cleveland, Ohio 44114

First Class FCC License

Your present occupation

Cleveland Institute

of Electronics

How to Succeed
in Electronics

State
Zip
Approved for Veteran's Training under Korean GI Bill.

L

Accredited Member

July, 1964
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wIIVbother

with makeshift

twist -prong capacitor replacements ?
When you substitute capacitor sizes and ratings,
you leave yourself wide open for criticism
you risk your reputation .. .
of your work
you stand to lose customers. It just doesn't
pay to use makeshifts when it's so easy to get the
exact replacement from your Sprague distributor!

The computer also has up to 65,000
(36-bit) words of core memory.
ALVIN D. BEHRENS

Univac Senior Systems Engineer
Los Angeles, Calif.
"ELEKTRONIKA WERELD"

To the Editors:
You might be interested in wring the
Dutch version of ELECTRONICS WORLD

...

Get the right SIZE,

right RATING every time

which I picked up in Amsterdam. The
cover features some microelectronic circuitry and refers to articles on transistor
ignition systems and the construction
of an FM generator.
JOHN CARLIN

with improved

SPRAGUE

TWIST- LOK®
CAPACITORS!

Over 1,690 different capacitors to choose from!
The

industry's most complete selection of twist -prong capacitors,

Amsterdam, Netherlands
Thanks for sending along a copy of
the magazine. Although it has the same
title as ours, there is no connection between the two publications.- Editors.
MIRROR FOR TURNTABLE

To the Editors:
Those of us who prefer a turntable to
a record changer are plagued with the
necessity of having to change records at
the appropriate times. Frequently I have
rushed over to do this, only to find that
a considerable amount of the disc remained to be played.
This problem no longer exists, for I
have mounted an inexpensive mirror
above the center of the turntable at
about a 45° angle. From my easy chair
across the room, a quick glance tells me
where the arm is on the record.
C. L. HATHAWAY

bar none. Greater reliability, too. Exclusive Sprague cover design

provides

a

leak -proof seal which

Coronado, Calif.

permits capacitors to withstand

C

higher ripple currents.

GET YOUR COPY

prehensive

To the Editors:
Here I was admiringly looking over
some back issues of what I thought was
probably the finest electronics periodical
on the newsstand -when it happened.
Yes, right there on page 54 of the October, 1963 issue -in the caption of Fig. 2
where it says, "Power is computed from
P = 12/R "I Egad!

Electrolytic Capacitor
K -106

from

your Sprague Distributor, or write

Sprague Products Co., 51

Mar-

shall Street, North Adams, Mass.

C

POWER FORMULAS

of Sprague's com-

Replacement Manual

C

SPRAGUE®
THE

MARK OF RELIABILITY

T.

ZINTER

Logistics Field Engineering
Autonetics
Downey, Calif.
I'R, P = I-R....
Sorry. P = I'R, P
-

WORLD'S LARGEST MANUFACTURER
65.126.63

10

OF

CAPACITORS

-Editors.

CIRCLE NO. 124 ON READER SERVICE PAGE
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Must - Reading since 1930- Sylvania News
Sylvania and its distributors have long known that it nays to keep their customers informed.
That's why 35,000 dealers today receive, read and depend on Sylvania News for useful information. Now in its 35th year of continuous publication, the News is still one of the most
important dealer publications in the industry. Dealers aren't the only ones who read Sylvania
News
also serves some 70,000 distributors, engineers and technical service men. Are you
getting your copy? It's free. You can request it by asking your Sylvania distributor or dropping
a line to: Editor, Sylvania News, 1100 Main Street, Buffalo, N. Y. 14209.

-it

SYIW\N I:\
GTE
GENERAL TELEPHONE & ELECTRONICS

July, 1964
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READER SERVICE PAGE
Please use the coupon at the bottom of this page to obtain more information about products advertised in this issue.
Simply circle the number on the coupon that corresponds to the
number at the bottom of the advertisement in which you are interested.

Additional information on items mentioned in "New Products," "Hi -Fi
Product Report," and "Test Equipment Product Report" can also be
obtained by following this same procedure.
PRINT your name and address on the coupon and mail it to:

ELECTRONICS WORLD
P.O. BOX 7842

PHILADELPHIA 1, PA.

Your requests for literature will be forwarded to the
manufacturers who will be glad to fill them promptly.

WORLD

ELECTRONICS

TOTAL NUMBER OF REQUESTS

P.O. BOX 7842
PHILADELPHIA 1, PA.

Please send me additional information concerning the products of the advertisers
whose code numbers I have circled.
100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120
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128
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130

131

132
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134

135

136

137

138

139

156

157

158

159

176

177

178

179

140

141

142

143

160

161

162

163

NEW

20

PRODUCTS
21

22

144

145

164

2

1

23

24

165

3

25

4

26

146

147

148

149

150

151

152

153

154

155

166

167

168

169

170

171

172

173

174

175

5

27

6

28

7

29

8

30

9
31

10
32

11

33

12
34

13

14

35

36

15
37

16
38

17
39

18

19

40

41

42

(Key numbers for advertised products also appear in Advertisers Index)
NAME

(PRINT CLEARLY)

ADDRESS
CITY

ZONE

STATE

VOID AFTER JULY 31, 1964
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SEND NOW!
RCA INSTITUTES, INC.

DEPT. EW -74

350 West 4th St., New York, N. Y. 10014

Rush me by return mail your FREE illustrated 64 -page book
on electronics careers through Home Training! No obligation
to me! No salesman will call!
AGE

NAME
ADDRESS
STATE

CITY

ZIP

Classroom Training available in New York City, Coeducational classes start
four times a year. Check here for FREE Resident School Catalog

-

Take advantage of these same RCA Institutes courses at no
CANADIANS
additional cost. No postage, no customs, no delay. Send coupon to: RCA Victor
Company, Ltd., 5581 Royalmount Ave., Montreal 9, Quebec.

to start
profitable career in Electronics at home!
RCA will show you how

a

Faster,
Easier Way to Begin
If you are considering a future in
electronics, now is the time to
start! A great new teaching aid

' AUTOTEXT",

-

developed by RCA
and introduced by RCA Institutes,
will help you master the fundamentals of electronics almost automatically. "AUTOTEXT" is a system

of programmed instruction, a
method of learning, proved with
thousands of students. Even people
who have had trouble with conventional home training methods in
the past are finding it easier and
more fun to begin their training
this new way.

Complete Selection
of Courses
RCA Institutes offers you a really
wide selection of Home Training
Courses for every phase of electronics. You can actually pick the
field of your choice from a great

Graduates Prove Results

variety of courses such as:
Electronics Fundamentals TV
Servicing Color TV Communications Computer Programming
Drafting Automation Transistors
Industrial Electronics.

RCA Institutes Graduates not only
enjoy the prestige associated with
the internationally famous name of
RCA, but some have gone on to
open their own businesses; have
important positions in business,
industry and government.

Liberal Tuition Plan
RCA Institutes Tuition Plan affords
you the most economical possible
method of home study training. You
pay for lessons only as you order
them. No monthly payments! No installments necessary! No long term
contracts! If you should wish to interrupt your training for any reason,
you can do so and not owe one cent!

START BUILDING A
BETTER FUTURE TODAY!
SEND COUPON RIGHT AWAY!

RCA INSTITUTES,
DEPT. EW -74

Top Quality Equipment

A Service of Radio

All equipment furnished to you in
RCA Institutes Home Training
Courses is top quality. All kits and
the equipment you build are yours
to keep and use on the job! You
never have to take apart one piece
to build another!

350 West 4th Street, New York,

July, 1964

INC.

p

.. z.

Corporation of America
N. Y.

10014

The Most Trusted
Name in Electronics
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HI -FI PRODUCT

REPORT
TESTED BY IIIRSCH -HOUCK L.IRS

Shure Model 578 Microphone
"Knight" KN -990 Record Changer
tening tests were made with the high impedance connection, which may have
had some effect on the treble response.
The Shure Model 578 microphone
sells for $49.50. It is also available in
matched pairs for stereo recording, with
frequency response matched to ± 1.5 db
and sensitivity matched to ± 1 db.

Shure Model 578 Microphone
For copy of manufacturer's brochure, circle No. 38 on coupon (page 12).

THE Shure Model 578 "Omnidyne" is
a slender, omni -directional dynamic
microphone designed for high -quality
public- address or recording applications.
It is about 7% inches long and % inch in
diameter, finished in satin chrome with
a stainless steel grille. An "on -off" switch
is built in and a locking plate is provided
to clamp the switch in either position.
The microphone is finished with an integral 18 -foot, three -conductor shielded
cable. An impedance transformer, built
into the microphone case, provides a
low- impedance output for 50- to 250 ohm loads, and a high -impedance output
for loads of 100,000 ohms or higher. Impedance is selected at the free end of the
cable by picking the proper pair of output wires. A swivel stand, supplied with
the microphone, mounts on any stand

with % " -27 threads and allows the Model
578 to be tilted through a 90- degree arc.
Its slim shape makes it especially convenient for hand -held operation.
We measured the frequency response
of the Model 578 by comparing it to our
calibrated laboratory microphone, with
each one mounted in the same position
relative to a speaker some 18 inches away.
The reference microphone is flat within
± 1 db from 20 to 15,000 cps, so that no
correction was made for its response.
The frequency response of the mike
was within ±3.5 db from 70 to 10,000
cps. The mid -range was smooth and the
low- frequency response began a gradual
descent below 150 cps. Over the rated
50- to 15,000 -cps range of the microphone, the variation was under ±5 db.
Performance of the unit was also
checked by tape recording voice and
musical selections with it and listening

critically to the playback. Its quality was
very natural, balanced, and pleasing on
voice. Music also reproduced well, although with a perceptible loss of extreme highs. All measurements and lis-

Iz::''"
i®%á
L'ETmSiffiinga

1m..
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1'11111
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"Knight" KN -990 Record Changer
For copy of manufacturer's brochure, circle No. 39 on coupon (page 12).
THE "Knight" KN -990 record changer
has several interesting features not
often found in low- priced units. Basically, it is a four -speed intermix changer
which can handle a stack of up to twelve
10" or 12" records (of the same speed),
or up to fourteen 7" records. Its 11"
weighted aluminum turntable is driven
by a four -pole motor.
The changer has two operating con trols-a speed selector (with a neutral

position which disengages the idler

wheel), and a knob which turns on the
changer, rejects a record, or shuts it off.

Most record changers which offer "manual" operation do this only partially since
their trip mechanisms remain operative
and shut off the changer after playing a
record manually. This often prevents
the user from manually placing the pickup near the end of a record without actuating the trip mechanism. The KN -990
offers true manual operation in which
the trip and change mechanisms are
completely disabled. This is accomplished by moving the overhead leveling
arm to one side and holding the arm
against the center post while the change

ELECTRONICS
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Genuine

NOO ISE"

Radio, FM
Volume Controls, Band
Switches, Relays, Push -Button Assemblies, Electrical
Contacts. Does NOT HARM precious metals
does
not change capacities. DOES PREVENT gumming, eliminates binding on automatic record changes.ECONOMICAL
little Does A Lot!
FOR TV,

.

.

-A

TV. RADIO.

/

CHEMICAL CORS'
MIl COMMUN1PAW AV( NUI
1

ALL NO -NOISE AEROSOL PRODUCTS

-

NON -FLAMMABLE

01SE"

NON -TOXIC

NO PRICE INCREASE!

ECOEIOmi:al

rot.

-

restores
lubricates,
Cleans.
including
tuners
alt
type
watet
-tic, non-intlammabl
N on

TV
Use far

FM
radio and

SFRAI CAN

..E to servicemen

$32t

ALL
IECTRICAL CFOR
ONTA

CTS

new formula

ree
'

with Perma-Film
WONT gfECT PLASTICS
a little

NO CARBON TET

Only With
Aerosol Products

Tuner-Tonic

00

net to servicemen

WON'T AFFECT PLASTICS

New 1964 Jobber Plan!
Ask Your Rep. For Details

6

AVAILABLE ONLY IN
6 -0Z. SPRAY CANS

.

ELECTRONIC

a

25

Backed by 15 years of solid experience, the original No Noise" products retain
leadership in the field with an all -new, better -than -ever product! Imitated by many,
equalled by no other product for OUTSTANDING QUALITY.
Experienced servicemen the land over insist on the genuine
No Noise"
products .
.
Never misled by cheap imitations, ineffective and sometimes
dangerous by- products.

RECORD CHANGERS

does

s

IN STRICT CONFORMITY WITH ALL FEDERAL, STATE AND MUNICIPAL LAWS & REGULATIONS

CONTACT
RESTORER

N

.

...

ovarnaso

4

TET

CLEANS, LUBRICATES, RESTORES AND PROTECTS

VOLUME
CONTROL

IENS(Y CITY

CONTACT RESTORER

0-WON'T AFFECT PLASTICS
NON -TOXIC NON -FLAMMABLE NO CARBON

o
OISE''

FOR
b

VOLUME CONTROL

5"

44
$3.50

PLASTIC EXTENDER
with Push Button Assembly

Fastens easily and securely for the finest
pin -point
applications.
Invaluable on all
kinds of jobs. Positively won't cause shorts.

net to servicemen
6 o1.

SPRAY CAN

Konomicalt
o

tístte does

o

lot

LUBRICATES

ALL PRODUCTS SOLD WITH
MONEY -BACK GUARANTEE

CONDITIONS
CLEANS

All Electrical

ALL FREIGHT PREPAID

ELECTRONIC CHEMICAL CORP.
July, 1964

813 Communipaw Ave. Jersey City 4, N. J.
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Here it is.
An all channel

UHF amplifier."

cycle is underway. The trip and change
mechanism remain disabled until a new
change cycle is manually initiated. The
player can be shut off and turned on at
will without leaving the manual mode if
the control knob is not moved to its "Reject" position.
The arm of the changer is a balanced,
tubular design with a plug -in cartridge
shell. It has a sliding tracking -force indicator and adjustment which controls the
tension in a spring that sets the tracking
force. The arm tube is calibrated in one gram intervals from 0 to 5 grams. Although the balanced aria is not particularly critical as to leveling, the three
mounting springs can be adjusted to
level the changer. This is made especially convenient by a built -in spirit level
On the motorboard.
\leasuring the rumble of the turntable
in accordance with NAB standards, we
found it to be 30.5 db in the lateral
plane and -19.5 db in the vertical
plane. These figures, while not as low as
we have measured on some more expensive record players, are comparable to
others in its price class. Rumble is not
particularly audible unless speakers with
substantial output in the 30 -cps region
are used.
The wow and flutter were very logy.
0.07% and 0.035% respectively at 33%
and 45 rpm, and 0.05% and 0.025% at 78
rpm. At 16% rpm the Wow and flutter
were each 0.1 %, which is quite satisfactory for music and completely negligible
for the talking books and speech recordings which make up the bulk of 16% rpm
recordings. The four speeds were very
slightly fast when playing one record
with a 4 -gram tracking force. The stylus
force calibration Was accurate to within
± 0.5 gram. Tracking force increased by
about 1 gram from beginning to end of a
%" stack of records. The change cycle
required 8.5 seconds.
The arm appeared to be slightly too
short for optimum tracking -angle error.
The error was as great as 2 degrees /inch
of record radius at the inner grooves of
a record. This is not a serious fault from
a listening standpoint, but could be easily cured with a slight change of cartridge shell dimensions.
We found the operation of the
changer to be smooth, quiet, and reliable. The manual operation was especially convenient for some of our test records where we have to select bands near
the inside of the record. The finger lift
on the cartridge shell was much too short
and almost impossible to use in the intended manner.
The KN -990, which is manufactured
in the U.S., is currently listed in Allied
Radio catalogues for $49.95 and can be
had with any of several makes of cartridges already installed in its head for
only one cent additional. Our test unit
was fitted with a Shore \l3D. A walnut
mounting base is available for $4.00. A

-

"So what ?"

"So, Bob, it's the world's first two transistor
UHF

amplifier."

"Big deal.

""

"Gives twice the gain of those one transistor jobs.:,'
"Go on, Harry. Go on."
"It's the first to deliver peak performance
on all UHF channels."
"So what does it all mean to me?"
"Cleans up fuzzy pictures, brings in distant signals
sharp and clear."
"Now you're really talking.
"Remote power supply, Miracle Mount for instant
mounting, 300 ohm strapless screws."
"I'm sold. What's it called?"
"The Blonder- Tongue Able - U2.Only $44.95 *.
at your TV dealer."
"Did you say Blonder- Tongue? Great! I can use it with
my Blonder -Tongue Golden Dart UHF antenna."
""

"Hey, Charlie! Here it is. An all- channel
UHF amplifier!"

"So what ?"
usi

16

Blonder- Tongue Laboratories,

9 Ailing St., Newark 2, New Jersey

CIRCLE NO. 102 ON READER SERVICE PAGE
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ELECTRONICS WORLD

WHAT IS THE COMMON DENOMINATOR OF
AN ANCIENT EGYPTIAN PYRAMID
AND A MODERN ELECTRONICS CAREER?

A STRONG FOUNDATION?
The Egyptian pyramid was built on a strong foundation. What about your electronics career ?

Advancement in electronics depends on a solid understanding of basic principles. If you are
handicapped by a poor understanding of these vital "basics," you need training -the strong
foundation training offered by Grantham School of Electronics.
Beginning at the beginning, Grantham training progresses in a logical, step -by -step manner
up through the complex theory of the Missile Age -and all of the math you will need is taught
as an integral part of our lessons. Because we present these all- important basic principles
with maximum penetration, you will learn to think and reason electronics rather than relying
on half- understood concepts and rote -memory.
The Grantham program is made up of three consecutive steps, and each completed step increases
your value as an electronics man. The following is a "thumb-nail sketch" of the Grantham 3 -step
program for electronics advancement:
Course I leads to attainment of your First Class F.C.C. License and may be completed in
the classroom or through home study.
Course II gives you practical experience on a great variety of "live" electronic equipment
in the Grantham Student Laboratory.
Course III offers Advanced Electronics Training (including microwave and radar) and prepares you to advance to senior- technician status.
Get complete details in our free 44 -page booklet. Mail coupon, or telephone the school nearest
you; phone numbers and addresses are listed below.

GRANTHAM SCHOOL OF ELECTRONICS

(Moil in envelope or poste on postal cord]

National Headquarters Office 46 -K

Los Angeles Division
1505 N. Western Ave., Los Angeles, Calif.

Phone:
90027 HO 7 -7727
South Gate Division
Phone:
9320 Long Beach Blvd., South Gate, Calif. 90280
564 -3421
Garden Grove Division
Phone:
12732 Garden Grove BI., Garden Grove, Cal. 92640
530 -0795
Seattle Division
Phone:
408 Marion Street, Seattle, Wash. 98104
MA 2 -7227
Kansas City Division
Phone:
3123 Gillham Road, Kansas City, Mo. 64109
JE 1 -6320
Washington Division
Phone:
821 -.19th Street, N.W., Washington, D.C. 20006
ST 3 -3614

Grantham School of Electronics
1505 N. Western Ave., Hollywood 27, Calif.
Gentlemen:

Please send me your FREE 44-page booklet,
"CAREERS IN ELECTRONICS."
Name

Age
(PLEASE PRINT)

Address

City
State
I

AM INTERESTED IN;

0 HOME STUDY 0

RESIDENT CLASSES

L

July, 1964
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Build your own

top quality Eico Kits
and save up to 50%
New Tape Deck

Eico Classic 2400 stereo /mono 4 -track
tape deck, 3 motors. Kit $199.95; wired
$269.95 (Incl. oil finish walnut base)

3 " Portable Scope

New

Eico 430 General Purpose 3"
Scope. Flat -face CRT with mu -metal

shield. Kit $69.95; wired $99.95

11`

WÍ/FM Sweep
í!

New

New

Generator

a

Eico 369 TV /FM Sweep generator,
with built -in post injection marker
adder. Kit $89.95; wired $139.95

CB Transceiver
Eico 777 dual conversion 6 crystal -controlled channels,
5- watts. 3 -way power supply. Kit $119.95; wired $189.95

New Stereo Rcvrs.
Eico Classic 2536 36 -watt FM -MX Stereo Receiver.

Kit $154.95; wired $209.95 (Incl. F.E.T.)
New Stereo Tuner Eico Classic 2200 FM -MX Stereo
Tuner. Kit $92.50; wired $119.95 (Intl. F.E.T.)

New Stereo Amplifiers Eico Classic 2036 36 -watt.
Kit $79.95; wired $109.95. Eico Classic 2050-50 watt stereo. Kit $92.50; wired $129.95. Eico Classic
2080 80 -watt stereo. Kit $112.50; wired $159.95.

New Tube Testers
Eico 667 Dynamic

Conductance Tube &
Transistor Tester. Kit
$79.95; wired $129.95.
Eico 628 Tube Tester.
Kit $44.95; wired $59.95
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RADIO TELESCOPES:
PAST, PRESENT & FUTURE
By ALBERT GIDDVS & LOUIS MAGGI

Philco Corporation

An international roundup of radio telescopes showing
how they work, some of the new locks in antennas, and
a look into the possible future o- these new devices.
DIO telescopes are opening new windows in the sky by letting astronomers "see" vast
regions of the heavens hitherto denied to them by optically opaque clouds of interstellar dust and gas. Radio signals emanating from celestial objects that are invisible to
optical telescopes constantly penetrate this curtain, and supersensitive radio telescopes now
enable radio astronomers to detect these signals and to use them to further advance man's
knowledge of his universe.
The first signals from outer space were detected -by accident -in 1931 when Karl Guthe

R

1. Australian 210 -ft. steerab %a
tenna. The feed components are mo'
in shelter housing located at the asp
of the feed support legs. The size cf the
antenna can be estimated from the s ze of
the man standing on the building catwalk.

Fig.
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Fig. 2. Ohio State University parabola. The flat, tiltable portion is at the top. The small structure located on the ground
plane is the housing for the feed line for this unique system.

Fig. 3. Operation of the Ohio Sate University parabola. The
flat reflector is tilted to scan the skies for radio signals.
The parabolic section focuses the signal to the feed horn.

Jansky, then a 2:3-year-old research engineer with Bell Laboratories, was investigating the causes of static at 20 mc. in
transatlantic radio communications. During his long periods
of listening he heard some strange hissing noises coming from
his receiver. After carefully checking his log book he noted
that the times these noises occurred coincided with the passage of certain stars in the sky. Further investigation proved,
indeed, that these strange signals were being generated by
the constellation Saggitarius in the heart of the Milky Way.
After the initial excitement of his discovery had died down,
however, Jansky was given other work to do, and the scientific
world soon lost interest in this remarkable phenomenon.
During the next few years only one man, a United States scientist named Grote Reber, carried Jansky's work forward.
Reber (who became interested in these celestial radio waves
through his avid preoccupation with DX as a ham) designed
and constructed his own radio telescope, a crude wooden and
tin parabolic reflector 30 feet in diameter and operating at a
frequency of 160 mc. With this apparatus he not only confirmed Jansky's initial findings, but he also discovered a new
source of radio signals coming from the constellation Cygnus.
In 1942, at the height of the German bombardment of England during World War II, a number of British radars tracking the invading aircraft experienced severe interference
when the antennas were pointed toward the sun. Mr. J. S.
Hey, then a physicist with the Royal Radar Establishment,
investigated this unusual phenomenon. In secret reports made
public after the war, he announced that this interference was,
without question, caused by electromagnetic radiation from
the sun in association with sunspot activity.
Except for these isolated instances of sky probing, it was
not until a decade after Jansky's discovery that the scientific
world began to take active interest in radio emission from
outer space. Although the original discovery of celestial radiation was made and subsequently confirmed by two American
scientists, further advances in radio astronomy were carried
out principally in England and Australia. After it became
apparent that this new science could unlock secrets of the
universe forever closed to optical astronomers, other countries, including the United States, began actively experimenting in radio astronomy.
Today, more than 350 radio telescopes are either in operation, in construction, or on drawing boards throughout the
world. Let's take a look at a few of those currently in use and
at some planned for the not- too -distant future.

light- or image -collecting device. The outputs of these receivers are usually connected to recording apparatus that
provide continuous, permanent records of the celestial signals received.
Naval Research Laboratory Radio Telescope: One of the
first modern radio telescopes to be placed in operation in the
United States was the Naval Research Laboratory's 50 -foot
parabolic antenna located on the roof of the Laboratory at
Washington, D.C. In continuous operation since the early
1950's, the NRL radio telescope has been (and is now being)
used as an astronomical workhorse for observing the Sun,
Moon, Jupiter, Venus, and Mars as well as a number of radio
stars. Because of its 0.032 -inch surface accuracy, the solid aluminum dish is useful for detecting extraterrestrial radio
signals in frequencies up to 15 gc. (15,000 mc.) Recent introduction of a maser receiver has greatly improved the
sensitivity of this antenna.
Australia's 210 -Foot Dish: One of the most recent single aperture radio telescopes placed in operation is the Commonwealth Scientific and Industrial Research Organization's
(CSIRO) 210 -foot steerable dish located near Sydney, Australia. See Fig. 1. This huge structure, mounted on an azimuth- elevation (az -el) pedestal is designed to detect the
21 -cm. radiation emitted by hydrogen atoms in the galaxies.
Detecting this hydrogen radiation will give astronomers and
scientists a detailed picture of the structure of our own Milky
Way, enabling them to further probe the mysteries of our
neighboring galaxies and to answer the question, "What fills
the space between the stars ?"
Although smaller than the well -known 250 -foot radio telescope located at Jodrell Bank, England, the ability of the
Australian antenna to detect the hydrogen -line radiation,
plus the closer mesh of its reflector surface, allows it to outperform its big brother in England and makes it one of the
most effective instruments in use today. The beamwidth of
the CSIRO antenna is an extremely narrow 0.25 degree; thus,
giving it a good resolution capability. In spite of its huge
size, this radio telescope can be pointed to an accuracy of 0.02
degree by means of a unique drive system.
University of Texas' 16 -Foot Midget: In addition to the
highly publicized giant radio telescopes, numerous smaller
instruments are in use today, scanning the skies and adding
to man's storehouse of knowledge. One such antenna is the
16 -foot parabola (cover) recently placed in operation at the
University of Texas in Austin, Texas. This antenna is worthy
of mention since it is by far the most accurate radio telescope
ever constructed. The surface of the reflector is finished to an
accuracy of 0.0025 inch (less than the thickness of a human
hair) and is gold -plated with a film of 14K gold, 40- millionths
of an inch thick. The final polishing operation was performed
by hand in much the same way that mirrors of optical telescopes are polished. The beamwidth of this remarkable antenna is only 0.03 degree. The chief role of this telescope is
to measure the levels of planetary and lunar emission at wave-

Single- Aperture Types
The most popular radio telescopes in use today are the
"single- aperture" devices, such as parabolic reflectors (or
"dishes "), that collect the fantastically weak signals from
outer space and focus them onto feed systems connected to
sensitive receivers. The term "aperture" in radio astronomy
refers to the signal -collecting area of a radio telescope. It is
synonymous with the same term used in optics to denote a

.
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Fig. 4. The University of Illinois parabolic cylinder antenna.
This particular radio telescope uses electronic beam scanning.

lengths between 1 cm. and 2 cm. (corresponding to frequencies between 30 and 15 gc. ) In addition to its extreme
surface accuracy, the University of Texas radio telescope has
an exceptionally high pointing accuracy. The drive system
used on each axis consists of a dual- electric drive in which
one motor is biased against the other to eliminate backlash.
Both the reflector accuracy and pointing accuracy must be
maintained regardless of the temperature; consequently, the
reflector backup structure is made of "Invar," a steel alloy
having a low coefficient of expansion.
.

Nonsteerable Types
Generally speaking, the larger the dish (and the resultant
aperture) the more sensitive is the antenna and the better
is its resolution, i.e., its ability to distinguish between closely
spaced signal sources. However, at the frequencies normally
used in radio astronomy, there is a practical limitation to
reflector size beyond which structural deformations, manufacturing inaccuracies, and excessive cost rule out any advan-

tages to be gained in operating performance. To overcome
these limitations, engineers and radio astronomers have devised several ingenious techniques to increase the aperture
area of their radio telescopes.
Ohio State University Tiltable Reflector Antenna: One
method, employed at Ohio State University, uses a 260- by
100 -foot tiltable, flat reflector to reflect energy from the sky
onto a fixed parabolic section (see Fig. 2). The radio waves
reflected from this movable reflector are focused onto a 360 by 70 -foot fixed parabolic ( curved) section located at the
other end of a 3 -acre ground plane consisting of a 0.005 -inch
thick aluminum sheet cemented to a concrete slab. A feed
horn located on the ground plane near the base of the flat
reflector receives the radio signals from the parabolic section.
The output of the feed horn is coupled to a highly sensitive
receiver whose output is displayed on various graphic recorders. The principle of operation is shown in Fig. 3.
The beam of this antenna is elliptical in shape and covers
an area three degrees in elevation, by one degree in azimuth.
Operating at a frequency of 250 mc., the Ohio State radio
telescope is used primarily to survey the Milky Way.
University of Illinois Cylindrical Reflector: Another large,
low -cost radio telescope having good surface accuracy
(hence, good resolution) and very low side lobes is the 600 foot parabolic cylinder designed and developed at the University of Illinois ( see Fig. 4) The huge cylindrical section,
600 feet long by 400 feet wide, is supported by the earth. The
feed for this radio telescope consists of an array of 276 non uniformly spaced conical spirals lying along the focal line and
supported by a tower structure 450 feet long and 153 feet
high. The antenna is electronically steered by adjusting the
relative phase of the conical spiral elements. The sky coverage of this telescope is from +10 to +70 degrees above
the equatorial plane, its operating frequency is 611 mc., and
its beamwidth is a narrow one -third degree. This antenna,
.
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bigger than four football fields, will be used in one of the
most ambitious radio telescope projects to date -the mapping
of radio emissions in the entire universe.
Arecibo Radio/Radar Telescope: One of the world's largest
non- movable, reflector-type telescopes is the recently dedicated 1000 -foot spherical reflector antenna located at Arecibo, Puerto Rico, the site of the Arecibo Ionospheric Observatory. Nestled in a huge crater 450 feet deep, this massive
antenna is being used in conjunction with a powerful radar
system to probe the earth's outer ionosphere (exosphere) in
order to define the electron density distribution of that region
and to bounce radar signals off the planets to improve our
knowledge of their surfaces and atmospheres. This antenna is
so sensitive -16 times more so than the Jodrell Bank radio
telescope -that it can detect signals from stars 12 billion light years away.
The three huge pylons which support the feed assembly
are each 400 feet tall. The feed itself weighs five tons and
consists of a cantilevered 96 -foot length of slotted aluminum
waveguide. The tip of the feed facing the spherical bowl
must be positioned to within one inch of the center of the
bowl at all times to assure a beam-pointing accuracy of 0.03

tive radiated power is a staggering 2,500,000,000,000 watts.

Multiple- Aperture Types
If greater resolution than that provided by single- aperture

antennas is needed, much larger apertures are required. However, as previously stated, there is a certain practical size of
such antennas past which construction becomes economically
and mechanically unfeasible. To increase the aperture size
of radio telescopes, several smaller apertures (e.g., parabolic
reflectors) can be coupled to yield the equivalent of a very
large reflector. For example, an array of steerable reflectors
can be interconnected to make a radio telescope having somewhat less beam -scanning capability but the same sensitivity
and resolution as a single large reflector.
An array of earth-supported reflectors can also provide the
same sensitivity and better resolution than a single antenna,
but with less scanning ability. In both cases, the operating
bandwidth will depend upon the angle of scan from the
zenith and the particular arrangement of the reflectors. However, there are certain limitations in multiple -aperture arrays
that proscribe their capabilities. First of all, the complexity
of the feed system introduces problems in controlling the
amplitude and phase of the received signal. Second, the sensitivity of a radio
telescope depends upon its actual colTO ARM NO.2
TO ARM NO.1
lecting area, and the relative lack of reARM NO.1 FAN BEAM
o
flective surface limits the sensitivity of
this type of antenna.
Interferometers: To further increase
PENCIL BEAM
ARM NO.2 FAN BEAM
the resolving power of available apero
tures beyond that of single -aperture antennas, radio astronomers have adapted
the Michelson stellar interferometer to
radio waves. Fig. 5A shows the analogy
between an optical interferometer and a
radio telescope using the interferometer
PENCIL BEAM
principle. When light waves from the
(b)
(a)
OUTPUT
2)
same source pass through two apertures
Fig. 8. (A) The arms of a cross -type interferometer are corn (in this case a piece of cardboard having
bined to produce a narrow pencil beam. (B) The block diagram
two pinholes as apertures) two sets of
of the antenna and receiver sections shows system operation.
expanding waves are produced that cross
each other. When the crossing waves are
in phase they add and bright bands or
MOVABLE ELEMENT
"fringes," occur; when the waves are
i
out of phase, they cancel and dark bands
1700 ft
2570 ft
occur. Michelson produced such fringes
with two widely spaced light beams
whose distance apart could be varied.
FIXED ELEMENT
IMOVABLE ELEMENT
r
By varying the distance between these
3300ft. `-J
145011-1
1000 ft.
light sources, he was able to vary the
651t
sft.
width of the fringes as well as their separation.
In a radio telescope, if an electromag(a
(b)
L_J
netic wave comes toward the interferomPENCIL -BEAM "T"
PHASE- SWITCHED INTERFEROMETER
eter at some angle with respect to the
Fig. 9. IAI T- configuration (modified cross). (B) The phase base line L, (Fig. 5B) the radiation
switched configuration. Both used by University of Cambridge.
1

I

)41-
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degree. Scanning is accomplished by moving the feed system:
the scan area encompassed is ±20 degrees from the axis of
the reflector.
Unlike a movable radio telescope, the Arecibo telescope
is fixed; consequently, it cannot be steered. This means that
by the time a radar signal can be reflected from Saturn
(round -trip time 184 minutes), the earth's rotation would
take Arecibo out of the range of the returning signal. To resolve this problem, a companion movable telescope half way
around the world will be used to detect the radar echo and
transmit the information back to Arecibo.
The radar transmitter used in this installation has an output of 2.5 megawatts peak and, when fed into a reflector of
almost 785,000 square feet having a gain of 60 db, the eflec-

10. The movable portion of the University of Cambridge
telescope is 65 -ft. wide; rides on modified railroad track.
Fig.
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reaching the antenna element at the left of the figure travels
an extra distance. A phase difference then exists between the
two elements. So, as the direction from which the radiation
comes changes (e.g., due to the rotation of the earth), the
radiation at each antenna will be alternately in and out of
phase. The result is a multi -lobed antenna pattern similar to
the fringe pattern of the optical interferometer. The tapering
of the pattern follows the response pattern of the reflectors.
Since the separation between the two elements can be made
large, and since the lobe widths depend reciprocally upon the
distance between the elements, very narrow lobes ( and,
hence, high resolution) can be achieved.
The outputs of the two antenna elements are mixed, multiplied, and passed through a low -pass filter. The resultant
output is the mean difference between the outputs from each
element. Since background noise is eliminated in this type of
antenna, extremely sensitive recording devices can be used.
A two- element interferometer at the Owens Valley Observatory in California (operated by the California Institute of
Technology), consists of two 90 -foot steel -mesh paraboloids
that can be separated up to 1600 feet in either the north -south
or east -west direction by riding on railroad tracks. This antenna, operating at 960 mc. is used to chart the distribution
of radio noise in our galaxy. Its beamwidth is as fine as 0.03
degree, and its pointing accuracy is within plus or minus
0.002 degree.
Another multiple aperture radio telescope is the Canadian
600 -foot compound interferometer operated by the National
Research Council in Ottawa. A 150 -foot long waveguide horn
is used as one section of an interferometer and a four-element
grating antenna is used as the other section of the interferometer. See Fig. 6. This interferometer operates between 2800
and 3000 mc. as a meridian telescope to examine the surface
brightness of the sun. The beam pattern of this radio telescope is a narrow fan beam 0.02 degree wide in the east -west
direction and 2 degrees wide in north -south.
Cross -Type Radio Telescopes: To measure complex noise
distributions, such as those emanating from the sun, the ideal
beam to use is a sharp pencil beam that can locate special
regions of radio emission and can resolve details within the
over -all signal source. The leading development in this area
is the pencil -beam interferometer developed by W. N. Christiansen at Sydney, Australia, in 1953. A typical descendant of
Christiansen's radio telescope is Stanford University's "cross"
located at Palo Alto, California ( Fig. 7) Each arm of the
cross consists of sixteen 10 -foot paraboloids arranged along a
375 -foot line. The cross radio telescope operates in the 2700 to 3350 -mc. region producing multiple beams ( "fringes ")
0.05 degree in width. This antenna scans the sun line -by -line
much the way a television camera scans. As shown in Fig. 8A,
each arm produces a very narrow fan beam. By mixing the
outputs from each arm alternately in equal and opposite
phase and phase -detecting the modulated signal, a pencilbeam pattern is produced, as shown in Fig. 8B. The main beam pattern of the interferometer cross consists of the
pencil beam shown at the intersection point in Fig. 8A.
.

11. This dipole array radio telescope at Jicamara, Peru,
contains over 9000 dipoles backed by chicken -wire ground plane.
Fig.

Fig. 12. Artist's conception of 120 -ft. Haystack Hill radio
telescope soon to be operating for MIT's Lincoln Laboratory.

Russia also has a cross -type radio telescope, nearing completion at the Oka Radio Astronomical Station outside Moscow. This highly sensitive interferometer, having a beam width of approximately 0.25 degree at 100 mc., will be used
to examine radiation from the sun's outer atmosphere between 50 and 130 mc. The east -west arm of the cross consists
of 37 60 -foot towers supporting a 3280 -foot, wire- surfaced
parabolic cylinder 131 feet wide. The arm is rotated about
the long axis by simultaneously energizing synchronous motors located on top of each tower. The north -south arm ( not
yet completed) is a fixed parabolic cylinder whose fan -shaped
beam will be steered by a line feed consisting of a phased
array of dipoles.
A similar cross has been designed for the University of
Bologna, Italy, except that the north -south arm is an array of
parabolic cylinders. In Australia, a one- mile -long cross of two
parabolic cylinders is being designed for the University of
Sydney.
Aperture Synthesis: To achieve the high -resolution capability of switched -interferometer radio telescopes with a much
smaller expenditure of steel and aluminum, the technique of
"aperture synthesis" is used. In aperture synthesis, a large
antenna is synthesized (i.e., several small antennas are connected so that they look like a large antenna) by a pair of
much smaller elements that cover successively the physical
area that would be occupied by the large antenna. By sampling the radio signals received at different times with the
elements at different positions and then combining the results of the separate observations in a computer, a radio telescope of any size and with any antenna pattern can be duplicated.
Fig. 9 shows how aperture synthesis has been used at the
University of Cambridge in England to simulate a T- antenna
(a modified cross antenna) and an interferometer, each
having the equivalent collection area of 200,000 square
feet. Fig. 10 shows the movable element. Both the cylindrical
parabola (not shown) and the movable element have been
used in a radio -star survey to generate a synthesized beam width 0.3 by 0.4 degree at 178 mc. for a cost of only $2.00
per square yard of aperture.
Dipole Arrays: Another method of achieving a large aperture is through the
(Continued on page 60)
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RATING

UNKNOWN

POWER TRANSFORMERS
How to find the current rating and operating characteristics
of standard power transformers by using two simple graphs.

By
H. Q.

DUGUID

electrically because the iron losses must be dissipated. Excessive heating or noise are warnings of trouble although the
noise might be due to a loose lamination in the core.
While the transformer is "cooking," check and record the
no -load voltage developed by the several windings. This
check will further identify the various heater windings. CAUTION: Never connect more than one voltmeter lead to a
winding before energizing the transformer. The transient voltage developed in the secondaries by current inrush into the
primary can damage the voltmeter. Learn the one -hand technique -one hand in the pocket. Use insulated alligator clips
on the meter leads and it will be easy to make all connections
with one hand. If possible, measure the no -load primary current. This is a relative indicator of trouble.

OWER transformers are designed and built to do a certain job. Their ratings are clearly spelled out in the manufacturers' catalogues and this makes the selection of an
appropriate transformer a relatively simple matter.
What should be done, however, when such catalogues are
not available? This is often the situation when salvaged transformers are being considered for a project. A few simple
measurements will permit the rating of a transformer with
the aid of the curves given here. This makes it possible to
avoid a power transformer that is too small for the job at hand.
The method to be discussed is useful for checking unknown
power transformers to be used with a full -wave, center tapped rectifier circuit, as shown in Fig. 1. The curves cover
a size range of about 30 to 300 volt -amperes (va.).

Current Ratings

Unenergized Testing
The first step in the rating process is to tighten the through

The no -load primary current will range from about half of
full -load current for very small transformers -particularly
those operating at high magnetic flux density in the iron -to
about one-eighth of full -load current for larger units of, say,
300 -va. rating.
To determine the maximum current that can be drawn
from the high -voltage secondary as d.c. current from the filter,
it is necessary to calculate the unit resistance of the high -voltage winding. Divide the measured d.c. resistance in ohms by
the open -circuit or no -load a.c. voltage to get ohms /volt.
Since the two halves of the high -voltage winding may be
slightly different, use the total voltage and the total ohms to
get an averaged value. Read on the curves of Fig. 2 the permissible d.c. current (in ma.) that can be drawn from the
filter for either choke or capacitor input filter.
The plate -to -plate a.c. voltage of the high -voltage winding
under load can be approximated by subtracting from the
measured no -load voltage the product of the d.c. load current
( in amps. ) and twice the measured d.c. resistance from plate-

bolts and check the leads. If the transformer is still mounted
in a piece of equipment, it will be necessary to remove tubes
or disconnect other loads before making the required measurements. Check the continuity of all windings and record
the d.c. resistance values for these windings. If the leads are
not properly color- coded, tag them. The winding (s) having
the highest resistance will be the high -voltage winding for
the rectifier. If only two high -voltage leads are found, check
to see if the center -tap is grounded internally. The resistance
to ground -core or case -will be about half that of the resistance between leads if this is so. If the high- voltage or other
winding is tapped, this may be determined by the continuity
and resistance checks.
Occasionally an extra lead is found which does not appear
to connect to any winding. This lead may connect to a Faraday shield located between the primary and the several secondary windings. The other winding having appreciable
resistance will be the primary. The d.c. resistance of most
heater windings is usually too low to be measured conveniently. After identifying all windings by continuity check,
make another check from winding to winding to make sure
that there is no internal short between windings. This completes the unenergized testing on the transformer.

Fig. 1. Transformers are to be used in full -wave circuit.
Typical resistance values and voltages are indicated here.
CHI

CH2

R+

"Cooking" the Transformer
Hook the transformer primary to a source of power. The
transformer should be allowed to "cook" for several hours to
see how hot it gets under no -load. A transformer with a
shorted turn will usually destroy itself very quickly. Most
transformers will become warm at no- load -warm but not hot.
The transformer must become warm even though not loaded
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to- plate. The resultant d.c. voltage into the filter can be found
for a particular rectifier tube from curves in a tube handbook.

Practical Transformers

.10

J

Practical transformers are built under restrictions imposed
by economics, space, and required electrical characteristics.
This often results in a design that is far from ideal. By one
definition, an ideal transformer would have a core of square
cross- section as for a given voltage per turn, the length of each
turn would be least. This means less resistance and thus lower
12R losses and better regulation. Transformers with cores having a square cross -section are uncommon -most transformers
having a core thickness greater than the width of the center
section. This construction reduces the weight slightly and
may reduce mounting area. The reduction in iron losses is
offset by increased copper loss because of the fact that the
turn length is greater.
It is worthwhile to look at the changes that take place in
transformer design as size is increased from about 30 to 300
va. The outside surface does not increase as rapidly as the
volume. Since volume determines rating and surface determines cooling, it is necessary to improve the efficiency as size
increases by reducing the iron and /or copper losses. The
losses in the iron core can be reduced by lowering the magnetic flux density or by using a better grade of iron. As size
is increased it is also desirable to reduce the permissible current density in the copper wire of the windings. This means
larger wire of lower resistance and less 12R loss. These factors
may improve the voltage regulation of the transformer-gen erally speaking, the larger transformers will have the better
voltage regulation.
The curves of Fig. 2 show the relationship between the unit
resistance ( Q /v. ) of the high -voltage winding and the permissible current that may be drawn from the filter. The
curves were developed by plotting data taken from transformers of several manufacturers, covering the size range of
about 30 to 300 va. rating. The data plotted very well with
little spread. Although permissible d.c. load current for choke
input is about one -third greater than for capacitor input, the
transformer load is not increased as the r.m.s. current from the
transformer is less for a given d.c. load when operating into
a choke input filter.
The ratings of heater windings are more difficult to determine unless the wire of the winding is brought out as a lead.
In this latter case, the permissible current is easily calculated
after the wire size is measured -allowing one ampere for each
700 circular mils of wire cross- section. Standard copper-wire
tables can be used to relate measured wire size to cross -section area in circular mils. (For example, No. 22 wire will
carry about 0.9 a.; No. 20, about 1.5 a.; No. 18, about 2.3 a.;
No. 16, about 3.7 a.; and No. 14, about 5.9 a.)
In service, the heater winding voltage should be checked.
If the voltage under load is less than the nominal rating, e.g.
6.3 volts, the winding is probably overloaded. The method
used for rating the high -voltage winding could also be used
to rate the heater windings-with different curves. The
method would not be too practical as few experimenters have
the necessary equipment to measure such low resistances.

Final Check
One final check which can be made with the transformer
under full -load is to check the primary current. The primary
current must not exceed the value shown on the curve of Fig.
3, which relates the permissible primary current to the primary d.c. resistance in ohms. The values on the plot are for
117 -volt primaries. For the occasional 220 -volt primary, enter
the curve with one -quarter of the measured resistance. The
winding of a 220 -volt primary is approximately twice as long
as a 117 -volt primary and is wound with wire having about
half of the cross -sectional area, which doubles the resistance
per unit of length.
July, 1964

For example, take a power transformer having the d.c.
resistances and high -voltage secondary open- circuit voltage
shown in Fig. 1. Calculate oluns /volt= (22- 2:3)/720 =45/
720 = 0.0625. From the curves of Fig. 2, read 245 ma. for a
capacitor -input type filter and 325 ma. for a choke -input type
filter.

The plate -to -plate a.c. voltage into the rectifier under load
will be approximately 720
(2 x 45 x .245) = 720
22
698 volts. The actual voltage will vary with the total transformer load but, for design purposes. this value is more useful
than the open- circuit voltage. This transformer will be fully
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loaded when the primary current reaches 2.3 amperes, which
is the value corresponding to a resistance of 0.8 ohm on
the curve of Fig. 3.
The curves given in this article are for standard radio and
TV type transformers-not hermetically sealed but equipped
with standard end shells. Transformers with special heat radiating fins inserted into the core are capable of somewhat
higher loads -the increased surface makes it possible to dissipate more heat. Standard -type transformers will run hot at
full -load as the copper losses as well as the iron losses must be
dissipated. The method detailed in this article may be extended to hermetically sealed transformers but this will require collection of data to prepare additional curves. Generally speaking, ratings for hermetically sealed units will be
lower because of the increased difficulty in dissipating the
heat.
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RECENT

DEVELOPMENTS
in ELECTRONICS

Gemini Rendezvous Radar. (Below) The first pro-

duction prototype rendezvous radar for the Gemini
program is shown being acceptance tested before
delivery by Westinghouse. The radar will be used
to guide our astronauts to their target when they
reach a point about 250 miles from each other.
Through the use of a command link designed into
the system, the astronauts will have the ability
to exercise command and control over the Agena
vehicle with which rendezvous is to be performed.

TV for Surveillance. (Above) An expanded gate surveillance TV installation is used on each of
five gates at G -E's Syracuse, N.Y. plant. A
single guard is shown monitoring all five gates.
The guard has a two -way audio system for conversations with personnel and vehicles entering any
of the gates. The system also uses automatic gate

openers, close -up cameras, and pressure mats for
signalling entry and exit of personnel and cars.

Integrated- Circuit Hearing Aid. (Below) The first
widespread consumer -product application of integrated circuits is in the new Zenith "Arcadia"
hearing aid. The complete six -transistor amplifier was fabricated by Texas Instruments on a single chip with ten leads as shown. The amplifier
has a maximum gain of 75 to 80 db and draws only
2 ma. from a silver oxide 1.55 -v. battery. Including the transducers and battery the entire
hearing aid weighs only 1/4 ounce and is designed
for behind -the -ear use. Cost of the aid is $295.

Microelectronic Computer. (Above) The IBM Sys tem /360 is the first commercially available data processing system whose design is based on the
use of microelectronic circuits. As a result of these
circuits, computer size has been reduced while
speed has been increased. The microelectronic
logic card (center foreground) contains 12 circuit
modules. It succeeds circuit cards (right) on which
separately packaged transistors and diodes were
mounted. This technique was an advance over the
use of racks of vacuum tubes in assemblies shown
at left previously employed in early computers.
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Electroluminescent Lighting Tape. (Below) Flexible lighting tape, called
Tape- Light, that will be available by
the foot was demonstrated recently by
Sylvania. The tape uses a thin strip
of aluminum foil, a layer of phosphors,
and a transparent conductive coating
which are sandwiched between protective layers of clear plastic. It is 42 in.
thick and has a lighted width of 1 in.
The tape is manufactured in lengths up
to 150 feet and can be factory sealed
to form any desired length for unusual
lighting applications in those cases
where low -level illumination for decorative or marking purposes is required.

International Scientific Satellite Launched. (Above) The UK -2
satellite, second in a series of scientific satellites built under
the cooperative program of the U.S. and United Kingdom, was
launched from Wallops Island by NASA. Built by Westinghouse,
the spacecraft will add to our knowledge of the upper atmosphere, distant stars and galaxies during its 1 -yr. lifetime. The
satellite has equipment to measure galactic noise between
0.75 and 3 mc., high -altitude ozone, and micrometeoroïds.

College TV Center. (Right) A
new Television Center has been
opened at Brooklyn (N.Y.) College
with a full complement of broadcast- quality equipment. The Center is one of the largest and best -

equipped TV production facilities
in U.S. education. It has six cameras, two TV film systems, two
video tape recorders, and a complete control -room setup, all supplied by RCA. The equipment will
all be handled by students as part
of their college training. The Center will also produce video tapes
that are to be employed for in-

struction.

Technical capability
commercial TV
stations, and superior to some.
is equal to most

First Ship -to -Shore Tropo System.
(Right) A teletypwriter message was
sent completely around the world and
back to a ship at sea in under a half
second via the first ship -to -shore tropo
scatter equipment. The FM tropo gear,
made by Radio Engineering Labs, is installed aboard the USS Northampton, a
new heavy cruiser. In this form of transmission, radio waves are beamed into
the troposphere where scattering occurs. Antennas located over the horizon
several hundred miles away pick up the
signal. Tropo scatter is suitable for covering difficult terrain and large bodies
of water with reliable communications.
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BINARY
COMPUTER CODES
and ASCII
By ED BUKSTEIN
Northwestern

TV

and Electronics Institute

A new binary language has been standardized to permit different
makes of computers and data processors to "talk" to each other.
This is the American Standard Code for Information Interchange.
COMPUTERS and other digital equipment are implemented from two -state ( "on -off ") devices such as flip flops and gate circuits. Data and instructions are
therefore handled in the two -symbol notation of the binary
system. Various codes have been developed in which these
two symbols, 0 and 1, are used to represent the decimal digits
from zero through nine. One such code, known as BCD (binary-coded decimal), is shown in Table 1. As indicated, the
decimal digits are represented by the four -bit binary groups
from 0000 ( zero) to 1001 (nine) The decimal number 1964
would therefore be represented in BCD as: 0001 1001 0110
0100.
BCD is sometimes referred to as 8421 code because, in each
four-bit group, the four positions from left to right are assigned weights or values of 8, 4, 2, and 1. For this reason,
0110 represents six (4 and 2), 1001 represents nine (8 and
1) , and so on.
Another weighted code in which the positional values are
7,4,2, and 1 is shown in Table 1. Decimal 7 in this code is
1000, decimal 8 is 1001 (7 and 1) , and 9 is 1010 (7 and 2)
An advantage of this 7421 code over the 8421 code is that no
four -bit group contains more than two ones. In certain cardhandling machines in which the ones are represented by
notches in the edge of a card, it is advantageous to use a code
requiring no more than two notches for each decimal digit.
The Gray code shown in Table 1 is a non -weighted code.
The four -bit combinations which represent the decimal digits
are selected in accordance with the requirement that only one
bit changes in going to a next higher digit. For example, in
going from 7 to 8 (0100 to 1100) only the left -most bit
changes. By contrast, all four bits change in BCD in going
from 7 to 8 (0111 to 1000 ) Having only one bit change at a
time is advantageous in certain types of analog -to- digital
converters.
Excess -3 (XS -3) is also a non -weighted code. A characteristic of this code is that any two digits whose sum is nine
are exact opposites in terms of zeros and ones. The digits
3 and 6, for example, are exact opposites (0110 and 1001)
Similarly, 2 and 7 (0101 and 1010) are exact opposites. This
characteristic of the code is advantageous in computers using
nines -complement arithmetic because the nine-complement
of any number can be obtained simply by changing the ones
to zeros and the zeros to ones.
.

.

The 2- out -of -5 code uses five -bit groups to represent the
decimal digits. These are shown in Table 1. An important
characteristic of this code is that each five -bit group contains
exactly two ones (hence the name 2- out- of -5). This characteristic simplifies error -detection in the computer. Should the
error -checking circuits discover a five -bit group containing
either more or less than two ones, an error is indicated.
Another name for the 2- out -of -5 code is 63210 code. These
numbers are the weights or positional values of the system.
For this reason, 01100 (3 and 2) represents decimal digit 5,
10010 ( 6 and 1) represents 7, etc. To retain the 2- out -of -5
characteristics, 00110 is used to represent decimal digit
zero. The computer is designed to recognize this five -bit group
as zero, and therefore does not confuse it with the representation for 3 (01001)
In computers designed for business data processing, it is
necessary to deal with alphabetic as well as numerical data.
Customer names, street addresses, city and state, etc. must
be expressed in binary form for invoice and billing applications. Similarly, in payroll work, employees names must be
represented by meaningful configurations of binary bits. One
system of alphanumerical coding is illustrated in Table 2. As
shown, each of the four vertical columns of the table is identified by a pair of zone bits. Each of the 16 horizontal rows
of the table is identified by a group of four detail bits. Any
numeral, alphabetic character, punctuation mark, or special
symbol can, therefore, be represented by a total of six bits.
The letter E, for example, is represented as 110101 ( zone
bits 11 and detail bits 0101) Likewise, the letter N is
represented as 100101, the letter G is 110111, and the numeral 8 is 001000. The unused combinations in Table 2 can
.

.

.

.

Table 1. Commonly used binary codes employed in computers.
Decimal

BCD

0000

7421 Code
0000

Gray Code
0000

XS -3 Code

o
1

0001

0001

0010

0010

0001
0011

0100

2

3

0011

0011

0100

0100

0010
0110

0110

4
5

0101

0101

6
7

0110

0110

8

0111
1000

9

1001

1000
1001
1010

0011

0101

2- out -of -5 Code
00110
00011
00101
01001

0111
0101

0111
1000
1001

01010
01100

0100

1010

1100

1011

1101

1100

10010
10100
11000

10001

ELECTRONICS WORLD

28

www.americanradiohistory.com

be assigned for other punctuation marks,
mathematical symbols or other material
the user may require.
To facilitate error-detection, a parity
bit is often added to the six -bit combinations of the alphanumeric code. Each
alphabetic character, numeral, or special
symbol is therefore represented by a
seven -bit combination. The parity bit is
selected so that there will be an even
number of ones in every seven -bit combination. Should the error -checking circuits detect a seven -bit combination with
an odd number of ones, an error is indicated. With the inclusion of a parity bit
in the left -most bit position, the previously given examples become: E
0110101; N 1100101; G=1110111;
and 8 =1001000.
Some computers employ an oddparity check, that is, the parity bit is
selected to produce an odd number of
ones in every seven -bit combination.
Here, the error-checking circuits are designed to respond to an even number

00
0000
0001

1

0010

2

0011

3

0100

4

0101

5

0110

6

0111

7

1000

8

1001

9

1010

o

1011

1100
1101
1110

1111

Table 2. One type

of ones.

A

Standard Code

000

001

010

011

100

101

0

0

0

0

NULL

DC

b

0

@

P

0

0

0

1

SOM

DC,

I

1

A

Q

0

0

1

0

EOA

DC_

2

B

R

0

0

1

1

EOM

DG:

3

C

S

0

1

0

0

EOT

0

1

0

1

WRU

ERR

0

1

RU

SYNC

1

0

(STOP)

110

1

1

1

0

0

1

BELL

LEM

FE,.

S

1

1

1

0

0

0

1

0

1

1

0
1

HT/

1

0

0

FF

1

1

0

1

CR

1

1

1

0

SO

I

1

1

1

SI
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Table 3. American Standard Code for Information Interchange.

NULL

Null /Idle

DC, -DC::

SOM

Start of message

DC, (Stop) Device control (stop)

N

EOA

End of address

ERR

Error

EOM

End of message

SYNC

Synchronous idle

EOT

End of transmission

LEM

Logical end of media

WRU

"Who are you ?''

5.-57

Separator (information)

b

Word separator (space,

D

T

U

S

o

5

E

U

N

S

6

F

V

A

IAPO51

7

G

W

(

8

H

X

5

G
N

G

I

9

I

Y

S:

1

K

Sr

(COMMA)

5,
S.:

/

<

L

=

M

>

N

?

O

"Are you

BELL

Audible signal

FE

Format effector

HT

Horizontal tabulation

i

Less

5K

Skip (punched card)

Itt

Up arrow (Exponentiation)

LF

Line feed

VI

Vertical tabulation

FF

Form feed

CR

Carriage return

SO

Shift out

SI

Shift in

DC.

Device control reserved for data link
escape

?"

E

Z

1

1

ACK

F

...

RU

N

5,

Device control

A

4

Vr.,i:

1

F

14

D

LF

J

U

E

0

11

LEGEND

S

0

111

$

&

10

I

(

In the past, each manufacturer has selected a code (or
created a new one) to suit his own convenience. As a result,
equipment of different manufacturers are incompatible. A
magnetic tape produced by one computer cannot be used directly oil another; data available in one installation cannot be
directly communicated to another. Code -to -code conversion
must be performed by time -consuming programming or by
expensive translation equipment. Not only do codes vary from
manufacturer to manufacturer, but from computer to computer of the same manufacturer, and even in some cases from
user to user of the same model computer.
The recent trend toward "networking" of computers has
emphasized the need for a standard code. Such a standard
would facilitate information interchange between computer
installations. Through telephone lines or other communications links, an airline reservations computer in one city could

"
#

communicate directly with the computer
of another air;ine in another city: a customer's computer noting a decreasing inventory of a particular item could phone /
A
in an order directly to the computer of
K
B
S
the manufacturer of this item; a bedside
T
L
C
unit in a small -town hospital could' `talk"
directly
to the computer in a large medU
M
D
ical center in a distant city. Some of
V
N
E
these computer -to- computer applications already exist, others are still in the
W
O
future.
P
X
G
A standardized language for all data
H
Y
Q
processing equipment is now available
and will do much to accelerate developZ
ments in this field. The new code,
recently approved by the American
$
Standards Association, is known as
ASCII ( American Standard Code for Information Interchange).
As shown in Table :3, ASCII employs
seven -bit representations for the alphanumeric characters, punctuation, and
special symbols. The letter W, for exof alphanumerical code.
ample, is represented as 1010111, and
the numeral 5 is 0110101. Other seven bit combinations are used for device controls "on -off" control of remote equipment), format control for printed messages (carriage return, form feed, vertical tabulation), audible signal (bell), information separation (end of address, end
of message, xvord separator, etc.). Additional unused seven bit combinations are available for future applications.
The introduction of a new standard involves additional
expense and inconvenience while manufacturers gear their
operations to the new practices. The long -terns benefits, however, more than justify the changeover. That computer manufacturers recognize the ultimate benefits of standardization
is evidenced by the fact that the four -year study which
culminated in ASCII was sponsored by the Business Equipment Manufacturers Association.
Copies of the new standard, identified as American Standard Code for Information Interchange X3.4 -1963, are available for one dollar from the American Standards Association,
10 East 40th Street. New fork. New York 10016.
01

ESC

v

DEL

normally non -printing)

F

than

Greater than
Left arrow (Implies/
Replaced by)
Reverse slant

ACK

rJ

Acknowledge
Unassigned control

ESC

Escape

DEL

Delete

/Idle
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The program selector ac-

cepts three pay -TV and
one FM music and infor-

mation channels supplied
by the cable system and
converts them to a low band v.h.f. TV channel.

NEW PAY-TV SYSTEM
IN JULY
TO S
Three color -TV channels and an FM music and program
information channel are transmitted by coaxial cable.

O

FFERING a choice of three simultaneous color -TV

channels and an FM music and program information
channel, Subscription Television Inc., of Santa
Monica, California, is hoping to start pay -TV transmission
in both Los Angeles and San Francisco, California on or
about July 1, 1964.
The STV system is a leased coaxial-cable system with the
local telephone company supplying the necessary interconnecting cable between the subscribers and the master
control station. The subscriber is supplied with two elements
of the system, a telephone company coaxial cable housedrop
connector and an STV program selector (see photo). The
program selector is connected to the housedrop, to the customer's conventional TV antenna, and to the customer's
TV set antenna terminals. The program selector remains
switched on at all times, in the interests of component reliability, and consumes 1.7 watts of power. When the
program selector is placed in the "Off" position, the cable
system is disconnected from the set antenna terminals and
the customer's antenna is switched in.
The basic system is shown in Fig. 1. The video equipment
consists of three independent TV channels that can be fed
from any color -TV program source. The interrogation and
billing equipment is computer- operated and transmits a
digital -coded signal down the transmission system to interrogate each program selector hooked onto the system at
six-minute intervals. Coded replies that identify each program selector and the channel to which it is tuned are
transmitted back to the computer. This information, together with the name and address of the viewer, is recorded
on magnetic tape at the billing station. At the termination of a
free program -sampling period, dependent on the length and
nature of the program being transmitted, the customer is
then charged the price of that particular program if he is
still watching it. Approximately 712,000 customers can he
handled by one computer installation.
The signals leaving the studio operate on a baseband between 26 and 54 mc. When they arrive at the viewer's
program selector, they are converted to an unused low-band
v.h.f. channel (usually channel 6 although channel 5 will be

used in some areas of the country) The customer then tunes
his set to this channel and sets the program selector to choose
one of the three available pay -TV channels, or the free FM
music and program information channel. Placing the program
selector channel switch in the "Off" position will detach the
program selector from the TV set and replace it with the
customer's normal TV antenna. As the program selector
channel switch is rotated to the various settings, the digital
coding signal sent back to the interrogation equipment will
change to indicate the program selector status.
Service and installation of this pay -TV system will be by
Lear-Siegler Service Inc. (LSSI). This wholly owned subsidiary of Lear -Siegler Inc. will handle the equipment between the telephone company coaxial housedrop and the
customer's TV set. They do not contemplate any servicing
of the customer's TV set other than making sure it can
receive the output of the program selector. Present plans call
for $10 installation fee and a $1 per week minimum charge.
Negotiations are presently underway for a similar system
to be installed in England with STV receiving the British
royalties.
.

Fig. 1. Over -all STV pay -TV system. The three TV signals, an
FM music and information channel, and a computer -generated
interrogation signal are passed down the coaxial cable
simultaneously. The viewer's program selector answers the interrogation with a code signal identifying the program selector and the particular channel to which it has been set.
30011
VIDEO

30011
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Laboratory tests of eight u.h.f.
converters

showed

that several

models exceed the FCC prescribed

oscillator radiation

local

limits.

of February 1964, there were 124 u.h.f. TV stationss
in operation in the United States, and 60 new con-

struction permits for u.h.f. TV stations had been
S
granted by the FCC. These figures will rise considerably as
more u.h.f.- equipped TV sets come on the market as a result
of the FCC ruling that all TV sets manufactured and sold in
the United States after April 30, 1964, must be equipped to
receive not only the 12 v.h.f. channels, but also the 70 available u.h.f. channels.
Most set manufacturers have designed independent u.h.f.
tuners or composite u.h.f.- v.h.f. tuners for use in their latest
model TV sets. However, the millions of v.h.f. -only TV sets
already in operation will have to be equipped with an outboard u.h.f. converter if their viewers want to take advantage
of u.h.f. programming. A u.h.f. converter picks up the desired
u.h.f. station and, by means of superheterodyne techniques,
converts the signal into a low -level r.f. signal at v.h.f. channel
5 or 6 frequency.
Most TV sets (like other forms of superheterodyne receivers, including u.h.f. converters) can act as miniature
radio transmitters and radiate their local oscillator signal unless the device is carefully designed, constructed, and well
shielded. Such radiated disturbances can interfere with signals removed from TV viewing. For example, a TV set operating on channel 2, using a 45.75 -mc. picture i.f., has its local
oscillator operating at 101 mc. If this local oscillator radiates
a strong enough signal it would interfere with reception on
the 88- to 108 -me. FM band. If a strongly radiating local oscillator signal happens to fall within another TV channel,
then reception of that channel will be impaired.
To minimize the possibility of such interference, FCC regulations require that TV and FM receivers and tuners manufactured after December 31, 1957 have a seal or label affixed

Fig.
a

1.

Classical r.f. interference pattern

radiating converter being picked up on

is

a

the result of
u.h.f. receiver.

stating that they meet the radiation limits imposed by FCC
Regulation Part 15, Subpart C. For u.h.f. sets operating between 470 and 1000 mc., they are required to limit their radiation to 1000 pv.- per-meter (at 100 feet) under a grant ending April 30, 1965. At that time, they will revert to 500
µv.- per-meter, the same as v.h.f. sets. Manufacturers and
distributors are authorized to affix such a seal or label only
after the set has been tested for compliance.
The owner of the set is responsible for complying with
these FCC requirements. However, the Commission recognizes that the user cannot test the set to determine whether
it meets specifications. The FCC feels, therefore, that the
manufacturer or distributor should assume this obligation to
their customers and affix the required seal so that the purchaser is assured that the unit he buys conforms to radiation
requirements.
The FCC is receiving excellent cooperation from United
States and foreign set makers in this program. Most are willing to test their receivers or tuners to make sure they comply
and then affix the required seal when they do.
However, some sets (TV, FM, and u.h.f. converters) are
being sold without this seal. It is possible that many of these
may meet the radiation requirements imposed by the FCC,
but that the manufacturers either have not made the prescribed tests or have not affixed the required seal showing
compliance.
The FCC notes that operation of a set manufactured after
December 31, 1957 that does not have the radiation seal affixed is prohibited. The Commission suggests that the buyer
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100 FT.
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7 -20 FT
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COAXIAL
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SWITCH
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SIGNAL

CONVERTER

GENERATOR

Fig. 2. This is the arrangement employed at a typical oscillator radiation level test range. Antenna spacing is 100 ft.

Method of Measurement
The u.h.f. converter being checked is
connected into a testing arrangement as
shown in Figs. 2 and 3. This is a standard
method of testing oscillator radiation and
consists of two antennas: one for the device undergoing test, and the other for
the test receiver- spaced 100 feet apart.
Both antennas are made half -wave at the
frequency of operation and provisions are
made to rotate both antennas and to vary
their height to maximize signal transfer.
The converter under test is then tuned
to appropriate channels to give a good
sampling coverage of the frequency range
covered by the device and, at each of
these channels, its local oscillator radiation level is measured at the test receiver
end of the measurement range.
To determine the absolute magnitude
of the radiated field in microvolts-permeter for the local oscillator of a u.h.f.
converter, the test procedures outlined in
the pertinent IRE Standards (51 and
1751) were followed except: a 3 -foot
length of 300 -ohm twin -lead, terminated
in a 300 -ohm resistor, was connected to
the v.h.f. TV set termination of the converter to simulate the interconnection between the converter and associated v.h.f.
TV set; a folded u.h.f. dipole was used
for the converter to provide a good im-

pedance match and reduce standing

waves on the u.h.f. antenna transmission
line; and relatively short antenna masts
were used to reduce signal -strength variations caused by wind gusts moving the
antennas during the tests.
The weather must be dry when such
tests are run because moisture in the air
can affect propagation conditions and the
test site itself must be dry as water puddles on the ground between test antennas
could cause variations in ground reflections. All test equipment was calibrated

with standard instruments and the alignment and noise figure of the field -strength
meter being used as the test receiver was
checked and calibrated.
The field-strength meter ( Fig. 2) is
tuned to the frequency of the oscillator to
be measured and the two antennas are
aligned broadside to each other. The
u.h.f. converter under test, together with
its associated antenna, are rotated as a
unit in the horizontal plane until the
field -strength meter indicates a maximum
received signal.
The antenna of the field -strength meter
is now varied in elevation between 7 and
20 feet, maintaining the same relative
azimuth alignment to the other antenna,
until the meter indicates maximum received signal. At this point, the coaxial
switch connects the field -strength meter
to the calibrated signal generator and the
field-strength meter readings are reproduced. Calibrated output of the signal
generator, plus known attenuation of the
6 -db pad, are combined to determine the
level of the received signal.
These same procedures are followed
for all frequencies that the test requires.
The entire series of tests is repeated for
the other u.h.f. converters.
At the other test site, three varieties of
tests were made; one similar to that just
described for straightforward oscillator
radiation; another with the u.h.f. antenna
reversed at the converter in order to minimize effects caused by standing waves,
ground reflections, or antenna mismatching; and a measurement of local oscillator
radiation with the u.h.f. antenna detached from the converter and a 300-ohm
resistor connected in its place. This latter
test would determine the amount of local
oscillator signal being radiated by the
u.h.f. converter oscillator alone.

Fig. 3. In the actual test range, the u.h.f. converter under
test is connected to the antenna on the right. The small house
on the left contains the u.h.f. receiver used for calibration.

insist that the seal be attached to the set
before purchase is made. By doing so, he
will insure the continued cooperation of
set manufacturers in the program. The
owner of an unlabeled set which causes
interference to his neighbor's reception
may be required to take remedial action
or stop using the interfering set.
Recently, we purchased a pair of u.h.f.
converters for use in the ELECTRONICS
«'onLD office in New York. Both worked
fine. However, when two TV sets, each
equipped with a u.h.f. converter, were

placed in operation within a hundred or
so feet of each other, a problem cropped
up that bodes no good for future u.h.f.
TV viewing. When one of the u.h.f. -converter-equipped sets was tuned to an operating u.h.f. channel, both picture and
sound on this set were wiped out by the
high -level local oscillator radiation from
the other converter as its local oscillator
passed across the frequency of the channel being viewed. This interference took
on the appearance of a typical r.f. interference pattern and is shown in Fig. 1.

Discussion with members of the
broadcasting industry brought out the
fact that the FCC is aware of this problem and is, accordingly, assigning u.h.f.
channels on a staggered (frequency and
physical separation) basis.
However, with a little thought, it can
be seen that in areas served predominately by u.h.f. TV or in multi -dwelling
buildings where a large number of sets
would be in operation in close proximity,
the presence of literally thousands of
low -power transmitters operating in and
around the u.h.f. band could pose some
severe interference problems.
To say that a problem may develop is
putting it mildly. In fact, chaos could
result as hundreds of these u.h.f. converters, all located in the same general
area, are tuned across the u.h.f. band in
search of stations. It must be remembered that the interfering signal generated by each converter would be "amplified" by the gain and directivity of its
associated antenna. Because at u.h.f. the
use of high -gain antennas is normal, the
situation would be compounded.
Because we feel that ELECTRONICS
WORLD has a responsibility not only to
its readers, but to the industry it serves,
we decided to have some radiation level
tests made on a number of available
u.h.f. converters, and compare the results with the FCC specifications.
The eight u.h.f. converters used in
these tests were over- the -counter purchases of one available model from each
manufacturer having u.h.f. converters on
the market at the time. Since then, some
changes have been made to certain of
these converters, while others have been
coming on the market. The radiation
level of these newly merchandised units
is not known.
The eight units were shipped to an r.f.
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Converter

Radiation Level in Microvolts Per Meter

Manufacturer

Antenna Reversed
Lowest
Highest

and Model
Standard- Kollsman, Model A

Antenna Removed
Lowest
Highest

60

573

28

Blonder- Tongue, BTU -2

150

462

80

387

Jerrold,

VC-100

143

1045

187

1025

Gavin,

-3

G

Regency,

RC

-53

Tel -Ray, Model 200

Enercon, Mark Il
J. L. Johnson, Sidemount

307

1435

7875

962

2625

7500

29,250

8500

23,350

132

33,075

11

5400

6587

12,650

7150

14,725

700

7875

140

975

Table 1. Radiation 1µv. /m.) of the eight u.h.f. converters with
their antenna connections reversed, and with antenna removed from the device and replaced with a 300 -ohm resistor.

testing and antenna measurement range maintained by a well known manufacturer and located on the \Vest Coast. After
their series of tests, the same eight units were shipped to another r.f. testing and measurement range, also operated by a
well -known organization, and located on the East Coast. The
results arrived at by the first range were not disclosed to the
second, so that we might compare testing results.
Fig. 4 shows the results obtained at one of the measurement ranges while Fig. 5 shows the results from the second
range. Although these tests were performed on the same eight
units on standard measurement ranges, the results show some
differences. Such variation can come about because of the difference in u.h.f. propagation at each site. Such things as moisture in the air can change readings at one frequency, and
ater puddles on the ground, or watersoaked ground near the
test antennas, can also produce ground reflections which can
change results. As most of these tests were performed under
winter conditions, water problems could have been met.
Another source of possible variation is also apparent after
a close physical examination of the interior of some units.
Several manufacturers use point -to-point wiring where components dangle in the air, thus changing their capacitanceN

Fig. 4. Local oscillator radiation as measured at one of the
test sites. The FCC radiation limit is 1000 fiv. per meter.

20,000

10.000

00
6000
7000
600

5000
.

2000

device and the antenna input /output terminals and the u.h.f.
mixer output. In many cases, these relatively long wires
run directly past the local oscillator section and thus permit
r.f. coupling to the u.h.f. antenna. Such r.f. is then passed
directly out of the antenna to raise the level of local oscillator radiation. Even the use of an r.f. amplifier, which
would reduce local oscillator feedthrough to the antenna
in normal circumstances, would be bypassed by this unintentional r.f. leakage path.
To remove the effect of possible mismatch between the
converter under test and the u.h.f. antenna and transmission
line being used, and the possible effects of ground reflections on the radiated signal, the tests were re -run with
the antenna connections to the u.h.f. converter reversed.
Antenna mismatching could cause a change in the side -lobe
structure of the antenna polar diagram and if there were
pools of water, or water- soaked ground to one side of the
direct path between the two test antennas, then reflections
from these layers could produce a different signal level.
Table 1 shows the result of this antenna reversed test
and also shows the signal level measured when the u.h.f. antenna was removed from the u.h.f. converter and a 300 -ohm
carbon resistor substituted for it.
Because of the differences existing between the results
as measured at the two test sites (shown in Figs. 4 and 5) ,
it was decided to re -run the tests on some of the converters
once again. This third test showed some differences in the
local oscillator radiation level. Some of this difference can
be attributed to mechanical variations within the converter
as they were once more shipped across the country, and
to changes in the propagation conditions between the
times of the two sets of tests. The noted differences, however, were not great and those units having radiation levels
below the FCC specification, remained there.
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a.

NEW

CITIZENS BAND
CIRCUITS
By LEN BUCKWALTER

Keyed compression, a novel frequency- spotting method,
and delta tuning are featured in recent CB products.
KEYED compression, spotting, and delta tuning are
relatively new terms in the CB field. We consider, this
month, how each is applied to practical circuitry in
an effort to enhance CB communications. Keyed compression,
for example, is illustrated by an especially interesting new
circuit device by Tram for its TR -27 transceivers. A significant boost to modulation is achieved with few components.
The frequency spotting idea, although not new to CB, is
given a new twist by Eico. And Olson Electronics has fitted
its recent sideband rig with a delta- tuning control to keep
an extremely sharp receiver from attenuating desired signals.

(a) Tram "Keyed Compression"
About a dozen audio boosting devices are on the accessory
market; external units which promise to improve transceiver
performance by raising modulation percentage. Some are
merely "pre "-preamps to multiply mike voltage. Others employ the clipper -filter idea which limits loud tones, then
applies the total signal to the modulator. (The filter reduces
distortion implicit in the clipped signal.) In a third category
is the compressor. Its action on audio in the speech amplifier
is similar to that of a.g.c. Quiet speech tones automatically
increase audio gain; the strong voice creates voltages which
reduce audio amplification. By selecting appropriate circuit
values, it is possible to maintain modulation percentage at
consistently high, efficient levels. The popularity of these
devices is increasing -more CB manufacturers are installing
them in transceivers as original equipment.
The Tram' approach to audio compression, as applied to
its TR -27D (and E) transceivers, is one of the simplest
engineering solutions to date. It is a disarmingly simple arrangement, but one that provides the compressor function;
maintaining punch to the audio signal under varying modulation levels. Unlike its forebears, the Tram circuit uses no
tubes or transistors to develop what the company calls
"keyed" compression. The circuit is built around a strategically placed silicon diode rectifier, plus resistors and capacitors. These components control the suppressor grid of
the mike preamp tube.
The circuit of Fig. 1 shows the TR -27D audio section along

the bottom, transmitter at the top, with compressor components at the extreme left -hand side. If it is assumed that
the rig is on transmit, an amplified mike signal appears across
the modulation transformer primary (at the lower right).
Most audio energy modulates the r.f. amplifier, V2, but a
portion is sampled from a voltage divider formed by R7 and
R8. (These resistors are across the transformer primary.) At
the junction of R7 and R8, a lead may be traced over to the
bottom left of the schematic. The audio sampling, via this
lead, is applied through C2 to silicon diode D1. According to
the direction of the diode in the circuit, only negative -going
audio appears on the anode side of D1. The resistor- capacitor
network following the diode serves as a smoothing filter.
Thus, applied audio makes available negative d.c. which
reflects modulation levels. But before noting how this is used
to control gain of the mike preamp, several details are worth
con siderin g.
Note that diode D1 not only receives the audio sampling
but also a potential through three resistors, R2, R3, and R4.
Feeding the right end of R3 is a "B +" source. The resistors
divide the voltage so a total of approximately +100 volts
d.c. biases the diode. (This is in the diode's reverse direction
so no current flows.) The biasing arrangement explains the
"keyed" effect of the compression action. Only when audio
exceeds 100 volts can it flow through the diode for rectification. Its effect on the over-all system is to delay compressor
action until audio attains a level equivalent to about 65 or 70
percent modulation. If a very soft voice speaks into the microphone, the compressor circuit is relatively inoperative due
to diode bias. In a normal speech amplifier, this suggests
low modulation percentage but not in the TR -27D circuits.
The speech amplifier has been designed so even a soft voice
easily attains 65-70 modulation percentages.
Now to trace the action for medium or loud voices. Stronger
audio levels, as we have seen, overcome diode bias and
establish a negative d.c. voltage. This potential, after it
emerges from the smoothing filter at the top of D1, may be
traced to the suppressor grid of the mike preamp, V3. The
suppressor varies the gain of the tube, e.g., increasing negative bias (equivalent to the stronger voice) reduces audio
ELECTRONICS
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Fig. 1. Partial schematic of the Tram

TR -27D

amplification. In this fashion, a wide dynamic range of audio
consistently maintains high modulation percentage.
Besides this basic action, certain other refinements occur
in the circuit to optimize performance. Returning to the input
of diode Dl, we note R1 and Cl. These components form a
frequency- compensating network which rolls off higher frequency audio tones. It was discovered that during periods of
heavy compression, voice crispness tended to be lost, giving
way to "bassy" speech response. The network, however, attenuates highs prior to the diode. Highs, therefore, do not
appear in the negative d.c. fed back to the mike preamp
suppressor.
Another point of interest is the smoothing filter following
D1. Resistors and capacitors in this section were selected for
fast -attack, slow -decay response. Otherwise, rectified d.c.
could cancel audio in the mike preamp if it reacts too quickly
-or not follow speech variations if it occurs too slowly. A final
point (not apparent in the schematic) is what happens when
the transceiver is switched to receive, where no compression
is desirable. The bias on D1 is increased from 100 to about
240 volts d.c. Incoming audio of any level is unable to overcome higher level bias, and the compressor is effectively
removed from the speech circuit.

S-METER

with the audio compressor circuit shown at the left.

to inform the operator of an exact dial setting. The method
is different from that found in other "spotting" circuits in
that it generates an audible calibrating tone, but without

special audio circuitry.
The schematic of Fig. 2 shows the principal circuits activated during the spotting operation. When the operator
desires to set the tuning dial, he closes the spotting switch
(shown near the bottom right of the schematic). The spotting
switch, incidentally, is ganged to the squelch control. Rotating the squelch fully off initiates the spotting function. As
the switch closes, it picks up "B +" from the power supply.
The voltage is dropped by the 220k resistor, and subsequently
applied to the transmitter crystal oscillator situated at the
top left.
The oscillator stage, VI, is normally inoperative during receive due to lack of "B +" from the transmit- receive relay.
The spotting switch, however, overrides the open relay and
the transmit oscillator commences to generate 27 -mc. energy.
The exact channel frequency depends on the transmit crystal
selected by the operator. Functioning with reduced "B +,"
oscillator energy is considerably below the level required
during transmit. The r.f.
(Continued on page 64)

(b) Eico Model 777 Transceiver
Although most CB transceivers are equipped with crystal -

controlled receivers for convenient, accurate channel selection, the continuously tunable dial is still much in evidence.
It provides the most inexpensive route to all -channel reception. But precision tuning and repeatability with such dials
is another matter. Only the more expensive ham and communications receivers can provide the operator with a stable,
self -excited local oscillator for tuning a given frequency with
any consistency. The continuous-tuning problem is further
aggravated in CB with the emergence of the double- conversion receiver. Its narrow i.f. passband requires precise setting
of the tuning dial or the signal is lost.
The, Eico2 Model 777 transceiver, in addition to providing
up to six crystal-controlled receive channels, incorporates
a novel technique to overcome calibration error in its continuous-tuning dial. Utilizing crystals already installed in the
transmitter, tite circuit forms a miniature reference oscillator

Fig.

2. Spotting

function

in the Eico 777 transceiver.
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ELECTRONIC SCANNING
SIMPLIFIES TELEMETRY
By LEO G. SANDS

High -speed electronic switching permits a large number
of remote indicator units to be checked and their status
transmitted over a relatively narrow -band signal link.
THE cost of transmitting information is directly related
to the amount of bandwidth required. A 15 -cps wide
circuit for handling telemetry and control signals costs
about $1.50 per mile per month to rent, a 3 -kc. wide voice grade circuit rents for about $4, while TV circuits rates
range from $45 to $80 per mile.
In remote control and telemetering systems, tone signaling
is often used to transmit up to 30 channels of information
simultaneously over a single voice -grade circuit. The tone
signals are digitally modulated by pulsing the tones on and
off, or by frequency shift keying (FSK) of the tones. Each
tone channel operates at a different audio frequency, and
the technique is known as frequency -division multiplexing.
It is seldom necessary to transmit all of the information
simultaneously. Instead, sampling techniques can be used
to transmit up to 40 channels of information over a single
tone channel. If a voice -grade circuit is used as the transmission medium, and 20 tone channels are provided, 800
different signaling channels can be handled, each functionally independent of the others.
When sampling techniques are used, the system is said
to employ time- division multiplexing and electronic scanners
are employed to divide the time into discrete time slots.
As in motion pictures, only one scene is observed at any one
time. An electronic scanner takes a look at several electrical
circuits in sequence. But, unlike the motion picture, the same
points are looked at over and over again.

Electronic Scanning
An electronic scanning system consists of a scanner transmitter and a scanner receiver. The transmitter automatically
scans a bank of control switches or circuits to be monitored.
The receiver operates in synchronism with the transmitter
and determines the status of each control switch or monitored circuit at the time it is checked by the transmitter.
The basic principle of the scanner is illustrated in Fig. 1.
Here, rotary switch S, moves from one position to the other
closing its contacts 1 through 8 sequentially. Switch SR moves
in synchronism with ST (the rotary switch driving circuits
have been omitted for the sake of simplicity) If S, finds S2
.

Fig. 1. In a simple electronic scanning system, when the two
rotating switches are synchronized and 52 is closed at the
transmitter end, receiver indicator lamp PL2 will be lit.

:'
52
S3
54
SS

S6
57
se
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closed, current flows through the circuit between ST and
Sp, and lamp PL2 lights. Whenever ST finds a closed switch,
as it scans switches S1 through S8, the appropriate lamp at
the receiver lights. When it finds an open switch, the associated lamp remains dark.
Hence, this simple scanner system automatically checks
the status of 8 circuits, one at a time. If it operates fairly
rapidly, a change in status of any of the monitored circuits
is made known in ample time for most practical purposes.
An electronic scanning system operates in the same man ner, but employs no moving parts and can scan at any rate
from 15 to 1000 points per second. In most applications,
the scanner operates at a speed of 15 pps. If it is equipped
to scan 8 points, each circuit is looked at every 530 milliseconds, approximately twice per second. In a 40-point scanning system, operating at 15 pps, a circuit is looked at every
2'_ sec. Electronic scanners operate much faster than this.

Transmitter
In one type of scanner transmitter, stepping from one
sampling portion to the other is achieved by employing an
electronic clock to trigger a series of binary counters (flip flops) Fig. 2 is a block diagram of such a scanner transmitter. The pulses from the clock are counted by the binary
counters, and each pulse causes a negative pulse to appear
at the output of the "Space Gate," if all of the monitored
contacts are open. After 8 pulses have been counted, the
"Sync Gate" is closed and no pulse appears at its output.
This period of absence of output between trains of 8 pulses
each is recognized by the distant receiver as the sync signal.
However, if one of the monitored contacts is closed, one
of the 8 output pulses in a pulse train will be positive instead
of negative. This pulse appears at the "Mark Gate." If contacts 1, 2, 4, 6, 7, and 8 are closed, for example, the pulse
train will consist of 2 negative pulses (pulses 3 and 5) and
5 positive pulses (pulses 1, 2, 4, 6, 7, and 8) Hence, closed
contacts cause positive pulses to appear at the output. Negative pulses represent open monitored contacts.
.

.

Receiver
At the receiver, whose block diagram is given in Fig. 3,
the pulses are regenerated and separated. The negative
( space) pulses as "0" signals and the positive ( mark) pulses
as "1" signals, are fed to the "Shift Register" where they
are stored. The first pulse, whether space (negative) or
mark (positive) is stored first in the No. 8 section of the
"Shift Register." The next pulse causes the first pulse to
move to the No. 7 section, and so on until all eight pulses
are stored in the "Shift Register" in the proper sequence.
The absence of pulses between the space and mark pulses
advances the "Shift Register." A longer period of absence of
signal between words (pulse trains) provides the required
sync information which keys the transmitter and receiver in
step with each other. If all 8 pulses have been received, the
sync information at the end of the word causes the N+ 1
stage of the "Shift Register" to contain a "1" signal, and
the N +2 stage to contain an "0" signal. If the "Sync CoinELECTRONICS WORLD

cidence Gate" finds this to be true, the information in the
"Shift Register" is transferred to the "Output Register." This
can be either a lamp display or bank of relays.
The "Shift Register" is then reset and the next word
( pulse train ) starts its way through this register. The process
is repeated more than 100 times per minute.
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When the scanner transmitter and receiver are linked by
a d.c. circuit (wire line), both positive and negative d.c.
pulses can be transmitted. In most cases, however, the pulses
are transmitted over a voice-grade wire line, carrier telephone channel, or radio link in the form of frequency shift
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Fig. 2. Digital -type electronic scanner transmits a mark or
space tone depending on whether a contact is open or closed.

keyed (FSK) audio tones. The positive pulses are transmitted as "mark" tones and the negative pulses are "space"
tones. The absence of signal between pulses and at the end
of a word (sync signal) is transmitted as a neutral or center
frequency tone.
The pulses from the scanner transmitter cause the frequency of the tone to be shifted upward or downward in
frequency from its normal center frequency, depending upon
whether a mark or space tone is to be transmitted. During
the periods when pulses are absent, the tone is transmitted
at its center frequency.
Since it is important that the scanning system accurately
report the transmitter's findings to the receiver, the transmitting code system must be selected with great care. It is
possible to transmit the information using the pulse- duration
code, the pulse -position code, the pulse -amplitude code, or
the mark -space-return -to -zero code.
The mark-space- return -to -zero code is used in the system
just described because it simplifies the circuitry and alleviates the problems of synchronization. After each information
bit is transmitted, the code returns to zero, signaling the receiver that it should get ready to receive the next bit. This
eliminates the need for critical clocks (time references).
Also, this type of code is very secure with respect to noise
and code checking is very simple. The word (pulse train)
must contain the correct number of bits (pulses), whether
mark or space. If not, the transmission is ignored.

This means of code checking, while simple, has been
found to be very powerful. When even greater security is
required, the scanner receiver can be equipped so that it
must receive the same code in two sequential scans.
The bits of two successive scans should correspond on a
1 -to -1 basis as each bit (pulse) of a previous word is forced
out of the shift register by the corresponding bit of the new
incoming word passing into the first stage of the shift register. After the new incoming word has been received in its
entirety, and is found to be identical to the preceding word,
only then is the information transferred from the shift register to the display register. Hence, a change in status of any
of the contacts monitored by the scanner transmitter must be
interrogated twice before it is displayed.

Displays
In the event of failure of the tone channel or d.c. interconnecting circuit, the prolonged absence of signal causes
an alarm to operate and the display to indicate the last correct status condition. The display register may be a bank of
lamps, one for each point to be scanned, which light when
the associated contacts being monitored are closed. The dis(Continued on page 70)
play circuits may then be
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Fig. 4. Typical electronic scanning system as used in a garage to indicate presence of available parking spaces. Each
scanner shows 40 spaces. Total of 320 spaces can be checked.
Fig. 5. In a typical burglar -alarm setup, one 40 -point scanner can be used to determine five conditions at 8 locations.

TO OTHER TONE TRANSMITTERS

Error Elimination
Noise might readily corrupt a pulse length coded signal
by lengthening or shortening the pulse. But, a return -to -zero
coded signal requires an incorrect signal of the exact opposite
type (positive or negative, mark or space) and time duration
to be present in sufficient strength to override the correct
incoming signal. The scanner must not receive more nor fewer
pulses than the anticipated number of pulses in each scan.
An incorrect count prevents the receiver register from transferring its information to the output register. Loss of three
successive transmissions actuates an alarm.
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TAPE-RECORDER.
EQUALIZATION CURVES
By HERMAN BURSTEIN
Co- author,

"Elements of Tape Recorder Circuits"

An over -all summary of the present equalization
standards and current practices at various speeds.
TO overcome noise, distortion, or frequency losses,
equalization is used for each of the three basic program sources of high -fidelity-FM, phono, and tape.
FM equalization was standardized many years ago, while
standard phono equalization was agreed upon about a decade
ago. But the matter of tape equalization is, in good measure,
still unresolved, partly because the affiliated question of tape
speed is also unresolved. Operation at 71/2 and 3% ips, long
with us, has recently been joined by 1'/s and 1 5A6 ips, thanks to
the increased feasibility of good performance at reduced

speed. Each speed requires different equalization. Furthermore, continued improvements in tapes and heads and other
aspects of the art have a-bearing on the equalization that is
needed or desirable, making it less easy to be conclusive about
the equalization which is best for each speed.
The audiophile has several reasons for looking forward to
the day when there will be equalization standards for each
tape speed. Through standard equalization he can achieve
flat response when playing commercially prerecorded tapes.
If he exchanges recorded tapes with fellow enthusiasts, standard equalization makes it possible to maintain flat response.
If he confines his activity to playing tapes recorded on his
own machine, standard equalization is beneficial to the extent
that it reflects the industry's effort to achieve an optimum
compromise among the conflicting requirements of extended
treble response, low noise, and low distortion.
In the meantime, as industry groups study the problem,
there remains a good deal of haze around the subject of tape
equalization. The purpose of this article is to help dispel the
haze by discussing the reasons for tape equalization, the
various methods of achieving equalization, the pros and cons
of these methods, the effect of tape speed, and where we
presently stand with respect to equalization standards and
practices. Much of the discussion will gravitate about the
71/-> -ips speed inasmuch as this is the accepted speed for high fidelity tape reproduction in the home.

Reasons for Equalization
Curve ABC in Fig. 1 shows what would typically happen
to the record -playback response of a modem tape machine
operating at 71/ ips if it provided no equalization. There
would be a serious deficiency of both bass and treble, essentially due to the inherent behavior of a playback head and to
two magnetic phenomena that cause unavoidable treble loss
->

in recording.

The playback head responds to changes in the magnetic
field of the tape and the more rapid these changes the greater
the head's output. A low frequency on the tape corresponds
to relatively few magnetic changes per second, so that the
head delivers an extremely weak signal. A high frequency corresponds to many magnetic changes per second, and the play-

back head delivers a stronger signal. Line ABD in Fig. 1 shows
what the unequalized record -playback response would be in
the absence of treble losses that occur in recording. It reveals
that playback -head output varies in direct proportion to frequency, that is, it rises 6 db per octave.
The treble losses in recording are indicated by the distance
between Line ABD and Curve ABC. Thus, at 15,000 cps,
there is typically about 30 -db loss.
Treble loss is mainly due to self -demagnetization and bias
erase. Self- demagnetization denotes the following. A frequency recorded on tape consists, in effect, of a series of bar
magnets end to end, each having a north and a south pole.
The higher the frequency, the more magnets necessarily occur
per inch of tape and the shorter must each magnet be, thus
providing an increasing opportunity for its north and south
poles to cancel each other. The result is treble loss. Bias erase
results from the high- frequency current fed to the record
head in order to minimize tape distortion and maximize the
recorded signal. Unfortunately, to an extent, bias makes the
record head behave like an erase head, particularly at high
frequencies, which penetrate the tape oxide less deeply than
low frequencies and are therefore more susceptible to erasure.
So there is further treble loss.
Four additional factors can produce treble loss, but these
losses are completely or largely avoidable and therefore not
represented in Fig. 1. One factor, called iron losses, pertains
to electrical characteristics of the record or playback head.
But iron losses are quite negligible in a modern head of good
quality. Another factor is the gap of the playback head -not
of the record head, as seems to be a popular misconception.
Substantial response to 15,000 cps requires a gap no wider
than about 250 microinches (a microinch is one- millionth of
an inch) at 71/2 ips; 125 microinches at 3 % ips; 63 microinches
at 17/s ips; and 31 microinches at
o ips. Modern playback
heads have gaps from about 40 to 100 microinches, presenting little or no threat to treble response except at 15/10 ips. A
third factor is separation loss, pertaining to lack of intimate
tape -to -head contact because of a fault in the tape machine
or an accumulation of dirt and tape oxide on the heads.
Fourth, there may be azimuth loss, indicating that the gaps
of the record and playback heads do not maintain exactly the
same angle with respect to the length of the tape -an angle
of ninety degrees is the commonly accepted standard.
1

/

Equalization Methods
For flat response, the losses of Curve ABC in Fig. 1 must
be compensated by the tape amplifier. The minimum amounts
of bass and treble boost required are shown in Fig. 2 as the
distance between the unequalized record-playback curve and
the horizontal line representing flat response. These amounts
are considerable, particularly with respect to bass boost.
ELECTRONICS
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Where should the equalization be supplied? In the record
amplifier? In the playback amplifier? Or in both? The best
answer is that which not only achieves flat response but also
minimizes distortion and maximizes signal-to -noise ratio. A
high -quality machine, in accordance with professional practice, does the following: it supplies all or nearly all the bass
boost in playback and it supplies all or nearly all the treble
boost in recording.
If substantial bass boost were employed in recording, this
would tend to overload the tape and perhaps the record head
as well. On the other hand, it is feasible to employ substantial
treble boost in recording, without excessive distortion, because in typical audio material the high frequencies are not
as strong as the rest of the spectrum. This reduces the likelihood that treble boost will raise the high frequencies to a
magnitude which causes overloading. Treble boost in recording is further feasible because, for a given amount of distortion, the tape can be subjected to a somewhat stronger magnetic field at high frequencies than at low ones. Treble boost
is largely or altogether avoided in playback because this
would emphasize the noise of the tape and of the playback
amplifier, resulting in a degraded signal -to -noise ratio.
Some home tape recorders take the easy way out by dividing both the bass and treble boost requirements equally between recording and playback, as in Fig. 3. "Half- and -half"
equalization, as this is called, allows the manufacturer to use
the same equalization in recording and in playback, thereby
saving the cost of additional circuitry and of facilities for
switching between different record and playback equalization.
But such a machine tends to lose with respect to distortion
and signal -to -noise ratio. Also, since it has its own special
brand of playback equalization, it will reproduce prerecorded
tapes with a decided lack of bass and an excess of treble.
Returning to Fig. 2, it may again be pointed out, but this
time with emphasis, that the bass and treble boosts indicated
are minimum requirements. It is possible to use appreciably
more bass and treble boost and still come out with flat response, as can be visualized in Fig. 4. Here 16 -db treble boost
is employed at 15,000 cps, compared with 10 db in Fig. 2.
And 36 -db bass boost is used at 50 cps in Fig. 4, compared to
30 db in Fig. 2. Yet in both instances flat response is achieved.
Why use more than the minimum boost? The extra treble
boost, provided that it is applied in recording, puts more
audio signal on the tape and the tape delivers greater output
in playback. Hence the signal -to-noise ratio is improved. Let ting additional signal on the tape at high frequencies is important because tape noise and tape amplifier noise appear
high pitched to the ear.
However, there are limits to the treble boost that may
safely be used in recording. Too much treble boost causes the
record head to produce an excessively strong magnetic field,
thus overloading the tape and causing distortion. The rise in
distortion could be overcome by increasing bias, but this
would complete the circle by attenuating treble response. Or,
the rise in distortion could be offset by reducing the recording
level, but this would negate the purpose of augmented boost,
which is to increase the recorded level.
Altogether, the amount of equalization employed, and its
distribution between recording and playback, reflect a cornpromise among the conflicting requirements of good treble
response, high signal -to-noise ratio, and low distortion.
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Fig. 5. The standard NAB tape playback equalization curve.

Current Equalization Practices
A compromise of the sort just described, presumably an optimum one, is entailed in NAB equalization, which is widely
employed at 7?! ips. The NAB standard stipulates that playback equalization shall conform to the curve in Fig. 5, i.e., it
shall consist of bass boost commencing (3 db up) at 3180
cps and leveling off (3 db below maximum) at 50 cps. This
curve shall be modified to the extent that the particular playback head which is used deviates from a 6 db per octave char-
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acteristic (some heads, for example, produce somewhat more
than the theoretical output at the extreme bass frequencies;
some may exhibit significant iron losses, resulting in treble attenuation) Record equalization shall be such that, in conjunction with playback equalization and the particular record
head which is used, it will result in record -playback response
flat within the following tolerances: ± 1 db from 100 to 7500
cps; not more than 1 db up or more than 4 db down at 50
and 15,000 cps.
The NAB playback curve in Fig. 5 is an official standard
only for 15 ips. However, it has been found practical for use
at 71 ips as well and is widely, although not universally,
employed at the latter speed. (Ampex and RCA test tapes for
71 ips -Nos. 31321 -01 and 12- 5 -61T, respectively- incorporate NAB equalization.) Tapes prerecorded at 71,. s ips conform
to the NAB standard, that is, NAB equalization applied to a
.
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The treble losses previously described, with the exception
of iron losses, grow more pronounced as tape speed is reduced.
The reason is that the amount of loss depends on the recorded
wavelength, which is related to tape speed and frequency by
the formula: wavelength = tape speed in ips/frequency. The
shorter the recorded wavelength, the greater is the loss due to
self- demagnetization, bias erase, playback head gap, tape-tohead separation, and azimuth misalignment. It may be seen
from the formula that as tape speed is reduced, wavelength
also decreases, resulting in greater treble loss. To illustrate,
Fig. 8 compares unequalized record -playback response at
7;2 ips with that at 3'i ips for a typical tape machine for home
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prerecorded tape results in nominally flat response.
Virtually all high -quality home tape machines use NAB
equalization at 71/2 ips.
On the other hand, it has been questioned in some quarters
whether the NAB curve is truly optimum for 7',_ ips, inasmuch as it implicitly requires quite a substantial amount of
treble boost when recording at this speed (less boost is
needed when recording at 15 ips) . Fig. 4 gives an approximate idea of how much treble boost is needed at 71 i ips in
keeping with NAB requirements. Some feel that there is too
much risk of overloading the tape with so much treble boost,
and they point to the European practice (CCIR equalization )
which requires significantly less treble boost in recording
about 5 db less at 15,000 cps. However, CCIR equalization
entails a slightly poorer signal -to -noise ratio, everything
else being equal. The European practice trades a reduction
in the amount of distortion for a reduction in signal -to -noise
ratio.
Instead of incorporating NAB playback equalization at 71/2
ips, some home tape machines provide "modified NAB equalization," such as that of Fig. 6. Now the bass boost commences at 1590 instead of 3180 cps and results in 6 db less
total boost. And there is a corresponding reduction in the
amount of treble boost that is needed. When a prerecorded
tape is played back with modified NAB equalization, the
result, as shown in Fig. 7, is to take a broad scoop out of bass
response. To some extent this loss can be offset by use of a
bass tone control, but is not altogether satisfactory inasmuch
as the typical bass control provides a steadily rising boost
instead of a broad plateau.
71.2-ips

FREQUENCY -CPS

2

SKC.

dKC.

,

Accordingly, the slower tape speeds require different
amounts of treble boost and corresponding bass boost than
the faster speeds. By the same token, their optimum equalization curves-reflecting optimum compromises with respect
to treble response, noise, and distortion, are also quite
different.
Whereas NAB equalization has gained wide acceptance at
7! ips, at slower speeds there is less uniformity with respect
to equalization. At 3% ips the situation is probably not too
bad, because two fairly similar playback curves, shown in
Fig. 9, have come into popular use; one is a curve suggested
by MRIA -the Magnetic Recording Industry Association.
Ampex puts out two test tapes for 3% ips. No. 31331 -01 incorporates 120-psec. (MRIA) equalization, while No. 3133401 incorporates 200 -µsec. equalization. Fig. 10 shows the
playback equalization that has been recommended for EX
ips by the .3111 Co., which makes a tape recorder with response
extending substantially to 15,000 cps at this speed. In the
case of 11/2o ips, the equalization situation appears to be
wide open.
It is to be hoped that existing industry bodies will, in the
near future, accord to each tape speed in home use the boon
of standard equalization, which will permit compatibility between a recording made on one machine and played on another and promote optimum tape -recorder performance as
well.
ELECTRONICS
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TRANSISTOR -PHOTOCELL
COL Oil ORGAN
By FRED BLECHMAN

Construction of 3- channel device that changes sound
to vari- colored light display. Uses transistors and
new high -power photocells to drive 75 -w. light source.

T T ERE

is a device which translates audio- frequency
signals into a three -colored light display wherein the
A
color depends on the frequency of the electrical signals, and the intensity of the lights responds to the loudness
of the audio source. This concept of a colored light display
that varies in step with music is not new; this device is, however, distinctive in that it provides adequate light output at
low cost, using a newly available component.
Previous "dancing light" designs either used small pilot
lights driven by transistors or regular 120 -volt light bulbs
driven by silicon controlled rectifiers. The pilot light units
either do not put out much light or require a large array of
parallel bulbs, with the consequent additional complexity,
expense, and fabrication effort. The high -powered units using
regular 120 -volt bulbs are quite expensive to build since the
required silicon controlled rectifiers and high -current capacity
diodes are costly. This color translator, on the other hand, cost
the author less than $28 and will safely drive a standard 25watt bulb for each channel, for a total of 75 watts of light
adequate for viewing under normal levels of living room
lighting.
Responsible for the simple and inexpensive design of this
device is the new Delco Radio LDR -25 power photocell. ( See
"High -Power Photocell" by James E. Cain in the March, 1964
issue.) Costing only $1.50 each, these photoconductive cells
have a maximum power dissipation of 25 watts (when properly mounted on an adequate heat sink), and are designed to
operate directly from the 120 -volt a.c. line. Since they have
no polarity, the LDR -25's are more properly called "light dependent resistors." Since the high dynamic sensitivity of the

1

-
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LDR's allows complete control from a small pilot light, it is a
natural combination to use simple low- powered bandpass
circuits driving pilot lights to shine directly on the LDR's
which, in turn, control the 120 -volt bulbs.

The Circuit
The audio input of the user's audio system (from the
speaker terminals of a radio, phono, tape recorder, or TV
set) passes through a level control and is then separated by
RC filters into three broad, overlapping frequency ranges or
"channels." Each channel is separately amplified to light a
small pilot light bulb which, in turn, shines on the light dependent resistor. Each LDR controls the intensity of series connected 120 -volt incandescent light bulbs totaling 25 watts
per channel. These bulbs can be arranged in any desired
fashion to suit the builder. The display then glows in relation
to the frequency (color) and power (brilliance) of the instantaneous audio input.
The schematic of the color translator (Fig. 1) shows the
relative simplicity of the device. The circuit, up to the pilot
lights, is an adaptation of Leon Wortman's "Transistorized
Photorhythmicon" (ELECTRONICS WORLD, May 1962).
Notice the use of circuit breakers CB1 and CB2. These
low- current (1 -amp) glass, self -resetting circuit breakers,
which resemble oversized NE -2 glow lamps, are ideal for this
application; a short in the power supply, transistors, or pilot
lights will open CB1 protecting the transformer while a short
in the display will open CB2 which protects the connecting
cable.
The display, Fig. 2, is at the end of any reasonable length
41

of four -conductor cable which plugs into the color translator
unit. Any number of bulbs totaling no more than 25 watts per
channel can be used in the display.

PL.!, 2,3
RI

R6

R5

LDR I, 2, 3
(UNDER COVER/

Construction
The photos show the author's unit which was built onto an
8 "x 12 "x 3" chassis. Actually, a smaller chassis could be used,
as there is room to spare. Wiring and parts placement is not
critical, but the mounting of the LDR's must be done carefully. Although this power photocell is a reasonably rugged
device, proper mounting of the unit requires a flat surface,
controlled mounting torque, and a minimum resistance conduction path for the heat generated by the LDR. The use of
a thin layer of silicone grease is mandatory if maximum transfer of heat from the photocell to the heat sink is to be obtained. Make sure the LDR is insulated from the heat sink
electrically but connected to the heat sink thermally.
Selection of the proper heat sink is a tricky business which
involves heat transfer coefficients, mounting position, LDR
dissipation, and other factors. Basically, three low- priced
PL4

RS

HI-BIAS
01

2N301

CI

LDRI

TREBLE

JI
AUDIO
INPUT

R2
(SEE TEXT)

n

R7
MID -BIAS

02 -2N301

PL 2

MID

RANGE
R6

-

M1D-GAIN

4-

C4
R9

LO-BIAS
03
261301

PL3

BASS

RB

LO-GAIN

+

CS

CI-O
S)

RII

PL4
L

117V.A.0

VOLT ADJ.

+ C6
R12

RIO

RI,R6,R8 -100 ohm,

1 w.

wire -wound

pot
R2 -100 ohm, 1 w. res.
R3.R4 -- 15 ohm, I, w. res.
-

R5,R7,R9-- 10,000

ohm miniature pot

R10- 100,000 ohm, I/t W.
Rl1-25 ohm, 5 w. pot
R12 -75 ohm,

S

res.

w. res.

CI,C4 -1 µf., 1.5 v. elec. capacitor
C2- -10 (If., 15 v. elec. capacitor
C3 -50 µf., 15 v. elec. capacitor
CS -20 µf., 15 v. elec. capacitor
C6 -160 µf., 15 v. elec. capacitor
SI-S.p.s.t. toggle switch
11 -RCA phono jack

PL1,PL2,PL3-#47, 6 -v., .15 amp pilot

51

RII

R8

03

The author has added a carrying handle for ease in handling.
The cover at right shields the LDR's against ambient light.

PL

SOI -4 -pit receptacle (Arnphenol 78SIS. To match plug on display tarit.)
CB1,CB2- ;1Iiniature 1 -amp. .self -resetting circuit breaker (Sylvania
"Mite -T- Breaker," Allied 348075)
LDRI,LDR2,LDR3 -Light dependent
resistor with insulated mounting kit

Although measurements show that maximum power dissipation of each LDR is only 8.2 watts when in series with a
25 -watt bulb, certain practical limitations prevent the casual
experimenter from running the LDR's at higher power levels.
The importance of good heat sinking cannot be overemphasized. High transient currents (output bulbs with cold filaments and slow response time) can cause "freckles" (little
burned out spots) on the surface of the photocell.
The builder is cautioned against trying in "squeeze" 40
watts per channel out of this unit. Larger heat sinks don't
help, since the instantaneous current surge causes spot heating before heat dissipation can relieve the condition. Little
bright blue flashes on the surface of the LDR mean that you
are running it above its current rating. Since each arc becomes a freckle and each freckle is a high -resistance spot, a
few freckles can destroy the cell's ability to act as a low
resistance, no matter how much light you shine on it. The
result is a sluggish display that won't light brightly.
The pilot light sockets should be placed directly above
the LDR's so that the pilot -light filament is above the center
of the LDR. The author cemented the sockets to pieces of
insulating material that, in turn, are cemented to the heat sink fins,. (Make sure the socket does not make electrical conClose -up of one of the LDR's and its associated light source.

(Delco Radio LDR -25)
D1,D2,D3,D4 -7S0 ma., 50 p.i.v. silicon power rectifier (Lafayette type
SP -266)
Tl -Fil. trans. .12.6 v. @ I amp (Olson T -304)
Q1,Q2,Q3 -2N301 transistor (Delco
Radio, with insulated mounting kit)
3 -Delco heat sinks (7281360, 7278482,
or 7270606. See text on correct catit
to use.)

light
PL4 -NE -2 neon glow lamp
(Delco Radio, 700 E. Firmin, Kokomo, Indiana)

1. Circuit of color organ is a modification of
one that has previously appeared in this publication.

Fig.

heat sinks are available from Delco. The author, using the
smallest heat sink (7281360) has been running 25 -watt bulbs
per channel with no LDR failures, but the unit gets quite
warm. If you want a cooler unit, use the next larger 7278482
heat sink -or the largest, 7270606, which requires a larger
chassis.
42
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tact with the heat sink. ) Small metal hoods over the pilot
lights help direct their light onto the LDR's, but they are not
absolutely necessary.
The transistors must be insulated from the chassis, which
is easily and neatly done using the insulating mounting kits
supplied with the Delco 2N301 transistors. These transistors
run very cool in this circuit so no special heat sinking is required. The LDR heat sinks are bolted directly to the chassis
which acts as an additional heat sink.
Terminal strips are used where convenient -such as for the
silicon power rectifiers and bandpass components. Be sure to
observe all diode and capacitor polarities, remembering that
chassis is "plus" in this circuit. A four -prong socket on the
chassis allows easy disconnection of the display from the
color translator. A thin cardboard or metal cover over the
LDR section will shield them from ambient light which would
affect operation. Paint the completed unit dull black or dark
grey to help dissipate the heat and to improve the appearance. Labeling with dry -transfer letters, decals, or embossed
tape completes the color translator.

The Display Unit
Ask ten people what they think would be an effective dis-

4-

*

resistance. The pilot lights should be installed. Now plug the
color translator into the 117 -volt, 60 -cycle power line and
turn on switch Si. The only thing that should happen is that
the neon power light should go on. Voltage at the top of Ru
should be around 15 volts d.c. negative, measured to the
chassis. Slowly rotate R5 toward a lower resistance setting
until PL1 starts to glow. Do the same with R7 (PL2) and R9

(PL3).
Now connect an audio source (3.2- to 16 -ohm speaker terminals) to J1. Normal volume provides plenty of driving
power. Increase R1 and the pilot lights should start "dancing." An audio generator will give you some idea of the frequency response of each channel, but no adjustments are
provided or necessary. For sharper bandpassing, the "front
end" would require inductors, with a dubious gain in the end
product.
Adjust R6 and R8 to verify that they control the action of
PL2 and PL3 respectively. PLI is controlled by the basic setting of R1; using a 100 -ohm pot in place of R2 will provide
added control over PL1 if it is needed.
Now you are ready to add the display. Turn off Si. Plug
the display into SO1 and turn the power back on. Remember
that the full line voltage appears at the common display bulb

BLUE
25W.

CONDUCTOR CABLE

TREBLE

120V. COLORED LAMPS

(25W. OR LESS)

GREEN
25W.

AMPHENOL

71-45

/\\
MID

1

;:

J
RED

25W

(.BASSS

Fig. 2.

Circuit diagram of the 75 -watt light display unit.

play and you will get ten different ideas. The author's unit is
simple and inexpensive. A sheet of white fiberglass is bowed
into a "U" shape and nailed to a backboard. A cover piece, cut
to the "U" shape, is nailed on top. This forms an enclosure
for the three -bulb display which is made from a couple of
pieces of wood, sockets, and wiring. A four -conductor cable
and plug provide connections for power and control.
You may prefer a horizontal display, with a row of nine
T2 -watt bulbs (three per color). Just as long as the total wattage per color does not exceed 25 watts, the system will work.
Even colors are a matter of choice. Some people like yellow
in the center instead of green; others say the red should be
for high frequencies, the blue for low frequencies.

Checkout and Operation
Do not connect the display or audio source to the color
translator at this point. Turn the voltage adjust control, R11,
to the full -voltage position, the R1 brilliance control to minimum, and R6 mid -gain and R8 to -gain controls to maximum.
Most important, set bias controls R5, R7, and R9 to maximum
July, 1964

One type of light display that has been used by the author.

terminals, so be careful! With R1 set to minimum and the
LDR's shielded from external light, set bias controls R5, R7,
and R9 so that the incandescent lamps in the display barely
glow, and then back off a little to the about -to -glow condition.
There is some interaction, but not enough to be troublesome.
This will give you the best dynamic response.
The positions of the bias controls will vary with the color
and wattage of the bulbs used in the display. They also act as
sort of dynamic controls which is why these controls are
used instead of fixed resistors. Advance the brilliance control
and adjust the mid -gain and to -gain controls for the desired
color balance, a subtlety best left to individual choice. As the
unit operates over a period of time, the transistors will heat
up a little (especially if they are near the LDR heat sinks)
and their characteristics will shift somewhat. This may allow
the display bulbs to glow even with no signal. Rather than
re- adjusting the bias controls, simply lower the over -all translator power supply voltage with control R11. This same
control is also useful to correct for any power -line voltage
variations.
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CHECKER
By A. A. MANGIERI

Fig. 1. The capacitance checker can also
-mc. calibration oscillator.
be used as
1

Simple one -transistor capacitance checker can also
be used as -mc. calibration signal for receivers.
1

RELIABILITY, portability, and ease of operation are
features of this transistorized capacitor value checker.
Providing measurement ranges of 0 -80 pf., 0 -1000
pf., and .001 -.1 µf., the checker easily measures the value of
small trimmers, variable capacitors, ceramic and disc capacitors, micas, and paper bypass capacitors. In-circuit tests are
often possible.
Including a 1 -mc. crystal -controlled oscillator, the instrument can also be used as a frequency standard for communications receivers. Construction costs can be as low as a few
dollars if you have a 1 -mc. crystal and a microammeter. As
shown in Fig. 1, the checker resembles a grid -dip oscillator
and operates on similar principles.

Circuit Operation
Employing one transistor, the circuit (Fig. 2) uses a
2N1379 transistor as a 1 -mc. crystal oscillator. Microammeter
M1 measures the d.c. current in the collector circuit. L2 -C2
is a parallel -resonant tank circuit which resonates at or near
the crystal frequency. L1, Cl, and C3 comprise a second
tank circuit inductively coupled to the first tank circuit. Cl
tunes the second tank circuit to resonate at 1 mc.
With Cl set at near maximum capacity, L1 is adjusted to
resonate the tank circuit to 1 mc. Resonance is indicated by
a dip in collector current as indicated on M1. As an example
of measuring an unknown capacitor, upon connecting a 50 -pf.
capacitor between jacks J1 -J2, the tank circuit no longer
resonates at 1 mc. with Cl at near maximum capacity. To
re- establish resonance, Cl must be reduced in value until the
series combination of Cl and C3 is reduced by 50 pf. At
this new setting of Cl, 1411 again dips, indicating resonance. The scale card of Cl, calibrated in terms of the unknown C,r, indicates the value of the unknown capacitor.
Range (B) , 0 -1000 pf., connects the unknown in series with
the parallel combination of C4 and C5 and the resulting corn bination in parallel with Cl. Selecting 1000 pf. as the upper
limit of this range is arbitrary. By using the appropriate value
for C5, the upper limit may be as high as .01 sf. or as low as
350 pf.

For capacitors larger than .01 sf., the circuit arrangement
used for range (B) is not suitable as it results in excessive
scale crowding at the high end of the scale due to placing
a comparatively large capacitor in series with a much smaller
one. To avoid this difficulty, the larger capacitors are placed
in series with an .01 -pf. capacitor, C6, and the resulting combination is stepped down in capacitance, as seen from L1, by
transformer action via winding L3 added to L1. This arrangement spreads out the scale calibration nicely for the decades

from .001 to .1 if. over most of the dial. However, leakage
reactance between L3 and L1 results in undercoupling between the two tank circuits causing small dips in current as
Cl is rotated through the dip point. To compensate for this,
a one -turn loop (L4) placed on the upper end of L2 and
connected in series with L3 provides additional energy transfer to the second tank circuit.
Control R4 serves two purposes. First, it adjusts the gain
in the oscillator portion thereby controlling the a.c. power
level in the tank circuit. This, in turn, controls the magnitude
of the dip in current as Cl 1s rotated through the dip point.
Excess gain reduces the magnitude of the dip while insufficient gain results in stoppage of oscillations at, or near, the
dip point. Second, because transistor beta varies with temperature, R4 is used to compensate for large variations in
room ambient. Because the circuit consumes only 1.2 milli watts of battery power, the temperature of the transistor will
be that of room temperature. Once set, control R4 requires
no further adjustments while checking capacitors on any
of the ranges.
Resistor R3 reduces the open base transistor leakage to
a much lower value thereby eliminating the need for bucking out circuits for the meter. R3 also determines the sharpness
of the current dip. With R3 too high in value, the dip is
somewhat gradual with rotation of Cl through the clip point.
With R3 too low in value, the current dip is over -damped
which results in the stoppage of oscillation at or near the
clip point. An intermediate value of R3 results in a sharp
and stable dip point. These effects, with respect to the
value of R3, are gradual, rather than critical, making it easy
to select R3 when using transistors other than the one specified.
R2 limits the maximum current in the circuit for protection
of the meter and transistor due to inadvertent shorts, wrong
polarities, etc. R2 may be reduced or eliminated when using
less sensitive meters. Collector current is about 130 microamperes with Cl set well off the dip point. R1, shunted
across the meter, places the meter pointer at full scale or
100. Trimmer C9 is used to zero beat the crystal frequency
with National Bureau of Standards station WWV.

Construction
-inch box houses the components. When
A 511 x 3 x
installing components, allow clearance to permit replacement
of the bottom half of the box. Using the parts specified,
inches from the top.
the centerline of the meter face is
The variable capacitor shaft is located 233 inches from the
bottom. Pre -punched holes on the capacitor frame will accept
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self -tapping screws for mounting of the inductors and
resistor board. Avoid running the screws into the capacitor
plates. Fig. 3 shows the parts layout.
Mount inductors L1 and L2 exactly 7ti-inch apart and
midway between the capacitor frame and the back of the
box. Allow a 1/16 -inch clearance between the top end of
the inductors and the inner surface of the box side. Stiff
aluminum brackets support the inductors while a fiber strip
spans the top end of the inductors as shown. The resistor
board, secured to the capacitor frame, supports several resistors and the transistor. Mount C4 on a bracket secured to
the top end of the box. The battery compartment is made
of light gauge aluminum. Secure the crystal to the box by
means of a clamp around the base. Solder a pair of clips
removed from an octal socket to the lugs of C9. Slip this
assembly onto the pins of the crystal. Provide holes in the
box for screwdriver adjustment of LI, L2, C4, and C9.
Wind L3 directly over the lower portion of L1 as shown in
Fig. 3. Starting from the lower end of L1 (nearest the terminal lugs) wind 7 turns of a #26 magnet wire in a clockwise
direction from start to finish as viewed from the lower end.
Allow a three -inch length at the finish of L3 to form the one turn loop L4 on L2. Secure L3 with coil cement. Loop L4 is
wound on the upper end of L2 in a clockwise direction as
viewed from the upper end of L2. Locate L4 1/16-inch from
the upper end of L2.
For rigidity, use #22 solid wire for all wiring in the second
tank circuit. Use lighter gauge wire in the remaining portion
of the circuit. Insulate the top of the battery plug to prevent
shorts. Using thin plastic sheet and a fluted knob, make a
double pointer knob for Cl. Fasten the pointer to the knob
with the epoxy cement after roughening surfaces to be joined.
Provide a blank scale card for Cl.
6 -32

and adjust L1 until a dip takes place. If no clip can be found,
increase R4. Note that the magnitude of the dip can be
altered by variation of R4. The above position of Cl establishes the zero scale mark on the dial. Set R4 so that M1 dips
from about full scale to half scale as Cl is varied through the
dip point. If R4 is set near midposition, readjust L2 slightly
to obtain the dip with R4 at midposition.
The transistor used had a beta of 125. If the transistor
the builder uses differs greatly from this value, R3 may require selection as follows. Set Cl at the dip point and R4
for a dip down to 50. Then rotate R4 gradually over its enRI

C4

MI

C5

J4

LI

CT

BI

01

1_ _

Adjustment and Calibration

R3

L3

C6

MI

L3

L4

L2

R2

CI

C9

R4

RI

C2

XTAL

XTAL

L4

..w..._

_1_-_L-___l_.

Make, or check the effects of, all circuit adjustments with
the lower half of the box in place. First, set L2 at near
maximum inductance, set R4 "Dip Adj. ") at minimum resistance, and turn the power on.
If the circuit is oscillating, M1 will deflect to a scale
indication between 90 and 100. If not, tune L2 until oscillations occur. Set Cl at 95 percent of maximum capacitance
(

Fig. 2. The circuit and the parts list for the capacitor
checker. Resonance of the secondary circuit is changed by
addition of unknown capacitor. When Cl returns circuit to
resonance, collector current dip is indicated on the meter.
C5

C7

II

II

L2

C3

C9

Fig. 3. Physical placement of the component parts of the ca-

pacitance checker. Use of the transistor socket is optional.

R1 -3500 ohm, yr w. res.

R2- 47.000 ohm, w. res.
R3- 200,000 ohm, y2 w. res.
R4 -10 ohm midget pot (Mallory

Miller

VW-

10 or equiv.)
C1 --15 -409 pf. var. capacitor

C2, C3 --200 pf. silver mica capacitor
C4-110 -580 pf. trimmer
C5- -300 pf. silver mica capacitor
C6-.01 µf. mica capacitor (see text)
C7, C8-.Ol µf. disc ceramic capacitor
C9 -4.40 pf. midget trimmer
L1, L2 -35 -300 Ally . inductor (J. W.

July, 1964

2002 or

equiv.)

-7 t. #26 d.c.c. magnet wire
(see text)
L4-1 t. #26 d.c.c. magnet wire
(see text)
M1 -0 -100 p.a. meter (Triplett
L3

1/2

120

or equiv.)
S1- S.p.s.t. midget slide sw.
B1
-v. battery
J1, J2, J3, J4- Midget banana jack
Xtal.- 1000 -kc. crystal (James Knight
H -93 or equiv.)
2N1379 "p -n -p" transistor

-9

Ql-

tire range and observe M1 carefully. It should be possible
to set M1 at any point on the scale. If not, increase the
value of R3 by 25,000 ohms and repeat the above procedure.
Conversely, R3 may be lowered to sharpen the dip point but
not to the point where the dip becomes unstable. Adjustments
on R3, R4, and L2 interlock to some extent but are quite
simple to make.
The next adjustment on L4 provides equal dips for C.
equal to zero and .1 J. without re- adjustment of R4. With
the 0 to .10 of. scale pointer set at zero, dip V 1 to 50, adjusting R4 as required. Allow R4 to remain at this setting
during the following. Connect a .1 -pf. capacitor between
J1 and J4 front-panel jacks. Rotate Cl to the dip point. If
no dip can be found, either L4 is undercoupled, or C6 may
be too large. First, shift L4 slightly closer to the center of
L2 and recheck. Position L4 to obtain a dip down to 40 or
50. If C6 is too large, the dip point is out of the range of Cl.
C6 was made up of several mica capacitors in parallel totaling
.0098 ;s.f. Adjust the value of C6
(Continued on page 68)
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LIGHT DIMVIER
& POWER-TOOL
CONTROL
By DONALD

Construction of 250 -watt
dimmer using bilateral
switching diode. Can be
built into light switch.
the electronic control to be
described useful either as a light dimmer capable
of handling up to 250 watts of lighting power or as
a controller for regulating the speed of an electric motor. It
can be used to vary the speed of an electric drill or buffer. It
can also be used to vary the heat of a small drying oven or
other heat source; the temperature of a soldering iron or gull
to allow both fine and heavy work from one iron; or the speed
of a kitchen mixer or blender.
Unlike some similar devices, this low -cost, 250 -watt unit
is a full -wave proportional a.c. controller that will give a
smooth, continuously variable control of power from zero to
full load with a single turn of the control knob. The device
is built from standard parts and can be assembled in a few
evenings' work.
It is built into a conventional light switch and will fit the
same space, providing a direct replacement for the conventional wall switch. A double box and a duplex outlet adapt
the circuit for the control of power tools.

BRIGHTNESS
CONTROL (R3)

MOST readers will find

How It Works
The key to the unit's operation is the relatively new semi conductor device known as a "bilateral switching diode."
This device has the unique ability to control large amounts
of a.c. power but, unlike silicon controlled rectifiers or thyra-

TO R3

C3, TI
C2

(HIDDEN)

R2

02
RI

CI

SWITCH
BODY

Photos showing the construction and assembly of the dimmer.

(Left) The completely

assembled light dimmer

uses a special cover that
is screwed into a stand-

ard wall -switch housing.
(Center) Modified coverplate for the dimmer unit.
(Right) Appearance of the
completely installed unit.
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cuit is itself shunted by the main bilateral switching diode
(BSD), the entire operation is locked (synced) to the a.c.
line. This insures that each delay time will start exactly as the
a.c. input swings through zero and that the delay will occur
after every a.c. zero. Except for a capacitor filter to eliminate
any r.f. noise from the high -voltage spike and the fast turn -on
of the main diode, this is all there is to the dimmer -controller
circuit which is to be described below.

AMPS

-VCRITICAL

-VOLTS

e

A.

I

I

Practical Circuit
I+

VOLTS

+VCRITICAL

TYPICAL VALUES:
TBS208

TYPE
MFG.

TI

With this design plan, the actual circuit of the unit in
Fig. 3 is simple. The a.c. power
(Continued on page 81)
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TRANSITRON TEXAS INST.

VCRITICAL

250 VOLTS

30 VOLTS

'MINIMUM

25MA.

300pA.

'MAXIMUM

5 AMPS

PULSE DUTY
ONLY

--

DIODE

_

- VOLTAGE

+VCRITICAL` +250V.

-

l

LOA
VOLTS
FOR 125V.
R.M.S A.C.

}

}-

-0.5V.

INPUT

- AMPS
1.

(THE DIODE TURNS "OFF" EVERY A.C. ZERO)
a
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SPIKES >

2300

VOLTS

(A)

I

trons, does it equally well in either current direction. This
new switching diode is similar to two silicon controlled rectifiers that have been connected in parallel and in opposite
directions.
There are two ways of turning an SCR on -the common
one of pulsing the gate and the less familiar method of exceeding the forward breakover voltage and avalanching the
SCR into conduction. Either method achieves the same results; the SCR turns on and stays on until the anode current
reverses direction or is turned off. But this only works in one
current direction. A second SCR is needed for bilateral avalanche operation. This is what the bilateral switching diode
does. Actually, this device is less complicated than the two SCR combination and consists of a single five -layer p- n -p -n -p
structure.
Fig. 1 shows the volt -ampere (VI) characteristics of a
bilateral switching diode and details diode operation. Basically, we have a device that is in an "off" state until a high voltage pulse (in excess of the diode's V ;r;, )) avalanches the
diode into conduction, or "on. The diode stays "on" until the
circuit current becomes nearly zero and then returns to the
"off" state. Current reversals every a.c. zero will always return
the diode to the "off" state. Since the circuit is "off" during the
presence of the high- voltage pulse, very little pulse power
is required to trigger the diode. This high -voltage pulse can
be introduced by adding a transformer secondary in series
with the diode and the load. This transformer must have a
very low 60 -cycle a.c. impedance. A high -turns -ratio transformer would allow a low voltage pulse to be stepped up to
a high enough voltage value to trigger the bilateral switching
diode.
By controlling the point in each a.c. half cycle when this
pulse occurs, load power may be varied from zero to full
power. This is detailed in the waveforms that are illustrated
in Fig. 2.
A variable timer is needed to determine when in each cycle
the high -voltage pulse and diode "turn -on" is to be produced.
A simple saw-tooth generator consisting of an RC circuit
shunted by a low -voltage bilateral switching diode is used.
A resistor, R, charges up a capacitor, C, until the voltage
across C exceeds V,.,;,;,.,,) of the diode. The diode turns
"on," discharging C. If a high -voltage step -up transformer
primary is in the discharge path, high -voltage spikes will be
generated. Varying R will vary the delay and, ultimately, the
amount of power reaching the load. Further, if the RC cir-

125JV.r.-177V.

VcArricAL- -250V.

When applied voltage is less than V,., I,.:, (A), the
diode draws little current; circuit is "off." At higher voltages (B) avalanche conduction causes diode to conduct heavily. Current is now limited only by load ICI. Diode continues
to conduct as long as current is at least 1,,,;,,. At lower currents, diode is returned to "off" state. The operation of
the device at reverse voltage polarities is exactly the same.
Fig.

+125/2V= +177V.

(B)

(C
network and a low -power bilateral switching
diode can be used to generate a spike of voltage that can be
stepped up by a transformer and used to turn on a main switching diode. With the network adjusted to produce spikes very
early in each alternation (A), maximum load current flows.
When spikes occur in the middle of the alternations (B), normal load voltage exists only half the time, so only half the
power reaches the load. With the circuit set to trigger very
late in the alternations (C), very little power reaches load.
Fig. 2.

An

RC

Fig. 3. Circuit of dimmer. D1 determines the load current.
D2 and RC network produce pulses that act to trigger Dl.

r

LOAD

250

WATTS®

MAXIMUM

X
117V.

60",

ZcI
R3

II
11

C2
R

(

60TQ
2T

C3

R1- -10.000 ohm,

biz w. carbon res.
ohm, 1;Z w. carbon res.
250,000 ohm miniature pot (Centralab B -16 -123 or equiv. Note:

R2- 68,000
R3-

Center shaft must be insulated

front front plate and operator.)
C1 -.02 µf., 200 v. disc capacitor
C2
µf., 200 v. capacitor
C3 -.22 4., 50 v. flat Mylar capacitor

-.1

(or two

SI-- S.p.s.t.
TI

TI

A.C. ONLY

.1 µf. discs in
10-amp Leviton

parallel)

wall
switch rase (see text)
62 t. :22 en. wire wound on

Ot

D2

Arnold .41-500-187-HA-I' core,
tapped at 2 t.
amp, 200 v. p.i.v. "Bi- switch"
(Transitron TBS -20 -B. See text

DI -5

for other ratings.)

D2 -30 v. silicon bilateral trigger diode (Texas Instruments TI -43 or
Transitron ER -900.)
Note. DI, D2, and Arnold core are

available as a "kit" from Kimball
Electronics, 3614 N. 16 Street, Phoenix, .4riz., 85016 (i 57.00 each plus

postage.
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SIMPLIFIED

RED -ORANGE

FIELD

BLUE -GREEN

RATE
SWITCHING

CAMERA

MEXICAN

FIELD PULSE

SYNC

MONOCHROME

TRANSMITTER

1

GENERATOR

(A)

COLOR TV
By LESLIE SOLOMON
Associate Editor
(B)

Developed in Mexico, this simple approach to
TV switches a three -gun CRT at field rate.

Transmitter switches between blue -green and red Fig.
orange signals at field rate. (B) Receiver is synchronized
with transmitter by vertical sync pulse to produce images.
1. (AI

orthicons, each with its own filter, is used with the outputs
FOR the past year, a TV station, XHGC -TV in Mexico
switched into the transmitter at field rate.
City, has been transmitting an experimental color proAlthough standard monochrome pulses are used in this
gram every Saturday morning. Although this is not unsystem, it is necessary that each vertical picture field
color
in
the
U.S.A.,
art
of
the
state
the
present
considering
usual,
to avoid the "blinking" that would be annoybe
compensated
coma
transmitting
what is different is that this station is
field had areas of greater brightness than
color
ing
if
one
detechnique
switching
simple
a
using
signal
patible color
that is caused by differences in
The
other.
"blinking"
the
veloped in Mexico.
is reduced by using a-maxifields
between
color
brightness
System
Bicolor
Simplified
called
system,
color
The new
saturation of 60% for each
color
mum
(SBS) and shown in block diagram form
Fig. 2. This is the color switching cirfield.
color
individual
monoconventional
a
in Fig. 1, uses
cuit for the Mexican color system. The
The
that would be pro"blinking"
chrome transmitter with a special camcolor CRT guns are gated in the correct
levels in each
average
duced
by
unequal
multivibrator.
The
triggered
by
a
30
-cps
system.
order
switching
era and associated
ciris
by
a
compensating
field
reduced
camera is so arranged that during one
21CYP22
uncompensated
In
this
circuit,
the
cuit.
COLOR
CRT
consists
output
camera
field interval, the
video is applied through a vacuum -tube
of the red -orange components of the
mixer whose other input is a square wave
the
during
and,
televised
scene being
having a duration of one field. The field
other field interval, camera output is the
control adjusts the level of the
level
monoBecause
component.
blue-green
square wave fed to the mixer so that
TO
chrome pulse standards are used, the
BRIGHTNESS
each field output is biased to average
CONTROLS
system is compatible.
the brightness levels. Once this control
The receiver is a conventional monois set, there are no other chromatic concolor
-gun
a
three
feeding
chrome unit
trols required at the transmitter.
CRT. There are no chromatic circuits
NTSC
the
viewing
for
such as required
Receiver
color signal. Instead, the vertical sync
The receiver for use with this color
signal is used to switch the red and blue system can be either a conventional
green guns of the color CRT in accordblack- and -white receiver equipped with
ance with the transmitter. Once the field
e+
a color CRT with its associated color
switching is synchronized, there are no
purity
components and circuits, but not
indipreset
other color controls (except
with any of the usually used chromatic
vidual gun brightness) and color saturacircuits, or a color -TV set with its asso,d3
tion is handled by the contrast control.
ciated color tube and color purity comTransmitter
ponents and circuits, with the chromatic
circuits disabled.
The transmitter is a conventional
In place of the normally used color
monochrome unit, operated with standsignal extraction and processing circuits
ard monochrome pulses, but with a
30 CPS
found in NTSC signal receivers, the elecspecial color camera and its associated
MU LTI VIBRAT OR
tronics for this system consists of an
field -level corrector.
electronic switch operating at field. rate
At present, the experimental camera
(30 cps) synchronized by the vertical
B+
consists of a dual -filter color wheel ropulse. The circuit is shown in Fig. 2.
sync
tating at field rate in front of an image
The vertical pulse is amplified by V1
orthicon with one half of the transparent
VERT.
and is used to synchronize 30 -cps multiPULSE
filter passing only red- orange ( 700 to
INPUT
vibrator V2 -V3. The 30 -cps output sig580 millimicrons) and the other half
nal from this multivibrator is amplified
passing blue -green (580 to 470 millimiby V4 and V5 with the resultant signal
crons)
used to gate the color CRT on and off
Another variation of the camera is
(Continued on page 71)
image
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TRANSDUCERS
FOR INDUSTRIAL

INSTRUMENTATION

.r

By RAY A. SHIVER

/

Instrumentation Lab., Air Research Mfg. Co. of Arizona

Simplicity of operation is the keynote of the many varied
industrial transducers used to convert a great number of
mechanical parameters into useful electrical signals.

O

INSTRUMENTATION in industry is concerned with the
measurement of physical phenomena associated with
the operation of an industrial process. Of prime interest
to the instrumentation engineer and technician is the accurate determination of such factors as heat, pressure, vibration, strain, speed, position, and flow. To convert a physical
factor into a corresponding electrical signal that can be
measured with an instrument requires a device called a
transducer. Although these devices range from simple to very
highly sophisticated types, they all operate on well -known
physical principles. This article covers some of the most coin mon types used, along with the electronic instrument used to
provide the readout system necessary to convert the electrical
signals into meaningful information.
Transducers can be separated into two basic types -those
that require an external excitation signal, and those that are
self -generating. The former require some type of excitation
voltage (a.c., d.c., or r.f.) and return a portion of this voltage
to the measuring instrument as the signal to be measured.
The self- generating types generate signal voltages without
the use of any external excitation voltage.

Piezoelectric

vibrations when an external voltage is impressed on them.
Piezoelectric transducers for use in instrumentation circuits
are generally made from one of the ceramic materials (such
as barium titanate) having piezoelectric properties. Such
ceramic materials are not as susceptible to changes in temper ature and humidity as are some of the natural crystalline
structures and are useful in instrumentation because they
offer high output, excellent frequency response, practically
no phase shift, and small, compact construction.
One use for piezoelectric materials is the construction of
miniature pressure transducers to measure rapidly fluctuating
pressure pulses such as those found in the combustion chambers of engines and rocket motors. Fig. 1 shows such a transducer and associated circuit. The transducer is made very
small to respond to high- frequency pulses. In operation,
pressure pulses striking the tiny diaphragm distort the crystal
Fig. 1. Piezoelectric transducer generates a voltage when the
is struck. Electrometer
prevents crystal loading.

diaphragm

ACTUAL TRANSDUCER SIZE
APPROX. 3/8" DIA. X 3/4"

PLATE
CRYSTAL

DIAPHRAGM

SCOPE
STOP

A well -known example of a piezoelectric transducer is the
crystal pickup cartridge used in record players where mechanical vibration is converted to electrical signals that correspond to the original recorded material. This is possible
because of the ability of certain crystals, such as Rochelle
salts, to produce electrical signals when acted upon by mechanical stress. Such crystals will also produce mechanical
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and produce an output voltage analogous to the pressure
signal. The electrical signal is then fed to the electrometer
amplifier and thence to the oscilloscope. The electrometer
amplifier is necessary to prevent loading the transducer crystal. The input impedance of this type of amplifier is very
great, generally above 1011 ohms.
The transducer is usually calibrated statically; that is, an
accurately known pressure is applied to the pickup and the
oscilloscope is adjusted for the desired d.c. displacement.
Some electrometer amplifiers, designed for this type of transducer, have a built -in variable capacitor to supply a static
charge equal to that produced by the pickup. The dial reads
directly in pounds per square inch (psi) and is set to the
desired calibration point.
Since high temperature is the great enemy of piezoelectric
transducers, some means must be used to protect them when
operated at elevated temperatures. In the case of miniature
pressure transducers, this is accomplished by special mounting features which are air or water cooled to prevent excessive heat from destroying the pickup.
The accelerometer is another type of transducer that can
make use of the piezoelectric principle. The device shown in
Fig. 2 is of the compression type; that is, the crystal element
is compressed by mass M when the unit is subjected to vibration. Since the crystal accelerometer is also a very- high -impedance device, the cathode follower is necessary to permit
long cable runs without excessive loss of signal and frequency
response. The short length of cable between the cathode follower and the accelerometer is designed for extremely low noise characteristics to eliminate static -charge noise caused
by flexing and bending of the cable when the unit is subject
to vibration. The cable is generally calibrated and furnished
with the accelerometer. The peak -reading voltmeter is used
as a readout instrument because vibration is seldom a simple
sinusoidal motion but rather is a complex waveform that
would introduce considerable error in an r.m.s. -type voltmeter.
One accurate method for calibrating piezoelectric accelerometers is the use of a sine -wave generator, test fixture, and
a calibrated microscope. The accelerometer to be calibrated
is mounted on the vibrating test fixture and the fixture is
made to vibrate at some low frequency. The desired amount
of displacement is arrived at by adjusting the drive current
to the vibrating fixture while viewing a reference mark on the
fixture through the calibrated microscope. Once the displacement and frequency are known, the accelerometer can be
calibrated in G units from the formula: G= 0.0511Df2 where
G is units of gravity (386 inches /sec2), D is displacement
peak -to-peak amplitude in inches, and f is vibration frequency of the accelerometer in cycles per second.

Photovoltaic
Photovoltaic transducers convert light energy directly into
electrical energy and are useful for a variety of purposes in
Fig. 2. In this crystal accelerometer, the weight presses
against crystal to generate a voltage proportional to G.
PEAK READING V.T.V.M,

CALIBRATED
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industrial instrumentation. When coupled to a sensitive
microammeter, a photovoltaic cell can measure light intensity
directly. This approach is the basis for the photographic light
meter.
One of the more efficient types of solar cells is constructed
of silicon. A junction is formed of a p- and n -type layer which
induces electron flow when exposed to a light source. Banks
of these silicon solar cells are used to power satellite instruments.
An electronic tachometer using a photovoltaic cell as a
transducer is shown in Fig. 3. The perforated disc is usually
attached to the shaft of the rotating member ( electric motors,
generators, engines, turbines, etc.) and the pin -point light
source is adjusted to illuminate the photovoltaic cell with
the passage of each perforation in the disc. The pulsed signal
is fed to the electronic tachometer which reads directly in
rpm.
Calibration is simple and depends solely on the number of
perforations in the disc. The formula is: f= (DP /60) (rpm)
where f is the frequency in cps, DP is the number of disc
perforations, and rpm is in revolutions per minute.
For example, if the disc used contained 20 perforations
and it was desired to calibrate the tachometer for 9000 rpm,
substitution in the equation would give an answer of 3000
cps. An audio oscillator can be used to furnish the 3000 cps
signal to calibrate the tachometer at the 9000 -rpm point. It
LIGHT
SOURCE

ROTATING DEVICE
(ELECTRIC MOTOR,
ENGINE, ETC.)

ELECTRONIC
TACHOMETER

SILICON

CELL

PERFORATED
DISC

Fig. 3. Electronic tachometer is used for rotating machinery.

quite convenient to use a disc containing 60 holes if it
desired to read output rpm directly in cps.
is

is

Electromagnetic
Electromagnetic transducers operate on the principle of a
conductor cutting magnetic lines of force. They are principally dynamic transducers; that is, their operation depends
on movement of either the conductor or magnetic material.
A well -known example of a magnetic transducer is an electric
generator.
Fig. 4 illustrates a device for measuring flow in liquids
and gases which uses this principle. Gas or liquid flow
through the device causes the miniature turbine wheel to spin
at a rate proportionate to the flow -rate of the liquid or gas.
A magnetic pickup, located within the flowmeter, generates
a pulse for every passage of a turbine blade and thereby
produces an a.c. voltage whose frequency is an indication of
flow.

The vanes that support the turbine wheel at the inlet side

WEIGHT BONDED TO
CRYSTAL

CRYSTAL
STOP

.
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of the transducer "straighten" the flow stream so that when
it reaches the turbine wheel, it is not turbulent or swirling as
this would tend to produce false readings from the instrument. The interior of the turbine housing is streamlined to
prevent turbulence from forming at the outlet of the flow -

meter.
The digital frequency meter shown in the diagram is one
of the more commonly used instruments for the readout of
flowmeters. If flow rate is desired, the instrument is set to read
frequency (events-per- unit -time) usually in cps. Flowmeters
ELECTRONICS

WORLD

FLOW
STRAIGHTENER

MAGNETIC
PICKUP

DIGITAL
FREQUENCY
METER

TURBINE
WHEEL

Fig. 4. The flow -rate transducer uses the gas or liquid flow
to generate a voltage proportional to the material flow rate.

are furnished with calibration sheets to convert the cps reading into gallons-per -minute, pounds- per -hour, or other desired quantity.
If total flow in a given length of time is desired, the digital
frequency meter is set to start counting at the beginning of
the flow and stopped when the flow ceases. The total count
indicates the volume of flow between time limits.

Thermoelectric
The thermoelectric (Seebeck) effect is the generation of
a voltage by the difference in temperature between the junctions of two dissimilar metals. Transducers that use this principle to indicate temperature are called thermocouples. They
are widely used in instrumentation since they can be produced cheaply, are extremely accurate, and can be used over
long cabling distances.
Fig. 5 shows a typical setup for measuring temperature.
The particular thermocouple used in this example is iron constantan which has a linear output for a temperature range
from around the freezing point up to about 1500 degrees F.
The cold junction must be maintained at some constant
temperature, in this example 150° F. Before accurate temperature-regulated reference junctions were available, it was
common practice to use ice water for the cold junction since
it maintained a constant temperature of about 32° F.
The wire used between the thermocouple and the reference junction must be made of the same material as the
thermocouple, otherwise a junction of dissimilar metals would
be formed at the thermocouple which would lead to inaccurate readings. From the cold junction to the readout instrument, conventional copper wire is used. The digital voltmeter reading can be converted into temperature by consulting a set of tables published by the National Bureau of
Standards for the particular type of thermocouple material
used.
Self- balancing potentiometers are also widely used as a
readout instrument for thermocouples. They employ a built -in
reference junction, a chopper -type d.c. amplifier, and a large
servo -operated drum -type dial calibrated directly in temperature. This, together with banks of push -button selector
switches, permits the rapid reading of many thermocouples
in a short period of time. Conventional thermocouples are not
suited to measure rapidly fluctuating temperatures since the
thermistor bead constitutes a considerable mass and does not
cool or heat rapidly. For fast response types, a fine filament
of the thermocouple material is strung between two supporting pieces to permit a very rapid heating and cooling cycle..
Signals from this type of transducer are usually displayed
and photographed on an oscilloscope, or recorded on an
oscillograph using high -frequency galvanometers.

true center (runout) on the shaft of a rotating device as
shown in Fig. 6. The probe consists of a number of turns of
wire, tapped at a suitable point to permit low impedance
coupling between the pickup coil and the instrument. The
capacitance position of this tuned circuit is formed between
the grounded rotating shaft and a small disc located at the
ungrounded end of the coil. The networks are coupled to the
tank of an oscillator at the measuring instrument and a change
of capacitance between the disc and the metal shaft produces a frequency change that is proportionate to distance.
A demodulator circuit converts the FM signal into an analog
output voltage.
A device such as this is quite temperature sensitive and,
if large gradients are present, steps must be taken to retain
a near constant temperature at the probe or excessive drift
is likely to result. This can usually be accomplished by subjecting the pickup to a steady stream of cooling air.
Calibration of the transducers requires a precision set of
measuring blocks (similar to automotive feeler gages) for the
range of displacement desired. The probes will indicate differences of a few microinches and great care is required for
an accurate calibration. The probes are first balanced for
zero output at the operate position, then, using the precision
blocks, they are moved toward the shaft to the desired calibrate position. Once the probes have been calibrated, they
are returned to the operate position and the amount of deflection is noted on the oscilloscope.
When the test setup is in operation, a small circle or dot
on the oscilloscope screen indicates the shaft is stable. A
large circle indicates a corresponding amount of instability.

Resistive
Transducers making use of this principle to generate signals employ a variety of materials including carbon, wire,
foil, and semiconductors. When excited with a current, a
change in resistance of the element will produce a corresponding output signal. Fig. 7 shows a setup for measuring
force using a device called a load cell. This transducer uses
DIGITAL
VOLTMETER

CONSTAN TAN
WIRE

IRON WIRE
COPPER LEAD WIRES

I50 °F

EMPERATURE CONTROLLED
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Fig. 5. Temperature measurement by the thermocouple technique.
Fig.

tuned

6.

If the rotating shaft is off center, frequency of the
circuits vary and eccentricity is read out on scope.
LISSAJOUS
PATTERN

SCOPE

CAPACITANCE
METERS

Capacitive
Transducers that employ a change in capacitance to indicate some mechanical function are commonly used in instrumentation. Since this type of measuring system is all electronic, it possesses excellent frequency response and is capable of high accuracy when used within limitation. Such systems are very useful for measuring minute spacings.
A tuned circuit can be used to measure deviations from
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RESISTANCE ADJUSTMENT
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Fig. 7. When weight is applied to the load cell, it unbalances
the strain -gage bridge thus producing an electrical readout.

wire resistance elements (or strain gages) arranged in a
bridge circuit. As shown in the diagram, they are bonded to
a metal column which receives the force- action to be measured. A force applied to the column causes the strain gages
to change resistance and thereby unbalance the bridge, producing an output voltage. Either a.c. or d.c. voltages can be
used to excite this type of transducer and very accurate results can be obtained. An audio frequency signal powers the
transducer while the readout is a phase -sensitive demodulator circuit for the bridge unbalance voltage. If d.c. current
is used to excite the unit, a sensitive galvanometer -type instrument can be used to indicate the load directly.
Load cells for the lower ranges (about 0 -1000 lbs.) can
be calibrated by the application of accurate weights to the
transducer while adjusting the readout instrument accordingly. For calibrating larger sizes, a hydraulic force- testing
machine is used.
Manufacturers of load cells stipulate a gage (or sensitivity)
factor for each load cell for calibration purposes. Readout
instruments designed for use with this type of transducer
generally have a calibrated gage factor dial which permits
the instrument to be used with transducers of different sensitivities. As long as the transducer retains the basic sensitivity it can be calibrated by setting the readout instrument
for the appropriate gage factor figure.
To illustrate the versatility of resistive type transducers, a
unique one is shown in Fig. 8. This particular instrument is
known as a hot -wire anemometer and is capable of detecting
very slight changes in wind velocity. It is useful for detecting
minute pressure changes in shock tubes, wind tunnels, air
compressors, and related applications.
As shown in the diagram, the anemometer comprises one
leg of a Wheatstone bridge circuit. The filament (resistive
element) of the transducer is usually made of nichrome or
platinum wire since it must run at quite a high temperature
in order to be effective. To operate the probe, it is placed
into the air stream to be investigated and current is applied
in small steps while keeping the bridge circuit in balance.
This procedure is followed until the desired output is obtained. The resistance of the probe increases as more current
is applied. As air passes the transducer, the exposed filament
is cooled causing a resistance change proportionate to air
velocity. The readout instrument shown is an oscilloscope although other instruments having a suitable frequency response can be used including a recording oscillograph to
provide a permanent record.
Hot -wire anemometers are rather difficult to calibrate precisely since they require an air flow with the dynamics similar
to that under investigation if they are to be accurate. A good
approximation can be arrived at by changing the flow rate
by known steps while noting the output from the anemometer
at a constant current setting. If turbulence is present in the
flow under conditions of actual use, the anemometer readings
will not reflect true flow conditions.
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Inductive transducers require an a.c. excitation voltage and
generally some form of resistive and capacitive balance. This
principle is applied to transducers for measuring such physical phenomena as pressure, vibration, displacement, and
flow. They exhibit good resolution, high output, and relatively good linearity.
Such a device is the differential transformer shown in Fig.
9. This transducer can be used either to measure large displacements of several inches or accurately indicate a total
travel of only a few hundred microinches. The construction
consists of three windings around a movable core of magnetic
material. L1 is the excitation winding and is coupled to a
source of a.c. voltage. L2 and L3 are connected so that their
outputs ca.icel when their mutual coupling to the excitation
winding is the same. In this condition, the transducer is balanced and the output will be zero. When the core is moved,
the coefficient of coupling between the pickup coils and the
excitation winding changes, the transducer is no longer in
balance, and an output voltage appears proportionate to the
amount of core travel. Balance controls are used to eliminate
small differences in resistance and reactance between the
two pickup coils.
The a.c. excitation voltage used with typical differential
transformers ranges from the low audio frequencies to frequencies as high as 20 kc.
If sufficient excitation voltage is used, a vacuum -tube voltmeter can be used as a readout instrument. It should be
capable of reading down to 10 millivolts r.m.s. or less since
the output of the transducer for small lengths of core travel
will be quite small.
The variable differential transformer can also be constructed with a rotating core, in which case it is used to
measure degrees of rotation. Precise angular measurements
can be made to fractions of a minute. This type is useful for
indicating the movement of valves, control surfaces, and the
like.

Although the transducers discussed in this article are used
for the measurement of pressure, temperature, flow, force,
speed, proximity, angle- position, and vibration, the list is by
no means complete. There are many transducers that can be
used for measuring a single physical phenomenon, each using
a different principle. For example, temperature can be measured by thermocouples, a resistance thermometer, optical
pyrometer, or a mercury thermometer. The one chosen for a
specific application would depend on the range to be measured, convenience of use, and accuracy desired. For this reason, the examples chosen for this article were meant to
illustrate some of the more widely used types of transducers
but not necessarily the only ones for a specific application.
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IN/S NEW NEAINKIT FM STEREO 6
q11111111

CAN PUT EXTRA PROfiTS IN YOUR SHOP
Produces all signals required for trouble-shooting and alignment of multiplex adapters, FM tuners and receivers Generates
mono FM or composite stereo FM signals Crystal- controlled 19 kc ( =2 cps) pilot signal, level adjustable from 0 to 10% for
check of tuner lock-in range Switch selection of 400 cps, 1000 cps, 5000 cps, 19 kc, 38 kc, 65 kc or 67 kc SCA test signals for
complete alignment capability 100 mc sweep signal (adjustable ±2 mc) for overall RF& IF alignment Built -in markers for
10.7, 90.95, 96.3, 101.65 & 107 mc
No balance adjustment required for equal right and left channel modulation levels Phase
test for accurate adjustment of subcarrier transformers

Here is an outstanding new instrument that
will add extra profits to your service operations . . . the new Heathkit FM Stereo
Generator! This completely self -contained
instrument provides all the signals necessary for fast, easy alignment and troubleshooting of FM stereo tuners, receivers and
multiplex adapters in addition to standard

quencies include 400 cps, 1000 cps, 5000 test leads and detailed stereo alignment incps, 19 kc, 38 kc and special SCA frequencies structions. Order your Heathkit FM Stereo
for either direct or RF carrier modulation Generator now for faster, easier servicing
extra profits in this greatly expanding
use. The SCA frequency is selected by a rear
panel switch to be either 65 kc or 67 kc, pro- field of Stereo FM.
$99.00
viding a versatile system capable of aligning Kit 1G -112, 10 lbs.
even the most deluxe tuners of advanced Export model available for 115/230 V. AC,
2 cps) 50-60 eps; write for details.
design. A crystal -controlled 19 kc
IG-112 SPECIFICATIONS-RF Signal Output: Center
pilot signal adjustable in level from 0 to 10' ; frequency:
100 me adjustable by approx. ±2 mc. Pilot
is provided to check the lock -in range of modulating frequency: 19 kc +2 cps. FM modulation:
(stereo), right channel (stereo), Phase
Left
channel
stereo receivers.
test (left plus right channel in phase). Monophonic FM.
Easy To Use! RF signals supplied by the Deviation: Adjustable to 75 kc. Sweep rate: 60 cps.
width: Adjustable to 750 kc. RF attenuator
generator terminate at a 300 ohm balanced Swoop
range: 60 db in 20 db steps. Crystol -controlled markoutput, designed for direct connection to the ers: 10.7, 90.95, 96.30, 101.65, f 107 mc. Composite
Left channel Istereol. Right channel
antenna terminals of the tuner or receiver signal output:
(stereo). Phase test (left plus right channels in phase).
being tested
no complicated matching Audio output: 400, 1000, A 5000 cps; 19 kc ±2 cps);
kc; 8 SCA (65 or 67 kc). Maximum distortion: lot
networks for impedance or balance required. 38
400, 1000 A 5000 cps) 5%. Front panel controls: 19 kc
A three -step (20 db per step) RF attenuator pilot level control, deviation -sweep width-composite,
in addition to the variable output control, level -audo level control, function switch, frequency
switch, & RF attenuator switches. Rear panel adjustprevents overloading tuner input, and the ments: Balance adjust, 38 kc sync, pilot level adjust, &
switch. Chassis adjustments: Oscillator
carrier is adjustable *2 mc up or down to SCA frequency
adjust, frequency adjust & modulation adjust. Tube
permit alignment on a clear portion of the complement: 12AT7 -19 kc oscillator & 19 kc doubler;
6AU8-19 kc buffer & 38 kc amplifier; 6AN8- ReactFM band.
once tube modulator & 100 .mc oscillator; 131 12AÚ7
Easy To Build! Clean, open circuit layout -Audio osc.; audio cathode follower & 19 kc pilot

...
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mono FM.
Versatile Performance! Signals generated by
the Heathkit IG -112 include an audio or
composite stereo signal for multiplex adapter
adjustments or an RF carrier modulated by
these same signals to produce an "on -theair" signal just like that transmitted by an
FM station. A sweep function is also provided for over -all RF -IF alignment with
marker frequencies at 90.95 mc, 96.30 mc,
101.65 mc and 107 mc for checks of dial
tracking. Instant selection is made between
either Right or Left channels, as well as a
special "Phase Test" for accurate adjustment of stereo subcarrier transformers. No
balancing is required for equal right and
composite /audio ampl,fier d 5.35 me crystal
left channel modulation.
provides easy access to all components for amplifier;
osc. Power requirements: 105.125 volts AC, 50/60 cps,
Advanced Design! Switch -selected audio fre- greatly simplified assembly. Complete with 35 wo..s Dimensions: 10'/," H x 8" D x 13" W.
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HEATHKIT-16604

FREE CATALOG
Fully illustrates over 250 exciting
Heathkit products at savings of
50% or morel Choose from the
world's largest selection of quality instruments in easy -to -build
kit form. Send for your free copy

today!

HEATH COMPANY, Dept.

15 -7 -1

Benton Harbor, Michigan 49023
El Please send Free 1964 Heathkit Catalog.
Enclosed is $
plus postage. Send IG -112 FM Stereo Generator.
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OlIN FRYE
How frequency mixing achieves stability in an SSB receiver
or lets a few crystals substitute for many in a synthesizer.

MIXING MAGIC
OU know, Mac," Barney remarked during a breather
from work at the service bench, "I think frequency
mixing is one of the most fascinating and versatile
tools in the kit of the modern radio and TV designer. Yet
basically it's such a simple thing, You merely combine two
different frequencies and pass them through a non -linear device, such as a mixer tube or crystal diode, and presto chango! you have two new frequencies equal to the sum
and difference of the original pair. Since you still have the
frequencies with which you started, it's almost as though
one plus one equals four."
"Or one minus one equals three," Mac suggested with a
smile. "What started you on this kick ?"
"I've been studying how Collins manages to get such excellent frequency stability and linear tuning in its 75S -3 SSB
receiver. When amateurs used AM, an ordinary bandswitching superheterodyne could be made frequency-stable enough
for their use. If the receiver drifted a few kc. in a half hour
on ten meters, so what? But now most of us are on SSB, a
drift of only 50 cycles is annoying. We need receivers that
will really stay put.
"But it is practically impossible to design a bandswitching
oscillator that will tune frequencies all the way from 3.5 to
30 megacycles that will not drift with temperature change.
If you compensate the oscillator at one end of this range, the
compensation will not be correct at the other. We can, however, design an oscillator with excellent frequency stability
and frequency /tuning -rate linearity if: (1) the frequency
is low, (2) the tuning range is small, and (3) no switching
is used in the circuit. Collins came up with a different type
of superheterodyne that used just such an oscillator, and
several other ham -band receiver manufacturers have followed
suit.
"In the 75S -3, a preselector stage that can be tuned from
3.4 to 30 mc. picks the desired signal. The non -critical tuning
of this preselector is separate from that of the main tuning
control. The output of the preselector is combined with the
output of a crystal -controlled heterodyne oscillator in a first
mixer tube. Crystals are available for this oscillator with selected frequencies at 200 -kc. intervals lying between 6.555
and 33.155 mc. The particular crystal selected by the band change switch is such that the difference between its frequency and the frequency of the desired signal will fall
somewhere between 2.955 and 3.155 mc.
"This 200 -kc. range represents the passband of the circuitry
connecting the output of the first mixer with the input of a
second mixer. Any frequency within this range passes without
attenuation; all other frequencies are greatly attenuated. In
this second mixer, the input signal lying between 2.955 and
3.155 is mixed with the output of a linear master oscillator
(LMO) that tunes from 2.5 to 2.7 mc. The output of the
second mixer feeds into a sharply tuned 455 -kc. i.f. amplifier.
"Suppose we want to tune a signal at 3.5 mc. The pre selector is tuned to this frequency, and a 6.555 -mc. crystal
is switched into the heterodyne oscillator. The two frequencies combine in the first mixer. Their sum frequency of

Y
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10.055 is rejected by the bandpass filter in the mixer output,
but their difference frequency of 3.055 mc. falls squarely
in the center of that passband and is fed to the input of the
second mixer. Now if we tune the LMO to the center of its
range at 2.6 mc., once more the sum frequency, 5.655 mc.,
will be rejected by our 455 -kc. i.f. amplifier, but the difference
frequency is precisely the frequency the amplifier accepts.
"See what happens at 28.6 mc. The preselector tunes this
frequency, and a 31.555 -mc. crystal is switched in. The difference frequency of 2.955 mc. falls just inside the passband
of the filter and is fed to the second mixer. When our LMO
is tuned to the lower limit of its range at 2.5 mc., the difference frequency is again 455 kc.
"The main tuning dial that controls the LMO reads 0 -200,
with 0 being at the high- frequency end of the oscillator range.
Each of the 200 marks, spaced linearly about 38" apart,
represents a kilocycle, no matter if you are tuning at 3.5 or
30 mc. The band selector switch indicates the lower limit of
each 200 -kc. tuning range. For example, the position that
selects the 6.555-mc. crystal is marked `3.4.' You add the dial
reading to this figure to determine the frequency to which
you're tuned. In the first example, we set the bandswitch
to 3.4 and our tuning dial to 100. The received frequency is

3400 plus 100, or 3500 kc.
"For the received frequency to drift, either the heterodyne
oscillator or the LMO must drift. Since the LMO design
satisfies all requirements for a rock-steady linear- tuning oscillator and since the heterodyne oscillator is crystal -controlled, the result is a very stable receiver."
"No disadvantages ?" Mac inquired skeptically.
"Maybe one. A different crystal has to be used for each
200 -kc. segment tuned. If all ham frequencies between 3.5
and 30 mc. are covered, you need 19 crystals. A reduction
in this number can be effected by increasing the range of the
LMO. Heath, for example, in its new SB -300 has the LMO
tune from 5 to 5.5 mc., a range of 500 kc.; and this reduces
the number of heterodyne oscillator crystals to 8. Greater
pains, though, must be taken to make the LMO tune linearly
over this increased range; and to retain the same kc.-coveredper- tuning- knob -revolution, it's necessary to increase the gear
ratio of the dial -drive mechanism.
"Speaking of reducing the number of crystals, very recently a crystal -conserving device called a `frequency synthesizer' has shown up in ham and CB equipment. Do you know

what it is ?"
"I've heard of it," was Mac's guarded reply.
"Well, it certainly puts frequency mixing to work. Suppose
we want to make a crystal synthesizer to replace the LMO
in the Heath SB -300 that tunes from 5 to 5.5 megacycles. We
must be able to produce any frequency between these limits
and yet have all oscillators crystal -controlled. An article by
M. R. Briggs and H. J. Morrison in the January, 1964, issue
of QST describes one way of doing this with only 16 crystals.
"Ten crystals cover the range from 27.165 to 27.255 mc.
in 10 -kc. steps. Any frequency from the oscillator controlled
by these crystals can be selected for mixing with the output
ELECTRONICS
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Reliability of transistors, especially power output transistors In radio circuits.
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This is United Delco's new transistor replacement wall chart.
It lists hundreds of transistors that Delco's compact line will replace (as
you can see, that pretty well wraps up the field).

Delco Radio

It also features specifications for many other
applications. It's easy to read (11" x 17 "), and
it's yours for the asking.
Just let us know

you want one.

automotive radio service parts are distributed nationally through
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of another oscillator controlled by cryssend for NEW FREE 1,
CRYSTAL CATALOG
with NEW TRANSISTOR
OSCILLATOR CIRCUITS

BIG MODERN PLANTS
TO SERVE YOU BETTEI

3

2 in Fort Myers

in Los

1

Angelis

HERMETICALLY SEALED
PRECISION GROUND

CUSTOM -MADE

NON -OVEN CRYSTALS

'l'"p performs nee assured eeith quality controlled throughout manufacture. Gold or silver
plating acts as electrodes. Crystals are spring
mounted and

sealed under vacuum or tilled
with inert gas. Very high frequency stability.
Max. current capacity is 10 milliwatts -5 for
overtone type. Conformity to military specifi-

cations guranteed.
1000KC to 1600KC (Fund. Freq.)
Prices on Request
1601KC to 2000KC (Fund. Freq.)
$5.00 ea.
2001KC to 2500KC (Fund. Freq.)
4.00 ea.
2501KC to 5000KC (Fund. Freq.)
3.50 ea.
5001KC to 7000KC (Fund. Freq.)
3.90 ea.
7001 KC to 10,000KC (Fund. Freq.) _.._ 3.25 ea.
10,001KC to 15,000KC (Fund. Freq.) 3.75 ea.
I5MC to 2OMC (Fund. Freq.)
5.00 ea.

OVERTONE CRYSTALS
15MC
30MC
4OMC
65MC

to 30MC Third Overtone
$3.85
to 4OMC Third Overtone
4.10
to 65MC Third or Fifth Overtone 4.50
to IOOMC Fifth Overtone
6.00

DRAKE 2 -B Receiver Crystals

(All Channels -Order

ea.
ea.
ea.
ea.

$4.00
Freq.)

by

OVEN -TYPE CRYSTALS
For Motorola, GE, Gonset, Bendix, etc.
Add $2.00 per crystal to above prices
SUB- MINIATURE PRICES slightly higher
CITIZEN BAND Class "D" Crystals
$2.95
Over 50,000 CB crystals in stock for all sets
and channels, both HCO /U and miniature types.
To insure proper correlation and correct freq.
operation, order by manufacturer model number and channel.

Amateur, Novice, Technician Band Crystals

...

-

$1.50 ea.
80 meters (3701.01% Tolerance
3749 KC) 40 meters (7152 -7198 KC), 15 meters
(7034 -7082 KC), 6 meters (8335 -8650 KC) within 1 KC
FT-241 Lattice Crystals in all frequencies from 370 KC
to 540 KC (all except 455 KC and 500 KC) -. $1.25 ea.
Pin spacing '/x' Pin diameter .093
Matched pairs
15 cycles
$2.50 per pair
200 KC Crystals
$2.00 ea.
455 KC Crystals
$1.25 ea.
500 KC Crystals
$1.25 ea.
100 KC Frequency Standard Crystals in
$4.50 ea.
HC13 /U holders
Socket for FT-243 Crystal
15e ea.
Dual Socket for FT-243 Crystals
1Se ea.
Sockets for MC -7 and FT -171 Crystals
25e ea.
Ceramic Socket for HC6/U Crystols
20c ea.

-

NOW

... 48 HOUR SHIPMENT

ALL TEXAS CRYSTALS are made to exacting
specifications. quality checked, and unconditionally guaranteed!

NEW TWX SERVICE
- 813 -334 -2830
Angeles - 213 -737 -1315
ORDER FROM CLOSER PLANT

Fort Myers

Los

tTEXAS CRVSTALSI

DEPT. R -74

Division of

1000 Crystal Drive

FORT MYERS, FLORDA
Phone 813 WE 6 -2109
TWX 813- 334 -2830
AND
4117 W. Jefferson Blvd.
LOS ANGELES, CALIF.
Phone 213- 731 -2258
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tals operating on 4050, 4150, 4250,
4:350, or 4450 kc. A little pencil work
will show you frequencies from these
two oscillators can be selected and combined so their sum frequency will
produce any 10 -kc. step frequency from
31.215 to 31.705 mc. in the mixer out-

put.
"A crystal -controlled oscillator can be
moved in frequency a small percentage
by varying reactive elements in the
crystal circuit. Suppose we use a crystal
on 13.103 mc. and arrange a small capacitor so we can move its frequency
from 4.5 kc. higher to .5 kc. lower. That
means the second harmonic of the oscillator can be tuned continuously from
26.205 to 26.215 mc.
"If this second harmonic frequency is
mixed with the 31.215-31.705 mc. output of our first mixer and the difference
frequency is extracted by a passband
filter, we come up with a frequency
range of 5 to 5.5 mc.- exactly what we
wanted. Our tunable crystal permits us
to fill in the gaps between the every 10-kc. spot -frequencies produced by
mixing the 27 -mc. and the 4 -mc. crystal
frequencies. For all practical purposes,
we have a crystal-controlled continuously variable oscillator covering a
range of 500 kc.
"Some CB manufacturers are using
crystal synthesizers. Since CB channels
are multiples of 10 kc. apart, a synthesizer built along the lines of the one I
described, less the variable crystal oscillator, can be used. Output frequencies
of the synthesizer and the i.f. frequency
of the receiver section are chosen so that
the difference between the frequency
of a desired channel and the proper
frequency from the synthesizer is always
the i.f. Then the same synthesizer output
frequency can be mixed with the output
of another oscillator crystal- controlled at
the i.f. and the sum of these two frequencies will be the proper frequency
for operating the transmitter on that
same channel. Regency uses an arrangement similar to this in its "Range Gain"
double -sideband transceiver. The crystal- selecting operations are ganged, of
course, so that the operator just moves
a pointer to the channel on which he
wishes to transmit and receive. Eleven
crystals in this transceiver take the place
of forty -six crystals that would be necessary for controlling both receiver and
transmitter on all 23 channels with
separate crystals."
"You agree, though, don't you, that
designing a crystal synthesizer is no job
for a beginner ?"
"You're not kidding! Frequencies used
in a synthesizer must be very carefully
selected to make sure no spurious frequencies are present in the output. Remember each time we mix frequencies
to get a desired frequency, there are

three other frequencies that we must
keep out of the act, and that can become
pretty hairy at times."
"Fine. I'm glad you appreciate that.
Now I'd like to know what you think of
the new Hewlett- Packard Model 5100/
5110A frequency synthesizer. With it
you can select any one of five billion
discrete frequencies from d.c. to 50 mc.
in steps as fine as .01 cps. Spurious signals are down 90 db."
"Wow! What a job that must be! And
you sitting there smugly admitting you'd
`heard' of a crystal synthesizer! How
accurate are the frequencies put out ?"
"Well, you can punch out any frequency from .100000000 cycle to
49.9999999 mc. on the keyboard frequency selector and know that every
digit is significant. Good enough ?"
"I should hope. When are we going
to get one?"
"Not for a while," Mac admitted with
a grin. "The price tag on this little gem
is $15,250. The gadget has more than
6000 electrical components in it, of
which more than 600 are semiconductors
of one kind of another. Hewlett-Packard
points Out that since you can select five
billion different frequencies, that $15,250 comes out to be only 305 microcents
per frequency. Still, it doesn't seem to
fit into our budget. But I think it is an
interesting example of what good electronic engineers can do with the mixing
process that fascinates you so much."
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we'll know if its
orbit."
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Tom Lamb suggests that a versatile and
inexpensive breadboard chassis can be

made by supporting sheet aluminum, Masonite, or copper -clad in slotted wood
pieces as shown. The chassis may be supported in any position for easy working.
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Outperforms Finest Vacuum Tube Units

NEW SCOTT 312

RADIO

SOLID STATE

FM
TUNER
...
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IT

looks like a big year ahead for the
consumer electronics products industry. The U.S. Department of Commerce
feels that, stimulated by the high public
demand for color -TV receivers, small screen (personal) models of black -andwhite TV receivers, and stereophonic
combinations, the total output of all
types of consumer electronics products
is expected to hit the $2.5 billion mark
in 1964.

Imports of consumer electronic items
increased about 33% in 1963 and are
expected to continue to increase at about
the same rate in 1964. Their projected
value of $260 million, an all -time peak,
will be about 10% of the total U.S. output
of these products. U.S. exports will probably continue to decline in 1964, owing
to strong competition in world markets
from West Germany, the Netherlands,
and Japan.
Despite the anticipated increase in
factory output, employment in the consumer electronics products industry will
probably increase less than 2% in 1964,
owing to continued improvement in production techniques.
The Department of Commerce is also
anticipating that U.S. producers will
ship 1.1 million color -TV receivers in
1964. In fact, 88,977 of these units were
produced in January of 1964. The output
of color receivers in 1963 was somewhat
curtailed by the unavailability of color
picture tubes. However, supplies of
these tubes are expected to meet the
present demand.
Factory sales of monochrome TV receivers are expected to fall off somewhat, probably to about 6.8 million units
in 1964. Unit volume held up well in
1963 despite the decline in the sales
of consoles, because there was a demand
for small- screen sets.
Foreign competition, especially from
Japan, is still strong. Imports of TV receivers topped 400,000 units, nearly
triple the 159,000 units imported in
1962.

Household radio sales declined to 10.3
million in 1963, but the shipment of
auto radios went up to 8.2 million units.
Auto radios are expected to hit 8.3 million in 1964.
July, 1964

yet it's only $259.95!

About

1

million radios were imported

Scott announces a top - performing
solid -state FM stereo tuner at a
modest price...a no- compromise
tuner that exceeds the performance
of conventional tube units
it's
factory - guaranteed for 2 full years.
Not just a redesigned unit, the Scott
312 incorporates an entirely new
approach to tuner circuit design

in 1963, and these accounted for nearly
58% of the total U.S. market for household radios. Imports of transistor radios
are expected to increase by 127 during

...

1964.

Manufacturers' sales of phonographs
and radio- phonograph combinations increased about 10% in 1963. Sales of these
items had a strong start in early 1963
but slowed down somewhat later in the
year as the demand for color -TV sets and
combinations increased.
Sales of tape recorders rose only a
moderate 5% in 1963, failing to achieve
the much higher levels anticipated by
U.S. producers. Imports of recorders are
substantial, coming principally from
Japan, although West Germany and the
Netherlands are also important suppli-

:

1!1

Exclusive "Comparatron" provides
foolproof silent automatic stereo

switching. Momentary changes in
signal strength will not cause stereo
to switch in and out as do ordinary
automatic devices.

ers.
U.S. producers are relatively strong
competitively in markets for coin-operated phonographs, TV receivers, and
component parts for the assembly of TV
receivers. They also export a substantial
volume of tape recorders but these items
are principally commercial types for use
in broadcast studios and similar applications.
In other areas, the Department of
Commerce also reported that the total
shipment value of all semiconductor devices, excluding integrated circuits, is
expected to reach $610 million in 1964,
a 3.4% increase over the 1963 sales. Continued improvement in production techniques and stiff price competition will

"Flat -Line Limiting" circuits assure
quiet, noise -free FM reception, impervious to outside electrical interference. There's actually less than
1 db difference in
tuner output
whether you listen to a strong local
station or a weak distant one.

0 SCOTT'

bring lower average unit prices. In 1964,
exports of these items should increase to
$40 million, 18% over last year's level.
Imports are expected to continue at the
1963 rate of about $3 million.
The combined factory shipments of
all types of electron tubes is expected to
total about $853 million in 1964, a 3.1%
decline from sales of $880 million in
1963. Exports should increase somewhat
in 1964, over the total of $53.2 million,
while imports are expected to show
about a 10% gain over the 1963 total of

H. H. SCOTT, INC.
Dept. 160 -7
111 Powdermill Road, Maynard, Mass.

Please rush me complete information
and specifications on the new Scott 312
FM solid -state tuner, plus Scott's full color 24 -page Guide to Custom Stereo

for 1964.
Name
Address
City

$29.1 million.

State

The factory shipment of phonograph
records is expected to hit a high of $290
million in 1964.

Export: H. H. Scott International, 111 Powder mill Road, Maynard, Mass. Cable HIFI Canada:
Atlas Radio Corp., 50 Wingold Avenue, Toronto
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J
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PRODUCT REPORT

Sennheiser Model ZP -2 Audio Impedance Tester
For copy of manufacturer's brochure, Circle No. 40 on coupon (page 12).
to 1 megohm can be measured in twelve
overlapping ranges.
A two -stage RC oscillator (see block
diagram ) generates the 250 -, 1000 -, and
4000 -cps test signals. The circuit uses a
regulator lamp in a bridge configuration
for stability. The measuring circuit consists of two transformers that are connected as shown. Transformer T1 is
connected to the output of the audio
generator stages; it is tapped to provide
the required output voltage to the component under test. Since the unknown
component is connected between the
output of T1 and the input of T2, the
amount of current flow and, hence, voltage across T2 is inversely proportional
to the unknown impedance. Transformer
T2 is also tapped to provide for various
ranges of measurement.
In order to prevent errors of measurement arising from small differences in
the transformers used, a load is connected in parallel with T2. This load is
HE Sennheiser Model ZP -2 imped- adjusted for the different ranges so that
ance tester is a portable, battery - it is possible to compensate for transoperated transistorized test instrument former variations.
The output of T2, which depends on
used to measure impedances of R, C, and
the value of the unknown impedance,
L components (or combinations thereof )
at audio frequencies. As with ohm- is then applied to an instrument amplimeters, the principle of operation is that fier. The amplifier raises the signal level
from about 3 mv. to 1 volt for full -scale
of measuring the current through or the
voltage across the component or circuit meter deflection. The amplifier consists
under test with constant voltage applied of four stages with large amounts of into a series circuit including the unknown. verse feedback applied to the first and
Because the applied voltage is a.c. in last stages. Any variations in gain still
this case, it is possible to determine im- remaining can be compensated by means

pedance (reactance and resistance)

.

Also, since three audio test frequencies
are used, it is possible to determine
whether the impedance is resistive, capacitive, or inductive in nature.
Because of the instrument's negligible

loading, accurate measurements can be
made on microphones, tape heads, and
audio transformers with high- permeability iron cores. Impedances from 1 ohm
R-C

GENERATOR

O

MEASURING CIRCUIT
TI

250

T0

CPS

0
0-e

CPS

zx
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AMPLIFIER

INDICATOR

Tv

1000 CPS

4000

of a front -panel calibration control,
which adjusts the gain of the first two
stages.
The output of the amplifier is then fed
to a full -wave diode bridge circuit and
then to the indicating meter. The meter
is directly calibrated in ohms of impedance.
A "Calibrate" switch is provided,
which applies a calibrated a.c. voltage to

D

-ov

the amplifier input. The instrument is
then adjusted for full -scale reading before making an impedance measurement.
The meter also includes a separate
scale for battery checking. As long as
the voltage of the self-contained 9 -volt
battery does not fall below 7 volts, accuracy of the instrument is maintained.
The Model ZP -2 is housed in a heavy
steel case and all switching is done by
means of push- buttons. The instrument,
manufactured in West Germany, is distributed under the manufacturer's name
in the United States at $175.
General Atronics K -12 -R
Monitor Oscilloscope

For copy of manufacturer's brochure,
circle No. 41 on coupon (page 12)
MONITOR oscilloscopes are, in most
instances, custom -tailored instruments. However, Electronic Tube and
Instrument Div. of General Atronics
Corp. has recently introduced the Model
K -12 -R monitor oscilloscope which covers a wide range of requirements, thus
minimizing the need for custom equipment.
Although the monitor oscilloscope is
recognized as one of the most versatile
forms of read -out devices, it presents a
perplexing question to the designer:
what constitutes a universal monitor oscilloscope? Since virtually all its applications are specialized and range from
production control in industrial electronics to guidance and surveillance in
military electronics, it is obvious that no
one piece of equipment can satisfy all
such requirements. From a less idealistic
viewpoint, a practical solution to the
problem would be to design an oscillo.

scope which could be readily adapted
for custom applications or, in less complex systems, be used "as is."
Generally speaking, low cost monitor
oscilloscopes may be inadequate in terms
of frequency response, relative phase
shift between vertical and horizontal amplifiers, calibration accuracy, stability,
and cathode -ray -tube light output. Many
laboratory-caliber instruments are too
complex, because of overdesign, too
ELECTRONICS WORLD
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heavy, and too large both physically and
in the size of their price tag. The physical
and electrical specifications on the Model
K -12 -R were established to overcome
these typical limitations.
Small panel size along with compact
design are the prime requisites for any
non -custom monitor oscilloscope, since
the designer cannot predict where the
equipment will be used or installed. The
panel of the oscilloscope measures only
7% inches square, yet it incorporates a
five -inch cathode -ray tube. Additional
panel space is obtained by locating all
input connectors on the rear panel. Monitor oscilloscopes, unlike laboratory
oscilloscopes, very seldom require changing input cables.
Over -all length of the instrument is
17% inches. It may be rack- mounted or
used on the bench. Although designed
with vacuum tubes for ease of maintenance and economy, the weight has been
held to 23 pounds. A camera -mounting
bezel includes an edge -illuminated graticule. A special circularly polarized filter
is used to produce maximum contrast
between the CRT trace and surrounding

screen, even under conditions of high
ambient lighting.
Both vertical and horizontal amplifiers
of the scope have identical sensitivity
and frequency- response characteristics.
Bandwidth is d.c. to 750 kc. Precision
attenuators of both amplifiers are fre-

quency compensated for optimum

square -wave response. Basic sensitivity
of the amplifiers is 0.1 v. /cm.
An adjustment located in the vertical
amplifier permits setting its relative
phase shift to zero degrees with respect
to the horizontal amplifier at the minus
3 -db point (750 kc.) This is very important when signals at or near the
response limit are displayed as Lissajous
figures or in many other X vs. Y curve tracing applications.
Two Z -axis inputs are also available.
One injects the applied signal into the
control grid of the cathode -ray tube for
intensity modulation of the beam; the
other input drives the cathode of the
tube. Operation is possible from line
voltages of 105 to 130 volts, 48 to 400
cps. Power consumption is 90 watts.
Price of the Model K -12 -R is $465.
.

Tequipco Model 4 Transistor Tester
For copy of manufacturer's brochure, circle No. 42 on coupon (page 12).

THE Test Equipment Corporation has
originated a method of identifying
faulty transistors without the necessity
of removing them from the circuit in
which they are installed. Known as the
V r (.t) method, this technique is said
to be extremely reliable. The Tequipco
Vrerxt) tester, the Model 4 in- circuit
transistor and diode tester ( design and
utility patents pending), balances the effects of circuit shunting to provide both
a qualitative and a quantitative evaluation of the transistor's condition. The
Model 4 is a moderate -cost, portable
instrument that is easy to operate. It can
be used in the testing and in the maintenance of various types of transistorized
equipment.
The transistor under test is shown in
dashed lines (with its associated circuit) in the drawing. With switch Si in
the "Cal" position, the base of the tranJuly, 1964

6V,

sistor is shorted to the emitter and the
transistor is cut off. The shunting effects
of the circuit elements are normalized
by adjusting the R. for a full -scale reading on meter All. In this condition the
collector voltage is 3 volts, and the source
resistance is equal to Rr /2 since the
parallel combination of the circuit resistance
and Rr t; and shunt resistor
Rs has been made equivalent to the
known value of the series collector resistor Re.
Si is then switched to the "Read" position and the saturation current is supplied through RH (which is equal to
2R() The voltage across RBE is very
small compared with the drop across
RB and the current lost in RBE may be
neglected. The current in Rr E merely
adds to the base saturation current. Since
the effect of circuit shunting has been
normalized in the measurement, the in-

circuit reading of Vr E( t) will be exactly
the same as the out -of-circuit reading.
Switch S2 is used to expand the meter
reading from 3 volts full-scale to 0.3 volt
full -scale.
The graph at the bottom of this column shows the collector current, collector voltage curves in the saturation
region for a typical transistor. The low current range of the Model 4 measures
V, e( tt at a collector current of 5 milliamperes. The saturation base current
under these conditions is approximately
2.5 ma. This point is shown in the small
circle at a VrErxt) of around 150 millivolts. The point in the small triangle
shows a Vr'er6nt) of about 720 mv. when
tested at a collector current of 50 ma.
The Model 4 provides test currents of
5 ma., 50 ma., and 500 ma. for testing
low, medium, and high -power transistors. Accurate readings can be obtained
in circuits with shunting elements as low
as 20 ohms at a test current of 50 ma.
The accuracy of the tester is ±5% fullscale in- circuit and -=3% full-scale out of- circuit.
In addition to qualitative indications
of shorts, opens, and gain, a further evaluation of the transistor's condition can
be made by comparing the actual
V(5(,,,) reading of either n -p -n or p -n -p
transistors with the characteristic value
listed by the manufacturer. An excessive
reading will indicate a deteriorating
transistor.
A similar technique can also be used
to test signal diodes, rectifiers, and silicon
controlled rectifiers in- circuit. The tester
supplies a gate current of 100 ma. for
testing silicon controlled rectifiers. The
Model 4 also measures leakage currents
and d.c. beta (HF-1;) out -of- circuit. Price
of the tester is $125.
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Radio Telescopes

OF

(Continued from page 23)

Electronics World

use of an array of half -wave dipoles connected in phase and located above a reflecting screen or metal sheet. Dipole arrays provide reasonably efficient large
apertures at relatively low cost for use
at frequencies below the microwave
range.
The 22 -acre square of more than 9000
half -wave dipoles shown in Fig. 11 is located at the foot of the Andes Mountains at Jicamara, near Lima, Peru,
where the U.S. National Bureau of
always
and
neat
kept
Make sure they're
Standards has established an observatory
handa
-with
reference
handy for instant
for ionospheric research and for radio
some file that's designed to hold a full
and radar astronomy. At its operating
year's copies!
frequency of 50 mc., the 1- degree pencil
beam can be scanned ±3.3 degrees from
washable Kivar cover has a leatherthe perpendicular to the desert floor.
like appearance
An unexpected use of this large array
occurred a few minutes after the July,
black
with
in
maroon
backing
available
1962, high -altitude nuclear blast in the
sides or black with maroon
Central Pacific. The radio noise received
by this antenna jumped abruptly to a
24 -karat solid gold leaf embossed letterlevel nine times its normal value. Invesing for magazine's name

attractively priced at only $2.95 each,
for $8.00, 6 for $15.00

tigations later showed that the antenna
was measuring electromagnetic radiation
from electrons that the explosion had
injected in the earth's magnetic field.
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Future Radio Telescopes
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telescopes now nearing completion is the
120- foot -dish antenna located at Haystack Hill, Massachusetts, and operated
by MIT's Lincoln Laboratory. See Fig.
12. The antenna is mounted on an "azimuth- elevation" (az -el) mount that allows the reflector to scan the sky in
azimuth from horizon to horizon at any
elevation almost up to the zenith. The
r.f. feed used with this antenna is a

Cassegrainian type.

BACKING/ BACKING/
MAGAZINE
TITLE

will be further developed versions of
those presently in use. More steerable
dishes in the 100- to 300 -foot range will
be designed and built and fixed -reflector
systems will continue to grow in size and
will have better accuracy and resolution.
One of the latest single -aperture radio

A

Cassegrainian

feed consists of a feed horn and a small
sub- reflector located in front of the focal
point of the large, or primary, reflector.
The received signal is focused by the
primary reflector onto the sub -reflector.
The sub- reflector, in turn, reflects the
received energy into a feed horn located
at the vertex of the primary reflector.
This feed system boasts a high signal -tonoise ratio, a definite requirement for
radio astronomy. A 150 -foot metal space frame radome protects the entire antenna structure from wind loads and, to
a great extent, from differential thermal
expansion of the reflector by the sun.
At its normal operating frequency of
8 gc., the beamwidth of the antenna is
only 0.07 degree. Because of this narrow

beamwidth, the Haystack Hill antenna
can accurately pinpoint a celestial radio
noise source without being bothered by
spurious signals coming from adjacent
radio sources.
Although radio astronomers would
like to see radio telescopes designed to
have pinpoint resolution coupled with
extreme pointing accuracy, it would take
an astronomer years to survey even a
small portion of the sky with such a device. Consequently, steps being taken in
this direction visualize large, multipurpose arrays of very- narrow -beam antennas observing in several adjacent directions at once. This approach to radio
astronomy will give radio telescopists the
equivalent of the optical image- forming
telescope, i.e., a telescope through which
the astronomer can see a vast area of sky
and yet can pinpoint discrete signal
sources.
An example of a multiple -beam radio
telescope now being designed is the
Benelux Cross. This venture is a joint
project financed by the three Benelux
countries: Belgium, the Netherlands,
and Luxemburg. The telescope is a cross
antenna whose arms will consist of about
100 parabolic reflectors, each 100 feet in
diameter. The arms of the cross will be
so long (about one mile) that they will
overlap the territories of the three contributing countries. (Compare this antenna to the 375 -foot Stanford cross previously described.)
This antenna will have a beamwidth
of 0.02 degree ( close to the resolving
power of the unaided human eye), and
will be used to map the galaxy at the
hydrogen -line frequency of 1420 mc.
The signals received by each of these
beams will be combined to produce a
simultaneous radio image of the whole
region in the field of view of the cross.
Benelux scientists and engineers are
also working on a new version of this
antenna that uses only one arm of the
cross. The new technique, called "super
synthesis," simulates a cross -type interferometer by using the rotation of the
earth to provide the movable element.
In other words, signals received by the
lone arm of the super -synthesis antenna
would be continuously fed into computers for 12 hours, during which time
the rotation of the earth would have
moved the antenna array perpendicular
to its original direction; thus, synthesizing a cross interferometer. Using this
technique, radio astronomers hope to
achieve a radio telescope having a beam width of only 0.005 degree at a wavelength of 21 cm.
Orbiting radio telescopes are also on
the drawing boards. Because the earth's
ionosphere is opaque to radio waves
below a few megacycles, radio astronomers cannot receive extraterrestrial signals at those frequencies. Since the data
from signals at this wavelength hold the
ELECTRONICS WORLD

key to explaining the composition of the

stars and the mysterious bursts of radiation from Jupiter, scientists and engineers are working toward the development of a spaceborne radio telescope.
One such instrument would be constructed of a material that could be
rocketed into orbit as a collapsed mass
and, upon reaching its assigned altitude,
would expand to form a gigantic Vee
antenna oriented towards outer space.
Another technique would utilize wire
embedded in inflatable plastic tubes
that, when at orbiting altitude, would
unfurl into the desired antenna config-

uration. Because of the weightless state,
these antennas could be made very large
without physical means of support.
Lunar -based radio telescopes are also
in the works. The craters of the moon
would make natural supports for wire
mesh reflectors, and since the moon's
gravitational pull is much less than that
of the earth, radio telescopes could be
constructed in sizes that would dwarf

today's earth -bound giants. These
"moon- scopes" will give future generations of radio astronomers unparalled
opportunities to study the universe and
to probe its deepest secrets.

MAINTAINING TV COLOR BALANCE
`

THE General Electric Color -Balance
Stabilizer was developed to maintain correct color values with changes in
brightness and contrast. It provides correct color hues and tints by keeping the
d.c. bias voltages applied to the picture
tube cathode at a constant ratio. This
regulates the level of the d.c. component
at each cathode so that a constant ratio
exists between the a.c. and d.c. corn ponents of the video signal with changes
in brightness and /or contrast.
The signal from the second video
amplifier is further amplified by the
third video amplifier V1 and passed to
the red cathode of the picture tube via
C1, the primary of Ti, and a service
switch (not shown in figure). R1 maintains the d.c. component. In addition,
the signal on the red cathode is fed to
the blue cathode through the blue drive
control R2 and to the green cathode
through the green drive control R3.
These components plus R4, R5, and R6
(current adjust) make up the stabilizer.
The green drive control R3 and the
blue drive control R2 are connected in
parallel. Also, R4, R5, and R6 are in
series -parallel with R2 and R3. The
"B ±" is connected between R4 and R5.
Two approximately equal loads are connected to this network. At the bottom
of the network, the load to ground consists of R6 while at the top of the network, the load to ground is the third
video amplifier V1. Current flow to the
The a.c. to d.c. ratio is

two loads is nearly equal but in opposite directions through the blue and
green drive controls R2 and R3. The
net current through the two drive controls to the two loads is close to zero
even with changes in V1 plate current.
The video signal is fed through the
primary of Ti to the red cathode and
one side of the blue -green drive controls. The signal is also fed to the other
side of the drive controls from the secondary of step -down transformer Ti. A
difference in signal potential exists between the ends of each drive control and
the amount of video drive to the blue
and green cathodes can be adjusted.
With the above conditions, the only
d.c. current through the drive controls
is the beam current as no other effective d.c. current flows through the controls. Thus, good regulation is attained
at the picture tube cathodes and the
ratio between the a.c. and d.c. components remains constant.
Brightness control R7 is connected in
parallel with coupling capacitor C2 thus
a constant ratio between the a.c. and
d.c. signal components is maintained
with any brightness setting.
The constant ratio between the a.c.
and d.c. components that now exists
maintains the beams at a proper bias
ratio to eliminate changes in the hue
with changes in brightness or contrast.
R8 reduces spot size blooming of the
red gun on peak whites.

for electronic assembly
and service work

Shockproof, UL breakproof,
plastic handles with clips
ROUND BLADE SCREWDRIVERS

32" and %"
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4" blades
PHILLIPS SCREWDRIVER

Point size #0, 2" blade
BERYLLIUM- COPPER SCREWDRIVER
Non -magnetic, non- sparking
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x

2" blade

NUTDRIVERS
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1%" blades
Color coded handles
TERMINAL WRENCHIES
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REMOTE VOLUME CONTROL

HOME

By CHARLES W.

OFFICE

or-

MI

r

..

Simple control circuit using a new component, the
"Raysistor," a photocell with self- contained light.

4,

HERE is a remote volume control that
offers these advantages: very easy
to make and install, requires only four
parts; usable with any volume control in
radio, TV, or hi -fi set; requires no circuit
changes and only two connections to

AN RCA INTERCOM SYSTEM
Is a Long -Term Investment in

Convenience and Efficiency
Why wait longer to enjoy the convenience of your own

present volume control; provides any
volume below that determined by the
setting of the present volume control;
and requires only two small, low-voltage,
easily concealed wires to run to remote control location.
This remote control requires a Raytheon "Raysistor," an unusual kind of
electronic component which was described in the article "New Light -Operated Switch" in the November 1963
issue. The Type CK1114 is especially
small but the Type CK1121 is less expensive and only slightly larger in size.
Either may be used in the circuit of Fig.
1A.

In this circuit the low end of the volume control is shown grounded for this
is true of practically all equipment. R1
is a limiting resistor to insure that the
voltage at the "Raysistor" never exceeds
a safe value. S1 is an "on -off" switch on
the volume control R2. R2 should be
connected so that Si opens when the resistance of R2 is at its maximum. B1 is
the battery with voltage as explained
below. Polarity is unimportant and need
Wireless Intercom System. No connecting wires, no
installation. lust plug unit into any 110-120 volt wall not be observed in wiring this remote
socket and talk with all other units on the same wiring
control.
system.
For "Raysistor" CK1114 the battery
Transistorized Intercom System. Battery -operated (uses
penlite cells), can be set up anywhere: parking lots, should be a simple mercury cell such as
storerooms, etc.
the Mallory Type RM502R or RM12R.
"Partyliner" Intercom System. Basic 2-station system.
These were selected because the maxiAs many as 4 additional remotes can be added. Very
low cost. Ideal for paging; master calls all remote
mum voltage is 1.35 volts and they prounits at once. Any remote unit can call master.
vide good life. The maximum control
For more information see your Authorized RCA Intervoltage for the CK1114 is one volt at a
com Distributor -or, attach coupon below to a postcard
and mail.
current of 17 ma. so R1 works out to 20.6
ohms. A 22 -ohm, i watt, ±5% resistor is
recommended. R2 should be a wire The Most Trusted Name wound rheostat or pot with a resistance
® in Electronics
rating of at least 100 ohms to insure that
the control voltage can be reduced
enough for full volume control. A higher
1
rRCA ELECTRONIC COMPONENTS AND DEVICES

intercom network? Simple or complex, wired or wireless, for home or business use, there's an RCA intercom system to meet your needs. You'll find it quickly
justifies its cost in savings of time and energy, and in
the increased efficiency it provides.
"Switchboard" Intercom System. Master with up to 4
remote units. Master can be set up for remote -toremote conversation, or speak with any one or all remote units.
"Mastercom" Intercom System. Up to 6 units. With
an all-master system, any unit can call any other unit
direct; system permits 3 separate private conversations simultaneously or conference among all 6.

Commercial Engineering Dept,

G

Please send detailed information on the RCA
INTERCOM SYSTEMS checked below:
All systems

"Switchboard" System

"Mastercam" System

Wireless System

Transistorized System

"Partyliner" System

Title

Company

Address
City

L.
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Fig. T. (A) All components tied to the

control connections
may be installed in
a small box located
at a remote distance
from equipment being controlled. (BI The
d.c.

Zone

value such as 150 or 200 ohms is electrically usable but would reduce the
amount of shaft rotation required between settings for maximum and minimum volume.
Caution: Because of the very low voltage and current required to control the
Type CK1114, the use of power supplies
or batteries giving higher voltage is not
recommended. The manufacturer will
not replace " Raysistors" damaged by
over -voltage.
For CK1121, the control lamp is rated
at 5 volts and 55 ma. maximum. Four
mercury cells, in series, are required to
give a total of 5.4 volts. R1 should then
be 7 to 7.5 ohms and R2 should be about
260 ohms.
If desired, batteries may be eliminated
and the CK1121 operated from d.c. supplies when available. (Many preamplifiers using tubes have a d.c. heater
supply and, of course, transistorized
equipment has a d.c. supply.) When
using an existing d.c. supply, care must
be taken to use the correct values of R1
and R2. In this case B1 of Fig. lA becomes the d.c. supply for the transistors.
R1= (supply volts- 5)/.055 ohm. Use
the nearest value available above that
calculated. R2 = (supply volts 0.5) /
0.019 ohm and again, use the nearest
available value above that calculated.
If the equipment with which you will
use the remote control has a 6.3 -volt a.c.
supply for tube heaters, this may be used
as shown in Fig. 1B.
Remember that R1 and R2 must be
calculated for CK1121 as explained in
the above paragraph hut to obtain
the value of the d.c. voltage, you must
measure the voltage at the terminals
marked X-X in Fig. 1B. Do not connect
a "Raysistor" to these terminals without
the correct values of R1 and R2 in the
circuit. In Fig. 1B, Dl may be any silicon rectifier rated for continuous d.c.
current of more than 60 ma. and peak
inverse voltage greater than 20 volts.

-

-41 -TT

415 South Fifth Street, Harrison, N.J.

Name

MARTEL

Manager, Tech. Info. Svice., Raytheon Company

State

for "Raysistor"

may be obtained from

the heater circuit.

ADJUST TO PROVIDE 5V.
MAX. AT X -X WHEN 55MA.

TO

EXISTING
CIRCUIT

IS

CKI114

10011
R2

OR

DRAWN
DI

CKI121
6.3 V. A.C.

CONTROL
CONNECTIONS

HTR.
SUPPLY

BI
RI

2211

RAYSISTOR
SIGNA
CONNECTL IONS

-

OR
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I10,4000R..

SI

163

X

1.35V.
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CSO-6

The Big Plus Uniline Sound Columns
Performance is the big plus when you install University Uniline Sound Columns. Unlike conventional
columns, Uniline employs specially- designed speakers with higher power handling capacity. "Acoustic Tapering
another University exclusive, prevents
excessive high frequency beaming and assures a
uniform sound volume within its fan or beam. The

-

speakers

frequency
range
power
capacity
impedance

vertical

UCS6
Full Range
Music and Speech

Full Range
Music and Speech

6 extended

4 extended

CS -4

range 8"

55- 17,000

range 8"

cps

120 watts IPM*
16 ohms

70- 17,000
80

cps

watts IPM*

CS

8

special

Fuli Range
Music and Speech
6

extended

multi -design

range 8"

150- 10,000 cps
It'm'

120 watts IPM*

16 ohms

16 ohms

25 watts

ohms

8

CSO-6

3

Music and Speech

55- 17,000

angle
horizontal
angle

16°

22°

22°

30°

120°

120°

120°

120°

dimensions

591/4" x 101/e" x 9.14."

shipping wt., lbs.
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result -higher intelligibility, optimum sound dispersion at all frequencies, greater listening comfort. All
individuals hear the same sound! The table below
shows complete specifications for all Uniline Sound
Columns, including the new weatherproof model
CSO -6 for outdoor installation. For complete PA
Loudspeaker Catalog, write Desk S -7.

403,43" x

11" x 93,"

48"

x

46

71"
33

x 83/4"

601/4"

x

cps

117/e" x 73/4"
61

'Integrated program material.
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New CB Circuits

Tarzian offers

(Contitlurd from page 35)

FAST, DEPENDABLE
TUNER REPAIR
SERVICE N1xá

ALL PARTS
(except tubes)

and LABOR
24 -HOUR SERVICE
1

YEAR WARRANTY

Sarkes Tarzian, Inc. maintains two complete,
well -equipped Factory Service Centers- assisted
by Engineering personnel -and staffed by specialized technicians who handle ONLY tuner
repairs on ALL makes and models. Tarzian -made
tuners received one day will be repaired and
shipped out the next. Allow a little more time for

other tuners.

One year guarantee against defective workmanship and parts failure due to normal usage. Cost
-$9.50 per unit. $15 for UV combinations. Absolutely no additional, hidden charge for ANY
parts, except tubes. You pay shipping costs. Replacements on tuners beyond practical repair are
available at low cost.
When inquiring about repair service, always
give TV make, chassis and Model number. Tuners
repaired on approved, open accounts. Check with
your local distributor for Sarkes Tarzian replacement tuners, replacement parts, or repair service.
See your distributor, or use the address nearest
you for fast factory repair service:

\-7-1SARKES TARZIAN, NC,
I

531 South

Walnut Street

10654 Magnolia Blvd.,

Bloomington, Indiana

North Hollywood, Calif.

Tel: 332 -6055

Tel: 169 -2720

CIRCLE NO. 121 ON READER SERVICE PAGE
GET

INTO

ELECTRONICS
V.T.I. training leads to success
as technicians, field engineers.

specialists in communications.

guided missiles. computers,
radar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engineering Technology and Electronic Technology curricula

111

both available. Assoc. degree in
29 mos. B. S. also obtainable.
G.I. approved. Graduates in all
branches of electronics with
major companies. Start Sep-

tember. February. Dorms.

campus. High school graduate
or equivalent. Write for catalog.

power amplifier, V2, remains de -energized during spotting.
The complete receiver section of the
777 is alive at this time. If the operator
rotates the tuning dial, he will not only
see the oscillator signal as a strong "S "meter deflection, but also hear an audio
tone in the speaker. The tone occurs
under two conditions. If a station on the
channel is being picked up by the receiver, it heterodynes with the 27 -mc.
oscillator to produce an audible beat
note. The tone varies with receiver tuning since the incoming station frequency
in the i.f. strip shifts with movement of
the tuning dial. The operator may zero
beat the receiver with the incoming
signal, and the dial is calibrated.
In the second case, the tuning dial
may be set without an external station
providing a beat note. This is valuable
for standing by on a given channel for
an expected call. Even though the crystal oscillator is operating at reduced
output, it is still strong enough to trigger an oscillatory path through the
receiver circuits. It begins as signal overload in the i.f. strip. Strong crystal
energy through the i.f. section ultimately
reaches the speaker which, in turn, feeds
back mechanical energy to the crystal.
The rate of feedback is acoustic and the
net effect is an audio note in the speaker.
Again, the operator may use tone as a
convenient reference for setting up the
tuning dial. The system is especially
convenient in mobile operations.

(e) Olson RA -590 "Delta Tuning"
Anyone who views the panel of a new
23- channel transceiver may note an apparent anomaly. In addition to the
channel -selector switch, there is a receiver tuning dial. This is not the channel- selector switch, which detents into
position, but a smoothly rotating dial
reminiscent of the continuous- tuning
knob for non -crystal reception. The control provides "delta" tuning, a vernier
action needed in transceivers of exceptionally sharp selectivity and complete
crystal control of the receiver.
The reasons for delta tuning relate to
in CB
frequency tolerances enemn
Fig.

3. Olson RA -590 2nd local oscillator.
2ND
MIXER
GRID

1/2

68C8

.5Yf.
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TUANE

2.7-6

I80V.

2

pf

270

I

quite sharp. Considerable selectivity
produced by their low i.f. frequency requires that an incoming signal be
dropped accurately into the i.f. slot or
suffer attenuation. Error outs occur in
receiver crystals, too. It is possible for a
.005% crystal in the local oscillator to
shift an incoming channel even farther
out of the passband. So, couple these
factors -dual -conversion and 23- channel
crystal receive-and the need for the
delta tuning control becomes evident.
The recently introduced Olson 3 "Side Bander" Model RA -590 exemplifies the
circuit technique. The transceiver has
a double- sideband reduced- carrier transmitter and dual- conversion receiver. The
receiver utilizes frequency synthesis to
obtain 23- channel crystal control for
both transmit and receive. Appearing in
the schematic of Fig. 3 is the unit's
method for providing delta tuning. The
stage shown is one of two local oscillators which convert the incoming 27 -mc.
signal down to the i.f. At the left in the
diagram is the front-panel delta "Tune"
control; a variable capacitor, which is
identified by the Greek letter delta.
Situated in the oscillator tank circuit, the
capacitor is able to shift the frequency
of the second local oscillator. Note the
low capacitance assigned to the component. Its full range is from 2.7 to 6.2
pf. Thus, complete rotation of the control
causes only small changes in oscillator
frequency. The shift in oscillator frequency is 3.5 kc. above or below the center frequency of the i.f. strip.
In actual use, the operator may leave
the delta knob in any position without
too great a risk of missing slightly off frequency calls. Such signals are partially attenuated in the i.f. strip. To
compensate, the operator uses the delta
knob to visually peak the signal on the
"S" meter. In this fashion, the ability of
the dual- conversion receiver to reject
images and adjacent- channel interference is not sacrificed to the frequency
tolerances common to CB systems.
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service. FCC specifications state that.
.005% shall be the transmitter frequency
limits on any given channel. In light of
that figure, it is possible for a CB unit
to transmit a carrier approximately 1.300
cps above or below the nominal 2 7 -mc.
frequency and still be perfectly legal.
But the effects on some receiver circuits
often prove troublesome. For the continuous- tuning type there is no problem;
the operator manually shifts the signal
into the i.f. passband. In crystal -controlled receivers of single -conversion
design, there is adequate bandwidth to
accept slightly off-frequency signals. The
double- conversion units, however, are

(T -R RELAY)

100
Pi

270 pf
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R.F. PICKUP IN AUDIO AMPLIFIERS
QUITE often, an audio amplifier will start acting like a
radio receiver, especially when there is a radio transmitter within close range. As detection is not the purpose of an
audio amplifier, such signals must be removed.
In almost all cases, rectification takes place in the first, or
input, stage because this is usually a high -impedance circuit
conducive to extraneous signal generation.
The circuit shown in (A) is typical of an amplifier input
stage. Bias is developed by the grid resistor and with class -:1
operation, normal signal inputs between .5 and .75 volt
peak -to -peak result in bias voltages between 1.5 and 2 volts.
However, it is possible that a nearby transmitter can induce
enough r.f. signal to produce bias voltages much greater than
this. Such action results in an overdriven amplifier in which
the clipping action of the large negative voltage swing produces grid rectification. The output voltage of the circuit is
composed of the desired audio signal and the undesired audio
signal detected from the r.f. envelope. The presence of distortion and the amount of gain reduction depends entirely
on the amount of bias developed by the r.f. signal.
Major reasons for amplifier susceptibility to r.f. pickup are:
very long input leads, unshielded input leads or poor solder
connections to the shields, unshielded tube in the input stage,
ungrounded control shaft, and input stage bias developed by
a grid bias resistor. The first four conditions are easily corrected, but the fourth condition requires circuit modification.
(B) shows changes to an inexpensive phonograph amplifier while (C) could be used in a high -fidelity amplifier. The
75,000 -ohm series grid resistor shown in (C) can be replaced
by a .5 to 1 mhy. r.f. choke if desired. The choke may require
a grounded shield can to minimize pickup.
This information has been extracted from Westinghouse
"Tech- Lit News."
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Order your AOC VMK -1 Voltmeter today!

ONLY

complete with test probes
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BOOTSTRAP CIRCGITS
By GORDON J. DEBOO

/ Chief

Engineer, Electro -Medi -Dyne Inc.

Basic theory and operation of this widely used
circuit along with two practical applications.
N ORDER to describe the many com-

plex processes that take place in electronic circuits, many words normally
having everyday, non -technical meanings have been adopted by engineers.
The technical meaning is usually analogous to the everyday meaning, some examples of such words being "gate,"
"noise," "clamp," "pedestal," and many
more. This article is concerned with the
use of a word in which the analogy is
still there but is not quite so obvious as
in the examples given above. The circuit
to be discussed is one which has found
wide application throughout the electronic industry -the "bootstrap."
In order to show the usefulness and
versatility of the bootstrap circuit, let us

The circuit can now be redrawn as is
shown in Fig. 1B.
Now with V = 10 volts, I xvill again
be the voltage across R divided by the
value of R, which we just found to be
1 kilohm. Therefore, I = (10-9)/1000
= 1 ma.
Thus, whereas with "B" grounded, 10
volts at "A" produced 10 ma. of input
current, with "B" in the new connection
10 volts input produced only 1 ma. of
input current. Thus the effective input
resistance of the new circuit is: 10 /.001
= 10 kilohms. This is ten times more
than it was before.
The reason such a circuit is called a
"bootstrap" is not, in the author's opinion, a very good one but is because V.
pulls up VA, as it were, by its own bootstraps.

ance since it appears in parallel with the
emitter -follower input. Thus one of the
main reasons for using an emitter -follower, that of obtaining a high input impedance, has been defeated. The solution is to use the bootstrap principle,
which is done very simply by adding a
capacitor C and splitting R,, as in
Fig. 3.
Any a.c. signal feci to the input "A"
Will be reproduced at the emitter by follower action and, if Cn is large enough,
transmitted through C to point "B."
Thus, the effective base bias resistance is
increased because "A" pulls up "B" by its
bootstraps exactly as in our original example. Another way to have increased
the input resistance would be to increase
R, but this would have reduced the cir>

B+

R

i

1

Emitter -Follower Circuit

=

(A)

(B)

Fig. 1. Equivalent circuits, emitter -follower.

8CIN

INPUT

OUTPUT

To take a practical application of the
above principle, consider the circuit in
Fig. 2 which is an emitter -follower. lit: is
the emitter resistor and R, the base bias
resistor. Without R, the circuit has an in-

herently high input impedance, but Rn
must be there to provide bias and, for
good temperature stability, it should be
as small as possible. However, a low
value for R, reduces the circuit imped-

B+
Fig. 2. Emitter -follower circuit

diagram.

investigate two widely different applications of the principle. We will show
how the input impedance of a transistor
circuit can be increased, in this case an
emitter- follower, and then how the line arity of a vacuum -tube sweep circuit can
be improved -both using the bootstrap
principle.

CIN

INPUT O
A

OUTPUT
RBI

CB

R B2

B+
Fig. 3. Emitter -follower bootstrap circuit.

Equivalent Circuits
Let us consider first how we can increase the input impedance of an emitter- follower. Fig. 1 represents such a
transistor circuit having an equivalent
input resistance R.
If with V = 10 volts it is found that
I = 10 ma., then the input resistance R
must be 1000 ohms by Ohm's Law. Suppose now that the terminal "B" is disconnected from ground and is connected
to some point in the circuit, the potential
of which is varied in proportion to the
voltage fed in at "A.' For example, arrange the circuit so that the voltage at
"B" is always 90S1 of the voltage at "A."

ig. 4. Basic sweep -voltage generation.
vs

(A)

(Vc)

Fig. 5. Bootstrap sweep -signal generator.

cuit's temperature stability. Using the
bootstrap principle, we can keep RBI +
R, = R,, which will give us the same
stability factor as before but we have
also increased the input impedance.
2

Tube Sweep Circuit
Now let us consider the second application, this time to a vacuum -tube sweep
circuit such as might be used in an
oscilloscope.
Practically all voltage sweep generators operate on the same general principle, the charging of a capacitor from
a constant -current source. If the charging current is absolutely constant, the
saw -tooth will be perfectly linear.
Consider the simple circuit in Fig. 4A.
When S is closed, the capacitor C will
be charged through resistor R by current
I. Notice that since E = V,, + V, where
E is fixed, and because V, is increasing,
then V,, must be decreasing. Hence the
current through R must be decreasing,
according to Ohm's Law. This non -constant charging current results in the wellknown exponential waveform for the capacitor voltage which is, of course, nonlinear.
Suppose now that an amplifier with
unity gain is included in the circuit, as
in Fig. 4B. The negative side of the battery has been disconnected from ground
and connected to a point the voltage of
which is, at all times, equal to the capacitor voltage. As the capacitor charges
point "A" assumes a potential of E + V'
The potential difference across the re.
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-E

V.
which is a
sistor is: (E + V,)
constant, therefore current I must be
constant. If the amplifier input impedance is designed to be large enough so
that negligible current flows into it, all of
I must flow into C. We have therefore
achieved the desired effect- that of
charging C with a constant current
which will result in a linear sweep voltage V,.
vacuum -tube version of a linear
sweep circuit, using the bootstrap principle, is given in Fig. 5. In this circuit R
is the charging resistor and C is the
charging capacitor. When S is opened,
current I charges capacitor C. and the
voltage across capacitor C is trai sf, reed
by cathode -follower action to the cathode of the tube. If Cl is very large it will
transmit the cathode -voltage change to
the top of R and once again the potentials at each side of our charging resistor
are changing by the same amount and
in the sane direction, keeping the voltage drop across R and hence the current
through R constant. Since the grid of a
tube is a high impedance, practically all
the current will flow into C, giving a
linear sweep.
For a repetitive sweep, S would be
some kind of electronic switch and it is
possible to arrange this so that the sweep
is either free -running or triggered externally.
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NEW! LAFAYETTE
1 -WATT 2- CHANNEL

r.l.

indicator for tuning up amateurradio transmitters and antenna arrays
is still the old -fashioned light bulb. The
device shown here differs front the usual
lamp load only in the ease with which
it can be clipped on to various test
points: antenna relay, lightning arrester,
antenna driven element terminals, and

on.
The clip -on feature is obtained by
using a plastic clothespin -type TV antenna connector. In this instance, we
connect a short solid copper wire to one
"claw" terminal. To this wire is soldered
one side of an intermediate lamp socket
of the type used for 117 -volt Christmas
tree lights. A flexible insulated copper
wire is connected from the outer side
of the socket to the other "claw" terminal.
Lamps of this base size come in various ratings: 2.5, 6, 7.5, 10, and 15 watts.
It is a good idea to have a complete assortment of these wattages. Start with
the larger size and work down to the
lamp that just glows
prevent burnouts.
so

-to

TV "CLOTHESPIN" ANTENNA CONNECTOR
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Capacitor Checker
(Continued from page 45)
so as to locate the .1 -µf. division mark

ALL MAKES
ALL LABOR

on the scale at the desired point. With
J1 and 14 jacks shorted, a dip may be
found corresponding to C., equal to infinity. If desired, this point may be
placed out of the range of Cl by adjustment of C6.
With a 1000 -pf. capacitor between
J1 and J3, adjust C4 until a dip occurs
with Cl set to near minimum capacity.
At your Option, the upper limit can be
made .01 pf. by reducing C5. Also, by
replacing C4 and CS by a short, the
range will be up to about 380 pf.
Next, set Cl to minimum capacity,
R4 to minimum resistance, and adjust
C9 to zero -beat the crystal frequency
with that of station \V \VV. Connect jack
JI to the receiver chassis. Connect a wire
to either the J2,13, or J4 jacks to couple
the 1 -11w. signal to the receiver. The receiver b.f.o. should be off. During the
unmoclulated transmission period of
\V\V'V, zero -beat is indicated by the
gradual rise and fall of the "S" -meter
indication or background noise.

95

AND PARTS

(EXCEPT TUBES)*

ONE PRICE
ONE LOW PRICE INCLUDES ALL UHF
VHF AND UV COMBINATION TUNERS

your
include
tubes, shield cover and any damaged
parts with model number and complaint.
90 Day Warranty
Exact Replacements are available for
tuners unfit for overhaul. As low as
Post Service

defective

tuner

. Simply send us

complete;

$12.95 exchange.
new or rebuilt.)

(Replacements

are

CASTLE TV TUNER SERVICE, INC.
Western Avenue, Chicago 45, III.
New Eastern Location
41.94 Vernon Blvd., Long Island City 1, N.Y.
In Canada: 136 Main St., Toronto 13, Ont.
*Major Parts are additional in Canada
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World's
Fastest Selling
FM Wireless
Microphone

Fig. 4. This front -panel view shows the
calibration of the readout dial. The knob
and pointer have been removed for clarity.
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Transmits voice or signal with pov:rr and
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recording, communicating or hundreds of
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Having completed these adjustments,
the final step is to calibrate the scale
card for Cl. This is done by connecting
known values of capacitors between the
appropriate front -panel jack and J1 and
rotating Cl dial for a dip on the meter.
\lark the scale lightly in pencil, and after
douhlechecking, mark them in ink. A
suitable arrangement of major and minor
scale divisions is shown in Fig. 4.
When using the instrument, first ad-

just R4 to obtain a current dip from 100
down to 40 or 50 as indicated on M1
scale. R4 requires no further adjustment.
Connect the capacitor to be checked
across the pertinent front -panel jacks and
adjust Cl to dip the meter. Read the
value of the capacitor from the Cl scale.
On the 80- and 1000 -pf. ranges, when
measuring capacitors having small values, measure, and deduct the capacitance of the test leads from the indicated
capacitance value.
On the .1 -µf. test range, connect the
capacitor directly to the test jacks. If a
test lead is required, use a six- or eight inch long length of flexible coaxial cable
fitted Nvith banana plugs at one end and
small alligator clips at the other. Do not
use tong separate leads on this range as
the inductive reactance of such leads will
not be negligible compared with the capacitive reactance of larger value capacitors.
If desired, an additional scale calibration can be prepared for this range based
on the use of a two -foot flexible coaxial
cable connecting link between tester and
capacitor.
For in- circuit tests for capacitors of
.1 «f., .01 ìtf., 1000 pf., and 100 pf.,
shunt resistance may be as low as 20,
200, 2000, or 20,000 ohms respectively.
A d.c. leakage test using a V.O.M. Nvonld
be required if the capacitor is suspected
of being leaky.

SIMPLE U.H.F. TEST SET
to Blonder -Tongue engiACCORDING
neers, it is very easy to simulate
u.h.f. TV broadcasts for Testing all -channel TV sets in areas where there is no
n.h.f. broadcasting at the moment. It
is also useful for testing, multi -channel
reception of u.h.f. transmissions in areas
having only one u.h.f. station.
All that is needed is a conventional
u.h.f. converter that does not have either
an i.f. or r.f. stage. The simple ones
having just a local oscillator and mixer
diode will work fine.
The u.h.f. converter is hooked up
"backwards" for this use. Connect an
ordinary v.h.f. antenna to the u.h.f. converter terminals marked "To TV Set"
and a u.f.h. antenna to the u.h.f. antenna
input terminals of the converter.
Because the output filter of most u.h.f.
converters is tuned to approximately
channels 5 and 6, these frequencies will
he present at the mixer diode. This frequency is then mixed with the u.h.f.
converter local oscillator, the upper i.f.
(u.b.f.) is then selected by the converter
input circuits, and is then passed to the
u.h.f. antenna. This low -level u.h.f. signal
will radiate a short distance and the frequency will he determined by the dial
setting of the u.h.f. converter. The video
will be either channel 5 or channel 6,
whichever is used in the testing area.
If neither channel 5 nor channel 6 is
available at the test site, then any other
low channel can he used if the output
filter of the u.h.f. converter is adjusted
accordingly.
i
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HiFi terco Review

NOW...GET THE FINEST

STEREO TEST RECORD
FOR
HOME
AND LABORATORY
USE
CORA:
DEMMTRATION
The
NCüDES

STEREO TEST

AS A
OF THE HIGHEST PO99R9LE FOEUTV.
RECORD
A
PRDORASI OF MUSIC RECORDED DRECTLY ON THE MASTER WITH NO INTERVENINGTAPE PROCESS

RECORD
for

ever produced

just... $4. 98

Featuring Tests Never Before Available
Outside Of The Laboratory
Why We Make the Model 211
Available Now
Although there are many stereo test records on the market today, most critical checks on existing test records
have to be made with expensive test equipment.
Realizing this, HiFi STEREO REVIEW decided to produce
a record that allows you to check your stereo rig, accurately and completely, just by listening! A record that
would be precise enough for technicians to use in the
laboratory -and versatile enough for you to use in your
home.
The result: the HiFi

STEREO REVIEW Model 211 Stereo

UNIQUE FEATURES OF HiFi /STEREO REVIEW'S
MODEL 211 STEREO TEST RECORD

Warble tones to minimize the distorting effects of room acoustics
when making frequency- response checks.
Warble tones used are recorded to the same level within It
db from 40 to
20,000 cps, and within ± 3 db to 20 cps. For the first time you can measure
the frequency response of a system without an anechoic chamber. The frequency
limits of each warble are within 5 % accuracy.
1

White -noise signals to allow the stereo channels to be matched in
level and in tonal characteristics.
Four specially designed tests to check distortion in stereo cartridges.
Open -air recording of moving snare drums to minimize reverberation

when checking stereo spread.

Test Record!

Stereo Checks That Can Be
Made With the Model 211
Frequency response -a direct check of eighteen
sections of the frequency spectrum, from 20 to
20,000 cps.

-

Pickup tracking
the most sensitive tests ever
available on disc for checking cartridge, stylus,
and tone arm.
Hum and rumble -foolproof tests that help you

evaluate the actual audible levels of rumble and
hum in your system.

Flutter -a test to check whether your turntable's
flutter is low, moderate, or high.

-

All Tests Can Be Made By Ear
HiFi STEREO REVIEWs Model 211 Stereo Test Record will give you immediate answers
to all of the questions you have about your stereo system. It's the most complete test
record of its kind -contains the widest range of check -points ever included on one test
disc! And you need no expensive test equipment. All checks can be made by ear!
Note to professionals: The Model 211 can be used as a highly efficient design and
measurement tool. Recorded levels, frequencies, etc. have been controlled to very close
tolerances -affording accurate numerical evaluation when used with test instruments.

DON'T MISS

The Model 211 Stereo Test Record is a disc that has set the new standard for stereo
test recording. Due to the overwhelming demand for this record, only a limited number
are still available thru this magazine. They will be sold by ELECTRONICS WORLD on a
first come. first serve basis. At the low price of $4.98, this is a value you won't want to
miss. Make sure you fill in and mail the coupon together with your check ($4.98 per

record) today.

Channel balance
two white -noise signals that
allow you to match your system's stereo channels
for level and tonal characteristics.

Separation -an ingenious means of checking the
stereo separation at seven different parts of the
musical spectrum -from mid -bass to high treble.
Stereo Spread

ALSO:

U
.

OUT- SUPPLY LIMITED

FILL IN AND MAIL TODAY!
Stereo Test Record
Electronics World -Dept.

SD

One Park Ave., New York 16, N.Y.

Please send me
order) for $

test records at $4.98 each. My check (or money
understand that you will pay the postage
fully guaranteed. (Orders from outside the U.S.A. add

is enclosed.

I

Speaker Phasing

and that each record is

Channel Identification

50c to partiaily defray postage and handling costs.)

PLUS SUPER FIDELITY MUSIC!

Name

The non -test side of this record consists of music recorded directly on the master disc, without going through

Address

the usual tape process. It's a superb demonstration of
flawless recording technique. A demonstration that will

City

amaze and entertain you and your friends.

(Please Print)

Zone
SORRY -No charges or C.O.D.

July, 1964

State
'

rders'

Evd-74

69

www.americanradiohistory.com

illammom

'
'

'

SELLING THAT

RECORDER?

1

BUYING A

U

i

I.......

I

RECEIVER?
=-,._

.,--,, -- ---,

1

PP.

--'Ì
/r
pi.

i

,f1
ELECTRONICS WORLD runs a Hot
Line into the 201,000 electronics
professionals who buy the magazine
each month. And, for only 35¢ a
word, a personal classified ad will
help you make your connection.

ELECTRONICS WORLD has the
largest audience of its kind in the
world, and this creates an ideal
market place for you. Actually, when
you get together with your co -professionals, you may find that many
are near neighbors. Yet your mutual
needs may be met only through the
medium of our classified columns.
Take advantage of our special personal rate of 35¢ a word (including
name and address)
NO MINIMUM REQUIRED

'

a

saving of 25¢

a

word

from our commercial
rate of 60¢.

MI

MI

111

A

small investment can bring quick

results, and complete data

is

printed in the Classified Advertising Section. Write your ad and mail
it today, with your payment to:
MARTIN LINCOLN

Classified Advertising Manager
ELECTRONICS WORLD
One Park Ave., N. Y., N. Y. 10016

AUGUST ISSUE CLOSES JULY 6th
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Electronic Scanning
(Cont innrd from page 37)

arranged so that the affected lamps remain lit only until their associated
monitoring contacts re -open. Or, they
may remain lit until reset to indicate
that a change of status had occurred.
Two lamps for each point can be provided, one to indicate normal condition,
the other to indicate off -normal condition. A red lamp could be used for one,
a green one for the other. These lamps
may be located at the scanner receiver
or at a remote location using a multi conductor cable to extend the lamp circuits.
In lieu of lamps, a bank of relays can
be used to control lamps, alarms, or
other devices. A relay pulled in by an
off -normal signal can be used to actuate
another relay which locks until released.
The scanner system can be equipped
to scan up to 40 points. A basic 8 -point
system can be expanded in increments
of 8 points to as many as 40 points. The
scanner transmitter, scanner receiver,
tone transmitter and tone receiver can
be operated from a battery or other
12 -volt d.c. source. Hence, the equipment can be used at locations where
utility power is not available or is unreliable. A power supply can be used
to convert a.c. line power to d.c.

Applications
Scanning systems are used by many
industries as
as in military and
aerospace applications for monitoring,
telemetering, and remote control.
In a garage, for example, a scanner
system can be used to determine the
locations of unoccupied parking spaces
by personnel at one or more points. As
shown in Fig. 4, each parking space is
monitored by an ultrasonic, magnetic,
or other type of vehicle detector that
senses the absence or presence of a vehicle. hl a garage with 320 parking
spaces, one 40 -point scanner transmitter
is required for each 40 parking spaces.
Only one scanner receiver is required
since it can be switched to receive pulses
from any of the eight 40 -point scanners.
An attendant at a central location can
quickly determine where empty parking spaces are located.
Central station alarm system operators use scanners to cut clown the requirement for leased wire lines between
the central station and protected premises. As shown in Fig. 5, one 40 -point
scanner transmitter can be used to determine five status conditions at eight
different locations. Each wire line from
protected premises is terminated at the
scanner location where the scanner
checks four status conditions -open circuit (open wire line or break in fire
alarm circuit /intrusion circuit loop),
shorted line, grounded line, burglar

ell

alarm turned on and in normal condition, or burglar alarm system turned off.
Only one tone channel is required
between the scanner and the central
station. If 19 other scanners feed their
tone signals to the same central station
line, 160 premises can be monitored.
Another application for scanners is
in multi -channel radio communications
systems. Here, one operator can monitor
four radio channels and four status conditions at a remote base station. He
can also select the output of any four
receivers and select any of four transmitting frequencies.
Two scanner systems are required,
one for monitoring and the other for
control. Three tone channels are required, one for each scanner system and
one for controlling the transmitter, and
only one wire line or carrier telephone
circuit is required since a filter can be
used at each end of the circuit to remove
the tones from the speech signals.
Quantitative information can also be
transmitted over a scanner system. In
this method, the scanner transmitter
looks sequentially at eight sets of contacts each representing a different level
of temperature, speed, liquid level, pressure, voltage, or other condition.
A more elaborate data acquisition system is used to select any of a0 data
transmitters at a storage tank farm to
transmit temperature and liquid level
information from 20 tanks.
As the scanner transmitter operates,
its associated receiver sequentially connects the output contacts of -10 shaft
encoders ( electro- mechanical analog -todigital converters which are coupled to
a temperature or liquid level meter
shaft) to the keying circuits of a bank
of tone transmitters. As each of the 40
shaft encoders is interrogated, a combination of tones (some nark, some
space) is transmitted to represent the
measured value. The data could also be
derived from the output of an electronic
analog -to- digital converter into which
the analog information is fed.
At the scanner transmitter location,
the coded tones actuate a paper tape
punch which records the temperature
and quantity of liquid at each of the
20 tanks. The punched paper tape is
then read out by a teleprinter to produce
a printed record, or fed to the input of
a computer.
One of the most popular uses of scanners is in microwave communications
systems for fault reporting. In a typical
system, an 8-point scanner transmitter
monitors eight different conditions.
The scanner receiver normally monitors the status change tones transmitted
by each of the eight stations. When a
change of status occurs at any station,
the tone transmitter and scantier transmitter are turned on, and the change
of status is noted by the scanner receiver
which actuates an alarm.
ELECTRONICS

70

www.americanradiohistory.com

WORLD

Mexican Color TV

green phosphor persistence is approxiNOW -YOU CAN PLAY A
mately 60 microseconds about 1 horiVITAL ROLE IN SPACE
zontal line time) will produce "blinking"
of the received picture.
AGE COMMUNICATIONS
Because the red -orange scan falls on
odd number fields and the blue -green
scan falls on even number fields, it becomes possible to design a two-color
COMMUNICATIONS
CRT with a screen consisting of red orange and green -blue stripes alternating
from top to bottom of the CRT. Such a
tube is under design at the moment and,
when operational, is expected to greatly
reduce the cost of receivers capable of
receiving this latest approach to the
transmission of color TV.
This Nlexican-developed color -T\ system joins the NTSC (American- developed compatible system in use today 1,
THE 1964
PAL (phase -alternate line method of
color transmission and reception devel- COMMUNICATIONS HANDBOOK
oped in Germany ) and the SECA \I ( a is the only publication that covers
third color system developed in France). the entire specialized field of toEach of these systems has its good points day's rapidly expanding radio
and each has certain drawbacks.
communications. It gives you 148
Although this Mexican system suffers fact -filled pages -complete with
from certain color deficiencies, it ap- charts, graphs and tables- coverpears to use what are probably the sim- ing :
plest circuits of the four systems.
Our thanks to Ing. Jesus Carvajal Sosa
-Wave
who provided details of this system invented by Dr. Guillermo Gonzales Camarena, chief technical advisor for Telesistcrnrr \Ii.ricano, Mexico City.
(

(Continued from paga 48)
at the :30-cps rate. When using a conventional color CRT, one amplifier operates the red gun while the other amplifier
gates both the blue and green guns connected in parallel. The red gun is operated during the odd number fields while
the green and blue guns operate during
even number fields.
Once the field switcher is operating
and individual electron gun brightness
is determined, and the video applied to
the three cathodes connected in parallel,
color saturation is determined by operation of the set's contrast control.
An experimental circuit has been designed and built that is capable of distinguishing between odd and even fields.
The output from this circuit is used to
lock the CRT electronic field switch.

Color CRT
To display this two -color system properly, three -gun tubes such as the
21CYP22 whose persistence is approximately 28 milliseconds for the red and
25 milliseconds for the green is used.
Such long persistence means that "blinking" of the viewed picture will be reduced. A CRT with a shorter persistence
such as the 21FJP22 whose red and

Citizens Band

.

RACKS FOR TEST EQUIPMENT
By JAMES L. HARTLEY
sigthe protection of y . t.V.m.
nal generators, and other test instruments, we have found it desirable to
mount them in plywood racks as shown
in the photograph below.
Such racks protect the instruments
from damage: keeps them from falling
over on the bench, and provides ready
stowage for tests leads and line cords,
The dry cell for the y, t.s.ni. is mounted
outside the case for easier access. .also,
the instrument is easier to read in the

FoR

sloping -Iront position.
The two side pan.Is of the rack are
of
plywood With an 8" base and a
height of about I ". The baseboard is
I

Short
Listening
Ham Radio
Business Radio
Services

i
plywood, 8" wide with a length to
aceoniunidate the width of the instruments. A strip of Masonite across the
bark nukes a good place to tuck in the
line cord. The U- shaped wire is set in at
the front edge to hold the test cables.
We found it better to bolt the instrument ease directly to the side panel., as
seen at the left in the photo below, instead of using the right -angle metal
brackets, shown at right.
For school use, we have a large number of instruments mounted in such
racks and any technician yuitb a few
pieces of test equipment could easily
adapt this same idea to his own needs. A

PLUS THESE SPECIAL FEATURES:

Up-to- the -minute Space Data
Latest US and Canada License Re-

quirements
A Build -it- yourself World Time
Calculator
Look for the 1964 COMMUNICATIONS HANDBOOK -it's now on
sale at your newsstands or electronics parts store. Or, if you prefer, use this handy coupon for
ordering your copy of the 1964

COMMUNICATIONS HANDBOOK.

Ziff -Davis Service Division, Dept. CH EW74
589 Broadway, New York 12, New York

copies of COMMUNICATIONS HANDBOOK, at $1.00 each -plus
150 mailing and handling charge on each.
(Canada and Overseas $1.25 plus 25¢ postage.)

Please send me

:

I enclose
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"AUDIO AND ACOUSTICS" by G. A.
Briggs. Distributed by Herman Publishing Service, Inc. Stamford, Conn. 164

pages. Price

$2.95.

All of Mr. Briggs' devoted "fans" will
welcome this new volume which is intended as a partial replacement for the
author's now- out -of -print "Sound Repro duction." By limiting the scope of several individual treatises rather than revising the original volume, the author
feels that the cause of timeliness can be
better served.
In this volume he covers audio and
acoustics in twelve chapters which deal
with early and modern methods of sound
reproduction, the ear, resonance, echo
and reverberation, room acoustics, free field sound rooms, transient response,
stereo, schools and constant -volt lines,
concert halls and studios, TV studios and
ambiophony, and live versus recorded
tests.
The treatment throughout is Briggsian
with informality the keynote and sly hits
of humor inserted. The author has assembled an interesting assortment of
modern and historical photographs to
illustrate his text -many of which will be
familiar to U.S. readers since they show
well -known products by such firms as
Ampex and Fisher, with pictures of Harvey's hi -fi department and Bloomingdale's phono section in 1904.
This is an altogether delightful and informative text for anyone interested in
audio and its reproduction.
a

"TRANSISTOR TRANSMITTERS

FOR

THE

AMATEUR" by Donald L. Stoner. Published by Howard W. Sams & Co., Inc.

pages. Price $2.95.
This volume serves a dual purpose in
providing a lot of practical information
on transistor circuitry along with use tested construction projects for both the
Novice and advanced amateur as well
126

as the CB -er.
A comprehensive introductory

chapter

covers transistor development, unique
circuit problems encountered with transistors, high -frequency operation, transistor parameters, circuit configurations,
power supplies, bias, and testing and
alignment.
The rest of the book provides circuit
details on an interesting array of equip72

(MI
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ment-some of which is intended to be
built breadboard style and the rest
housed in professional looking cabinets
which would not be out of place in any
ham shack. Complete parts lists, schematics, and in some cases pictorial diagrams are included for each construction
project.
*

a

a

"MARKETING PRACTICES IN THE TV SET
INDUSTRY" by Alfred R. Oxenfeldt. Published by Columbia University Press. 276

pages. Price $10.00.
This analysis of the marketing practices in the TV set industry is interesting
because of the almost "Alice in Wonderland" atmosphere prevailing. One of
the first setbacks Dr. Oxenfeldt, who is
Professor of Marketing at Columbia's
Graduate School of Business, encountered was the almost impenetrable curtain of secrecy surrounding all marketing
and sales planning activities. Those few
top and middle management personnel
who were willing to talk would do so
only with the understanding that it was
"off the record" and that they would not
be quoted.
Many of the firms interviewed were
unable to provide price and budget
breakdowns since, as multi- product manufacturers, they failed to segregate TV
costs from those incurred in making, for
instance, their refrigerator and washer
lines.
Ad budgets, distribution costs, and
promotion allocations varied widely from
company to company and were established on no rational basis, as far as Dr.
Oxenfeldt and his research team could
determine. His group also deduced that
often firms with aggressive marketing
organizations were able to weather relative inefficiencies in production, product
design, and handling by sheer sales volume.
Although, basically, this book has
been unable to establish a single firm
conclusion regarding TV set marketing,
it is interesting to the extent of providing
an "outsider's" view of a complex mer-

chandising operation.
o

a

a

GOLEM, INC." by Norbert

"GOD &
Wiener. Published by The M.I.T. Press.
95 pages. Price $2.95.
When Dr. Wiener died early this year

at the age of 69, the world lost not only
one of its great theoretical mathematicians but a humanist and truly civilized
man as well.
The man who coined the word "cybernetics" and is generally acknowledged to be the "father" of the art, here
considers the moral and ethical implications of automation and automatization,
as he calls it. Dr. Wiener contends that
man must always remain a "partner" to
the machine since no matter how perfected, the machine is merely a machine
and unless every possible contingent is
programmed into it, some of its decisions can be catastrophic.
He likens the machines-even the most

sophisticated of them -to the "Golem" of
the Rabbi of Prague who, according to
Jewish legend, is merely an embryo
Adam -shapeless, not fully created -an
automaton. Until man's intelligence and
control is brought to bear on these machines, they are monsters. According to
Dr. Wiener, the watchword should be
"Render unto man the things which are
man's and unto the computer the things
which are the computer's." His book explains why this must be so.
a

O

a

"ELECTRONIC FUNDAMENTALS AND AP-

PLICATIONS" by John D. Ryder. Pub-

lished by Prentice -Hall, Inc. 681 pages.
Price $17.00.
This is an updated Third Edition of a
volume that has been a standard text in

engineering colleges throughout the

country for many years. Emphasis in
this edition is on an integrated treatment
of solid -state devices as well as the older
vacuum and gaseous forms of active electronic devices.
The text material has also been reconsidered in the light of present -day
developments with more stress being
placed on solid -state devices and the
treatment of vacuum devices then paralleled wherever possible.
Since this is a text designed for college -level engineering courses, a knowledge of differential equations and basic
circuit theory has been assumed by the
author. Those without this requisite
background would be "lost" before they
completed the first chapter.
a

"MASERS AND LASERS: HOW THEY WORK,
WHAT THEY DO" by Dr. M. Brotherton.

Published by McGraw -Hill Book Company, Inc. 201 pages. Price $8.50.
This is a basic handbook for the interested layman, the student, and the science instructor. The author deals with
the basic principles and ideas involved
in masers and lasers, the development
of the maser principle, and the method
of producing laser action by harnessing
the orbital electron system of atoms and
molecules.
The sixteen chapters of this book include discussions on electro- magnetic

waves, laser radiation, spectroscopy,
ELECTRONICS

WORLD

atomic theory, nature of the atom, concept of the photon, concept of stimulated
emission, traveling -wave rubs- masers,
ruby and helium -neon lasers. the semiconductor junction laser, uses of masers
and lasers, communicating with lasers,
the significance of frequency bandwidth,
and a capsule history of maser and laser
development.
The treatment is non- mathematical
and the writing is lively and informal.
tr

tr

ö

"SILICON CONTROLLED RECTIFIER MANUAL" compiled and published by Gen-

eral Electric Rectifier Compiments Department, Auburn, N.Y. 409 pages. Price
$2.00.
This is the Third Edition of the firm's
popular handbook on silicon controlled
rectifiers and features the first major coverage of light -activated SCR's and gate
turn -off switches, with characteristics,
ratings, and a number of suggested circuits for a variety of applications.
The manual includes 21 chapters with
more than 50 percent of the material
not hitherto published. A major feature
is a chapter on the reliability of power
semiconductors. This chapter discusses
failure modes, ways to minimize failures,
and the statistical aspects of reliability.
There are new circuits for high -gain
phase control and a comprehensive listing and analysis of the many categories
of inverter and chopper circuits, tables
of circuit constants, and examples of
their usage.
A

ß

ö

"PASSIVE AUDIO NETWORK DESIGN"

by

Howard M. Tremaine. Published by
Howard IV. Sams & Co., Inc. 283 pages.
Price $4.95.
This is a practical handbook for the
audio technician or engineer who needs
design, construction, and testing information on audio networks.
The volume is divided into four main
sections: attenuators, equalizers, wave
filters, and network measurements. Each
of the first three sections contains a preliminary chapter covering basic design
in which the component is introduced
and generalized details are given. Those
with just a modest mathematical background will be able to work with the
material included in the text.
The book is lavishly illustrated with
photos of commercial units, graphs, and
useful tables of various types.
ö

ö

ö

"ELECTRONIC ENGINEERS & TECHNICIANS REFERENCE HANDBOOK" and
"MODERN DICTIONARY OF ELECTRONICS." Published by Howard W. Sams &

Co., Inc. $4.95 and $6.95 respectively.
These two volumes are designed for
the reference section of the electronics
library shelf.
The Handbook contains 11 sections
ranging from vacuum -tube fundamentals
to network analysis. These sections in-

elude power dissipation and transfer,
amplification and tube bias, semico'uhutors, LC oscillators, multivibrators, diode
dampers and clippers, capacitors, inductance, impedance, resonant circuits,
and network solutions. Widely used circuits are presented schematically along
with the theoretical and mathematical
concepts and graphical data on their performance.
The Dictionary, compiled by Rudolf
F. Graf, is an up -dated and enlarged version of this publisher's earlier volume.
There are now more than 12,400 terms
listed including words applicable to the
fields of microelectronics, semiconductor
devices, reliability, computers, data
processing, and programming. Presentation is in standard dictionary format with
line drawings, cutaway views, and partial schematics.
o

o

a

"MICROWAVE SOLID -STATE ENGINEERING" edited by Nergaard & Glicksman.
Published by D. Van Nostrand Com-

pany, Inc. 226 pages. Price $8.00.
This volume was prepared by and for
RCA personnel for use in its training
programs and represents the thinking of
various of the company's experts in the
field, as presented in a series of lectures
on "Solid -State Phenomena and Their
Microwave Applications."
In eleven chapters the text covers ele-

mentary quantum mechanics, solids,
semiconductor devices, microwave diode
devices, molecular resonance, molecular
resonance amplifiers and oscillators, general properties of ferrates., ferrite devices,
general properties of plasmas, microwave
properties of plasmas, and microwave
solid -state devices.
Of necessity, the treatment is mathematical but problems are appended to
each chapter for self -checking and pertinent reference material is cited for additional study on the subject.
0

"THE TRANSISTOR RADIO HANDBOOK"
& Earnshaw. Published by
Editors and Engineers, Ltd. 172 pages.
Price $5.00.
There is a wealth of interesting and
practical circuits in this "do- it- yourself"
handbook for the audiophile, the ham,
the SW'L, CB -er, and the experimenter.
Construction projects range from deluxe
audio compressors to a wide range of
power supplies for various applications.
By sway of introducing the reader to the
"why's and wherefore's" of the circuits
to be built, the authors impart a generous amount of basic transistor theory.
The text is lavishly illustrated with
photographs of equipment and components, line drawings, schematics, graphs,
and charts. The parts lists accompany-

by Stoner

ASSEMBLE YOUR OWN
ALL -TRANSISTOR

Ychidei
ELECTRONIC ORGAN
3 NEW

MODELS

Recital
$1500
850
Consolette II
550
Spinet

This is the new, all -

transistor Schober
Consolette H...the
most luxurious
"home -size" organ available today.
Full 61 -note manuals, 17 pedals, 22 stops and
coupler, 3 pitch registers, and authentic theatre
voicing leave little to be desired. Comparable
to ready -built organs selling from $1800 to $2500.
The pride and satisfaction of building one of
these most pipe -like of electronic organs can
now be yours ... starting for as low as $550.
The Schober Spinet, only 38 inches wide, fits
into the smallest living room. The all -new, all transistor Schober Recital Model actually
sounds like the finest pipe organ; its 32 voices,
6 couplers, 5 pitch registers delight professional
musicians... making learning easy for beginners.
AND YOU SAVE

50%

OR MORE BECAUSE

YOU'RE BUYING

DIRECTLY FROM THE MANUFACTURER
AND PAYING ONLY FOR THE PARTS, NOT COSTLY LABOR.

It's easy to assemble a Schober Organ. No special skills or experience needed. No technical
or musical knowledge either. Everything you
need is furnished, including the know -how. You
supply only simple hand tools and the time.
You can buy the organ section by section ... so
you needn't spend the whole amount at once.
You can begin playing in an hour, even if you've
never played before -with the ingenious Pointer
System, available from Schober.
Thousands of men and women- teen -agers, too

-have already assembled Schober Organs.
We're proud to say that many who could afford
to buy any organ have chosen Schober because
they preferred it musically.
Send for our free Schober Booklet, describing
in detail the exciting Schober Organs and optional accessories; it includes a free 7 -inch
"sampler" record so you can hear before you buy.
10TH YEAR

THE

IN OUR
nChOéC1
Ciri 2

CORPORATION

43 West 61st Street, New York, N. Y. 10023
Also available in Canada, Australia, Hong Kong,
Mexico, Puerto Rico, and the United Kingdom

r

1
"l

-32
THE SCHOBER ORGAN CORP., DEPT.
43 West 61st Street, New York, N. Y. 10023
.

Please send me FREE Schober Booklet and
FREE 7 -inch

"sampler" record.

Enclosed find $2.00 for 10 -inch quality LP
record of Schober Organ music. ($2.00 refunded with purchase of first kit.)

ing the construction schematics are
clear, complete, and printed in large
boldface type to make the job of the
constructor easier.
L
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Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, simply fill in
the coupon appearing on page 12.
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HI -FI

AUDIO
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taise recorders clue tu :t new luta -noise
oxide and high temperature binder formulation.
The tape tt :n developed specilicills (ur helical
scan or portable recorders.
hcsc slant -track
tape recorders are being widely used in the
medical, dental. and educational fields due to
their compact nature and moderate cost.

PHOTOCONDUCTOR KIT
Sylvania Electric Products Inc. has assenbled a basic photoconductor kit which can
be used to construct a remote utility switch to
open and close garage doors, an automatic
volume control for stereo and hi -fi sets, an electronic target shouting game, or an electronic
guard for model railroad crossings, and other
1

I

devices.

The kit includes three photoconductors with
moisture- detecting blue dots that turn pink if
the hermetic seal is broken: a Sigma a.c. -d.c.
relay; a 22.0110 -ohm, I -watt resistor; mounting
bracket: and a 52 -page circuits booklet describing a variety of applications.
R.F. STANDARD- SIGNAL GENERATOR
Ferris Iusirument Company is now offering
the Afocicl 200.1, a laboratory .standard signal reference designed for research and development on receivers and r.f. :amplifiers and for
the measurement and calibration of sensitivity.

2

COMMUNICATIONS

BYPASS CAPACITORS

8
In addition to supplying an output to the
companion TI'-627T analyzer. the oscillator produces a low- distortion audio output at the frequeuct- to tthich it is tuned for closed -loop tease
analysis such as vibration table :applications.
The new oscillator is compatible with the firm's
entire line of wave analv,cr sssteut units.
D.C. /A.C. CALIBRATOR
Ilallautine Laboratories is now in produc5 tion on the Model 421 a.c. -d.c. calibrator
ithusc uulput is l) lu III suits a.r. tn' tl.c. 'I he
may be r.m.s, or peak -to -peak at either -100
or 10110 cps. Output voltage to lour significant
figures is indicated digitally from left to right.
.Accuses is 0.IT,
I he
principal applications are calibration of
vdttne et s, oscilloscopes. recorders. ;and other
voltage -sensing devices. Aludel 121 is portable
and may be taken to the instruments to be
calibrated rather than requiring that these
instruments be brought to a calibration department. The accuracy guarantee holds for opera:c.c.

-

.

Aerovox Corporation has announced a new
series of dipped bi- electric + 10' ;, DBE
\Ivlar -paper bypass capacitors which feature low
power factor, high insulation resistance, and
humidity specifications that meet the requirements of MIL-( ; -25 for moisture resistance and
temperature.
"Elie solid- setting therm() impregnant will not
crack, soften. or flow within the operating temperature range of
55 to +125 degrees C.
Capacitors in this line are available for 200,
41111,

and 600 v.d.c.w.
PORTABLE INFRARED

VIEWER

Varo, Inc. is now marketing a lightweight,
9 completely portable infrared viewer as the
Model 5500 "Detectirscope." 'I Ile unit is completely self- cuntainecl and includes the image
converter tube and a power supply.
The sicssing desire operates in the "near IR''
nuage and responds to 1000 to 12,0011 angstroms,

tion from a wide range of power -line sultages
and ambient temperatures.
selectivity, gain. image rejection, and harmonic
distortion in r.f. tirctiiury and equipment.
Frequency range is continuously tamable from
45 kc. to 70 nu. in seven ranges. with an engraved direct -reading dial individually calibrated
to 1% accuracy. Supplementing this facility is
an internal 1110- kc./lane. crystal oscillator and
an Mid i0 output jack permitting zero -beat frequency settings to 0.01 r;- accuracy at crystal
check pointS.
The r.f. output is adjustable from 3 volts
down to It.I microvolt into 50 ohms by mcaus
of a vernier potentiometer, step attenuator. and
front-panel output meter, with an accuracy of
+2 db from 0.1 to 1000 µv. and ±1 db from
0.001 to 3 volts.
DB PADS

FairitiII Products Corporation

is

CRT'S FOR U.H.F. -V.H.F. XMTRS
has dcselupecl two cathode -ray tubes which aine specifically designed for use in tt.h.f. and s.h.f.

6

tntpercx Electronic Corporation

transutitters. l'se of these tubes in transmitter
design allows direct monitoring of r.l. output
without demodulation. Non -linearity and instability associated with demodulation can thus
be avoided and depth of modulation can be
determined from the F. f. directly.
1 \vo tubes are currently tsailablc the 1)13 -23

SOLID -STATE OSCILLATOR

4 Technical Products Company has announced
the asailaltility of a new wave analyzer System, the all -solid -state TP -626T oscillator. In
addition to being solid- state, it features greater
frequency stability and amplitude, very wide
continuously adjustable scanning rate, and a
scanning rue meter to accurately adjust scanning rate to loop length.
74

25 to

80110.
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Operating temperature range
degrees F. It

is

1.34- voltd.c. mercurs battery, cont

powered by

cited to

a

12.1100

1

EXPOSURE CONTROL
Systems, Inc. has

toSelf -Organizing

t)

plied.
The compact pad is made of a black Nylon
outer shell with white Nylon end inserts.

is

volts. Focus range is
huit to infinity and the
field of view k 26 degrees.
\ \-eight of the new unit is 21 ounces. including the power ,supply. .A stricts of infrared
light sources and Zens assemblies are adaptable
tu this device.

in produc-

on a new db pad which is designed
for use in communications and testing. The
pacts use PJ -056 telephone plugs on each end
and cable -type C0.02 \IGE (2/20) 0263, per
\1IL spec. C-3432. Cable and plug terminations,
either military or industrial, can also be sup-

peaking at

is tunable to frequencies between 300
ntc.; the 1)13 -I6 for v.h.f. is capable of
to 250 mc. Both
displaying r.f. signals from
tubes are electrostatically focused and deflected,
have 5 -inch Oat faces, and utilize helical postdeflection acceleration systems.

for tt.h.f.
and

01)1)

11

developed

an accurate. automatic exposure control for
photographic operations requiring a high degree

of precision.

The

SI -370. by

responding only to useful light,

NEW VIDEO TAPE
\I Company has developed a video tape
which permits a new process of television
control. Called "stop- motion." the process allows technicians to stol) a recorded television
picture instantly and to continue to show one
single picture for up to 10 minutes without
picture degradation.
The tics "Scotch" No. 388 offers higher resolution and longer tape life for closed- circuit
3
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eliminates had exposures caused by change of
light color or intensity arising from line- voltage
fluctuations, lamp aging, electrode corrosion, or
light placement.
A variety of sensors especially calibrated for
specific operations is available for use with the
instrument. These include sensors for process
camera work; print-frame work; photo -resist
processes; microphotography; and a general
purpose sensor.

The stripping holes of the tool will accommodate insulated wire from Ill to 20 gauge. The
Isoles arc numbered according to gauge size,
allowing the cutting and stripping of insolation
in one simple operation.
The tool comes in a strong plastic pouch
which includes a "kangaroo pocket" containing
a supply of the firm's insulated and non -insulated terminals.

INTEGRATING D.V.M.
Weston Instruments and Electronics Divi11 sion is now marketing a precision integrating -type digital voltmeter, the Model 1420.

Tung -Sol Electric Inc. has recently intro-

TRANSISTOR PROTECTION

The new unit Iras a four -digit readout and a
minimum input range of 211 millivolts. In the
20 -mv. range, input impedance is 50 megolrns

16 duced three new circuit components called
' Barretters" which provide protection of power
transistors from damaging current surges or
overloads. The circuit elements are made with
tungsten filaments carefully chosen for their
positive temperature coefficient of resistivity.
Located in series with a transistor emitter,
the units act like variable resistors, offsetting
any increase in transistor collector current by
a corresponding increase in the resistance of
their filaments.
Three types are currently available. They all
measure 11/z" maximum lengths with a glass
bulb diameter of 0.775" maxinnum. The leads
are .018" diameter and up to I" long.
TV /FM

and resolution is 10 µv. The all -solid-.state unit
has a completely isolated input and a common
mode rejection of more than 120 db at 5000
ohms unbalance. The instrument gives 33 readings per second and can be used as a countertimer.
It measures 1414 " wide x 61/2" high x 161/4 "
deep and weights 25 pounds.
NEW METAL -FILM RESISTORS

Sprague Electric Company has at
m:uuufacturing tech12 an intprovcrnent
niques for metal -filar resistors which permits as
much as a l5 -fold increase in resistance in a
given resistor size.
\IIL size RN55 resistors in characteristic C
and E with a 1,10-watt rating, %}{,!" d. x tVt"
long, are available with a resistance value of
1.5 megohms. Previously these resistors have been
available in a nsaxinuun resistance value of
100.000 ohms.
While presently available in the firm's 'Type
416E 1, -wat resistors, the new technique will
later be extended to achieve comparable gains
on other of the company's MIL units.

BOOSTER- COUPLER

Wincgard Company has developed a new
11 booster- coupler, the Model BC -208, which
is designed to run one to four TV or FM sets
with a +8 db gain to each output.
Neto a tiplifrane shielded triode tubes are
responsible for the higher gain and reduced
noise. They are designed with high input impedance and extremely low interelect-ode capacitance for high gain at TV/FM frequencies. For
improved isolation between outlets, the balanced
resistive method is used. This new circuit completely isolates sets in the system, preventing
any interaction.
COLOR -TV ANALYZER

1

o Mercury Electronics Corporation is now ofo fering a new color-TV analyzer, the Model

900.

This low -cost instrument provides for the dynamic check of color, video, and picture -tube
circuits as well as the over -all performance of

and 1200 volts p.r.y. Designer( especially
for ignitron fit ing. the new unity are also
applicable to other sircuit. Both the NL;510
and NL -511 types are rated at 7 artperrs d.c.
and 11 amperes r.m.s. The NI. -510 types have
a lote p.r.v. to permit a reduction in costs by
using a series diode. The N L -511 types have
a p.r.v.

equal to the peak forward breakover

volts.

STEREO SPEAKER SYSTEM

Conar Instruments is now in production on
20 a new center -channel stereo loudspeaker systems whirls is designed to be used with any existing stereo amplifier. It
provides the "left plus
right" center signal

without additional
crossovers or

ampli-

fier.

Frequency response
is

40

to 17,000 cps.

Power capacity is 25
watts and impedance

is 8 or I6 ohms.
Twelve full -range
speakers provide the
center -channel mix.
The Model 311' system is housed in an oiled
walnut cabinet which measures 25" x 20" x 5"
deep.
-

MAGNETIC -DISC RECORDER
Ampex Corporation has demonstrated an
engineering
prototype of its new solid -state
21
magnetic recorder /reproducer which makes use
of a magnetic disc instead of tape reels for recording and reproducing sound. Designed especially for the broadcast industry, the unit features a disc which is inserted in a slot in the
front of the recorder which automatically centers
and cues it for recording or playback.
The record /reproduce head is mounted on a
carrier which moves across the rotating disc from
the outer edge toward the center in a straight
line. Playing time of the magnetic disc is three
minutes and maximum cue time is 5 seconds.
TWO -WAY SPEAKER SYSTEM
Sherwood Electronic Laboratories has added
22 a two -way speaker system to its line as the

"Newport."
The system features

distortion.
Over -all response of the system is 53 to 17.000
cps +21/2 db. The unit will handle 45 watts of

"UNIVERSAL" TRANSISTOR KIT

HIGH -VOLTAGE SCR'S
National Electronics, Inc. is in production
14 on two new series of SCR -.s rated at 1000

in the toncarm.

a 10" woofer, a 4" mid tweeter, and an 18011 -cps crossover network. The
woofer lias a single -roll suspension which provides
23 -cps free -air resonance for extended low-frequency response. In addition, the woofer voice
coil has a four -laver winding which boosts efficiency ;md a one-inch -long throw to minimize

,

General Instrument Coporatinn is market13 ing a compact ransist,r kit for ruli,- televisitn stealers and technicians containing a "universal" group of transistors that can be used to
replace more than 500 JEDEC and manufacturers' numbers.
Packaged in a small six -drawer cabinet that
fits into the service case, the kit contains 22
units in all, cotering 10 basic entertainmenttype transistors.

slid across the record. A hinged cartridge floating
inside the tonearm head adjusts automatically to
external pressure and tacks even badly warped
records. Pressure on the tonearm is prevented
from causing excessive stylus force on the record.
A specially treated (lusting pad is incorporated

program material and minimum drive requirement

is 10

watts.

The enclosure

is available in hand- rubbed walnut finish with cane grille or in unfinished birch.
It measures 24" x 13" x 91/2" deep.

color -TV sets. All color -TV roubles are diagnosed from the top of the chassis with the
Model 91111 while. the "IN set is in operation.
An exclusive circuit eliminates the need torr
range switching, putting the meter on the right
range automatically. A special safety feature
allows safe measurement of up to 7000 Volts at
the focus grid of the color tube. 1 he unit gives
fast push- button readings of both current and
voltage automatically.

HI -FI

-AUDIO

PORTABLE P.A. SYSTEM
a completely
portable p.a. /music systems which is no

Fallon -Masco has announced

23

larger than an over- the -shoulder handbag. The
Model \lVS -5 "Speech Master" is capable of am-

PRODUCTS

REPLACEMENT RECORD CHANGER
1ü..A l'arts and Accessories has announced

19 the availability of an improved "Studio
usatic" record changer [which features the company's "Feather Action" tonearm.
Designed as a replacement unit or hi -fi system
component, the unit features a pressure limiting
pickup which protects records against audible
scratch (yell when the tonearm is bounced or
-

CRIMPING TOOL /WIRE STRIPPER
Vac() Products Company has combined four
15 wiring tools into a single instrument [which
features a patented bolt slicer that operates on
a new principle which requires less hand pressure
to slice ;r bolt.
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i.lil ing both voice ansi music to a full 8-watt
sound output, providing an effective range of approximately 6110 yards.
I he surent
is completely transistutited and
tomes with a dynamic micro') l
and coiled
corso. There arc separate inputs for the microphone or for any music source.
he system weighs less than III pounds and
measures II" x 8" s I ". It is puwt'rcd by six
standard "Il.' flashlight batteries.
1)A

SOLID -STATE STEREO AMP
11.nnl:us.ka.dun. Ins. has added an 80-watt
s
stereo Putter amplifier to its "Ci-

L't IiIIstate
I.Ilinn' line.

I

Frequency response is flat from I to I(1(1.000
he amplifier delivers 10 watts per channel
ronlinuttio poster with both channels operat-

Ir5.

I

I

NASAS GODDARD
SPACE FLIGHT CENTER

tion. Recording starts instantly at the sound of
voice or telephone and stops. automatically, after
sound ceases. t'p to
horns of solid recording
be atltomalirallt
sto n dated at inlessals
over an eXtcndcd period of time.
Recording is done on a thin plastic belt hating
a capacity of up to 7 or 10 hours. depending on
the model used.
nta%

INTERCOM /STEREO SYSTEM

NuT . Insorpurattd is now min kcting an
28 all -transistor SlEEto music System that combines. in ont' unit. a dual-ch.
1 amplifier still]
F \I -.\ \I tuner. Ucsigned to be built -in. the unit
has ten sstitthcs for activating extension speakthruugl

ers

the house.

Stsltm ilitludes the amplifier-tuner and a
fold-:ttay record t hanger to plot ide stereo music
1r
F \I broadussts or rtsords. \ \I radio, and
onion-to-room iutri(tout Is':Iiistis. \siis.nt it's uIksignel to work tsOh this st sit in include a matching built -in sotto tape trsolder. a built -in record
stucage cabinet. and :r" or 8" indtxtr or outdoor
ptakers.
-1

he

TRANSISTORIZED TAPE RECORDER

r,.

American Gtloso Electronics, Inc. has added
29 the "l'nicurder lit" lape recorder to its line.
I he new
is a sixtransistor, :r -pound porta-

zone

,tole
Check one:

--'

3

years for $12

years for S9
In the U.S., and possessions.
2

year for $5

I

1

Payment enclosed

Bill me

Foreign rates: Canada and Pan American Union
countries, odd 504 per year; oll other for:
eign countries, odd $1.00 per year.

Renewal

New

Mail to:
Dept.

1

ELECTRONICS WORLD

-2517, 434

S.

PROFESSIONAL TAPE RECORDER

\Lsgnetrrnl Division of stidwesiern Instro-

Wabash Ave.

nuntn, lut.

III. 60605

Chicago,

N

Ir.ls

announced availability of the

Btagnl tit I.IpIi recorder .chit his being
tittered in a poi table version or with a task
adapter for tat ur console mounting. flog -in
transformers arc available tu mirth impedances
to studio console or speech egttiPment.
The \lotie) 1028 will handle reel sizes tip to
101/2 inches and operate at tape speeds of 7(\Iuutlel

Convert an y television to
BIG -SCREEN

1112%

OSCILLOSCOPE

EW 7, Box

1

ble

sr

Ilk h includes built -in synchronizer for home

he insu
nt operates on penlight batteries
and a.c. poster on its own built -its power supply.
-1 he unit has two dtnansie speakers and connection for a remote extension speaker. .% recording
meter indicates recording level and battery condition. he circuit has fast forward and fast rewind. 7 he unit still operate two hours on one
tape. There is :nt :nit
alir V111111111' 5I1111il and
input for radio. microphone. or IOC%isinn pro1

l

TECH
ICI ANS. HAMS. E XPERIMENTBROADCASTERS.

ERS.

RELCO, Dept.

ing sinunit:nxoumlt. anll tsiii dt'lists its full rated
power utttirut at Ito to lilll1011 tes
Computcrgsadr silit ii nansisi i,s are used in
the circuit. the tlsassis itself is di, hied into five
subaostnsblits tu asslnc logical Lnuut of parts
.nul nsiusiuuun ti tti.itug trittprsauurs through
tfliticnt brat dissipation. 1 he drsign is also said
tu prof idi s isiis at ttssibilicv for sur t icing.

11

FULL PLANS $2.
10563, Houston 18, Tex.

gram material.

Tapx -.ttl

FREE CAREER BOOKLET

ils. 11ä1f -track or quarter-track stereo
:tri available at the purchaser's option.
F.gualinuion is V:111 standard.

and
heaps

I

-r

about electronics at

G

oblleeer

n

dubbed the "Delta' series.
Included in the series are the \Iode) 111. -220
element 12 coaxial unit: the 1)1.1211 dual (-une
12" unit: and the \lode) 1)1. -811 dual -cone 8"
Speaker. Earl] oI the speakers features the rstm11.1115 s
rTiiiOC -1ì" ntagnctic s'.strns, lose -disuse
lilln "I Ir' .i I" suspensions, and binding post
il., ¡ti iritis fo' quick, easy connections.
I

MS.220
MILWAUKEE
SCHOOL OF ENGINEERING
Dept. EW -764, 1025 N. Milwaukee Street
Milwaukee, Wisconsin 53201
Tell me about an engineering career through

Name
Address

Mechanical fields
Age

Lrr.rttMtMttttJ
City, State
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tilently introduced

a

NEW LOUDSPEAKER LINE

26

residence study in:
Electrical fields

Corp. ifis

new magnetic I ape plasback deck featuring
a puke -initiated repeating program. The new
unit will accept programs of an\ duration from
211
snoods 10 8 hums. rerordsd on a suitable
half -track recorder at speeds of I?%. :ITt. or 71/2
its. \ program is started by providing an ex
tt'rnal nsnmcntart pulse of ti to 12 dolls :ii. or
d.r. to the player via a built in connector.
-1 he deck is available in portable. rack-usoonting. or console si t II s, mono or stereo.

30

when it's time to think of college
you should read this

TAPE- PLAYBACK DECK

'

CB -HAM- COMMUNICATIONS
23- CHANNEL CB UNIT
Bendic \larinc has past introduced a new
31 CB transceiver which is capable of providing
tot unimitations on all 25 channels. Known as
the \lode) \I \IS. the new unit is available for
12- or :12 -suit d.r. ststcnss, with the 12 -colt model
also provided with a 117-volt a.c. power connect'
Among the features of the new transceiver is
an 8- channel transmit- receive cuvstal- controlled
selector switch and a transmitter crystal plug -in
jack on the front panel for any of the other 13
channels that the user might desire. In addition,
the receiver is tunable over the entire 23 channels.
.

VOICE -ACTUATED RECORDER
Milts Rtproduter (.unspans 11.15 put into pro21 duction the " \ \.slkic- Rueurclall -liI," a miniaturized, light Wright, fully transistorized, selfpowered tape reurulm.
A feature of this recorder is the optional provision for "start- stop" operation by voice actua-

ELECTRONICS WORLD

RFOR "DOCTORS

Where there's

OF,

contact...
or a relay.,,

SERVICING"

a

Service with Contact Shield! Pro-

tective! Corrective! It not only
cleans and safeguards contacts better on TV, radio, and hi-fi sets; on
all relay- operated electrical equipment, regular protective maintenance with this versatile cleaner
prevents sticky relays -while corrective servicing unsticks them , , .
in seconds. Promotes greater con-

Front -panel controls include full -range receiver

tuning control, noise- limiter switch. and a receive spotting switch which is used for exact tuning of the receiver on frequencies not crystal
controlled. A 1" speaker is mounted in the front
panel. Provision is made for a remue speaker
with a plug -in jack on the back of the unit.

148- 174 -MC. MOBILE RADIO
Du Vont Laboratories Division is nous offer32 ng a compact new I5 -watt two -way mobile
radio unit for use in the 1.18 -174 -tic. band. Specifically designed for business radio users, the
new ten -inch, two -way unit has been designated
as the "Spokesman" ('Type M -810).
The unit features interference -free communications, reduction of harmonic radiation, hand wired chassis, gold -alloy antenna relay contacts
with dust -tight enclosure, and moisture- fungus
proofing.
The instrument will operate on either 6 or 12
volts, features a transistorized power supply and
low current drain. It carries FCC -type acceptance.
SSB

TRANSMITTER /RECEIVER

Communications Company, Inc. has added
Model 606-SSB radio transmitter-receiver to its "Connect" line of communications
equipment.
Designed to operate on up to six selected channels in the 1.5 -1 1.0 mc. range, the new unit may
be used in either the SSB mode (A3a emission)
with the carrier suppressed or in the compatible-

ductivity, keeps relays working
smoother, longer. Contact Shield

-

the professional service man's
cleaner.
APPLICATIONS
INCLUDE:

Spotters
Bowling Alley Automatic
tens
Machines
Vending
Telephone Switchboards
Slot Machines
and other data
IBM Computers
equipment
processing
relays, such as
Industrial
etc.

SILICONE

in

BASE
CLeANS,
end

IUE.

ppQ7

33 the

For handy guidebook to better servicing, write Channel Master Corp., Ellenville, N.Y.

c?

¿'UT

>" #8/ES

NEW!
WINEGARD
FM SUPERCHARGER
gives you 8 times
more FM signal

with the carrier transmitted. In either mode, the upper sideband is
transmitted and the undesired lower sidebantl
A \1 mode (A311 emission)

is suppressed 50 db.

Baled power output

is

100

watts p.e.p. for

A3a emission or 311 watts carrier for .A311 emission. Receiver sensitivity is rated at better than
0.5 µv. for 10 db (S --N)'N when receiving SSB
signals and 1.5 pv. for 10 db (.S
N,
modulation when receiving ANI signals.

Just connect your FM antenna to this new
Winegard FM Supercharger and enjoy the
finest FM reception. Makes FM signals 8 times
stronger, reduces background noise, brings in
more FM stations. Ideal for stereo and monaural FM for suburban, fringe and deep fringe

-N)

BASE -STATION ANTENNA

'rotorola Communications Division

Iras de-

34 veloped

a
new low -cost, easy -to -install antenna for use with two -way radio base stations
operating on frequencies in the 25 to 50 mc.
range.
The "Slim Profile" antenna is designed to
improve message reception and transmission by
minimizing static noise interference generated by
charged dust and rain particles. Capable of
handling as much as 51)0 usants c.f. Power output,
the antenna provides a vertically polarized omni-

directional pattern.
The antenna consists

July, 1964

Of a

corrosion -resistant

GREENLEE CHASSIS PUNCHES
Make accurate, finished holes in 11'>
minutes or less in metal, hard rubber
and plastics. NO tedious sawing or
few turns of the wrench
filing
.
does the job. All standard. sizes
round, square, key, or "D` shapes for
sockets, switches, meters, etc. At your
electronic parts dealer. Literature on
request.

-a

.

GRE

LEE

GREENLEE TOOL CO.
2027 Columbia Ave., Rockford, Illinois

CIRCLE NO. 112 ON READER SERVICE PAGE

areas.

Specifications- TRANSISTOR:

2N2495.

GAIN: min. +17db. BANDPASS: 88- 108MC,
RESPONSE: flat,
',4db. VSWR: input, 1.2:1;
output, 1.25:1. SIGNAL INPUT: .25 to 45,000
microvolts. MAX. SIGNAL OUTPUT: 360,000
microvolts. INPUT IMPEDANCE: 300 ohms.
OUTPUT IMPEDANCE: 300 ohms.

117V 60CPS 2.1 watts.
Ask your service dealer or write for more
information on the Winegard Supercharger
and Winegard TV and FM antennas.
3003 -G Kirkwood,
Burlington, lowc:

Wineyant Co.
ANTENNA

SYSTEMS

CIRCLE NO. 130 ON READER SERVICE PAGE
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Each unit is powered by a single 9 -soli battery.
-I he unit measures 5rrb" h. x 3t,2" w. x I1,4"
deep. It uses a four- riattsistor chassis and a single
cristal. The telescoping antenna extends to 48
inth% s in length.

r:ulon e :md %chip and is coupled with a d.c.
ground to reduce lightniIdainage..I he antenna
without whip stands 136 inches high and has a
wind rating of 100 tnph with t/2 inch of ice and
125 mph without ice.
PORTABLE

A

LINE TESTER

Entron Incorporated has developed a portable line tester. the \Iodel L'I -l. which provides a simple means of isolating common trunk
and distribution line troubles with a direct -reading portable meter. It tests for line termination,
line splitting, open line. and shorted line.
In operation. the I :I- -I is connected into a section of distribution cable. An immediate indication of line condition for that section shows the
necessary action to he taken. the unit includes
a srlf- contained power supply and features pushbutton operation. It treasures 7" x 211" x 2%8"
and weighs l pound, 9 ounces.

l1111T11

/'REDITS

-

Credit

Page

either the auto horn nr a pine' light.. \ddilional
features include al! -si !icon transistor circuitry.
compact encapsulated modular construction for
reliability and ease in servicing, a connector for
easy installation and removal, and no moving
parts except for switch es.
Although designed for use with mobile receivers, it can also be used for control by wire
lines as well.

MOBILE -CALL INDICATOR
Reach Electronics Inc. is now offering a mo36 hilt -call indicator for use with two -wan radio
systems. Known as the "Page Alarm." the new
unit measures 11/2" x 3" x 311" making it easy
to mount under a vehicle clash. It contains built in decoding circuitry that enables the base- station
dispatcher tu select the mobile unit at will.
Models are available for 60 different single -tone
codes and 3540 two -tone codes. Indication can be

26 (center right)
26

27
27
27
30
34
34

TRANSISTORIZED TRANSCEIVERS

31
as

(left)
(bottom)

Shure Brothers, Inc.
14
Allied Radio Corporation
19, 20, 21, 22, 23
Philco Corporation
26 (top)
General Electric Company
26 (center left), 27 (top) Westinghouse Electric Corp.
14

34

Westinghouse Electric Corporation has added
two new all -transistor transceivers to its line

37
58

"Communicators."

58

These low- power, license -free units have been
designated 960ICI and 961TC4. The latter
model conies with carrving case and battery.

59

International Business Machines Corp.
Zenith Radio Corp.
(bottom)
(center left)
Sylvania Electric Products Inc.
Radio Corporation of America
(center right)
Radio Engineering Laboratories
(bottom)
Subscription Television Inc.
Tram Electronics Inc.
(top left)
(top right) .. Eico Electronic Instrument Co., Inc.
(center)
Olson Electronics Inc.
(Figs. 2 8 3)
Quindar Electronics Inc.
(left)
Sennheiser
(right)
General Atronics Corp.
Test Equipment Corp.

....
....

PRECISION OF U. S. FREQUENCY STANDARD
Improvements in the precision of the standard as well as in the stability of the
standard signals that are broadcast are the result of research and development.
sents the stability of WWV (and

quantity. One to
urement of any
two parts in 10'1 are attainable for measurement times of about 10 hours.
Work is in progress at Boulder on a
cesium standard that should provide
about twice the precision of the present
standard; on a thallium beam that to
date has provided the same precision as
the standard and can perhaps improve
on the accuracy of the cesium beam by
a factor of 10; and on a hydrogen maser
that represents a potential increase in
precision by a factor of 10.
The dotted line in the figure repre-

RESEARCH and development over
the years has resulted in vast improvements in the precision of the
United States Frequency Standard and
of Bureau of Standards broadcast signals, In the figure below, the solid line
represents the improvements in the precision of the USFS. The sharp upward
turn in 1957 reflects the conversion to an
atomic frequency standard. The present
standard, a cesium beam maintained at
the NBS Boulder Laboratories, is precise
to 2 parts in .1012, a precision much
higher than that achieved in the 'twits-

W\VVH after 1948) as transmitted.
After 1957 the stability of all broadcast
signals is essentially that of the USFS.
The dashed lines show the stability of
the WWV and WWVH signal as received. The leveling off of the signals
as received at about 10', despite great
increases in the stability of the broadcast
signals, results from inherent limitations
imposed on the signals by ionospheric
instabilities. Low -frequency stations
WWVL and WVWVB provide a much
higher received accuracy.

ONE

PART

TYPE OF STANDARD

MAJOR USERS

IN

IIf1IIIII

111 111

IIIIIIIII
VERIFICATION OF COSMOLOGICAL THEORIES
FUNDAMENTAL RELATIVISTIC EXPERIMENTS
DEEP SPACE RESEARCH AND DEVELOPMENT
NATIONAL AND INTERNATIONAL FREQUENCY STANDARDS

10FUTURE 2

CESIUM BEAMS

->

IC"
USES e ITS
BROADCAST

NATIONAL CO- ORDINATION OF STANDARDS LABORATORIES
AEROSPACE R AND D. LABORATORIES

wwv6 a *wve
RECEIVED

l0'O

AEROSPACE OPERATIONS (DOPPLER TRACKING)

LABORATORIES
INSTRUMENT MANUFACTURERS
SPACE NAVIGATION, VELOCITY OF LIGHT EXPERIMENTS
RESEARCH

EPHEMERIS TIME (ET)

--+

QUARTZ CLOCK (UT -21

--

109

IOB

OPTICAL SATELLITE TRACKING
AIR NAVIGATION, ASTRONOMY

USFS

loi
SHORTT CLOCK (UT 01

TUNING FORK

-+

-

106

1

RADIO AND TV BROADCASTING, RADIO COMMUNICATIONS

WWV AS
RECEIVED
I

RADIO AMATEURS,

S

104

TUNEO LC CIRCUIT

RADIO AND TV SERVICING
AUTOMATICALLY CONTROLLED CLOCKS

WWV AS

TRANSMITTED
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1

I

I

1930

I

111

1

11
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1950

1940

11111111

1960

)(

TELEPHOTO, FACSIMILE

SURFACE TRANSPORTATION
POWER COMPANIES, TELEPHONE COMPANIES

I

1970

YEAR
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TERMINAL CATALOGUE
Sealectro Corp. has just issued a 40 -page,
43 two-color catalogue covering its complete
line of "Press -Fit" Teflon- insulated terminals.
In addition to providing full detailed specifications, the publication includes comprehensive
guides for selection and installation.
The terminal configurations include stand -offs,
feed -thrus, bushings, test -point jacks, taper -pin
receptacles, probes and plugs, transistor holders
and sockets, and others designed to specific customer requirements. All are available from stock
in ten EIA colors.

MANUFACTURERS'
LITERATURE

INFORMATION HANDLING

Radiation Incorporated is offering a new
44 32 -page illustrated brochure, "Information
Handling Systems," featuring aerospace and
ground information handling systems applicable
to telemetry, analog and digital acquisition,
digital data processing, digital command, display,
antenna tracking, and transmitters and receivers.
TANTALUM CAPACITOR DATA
U.S. Semcor has issued a single -page data
45 sheet which lists its new TSD series of cost and- space -saving polar, epoxy dip- coated solid -

electrolyte tantalum

capacitors with full -rated

d.c. voltages.

The units which are designed to operate between -55 and +85 degrees C, are available in
five case sizes and with radial lead construction.
TAUT-BAND METERS
Assembly Products, Inc. has issued a four bulletin that lists the firm's line
page
product
46
of taut -band panel meters which are offered with
standard plus of minus 1% tracking at no extra

including a listing of militar
corresponding to the firm's pacts.

cumbers

mers,

PUSH- BUTTON SWITCHES
has published an 8 -page
51 catalogue which covers its line of subminiature illuminated push -button switches and
matching indicator Iighus. Data and specifications
are furnished for assemblies with normally open,
normally closed, or two- circuit (one normally
open, one normally closed) switch action. Dry
circuit switches are also discussed, available with

Dialight Corporation

choice of switch forms "A," "II," or "C." Indicator lights, designed as matching companions
to push- button switches, are also presented.
a

BUILT -IN MUSIC SYSTEMS
NuTone Incorporated has issued

8 -page

an

52 multi -color

cations tabulated.

catalogue sheet which describes
an extensive line of built -in stereo music systems
for the home. Pictured and described in considerable detail are tuner/amplifier/recorder/
record changer systems; coaxial speakers for both
indoor and outdoor applications; indoor and
outdoor remote control units; electronic door
chimes with intercom features; plus accessories
for use with the various systems.

DISCONNECT DEVICES
ow offering a
w all chat w hich covers its line of
d
41 hany
"quick-disconnect" devices The chart, printed
in red and blue on 8" x 11" heavy stock, has
14 actual samples mounted on it. A metal -reinforced hole is provided at the top for permanent,

PRECISION -TOOL CATALOGUE
Industries Corp. has issued a 16 -page
Jonard
53 catalogue covering a comprehensive line of
precision tools for servicing, adjusting, testing,
troubleshooting, assembly, and production -line
work in the electronics, telephone, communications, electro- mechanical, and similar industries.

convenient display.
For ease of reference, the devices are listed
on the chart in various categories, including snap
plugs, push -on type terminals, adapters, insulated
snap -plug and tab receptacles, etc.

Airpax Electronics Incorporated has available

cost.

Bulletin 38 includes a discussion of why +1%
tracking is important to meter users and carries
brief definitions of tracking and absolute accuracy. The units are pictured and complete specifi-

Waldont Electronrics, Inc.

ETV EQUIPMENT GUIDE

4o Sylvania Electric Products Inc. is now offer0 ing a new booklet, "Equipment Guide for
Classroom -Television," which discusses closed circuit camera equipment and describes a variety
of applications ranging from teacher -operated
single camera systems to professional studio operations. Other features of this 36 -page booklet
include explanations of lenses and lighting for
television, master antenna and distribution systems, and building -to- building transmission.
TERMINAL BLOCKS & SWITCHES

Kulka Electric Corp.

TECHNICAL PAPER REPRINT

copies of the March 1964 issue of its technical
describes dropout failures of
phase- locked loop and pulse averaging FM te-

54

journal which

lemetry discriminators.
the article details signal -to -noise relationships,
loss of lock, and comparison tots. 'Test results
are shown pictorially by reproduction of the
scope patterns.
ROOM ULTRASONICS

National Ultrasonic Corporation is offering
copies of a six -page reprint which describes
the ultrasonic theory and the equipment neces-

55

"BANKING

MICROWAVE"
has issued
"case his microwave
TaV system as
56
used by -111e First Pennsylvania Banking and
Trust Company for verifying check signatures
and other routine banking procedures.
Photographs of the actual installation plus
details on how the system works and its advantages are also included in this brochure.
BY
Joectronics
ld
toryerr"

coveElring its

SERVICE DATA FOR OBSOLETE

51 Supreme Publications

SETS

offering a d esc ip tive circular which covers four specialized
manuals that deal with pre -war radio receivers.
The manuals provide service data on practically
every popular set of this period. The company
can also supply individual schematic diagrams
and service data for specific receiver models, as
noted in the circular.
is

r

TECHNICAL DATA SERVICE
has announced
58 a new service to engineers and others concerned with r.f. measurements, practical solutions
to r.f. problems, plus novel and exotic applications of the first's instruments.
The company will publish from time to time
a series of fact sheets under the title "Watt's
New from Bird." Free subscriptions to this service will be entered upon request.

Bird Electronic Corporation

CAPACITOR CATALOGUE

Semiconductor Specialists, Inc. has issued an
59 8 -page catalogue covering a line of 109 different miniature "Alumalytic" capacitors made
by General Electric Company and handled by the
firm. Ranging in capacity from
to 560 f and
3 to 150 volts, the units are offered in eight case
sizes with axial leads or for printed- circuit board
mounting.
The catalogue gives application information,

r

1

ELECTRONICS WORLD

published a 63 -page
49 catalogue covering terminal blocks. toggle
switches, and components for the electronics and
allied industries.
Catalogue No. 17 provides clear, concise data
on terminal blocks presented in such a manner
as to be of maximum usefulness to engineers in
preparing drawings and specifications with minimal consultation.

P.O. BOX

7842. Philadelphia

TOTAL NO. OF REQUESTS

1. Pa.

Please send me copies of the literature whose code numbers
(Your requests will be forwarded to the manufacturers who will be glad to
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TRIMMER CAPACITORS
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components in Catalogue EP2 -A.

1

WHITE

has

JFD Electronics Corporation has announced
50 the availability of a new precision piston
trimmer capacitor catalogue, C -64, which describes in detail over 400 standard models.
The 40 -page catalogue illustrates and describes
the electrical and physical details of the firm's
newly re- engineered line of highly stable trim-

for implementing white -room ultrasonic
cleaning methods as typified by the facilities at
Martin- Orlando.
I he
bulletin lists the various means of generating ultrasonic energy and how this energy
removes the most microscopic contaminants from
highly critical components. The ultrasonic system is broken down and explained by basic
s ry

ADDRESS
CITY

ZONE

_

COMPANY___
L

STATE

TITLE

VOID AFTER JULY 31,

1964

7
1

J
79

electrical chauactcri-tirs. dimensions. and lists
salues for each of the part numbers in the line.
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T21
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VESIt t112

EDISV
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MICROCIRCUITRY BROCHURE
pub General Inslnunent Corporation
lishrd
a
12
-page
illustatcd bouklcl tthich
60
describes in detail the functions. applications,
design considerations, and method of fabrication
of nlultichip microcircuits.
The brochure, entitled "What Every Design
Engineer Should Know About (:I \tultichills "
notes !hose applications where nu ltichip circuits
miry be used to best advantage and those where
monolithic devices ale favored.

68 charge a copy of a phase -calculation nomograph covering the frequency range from 2(11) to
10,01111 inc.
I he nomograph permits quick conversion from wavelengtII tll distance in centimeters and is especially useful in Smith Chart
calculations with slotted -line measurements.

WIRE & CABLE CATALOGUE
-1Ipha \fire Corporation has announced pub licalion of ils I964 \Arive and Cable Catalogue. No. AV'-1.
be 52-page publication details
more than 701)1) items available flout stock. including two pages of coaxial cable made to
glilit.nv specifications.
Also illustrated anel described arc many new
wire and cable items. including control and instrumentation cable. Ilan ribbon cable, unshielded
control cable, and UT hook -up wire.

Westinghouse Electric Corporation has isa compact.
a 25 -page booklet which
69
contains a digest of important information con cerning the future industrial power market.
.1 he
material, presented in text. graphic, and
tabulau' form. is divided into four categories:
dodgy. individual industrial trends, products and
processes, and the industrial market. Since a
wide variety of industries is included in this
analssis -steel. aluminum, chemical. paper, glass,
transportation as well as civic arlRd governmental
departments-this booklet should be of interest
to those setting up future planning programs.

61

1

1

-

The bulletin provides helpful guidance for
determining over -all anti Mounting dimensions,
voltage regulation, and weight.
PHASE- CALCULATION NOMOGRAPH

General Radio Company

ENERGY USAGE

is

offering without

FORECAST

sued

PORTABLE TV CAMERA DATA

Kin Tel Division has issued an illustrated
62 technical application bulletin (8 -53) which

full details

on its recently developed 3-inchdiameter portable television camera I1hich weighs
just 16'1 pounds and has been adapted for use
with standard broadcast equipment to provide
on -the -spot coverage of outdoor news and sports
cvcn a.
rile bulletin describes the techniques employed
a a commercial broadcast station in integrating
gives

this (I111Cl1.
STEREO

Sold only by Radio Ports Distributors

'Based on cost comparison in current catalogs.
MULTICORE

SALES

CORP. PORT WASHINGTON,

N Y.
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B.S. Degree in 36 months
Small professionally-oriented cone ,c. Four-quartet
year permits completion of B.S. Degree in three
ears. Summer attendance optional. Enginreri.I :
Electrical ( electronics or power option ), Mechanical, Civil. Chemical, aeronautical. I3uxinr... Administration: General Business. Accounting. \lutur

Transport Administration. One-year

Drlttilic-

Certificate program. Graduate placement
outstanding. Founded 1884. Rich heritage. Excellent faculty. Small classes. 200 -acre campus.
Well equipped labs. New library, Residence balls.
11n4r.rt costs. Enter Sept.. .Ian., March, funr. for
Cahrlo; Mid Vine Book, write J. II. McCarthy,
1)i,, etor of Adnris.sions.
Desigu

1674 College Avenue

Angola,

Indiana

LOW -COST BUSINESS AIDS
FOR RADIO -TV SERVICE

Order books, invoice forms, job ticket
books, service call books, cash books and
statement books for use with your rubber stamp. Customer file systems, bookkeeping systems, many others. Write for
FREE 32 PAGE CATALOG now.

OELRICH PUBLICATIONS
6556 Higgins Rd., Chicago, Ill. 60656

EARN

Enegg e..rng

DEGREE

an A S. r:.l(. degree al home. ('allege
ndet'IereI Ile I yl LSTUny courses taught
education.) e
stand Diem. Continue
the highly paid electronics Industry. Mi ,siles. computer-.
msiato rs, automation. complete electronics.
7.0(0 graduates now employed. Resident
Over
Chicago campus-Foul-111,d
school available at
hll I.
nd for free catalog.
American Institute of Engineering 8 Technology
1141 West Fullerton Parkway. Chicago 14. III.

You cm, earn

1

80

.

HETERODYNE V.M. /V.H.F. CONVERTER

&k Instruments, Inc. has published a six page specification sheet on the Model 2004/05
heterodyne voltmeter and r.h.l'. converter. Designed specifically for empirical measurement of
voltage amplitude, frequency, and percentage of
1UB

AM in high- frequency signals. the instrument
provides direct and instant readings on three
met ('I,.
he brochure provides detailed descriptions
of the instruments. gives their specifications, and
discusses typical application setups.
I

TAPE RECORDERS

Newcomb Audio Products Co. is offering
63 copies of a four -page. tao -color brochure
which describes in considerable detail its new
IXIO stereo tape recorder.
In addition to picturing and describing features of the new instrument, the bulletin provides complete technical
specifications and
information on accessories available for use with
the .1 V10.
RESOLUTION EQUIVALENTS

Sequential Electronic Systems, Inc. is offering
64 a laminated pocket or desk caucl containing
resolution equivalents noting binary digits with
related parts -per -turn, degrees. minutes, and seconds.
Ire card also lists small -angle approximations
including linear -to -angle and angle -to- linear con 1

BATTERY ENGINEERING DATA

Union Carbide Corp., Cun,ulner I' roducls Division. 2)71) Park Avenue, New York, N.Y. 10017,
has just published die "Eseready Battery Applications and Engineering Data Book" which it is
offering free upon request on company letterhead
and .54.95 a copy to other's.
.1 he
book, over 600 pages in length, is said
to be the most complete reference guide to dry
batteries ever assembled. It contains basic data
on carbon -zinc (Lecl nchc primary); alkaline manganese (primary and rechargeable); silver
(primary); nickel- cadmium (rechargeable); and
mercury (primary) electro- chemical systems.
'the book also includes physical specifications,
service life data, and cross -reference information
on the complete line of "Eveready" batteries.

yer,iuns.

NUMERICAL CONTROLS FILM

DIGITAL METRONOME
Universal Audio, Inc. is offering a two -page
sheet
which describes the firm's 'Model
65 data
9110 digital metronome. "1-he new unit provides
1011 different tempo beats for Lase in producing
lise music scores for motion pictures and is of
interest to musical directors, supervisors, and
sound departments.
TRANSFER

LETTERING CATALOGUE

Chart -Pak, Luc. has released a 20page, Iwo66 color catalogue on "Deer -Drs." a new dry
transfer lettering Mur a variety of applications.
'I he publication fully illustrates the application :nad each of the popular lettering styles and
type faces. Sizes range from 8 point to 180 point.
INDUSTRIAL TRANSFORMERS
General Electric Company is now offering a
four
-page
bulletin,GEA -7878. which describes
61
features and applications for its line of industrial electronic transformers.
Ille bulletin covers 50- and 60 -cycle transformers rated 20 to 3000 volt-amperes, for use
in power and control circuits of communications
and industrial electronic equipment. such as
video recorders, tape transports, and data processors.

The Bendic Corporation's Industrial Controls
Dis ision. 8880 Hubbell Avenue. Detroit, :Stiehlgall has produced a new 25- minute, IIì- 111111. color
and sound film covering numerically controlled

drilling. milling. grinding and turning machines,
well
machines
cunt ftl.
as

the new- generation multi-purpose
designed specifically for numerical

as

Narrated by Chet Huntley. the film includes
commercial case histories on parts machined by
General %Iotors, Corning Glass, and other large
companies.
Prints can be obtained for screening by interested industrial groups at no charge by contacting the Sales Department of the division.
MICROWAVE EQUIPMENT FILM
RCA Microwave Department, Building 15 -5,
Caundcn, V.J. has offered to loan prints of its
new 15- minute color film. "The RCA Solid -State
CAC -Mil) Jicrowave" to communications engineers
and to other technically oriented groups.
The 16-mm. film discloses the "state of the
art" techniques used by the first in the design
of its microwave equipment. It includes scenes
of the first field installation. detailed views of
the equipment. and atnintated diagrams that explain the solid -state power generation and switching circuits.
ELECTRONICS WORLD

Light Dimmer
(Continued from page 47)
to the load travels through a high -power
BSD and the "secondary" of the auto transformer, Tl, a small 30:1 toroidal

transformer.
The timer consists of C3, D2, and the
parallel combination of R2 and R3. The
low- voltage pulses generated by D2 discharging (3 are coupled to the "primary" of T1. After the 30:1 step -up,
they appear as the :300- to 400 -volt high voltage spikes used to trigger Dl. A
parallel combination of R2 and R3 gives
a much more linear brightness control
action and provides an adjustment for
the amount of "off" time. Resistor R 1
and capacitor C2 comprise a dropping
and phase-shifting network. This phase
shift aids brightness control linearity
near maximum brightness. Capacitor Cl
is the r.f, interference filter and completes the controller circuit.
Parts size is somewhat critical if all the
components are to be housed in the 13
cubic inches of space inside a conventional wall- mounted light switch so the
smallest available part should be used in
each instance.
D1, the heart of the circuit, is a
Transitron TBS -20 -B "Biswitch." It is
normally rated at 5 amps at room temperature and has a p.i.v. rating of 200
volts. Since heat sinking is not provided
in this circuit, current must be limited to
less than 2 amperes to prevent overheating of the part. This is the reason for specifying a 250 -watt maximum load. D2
is a standard Texas Instruments 30 -volt
silicon trigger diode, the TI -43, available
at jobbers.
T1 consists of 62 turns of #22 enameled magnet wire wound on a small
powdered iron core and tapped at two
turns. This core is a very low -cost item
and is a factory
item. Actually, any
small toroidal core of suitable material
will Nvork as well in this application.
Because of the limited space, R3 is a
miniature pot with its element built inside the control knob and is thus
mounted on the outside of the controller
case.

The housing for the controller is the
body of a Leviton 10- amp "house -wiring" switch. The switch selected must
be of the type with the terminals out the
side of the case and with a simple
riveted -on mounting plate that covers
the entire front of the Bakelite case. Anv
other type switch might not come apart
as easily and might require mechanical
redesign.
Two parts have to be modified, S1 and
the blank outlet cover plate. Start with
SI. Drill out the two eyelets holding the
Bakelite body to the front plate. Remove
and discard the eyelets, the front plate,
and all moving parts. This leaves the
case, two serr o terminals, and two fiber
July, 1964

spacers. File or drill out any bosses,
spacers, or protrusions inside the switch
body. The material is fairly soft and
easily removed. Make a new front plate
from 1/16" soft aluminum. The lip bent
down the one side adds strength to this
part and should be flush with the switch
bode. See photos.
The brightness control, R3, is next
mounted on the front plate. A second
knob is glued on top of the original to
increase the gripping area and to insulate
the operator from the hot center shaft of
R3. A % -inch diameter knurled black
knob fits nicely.
The disassembled unit shown in the
photo illustrates the construction tech nique used. There are two layers of
parts. Start with the bottom layer and be
sure to use spaghetti on all leads. Begin
with C2 and R l Next tightly hand wind
the transformer and wedge it (lightly)
in front of C2. Diode D1 is next followed
by D2. Wiring follows the schematic diagram of Fig. 3. The top layer consists of
Cl, R2, and C3, added in that order,
followed by the final two connections
made to R3.
It is a good idea to test operation at
this point. If the circuit is properly
wired, the first ',e turn of the pot should
leave the lamp load out completely. This
is the control "dead space." From this
point, the control should provide smooth,
linear operation from practically zero
light to full brilliance. The amount of
dead space is determined by R2. To increase it, raise the value of R2; to lower
it reduce the value. This compensates for
high- or low-line voltage and for the
type of load. Generally, less dead space
is wanted in a power -tool control than in
a dimmer. Five percent of available load
power won't turn over an electric drill
but it will cause an obvious orange glow
in a light bulb that is supposed to be off.
This is a case of too much dead space in
one case and too little in the other.
Complete the assembly with 4 -40
screws and nuts where the eyelets used
to be in Si. The coverplate, as modified,
is then mounted with its own hardware.
This controller will only work on 60cycle a.c., 100 to 125 volts. The load
must be held to less than 250 watts and
preferably below 200 watts during any
long -term operation. Generally, an a.c.
appliance motor with brushes will work
while any a.c. motor without brushes
won't -and could be damaged. Any of
the motor loads should be less than ?i
11.p., as any higher rating would draw
too much current.
The circuit may be used to control 600
watts by replacing DI by the almost
equal -cost TBS -20 -BS if the new D1 is
bolted to a heat sink. With this unit,
however, the circuit will no longer fit
into the switch plate. For 1000 -watt
(1 h.p. motor or less control, DI should
be the TBS -20- n S which requires a
much larger heat sink.

OUTPERFORMS

all other
IGNITION

systems

.

)

Every AEC -77 system is tested under
actual operational load with 4 fouled
and 4 operating spark plugs at -20 °C
and at 105 °C to insure reliability in
usage under the most adverse operating conditions.
Every AEC -77 delivers 18,000 volts to the plugs
at engine cranking as against 8,000 volts of

other

...

ignitions
guarantees
weather.

in any type

instant

starting

delivers 30,000 volts at 2,000 rpm, as
against 18,000 volts of other ignitions.
AEC -77

AEC -77 delivers
as against 2,000

30,000 volts beyond 6,000 rpm,
volts of other ignitions.

AEC -77's constant high voltage output guarantees
more complete combustion to release full engine
power
increases gas mileage by 15%
keeps plugs and points clean beyond 50,000 miles
engines run smoother
fires fouled plugs
. increases
top speeds
eliminates 4 out of
5 tune -ups .. and it's guaranteed for 3 full years.

...

...

...

...
...

...

Completely waterproof and shockproof
AEC -77
will pay for itself in 12,000 miles usage through
gas and maintenance savings!
World Champion Racing Driver Phil
"AEC -77 will improve a cars
performance and economy."

Hill states,

Detailed easy to follow instructions make installation
quick and simple by anyone

-

in 20 minutes
no special
tools or knowledge required.

2,000,000 miles of testing, 5 Ow.
years of sales, with quality
components such as General Motors Delco 15
ampere transistor (type 2N1358A), Motorola 50
watt zener diodes (type 1N2836B), prove without
a doubt the reliability of every AEC -77.
Regardless of price, AEC -77, feature for feature
at $49.95 postpaid, cannot be duplicated or
matched by any other system. Order now and
Save $10.00 by using the attached coupon, or
see your local dealer.

COMPLETE FACTORY WIRED SYSTEMS!
(Regularly $49.95)
with (400:1) Ignition Coil
6/12 volt systems
$39.95
77 for Positive Ground British Cars
6/12 volt
$39.95

...

AEC 77

AEC

...

NEED COILS & BALLAST RESISTORS ONLY?
Transistor 77 (400:1) Ignition Coil 6/12 Volt $11.95
Ballast Resistor variable .3 to .9.250 watt $ 1.95
DO IT YOURSELF KIT!
Negative Ground only
$32.95

COMPLETE
AEC K4

r

AUTOMOTIVE ELECTRONICS CO.

387 PARK AVE., SO. NEW YORK

,

N.Y. 10016

NAME
ADDRESS
CITY

ZONE
AEC -77 For Negative ground
AEC -77P For Positive ground

Kit $32.95

STATE

6/12 v
6/12 v

400:1 Coil $11.95

_....,

$39.95
$39.95

Ballast $1.951

FREE BROCHURE ON AEC 77 SYSTEMS.

EW -7
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ELECTRONICS

MARKET PLACE
COMMERCIAL RATE: For firms or ind,alduals otiering commercial products or services. 60G per word (including name and address). Minimum order $6.00. Payment
must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10% for 12 months paid in advance.

individuals with a personal item to buy or sell. 35G per word (including name and address). No Minimum! Payment must accompany copy.
First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10C extra per word. All copy subject
to publisher's approval. Closing Date: 5th of the 2nd preceding month (for example, March issue closes January 5th). Send order and remittance to: Martin Lincoln,
For

READER RATE:

GENERAL INFORMATION:

New York. New York 10016

ELECTRONICS WORLD. One Park Avenue,

FOR SALE

GOVERNMENT Surplus Receivers,

Transmitters, Snoop -

erscopes, Parabolic Reflectors,
Meshna, Nahant, Mass.

Picture Catalog 10e.

TRANSISTORIZED

Ignition coils, components, kits. Advice

TRANSISTOR

Free. Anderson Engineering. Wrentham 5. Mass.
CANADIANS-Giant Surplus Bargain Packed Catalogs.
Electronics. Hi -Fi, Shortwave, Amateur, Citizens Radio.
Rush $1.00 (Refunded). ETCO. Dept. Z, 464 McGill,
Montreal, Canada.

starting in TV service? Write for free 32 page
catalog of service order books, invoices, job tickets,
phone message books, statements and file systems.
Oelrich Publications, 6556 W. Higgins Rd. Chicago,
JUST

III. 60656.
$100.00 WEEKLY Spare Time selling Banshee TS -30
Transistor Ignition Systems and Coils. Big Demand.
Free money making Brochure. Slep Electronics, Drawer, 178ZD, Ellenton, Fla. 33532.

GET IT from GOODHEART!
NEW ITEMS & NEW LOW PRICES
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Intercontinental.

Products importers catalog.
1717, Tokyo, Japan.

$1.00.

CPO

DIAGRAMS for repairing Radios $1.00. Television $2.50.
Give make model. Diagram Service, Box 1151 E, Man-

ph 511/611

e.

a

free brochure, latest subminiature
surveillance equipment. Ace Electronics,

INVESTIGATORS,

electronic

11500 -1 NW 7th Ave., Miami 53, Fla.
RESISTORS precision carbon -deposit.

accuracy.

1/2

watt

8G.

1

watt

12C

2

Guaranteed 1%

watt

15C.

R. E. GOODHEART CO. INC.
Box 1220 -A, Beverly Hills, Calif. 90213
Phones: Area 213, office 272.5707. messages 275.5342
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FREE BROCHURE, 8mm FILMS. COMEDIES, ADVENTURES, DRAMAS. Laurel and Hardy, Mary Pickford, etc.
Art Raymond Co., Dept. 101, Box 194, Centereach,
N.Y. 11720.

Rock

Distributing Co., 902 Corwin Road, Rochester 10, New
York.

TUBES

Transistor. Coil, ballast $7.95. Free Parts
Lists. Transfire, Carlisle 2, Mass.
IGNITION!

DIAGRAMS for repairing radios $1.00. Television $2.50
and $1.00. Give make, model. Diagrams, Box 55, Wil-

liamsport,

Pa.

COMPLETE KNIFE catalog 25e. Hunting, Pocket, Utility. Heartstone, Dept ZD, Seneca Falls, New York

cameras, transmitters, converters, etc. direct from factory. Catalog l0C. Vanguard, 190 -48 99th Ave., Hollis, N.Y. 11423.
WHOLESALE prices on

transistor buried treasure, coin detectors. Kits,
assembled models. $19.95 up. Free catalog. Releo,
A -22, Box 10563, Houston 18, Texas.

-16

battery opcurrent. Oferated
fice, spare for home. Free details -Sheirr Electronics
pounds,
REFRIGERATOR
in car or boat or 110V -AC house

PORTABLE

1490 Jesup Avenue, 3Q,

Bronx, N.Y. 10452.

C- B'ERS- Ground

Plane Antennas. List $9.95 and up.
Dealers wanted. Write circular. Komet Electronics,
N.H. 03276.
Tilton,
P.O. 222EW,
& Hong Kong Electronics Directory. Products,
components, supplies. 50 firms -just $1.00. Ippano
Kaisha Ltd., Box 6266, Spokane, Washington 99207.

JAPAN

"SIGNAL Generators, Frequency Meters, Miscellaneous
Electronic Test Equipment. Eight -Day Chronographs
and Clocks: Panel or Desk Mount." Echols Electronics,
P.O. Box 5522, Arlington, Virginia 22205.
KAY

& TV Tubes -33C each. Send for free list.
Cornell, 4215 -W University, San Diego, Calif. 92105.

TV

NEW

Lab,

TUBES -TV, Radio, Transmitting And Industrial Types
At Sensibly Low Prices. New, Guaranteed, 1st Quality. Top Name Brands Only. Write For Free Catalog
or Call WAlker 5 -7000, Barry Electronics, 512 Broadway, New York N.Y. 10012.
RADIO

13148.

Megasweep, Megaliner, RCA WR -39B Calibrator.

Ralph Hunter, Catskill, N.Y.

television to sensitive, big- screen oscilloscope. Only minor changes required. No electronic
experience necessary. Illustrated plans, $2.00. Releo,
CONVERT any

Box 10563, Houston 18, Texas.

TUBES WANTED, all types, highest $$$ paid, Lou Tronics, 74 Willoughby Street, Brooklyn, N.Y. 11201,
UL 5 -2615.

750MASILICON DIODES
Piv /Rms
Piv 'Rms
Piv /Rms

Ply/Rms

.05
Ply, Rms
400 /280

100/70

200/140

Piv-Rms

pixy Rms

Piv'Rms
900/630

Piv /Rm
600 :420
.32
Piv /Rms

50!35

Miilc

Components.

Quality

Guaranteed.
Co.,

itSOwSA

D

4

5Aminp

ffoor

r

3

$1

50Watt '15Amp HiPnwer TO36 PCkg.
2N441, 442. 277, 278, 05501 up to
50
Its /VCRO $1.25 C' 5 for $5
2N278. 443. 174 up to 8Óv $3 tif 2 for $5.
PNP' 10Watt'3A-2N155.156.235.242.254.
255, 256. 257. 301. 351: C35 / . 4 for 51
6 for
PNP Signal up to 350MW T05. C25
NPN Signal IF, RF, OSC. T05. OVS. C25 ri 6 foPNP 2N670 '300MW C35
4 for SI
3
for $1
PNP 2N671 /1Watt C50 .,
Silicon PNP TO5 A TO10. Peke. C25 Gr , 5 for Si
T036, T03 Pckg Mica Mtg Kit 5 for $1
Power Heat Sink Finned BO Sri 51.25 Rr 5 for 55
10 for
3Amp T03 'Pwr Transistors Untested!
10 for
Pwr Transistors T03 '3A Untested
5 for
Stabistor Diodes up to one watt
3 for
Silicon Diodes 35Amp Studs Unrested
Silicon Diodes epoxy 750Ma Untested ....25 for
.

>5

1

Si

51

.

$1

SI

$1
$1
$1

2:51, 1041 Si

2N1038 4/51, 1039 3'51. 1040
2N538. 539, 540 /3Amp
2cner 50'60V Auto Ignition
500V Auto Ignition Transistor
Kit 2eners 400Mw to IOW Asstd

2

for $1

3

for Si

SI

53

Silicon Power Diodes Studs & P.F.*

3

12
18

35

240
-C
Amps

50Piv
.12
.50
.25
1.00
1.75

100Piv
70Rms
.18
.70
.45
1.25

300Pív
.40
1.10
1.00
2.35

280Rms
.50
1.35
1.30

35Rms

2.25
7.70
400Piv

-50

6

21ORms

150Piv
.22
.80
.60
1.50

105Rms

2.65
8.90

500P
350Rm5
.60
1.50
Query

200Piv
.30
.95
.85
1.80
3.20

14ORms

_

10 40
6O0

420Rrns

.66
1.70
Query
3.00
3.50
2.55
35
8.00
4.60
5.65
100
3.75
36.00
32.00
27.50
240
19.50
rr
I.,,,
t;'..:
'lot'
D.C. Power Supply: ttu ,ut :3:ni.'
i into S ltllcy K. Cased! Snrnial 55 I
M:l. lnnt
"SCR" SILICON CONTROLLED RECTIFIERS!
7A
168
254
PRV
PRV
I6A
25A
7A
3.20
1.20
250
2.40 2.75
25
.50
.85
3.20 3.60
1.40
300 2.70
50
1.20
.85
400 3.25 3.60 4.25
100 1.35
1.80 2.20
4.00 4.45 4.90
500
I50 1.65 2.20 2.70
600
.1.50
5.15
5.65
3.00
200
1.85
2.50
Silicon Diodes 3 &6 Amp Studs Untested 12 for $1 I
Glass Diodes 1N34 48'60 '64 Untested 20 for $1
3

12

i

1

FCC LICENSE in six weeks. First class radio telephone.
Results guaranteed. Elkins Radio School, 2603C, Inwood, Dallas, Texas.

C

030

PNP

18

ELECTRONICS ENGINEERING
AND INSTRUCTION

.70

1

* SCR's *TRANSISTORS * DIO DES!!!
Full Leads Factory Tested & Gtd! U.S.A. Mfg.

100

crystals,

1000/700

.55

.16
Piv /Rms700/490
.40 _
Piv /Rms
1100/770
.75

"TAB"

TRANSISTORS, SCR's, diodes, Nickel Cadmium batteries,
Send 10C for catalog. Electronic Components
P.O. Box 2902, Baton Rouge, La. 70821.

.24

ro

300/210

.12

500/350

.20

D.C.
Amps

meters,

.09

800 /560
.48
P roeM

Transistorized Ignition, Zener Protected,
Coil, Mounting Hardware. 12V Negative Ground. Free
Information. $21.95 Guaranteed. Trans -Unit, 3700
Lincoln, EI Paso, Texas 79930.

TRANS -UNIT,

ksa

-

MOVIE FILMS

chester, Connecticut 06042.

.

49.50
fob 1(001:incI
ore than te n
WHAT DO YOU NEED? We have lot. more
can short' here & we keep acc,niring'

-29 months. Technicians, field engineers, specialists in communications,
missiles, computers, radar, automation. Start February,
September. Valparaiso Technical Institute, Dept. N,
Valparaiso, Indiana.
ELECTRONICS! Associate degree

1

'

I

1

1

HIGHLY -effective home study review for FCC commercial phone exams. Free literature! Wallace Cook, P.O.
Box 10682, Pittsburgh. Pa. 15235

Correspondence Courses and Books sold and
rented. Money back guarantee. Catalog free. (Courses
Bought). Lee Mountain. Pisgah, Alabama.
USED

TERMS:

Otde!
Back Guarantee!

Our 18th year. $2 Min. Order
F.O.B. N.Y.C. Add Shpg Charges
c Dep. Prices
for C.O.D.
6
Shown subject to change.
shown
111 -WU, Liberty St ., N.Y. 6, N.Y.
Phone: RECtor 2.62x5
for Catalog
Send 25(

`TAB

CIRCLE NO. 125 ON READER SERVICE PA
ELECTRONICS WORLD

SCR-625 MINE DETECTOR
Complete portable outfit in original packing, with all accessories.
Brand New

IMPORTERS

$295D

i

i
$49.50 ' SPECIAL, WHILE THEY LAST

specialize in the export
of military surplus electronic
equipment:

i

calibrated modulated. Heterodyne, 125 RI'
n KC. with Calibration book.
to 2
$69.50
mpiete! like
oplctely heckeal
abate,
LM Frequency Meter
tut, with tubes and crystal, less rnHbra$34.50
lion book. Exc. Maul. r clean
Crystal
,

BC -221 FREQUENCY METER
Equipped with original calibration charts. 125 Kc to
20.000 Kc with crystal Check points In all ranges.
Excel. Used with original Calibration Book. Crystal,
and all tables. CHECKED OUT!
Modulated ....P,U.R.
Untnodulated
$89.50

$8.95
Crystal Brand New
BC221 FREQ. METER CASE. aluminum. with volt.
c>_. .ample. Shock mnunted. !MMtANE, NF:w'....$2.95
BC -221 1000 Kc

BC -906 FREQ. METER -SPECIAL
14.1 to 235 Ale. C'ool,de with .

Cavity type

Calll,rafon Charts m-

$1269

manual and on
eluded. BRAND NEW. OUR LOW PRICE
i

d

_1#e
FINE QUALITY
:á! J NAVIGATIONAL EQUIPMENT

Determine exact geographic position of your boat
or plane. Indicator and receiver complete with all
tubes and crystal.
INDICATOR ID -6B /APN -4, and RECEIVER R -98/
APN -4, complete with tubes, Exc. Used. $69.50
NEW! APN -4A Receiver- Indicator as above, changed
to operate same as APN4 -B for improved performNEW $88.50
ance
$2.95
Shock Mount for above
INVERTER POWER SUPPLY for above APN -4. INPUT:
24 V DC. OUTPUT: 115 V AC, 800 cycles. Like
$22.50
New
12 -Volt Inverter Power Supply for above APN -4.
P.U.E.
Like New.
We carry a Complete line of replacement parts and
accessories for above.

/APN -9 RECEIVER

R -65

LORAN

i',6:-.--$°'
°_,T
rr
E

e''ear

Circuit din- $14.95
gram included. LIKE NEW
and 24 V DC.

TSIOOAP 'SCOPE. exc. useci. :0' u,
with all tubes, crystals and ('It tube
As :,hove. BRAND NEW

ß

3 -Inch

tv

ePP

Complete WWI all 18
uof
lolrrrl rase. LIKE NEW!
SPECIALLY PRICED
SCR522 as above Poi` used

L....
AC

POWER

SUPPLY
\ewe

-8

Checked out, perfeet working order.
Complete with all
1-:'serpent
ICondition. LIKE Nr]`v'parts.
$14.50

FOR

SCR522 $42.50
..

100 -WATT XMTR

Q795ó

44,
ú."'`
^'`
L,0,

complete with Tubes

-^

Collins Atitol^

Pan

tin

all

,\..

'L..

\I('t
irk b.;r
it
manual toning. Speech amplifier clipper
vlimi ar
g relic ini e. 111;:111' Wable. iligrl.uV'I:i,
Built
Xlil controlled calihra,
l'l'i1 Is modulate Nit in final up to 00rr class "li."
\ Peal "II "'I "' moil I,n1,'
AN 'ART-13 XMTR, as above. In LIKE NEW 565.50
1U

nclç

J
condition. with all tubes and crystal
0.16 Low Freq. Ose. Coda for ART -13
7.95
11.95
25V Dynamotor for ART -13
We carry a tonmlete line of spare parts for above.
SCR -274

Type
BC -453
BC -454
BC -455
BC946

1

'

'

u

CODE KEYER

Self contained

,

®

4ij

X1

July, 1964

automatic unit.
p practice Signals
paper tape. By use
of by acts
Speakes' provides
code-practice signals
one or
more persons at needs from
5

to 25 WPM,

Like New,

BC -348 SUPERHET RECEIVER 200 to 500 Er
and 1.5 to 1800 Mc. Voice Tone. CW. Self -contained dynamotor for 24 V DC. Exec. Used.

$89.50
$14.50

for above. wired

Receiver

-

-,

l

ilia

Kr.

Like

Used

NEW

$12.95

$14.95

12.45
17.95
11.50
13.95
Complete with all

irk ban
to
Iir:amI New. ..
1.5 to 3 MC. Receiver) Brand New

.....

4

$

$29 50

Te sted
°
Set of IS Reels. LAND code
orinitud
l.es -on s,
ND uR
ol'igln:nl n r,, .,
P U R.

BC`4571

TRANSMITTER-I

$9.75
tubes
MINN!, Ni \\mp'lete
..
.$7.955
,'
,:
4..' TRANSMITTER-5. 3 to 7 Me (
crystal.
all tad
$10.95
!Et \ \1 \iV,
..
1.19. N,
..
$7.95
BC -696 TRANSMITTER :11 Me Complete with
$11. 7J
95
-P
\11 TiPx'- ,c Crystal. Like New'
.USED 3.45
..
NEW 5.95
RC..I ..6 ll mlulnior
:11-1, :\I'c1.550RIT :S A \'AIf.:\RMI: PIiII \I:Ii \'E

\

I

.

SCHEMATIC DIAGRAMS
unrth pagéuenthnt 650
Please include 25 % Deposit with order -Balance
C.O.D., or Remittance in Full. 50e Handling Charges
on all orders under $5.00. All shipments F.O.B. Our
Warehouse, N.Y.C. All Merchandise subject to Prior
Sale and Price Change.

G

5.50

195 to 420 Kc. made by
Setchel - Carlson. Works on
24 -28 volts DC. 135 Kc. IF.
Complete with 5 tubes. Size

a

4

"x4 "x6 ".

Wt.4

lbs. LIKE NEW

... $9195

less tunes 54 95

234 -258 MC

RECEIVER

BRAND

I
\

AN /ARR -2

NEW 11 -tube UHF Tunable Itecei,
s,'ben,atie. Only a few at this low price!
' .,
inlete w-1111 tuber. ENC. II ed $5.95

e'.

,.'1

It

$8.08

.'UB CRV 46151 NAVY AIRCRAFT RADIO RECEIVER
to 9050 KC In 4 hands: 1911 -550, 539- 16,,0.
Me. 6. 9.950 Me. 6 -tube super with local and
e tuning. (band change. Coin pÌ etc
$39.50
1, litthes
and dynamotor. like new
1110, -c
1,1,11111
$59.50
.. evil
Std ,l
11 1í V \,
$ 8.95

I

/

1

ARC -3 RECEIVER!

110 V A.C. Power Supply Kit for above 15.00
Factory Wired and Tested
19.95

ARC -3 TRANSMITTER

Companion unit for above tunes 100 to 15G MC on
any 8 pre -selected channels. 9 tubes. crystal cootr011ed. provides tone and voice modulation. 28V
DC Power input.
Complete with all
$1895
Tubes: 3 -6V6. 2 832A. I- 12SH7. 1 -6J5.
2 -616. Exc. Used
Only
Like new condition
...
....528 50
ARC -3 PUSHBUTTON CONTROL BOX
55.95

o

.

Frequency range 100 Kc to 1750 Kc in 4 bands. Airvigational instrument comprising suporhrt
craft
receives and additional circuits. Complete
ePL..77
$29.50
.1
with tithes. exc. cond.
Accessories for above. available.

Excellent BRAND

DYNAMOTOR VALUES:

-54.95

$17.95

wired.
IreA. tester]. 'colt' to n,rrnte .612.50
SPLINED TUNING KN00.
N
AEC,
IIFCFn'6alts. Fit.. Rc -45., m'_1í'4 and'1
490
n
Only
..
t
NI, T1:11- .titter. Brand New...
$12.95

It<

Com-

,

$12.95

Type

Input

Output

0M -35

DM -36
DM -43

& G RADIO SUPPLY CO.

Telephone: CO 7 -4605
77 Leonard St.
New York 13, N. Y.

CIRCLE NO. 110 ON READER SERVICE PAGE

NEW

-

12V

28V í.4A
28V 23A

DM -53A 28V

Used

250V ,05A 2.45
4.45
579V .16A
540V .25A 2.95
4.45
220V .080A 4.15
5.50
623V .225A
19.50
220V .080A 1.95
2.95
925V .220A
460V .185A
7.95
220V .080A 3.75
5.45
1000V .350A 8.95 14.95
250V .O5OA 2.75
3.85

DM -32A 28V 1.1A
DM -334 28V SA
28V 7A
DM -34D 12V 2A

í.4A

-73C 28V 20A
PE -86
28V 1.25A
PE

DM -37 DYNAMOTOR. Input 25.5 V DC G 9.2 A. 11mI,nI 615 V le' n 225 í1:i. ßít \N1a NEW. Each 53.25

MICROPHONES Checked Out, Perfect

ddgn(p
1,reproduces
TG -34A

m

Description
Receiver 190-550 KC
Receiver 3 -6 MC
Receiver 6 -9 MC..

I

:

$79.50

AN /ARN -7 RECEIVER

COMMAND EQUIPMENT

ALL COMPLETE WITH TUBES

rl

Ch

BC -342 RECEIVER. 1.5 to 18 Mc. AC
Only. Like New. complete with all
tubes

$79.50

t

a

$19.95

'' r'
S29.50

$21.50
Complete with All tubes Exc. Used
Like NEW
.$33.50
Crystal. controlled 17 tube superhet. tunes from 100
to 156 MC.. AM.. on any 8 preselected channels.
28 -volt DC power input. Tubes: 1 -9002, 6 6AK5.
1-125117. 3- 12507. 1 -9001, 1 -12H6. 2- 12SN7.
1-125L7. 1 -12A6.

.

1/!
.

a cc

RECEIVER. 150 -1500 Fie.,
continuous tuning. 4 -band. for 115 V
60 Cycle AC. Excellent used. perfect
working order, complete with tubes.

and

110 von AC Power supply Kit for all 27 -i -N and
.ARC3 Receivers. Cnonilr with metal
$.8.95

17

all

a nd

Power Supply, NEW

200 -1500
2to18.1 Mc

o

PHONES

Transceiver, Itenamnlor

12 -Volt Mobile Dynamotor

CHANNELS

11

1

FIELD

57.95
2.45
5.50
2.25

SPECIAL "PACKAGE" OFFER:

-1345

AC Power Supply

Kc``

like

AN ART -I3

r1

EE

$19.50

plete with all tubes. exc. used. Checked $49.50
out. in working order

Receiver only, with all tubes (of SCR -5,
Clean.
$24.50
LIKE NEW condition
i.above,.
..
BC -625 Transmitter only. with all tubes (of Si 'I1
:nave t. (,roll
$24.50
LIKE NEW condition

TS -16 /APN TEST SET

.

with tubes. less pm.

BC -344

OC -624

$69.50

s

BRAND
NEW

C:111011.

P.U.R.
$32.50

.

BC -929
$14.95
BRAND NEW
Conversion instructions, with diagram, for 100 V
$ 65
AC operation

,

1

BC1206 -C BEACON RECEIVER

tubes, top (track

i

Scope, with all tubes,

For aligning and calibration of
adio altimeter.. Mu,' he U lid U'
lJ
cirCheek calibration of count
cuits and modulator sweep freq.
1n .utter.
and M1analw'Idlh ,
o
-i 6'349 In
.1udie- 0Cillatm'
'
cycles.
V In' bleu
Complete with tubes. e,m,eeting 'ratite+
('n
n, 1.nelion sr11.,
00
BRAND NEW ....

'

^'

1

above. C(11I1'LF :TE. 'BLAND NF:w',
While .Storks lost

:

$39.50
JJ

,

I

fsf>S,`1

11C

_

p

BC -683 FM RECEIVER, 27 to 38.9 Mc

í

vertical and horizontal sweep
ith focus and intensity controls.
coaxial antenna changeover Motor.
Complete with 11 ttubes and 3JP1
CR Tube- For 115 V. 400 cycle AC
Has

7

1

Shipping weigh[ 25 'tits. SPECIAL!
PE-101C Dynamotor. 122'21V Input
UHF Antenna Assembly
Complete Set of 10 Plugs
Control Box

Terrific buy: VHF Ti in,gnßterIteeeis er, 100.I56 Ur-.
nliulated
4
charm'i,. Sla -control led. Amplitude

APN -12 3 -INCH SCOPE
s

_-9sí5

?7í:1i.
er]
-\\'to

SCR -522 2 -METER TRANSMITTER -RECEIVER

--)

We carry a complete line of replacement parts and
accessories for above.

.1- ír35

supply in factory

Tuning Units for auo,e in stork. P.U.B.

Used

tubes and crystal. IN LIKE NEW Con$79.50
dition
$29.50
Used, with all parts, less tubes, crystal
Special
and visor
INVERTER POWER SUPPLY for above APN -9. INPUT:
24 V DC. OUTPUT: 115 V AC. 800 cy. Like New $22.50
12 -V. Power Supply for APN -9, like New P.U.R.
$2.95
Shock Mount for above
Circuit diagram and connecting plugs available.

A

4-

490 to
:516:1. e.
rd
190 tnc Brand new ß(' -645

LIKEaNEW, SPECIALpower
TN -111, TN -17. TN. IS. T\111 and TN -54

Transceiver.

in ships and aircraft. Determines position by radio signals from
known xmitters. Accurate to within
1% of distance. Complete with

9193.

AN /APR -4Y FM & AM RADIO RECEIVER
High precision lab instrument, suitable for
monitoring and measuring frequency and relative
signal strength of signals from 38 to 4000 Mc.,
in 5 tuning unit ranges. For 110 V 60 cycle AC
supply.
$79.50

RA62

& INDICATOR

í7P7.

-r

Checked out
AC Power Supply

LORAN APN -4

E

p

eftlp

-

All at LOWEST PREVAILING PRICES.
In addition to items shown on this page.
we have in stock or can obtain for export
and domestic customers, military electronic
equipment made for World War II, Korean
War, and later. We maintain one of the
largest stocks of Government Electronic
Surplus Equipment in America!
IF YOU DON'T SEE WHAT YOU WANT
HERE, WRITE US YOUR NEEDS. WE'LL
QUOTE ON ANY GOV'T SURPLUS EQUIPMENT YOU SEE ADVERTISED ANYWHERE.
Write or call today for our low LOW
PRICE, and SPEEDY DELIVERY FROM
STOCK!
All packing and shipping is made directly
from our own warehouse in NYC to give
you substantial savings in handling costs!

METER

LM FREQUENCY

15 Tubes 435 to 500 MC
Can be modified for '_' -way
communication. voice or
de.
ham band 1_U -4 5(1
n,c. citizens racLo 460 -470
heed and nubile 459460 mc. television expert
Tunntal
470 500 n
15
(tubes alone worth
es
e than .vale nice :!`v

We

W. actual value

BRAND

.Model

FAMOUS BC -645 TRANSCEIVER

EXPORTERS

of ELECTRONIC EQUIPMENT

VICTOREEN RADIATION DETECTOR

225

-

EXC.

BRAND

Description
USED
NEW
$4.45
57.95
Hand Mike. 3.95
5.75
HEADPHONES Checked Out. Perfect
Model
Description
EXC.
BRAND
USED
NEW
HS -23
High Impedance
$2.79.. $4.95
H5 -33-Low Impedance
3.15.. 5.45
HS -30 ... Low Imp.
featherwt.
.90.. 1.65
H -I6 U... Hi gh Imp. 12 units)
3.75.. 7.95
TELEPHONIC.S-600 ohem Low Impedance HEADSETS. BRAND NEW. PER PAIR
$3.95
CD 307A Cords. with PI 75 plug and JK26 Jack
.99
Earphone Cushion- to- aires-e -pair
.50
Model

T- 170..Carbon Hand Mike
RS- 38..Navy Type Carbon

....

1

)

83

011%

BRAND NEW
QUALITY
UNITED'S
F

RST

TUBES
Price

Tube
0A2
043

....80
90

0446

1.35

OB2
063
003
003
0G3
0Y4

80
..1.20
75
80
..2.75
..1.20
77
....70
75

0Z4
143
1A5
1A6
147
14F4

.70

1464
1AX2
1B3
105

1085
163
164

..1.05
..1.30
.1.75
..

.60

.....77
70
..
.

.53

77
...69

106
80
69
1H4
1H5 ...1.00
70
1H6
1J3
IJ5
1J6

77
95

95

183 ....77
1L4
..64
1LA4
.1.30
ILA5 .2.50
ILA6
.1.45
1LB4
.1.80
ILCS
.1.25
ILC6 .1.80
ILD5
.1.95
1LES .1.95
1LE3
.1.50
ILCS
.1.95
1LH4 .1.25
1LN5 .1.25
1N5
.1.20
105
...95
104
...80
.75
154 ...1.15
1115

155
1T4
175
IU4
íU5
1V
1V2

,.73
..70
80
..57
63
..1.05
70
1X26 ... 80
2A3 ...1.15
2A5 ...1.10
2A6 ...1.10
247 ...1.50
.

Price Tube Price
68
6AN6 .2.45 6087
1.03
6AN8 .1.50 6CQ4
6CQ7
1.80
6ÁQ6 ...69 6008
6AQ7 .1.55 6CR6
354
...73 6408 .1.20 6C56
3V4
...61 6405 ...84 6057
56
.95 1CÚ5
4AU6 ..94 6406
1.05
CÚ6
44V6 ..1.15 GARB .2.19
1.75
40A6 ...85 64011 1.64 6CU8
1.75
4605
..59 6CW4
.95 6455
1.10
4608 .1.69 6A56 ..1.00 6CW5
.1.52
4BL8
.90 6457 ..2.75 60X8
49N6 .1.35 6458 ..1.20 6075 ...68
.69
4BQ7 ...99 64511 .1.87 6077
4858 ..1.35 6476 ...47 6025 .1.40
40U8 .1.29 6478 ...84 6027 ..1.75
4BZ6 ...95 6AÚ4 ...83 604 ...1.75
4627 ...99 6AÚ5 .1.75 606 ..2.50
4CB6 ...9S 6AÚ6 .. .50 6010 ..1.56
.54 6044 ...66
4056
.59 6ÁU7
.1.19
4075 ..1.25 6AÚ8
.85 6045
.2.25
40E6
-1.19 6475
.1.75 6005
.39 6006 ..1.20
41786 .. .57 6AV6
4076 ...55 64711 1.49 6DC8 ..1.25
4E87 ...60 6ÁW8 ...88 6DE4 ..1.09
..92 60E6 ...59
4EM6
.94 6AX3
4EW6 .1.19 6AX4 ...64 60E7 ..1.29
.60
4695 .1.59 65X5 ...73 6066
40M6 ...59 64X7 ...95 60J8 ..1.17
.57
4658 ..1.29 64 %8 .1.30 6086
4625 ..1.49 6473 ...99 6086 .1.48
4HM6 ..92 6428 .1.75 60N7 .1.35
4H58 .1.10 684 ...3.80 6005 .2.95
4HT6
..99 6610 ..1.34 6006 .1.05
SAM8 ..77 6BA3 ..1.15 6007 .1.25
.2.12
5ÁN8
.88 6846 .. .48 6054
.52 6BÁ7 ...92 6055 ..I.25
5405
5488 .. 1.90 6848 .1.50 6075 ...79
6BC4 ..2.00 6076 ...51
SATE
.. 81
.92
.S9 6078
59E8 ..1.10 6805
..84 6BC7 ..1.25 60V4 .2.99
5887
58117
..99 6BC8 ..1.00 6024 ..1.90
6E5 ...1.95
6606
5808
.81
6EÁ7 .1.45
5BW8 .1.29 68E3
Tube
Price
3076 ...52
31324 ...79
3695
.97
3H58 .1.29
304 ....79

Tube

.

.

.

.

.

.

.

.

.

.

5068
5CL8
5008
5DJ4
5E48
5EU8

..79
..74
..82
.84
.

..79
..79
.1.12
..99
.1.95
.1.49

5E776

5GM6
50X6
5607

....70
....84
5U4 ....59
..82
5U8
5V3 ...1.59
5V4 ...1.45
5J6
578

.

68E6
6HF5
6BF6
6BF8 ..1.66
1.60
6BG6
6BH6 .1.00
6BH8 ...9
..63
..77

68.16

6EJ7
6BJ8

..1.45
.3.39
.1.50
.84
6BC7 ..1.05
6BC8 ..1.49
60N4 .1.00

6694
6695
6887

.93
2AF4A
.73
2AH2 .1.23 5V6 ....55 6886
2552 ..1.25 5W4 ....95 6888 .1.03
98 5X4 ....90 6805 ...95
283
..70 5X8 ....80 6RQ6/
287
95 573
..45 6CU6 .1.05
2E184
2CY5
.95 574 ...1.10 6807
.98
70 5Z3 ...1.00 6808 ..1.40
2021
60 5Z4 ...1.40 6858 ..1.25
2X2
68
2X24 .1.30 643 ...2.50 66U8
3A2
.1.55 6A4
..80 61378 .1.20
343
646 ...1.00 6BW8 .1.25
344
647 ...2.25 66X7 .1.07
1.10 6Á8M .1.45 6E175 ..2.19
3A5
3ÁF4 .1.50 6484 ...45 68Y6 ..1.05
3ALS ...44 GABS .. 1.95 6878 .1.07
1.25 64B7 ..1.00 6626 ...54
3472
52 64C5 ..1.95 6827
..99
3AU6
3476
.40 64C7
..91 6828 ..1.25
..43
362
6AC7W 2.5e 6C4
1.35 6407
367
.2.00 6C5 ...1.40
88 6AF3 ..1.00 606 ...2.00
3846
61 6AF4
3005
..99 608 ...3.25
90 6AF4A ..99 6010 ..1.45
313E6
.99 6AF11
1.92 6CA4
3BN4
.79
73 6465 ... 65 6C45 ..1.25
38N6
76 6467 -.95 6065 ..3.29
35U8
53
.79
6086
..
3BY6
6484
..54 6486 .1.05 6006 .1.45
3626
.54 64J5 ..1.95 6CF6 .. .95
3C06
89 6495
30E5
..90 6067 ...59
1.00 6A96
3CF6
..79 6068
..78
3CS6
.56 GALS
..45 6CL6 ..1.44
.

.

.

.

.

.

.

.

.

.

3075
306
3064
3D96

1.15
.1.45

NOT USED!

6AL7

.1.85

6CL8

..77

6E48

6E135

6E08
6E85
6EH7

6EJ7
6E185
6E817

...77
..71
.

.90
.1.10
.1.55
..1.47
...75
.80
.1.05
..1.47
..1.25

6EQ7
6ER5
6E55
6E58 ..2.79
6EU7 .1.00
6EÚ8 ...77
6E75 ...73

6EW6
6E777

...55
...78

6EY6
.73
6EX6 ..3.65
6E25 .1.40
6E28 .1.75
6FÁ7 .1.05
6FD7 .1.95
6FJ7 ..1.89
6F5
..80
6F6 ...1.05

6F6M

.1.25

6F7 ...2.50
6F8 ...1.00

6FG5 .2.15
6FD7 ...67
6F08 ...65

6FM7 ...77

6FQ7
.94
6FS5 ..1.20
6FSG ..1.15
6FV6 ..1.31
6FV8 ...77

6FW5
6FW8

.1.96
.3.55
.1.10

6FY5
665 ...2.50
6666 .1.00
66E5
.91
60F5 ..1.39
6668 ...78
6685 ...59
.77
6696
6687 ..1.95
66815

.1.27

NO PULLS!
Price

Tube
6675

...98

6671,6

1.65

66778

.1.40
.. .92
...92

WHY PAY MORE ?

Tube

Price

Tube

Price

12D4

...67

.1.37
.1.67
.1.50
.1.45
.1.45
.1.25
.1.50
.1.15
.1.60
.1.45

12065 1.05
120E8 ..81
120L8 ..85
12006 1.02
120Q7 1.33
12057 ..82

-.95

767

7H7
7H08
7J7
797

.

60X6
60X8
66Y6 .. .92 7L7
6625
.94 7N7
121375
6HF5 .2.99 7Q7
12077
6HF8 .1.51 707
12078
6H08 .1.65 757
7V7
120W7
614.18 ..1.25
12078
6H58 ...93 7W7
..95 120W8
6H6
..56
.1.25 12026
6J4 ...2.95 7X7
...95 12E46
6J4WA 3.65 774
..95 12E08
6JB6
.98 7Z4
6JE6 ..3.25 BAUS ...93 12E05
.

.

.

.

.

6JE8

..

1.50

SAWS

8605
6J5GT ..50 8CG7
6J6
.69 8CM7
6J7 ...1.65 8CN7

6J5M ...92

6J8 ...1.40
6J11 ..1.83
.1.85
6JH8
696 ....61
687
..95
688 ..1.45
6911 .1.50
.

..96
..63
.. .66
.

.73
.1.00

..

..77
...97
8EM5 ...59

8057

.

8E138

8F07

.54
.1.58
.1.10

8688

8JV8
948 ..1.60

9AU7 .1.19
9807 .1.32
9CL8
.77
9U8 ..1.30
6L7 ...1.05 1008 ..1.64
6M11 .1.85 100E7 .1.35
696 ..1.45 10E67 1.75
6N7 ....98 10EM7 1.75
..95 100N8 1.45
6P5
6908 ...99
6LS

..90

6L6G ..1.45
6L6 -M .1.95

.

1OJA8 .1.30
11077
.73
1244 ...59
654 ....49 1245 ...95
657
..90 1246 ...55
658 ...1.15 1247 ..1.45
654767 .97 12A8 ..3.00
6847 -M 1.25 12411 .1.74
58
65677 1.15 12ÁB5
6507 ..1.35 12406
55
6507 ...70 12A06
48
124E6
65F5
.75
.92
6SF7 ..1.00 124E7
71
6567 .. .85 12AF3
65
6567 ...80 I2AF6
65J767 .86 12466 1.50
60
65J7 -M ..95 12AJ6
45
658767 .90 12AL5
58
6587 -M 1.25 12465
93
65L7GT .85 12418
48
12476
.74
6507 ...92 12477
.49
65R7 ..1.00 12AU6
59
6557 ...95 12AU7
6SZ7 ...95 12473 1.30
.39
6T4 ....95 12476
80
6T8
.84 12477
98
6U5 ..2.25 12AW6
81
12AX3 1.04
6U8 ..
.65
6V3 ..1.75 124 %4
61
..59 124X7
6V4
67667 ..52 12477 1.42
84
6V6M .2.5C 12427
1284
66
6W4 .. ..60
65
6X4 ....39 12646
6X5 ....75 12647 1.30
48
6X8
..78 12606
676 ...1.25 126E3 1.39
51
7A4 ...1.15 128E6
58
745
..95 12BF6
75
7A6 ...1.15 12887
98
747 ...1.15 12695
.. 66
12BL6
54
748
607.GT .98
6017.M .1.45
607 ... .90

.

.

7ÁD7 .1.15
7ÁF7 .1.15
7ÁG7 .1.15
7AH7 ...95
7AÚ7 ...63
764 ...1.05

7B5 ...1.45
786 ...1.25
7B7 ..1.95
788
..95
7C5 ...1.35
7C6 ..2.49
7C7
7E7

..1.45
...95

12886 1.45
12806/
CU6 1.09
12807 ..72
12877

..74

1213174

1.09

12877
12626
12827

.75
..84
..84

1205/

CUS
12085
12CR6

..56
..54
..65

12078

1.60

í7L6 ..1.25
1.54
1845

18FW6 ..47

18FX6 ..51
18FY6
.48
19AU4 ..85
19866 1.35
.77
19E48
19878 1.44
.

..74
..77
..76

.

.

1.20
1.75
.87
.60
.99
1.38

.60

12E66
.60
12E86
.60
12EL6
.48
12EL8
.86
12E26
.55
12F5 ..1.50
12F8
.64
12FÁ6
.77
12F86
.78
.48
12FM6
12FR8
.95
94
12FX5
12FX8
.88
12606 .1.04
126E5 .1.44
12J8
..82
1285
.73
1288 ..3.00

19JN8
1918

1.20
..83

21EX6 1.47
21675 .1.92
25494 .. 66
254X4 ..68
25885 1.35
25C5 ...51
.57
25045
25006 1.50
25094 1.05
251386 1.40
25E85 ..53

.

...71

12L6

Price

Tube

1207
..75
1205
.1.18
12547 .1.25
12507
.78
125F5
.63
í25F7
.67
12867
.79
12567
.79

25L6

..

2525

...79

.55

25Z6

.

.79
1.59
.53

27665
32E75
32L7 ..1.50
33677 2.99
34605 ..79
3565 ...95
3505
..49
35E85
.84
.

35L6
..58
35W4 ...40
35Z5 ...58

36AM3 ..78

4082 ..1.50
50A5 .1.70
SOBS
.67
.

50DC4

.71
.53
.86

50E145
501406

.75

.

..69

30

....1.15

12X4 ...45 31 ....1.75
13DE7 1.24 32 ...1.00

13EM7

1.95

1444 ...98
14A5 ..1.10
14,47 ..1.10
14AF7 1.10
1486 .1.20
1488 ...98
1405 ...98
í4C7 ...98
14E6 ...98
14E7
14F7

.98
.1.20
.1.20

14J7

33
34
35.51
36
37
38

85
79
75
95
70
90
85
95
90
1.20

.

.

39/44
41
42
43
45

..1.30

..98
1487
1407 ..1.25
.

14R7
..98
1457 ..1.45

14W7 ...98

14X7 ...95
1474 ...95
154F11 1.95

1SCW5
15666
16403
17AX4

1.15

15F57 .1.29
1.28
1.42
..65
171306 1.04
1705 ..2.35
170E4 1.29
17DM4 1.22
17006 1.04
170Q7 1.85
176E5 1.70
17675 1.73
17GW6 1.64

.

50
53
55
56
57
58

SUBJ ECT

UNITED RADIO CO

71A
75

76

95

1000R,

.

84/6224 98
5881 ..2.95

5881MP

-

N. Y.

ELECTRONIC TUBES-Top Brands SOLD at

substantial
savings! (Minimum Order $15.001 Authorized GE Distributor. Send for FREE Buyers' Guide for all your
Tube Requirements. TOP CASH PAID for your excess
inventory (New ONLY -Commercial Quantities). Metropolitan Supply Corp., 443 Park Avenue South, New
York, N.Y. 10016. 212 -MU

84

6 -2834.

YOUR

TAPES.

4 -TRACK STEREO TAPES -When you narrow it
down it has to be TRIMOR- Goodbye to partial satisfaction- Service and Dependability our keynote -ALL
LABELS and TITLES-No Deposit- Postpaid both ways.
Write for FREE BROCHURE and TAPE CATALOG. TRIMOR
Company, Dept. TR, P.O. Box 748, Flushing, New York
11352.

RENT

HIGH FIDELITY
quotes: all components and recorders.

LOW, LOW

Hi

-Fi,

Roslyn 9, Penna.

Components, Tape Recorders, at guaranteed
"We Will Not Be Undersold" prices. 15 -day money -back
guarantee. Two -year warranty. No Catalog. Quotations
Free. Hi- Fidelity Center, 1797 (L) 1st Avenue, N.Y.,
HI -FI

N.Y. 10028

SILICON RECTIFIER SALE
IMMEDIATE
GUAR'NT'D
AMERiCAN MADE

DELIVERY
NEWEST TYPE
FULLY TESTED

750 MA- SILICON "TOP -HAT" DIODES

TO CHANGE

WITHOUT NOTICE

NEWARK, N.J.

QUICKSILVER. Platinum, Silver, Gold. Ores Analyzed,
Free Circular. Mercury Terminal, Norwood, Mass.
CASH Paid! Sell your surplus electronic tubes. Want
unused. Clean radio and TV receiving, transmitting
special purpose. Magnetrons, Klystrons, broadcast
types. Want military and commercial lab /test equipment. Want commercial Ham Receivers and Transmitters. For a Fair Deal write: Barry Electronics, 512
Broadway, New York, New York 10012 (Walker 5- 7000).
PAY cash for tubes, test equipment, TS, URM, UPM
prefixes. Commercial lab test equipment, need klystrons, magnetrons, broadcast & power & industrial
tubes, ground equipment, PP,C, GRC, etc. For best
deal write V & H Radio, 2C53 Venice Blvd., Los Angeles, Calif. 90006. RE 5 -0215.

LOW LEAKAGE FULL LEAD LENGTH
PIV RMS
PIV RMS
RMS
PIV RM5

PIV

50'35

PIV

400/280

RMS

PIV

RMS

500/350

600/420

.24 ea

.32 ea

.20 ea

RMS

140

PIV

RMS

300 210
.16 ea

.12 ea

.09 ea

RM5

PIV

200

100'70

.05 ea

PIV

PIV

RMS

800'560

900/630

1000 /700

,48 ea

.55 ea

.70 ea

5.75

men, hobbyists, experimenters. engineers, technicians.
Why pay more? Zalytron Tube Corp., 469 -W Jericho

7" TV test tube $6.99. Tubes- -6146 -$2.95; 6211
(12AÚ7 equiv.) 39Ç, 3 for $1.00. Germanium diodes.
tested, equiv. 1N34. 1N60 etc., 30 for $1.00. Tophat
silicon rectifiers, 750 MA -1000 piv 75e. Transistors,
tubes, resistors, condensers etc., bargain priced. Free
catalog. Arcturus Electronics. Dept. ZD, 502 -22nd St.,
Union City, N.J. 07087.

FROM

containing price breakdowns,

tape preparation, profitable commercial applications.
"Custom Recording," Box 206, North Wales, Pa.

6146 ..3.95

CIRCLE NO. 128 ON READER SERVICE PAGE
BRAND New Tubes, World's lowest prices on Radio,
BEFORE you buy receiving tubes, test equipment, Hi -fi
TV- industrial -special purpose tubes. Write for free
components, kits, parts, etc.... send for your giant
brand
parts catalog. United Radio, Newark, N.J.
featuring
Standard
free Zalytron current catalog,
tubes; RCA, GE, etc. -all brand new premium quality
individually boxed. One year guarantee -all at biggest
discounts in America! We serve professional serviceWANTED
Turnpike, Mineola,

MADE

PHONOGRAPH RECORDS
Send $1.00 for format

95
...1.90
...1.40

77
..1.05
78 ....1.15
80 ....1.25
81 ....1.25
1.65
83
84'6Z4 .95

ESTABLISHED 1920

BOX

TAPEMATES MAKES AVAILABLE TO YOU -ALL 4 -TRACK
STEREO TAPES -ALL LABELS-POSTPAID TO YOUR DOOR
-AT 40% COMBINED SAVINGS. FOR FREE BROCHURE
WRITE TAPEMATES CLUB, 5280 -E W. PICO BLVD., LOS
ANGELES, CALIF. 90019.

FULLY

.

The above list does not reflect our entire stock as we have one of the largest
selections of SPECIAL PURPOSE, BROADCAST 8 TV TUBES in the U.S. Write for quotation.

Latest models $10.00 above cost.
Riverside Avenue, Medford 55,

Massachusetts.

95

6AM8 ...76 6CM6 .1.24 66186 ...95 7EY6 ...73 12CU6/
6336 ..5.95
BQ6 1.10 17H3 ...95 6550 ..3.75
6484 .3.18 60187 ...67 6688 ...92 7F7 ..1.75
1.45 807
70
1.70 7F8 ...1.75 120X6 ..52 17JL8
.58 6AN5 .1.95 6CM8 .1.60 6015
SEND FOR COMPLETE PARTS CATALOG WITHOUT COST
ABOVE PRICES
TERMS: Minimum order $5.00 exclusive of postage. Remit full price plus postage NO
C.O.D.

TAPE Recorder Sale.
Arkay Sales, 22 -21

.

46
47
...95 48

í4F8
14H7

30-60% Stereo music on tape. Free bargain catalog /blank tape /recorders /Norelco speakers. Saxitone,
1776 Columbia Road, Washington, D.C.
SAVE

.

.

12W6

concept teaches you quickly by
Free literature. McKinley Publishers, Dept. T6 Box 3038. San Bernardino, California.
SELF -Hypnosis. New
tape or LP- record.

25W4 ...66

50L6
.59
.95
1259767 93 5076
12587 -M
1.25 117N7 3.95
12517 ..78 1í7P7 3.95
.65
12597
117Z3 ..83
1280707
22
95
.89 24A
85
12507 .. 98 26
95
12U7 ...60 27
..1.50
12V6 ...62 2807 ..1.50
í25J7

-all

Stereo Tapes -over 2,500 Different
major
labels -free brochure. Stereo -Parti, 1616 -E. W. Terrace Way, Santa Rosa, California.
RENT

OFF

DISCOUNTS up to

GUARANTEED ONE FULL YEAR!

TAPE AND RECORDERS

RM5

PIV

700 490
.40 ea

RMS

PIV

1100'770
.75 ea

ALL TESTS AC & DC & FWD & LOAD
SILICON POWER DIODE STUDS

AMPS
3

2
35
-

I'',,

AMPS
I

.15
.45

.20
.65

1.05
1.60
1.80

1.30
2.10
2.30

300 PIV
210 RM5

D.C.

_

zu
I,,,,

150 PIV
105 11M5

100 PIV
70 RMS

50 PIV
35 RMS

D.C.

.35
.90

1.50
2.40
2.75

3.00
3.25

.43

.52

.62

1.10
2.40
3.50
3.80

1.35
2.55
4.20
4.65

1.50
3.00
5.25
5.65

'

ea.

600 PIV
450 RMS

500 PIV
350 RMS

400 PIV
280 OMS

200 PIV
140 0M5

.25
.75

.68

1.70
3.60
7.00
8.00

"SCR" SILICON CONTROLLED RECTIFIERS "SCR"
16
25
7
25
16
7
AMP
AMP AMP
AMP
AMP AMP PRV
PRV
"

.55
.90

.90
1.25

1.25
1.45

259
390

1.40
1.75
2.00

1.95
2.25
2.65

2.25
2.75
3.05

590

-,

59
Ill''

159
_,,,,

II III

61.1

2.55
2.80
3.50
4.30
5.00

3.30
3.70
4.30
5.00
5.80

2.80
3.30
3.75
4.60
5.35

Money Back guarantee. $2.00 min. order. Orders
F.O.B. NYC. Include check or money order. Shpg.
charges plus. C.O.D. orders 25% dawn.

Warren Electronic Components
Wo 2 -5727
NYC 7, NY

89 Chambers St.

CLEARANCE SALE!

"RW71
We must move

present

will occupy 'RW's"
-A 50neww highway
must reduce Our hUge
in-

location.

ventory with a !earanee sale. Our new Bulletin No
40 is loaded with clearance items.

Send

for your free

copy -Now!

INC.
R.W. ELECTRONICS Dept.
775
2430 So. Michigan Ave.
Chicago.

III.

60616

Phone CAlumet

EI- ECTRONICS

5

-1281

WORLD

N OW

ITS

A

BREEZE

thing
to paint every
here
you see

Ally ours
Np MISTING

theme_
-including

CAN'T

with practically

-

NO OVERSPRAY

EVER CLOG

IN

-

OPERATION!

With the

ROB

WORLD'S FIRST
ACTION PAINT

GUN!

let's You paint 21+ne
so fine You call
write your name ..

Delivers

as much paint per minute
$200 industrial compressor
model. HANDLES WATER SOLU-

as a

BLE, RUBBER BASE, OIL BASE,
FLAT, SEMI -GLOSS AND ENAMEL
PAINTS. LIGHT OILS
. INSECTICIDES .
. FLOOR WAXES,
POLISHES AND OTHER LIQUIDS.

cover a full foo -and
half swath with ore pass-a...

No costly compressors
No nozzles, needles, strainers
to clog
No air hoses to drag
No flimsy vibrators
2 -SPEED

OPERATION for perfect control of light and heavy

paint within inches

liquids.
FINGER -TIP CONTROL OF
PAINT FLOW- trigger lets you
start and stop spraying instantly
ADJUSTABLE GATE FOR EXACT WIDTH OF SPRAY YOU
WANT -from 1/4" to 18" -can't
ever clog in operation.

...

CLAMP -ON CAN holds full
quart
PAINT VOLUME CONTROL
lets you deliver just the
amount of paint- desired to the
working surface
For 115V AC operation
Fully guaranteed
ALUMINUM DIE CAST
HOUSING for light weight and
rugged durability

CAN'T EVER CLOG
IN OPERATION
Powerful GE motor and rotary
action spin the paint at a
steady 17,000 RPM
actually makes the Sloan Ashland Paint Gun impossible
to clog in operation!
Reduces misting and overspray
to a minimum. Eliminates 90%
of usual masking! No more need
to cover everything in sight.

...

Powered by

GÈNERAL ELECTRIC

AMAZINGLY EASY TO CLEAN OR CHANGE COLORS...
Fill container with water or proper solvent, run gun for a minute or
two. That's all there is to it! No mess, no bother!

5 995
Covers
in

300% more

each stroke than

a

6"

width

brush or roller...

Now you can do 100 Sq. ft. of surface in minutes -because you
cover three times as much area on each stroke, with the Sloan Ashland Rotary Paint Gun. You cover a full foot -and -a -half
swath with perfect control. Big job or small
inside or outside
whether you're spraying paint or other fluids- nothing
does the work as quickly, as easily as this amazing paint gun!

...

Typical Oval Pattern of
Ordinary Spray Gun.

TWO QUARTS OF
SPRED -SATIN PAINT

...

American Products Division, 589 Broadway, New York 12, N.Y.
Send me your new Sloan- Ashland Rotary Paint Gun.
may use
it for seven days free, and return it at your expense if I am
I

not

fully satisfied.

Also -send me two free quarts of Spred Satin Paint (worth $4.30)
which I may keep and use whether or not I agree to buy the
Sloan -Ashland Rotary Paint Gun.

If

I do agree to keep it,
I will
pay only $8.50 a month until I've
paid the low price of just $59.95 (plus shipping and handling).

"Straight Line" Pattern of
Sloan -Ashland Paint Gun.

Name
(Please print)

Street
City
Oval spray anc wide
feathering around edges
make precise work difficult,

renuúes extensive masking.

Straight line spray and
minimum of feathering gives
you perfect control for the
most precise painting.

Zone

State

Where employed
Home phone number
EW -7

July, 1964

85

www.americanradiohistory.com
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PHOTOGRAPHS

18.95

111

1]I\1E-

0
4,nel H
III -IiI11
1RI'
,11
Test
{ Iu1.3. I.:I1e AInüol
P,l11in.. VIII'. l'Itl'. ALL
.\irel':,rl
r,,no1:114,1'.Iin_

111'l'r:l.l: I5,.
preferledll.
0,1
1

I

I

,

I

;

1

1

i
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1

and Color Slides Wanted. To $500.00
Free Information write Intraphoto, Box 74607,
Hollywood 90004.

,

PHOTOGRAPHS

each.

,

-105A, ARR -15 COLLINS COMMUNICATION RECVR.:
l'l :l "iI].II,,..- $95.00
'I ".,
1.- -IH.f, ]I1

R

1

This

and.

R- 444 /APR -4Y SURVEILLANCE RECVR.
VIII I.
-I ].,, ,._
I;..,
od,-I
la le
ul
:hare ll11
nII iiolr,:,::

Id, :

,

FM

.1.

I

,,.,I.

TN -1 APR 1: 04.,11 \le. 01:11111 a
TN 18 APR -4: :11111 -I111111 \Ie. Iirand n
TN -19 APR -4: IIiI111.__I111 \Ie. 1:_5eellcnt
}:.xccIIlnl
TN -54 APR -4: _ 511.1 11111i SI,
I
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RT- 178/ARC-27 TRANSCEIVER
-HILL SIe. FAA ON eri,auled Iartifit,1

EARN
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II11,

,II

15-

1'11:, III

4111II

ali tobe.
VOLT

,

RECEIVER:

cago 32, III.

'-

Headset: with chamois cushions
with rubber cushions
HS -23 Headset: with chamois cushions
with rubber cushions
Chamois Cushions only
Rubber Cushions only
HB -7 Headband only for HS -33'23
ANBH -1 Element only, for HS -33
H -63 Headset with Boom Microphone
HS -3D Headset -Hearing Aid Type
HS -33

$14.95
19.95

NEW CATALOG! Send for free copy!
LORAN NAVIGATION EQUIPMENT!
,I
,II:,I,

APN -4:

,,, 111117 f,1, 11111

APN -9: l4,

11111

4,111

SAME
1

.111,1

:01,

,11.1:,11

14,

QQQ

jj

Coo,l,let,.

11

m
4,1111'
11 ,í111 I %I,,1

,
I:Il'll llt

epee ke,l

eUOd

of

ehe,I

:

COMMAND SET SUPER

149.50

,

.

I

3 -4 Mc Es 1'I.
4 -5.3 Mc. Iir:Ind

This,

111ií111
1

Inonlll. ..

1111:

5.3 -7 Mc. Excel. Icondition I.,..7 -9 Mc
Limite.] quant.: For MD -7 PLATE MODULATOR: I Vl'I .
BC -456 Screen MODULATOR:
RE -2 BC -442 ANTENNA RELAY: 11111111

.11

11.
114,1111.

$15.00
$65.00

4365

WEST

PICO

BLVD.

6.95

6.95
5.95

Used: 758 New:

1.00

FAIR RADIO SALES

2133 ELIDA RD. Box 1105 LIMA, OHIO
CIRCLE NO. 109 ON READER SERVICE PAGE

MUSIC
limit

No

ELECTRONICS

Order

LOS ANGELES 19, CALIF.

CIRCLE NO. 104 ON READER SERVICE PAGE
components, tape recorders, sleep learn equipment, tapes. Unusual Values. Free Catalog. Dressner,
1523 Jericho Turnpike, New Hyde Park 10, N.Y.
FREE! Send for money saving stereo catalog =E7W
and lowest quotations on your individual component.
tape recorder or system requirements. Electronic
Values, Inc. 200 West 20th Street, N.Y., N.Y. 10011.
FREE --$1.00 Value "Miracle" Record cleaning cloth
with every quotation on HIFI EQUIPMENT. Our "ROCK
BOTTOM" prices on NAME BRAND amplifiers- tunersHI -FI

taperecorders- speakers- FRANCHISED -59

7.95

SEND FOR BIG FREE CATALOG!

$14.95
19.95
12.95
12.95
6.95
8.95
6.95
4.95
15.95
5.95
4.95
2.95

250 SPECIAL

COLUMBIA

7.95
$

Used: $24.95
14.95
Used:
TG -10 Keyer -Code Practice
12.95
Used:
VO -3 Code Oscillator
New
12.95
MX- 333/GG Ccde Tape Puller
Blank Paper Tape: 3/e" 900 Ft. Rolls 25C ea. 30,'$3 60/ $5
Prices F.O.B Lima. O.
Address Dept. EW
Minimum Order $5.00
25% Deposit on C.O.D.'s

SPECIALS!

Receivers:
4,,I.
190 -550 Kr. The F.1n4 1,- Il -,
111:1111111
1.5.3 Mc l'It for
I111lilli1,11 tl ., ee111.111 VILS`:.
3 -6 Mc. I:. ', I.
6 -9 Mc I.-1 el, 14,1141tí1111
Transmitters:
2.1 -3 MC. 1:1:In,I new. 11111,

6.95
4.05

1.50
1.00
3.00
3.00
3.95

CODE EQUIPMENT:
TG -34 Keyer --Code Practice

1111..I.

111

New:
New:
New:
New:

3.95

New:
New:
Used:

-

99.50

MODEL FRX -D TAPE PERFORATOR
8 DISTRIBUTOR COMBO
.
see
Tel. 1.1 t'tt. \51111

.
T>'Piti, \I
elm

,111

Fd11

11

II eeer íp1í1,11

1111 V. .1
ncondition.

$99.50

I

TELETYPE

}'or

I.,eel,I

"I mt
!, llulls,Is,. I'he,-1. Navy
'\'. Inr viter.1
Model.
VAC- 60 Cyc.

111oí

DAS: 110
peeked

I:II

i.e,l1l out.

t 4,,

$

HEADSETS:

\Ir

:711.f1,

HANDSETS;

Switch -Used: $2.95 ..Re-Cond:
Switch w /PL- 55;'PL -68New:
Used: $4.95
H -22/U Butterfly Switch w PL- 55'PL -68 Used:
New:
D170312 Sound Powered
TS -9 Butterfly
TS -13 Butterfly

151111

n 11iIii

/411011

book matches.

1111

TRANSCEIVER:

VRC -2 TRANSMITTER & RECEIVER
XSITR :11I..III Me. 6 \', _o W. With

F\I
6

l

TOWER

CONTROL

Extra money selling advertising

Free Samples furnished. Matchcorp, Dept. MD-74, Chi-

$495.00

ke ne

GRC -27

.75
-30 Throat Microphone -Used: 3 f /$1.00 New: $
1.00
-45 Lip Microphone -Used @ 65 each New:
1.50
New:
RS -38 Microphone Button only
7.95
T -17 Microphone Carbon-Re-Cond.: $5.95 New:
1.75
-New:
T -26 Microphone Carbon -Used $1.00
4.95
New:
T -24/M Microphone Carbon
T

$24.95
59.95
59.95
125.00

.....

:

-6

T

ll n1,,. $125.00

lI

TELEPHONE -TELETYPE- TELEGRAPH:
Model 14 AT Teletype
Used: $89.50
Paper Tape: 3/e" 900 Ft Roll: 25k -30 f /$3 -60 f, $5
New: 39.50
Telegraph Repeater WE- 61824A
12.95
New:
TP -7 Portable Repeater
19.95
TG -30 Telegraph Repeater -Used: $14.95; New:
16.95
New:
TG -31 Telegraph Repeater
7.95
Re -New:
PE -250 Telephone Ringer
12.95
Used:
EE -8 Field Telephone
9.95
line
Use'
BD -71 Switchboard
BD -72 Switchboard -12 Line
Used: 18.95
50.50
BD -89 Switchboard -20 Mag. & 40 CB lines Used:
24.95
New:
BD -95 Switchboard -Cordiess

MICROPHONES:

HELP WANTED

11:,

I

Plug -In Tuners for Above. Checked & Guaranteed!

5

FREE

120 West 31 St., New York 1.

19.95

SPECIAL EQUIP.-NOW!

NEED

WE

1,:1I.'

711í.

.11

GOV'T. SURPLUS
ELECTRONIC BARGAINS

your book published,
booklet "ZD," Vantage,

to have

1111

rn,l:

.\.

V -7

how

P

..I

p1í111

OF THE WORLD'S FINEST

Learn

:

SIGNAL GENERATOR: \I4,II,I
11311
Ke. l0 1.}n \le.
VTVM: 51,1,.]

AUTHORS!

promoted, distributed.

HEATHKITS
Excel. Physical Cond.
All Complete but not tested. Specials!
:I :: 1: .II $24.95
OSCILLOSCOPE:
5 -INCH

n'y

BOOKS

YEARS

IN

BUSINESS. Write for this month's specials -NOW!
Rabsons 57th St., Inc., Dept. 569, 119 W. 57th St.,
New York, New York 10019.

OZ4

6AW8

6/(6
6587

103
1H5

6BA6

65C7
6SF7

9AU7
100E7

651.17

12AD6
124 F6
12AT7
12AV6

lA7

64X4
6BC5
6BE6

183

6BH6
6687

1L6
1W5

6BL7
6BN6

1R5

155

lU4

1X2
2CW4

2054
2054

3076
3V4

Tuners Rebuilt and Aligned per manufacturers specification. Only $9.50. Any Make UHF or VHF. We ship
COD Ninety day written guarantee. Ship complete with
tubes or write for free mailing kit and dealer brochure.

Electronics. Box 51B. Bloomington, Indiana.
ALL types of meters repaired. Instrument Repair Service, 186 Front St., Secaucus. N.J.
TELEFIXIT Alltim a Bestseller Nontechnical TV Repair
Book with Famous Troubleshooting Charts. 60 Postpaid 2 for $1.00. Telefixit, Box 714, Manhasset 4, N.Y.
METERS -Multimeters Repaired and Calibrated. Free
estimates -Catalog. Bigelow Electronics, Box 71 -F,
Bluffton. Ohio.
JW

6C4

6507

FREE RCA

6AH4
6AL5
6AM8
6AN8

6405

6AU4
6AUG

6AV5
6AV6

INVENTIONS: Ideas developed for Cash Royalty sales.
Raymond Lee, 2104G Bush Building, New York City 36.

71A

116

39/44

6(6

43

75
76
77

6D6
24A
2575

47

84'624

56
57

85

1

-YEAR

613E6

60/(6

786
788

61306

7C5

S0RS

6CG7

6CM7
6CY5
6DA4

6D54
6DV4
635
636

$3.00.

GOVERNMENT SURPLUS

WANTED

Aircraft Radio Sets -Collins: 51R3- 51X --51Y

-51V -51Z,

Bendix: T -21: R21: DFA -70: RA -18C: MK-7:
Test Sets: ARC- Boonton -Collins- HewlettPackard. Highest prices paid. J. Lee, Box 105, New
GSA -1,

for special deon
self- service
tube testers and CRT
prices
Send

tails

te :ed nr

:

and

are

Ho'e-

Conn

MAGAZINES

e11

AMERICANS- Subscribe to Canada's Hobby and Service Magazine -"Electron ". Exciting Ads. Stimu;at -ng
articles $5.00 one year. Box 796. Montreal 3. Canada.

TERMS: Free Postage in USA
on prepaid orders- Add 50C

PHOTOGRAPHY -FILM,
EQUIPMENT, SERVICES

for handling on orders under
$5. Send 25% deposit on
COD orders. Send approx.
postage on Canadian & foreign orders.
5

text with schematic

AIRCRAFT RADIO

BRANDED

Tulles
Socs
seconds
50L6
117L7 Ill.11'ked
11723

7E6
7F7
707
754

Detailed

CODE DATED

125 /(7
12W6
I8 F56
18FX6
220E4
25L6
25Z6
32L7

adapter.

$64.50, boats $6.18. typewriters $1.15. airplanes, electronics equipment. thousands male, in
your area, typically at up to 98% saving_. Complete
directory plus sample Surplus Market -letter $1.00.
Surplus Service. Box 820 -K. Holland, Mich gan.

Individually hazed

12547
12507
12507

SCA

Wired adapters $75.00. We specialize in sub carrier
activity equipment. Music Associated, 65 Glenwood
Road, Upper Montclair, N.J.

58

GUARANTEE
ON ALL TUBES

12BH7
1205'5
1205
12CA5
12L6
1205

6V6
6W4
6W6
6X4
7A5
7A7

6CB6
6CD6

PICK up hidden programs now on FM broadcast bands
for continuous music without commercials. Build an

JEEPS

12A57
12BA6
12056

order of $10
or more

6A7
6AB4
6AC7
6AF3

26
27
35

12AU7

CHEATER CORD

with every

1A4
184
185

this list
quantity

124)(4

5AT8
536
5U4

Money refunded in

PATENTS

11CY7

6537
651(7
6517
65N7
65Q7
6U5
6U8

4807

6AGS
TV

61307

eco7

3BZ6

553

REPAIRS AND SERVICES

6605
6806

8AWS

on

any

MEDICAL FILM -Adults only -"Childbirth" one reel,
8mm $7.50: 16mm $14.95. International W. Greenvale,
Long Island. New York.

days if not

completely satisfied.

Bargains- Request Free Giant Catalog "C1"
pages -Astronomical Telescopes, Microscopes,
Lenses, Binoculars. Kits, Parts, War surplus bargains.
Edmund Scientific Co., Barrington, New Jersey.
SCIENCE

NATION WIDE TUBE CO.

HU 4 -9848

406 HARRISON AVENUE, HARRISON, NEW JERSEY

CIRCLE NO. 119 ON READER SERVICE PAGE

86

www.americanradiohistory.com

-148

ELECTRONICS WORLD

Transistor F -M Transmitter with Microphone.
Listen, Talk, Play Records over any FM Receiver 200'
more Wirelessly. Complete. $12.50. Free Details.
Transco, Box 13482, North County Station, St. Louis
TINY

EDUCATIONAL
OPPORTUNITIES

or

GIANT DOLLAR

EQUIPMENT
associates, up to 5 miles. Service, construction, business, boating, hunting, Fire Dept.. Police. Free Details, Sheirr Electronics Lab, 1490 Jesup Ave., 3M,
10452.

N.Y.

Diodes

Include

for handling

CHOICE

S

..

WATT ZENER DIODES, 6V, axial leads
1
2N718 NPN SILICON PLANAR, 1W, 1018 rose
1
TEXAS 3N35 TETRODE 150 M( SILICON transtr,
T05
3 2N255 POWER TRANSISTORS
or equal, T03 rose
6 TEXAS 750 MIL 400V RECTIFIERS, epoxy,
axial
20W SILICON MESA, 2N1648, TO10 transistor
2 TRANSITRON 1N429 ZENER REFERENCES,
6V
3 2 -WATT SIZE oener references, axial leads,
volt
2N706 300 MC, 400MW, NPN, SI LICON planar
6 UPRITE ZENER DIODES, silicon, asst voltages
2 TRANSITRON 2N341,
watt, npn, silicon, T08
4 CK721 TRANSISTORS, new aluminum case, pnp
1 10 NPN SWITCHING TRANSISTORS, 2N440 equals.
6 SYLVANIA 750 MIL 400V TOP HAT rectifiers
3 ONE

our small

n
n

au,ll.r.

8.95
7J

-O

30 -50mc

24

variac, both for
Both items shipped express or truck,
freight collect. All prices FOB Syracuse,
New York.

25

sial lead. 7730 m!I
25 GERMANIUM DIODES

I\ at.

ROTRON MUFFIN FAN

PER
PAK

!N la ,.,nays

RAYTHEON CK722 TRANSISTORS, pnp
85W. 2N424 SILICON NPN MESA
20W. TRANSISTORS TO5 case, 2N1038
heat sink
15 PNP TRANSISTORS, asst types and cases
15 NPN TRANSISTORS, asst types and cases
2 500 -MC MESA TO18 CASE TRANSISTORS, pnp
15 CBS GERMANIUM DIODES, 1N34, 1N48 equals
3 CBS -20 -WATT TRANSISTORS, pnp,
stud, 2N1320
5 GENERAL ELECTRIC 2N107 PNP TRANSISTORS
4 GENERAL ELECTRIC 2N170 NPN RF TRANSISTORS
15 UPRIGHT SILICON DIODES, worth $40
2 'MESA' 4 -WATT TRANSTRS, npn, silicon, T05
4 2N35 SYLVANIA NPN TRANSISTORS, TO22
1 25 -AMP SILICON STUD RECTIFIERS
4 2N404 PNP TRANSISTORS, if, rf TOS

51
$1

-'n

PNP

5V
6V

STUD ZENERS

I4V

-

42V
45V
60V

20V
24V

I2V

51
$1
$1

$1
$1
51

51
51
$1
51
$1
$1

$1

2N498, npn silicon 4w mesa
SWITCHING TRANSISTORS, TOS lose

10 WATT
E

.p

EPDXY RECTIFIERS

1

10

-6

7,

--

70V
80V
90V

-

$1
$1

49

$

100V
110V
124V

ea.

SILICON POWER DIODE STUDS
Amps Volts
50

fr 6
n 6

100

6
6

7 6
12
12
12
-1 12
7 12

-

;

'- 25
WO

MOTOROLA 450 -470mc
T44A1, 12 volts, complete with all accessories
less crystals and antenna
$98
Same unit less accessories
$68
T44Á6. 6'12 volts. complete with all accessories, less crystals and antenna
$108
Same unit less accessories
$78
T44A6A. 6/12 volts. complete with all accessories. less crystals and antenna
$128
Same unit less accessories
$98

SI

10

2N497,

...8

^A

51

750 mil

25

MOBILES

ADJUSTABLE SUPPLYI
to 12 V DC
out. Simply install our General Radio
V -2 variac in the 115 V AC line to the
above power supply. SPECIAL COMBINATION! Power supply as described
above, plus G.R. V-

$1
$1

$

,;trl,InR. rf
25 TOP HAT RECTIFIERS

3

-6

51
$1
$1

1

n

GE 2 -Piece Unit
volt or 12 volt
4ER6 -4ET5 30w 30 -40mc 40 -50mc
88
4ER6-4ET6 60w 30 -40mc 40 -50mc ...$108
Complete with all accessories except antenna
and crystals.
Equipment can be crystalled and tuned to any
frequency in the 30 -50mc band.
GE 2 -Piece Unit
volt or 12 volt
4ER6 -4ET5 30w 30 -:50mc
$168
4ER6 -4ET6 60w 30 -50mc
$188
Complete with all accessories including antenna
and crystals. Fully narrow banded (Tx & 11x)
and tuned to your frequency with in the 3050mc range.

$1

SALE! SALE! SALE!
25 TRANSISTORS:

WRITE FOR NEW
'64 WORLD'S FAIR CATALOG

weigh approx. 19 lbs. Two 1N1201 silicon diode rectifiers are mounted on a
4" x 12" finned heat sink. Filter network contains 4 Mallory 12500 mfd
capacitors and heavy choke. Perfect
power supply for semi -conductor work,
battery eliminator for working on car
radio, mobile rig, etc. Removed from
equipment. Condition:
O
excellent. Price:

$1

1

Reconditioned FM
2 -Way Radio Savings

115 V. AC in -12V DC at 8 amps out

51
51
$1

1

GREGORY ELECTRONICS

Manufactured for computar service,
these units measure 51/2" x 6" x 12 ",

$1
$1

1

Lures and
Flies for stores. Write: Lu -es. Lake Village 14, Arkansas.

SOLID STATE POWER SUPPLY

POLY PAK
OF YOUR

WITH EVERY $10 ORDER
CC11II #

FACTORY
TESTED

BUSINESS OPPORTUNITIES

H

C=)

L

BOTH FREE

your equipment by placing an ad in these
colums. Cost is low- results are fast. Write today to:
Martin Lincoln, ELECTRONICS WORLD, 1 Park Avenue,

$2.50 hour assembling

25Ç

FREE

$

Knobs
Condensers
(oils, etc.

SELL

EARN

P

Rectifiers

-Sell-

New York, New York 10016.

WALKIE- TALKIES -Communicate with friends, business

Bronx,

WORTH OF
Transistors

electronics catalog. Tremendous bargains. Electrolabs, Dept. C103E, Hewlett, N.Y. 11557.
FREE

COMMERCIAL, Military Test Equipment: Buy
Trade; Also Precision Resistors, Tantalum Capacitors,
Instrument Repair Parts at Fraction of List Price.
Send for free catalog. J. R. Tucker, Box 206, Garland,
Texas.

SALE

FREE

38, Mo.

While Asleep, hypnotize with your recorder,
phonograph. Astonishing details, sensational catalog
free! Sleep- Learning Association, Box 24-ZD, Olympia,
Washington.
LEARN while asleep. Remarkable, scientific. 92% effective. Details free. ASR Foundation, Box 721, Dept.
e.g., Lexington, Kentucky.
FREE particulars regarding 914.95 home electronics
course. Edu -Kits, Dept. 102E, Hewlett, N.Y. 11557.
LEARN

200
400
600
800
1000
50

100
200

Sale
15e
29C
37K
590
69C
89C
95C
49C
69C
88C

300 1.00
400 1.37
50

99C

POPUZ ROST

Amps Volts
25 100
25 200
C 25 300
400
r 25 600
50
¡r, 35
35 100
35 150
., 35 200
;" 35 250
E 35 300
n 50
- 50 25
50
-

$1

Sale

Amps
50
50
100
100
500
100

1.29
1.60
1.75
1.95
2.50
1.05
1.29
1.50
1.75
1.95
2.55
1.50
1.95

240
240
240
240
- 240
240
240

Volts Sale
100 2.95
200 3.75
25
1.50
50 1.80

2.25
2.75
4.50
4.95
5.90
6.75
200 8.25
300 12 t0
400 19.95
100
150
25
50
100
150

PARTS PAKS

50 -WATT RESISTORS, popular values, asstd, 5% too.$1
60 CERAMIC CONDENSERS, discs, npo's, to .85mí....51
4 TRANSISTOR TRANSFORMERS, worth $25
51
40 WORLD'S SMALLEST RESISTORS, 5% too, '10W
51
525 PARTS SURPRISE, wide asst of ports
$1
100 ASST HALF WATT RESISTORS, 5% too
$I
60 HI -Q RESISTORS, V,, 1, 2W to
meg,
too
$1
10 RCA PHONO PLUG -n -JACK SETS, tuners -amps
$1
50 TERMINAL STRIPS, asst
-to -10 lug types
Si
50 COILS 8 CHOKES, rf -if, osc- peaking, etc
$1
10 TRANSISTOR ELECTROLYTICS, 5mf to l00mf
Si
40 PRECISION RESISTORS, /1, 1, 2W, 1%
51
60 TUBULAR CONDENSERS, to .Smf to 1KV
51
40 DISC CONDENSERS, 27mmf to .05mf to 1NV
Si
60 TUBE SOCKETS, receptacles, audio, plugs
Si
30 POWER RESISTORS to 50W, to 24K ohms
51
50 MICA CAPACITORS to .01mf, silvers too
$1
10 TANTALUM ELECTROLYTICS, 515.00 value
$1
35 2 -WATT RESISTORS, popular asstd. values, 5% too $1
25 SPRAGUE 'YELLOW MYLAR' CONDENSERS to lmfd $1
1

1

S/

1

1

,

148.172mc
RCA
CMC

Aerodynamic design -delivers app ox.
100 cu. ft. per minute. Mounted on
special 5" x 13" plated housing. Excellent for cooling hi -fi equipment,
T.V. and electronic test equipment of
many kinds. Removed from equipment.

Weight:

3

lbs.

$5.
J 7
95
J

Price:

ROTH STEEL CORP.
Syra

N. Y.

ORS -8431

CIRCLE NO. 136 ON READER SERVICE PAGE

July, 1964

TR ANSI TBON
TESTED

(

ing brand new antenna

-Write;

$253

BRAND

ELECTRONICS
CORPORATION
249 Rt. 46

NEW

Wire or Phone!

G-EGREGORY

Phone 773-7550
Area Code 201

Saddle Brook, N.J.

CIRCLE NO. 113 ON READER SERVICE PAGE

SILICON

PRV

We Buy Late Model Equipment for Cash

(Include sufficient postage Excess payments will be refunded.)

127 Oakwood Ave.

60B

/12v dual Dynamotor 60 watt
la; Fully narrow banded complete
with all accessories. less crystals As antenna ......$218
same unit without accessories S198.001
bl Same unit tuned to your frequency includ6

LOWEST
PRICES
FREE!

1óó
150

200
250
350

7

SCRs

CONTROLLED RECTIFIERS
Amp
15 Amp
25 Amp

1.00
1.75
1.95

-.

1.95
2.25

-

33.955

-

z 69

2.95

2.255

2.75
2.95

2.75
3.19

3;50
El

44

50

225 -ITEM SUMMER BARGAIN "FLYER"
TERMS: send check. money order.
include postage-avg. wt. per pair
lb. Rated net 30 days. COD
25 ó.

POLY
AKS

P.O. BOX

942W

SO. LYNNFIELD, MASS.

"PAK- KING" of the world
CIRCLE NO. 120 ON READER SERVICE PAGE

87

INVESTIGATE Accidents -Earn $750 to $1,000 monthly.
Men urgently needed. Car furnished. Business expenses paid. No selling. No college education necessary. Pick own job location. Investigate full time.
Or earn $6.44 hour spare time. Write for Free Literature. No obligation. Universal, CZ -7, 6801 Hillcrest,

ELECTRONICS WORLD JULY 1964
ADVERTISERS INDEX

Dallas 5, Texas.
Made $40,000.00 Year by Mail Order! Helped others
make money! Start with $10.00 -Free Proof. Torrey,
Box 3566 -N, Oklahoma City 6, Oklahoma.
I

"Franchise Profit Letter" sent to ambitious men
who want to operate their own business. Describes
wide range of opportunities in expanding franchise
field. Write today. National Franchise Reports, EWFREE

528, 333 North Michigan,

Island

SERVICE NO.

Park, N.Y.

PAGE NO.

80

101

Automotive Electronics Co.

81

102

Blonder- Tongue

16

Components -As distributors handling all
brands of HiFi components, we can now offer
dealerships to aggressive people who can sell full or
part time. Knox Electronic, Dept. 764, Galesburg, Ill.
61401.

SELL

ADVERTISER

American Institute of
Engineering & Tachnology

Chicago 60601.

MAIL Order Merchandise that sells- repeats. Generous
profits. Orders drop shipped. New offer sent each
month for one year. Literature imprinted in your
name. Details free. General Enterprises, Box 303,

READER

READER

SERVICE

119

NO.

PAGE NO.

ADVERTISER

Nation -Wide Tube Co.

86

National Radio Institute

1

Oelrich Publications

80

Poly Paks

87

HiFi

major

"990 Successful Little -Known Businesses."
Plymouth -717G, Brooklyn 4, New York.
IMPROVE YOUR BUSINESS OPPORTUNITIES by advertising in the Electronics Market Place. Our readership
than 200,000 electronics professionals
of more
monthly assures you of success. Find out for yourself
by mailing your ad and payment today. September
FREE Book

103

EMPLOYMENT INFORMATION
FOREIGN Employment. Construction, other work projects. Good paying overseas jobs with extras, travel
expenses. Write only: Foreign Service Bureau, Dept. D,
Bradenton Beach, Florida.

J.

Ross, 80 -34 Kent St., Jamaica

32, N.Y., Dept. EW.

EMPLOYMENT? BETTER JOB? Ex- President Employment
Corporation has written a practical "job- getting"
package. How a professional employment agency
works and how you can use same methods to your own

advantage: write an attention -getting resume (pro fessiohat sample included) with built -in guaranteed tip
ensuring you a reply: how to get directly to the man
who can hire you: what to say, winning words and
actions and other invaluable tips. A factual, useful and
highly informative package for job- seeking men and
women (hourly and salary). Send $3 cash money order:
Job, PO Box 3667, Fullerton, Calif. Dept. EW.

MISCELLANEOUS
New Fashioned

SPANKEE!

Results!

$1.00

Castle TV Tuner Service, Inc.

68

Channel Master Corp.

77

Cleveland Instituta of Electronics..
104

Columbia Electronics

Postpaid.

Shingle! With Old Fashion
Spankee! Box 466, Salem,

Mass.

R.

105

106

EICO Electronic Instrument Co.,
Inc.

Inc.....SECOND

18

Electro- Voice,

108

Electronic Chemical Corp.

15

109

Fair Radio Sales

86

COVER

110

G & G Radio Supply Co.

83

I

Goodheart Co., Inc.,

82

1

R. E.

W. Electronics Inc.

84

Relco

76

136

Roth Steel Corp.

87

121

Sarkes Tarzian, Inc.

64

122

Schober Organ Corporation, The

100

Scott, Inc., H. H.

123

Sound Industry Directory

124

Sprague Products Co.

135

Superscope, Inc.

..

73

57
6
10
4 5

Sylvania

11

Grantham School of Electronics

17

112

Greenlee Tool Co.

77

125

TAB

82

113

Gregory Electronics Corporation... 87

126

Texas Crystals

56

Tri -State College

80

114

Heath Company

115

53

International Crystal
Manufacturing Co., Inc.

65

$2,000 on European automobiles delivered at low, low factory tax -free prices by using our
direct shipment plan. Delivery guaranteed, references

Get the
YOUR ELECTRONICS EQUIPMENT?
message across to more than 200,000 avid electronics
professionals each month through the -e classified
columns. Take advantage of our new personal rate and
place your ad at the special low price of only 35Ç
a word (including name and add ess) -NO MINIMUM
REQUIRED. The September issue is the next available,
and orders must be received by July 6th, so write
today to: Martin Lincoln, Classified Ad Manager,
Electronics World, One Park Avenue, New York, New
York 10016.

13

55

Delco Radio

107

1

FOURTH COVER, 62

RCA Institutes, Inc.

86

SAVE $200 to

available. Tourist and Military deliveries available in
Europe. Information on all models and makes Eurauto,
Postbus 333, Rotterdam, Holland.

Devices

9

Get a better job & earn
for expert, complete Resume

EMPLOYMENT Resumes.
Send only $2.00

more!

Writing Instructions.

7

RCA Electronic Components and

Work Home!

issue closes July 6th and goes on sale August 18th.
If you are interested in additional information write:
Martin Lincoln, ELECTRONICS WORLD, One Park Ave.,
New York, N. Y. 10016.

120

Capitol Rado Engineering
Institute, The

134

Jerrold Electronics

132

Kinematix, Inc.

68

116

Lafayette Radio Electronics

67

117

Lampkin Laboratories, Inc.

67

SELLING

127

Triplett Electrical Instrument
Company, The

THIRD COVER

128

United Radio Co.

84

133

University Loudspeakers, Inc.

....

63

Valparaiso Technical Institute

....

64

Warren Electronic Components....

84

2

129

Wen Products, Inc

130

Winegard Co.

77

131

Xcelite, Inc.

61

8

Milwaukee School of Engineering.. 76

STAMPS

118

Multicore Sales Corp.

80

Classified Advertising
KENNEDY Memorial Stamp First Day Cover
engraved by Artcraft. 30C each. Artcraft,

Maplewood,

88

N.J.

07040.

....82,

84, 86, 87, 88

beautifully
Box 1776,

Printed in U.S.A.

ELECTRONICS WORLD
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PROTECTS AGAINST
Damaged Picots

Burned -Out Resistors

Bent Pointers

Burned -Out Coils

Overheated Springs

Changes in Accuracy Due to Overheating

Model 630 -PLK

USES UNLIMITED
Suggested
U.S.A. User Net

School Classrooms Field Engineers Application Engineers
Electrical. Radio, -V, and Appliance Servicemen Electrical
Industrial ElecFactory Maintenance Men
Contractors
tronic Maintenance Technicians Home Owners, Hobbyists

FACTS MAKE FEATURES:
1

2
3

Comprehensive overload protection.

RANGES
DC

AC

One selector switch minimizes chance of incorrect settings

Volts:

0- 2.5- 10 -50- 250 -1,000 -5,000 at 20,000

Volts:

0- 3- 10 -50- 250 -1,000 -5,000 at
5,000 ohms /volt.

Decibels:

ohms/volt. 0-0.25 at

100

microamperes.

-20

to +11, +21, +35, +49, +61,
+75; "0" DB at MW on 600 ohm line.
1

Polarity reversing switch

Additional protection is provided by Model 630 -PLK's new transistorized relay circuit.
Transistorized overload sensing device does not load circuit under test, eliminating
the possibility of damaging circuit components. A special meter shorting feature on
"off" position offers high damping when moving tester. The exclusive patented Bar
Ring Movement provides self -shielding and is not affected by stray magnetic fields.
Wider spread scales, and unbreakable clear plastic window assure maximum readability. Diode network across meter protects against instantaneous transient voltage.

DC

Microamperes:

0 -100

DC

Milliamperes:

0 -10 -100

DC

Amperes:

0 -10 at 250

at 250 Mv.
-1,000 at 250 Mv.

Mv.

Ohms:

0- 1,000 -10,000 (4.4 -44 at center scale).

Megohms:

0 -1

-100 (4,400- 440,000 at center scale).

Output Volts (AC): 0.3- 10.50. 250.1,000 at 5,000 ohms /volt;
jack with condenser in series with AC ranges.

CARRYING CASE
Model 639 -0S black leather carrying case,
to permit use of
tester in the case. Suggested U.S.A. User

built -in stand, Flaps open

TRIPI_FTT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO

Net

;12.10

THE WORLD'S MOST COMPLETE LINE OF V-O -M'S. AVAILABLE FROM YOUR TRIPLETT DISTRIBUTOR'S STOCK

Tubes That Perform Reliably Nere ...

At top, you're looking into the RCA
Receiving Tube Reliability Laboratory'
-a most important factor behind the
exceptional reliability of RCA receiving tubes, and one more plus -value that
you have in RCA tubes.
Here in two -hundred TV sets of all
sizes -black- and -white and color
samples of each week's production of
RCA receiving tubes are subjected to
extensive tests under actual field conditions. The operating conditions for
the TV sets vary from low-line to high-

-

.4.,

s.,.

.

line voltages. And the sets are regularly
cycled on and off to check the effects of
heating and cooling on the tubes.
The Tube Reliability Laboratory reveals -and allows us to eliminate -problems that do not show up under normal
production life testing. It also permits
us to conduct pre -production tests of
new tube designs to make certain that
the RCA standards of quality will be

fulfilled before the new tubes are
marketed.
Testing in the Tube Reliability Lab-

oratory enables us to verify the consistent high quality of RCA receiving
tubes -to maintain uniformity of characteristics from tube to tube and
throughout life. It is another example
of the care we take to assure that RCA
receiving tubes give RELIABLE PERFORMANCE where it really counts in your customers' sets.
SEE YOUR

AUTHORIZED RCA DISTRIBUTOR

FOR TOP-QUALITY RCA RECEIVING TUBES
RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, 11.1.

The Most Trusted Name in Electronics

f

