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NEW E-V

SUNOGASTER

Indoor / Qutdoor
High Fidelity Speaker

At last an outdoor speaker with full-
sized sound, yet so small and light it
goes anywhere—connects to any port-
able 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 com-
ponent 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 rust-
ing, fading, or peeling

— attractive Dune Beige

color is molded into the

unbreakabie plastic

housing forever!

It costs no more than
$36.00 to add the new E-V
Sonocaster to your out-
door living. Or use it the
year-round in your recrea-
tion 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 ¢ps; Impedance,
8 ohms; Peak Power Handting,

30 Watts; Dispersion, 120°;
Dimensions, 16% in. H, 17-in. W,

5% in.D; Net Weight 8 ibs.

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

ElecthoYores

SETTING NEW STANDARDS IN SOUND

CIRCLE NO. 107 ON READER SERVICE PAGE
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NOW 70 WAYS Pick Your Electronics

Field and Train at Home with the Leader

Which field of Electronics is for
you? NRI’s 10 specialized in-
struction plans give you a choice
of ways to go within the amazing
Electronics field. Mail coupon for
full information.

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.

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

3COMPLETE COMMUNICATIONS
Comprehensive training for broadcasting or
mobile, marine, aviation communications.
Learn to operate, maintain transmitting
equipment. Prepares for FCC License.

4 FCC LICENSE

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

5MATH FOR ELECTRONICS

A short course of carefully prepared texts
from basic arithmetic to graphs and electron-
ics formulas. Quick, complete, low in cost.

6 BASIC ELECTRONICS

26-lesson course covering Automation-Elec-

tronics, TV-Radio language, components,
principles. Ideal for salesmen, hobbyists,
others.

7ELECTRONICS FOR AUTOMATION

For the man with a knowledge of basic elec-
tronics who wants to learn process control,
ultrasonics, telemetering and remote control,
electromechanical measurement, others.

8 AVIATION COMMUNICATIONS

For a career in and around planes. Covers
direction finders, ranges, markers, loran,
shoran, radar, landing system transmitters.
Prepares for FCC License.

9 MARINE COMMUNICATIONS

Learn to operate, repair transmitters, direc-
tion finders, depth indicators, radar, other
Electronic equipment used on commercial
and pleasure boats. A growing, profitable
field. Prepares for your FCC License.

10 MOBILE COMMUNICATIONS

Learn to install, operate, maintain mobile
equipment and associated base stations as
used by police, fire departments, taxi com-
panies, etc. Prepares for FCC License.

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

July, 1964

NRI CUSTOM-DESIGNED TRAINING KITS
MAKE LEARNING EXCITING, FAST

Tens of thousands of hours have been in-
vested by NRI engineers and technicians in
testing, changing, retesting and improving
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 dem-
onstrates the theory you read about in
clearly written, well illustrated lesson texts.
It brings to life circuit action, defects,
end-results, You learn operation, mainte-
nance, trouble-shooting, by the exciting
“discovery’’ method.

50 YEARS OF LEADERSHIP
IN ELECTRONICS TRAINING

Fifty years of leadership in home-study
Radio-TV, Electronics training is behind
the NRI instruction plan you select. A half
century has been devoted to simplifying
and perfecting training to make home-study
easier, more interesting, more meaningful
Whatever your reason for wanting knowl-
edge in Electronics (hobby, part-time earn-
ings, retirement income or full career) . ..
whatever your education, you’ll find an
NRI plan to fit your needs. Before you con-
sider enrolling with any school, you owe it
to yourself to see what NRI offers you.
Mail coupon for catalog. No salesman will
call. National Radio Institute, Washington,
D.C. 20016.

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

4 > o y | - .
BUILD COMPUTER CIRCUITS
In NRI’s Electronics course you solve
mathematical problems with analog

computer circuits you build yourself.
One of 10 training kits you get.

BUILD YOUR OWN TV SET
As part of NRI's Servicing course you
get everything to build this complete
attractive set from “the ground up.”
What better way to learn, than to do it?

B e i Rl o
I MAIL NOw :
| NATIONAL RADIO INSTITUTE 1
I WASHINGTON, D.C. 20016 |
| Ihave checked the field(s) of most interest to me. Please send me your catalog. |
: (No salesman will call.) Please PRINT, :
| O TV-Radio Servicing [J Basic Electronics |
| [ Industrial Electronics [J Electronics For Automation |
| O Complete Communications [J Aviation Communications |
| [0 FCC License [0 Marine Communications I
I [J Math For Electronics [J Mobile Communications !
: Name Age |
| Address el |I
b ci Stat %ipd . lﬁ' fl
1ty ate. ode B "
I ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL ‘., . I
Lo ZTFE0TED MEMPER NATIONAL HOME STUDY COUNGIL Teop.t” )
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IN THE HALL OF _
EDUCATION
and all around

the FAIR-

R0

PARALOG

ANTENNAS
and TV

DISTRIBUTION

EQUIPMENT

There’'s alot of television throughout the New York fabulous School of Tomorrow and in other impor-

World’s Fair. And you know the reception must be tant Fair exhibits. -

utterly reliable and flawless. Jerrold products at work and on exhtbit at the
That’swhy Jerrold was chosen as the equipment Fair are being seen this year and next by millions

to ensure the cleanest signals on screens in the 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 alsc feeds the
programming of exhibitor displays throughout

the two-level building. Paralog VHF and Paracyl

UHF antennas bring in off-the-air signals. Else- S
where in the Hall of Education, a Jerrold exhibit

features Powermate preamplifiers, Paralog and

Paracyl antennas, and Vista UHF converters.

JERROLD EQUIPMENT USED TO JERROLD VIDEO MICROWAVE EASY HOME UHF

FEED RCA COLOR SETS AT THE FAIR DEMONSTRATION
The rf signals for the network of color Television signals are beamed from the Jerrold's new Paracyl UHF antennas
television receivers on display by RCA New York City Pavilion of the Fair to the and Vista converters are being used in
throughout the fairgrounds are being downtawn Manhattan studios of the New York City Pavilion by Channel
fed from an rf distribution system em- WNYC-TV (Channel 3i) by Jerrold 31 to demonstrate how tc receive UHF
ploying Jerrold equipment. video microwave equipment. on standard VHF home receivers.

WHEN YOU COME TO THE FAIR, SEE TELEVISION AT ITS BEST—BY JERROLD

JERROLD ELECTRONICS ¢ The nation's foremost manufacturer and
CIRCLE NO. 134 ON READER SERVICE PAGE PHILADELPHIA, PA., 19132 supplier of television distribution systems
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Ap Imeroationst Survey of Mmlerg Radisteiessoges
and Techniques Used in the Study of Quter Space

THIS MONTH'S COVER il-
lustrates the University of
Texas' 16-foot radio tee-
scope. This is probably the
most accurate radio tele-
scope made having its sur-
face 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 tele-
scopes scattered over the
world that are being used to
advance man's knowledge of
the physical universe that
surrounds him. For more in-
formation, see the article
“Radio Telescopes: Past,
Present & Future.” . . . .. ..
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COMING
NEXT MONTH

SPECIAL ISSUE:

Measurements & Standards

FREQUENCY & TIME STANDARDS

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

HIGH-FIDELITY MEASUREMENTS—

SCIENCE OR CHAOS?

Is objective testing possible in the audio
field? Do some of our present tests have
reliability but no validity? Can a device
that measures well still sound bad? Ed
Villchur, speaker designer and president
of Acoustic Research, has some interest-
ing ideas on the subject backed up by his
own vears of designing experience.

DATA FLOW IN DIGITAL COMPUTERS

Ed Bukstein provides a step-by-step
description of how a computer is pro-
grammed in order to perform a deliber-
ately simplified (for this article) calcula-
tion automatically.

NEW APPROACH TO

HIGH-FREQUENCY MEASUREMENTS

In a variation of the microwave slotted-
line measurement technique, Robert

f———
[ J—————
I 1 slnerts et

Jones explains how vsw.r., R, C, L, and
“Q"” can be determined at TV [requen-
cies using ordinary shop or lab equip-
ment. Method can be used on TV tuners,
FM receivers, field-strength meters, an-
tennas. attenuators, r.f. amnplifiers, signal
splitters, coaxial traps and stubs, and
other r.f. devices.

CRYSTAL-FREQUENCY STANDARD

Irwin Math of Manson Laboratories
tells how crystal oscillators can be de-
signed to have [requency stabilities
approaching those provided by atomic
standards.

PRECISE R.F. MEASUREMENTS

It isn't necessary to have elaborate lab
equipment in order to measure transmit-
ter or r.f. generator frequencies. J. Rich-
ard Johnson explains how a secondary
frequency standard, checked against
WWV, can be used to obtain accuracies
far exceeding present FCC requirements.

FLOATING TRACKING STATIONS

Not all our spacecraft tracking stations
are located on solid ground. We have
tico highly sophisticated tracking sta-
tions installed in two specially equipped
ships which are virtual floating labs for
all-ocean operation.

All these and many more interesting and informative articles will be vours

in the AUGUST issue of ELECTRONICS WORLD . ..

on sale July 21st.

ZIFF-DAVIS PUBLISHING COMPANY

William B. Ziff

Chairman of the Board (1946-1953)
William Ziff

President

W. Bradford Briggs

Evecutive Vice President

Hershel 8. Sarbin

Vice President and General Manager
M. T. Birmingham, Jr.

I'ice President und Treasurer
Walter S. Mills, Jr.

Circulation Director

Stanley R. Greenfield

Viee President

Phillip T. Heffernan

'ice President

ZIFF-DAVIS PUBLISHING COMPANY
Editorial and Executive Offices

One Park Avenue, New York, N.Y. 1C016

212 ORegon 9-7200

MIDWESTERN and CIRCULATION OFFICE

434 South Wabash Avenue, Chicago, 11l. 60605
312 WAbash 2-491)

Midwestern Advertising Manager, Royce Richard

WESTERN OFFICE

9025 Wilshire Boulevard, Beverly Hills, Cal. 90211
213 CRestview 4-0265

Western Advertising Manager, Bud Dean

FOREIGN ADVERTISING REPRESENTATIVE
D. A. Goodall Ltd., London, England

AL

> \ Member
L3 ° .

Audit Bureau of

L4 3 . 8
‘s o Circuylations

cuatt

via

Radio & TV News « Radio News ¢ Radio-Electronic Engineering Trademarks Reg. C.S. Pat. Off.
SUBSCRIPTION SERVICE: All subscription correspondence should be addressed to Electronics World. Circu-

lation Dept.. 434 South Wabash Ave.. Chicago, 111. 606

05. Please allow at least six weeks for change of

address. Include vour old address as well as new—enclosing if possible an address label from a recent issue.

EDITORIAL CONTRIBUTIONS must be accompanied b
care: however publisher assumes no responsibility

y return postage and will be handled with reasonable
for return or safety of art work, photographs. or

manuscripts
ELECTRONICS WORLD is published monthly by Zifi-Davis Publishing Company at 434 South Wabash

Avenue. Chicago. Il. 60605, (Ziff-Davis also publishes Popular Photography. Popular Electronics, HiFi/
“tereo Review. Popular Boating. Car and Driver, Flying, Modern Bride, Amazing., and Fantastic.) Subscrip-

tion rates: one year United States and possessions

¥5.00: Canada and Pan American Union countries

§5.50: all other foreign countries $6.00. Second class postage paid at Chicago, 1llinois and at additional
mailing offices Authorized as second class mail by the Post Office Department, Ottawa, Canada and for

payment of postage in cash. July, 1964, Vol. 72, No. 1

PAYMENT MAY ALSO BE REMITTED in the following foreign currencies for a one year subscription:

Australian pounds (2,16): Belgian francs (310}

francs (31); Dutch guilders (22;: Indian rupees (31: Italian lire (3900
wegian kromer (451! Philippine pesos (23); South African rands t4.50): Swedish kronor 133

francs (27)° West German marks (25).

4

Danish kroner (43)1: English pounds (2/4/6): French |
Japanese yen (2100); Nor-
Swiss [

www.americanradiohistorv.com

RAVE REVIEW

&

“This recorder has some very good
specifications and, although its price is
above the ‘cheap’ range, one does not
readily believe such excellent specs for a
4-track machine until they prove out.
This machine fulfilled its promise. With
it, you can tape your stereo discs and
play them back without being able to
detect any difference, which is saying
something. The physical design of this
unit is good, for either permanent in-
stallation or the most complete porta-
bility.

“The footage indicator is a footage
indicator, not merely a place spotter.
and it keeps its count with all normal
tape movements. Independent control of
left and right channels. so one can be
operated in record, while the other is in
playback. enables the unit to be used for
an endless variety of ‘special’ effects.

“Plavback and record functions are
completely separate, so that a recorded
program can be monitored immediately.
Microphone and auxiliary inputs can be
mixed for combination and re-record
effects. First stage amplification uses
transistors. while the main amplification
uses tubes—a good marriage in this
particular design.

“The mikes are very good. compared
with most of the ‘inexpensive’ types
used with home recorders. Extremely
good realism is possible for home record-
ings. T had my family ‘act natural’ in
front of the two-mike combination and
the plavback was unbelievably real.

“The Sonyv 600 will naturally take a
little playing around to find out how to
do various ‘extra’ things vou may want.
But when you get to know it, vou’ll find
it a very versatile instrument. It’s a re-
corder with which familiarity brings
confidence."

Norman H. Crowhurst

For further information, or complete
copy of the above test report, write
Superscope. Inc. “600 Test Report E,
Sun Vallev, Calif.

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

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: a verticzi and horizontal operating positions
& sound on sound a fape and source monitor switcha full 7” reel capacity

& microphone and line mixing @ magnetic phcno and FM stereo inputs a 2 V.U,
meters a hysteresis-synchronous drive motors a dynamically balanced

capstan tlywheel m gutomatic shut oft m pause control and digital tape counter—
alt ind'spensable to the discriminating recording enthusiast. Less than $450, *
complete with carrying case and two Sony F-87 cardioid dynamic microphones.

Multiplex Ready!
SXOINR@l SUPERSCOPE [N . .. ...
e = an 20!

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., J2pt. 25
Sun Valley, Calif. In New York, visit the Sony Salon, 585 Fifth Avenue.

July, 1964 CIRCLE NO. 135 ON READER SERVICE PAGE
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NEED
EXTRA
INCOME

SELL AUDIO
COMPONENTS
SUCCESSFULLY

Who's the Garrard rep in Minnesota?

What's the price on Apparatus Development’s
strap-type stand-offs for hoiding antenna wire
away from a roof-top mast?

You have a technical question about a Pick-
ering cartridge and want to write to the chief
field engineer. Who is he?

“Ekkofon" is the trade name for what man-
| ufacturer?

All of the answers to these questions — and
thousands like them — can be found in one
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
jead 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(post-
paid per copy) to Ken Nelson, Sound Industry
Directory, 25 W. 45th St., New York 36, N.Y.

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

NAME
ADDRESS
COMPANY NAME

$5.95 Enclosed

CIRCLE NO. 123 ON READER SERVICE PAGE
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MEASUREMENTS

NE of our most important tasks, as

technicians and engineers, is to tuke
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 wave-
forms, meusuring frequency, determin-
ing cwrents or impedances, reading
distortion, counting pulses, measuring
resolution, checking for flutter, compli-
ance, or mny 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 inter-
ested in knowing how much and what
kind. Hence, measurements are impor-
tant to all our readers, whether they are
working on a radar system for our space
program, on a new computer, on a tele-
vision set, or on a transistor audio ampli-
fier.

Measurements have always been im-
portant in technology. Oue of the early
workers in the field was British physicist
Lord Kelvin, who might be called one of
our carliest 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 Associution to determine elec-
trical standards was set up because of his
urging. Present-day engineers and tech-
nicians agree with Kelvin’s famous pro-
nouncement:

“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 ade-
quately. Other test equipment is com-
plex, highly specialized, expensive, and
with extremely high accuracy. We ve-
cently talked to a military instrumenta-
tion specialist who told us about some
of his ficld equipment that is so accurate
that he does not have equipment that is
accurate enough to check it against.

This leads ns to the thought that just
about all the measurements we take are
actually comparisons, and these compar-
isons always go back to some standard of
reference. When we measure voltage or
resistance, for example, our meter is
comparing these quantities with the
standard volt or standard ohm main-
tained bv our Nutional Bureau of Stand-
ards. \When we cheek the frequency of a

www.americanradiohistorv.com

he recore

A. STOCKLIN, EDITOR

AND STANDARDS

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 accu-
rate enough standard however, since the
earth has slowed down by almost 3 sec-
onds since 1957. Flights into space and
highly accurate long-distance radio wave
measurements require even greater ac-
curacy. Therefore, the Bureau of Stand-
ards has gone to even more accurate
time and frequency generators involv-
ing the natural vibrating period of cer-
tain 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 pri-
mary standard of frequency. This ces-
ium-beam “atomic clock” is so accurate
that a clock, controlled by this instru-
ment, 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 currentlv working on de-
vices that may prove to have even high-
er accuracies.

Because of the importance of test
equipment, measurements, and stand-
ards 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 thev
are, their accuracy, stability, and what
is being planned for the future. Also,
articles on making precise r.f. measure-
ments and some unusual measuring tech-
niques will be included. Just to show
that “atomic clocks™ are not the only wav
to obtain high accuracies, we will cover
some unusual crvstal 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 tusk those engineers and
technicians who make highly accurate
measurements but in such a wav that
there is little or no significance to what
they have measured. The important dis-
tinction 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 be-
lieve vou will find it interesting and use-
ful too.

ELECTRONICS WORLD
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Want a magic formula for success in electronics?

You wont find it here!

I1f you work in electronics, you know why we can't offer
you an easy way to success. There isn't any. Elec-
tronics 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 theright kind of education
—without going back to school. You benefit almost
immediately because you study the material technical

Accredited Member of the National Home Study Council

Founded 1927

organizations want their employees to know. You
choose the specialty that matches your intérests and
employment objectives. CREIl Programs cover every
major area of electronics from communications to
servomechanisms and computers, even nuclear en-
gineering 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., Wash-
ington 10, D. C.

SEND FOR FREE BOOK

'——————————————-——————— —
I ?:E"-:SETRPJ‘.J,QS The Capitol Radio Englpeenng Institute. ]
i 1 Dept. 11078, 3224 Sixteenth St., N. W.
| Washington 10, D. C. |
I Please send me FREE book describing CRE! Pro- I
I grams in Electronics and Nuclear Engineering I
I Technology. | amt employed in electronics and I
I have a high school education. I
: Name —_Age I
[ Address i
I City. Zone State {
: Employed by I
I Type of Present Work |
I Check: {J Home Study {J Residence School {d G. . Bill E-4 I
S|
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NEW I Moel 15
SOLDERING
— PISTOL

Only with ATR*
595 ¢ &

“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 nor-
mally available only from heavier
devices with twice its low rating
of 50 watts. *NEW ATR REGU-
LATES TEMPERATURE FOR HIGH-
EST EFFICIENCY—A surge of 50
watts brings tip to working tem-
perature in seconds . . . then only
30 watts are needed under nor-
mal soldering conditions. When
the tip is placed against an un-
usually large cold mass, ATR auto-
matically triggers more watts until
the mass is properly heated . . .
then regulates back to its amazing
30 watt efficiency. No double
triggers or tricky switches with
ATR—exclusively in the new WEN
Model 75 Soldering Pistol.

Sander/Polisher

PRODUCTS, INC.

5810 Northwest Highway
Chicago 31, lilinois
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LETTERS
FROM OUR
READERS

TRANSISTORS FOR MUSIC
To the Editors:

Three cheers for Messrs. Furst and
Zide (“Transistors for Music,” March
1964 Erectro~ics Wortp). At last the
acoustic air is being cleared in terms
that are easv to understand.

It would be a shame if our ears were
nothing more than stretched diaphrugms
incapable of detecting the total informa-
tion contained in complex music; how-
ever, nothing could be further from the
truth. It is possible to completely miss
important facts such as these by im-
proper measurement techniques and
inisinterpretation 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 frequen-
cies well above 10-20 ke.?

Do~aLp J. Brows
Alexandria, Va.
“ o &

SOLID-STATE COLOR ORGAN
To the Editors:

Some readers have written and in-
formed 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 timming
capacitors C5, C6, or C7. This is a 10-
volt pulse only a few microseconds long.
It is this pulse that turns on the SCR
once each half-cvcle. If too much current
is fed to the timing capacitors, the neon
bulb will lock on and operate continu-
ously, thus providing no gate pulses for
the SCR and no load power.

A change in neon bulb, SCR, capaci-
tor, output transformer, or R4, R3, or
R6 could conceivablyv prevent the neon
circuit from oscillating  properly. If

www.americanradiohistorv.com

diodes D9, D10, or D11 were slightlv
leaky, this could also cause the neon
bulbs to remain on constantly and not
oscillate.

I would suggest the following modifi-
cations to anvone unable to get the
circuit to function properly: (a) ruaise
R4, R5, and R6 to 220,000 ohms; (b)
omit R1, B2, and R3. This should allow
the circuit to operate properly with
reasonable parts substitutions. In addi-
tion, C5, C6, and C7 could be raised to
033 pf.

If an oscilloscope can be used, the
circuit is functioning properly when
there is a 10-volt saw-tooth waveform
across C5, C6, and C7.

If a reader is still having difliculty at
this point, it is best to replace the neon
lamps with 30-volt p-n-p-n trigger diodes
(Texas Instruments TI1-43, Transitron
ER-900, G-E “Diac,” ete.). 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
time.

Do~aLn E. LANCASTER
Phoenix, Ariz.

£ o o

MAGNETIC-CORE COMPUTER MEMORIES
To the Editors:

This is in reference to Richard B.
Rusch’s article on “Magnetic Core Mem-
ories” in the April, 1964 issue of
ELectroxics WorLp. He wrote: “As
computers come into greater use, and
more use is made of them, memory sys-
tems 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 . . .7

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 (36-
bit) 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 WORLD
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What Job Do You Want

In Electronics?
Whatever it is, Cleveland Institute can help you get it!

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 ap-
plied to the solution of practical, everyday problems.
Result . . . as a Cleveland Institute student you will
not only learn electronics but develop the ability to

Electronics Technology

A comprehensive program
covering Automation, Com-
munications, Computers,
Industrial Controls, Televi-
sion, Transistors, and prep-
aration for a Ist Class FCC
License.

This exciting program in-
cludes many important
subjects as Computers,
Efectronic Heating and
Welding, Industrial Con-
trols, Servomechanisms,
and Solid State Devices.

Here's an excellent studio
engineering program which
will get you a Ist Class FCC
License and teach you all
about Program Transmis-
sion and Broadcast Trans-
mitters.

Cleveland Institute

AThD
o

Y NHSC

of Electronics

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

.‘;Q\.LV\ "
Uneny

Accredited Member
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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 pro-
gram 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

If you want a 1st Class FCC
ticket quickly, this stream-
lined program will do the
trick and enable you to
maintain and service all
types of transmitting
equipment.

Mobile Radio, Microwave,
and 2nd Class FCC prepa-
ration are just a few of the
topics covered in this “‘com-
pact’” program . . . Carrier
Telephony too, if you so
desire,

Mail Coupon TODAY For FREE Catalog

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

Please send FREE Career Informa-
tion prepared to help me get ahead in
Electronics, without further obligation.

CHECK AREA OF MOST
INTEREST—

D Electronics Technology
D Industrial Electronics
[J Broadcast Engincering

How to Succeed "'
in Electronics

ﬁwmrwm»wmwt%,wﬁ

[J First Class FCC License
[ Electronic Communications

[J Advanced Engineering

Your present occupation

————— e ) — ———— ———— — ———

fm——— e

Name__ Age
(please print)
Addreas
City State Zip
Approved for Veteran's Training under Korean GI Bill. EW-91 I
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HYbother with makeshift

twist-prong capacitor replacements ?

When you substitute capacitor sizes and ratings,
you leave yourself wide open for criticism

of your work . . . you risk your reputation . . .
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!

Get the right SIZE,

right RATING every time
with improved
SPRAGUE
TWIST-LOK®
CAPACITORS!

Over 1,690 different capacitors to choose from!

The industry’s most complete selection of twist-prong capacitors,
bar none. Greater reliability, too. Exclusive Sprague cover design
provides a leak-proof seal which permits capacitors to withstand
higher ripple currents.

GET YOUR COPY of Sprague’s com-
prehensive Electrolytic Capacitor
Replacement Manual K-106 from
your Sprague Distributor, or write

Sprague Products Co., 51 Mar- s p n n G u En
shall Street, North Adams, Mass.

10

THE MARK OF RELIABILITY

WORLD’S LARGEST MANUFACTURER OF CAPACITORS

65-126.63
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The computer also has up to 635,000
(36-bit) words of core memory.
ALvin D. BEHRENS
Univac Senior Systems Engineer
Los Angeles, Calif.
° 2 * .
“ELEKTRONIKA WERELD”
To the Editors:
You might e interested in seeing the
Dutch version of ELEcTRONICS WORLD

e swy

BTRALTN

which T picked up in Amsterdam. The
cover features some microelectronic cir-
cuitry and refers to articles on transistor
ignition systems and the construction
of an FM generator.
Joux Carriv
Amsterdam, Netherlands

Thanks for sending along a copy of
the magazine. Although it has the same
title as ours, there is no connection be-
tween the two publications.—Editors.

o -3 o
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 | have
rushed over to do this, only to find that
a considerable amount of the disc re-
mained to be plaved.

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
Coronado, Calif.
o * £
POWER FORMULAS
To the Editors:

Here 1 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 Octo-
ber, 1963 issue—in the caption of Fig. 2
where it savs, “Power is computed from
P = I}/R" Egad'

I. ZINTER
Logistics Field Engineering
Autonetics
Downev, Calif
Sorry. P = I'R,P = IYR,P = I’R, ..,

| —Editors.

ELECTRONICS WORLD
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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 infor-
mation. Now in its 35th year of continuous publication, the News is still one of the most

. important dealer publications in the industry. m Dealers aren't the only ones who read Sylvania
News —it also serves some 70,000 distributors, enginzers 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.

SYLVANIA

/BSIDIARY OF r
GENERALTELEPHONE & ELECTRONICS () L\b
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READER SERVICE PAGE

Please use the coupon at the bottom of this page to obtain more in-
formation 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 inter-
ested.

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.

sssssssssanssnssanas’

ELECTRONICS WORLD
P.O. BOX 7842

TOTAL NUMBER

OF REQUESTS

=

PHILADELPHIA 1, PA.

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

100 101 102 103 104 105 106 107 108 109 110 111 112 N3 14 N5 116 117 s 19 H
120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 g
140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 E
160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 '
NEW PRODUCTS 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 é
2 2 22 23 24 2 26 27 28 29 30 3 32 33 34 35 36 37 38 39 40 4
42
(Key numbers for advertised products also appear in Advertisers Index)

NAME (PRINT CLEARLY) _ ” R : =X

ADDRESS —

cry __ZONE  STATE I

VOID AFTER JULY 31, 1964 7

-
N
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SEND NOW!

RCA INSTITUTES, INC. ocerr. 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!

NAME AGE

ADDRESS

STATE ZIP

CiTY

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

CANADIANS — Take advantage of these same RCA Institutes courses at no
additional cost. No postage, no customs, no delay. Send coupon to: RCA Victor

Company, Ltd., 5581 Royalmount Ave., Montreal 9, Quebec.

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

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 funda-
mentals of electronics almost auto-
matically. “AUTOTEXT" is a system
of programmed instruction, a
method of learning, proved with
thousands of students. Even people
who have had trouble with conven-
tional 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 elec-
tronics. You can actually pick the
field of your choice from a great

July, 1964

variety of courses such as:

e Electronics Fundamentals * TV
Servicing ¢ Color TV « Communica-
tions « Computer Programming
Drafting « Automation ¢ Transistors
¢ Industrial Electronics.

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 in-
stallments necessary! No long term
contracts! If you should wish to in-
terrupt your training for any reason,
you can do so and not owe one cent!

Top Quality Equipment

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!

www.americanradiohistorv.com

Graduates Prove Results

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.

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

RCA INSTITUTES, inc.

DEPT.EW-74

A Service of Radio Corporation of America
350 West 4th Street, New York, N. Y. 10014

The Most Trusted
. Name in Electronics
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HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS
Shure Model 578 Microphone
“Knight”” KN-990 Record Changer

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

HE 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 in-
tegral 18-foot, three-conductor shielded
cable. An impedance transformer, buiit
into the microphone case, provides a
low-impedance output for 30- to 250-
ohm loads, and a high-impedance output
for loads of 100,000 ohms or higher. Im-
pedance is selected at the free end of the
cable by picking the proper pair of out-
put wires. A swivel stand, supplied with
the microphone, mounts on any stand

with %7-27 threads and allows the Model
578 to be tilted through a 90-degree arc.
Its slim shape makes it especially con-
venient 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 c¢ps, 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
¢ps. The mid-range was smooth and the
low-frequency response began a gradual
descent below 150 c¢ps. Over the rated
50- to 15,000-cps range of the micro-
phone, the variation was under +5 db.

Performance of the unit was also
checked by tape recording voice and
musical selections with it and listening

14

critically to the plavback. Tts quality was
very natural, balanced, and pleasing on
voice. Music also reproduced well, al-
though with a perceptible loss of ex-

tening tests were made with the high-
impedance connection, which may have
had some effect on the treble response.

The Shure Model 378 microphone
sells for $49.50. It is also available in
matched pairs for stereo recording, with
frequency response matched to = 1.5 db

treme highs. All measurements and lis-  and sensitivity matched to 1 db. A
+55— TR T T TT T = aTanl
e TR THHIEE T [ REEAR ExgEi L
@ ! L-’f’iiiiﬁv h]»lw~§—‘r§ ' 4 1 ZESSSEH L]JJT RE el
0 il A ,H'X st o L T LHi -
o B i B E T
Y i = el o ‘ }'-l 25
Z - : MEEES EEEL1
5 2 i 1 ]
a ot { o { 433
4 = PR I 1 SRS 2
o .I = 4 1 £ i
PR :
T TR IR T o e Ee e e T A FE =1
EEEHE
R 2 AR 1t B3 5 & 1 Sa 22 SRl == S e\ o o 3
20 50 100 200 500 =<, 2KC S5KC. IOKC. 20KC

FREQUENCY-CPS

“Knight” KN-990 Record Changer

For copy of manufacturer’s brochure, circle No. 39 on coupon (page 12).

HE “Knight” KN-990 record changer

has several interesting features not
often found in low-priced units. Basi-
cally, 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”7 records. Its 117
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 “man-
ual” operation do this only partially since
their trip mechanisms remain operative
and shut off the changer after plaving a
record manually. This often prevents
the user from manually placing the pick-
up near the end of a record without ac-
tuating the trip mechanism. The KN-990
offers true manual operation in which
the trip and change mechanisms are
completely disabled. This is accom-
plished by moving the overhead leveling
arm to one side and holding the arm
against the center post while the change

www.americanradiohistorv.com
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Genuine

O ==  VOLUME CONTROL
OISE’’ CONTACT RESTORER

»WON'T AFFECT PLASTICS
> NON-TOXIC> NON-FLAMMABLE» NO CARBON TET

CLEANS, LUBRICATES, RESTORES AND PROTECTS

FOR TV, Radio, FM . . . Volume Controls, Band

Switches, Relays, Push-Button Assemblies, Electrical $ 25
Contacts. Does NOT HARM precious metals . . . does

not change capacities. DOES PREVENT gumming,el- AVAILABLE ONLY IN
iminates binding on automatic record changes. ECON- 6-0Z. SPRAY CANS
OMICAL — A little Does A Lot! net to servicemen

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

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.

ALL NO-NOISE AEROSOL PRODUCTS » WON'T AFFECT PLASTICS
»NON-FLAMMABLE > NON-TOXIC » NO CARBON TET

New 1964 Jobber Plan!
Ask Your Rep. For Details

NO PRICE INCREASE!

Only With
“‘NO-NOISE™ Aerosol Products

5 PLASTIC EXTENDER
with Push Button Assembly i [ _:.

Fastens easily and securely for the finest

pin-point applications. Invaluable on all L g e
kinds of jobs. Positively won't cause shorts. .

ALL PRODUCTS SOLD WITH
MONEY-BACK GUARANTEE

ALL FREIGHT PREPAID

CIRCLE NO. 108 ON READER SERVICE PAGE 15
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“Hereit is.
Anallchannel
UHF amplifier.”

"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 stripless 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.” e
“Hey, Charlie! Here it is. An all-channel

UHF amplifier!”
“So what?”’

*list

Blonder-Tongue loboratories,
9 Alling St., Newark 2, New lersey

16 CIRCLE NO. 102 ON READER SERVICE PAGE

www.americanradiohistorv.com

cyvcle is underwayv. The trip and change
mechanism remain disabled until a new
change cycle is mamally initiated. The
plaver can be shut off und turned on at
will without leaving the manual mode if
the control knob is not moved to its “Re-
ject” position,

The arm of the changer is a balanced,
tubular design with a plug-in cartridge
shell. It has a sliding tracking-force indi-
cator and adjustment which controls the
tension in a spring that sets the tracking
force. The arn tube is calibrated in one-
gram intervals from 0 to 3 grams. Al-
though the balanced arm is not particu-
larlv critical as to leveling, the three
mounting springs can be adjusted to
level the chunger. This is mude espe-
ciallv convenient by a built-in spirit level
on the motorboard.

Meusuring 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 expen-
sive record plavers, are comparable to
others in its price class. Rumble is not
particularlv andible unless speakers with
substantial output in the 30-cps region
are used.

The wow and futter were very low.
0.07% and 0.035% respectively at 33l
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 satisfac-
torv for music and completelv negligible
for the talking books and speech record-
ings which make up the bulk of 16% rpm
recordings. The four speeds were ven
slightlv fust when plaving one record
with a 4-gram tracking force. The stylus
torce calibration was accurate to within
+0.5 gram. Tracking force increased by
about 1 gram from beginning to end of a
#7” stack of records. The change cvele
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 ol
a record. This is not a serious fault from
a listening standpoint. but could be eas-
ilv cured with a slight change of car-
tridge shell dimensions.

We found the operation of the
changer to be smooth, quiet, and reli-
able. The muanual operation was espe-
ciallv convenient for some of our test rec-
ords 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 in-
tended manner.

The KN-990, which is manufactured
in the U.S., is currently listed in Allicd
Radio catalogues for $49.95 and can be
had with any of several makes of car-
tridges alreadyv installed in its head for
only one cent additional. Our test unit
was fitted with a Shure M3D. A walnut
mounting base is available for $4.00. A

ELECTRONICS WORLD
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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 pre-
pares 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.

e e e O e B Y o B e et T

GRANTHAM SCHOOL OF ELECTRONICS :: @ [Moail in envelope or paste on postal cord) i

' National Headquarters Office 46-K 1

Los Angeles Division , Phone: PN Grantham School of Electronics

1505 N. Western Ave., Los Angeles, Calif. 90027 HO 7-7727 E 1505 N. Western Ave., Hollywood 27, Calif. i

South Gate Division Phone: ! Gentlemen: |

9320 Long Beach Blvd., South Gate, Calif. 90280  564-3421 1[ Please é:r;?dEénReSonNurEi};gs';giﬂplanSe booklet, i

Garden Grove Division Phone: | L ;

12732 Garden Grove Bl., Garden Grove, Cal. 92640  530-0795 & i

Seattle Division Phone: i Hame (PLEASE PRINT) ree E

408 Marion Street, Seattle, Wash. 98104 MA 2-7227 | hddress !
Kansas City Division Phone: P City |

3123 Gillham Road, Kansas City, Mo. 64109 JE 1-6320 ! - E
WaShington DiViSion Phone: E ) AM INTERESTED JN: [J HOME STUDY [J RESIDENT CLASSES— E
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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)

New 3" Portable Scope

Eico 430 Genera! Purpose 3"
Scope. Flat-face CRT with mu-meta)
shield. Kit $69.95; wired $99.95

Color New Ei-_
24 /FM Sweep Generator&:

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

(}B Transceiver

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

New

New Stereo Recvrs. |-

Eico Classic 2536 36-watt FM-MX Stereo Receiver. New Stereo Amplifiers Eico Classic 2036 36-watt.
Kit $154.95; wired $209.95 (Incl. F.E.T.) Kit $79.95; wired $109.95. Eico Classic 2050—50-
New Stereo Tuner Eico Classic 2200 FM-MX Stereo watt stereo. Kit $92.50; wired $129.95. Eico Classic
Tuner. Kit $92.50; wired $119.95 (Incl. F.E.T.) 2080 80-watt stereo. Kit $112.50; wired $159.95.

R

New Tube Testers

Eico 667 Dynamic Add 5% in West

Conductance Tube & (= e e e e e e e e e e e E— — — ta— —

Transistor Tester. Kit EICO Electronic Instrument Co., Inc.

$79.95; wired $129‘95‘ 131-01 39th Avenue, Flushing, N.Y. 11352
. Pl df New 1964 catal

Eico 628 Tube Tester. case send frec [ ] New 1964 catalog g7

[ Name of nearest Eico dealer
Kit $44.95; wired $59.95

Name

Address.
City
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RADIO TELESCOPES:
PAST, PRESENT & FUTURE

By ALBERT GIDDIS & LOUIS MAGGI / Philco Cerporation

An international roundup of radio telescopes showing
how they work, some of the new locks in antennas, and
a look into the possible future of these naw devices.

regions of the heavens hitherto denied to them by optically opaque clouds of interstel-
lar 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 wse 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

RDIO telescopes are opening new windows in the skv by letting astronomers “see” vast

—TTT
Fig. 1. Australian 210-ft, steera &
tenna. The feed components are mo -

in shelter housing located at ithe Jape

of the feed support legs. The size af the
antenna can be estimated from the size of
the man standing on the building catwalk.
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Fig. 2. Ohio State University parabola. The flat, tiltable por-
tion is at the top. The small structure located on the ground
plane is the housing for the feed line for this unique system.

Jansky, then a 23-vear-okd research engineer with Bell Lab-
orafories, was investigating the causes of static at 20 mc. in
transatlantic radio communications, During his long periods
ol Jistening he heard some strange hissing noises coming from
lis receiver. After carefully checking his log book he noted
that the times these noises occurred coincided with the pas-
sage 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 sci-
entist 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 con-
firmed 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 Eng-
land during World War 11, a number of British radars track-
ing 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 radia-
tion 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 coun-
tries, including the United States, began actively experiment-
ing in radio astronomy.

Today, more than 350 radio telescopes are either in opera-
tion, 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.

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

light- or image-collecting device. The outputs of these re-
ceivers are usually connected to recording apparatus that
provide continuous, permanent records of the celestial sig-
nals received.

Naval Rescarch 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
19350'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 swface accuracy, the solid-
aluminum dish is useful for detecting extraterrestrial radio
signals in frequencies up to 15 ge. (15.000 me.). Recent in-
troduction 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 Common-
wealth Scientific and Industrial Research Organization’s
(CSIRO) 210-foot steerable dish located near Sydney, Aus-
tralia. See Fig. 1. This huge structure, mounted on an azi-
muth-elevation (az-el) pedestal is designed to detect the
21-cm. radiation emitted by hydrogen atoms in the galaxies.
Detecting this hvdrogen 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 tele-
scope located at Jodrell Bank, England, the ability of the
Australian antenna to detect the hyvdrogen-line radiation,
plus the closer mesh of its reflector surface, allows it to out-
perform 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 tele-
scopes are polished. The beamwidth of this remarkable an-
tenna is only 0.03 degree. The chief role of this telescope is
to measure the levels of planetary and lunar emission at wave-
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Fig. 4. The University of lllinois parabolic cylinder antenna.
This particular radio telescope uses electronic beam scanning.

lengths between 1 e and 2 ¢m. (corresponding to frequen-
cies between 30 and 15 g¢e.). In addition to its extreme
surface accuracy, the University of Texas radio telescope has
an exceptionally high pointing accuracy. The drive system
used on cach axis consists of a dual-electric drive in which
one motor is biased ugainst 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.c., 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 bevoud which structural deformations, manu-
facturing inaccuracies, and excessive cost rule out any advan-

Fig. 5. (A) Interference pattern through pinholes. (B) How
interference pattern is produced using two reflector dishes.

CARDBOARD WiTH TwQ
; PINHOLE APERTURES

QPTICAL
INTERFEROMETER PATTERN

— EXPANDING
WAVE FRONT WAt

(A)

/

»

\
L

N WAVE FRONT
»
»
< — P
~
- |

- e
LocaL | r
0sC IF
‘E N LTIPL@#———J Afp’n}
ELEMENT/ \ /
PATTERN

INTERFEROME TER
TYERN

(B)

July, 1964

tages to be gained in operating performance. To overcome
these limitations, engineers and radio astronomers have de-
vised several ingenious techniques to increase the aperture
arex of their radio telescopes.

Olio State University Tiltable Reflector Antenna: One
method, emploved at Ohio State University, uses u 260- by
100-foot tiltuble, 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 0.003-inch
thick aluminum sheet cemented to a concrete slab. A feed
horn locuted 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 ¢raphic record-
ers. 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 230 mc., the Ohio State radio
telescope is used primarilv to survey the Milky Way.

University of Hlinois Cylindrical Reflecior: Another large,
low-cost radio telescope huaving good surface accuracy
(hence, good resolution) and very low side lobes is the 600-
foot parabolic cvlinder designed and developed at the Uni-
versity 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 counical spirals lving along the focal line and
supported by a tower structure 450 feet long and 133 feet
high. The antenna is electronically steered by adjusting the
relative phase of the conical spiral elements. The sky cover-
age 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,

e /"'
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ThE s R

Fig. 6. National Research Council (Canada} 600-ft. compound
interferometer. Waveguide transmission line is supported on
concrete and wood pillars. Shelters house waveguide junctions.

R P

Fig. 7. Stanford University's 375-ft, pencil-beam cross inter-
ferometer consists of 32 interconnected 10-ft. reflector dishes.
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bigger than four football fields, will be used in one of the
most ambitious radio telescope projects to date—the mupping
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 dedi-
cated 1000-foot spherical reflector antenna located at Are-
cibo, Puerto Rico, the site of the Arecibo Ionospheric Observa-
tory. Nestled in a huge crater 430 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 rudio
telescope—that it can detect signals from stars 12 billion light-
years away.

The three huge pvlons 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 assurc 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. How-
ever, 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 vield the equivalent of a very
large reflector. For example, an array of steerable reflectors
can be interconnected to make a radio telescope having some-
what less beam-scanning capability but the sume sensitivity
and resolution as « single large reflector.

An array of earth-supported reflectors can also provide the
sume 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. How-
ever, there are certain limitations in multiple-aperture arrays
that proscribe their capabilities. First of all, the complexity
of the feed system introduces problems in coutrolling the

amplitude and phase of the received sig-
nal. Second, the sensitivity of a radio

(0) =S LernTion) 10 armno.2  telescope depends upon its actual col-
e o A IaE R lecting area, and the relative lack of re-
> T ] J flective surface hmits the sensitivity of

P-4 SHIFTER this type of antenna.
© Interferometers: To further increase
~— PENCIL BEAM ARM NO.2 FAN BEAM - i 5 i r
& f the resolving power Qf available aper-
@ o o olllc o o 9 RECEIVER Joy o tures bey()n.d that of single-aperture an-
o tennas, radio astronomers have adapted
: the Michelson stellar interferometer to
o RSt radio waves. Fig. 5A shows the analogy
! between an optical interferometer and a
5 penci- | | ra(‘lio‘telcscope using the interferometer
o) " [TV 0 principle. When light waves from the
same source pass through two apertures

Fig. 8. (A) The arms of o cross-type interferometer are com-

bined to produce o narrow pencil beam.

MOVABLE ELEMENT-
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(B) The block diagram
of the antenna and receiver sections shows system operation.
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MOVABLE ELEMENT

(in this case a piece of cardboard having
two pinholes as apertures), two sets of
expanding waves are produced that cross
each other. When the crossing waves are
in phase they add and bright bands or
“fringes,” occur; when the waves are
out of phase, they cancel and dark bands
occur. Michelson produced such fringes
with two widely spaced light beams
whose distance apart could be varied.
By varying the distance hetween these

light sources, he was able to vary the

- - -
(a)
PENCIL-BEAM "T"
Fig. 9. {A) T-configuration (modified cross).

degree. Scaming 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; conscquently, it cannot be steered. This means that
by the time a radar signal can be reflected from Saturn
(round-trip time 184 minutes), the carth’s rotation would
tuke Arecibo out of the range of the returning signal. To re-
solve this problem, a compunion 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 out-
put of 2.5 megawatts peak and, when fed into a reflector of
almost 785,000 square feet having a gain of 60 db, the eftec-
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PHASE-SWITCHED INTERFEROMETER

{B) The phase-
switched configuration. Both used by University of Cambridge.

width of the fringes as well as their sep-
arution.

In a radio telescope, if an electromag-
netic wave comes toward the interferom-
eter at some angle with respect to the
base line L, (Fig. 5B), the radiation

10. The movable portion of the University of Cambridge
65-ft. wide; rides on modified railroad track.
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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, us the direction from which the radiation
comes changes (c.g., due to the rotation of the carth), 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 hetween the two elements can he made
large, and since the lobe widths depend reciprocallv upon the
distance between the elements, verv narrow lobes (and,
hence, high resolution) can be achieved.

The outputs of the two antenna elements are mixed, multi-
plied, 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 tvpe of
antenna, extremelyv sensitive recording devices can be used.

A two-element interferometer at the Owens Vallev Observ-
atory 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 cast-west direction by riding on railroad tracks. This an-
tenna, operating at 960 mec. is used to chart the distribution
ol 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 interferom-
eter. See Fig. 6. This interferometer operates between 2800
and 3000 me. as a meridian telescope to examine the surface
brightness of the sun. The beam pattern of this radio tele-
scope 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 {rom 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. Chris-
tiansen at Svdney, Australia, in 19533, A typical descendant of
Christiansen’s radio telescope is Stanford Universityv'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 degrec 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 pencil-
beam pattern is produced, as shown in Fig. 8B. The main-
heam pattern of the interferometer cross consists of the
pencil beam shown at the intersection point in Fig. 8A.

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

July, 1964

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 com-
pletion at the Oka Radio Astronomical Station outside Mos-
cow. 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 be-
tween 50 and 130 me. The east-west arm of the cross consists
of 37 60-foot towers supporting a 3280-foot, wire-surfaced
parabolic cylinder 131 fect wide. The arm is rotated about
the long axis by simultaneously energizing synchronous mo-
tors located on top of each tower. The north-south arm (not
vet completed) is a fixed parabolic cvlinder 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 arrav of
parabolic cylinders. In Australia, a one-mile-long cross of two
parabolic cylinders is being designed for the University of
Svdney.

Aperture Synthesis: To achieve the high-resolution capa-
bility of switched-interferometer radio telescopes with a much
smaller expenditure of steel and aluminum, the technique ol
“aperture synthesis” is used. In aperture synthesis, a large
antenna is synthesized (i.e., several small antennas are con-
nected so that thev look like a large antenna) by a pair of
much smaller elements that cover successively the physical
area that would be occupied by the lurge antenna. By sam-
pling the radio signals received at different times with the
elements at different positions and then combining the re-
sults of the separate observations in a computer, a radio tele-
scope of any size and with any antenna pattern can be dupli-
cated.

I'ig. 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 cvlindrical
parabola (not shown) and the movable element have been
used in a radio-star survey to gencrate a svnthesized beam-
width 0.3 by 0.4 degree at 178 mc. for a cost of only $2.00
per square vard of aperture.

Dipole Arrays: Another method of achieving a large aper-
ture is through the (Continued on page 60)
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RATING
UNKNOWN

POWER TRANSFORMERN

How to find the current rating and operating characteristics By

of standard power transformers by using two simple graphs.

tain job. Their ratings are clearly spelled out in the man-
ufacturers’ catalogues and this makes the selection of an
appropriate transformer a relatively simple matter.

What should be done, however, when such catalognes are
not available? This is often the situation when salvaged trans-
formers are being cousidered 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.).

PO\\'ER transformers are designed and built to do a cer-

Unenergized Testing

The first step in the rating process is to tighten the through
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 meas-
urements. 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 resist-
ance 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 Fara-
day shield located between the primary and the several sec-
ondary 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 conven-
iently. 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 com-
pletes the unenergized testing on the transformer.

“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 hecome warm at no-load—warm but not hot.
The transformer must become warm even though not loaded
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electricallv because the iron losses must be dissipated. Exces-
sive 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. CAU-
TION: Never conuect more than one voltmeter lead to a
winding before energizing the transformer. The transient volt-
age developed in the secondaries by current inrush into the
primary can damage the voltmeter. Learn the one-hand tech-
nique—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 cur-
rent. This is a relative indicator of trouble.

Current Ratings

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 cwrent 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-volt-
age 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 per-
missible d.e. 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-

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

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. Bv 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
2R losses and better regulation. Translormers with cores hav-
ing 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
olfset 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 deter-
mines 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 mag-
netic flux density or by using a better grade of iron. As size
is increased it is also desirable to reduce the permissible cu-
rent 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 per-
missible current that may be drawn from the filter. The
curves were developed by plotting data taken from trans-
formers 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 deter-
mine unless the wire of the winding is brought out as a iead.
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-sec-
tion 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 w.; and No. 14, about 5.9 a.)

In service, the heater winding voltage should be checked.
I 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 cirrent. The primary
current must not exceed the value shown on the curve of Fig.
3, which relates the permissible primary current to the pri-
mary 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, tuke a power trunsformer having the d.c.
resistances and high-voltage secondary open-circuit voltage
shown in Fig. 1. Calculate oluns/volt = (22--23) /720 =45/
720=0.0625. From the curves of Fig. 2, read 245 ma. for a
capacitor-input tvpe 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 trans-
former load but, for design purposes, this value is more nseful
thuan the open-circuit voltage. This transformer will be fully

Ma-D.C.

ac
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Fig. 2. Unit resistance of h.v. winding vs permissible current.
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Fig. 3. Primary current plotted for various primary resistances.

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 ra-
diating fins inserted into the core are capable of somewhat
higher loads—the increased surface makes it possible to dis-
sipate more heat. Standard-tvpe transformers will run hot at
tull-load as the copper losses as well as the iron losses must be
dissipated. The method detailed in this article may be ex-
tended to hermetically sealed transformers but this will re-
quire collection of data to prepare additional curves. Gen-
erallv speaking, ratings for hermetically sealed units will be
lower because of the increased difficulty in dissipating the

heat. A
25

www americanradiohistorv com


www.americanradiohistory.com

26

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.

Integrated-Circuit Hearing Aid. (Below) The first
widespread consumer-product application of inte-
grated circuits is in the new Zenith “Arcadia”
hearing aid. The complete six-transistor ampli-
fier was fabricated by Texas Instruments on a sin-
gle 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. In-
cluding the transducers and battery the entire
hearing aid weighs only ¥4 ounce and is designed
for behind-the-ear use. Cost of the aid is $295.

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 conver-
sations 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.

Micraelectranic 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.

istorv.com
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Electroluminescent Lighting Tape. (Be-
low) 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 protec-
tive layers of clear plastic. It is )%, in.
thick and has a lighted width ¢f 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 deco-
rative or marking purposes is required.

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 in-
stalled aboard the USS Northampton, a
new heavy cruiser. In this form of trans-
mission, radio waves are beamed into
the troposphere where scattering oc-
curs. Antennas located over the horizon
several hundred miles away pick up the
signal. Tropo scatter is suitable for cov-
ering difficult terrain and large bodies
of water with reliable communications.

July, 1964

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
faunched from Wallops Island by NASA. Built by Westinghouse,
the spacecraft will add to our knowledge of the upper atmos-
phere, 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 micrometeoroids.

College TV Center. (Right) A
new Television Center has been
opened at Brooklyn (N.Y.) College
with a full complement of broad-
cast-quality equipment. The Cen-
ter is one of the largest and best-
equipped TV production facilities
in U.S. education. It has six cam-
eras, two TV film systems, two
video tape recorders, and a com-
plete control-room setup, all sup-
plied by RCA. The equipment will
all be handled by students as part
of their college training. The Cen-
ter will also produce video tapes
that are to be employed for in-
struction. Technical capability
is equal to most commercial TV
stations, and superior to some.
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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.

mented from two-state (“on-off”) devices such as Hlip-

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 (bi-
nary-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 1961
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 as-
signed 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
7,42 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 card-
handling 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
Dit 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 character-
istic 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 nsing
nines-complement arithmetic because the nine-complement
of any number can be obtained simply by changing the ones
to zeres and the zeros to ones.

COMPUTERS and other digital equipment are imple-
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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 character-
istic 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-3 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 representa-
tion 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 applica-
tions. 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 iden-
tified 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
svmbol 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 nu-
meral 8§ is 001000, The unused combinations in Table 2 can

Table 1. Commonly used binary codes employed in computers.

Decimal BCD 7421 Code Gray Code XS$-3 Code 2-out-of-5 Code
0 0000 0000 0000 0011 00110
1 0oo1 0001 0001 0100 00011
2 0010 0010 aon 0101 00101
3 0o 0011 noo 0110 01001
4 0100 0100 01o (RN 01010
5 0101 0101 nin 1000 01100
& 1o 0110 o101 1001 10001
7 ain 1000 a100 1010 10010
B 1000 1001 1100 1011 10100
g 1001 1010 1101 1100 11000

ELECTRONICS WORLD
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be assigned for othier punctuation marks,

communicate directly with the commuter

) ) ‘ 0 | o1 | 10 M X AR :
mathematical symbols or other material | of another airiine in another city: a cus-
the user may require. | “ ! tomer’s computer noting a decreasing in-

To facilitate error-detection, a parity 0001 1 |y ] A ventory of a particular item could phone-
bit is often added to the six-bit combina- — — - - in an order directly to the computer of
tions of the alphanumeric code. Each _ oo 2 R 8 the manufacturer of this item; a bedside
alphabetic character. nmmeral, or special 0011 | 3 T 1 L c unit in a small-town hospital could “talk”
symbol is thercfore represented by a7 00 ‘ A ‘ U oM = directly to the computer in a large med-
seven-hit combimation. The parity bit is —— — ical center in a distant citv, Some of
selected so that there will he an cven 0101 ’ 5 v | N E these compnuter-to-computer applica-
number of ones in every seven-bit com- 0110 ‘ 6 | w | o | F tions already exist, others are still in the
bination. Should the error-checking cir-  — — I futnre.
cuits detect a seven-hit combination with ot 7 1 X P ¢ A standardized language tor all data
an odd number of ones, an error is indi- 1000 8 | Y Q ‘ H processing cquipment is now available
cated. With the inclusion of a parity bit 1001 o |z R i and will do much to accelerate develop-
in the left-most hit position, the pre- —— f i - ments i this field. The new code,
vioush' given cxamples become: 1= e * ! ? recently approved by the American
0110101, N-—1100101; G-=1110111: 1011 ‘ e . . Standards  Association, is  known as
and 8 = 1001000, B | [’ - ASCII (American Standard Code for In-

Some computers employ an odd- ‘ —_— formation Interchange).
parity check, that is, the parity bit is nor | | As shown in Table 3, ASCII employs
selected to produce an odd number of mio | | seven-bit representations for the alpha-
ones in everv seven-bit combination. ——— - — | | numeric  characters, punctuation, and
Here. the error-checking circuits are de- n | ! special symbols. The letter W, for ex-
signed to respond to an even number  Table 2. One type of alphanumerical code. ample, is represented as 1010111, and

of ones.
A Standard Code

In the past, each manufacturer has selected a code (or
created a new one) to suit his own convenience. As a result,
cquipment of different manufacturers are incompatible. A
magnetic tape produced by one computer canniot be used di-
rectlv on another; data available in one installation cannot be
directly communicated to another. Code-to-code conversion
must be perlormed by time-consuming programming or by
expensive translation eqquipment. Not only do codes vary from
manufacturer to manufacturer, but from computer to com-
puter 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
cemphasized the need for a standurd code. Such a standard
would facilitate information interchange between computer
imstallations. Through telephone lines or other communica-
tions links, an airline reservations computer in one city could

000 001 010 011 100 101 110 111
0 0 0 0 NULL DC, b o @ p
0 0 0 1 SOM DC ! 1 A Q T
0 0 1 0 EOA DC. : B 77277 B u
0 0 1 1 EOM DC. = 3 ¢ $ N
o1 0 o eor DS $ 4 b T y :
0 1 0 1 WRU ERR % 5 E U N s
01 1 0 RU SYNC & 6 £ v A !

S G

0 1 1 1 BELL LEM (AP'OS, 7 G W IS N
1 000 FE S 8 H X G [E,
100 1 ”%K s, ) 9 ! Y :
1010 F s x )z p
1.0 1 1 Vig S + : K [
1 1 0 0 FF S, (COMMAI < L AN ACK
1—1 0 1 CR S. *jikzg T_ D
1110 so s . > N A ESC
G s s 4 e < vy om
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the numeral 5 is 0110101, Other seven-
bit combinations are used for device controls (“on-oft” con-
trol of remote equipment), format control for printed mes-
sages (curriage return, form feed, vertical tabulation), audi-
ble signal (hell) | information separation {end of address, end
of message, word 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-term henefits, how-
ever, more than justify the changeover. That computer manu-
facturers recognize the ultimate benefits of standardization
is evidenced by the fact that the four-vear study which
culminated in ASCIL was sponsored by the Business Equip-
ment Manufacturers Association.

Copies of the new standard, identified as American Stan-
dard Code for Information Interchange X3.4-1963, are avail-
able for one dollar from the American Standards Association,
10 East 40th Street, New York, New York 10016. A

Table 3. American Standard Code for Information Interchange.

LEGEND

NULL Null/Idle DC,-DC: Device control
SOM Start of message DC, (Stop) Device control (stop)
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?" Su=S; Separator {information)
RU ‘“‘Are you. .., ?" b Word separator (space,
BELL Audible signal normally non-printing)
FE. Format effector < S
HT Horizontal tabulation > AL LT
K Skip (punched card) A Up arrow (Exponentiation)
LF Line feed < ;Zzl::e':wb;:mpn“/
Vrin  Vertical tabulation N Reverse slanmt
it formjiced ACK Acknowiedge
CR Carriage return © Unassigned control
SO Shift out ESC Escape
L) DEL Delete/Idle
DC, Device control re-

served for data link

escape
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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
TO START IN JULY

Three color-TV channels and an FM music and program
information channel are transmitted by coaxial cable.

FFERING a choice of three simultancous color-TV
channels and an FM music and program inlormation
channel, Subscription Television Inc., of Sunta

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 inter-
connecting 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 cus-
tomer’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 re-
liability, and consumes 1.7 watts of power. When the
program selector is placed in the “Off” position, the cable
svstem is disconnected from the set antenna terminals and
the customer’s antenna is switched in.

The basic svstem 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 inter-
rogate each program selector hooked onto the system at
six-minute intervals. Coded replies that identify each pro-
gram selector and the channel to which it is tuned are
transmitted back to the computer. This information, to-
cether 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 progrum being transmitted, the customer is
then charged the price of that particular program if he is
still watching it. Approximately 712,000 customers can be
handled by one computer installation.

The signals leaving the studio operate on a baseband be-
tween 26 and 54 mc. When they arrive at the viewer’s
program seleetor, they are converted to an unused low-band
v.f. channe! (usually channel 6 although channel 5 will be

30

used in some arcas 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 mterrogation equipment will
change to indicate the program selector status.

Service and installation of this pav-TV system will be by
Lear-Siegler Service Inc. (LSSI). This wholly owned sub-
sidiary of Lear-Siegler Inc. will handle the equipment be-
tween 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. A

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 in-
terrogation with a code signal identifying the program se-
lector and the particular channel to which it has been set.

300N TO TV SET

VIDEO, 3000 TO CUSTOMERS NORMAL TV ANT. <¢—
EOURMENT 01 e e o e e
coaxiat [ -
CABLE, |
| FREQUENCY
INTERROGATION TRANSMISSION | . | converTer 1
EQUIPMENT [ SYSTEM T CHANNEL |
! SELECTOR [~
l | repLy ||
; SIGNAL :
COMESIER I CODED 5| GENERATOR| |
BILLING t RECEIVER |
1
| N
| __ _ PROGRAM SELECTOR _ _ _ |

ELECTRONICS WORLD

www.americanradiohistorv.com


www.americanradiohistory.com

|

1 & :
BN
\

"\-L‘\ \ \Eu‘\

Laboratory tests of eight u.h.f.
converters showed that several
models exceed the FCC prescribed
local oscillator radiation limits.

S of February 1964, there were 124 wh.f. TV stations
A in operation in the United States, and 60 new con-
struction permits for whd. TV stations had been
granted by the FCC. These figures will rise considerably as
more wh.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 avail-
able uw.h.f. channels.

Most set manufacturers have designed independent u.h.f,
tuners or composite w.h.f.-v hf, tuners for use in their latest
model TV sets. However, the millions of v.h.f-onlv TV sets
already in operation will have to be equipped with an out-
board uw.h.f. converter if their viewers want to take advantage
of u.h.f. programming. A uw.h.f. converter picks up the desired
wht. station and, by means of superheterodyne techniques,
converts the signal into a low-level r.f. signal at v.h.f. channel
3 or 6 frequency,

Most TV scts (like other forms of superheterodyne re-
ceivers, including uw.h.f. converters) can act as miniature
radio transmitters and radiate their local oscillator signal un-
less the device is carefully designed, constructed, and well
shiclded. Snch radiated disturbances can interfere with sig-
nals removed from TV viewing. For example, a TV set oper-
ating on channel 2, using a 45.75-mc. picture i.f., has its local
oscillator operating at 101 me. 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 os-
cillator signal happens to fall within another TV channel,
then reception of that channel will be impaired.

To minimize the possibility of such interference, FCC reg-
ulations require that TV and FM receivers and tuners manu-
factured after December 31, 1957 have a seal or lubel affixed

July, 1964

RESULTS of
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H.F. CONVERTERS
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Fig. 1. Classical r.f. interference pattern is the result of
a radiating converter being picked up on a 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 be-
tween 470 and 1000 mc., they are required to limit their radi-
ation to 1000 xv.-per-meter (at 100 feet) under a grant end-
ing April 30, 1965. At that time, thev will revert to 300
nv.-per-meter, the same as v.Iif, 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 sct is responsible for complying swith
these FCC requirements. However, the Commission recog-
nizes 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 custowmers and affix the required seal so that the pur-
chaser 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 will-
ing to test their receivers or tuuners to make sure they comply
and then affix the required seal when they do.

However, some sets (TV, FM, and w.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 pre-
scribed 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 af-
fixed is prohibited. The Commission suggests that the buyer

31

www.americanradiohistorv.com


www.americanradiohistory.com

Ao
[2J]
\ pOL* IOOFT.
w| }
Z
]
2
o
- I
u @
(e} =
© »
2
q
x
=
U.H.F.
CONVERTER

e
Olpo ¢ HEIGHT VARIABLE
7-20FT.

COAXIAL

SWITCH
FIELD
STRENGTH

I—Q METER
608
PAD

SIGNAL
GENERATOR

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

Method of Measurement

The w.h.f. converter being checked is
connected into a testing wrrangement as
shown in Figs. 2 and 3. This is a standard
method of testing oscillator radiation and
consists of two antennas; one for the de-
vice 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 arc
made to rotate both antennas and to vary
their height 10 maximize signal transfer.

The converter under test is then nined
to appropriate channels t give a good
sampling coverage of the frequency range
covered by the device and, at each of
these channels, its locul oscillator radia-
tion level is measured at the test receiver
end of the measurement range.

To determine the absolute magnitude
of the radiated field in microvolts-per-
meter for the local oscillator of a wh.f.
converter, the test procedures outlined in
the pertinent JRE Swandards (51 and
1751) were followed except: a 3-foot
length of 300-ohm twin-lead, terminated
n o 300-ohm resistor, was connected 10
the v.hf. TV set termination of the con-
verter to simulate the interconnection he-
tween the converter and associated v.h.f.
TV set; a folded uh.f. dipole was used
for the converter to provide a good im-
pedance match and reduce standing
waves on the wh.f. antenna transmission
line; and relacdively short antenna nasts
were used to reduce signal-strength vari-
ations caused by wind gusts moving the
anteunas during the tests.

The weather must be dry when such
tests are run hecause moisture in the air
can affeet propagation conditions and the
test site itself must be dry as water pud-
dles on the ground between test antennas
could cause variations in ground reflec-
tions. All test equipment was calibrated

with standard instruments and the align-
ment and noise figure of the ficld-stvength
meter being used as the test receiver was
checked and calibrated.

The feld-strength meter (Tig. 2) s
tuned 1o the frequency of the oscillator o
be measured and the two antennas are
aligned broadside to cach other. The
u.h.f. converter under test, together with
its associated antenna, are rotated as a
unit in the horizontal plane wntil the
field-strength meter indicates a maximui
received signal.

The antenna of the feld-strength meter
is now varied in elevation hetween 7 and
20 feet, mainmining the same relative
azimuth alignment to the other antenna,
until the meter indicates maximum re-
ceived sienal, At this poing, the coaxial
switch connects the ficld-strength meter
to the calibrated signal generator and the
ficld-strength meter readings are repro-
duced. Calibrated output of the signal
generator, plus known attenuacion of the
6-db pad, are combined 1o determine the
level of the received signal.

These same procecdures are followed
for all frequencies that the test requires.
The entire series of tests is repeated for
the other u.hf. 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 uhf. antenna
reversed at the converrer in order to min-
imize cfects caused by standing waves,
ground reflections, or antenna mismatch-
ing; and a measurement of local oscillator
radiation with the uhf. antenna de-
tached from the converter and o 300-ohm
resistor connected in uts place. This latter
test would determine the amount of locat
oscillator signal being radiated by the
u.h.f. converter oscillaror 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.

Recentlv, we purchased a pair of uh.f.
converters for use in the ELEcTrONICS
WonLp office in New York. Both worked
fine. However, when two TV sets, each
equipped with a w.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 w.h.l.
TV viewing. When one of the u.h.f.-con-
verter-equipped sets was tuned to an op-
erating uw.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 chan-
el being viewed. This interference took
on the appearance of a typical r.f. inter-
ference 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 prob-
lem and is, accordingly, assigning uw.h.f.
channels on a staggered ({requency and
physical separation) basis.

However, with a little thought, it can
be seen that in areas served predomi-
nately by w.ht. 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 sav that a problem may develop is
putting it mildly. In fact, chaos could
result as hundreds of these w.h.f. con-
verters, all located in the same general
area, are tuned across the w.h.f. band in
search of stations. It must be remem-
bered that the interfering signal gener-
ated by each converter would be “ampli-
fied” by the gain and directivity of its
associated antenna. Because at w.h.f. the
use of high-gain antennas is normal, the
situation would be compounded.

Becuuse we feel that EvkcTroNics
WorLnp has a responsibility not only to
its readlers, but to the industry it serves,
we decided to have some radiation level
tests made on a number of available
wh.f. converters, and compare the re-
sults with the FCC specifications.

The eight uwh.f. converters used in
these tests were over-the-counter pur-
chases of one available model from each
manulacturer having u.h.f. converters on
the market at the time. Since then, some
changes have been made to certain of
thiese 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.[.
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Converter Radiation Level in Microvolts Per Meter
Manutacturer Antenna Reversed Antenna Removed
and Model Lowest Highest lowest  Highest
Standard-Kollsman, Model A 60 573 28 307
Blonder-Tongue, BTU-2 150 462 80 387
Jerrold, v(-100 143 1045 187 1025
Gavin, 6-3 1435 7875 962 2625
Regency, RC-53 7500 29,250 8500 23,350
Tel-Ray, Mode! 200 132 33,075 11 5400
Enercon, Mark 1l 6587 12,650 7150 14,725
1. L. Johnson, Sidemount 700 7875 140 975

Table 1. Radiation {(uv./m.) of the eight u.h.f. converters with
their antenna connections reversed, and with antenna re-
moved 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 \West Coast. After
their scries of tests, the same eight units were shipped to an-
other 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 runge were not disclosed to the
second, so that we might compare testing results.

Fig. 4 shows the results obtained at one of the measure-
ment ranges while IFig. 5 shows the results from the second
range. Although these tests were performed on the same cight
units on standard measurement ranges, the results show some
differences. Such variation can come about because of the dif-
ference in u.h.f. propagation at each site. Such things as mois-
ture in the air can change readings at one frequency, and
water puddles on the ground, or watersoaked ground near the
test untennas, can also produce ground reflections which can
change results. As mmost of these tests were performed under
winter conditions, water problems could have been met.

Another source of possible variation is also apparent alter
a close physical examination of the interior of some units.
Several manufucturers use point-to-point wiring where com-
ponents dungle in the air, thus changing their capacitance-

Fig. 4. Local oscillator radiation as measured at one of the
test sites. The FCC radiation limit is 1000 uv. per meter.
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to-ground value, possibly detuning circuits, and possibly caus-
ing other problems us the components move about during
shipient. Some converters use very long interconnecting
wires stretched around within the device. These lengthy wires
are usually connected between the w.h.f. converter switching
device and the antenna input/output terminals and the u.h.f.
mixer output. In many cases, these relativelv long wires
run directly past the local oscillator section and thus permit
r.t. coupling to the w.h.f. antenna. Such r.f. is then passed
directly out of the antenna to raise the level of local os-
cillator radiation. Even the use of an r.f. amplifier, which
would reduce local oscillator feedthrough to the antenna
in normal circumstances, would be bvpassed by this unin-
tentional r.f. leakage path.

To remove the cffect 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 refec-
tions 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 dingram and if there were
pools of water, or water-souhed ground to one side of the
direct path between the two test antennas, then reflections
from these lavers 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. an-
tenna 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, how-
ever, were not great and those units having radiation levels
below the FCC specification, remained there. A

Fig. 5. Local oscillator radiation measured at second site.
Differences between Fig. 5 and Fig. 4 are explained in text.
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CITIZENS BA
CIRCUIT

By LEN BUCKWALTER

Keyed compression, a novel frequency-spotting method,
and delta tuning are featured in recent CB products.

EYED compression, spotting, and delta tuning are
relatively new terms i the CB ficld. We consider, this
month, how cach is applied to practical cirenitry in

an effort to enhance CB communications. Keved compression,
for example, is illustrated by an especially interesting new
circuit device by Tram tor its TR-27 trunsceivers. A signifi-
cant 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 Electionics 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 em-
ploy 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 u 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 ar-
rangement, but one that provides the compressor function;
maintaining punch to the audio signal under varying modu-
lation levels. Unlike its forebears, the Tram circuit uses no
tubes or transistors to develop what the company calls
“keved” compression. The circuit is built around a strate-
gicallv placed silicon diode rectifier, plus resistors and ca-
pacitors. These components control the suppressor grid of
the mike preamp tube.

The circuit of Fig. 1 shows the TR-27D audio section along

34

the bottom, transmitter at the top, with compressor com-
ponents 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 energv modulates the r.f. amplifier, V2, but a
portion is sampled from a voltage divider tormed by R7 and
RS. (These resistors are across the transformer primary.) At
the junction of R7 and R8, a lead may be traced over to the
hottom left of the schematic. The audio sampling, vie this
lead, is applied through C2 to silicon diode D1. According to
the divection of the diode in the circuit, only negative-going
andio appeurs 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
considering.

Note that diode DI not only receives the audio sampling
but also a potential through three resistors, R2, R3, and R4.
Feeding the right end of R3 is u “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
“keved” effect of the compression action. Only when audio
exceeds 100 volts can it flow through the diode for rectifica-
tion. Its effect on the over-all svstem is to delay compressor
action until andio attains a level equivalent to about 65 or 70
percent modulation. If a very soft voice speaks into the micro-
phone, 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
casily attains 65-70 modnlation 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 nega-
tive bias (equivalent to the stronger voice) reduces audio
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Fig. 1. Partial schematic of the Tram TR-27D with

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 D1, we note Rl and C1. These components form a
frequency-compensating network which rolls off higher fre-
quency 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, at-
tenuates 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-decav 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 desiruble. The bias on D1 is increased from 100 to about
240 volts d.c. Incoming audio of anv level is unable to over-
come higher level bias, and the compressor is effectively
removed from the speech circuit,

(b) Eico Model 777 Transceiver

Although most CB transceivers are equipped with crystal-
controlled receivers for convenient, accurate channel selec-
tion, the continuously tunable dial is still much in evidence.
It provides the most inexpensive route to all-channel recep-
tion. But precision tuning and repeatability with such dials
is another matter. Only the more expensive ham and com-
munications 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-conver-
sion 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 con-
tinuous-tuning dial. Utilizing crystals already installed in the
transmitter, the circnit forms a miniature reference oscillator
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B+ S-METER

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 acti-
vated during the spotting operation. When the operator
desires to sct 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. Rotat-
ing the squelch fully off initiates the spotting function. As
the switch closes, it picks up “B-+" from the power supplv.
The voltage is dropped by the 220k resistor, and subsequently
applied to the transmitter crystal oscillator situated at the
top left.

The oscillator stage, V1, is normally inoperative during re-
ceive due to lack of “B+" from the transmit-receive relay.
The spotting switch, however, overrides the open relav and
the transmit oscillator commences to generate 27-mc. energy.
The exact channel frequency depends on the transmit crvstal
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)

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.

HE cost of transmitting information is directly related

to the umount of bandwidth required. A 15-cps wide

circuit for handling telemetrv and control signals costs
about $1.50 per mile per month to rent, a 3-ke. wide voice-
grade circnit 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
simultaneouslv over a single voice-grade circuit. The tone
signals are digitally modulated by pulsing the tones on and
off, or by frequency shift keving (FSK) of the tones. Each
tone channel operates at a different andio frequency, and
the technigue 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 trans-
mission medium, and 20 tone channels are provided, SO0
different signaling chammels can be handled, each function-
ally independent of the others.

When sampling techniques are used, the svstem is said
to employ time-division multiplexing and electronic scanners
are emploved to divide the time into discrete time slots.
As i motion pictures, only one scene is observed at any one
time. An electronic scarmer takes a look at several electrical
circuits in sequence. But, unlike the motion picture, the same
points are looked at over and over again.

Electronie Seanning

An electronic scanning system consists of a scanner trans-
mitter 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 moni-
tored circuit at the time it is checked by the transmitter.

The basic principle of the scanmer is illustrated in Fig. 1.
Here, rotary switch Sy moves from one position to the other
closing its contacts 1 through 8§ sequentially. Switch Sk moves
in svnchronism with S, (the rotary switch driving circuits
have been omitted for the sake of simplicity). If Sy finds §2

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 it
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closed, current flows through the circuit between S, and
Sk, and lamp PL2 lights. Whenever S, finds a closed switch,
as it scans switches S1 through S8, the appropriate lamp at
the receiver lights. When 1t finds an open switch, the asso-
ciated lamp remains dark.

Hence, this simple scanmer system automaticallv 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 emplovs 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 milli-
seconds, approximately twice per second. In a 40-point scan-
ning system, operating at 15 pps. a circuit is looked at every
2} sec. Electronic scanners operate much Faster than this,

Transniitier

In one tvpe of scanner transmitter, stepping from one
sumpling portion to the other is achieved by employing an
electronic clock to trigger a series of binary counters (Hip-
fops). Fig. 2 is a block diagram of such a scanner transmit-
ter. The pulses [rom the clock are counted by the binarv
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
“Syne 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 us 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 con-
tacts 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. Nega-
tive pulses represent open monitored contacts.

Receiver

At the receiver, whose block diagram is given in Ilig. 3,
the pulses wre regenerated and separated. The negative
(space) pulses as “0” signals and the positive (mark) pulses
as “17 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 kevs the transmitter and receiver in
step with each other. 1f all 8 pulses have been received, the
svnc information at the end of the word causes the N+1
stage of the “Shift Register” to contain a “17 signal, and
the N+ 2 stage to contain an “0” signal. 1f the “Sync Coin-
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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.

Pulse Transmission Medium

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 tele-
phone 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 trans-
mitted 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 fre-
quency 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 trans-
mitting code system must be selected with great care. It is
possible to transmit the information using the pnlse-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 allevi-
ates the problems of synchronization. After each information
bit is transmitted, the code returns to zero, signaling the re-
ceiver 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.

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
tyvpe (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 trans-
ferring its information to the output register. Loss of three
successive transmissions actuates an alarm,
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Fig. 3. Digital-type electronic scanner receiver that works in
conjunction with the scanner transmitter shown in Fig. 2.

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 reg-
ister. 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 regis-
ter 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. inter-
connecting circuit, the prolonged absence of signal causes
an alarm to operate and the display to indicate the last cor-
rect 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-
play circuits may then be (Continued on page 70)
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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.

O overcome noise, distortion, or frequency losses,

I equalization is used for each of the three basic pro-

gram 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 7% and 3% ips, long
with us, has recently been joined by 1% and '34¢ ips, thanks to
the increased feasibility of good performance at reduced
speed. Each speed requires different equalization. Further-
more, 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, stand-
ard 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
7V%-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 modern tape machine
operating at 7% ips if it provided no equalization. There
would be a serious deficiency of both bass and treble, essen-
tially 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 cor-
responds to many magnetic changes per second, and the play-
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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 fre-
quency, 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
crase. Self-demagnetization denotes the following. A fre-
quency recorded on tape consists, in cffect, 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 plavback 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 230 microinches (a microinch is one-millionth of
an inch) at 7% ips; 123 microinches at 3% ips; 63 microinches
at 1% ips; and 31 microinches at '3 ips. Modern playback
heads have gaps from about 40 to 100 microinches, present-
ing little or no threat to treble response except at 13 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.

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.
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Where should the equalization be supplied? In the record
amplifier? In the plavback 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 prac-
tice, 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 emploved in recording, this
would tend to overload the tape and perhaps the record head
as well. On the other hand, it is feusible to employ substantial
treble boost in recording, without excessive distortion, be-
cause iu typical audio material the high frequencies are not
as strong us the rest of the spectrum. This reduces the likeli-
hood that treble boost will raise the high frequencies to a
magnitude which causes overloading, Treble boost in record-
ing is further feasible because, for a given amount of distor-
tion, the tape can be subjected to a somewhat stronger mag-
netic field at high frequencies than at low ones. Treble boost
is largely or altogether avoided in plavback 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 tuake the easv way out by divid-
ing both the bass and treble boost requirements equally be-
tween 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 re-
sponse, as can be visualized in Fig. 4. Here 16-db treble boost
is emploved at 13,000 ¢ps, 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. Cet-
ting additional signal on the tape at high frequencies is imn
portant because tape noise and tape amplifier noise appear
high pitched to the ear.

However, there are limits to the treble boost that may
suafely 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 emploved, and its
distribution between recording and playback, reflect a com-
promise among the conflicting requirements of good treble
response, high signal-to-noise ratio, and low distortion.

Current Equalization Practices

A compromise of the sort just described, presumably an op-
timum one, is entailed in NAB equalization, which is widely
employed at 7' ips. The NAB standard stipulates that play-
back equalization shall conforin to the curve in Fig. 5, i.c., 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 play-
back head which is used deviates from a 6 db per octave char-

July, 1964

RESPONSE -DB

RESPONSE-DB

RESPONSE-DB

RESPONSE -DB

RESPONSE -DB

20 5
-
GUies BH - METUAL ZED RECORD -PlL ir QRCK RE L Ohale |8
TRE T NEUALRED RECORDPLUEHACRK HE “MiFE -
¥ THERE WERE NO TREB + 1 55k - o
10 it
5 ,/
|~
-
o ot imenEn S 8
Sl -
5 /f e
| -,
e T
=)
___f W AR R R N i
= - = =L brar: 11 A R
s
-
25 =
-
.-'f’
30 "
f I I
LEY
R ]
20 30 0o 200 500 2= 2KC. swC IOKC 20K,

FREQUENCY -CPS

Fig. 1. Unequalized record-playback response at 7, ips.
N F FLAT RESPOhoE e
. -
) 4 LUNELAL e
"PLAYEACH [RELT
15 .-’f
o

5ASS BOOST -

"
30 __,u'f
35/ -
e |
40 4 !
20 50 100 200 50 [ 3w 2KC ExC 10w C 20KC.
FREQUENCY-CPS
Fig. 2. The minimum equalization required at 7', ips.
5 T
EEESEEN | I
° | T _H_'_,_..o-"""'-'---—
. | I
i ]
o i i el p—
20 50 100 200 500 iKC, 2K, S5KC. IoKC.  20KC,
FREQUENCY-CPS
Fig. 3. “Half-and-half’’ equalization used in some recorders
at 7, ips. Same curve is used for recording and playback.
10
AT RESrOhaE
5'—|,' ! 1
o | S A i
,_ B TED BASS mmmkt
A E
I | ‘
) /
20 _f
-~
25 'f,l"
30 f
35
I
40
20 50 [e]e) 200 500 wC 2KC S5KC [[o] Kot WOKC.
FREQUENCY-CPS
Fig. 4. Use of augmented treble and bass boost at 74, ips
to improve signal-to-noise ratio by recording more signal.
s s
Fig. 5. The standard NAB tape playback equalization curve.
40 T -
i
35
30
25
20!
15|
10
£ -
“1\_;_
20 50 106 200 [-Tele] (LS 2KC, s5KC T)KC 26KC_

FREQUENCY -CPS

www.americanradiohistorv.com


www.americanradiohistory.com

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 at-
tenuation). Record equalization shall be such that, in conjunc-
tion with plavback 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
¢ps; not more than 1 db up or more than 4 db down at 50
and 15,000 cps.

The NAB playback curve in Fig. 3 is an official standard
only for 15 ips. However, it has been found practical for use
at 7% ips as well and is widely, although not universally,
employed at the latter speed. (Ampex and RCA test tapes for
714 ips—Nos. 31321-01 and 12-5-61T, respectivelv—incorpo-
rate NAB equalization.) Tapes prerecorded at 7%% ips conform
to the NAB standard, that is, NAB equalization applied to a
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714-ips prerecorded tape results in nominally flat response.
Virtually all high-quality home tape machines use NAB
equalization at 7% ips.

On the other hand, it has been questioned in some quarters
whether the NAB curve is truly optimum for 7% ips, inas-
much 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 approxi-
mate idea of how much treble boost is needed at 7% 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 3 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 712
ips, some home tape machines provide “modified NAB equal-
ization,” such as that of Fig. 6. Now the bass boost com-
mences at 15390 instead of 3180 c¢ps 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 plaved 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 tvpical bass control provides a steadily rising boost
instead of a broad plateau.

Equalization at Other Speeds

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, plavback head gap, tape-to-
head 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% ips with that at 3% ips for a typical tape machine for honme
use. k

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 equali-
zation curves—reflecting optimum compromises with respect
to treble response, noise, and distortion, are also quite
different.

Whereas NAB equalization has gained wide acceptance at
T4 ips, at slower speeds there is less uniformity with respect
to equalization. At 3% ips the situation is probably not too
bad, because two fairlv 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 in-
corporates 120-usec. (MRIA) equalization, while No. 31334-
01 incorporates 200-usec. equalization. Fig. 10 shows the
plavback equalization that has been recommended for 17
ips by the 3M Co., which makes a tape recorder with response
extending substantially to 15,000 cps at this speed. In the
case of %6 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 be-
tween a recording made on one machine and played on an-
other and promote optimumn tape-recorder performance as

well. A
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TRANSISTOR-PHOTOCEL
COLOR 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.

signals into u three-colored light display wherein the

color depends on the frequency of the electrical sig-
nals, 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, how-
ever, 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 lght 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 253-
watt 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 prop-
erly mounted on an adequate heat sink), and are designed to
operate directly from the 120-volt a.c. line. Since thev have
no polarity, the LDR-25’s are more properly called “light de-
pendent resistors.” Since the high dynamic sensitivity of the

]' IERE is a device which translates audio-frequency
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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 svstem (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 bLulb which, in turn, shines on the light de-
pendent resistor. Each LDR controls the intensity of series-
comiected 120-volt incandescent light bulbs totaling 25 watts
per channel. These bulbs can be arranged in anv desired
fushion to suit the builder. The display then glows in relation
to the frequency (color) and power (brilliance) of the in-
stantaneous 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 “Trunsistorized
Photorhythmicon” (ELEcTRONICS WORLD, May 1962).

Notice the use of circuit breakers CBl and CB2. These
low-current (l-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 connmecting
cable.

The display, Fig. 2, is at the end of any reasonable length
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of four-conductor cable which plugs into the color translator
unit. Anv number of bulbs totaling no more than 25 watts per
channel can be used in the display.

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 care-
fullv. Although this power photocell is a reasonably rugged
device, proper momnting of the unit requires a flat surface,
controlled mounting torque, and a minimum resistance con-
duction path lor the heat generated by the LDR. The use of
a thin laver of silicone grease is mandatory if maximum trans-
fer of heat from the photocell to the heat sink is to be ob-
tained. Make sure the LDR is insulated from the heat sink
clectrically 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
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Fig. 1. Circuit of color organ is a modification of
one that has previously appeared in this publication.

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

Although measurements show that maximum power dissi-
pation of each LDR is only 8.2 wutts 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 overempha-
sized. High transient currents (output bulbs with cold fila-
ments and slow response time) can cause “freckles” (little
burnesd out spots) on the surface of the photocell.

The builder is cautioned against trying to “squeeze” 40
watts per channel out of this unit. Larger heat sinks don’t
help, since the instantaneaus current surge canses spot heat-
ing before heat dissipation can relieve the cendition. Little
bright blue flashes on the surface of the LDR mean that you
are running it above its current rating. Since each arc be-
comes a freckle and each freckle is a high-resistance spot, a
few freckles cun destroy the cell’s ability to act as a low
resistance, no matter how much light vou snine on it. The
result is a sluggish display that won't light brightly.

The pilot light soekets should be placed directly above
the LDR’s so that the pilot-light fikunent is above the center
of the LDR. The author cemented the sockets to pieces of
insulating material that, in turn, ure cemented to the heat-
sink fins. (Make sure the socket does not make electrical con-

Close-up of one of the LDR's and its associcted light source.
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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 Kkits
supplied with the Delco 2N301 transistors. These transistors
run very cool in this circuit so no special heat sinking is re-
quired. 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 easv 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 appear-
ance. 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-
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Fig. 2. Circuit diagram of the 75-watt light display wunit.

play and vou 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
Th-watt bulbs (three per color). Just as long as the total watt-
age per color does not exceed 25 watts, the system will work.
Even colors are a matter of choice. Some people like vellow
in the center instead of green; others sayv 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 mini-
mum, and R6 mid-gain and R8 lo-gain controls to maximum.
Most important, set bias controls R5, R7, and R9 to maximum
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resistance. The pilot lights should be installed. Now plug the
color translator into the 117-volt, 60-cycle power line and
turn on switch S1. The only thing that should happen is that
the neon power light should go on. Voltage at the top of R11
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 ter-
minals) to J1. Normal volume provides plenty of driving
power. Increase Rl and the pilot lights should start “danc-
ing.” An audio generator will give vou some idea of the fre-
quency 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. PL1 is controlled by the basic set-
ting 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 S1. Plug
the display into SO1 and turn the power back on. Remember
that the full line voltage appears at the common display bulb

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 R3, 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 whyv these controls are
used instead of fixed resistors. Advance the brilliance control
and adjust the mid-gain and lo-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 trans-
lator power supply voltage with control R11. This same
control is also useful to correct for any power-line voltage
variations. A
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Fig. 1. The capacitance checker can also
be used as l-mc. calibration oscillator.

features of this transistorized capacitor value checker.

Providing measurement ranges of 0-80 pf., 0-1000
pf., and .001-.1 uf., the checker easily measures the value of
small trimmers, variable capacitors, ceramic and disc capaci-
tors, micas, and paper bypass capacitors. In-circuit tests are
often possible.

Including a l-mc. crystal-controlled oscillator, the instru-
ment can also be used as a frequency standard for communi-
cations receivers. Construction costs can be as low as a few
dollars if you have a 1-me. crystal and a microammeter. As
shown in Fig. 1, the checker resembles a grid-dip oscillator
and operates on similar principles.

RELIABILITY, portability, and ease of operation are

Circuit Operation

Employing one transistor, the circuit (Fig. 2) uses a
2N1379 transistor as a l-me. 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, C1, and C3 comprise a second
tank circuit inductively coupled to the first tank circuit. C1
tunes the second tank circuit to resonate at 1 mc.

With C1 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 A 1. 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 me. with C1 at near maximnm capacity., To
re-establish resonance, C1 must be reduced in value until the
series combination of C1 and C3 is reduced by 50 pf. At
this new setting of CI, M1 again dips, indicating res-
onance. The scale card of C1, calibrated in terms of the un-
known C,, 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 com-
bination in parallel with C1. 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 uf. or as low as
350 pt.

For capacitors larger than .01 xf.) 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-xf. capacitor, C6, and the resulting com-
bination is stepped down in capacitance, as seen from L1, by
transformer action tie winding L3 added to L1. This arrange-
ment spreads out the scale calibration nicely for the decades
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CAPACITOR
VALUE

By A. A. MANGIERI

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

from .001 to .1 uf. over most of the dial. However, leakage
reactance between L3 and L1 results in undercoupling be-
tween the two tank circuits causing small dips in current as
C1 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 trans-
fer 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 m current as C1 s rotated through the dip point.
Excess gain reduces the magnitude of the dip while insuffi-
cient gain results in stoppage of oscillations at, or near, the
dip point. Second, because transistor hete varies with tem-
perature, R4 1s 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 buse 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 C1 through the dip point.
With R3 too low in value, the current dip is over-damped
which results in the stoppage of oscillation at or near the
dip 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 spec-
ified.

R2 limits the maximum current in the circuit for protection
of the meter and transistor due to inadvertent shorts, wrong
polarities, ete. R2 may be reduced or eliminated when using
less sensitive meters. Collector current is about 130 micro-
amperes with C1 set well off the dip point. R, shunted
across the meter, places thie meter pointer at full scale or
100. Trimmer C9 is used to zero beat the crystal frequency
with National Bureau of Standards station WWYV,

Construction

A 5% x 3 x 2%-inch box honses the components. When
installing components, allow clearance to permit replacement
of the bottom half of the box. Using the parts specified,
the centerline of the meter face is 14 inches from the top.
The variable capacitor shaft is located 2% inches from the
bottom. Pre-punched holes on the capacitor frame will accept

ELECTRONICS WORLD
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6-32 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 %-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 inductars and the inner surfuce 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
hoard, secured to the capacitor frame, supports several re-
sistors and the transistor. Mount C4 on a hracket secured to
the top end of the box. The battery compartment is made
of light gauge aluminum. Secure the crvstal 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 crvstal. Provide holes in the
box for screwdriver adjustinent of L1, 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 ter-
minal Ings) 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 C1. FFasten the pointer to the knob
with the epoxy cement alter roughening surfaces to be joined.
Provide a blank scale card for C1.

Adjustment and Calibration

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 re-
sistance, and turn the power on.

If the circuit is oscillating, M1 will deflect to a scule
indication between 90 and 100. If not, tune L2 until oscil-
lations occur. Set C1 at 93 percent of maximum capacitance

Fig. 2. The circvit and the parts list for the capacitor
checker. Resonance of the secondary circuit is changed by
addition of unknown capacitor. When C1 returns circuit to
resonance, collector current dip is indicated on the meter.
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R1—3500 ohm, 3 w. res.

R2—47.000 ohm, V3 w. res,

R3-—-200,000 ohm, Y3 w. res.

R4—10 ohm midget pot (Mallory VW-
10 or equiv.)

C1-—15-409 pf. var. capacitor

C2, C3--200 pf. silver mica capacitor

C4—110-580 pf. trimmer

C5-—300 pi. silver mica capacitar

C6H—.01 uf. mica capacitor (see text)

C7, C8—.01 uf. disc ceramic capacitor

C9—+4-40 pf. midget trimmer

L1, L2—35-300 uhy. inductor (J. W.
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Miller 2002 or equiv.)
L3—7 t. r26 d.c.c. magnet wire
{sce text)
L4—1 t. #26 d.c.c. magnet wire
(see text)
M1—0-100 ga. meter (Triplett 120
or equiv.)
S1—S.p.s.t. midget slide sw,
B1—9-v. battery
J1, J2, J3, J4—Midget banana jack
Xtal.—1000-ke. crystal (James Knight
H-93 or cquiv.)
Q1-—2N1379 “p-n-p” transistor

and adjust L1 until a dip takes place. If no dip can be found,
increase R4, Note that the magnitude of the dip can be
altered by variation of R4. The above position of C1 estab-
lishes the zero scale mark on the dial. Set R4 so that M1 dips
trom about full scale to half scale as C1 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 mav re-
Guire selection as follows. Set C1 at the dip point and R4
for a dip down to 50. Then rotate R4 gradually over its en-

Bt c4 C5 M Ll L3 L2 L4

C9 XTAL

Ja c7 Q. R3 R2 RI R4

XTAL

Ca Cc5 c7 QL L2 Cc3 c9

Fig. 3. Physical placement of the component parts of the ca-
pacitance checker. Use of the transistor socket is optional.

tire range and observe M1 carefully. Tt should be possible
to set A1 at any point on the scale. 1f not, increase the
value of R3 by 25,000 ohins and repeat the above procedure.
Conversely, B3 may be lowered to sharpen the dip point hut
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 pf. without re-adjustment of R4. With
the 0 to .10 «f. scale pointer set at zero, dip M1 to 50, ad-
justing R4 as required. Allow R4 to remain at this setting
during the following. Connect a .l-pf. capacitor between
J1 and J4 front-panel jacks. Rotate C1 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 C1.
CG6 was made up of several mica capacitors in parallel totaling
0098 1l Adjust the value of C6 (Continued on page 68)
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LIGHT DIMMER
& POWHR-TOOL

CONTROL

Construction of 250-watt
dimmer using bilateral
switching diode. Can be
built into light switch.

OST readers will find the electronic control to be
M 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 varv the speed of an electric drill or bhuffer. Tt
can also be used to vary the heat of a small drying oven or
other heat source; the temperature of a soldering iron or gun
to allow both fine and heavy work {rom one iron; or the speed
of a Kitchen mixer or blender.

Unlike some similur devices, this low-cost, 250-watt unit
is a [ullwave 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 conven-
tional wall switch. A double box and a duplex outlet adapt
the circuit for the control of power tools.

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-
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By DONALD LANCASTER

BRIGHTNESS
CONTROL (R3)

{HIDDEN)

SWITCH
BODY

Photos showing the construdtion 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 cover-
plate for the dimmer unit.
{Right) Appearance of the
completely installed wunit.

ELECTRONICS WORLD

www.americanradiohistorv.com


www.americanradiohistory.com

+ AMPS
T
+Imin. L
—VeriticaL 0
=voLTs | t 2 +——{ +voLTS
+VeriticaL
T ~Iwmin.
TYPICAL VALUES:
TYPE TBS20B T1-43
MFG. TRANSITRON | TEXAS INST.
VeriTicaL | 250 vOLTS [30VOLTS
Iminimum | 25MA. 300 pA.
Imaximum | 5AMPS PULSE DUTY
ONLY
— AMPS
Fig. 1. When applied voltage is less than V.cijica1 (A), the

diode draws little current; circuit is ‘*‘off.”" At higher volt-
ages (B) avalanche conduction causes diode to conduct heav-
ity. Current is now limited only by load {C). Diode continues
to conduct as long as current is at least |, i.. At lower cur-
rents, diode is returned to ‘‘off'’ state. The operation of
the device at reverse voltage polarities is exactly the same.

trons, does it equally well in either current direction. This
new switching diode is similar to two silicon controlled recti-
fiers 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 ex-
ceeding the forward breakover voltage and avalanching the
SCR into conduction. Either method achieves the same re-
sults; the SCR turns on and stavs 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 ava-
lanche operation. This is what the bilateral switching diode
does. Actually, this device is less complicated than the two-
SCR combination and counsists of a single five-laver p-n-p-n-p
structure.

Fig. 1 shows the volt-ampere (VI) characteristics of a
bilateral switching diode and details diode operation. Bas-
ically, we have a device that is in an “off” state until a high-
voltage pulse (in excess of the diode’s V,,;1...) avalanches the
diode into cenduction, or “on.” The diode stays “on” until the
circuit current becomes nearlv 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 “oft” during the
presence of the high-voltage pulse, verv 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-cvcle a.c. impedance. A high-turns-ratio trans-
former 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 cvcle when this
pulse occurs, load power mav 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 cvcle
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. Varving R will vary the delay and, ultimately, the
amount of power reaching the load. Further, if the RC cir
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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 everv a.e. 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.

Practical Circuit

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

L J=volaa
VOLTAGE
+05
L [Rve
*voLts

+125/2V.= 4177V,

}—lzsﬁv.: -177V.

——————— — —— ~VemiTicaL = —250V.
{ THE DIODE TURNS “OFF" EVERY A.C. ZERO} SPIKES > *300VOLTS

Fig. 2. An RC 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 switch-
ing 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), nor-
mal 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. 3. Circuit of dimmer. D1 determines the load current.
D2 and RC network produce pulses that act to trigger D1.

A
250 WATTS
MAXIMUM

117V. 60~ A.C. ONLY

Arnold A44-500-187-HA-P core,
tapped at 2 ¢,
R3—250.000 ohm miniature pot (Cen- DI—5 amp, 200 v, p.iov, "Bi-switch”

RI 10,000 ohm, V3 w. carbon res.
R2—68.000 ohm, V7 w. carbon res.

tralab B-16-123 or equiv. Note: (Transitron TBS-20-B. See text

Center shaft must be insulated for other ratings.)

from front plate and operator.) D2---30 v. silicon bilateral trigger di-
11—.02 uf., 200 v, disc capacitor ode (Texas Instruments T1-43 or
02 1 pf. 200 v, capacitor T'ransitron ER-900.)
£3—.22 uf.. §0 v. flat Mylar capacitor Note. DI, D2, and Arnold core are
(or two .1 uf. discs in parallel) available as a “kit" from Kimball
S1--S.p.s.t. I-amp Leviton wall Electronics. 3614 N. 16 Street, Phoe-

switch case (see text) wix, Ariz., §§016 (¢« $7.00 each plus
T1 621, 222 en. wire wound on postage,

a
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SIMPLIFIED
MEXICAN
COLOR TV

By LESLIE SOLOMON

Associate Editor

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

OR the past vear, a TV station, XHGC-TV in Mexico

City, has been transmitting an experimental color pro-

gram every Saturday morning. Although this is not un-
nsual, considering the present state of the art in the U.S.A,,
what is different is that this station is transmitting a com-
patible color signal using a simple switching technique de-
veloped in Mexico.

The new color system, called Simplified Bicolor System
(SBS) and shown in block diagram form
in Fig. 1, uses a conventional mono-
chrome transmitter with a special cam-
era and associated switching svstem. The
camera is so wranged that during one

Fig. 2. This is
cuit for
color CRT guns are
order by a 30-cps tri

the

the Mexican

RED- ORANGE FIELD
R
CAMERA RATE :g:oc: T(?[ME
" BLUE-GREEN SWITCHING NSMITTER
SYNC FIELD PULSE
GENERATOR
(A}
MONOCHROME * -l'-—T COLOR
RECEIVER -—I Gihd
l RED BLUE‘ GREEN\
FIELD
I
SYNC FIELD PULSE RATE
CIREUIT SWITCHING
(B}
Fig. 1. (A) Transmitter switches between blue-green and red-
orange signals at field rate. (B) Receiver is synchronized

with transmitter by vertical sync pulse to produce images.

orthicons, each with its own filter, is used with the outputs
switched into the transmitter at field rate.

Although standard monochrome pulses are used in this
color system, it is necessary that each vertical picture field
be compensated to avoid the “blinking” that would he annoy-
ing il one color field had areas of greater brightness than
the other. The “blinking” that is caused by differences in
color brightness between fields is reduced by using a maxi-
mum color saturation of 60% for ecach
individual color field.

The “blinking” that would be pro-
duced by unequal average levels in each
field is reduced by a compensating cir-

color switching «cir-

color system. The
gated in the correct
ggered multivibrator.

ficld interval, the camera output consists ColoR crr cuit, In this circuit, the uncompensated
of the red-orange components of the video is applied through a vacuum-tube
scene being televised and, during the e == = mixer whose other input is a square wave
other field interval, camera output is the [ L 3 g 2 having a duration of one field. The field
blue-green component. Because mono- ) QT%I" level control adjusts the level of the
chrome pulse standards are used, the \ \[“/E"“"‘ g LRNBLVE 0 square wave fed to the mixer so that
system is compatible. VIORO. Bk onhoe.  each field output is biased to average

The receiver is a conventional mono-
chrome unit feeding a three-gun color
CRT. There are no chromatic circuits
such as required for viewing the NTSC
color signal. Instead, the vertical svic
signal is used to switch the red and blue-

va

the brightuess levels. Once this control
is set, there are no other chromatic con-
trols required at the transmitter.

\&:]

Receiver

The receiver for use with this color

green guns of the color CRT in accord-
ance with the transmitter. Once the field
switching is synchronized, there ure no
other color controls (except preset indi-

svstem can be either a conventional
black-and-white receiver equipped with
a color CRT with its associated color
purity components and circuits, but not

vidual gun brightness) and color saturu-

with any of the usually used chromatic

tion is handled bv the contrast control.

Transmitter

The transmitter is a conventional
monochrome unit, operated with stand-
ard monochrome pulses, but with a
special color camera and its associated
field-level corrector.

At present, the experimontul camera
consists of a dual-filter color wheel ro-
tating at field rate in {ront of an image
orthicon with one half of the transparent
filter passing only red-orange (700 to
580 millimicrons) and the other half
passing blue-green (380 to 470 millimi-
crons)y.

Another variation of the camera is
being considered. Here, a pair of image

a8

circuits, or a color-TV set with its asso-
ciated color tube and color purity com-
ponents and circuits, with the chromatic
circuits disabled.

In place of the normally used color
signal extraction and processing circuits
found in NTSC signal receivers, the elec-
tronics for this system consists of an
electronic switch operating at field rate
(30 cps) synchronized by the vertical
sync pulse. The circuit is shown in Fig. 2.

The vertical pulse is amplified by V1
and is used to synchronize 30-cps multi-
vibrator V2-V3. The 30-cps output sig-
nal from this multivibrator is amplified
by V4 and V5 with the resultant signal
used to gate the color CRT on and off

{Continued on page 71)
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TRANSDUCERS
FOR INDUSTRIAL
° INSTRUMENTATION

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.

measurement of physical phenomena associated with

the operation of an industrial process. Of prime interest
to the instrumentation engineer and technician is the accu-
rate determination of such factors as heat, pressure, vibra-
tion, strain, speed, position, and flow. To convert a physical
factor into a correspouding 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 tvpes. they all operate on well-known
physical principles. This article covers some of the most comn-
mon tvpes used, along with the electronic instrinment used to
provide the readout svstem necessary to convert the electrical
signals into meaningful information.

Transducers can be separated into two basic tvpes—those
that require an external excitation signal, and those that are
self-generating. The former require some tvpe 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 tvpes gencrate signal voltuges without
the use of any external excitation voltage.

INSTRUMEN'I‘ATION in industry is concerned with the

Piezoelectrie

A well-known example of a piezoelectric transducer is the
crvstal pickup cartridge used in record plavers where me-
chanical vibration is converted to electrical signals that cor-
respond to the original recorded material. This is possible
because of the ability of certain crvstals, such as Rochelle
salts, to produce electrical signals when acted upon bv me-
chanical stress. Such eryvstals will also produce mechanical
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vibrations when an external voltage is impressed on then.

Piezoelectric transducers for use in instrumentation circuits
are generally made [rom 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
strnctures and are uselul in instrumentation because thev
offer high output, excellent trequency respouse, practically
no phase shitt, and small, compact construction.

One use lor piezoelectric materials is the construction of
miniature pressure transducers to measure rapidly fluctnating
pressure pulses such as those found in the combustion chum-
bers of engines and rocket motors. Fig. 1 shows such a trans-
ducer and associated circuit. The transducer is made very
smuall to respond to high-frequency pulses. In operation,
pressure pulses striking the tinv diaphragm distort the crystal

Fig. 1. Piezoelectric transducer generates a voltage when the
diaphragm is struck. Electrometer prevents crystal loading.

ACTUAL TRANSDUCER SIZE

APPROX. 3/8 DIA. X 3/4

PLATE
DIAPHRAGM j CRYSTAL  STOP
/
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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 crys-
tal. The input impedance of this type of amplifier is very
great, generally above 1010 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 trans-
ducer, 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 mount-
ing features which are air or water cooled to prevent ex-
cessive heat from destroving 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 vibra-
tion. Since the crystal accelerometer is also a very-high-im-
pedance 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 fol-
lower 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.ms.-type volt-
meter.

One accurate method for calibrating piezoelectric acceler-
ometers is the use of a sine-wave generator, test fixture, and
a calibrated microscope. The uaccelerometer 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 displace-
ment 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/sec?), D is displacement
peak-to-peak amplitude in inches, and f is vibration fre-
quency of the accelerometer in cycles per second.

Photovoltaic

Photovoltaic transducers convert light energy directly into
clectrical 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 IN G
UNITS -

WEIGHT BONDED TO
-~ CRYSTAL

~CRYSTAL

CALIBRATED
CABLE
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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 instru-
ments.

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
¢ps. An audio oscillator can be used to furnish the 3000 cps
signal to calibrate the tachomcter at the 9000-rpm point. It

LIGHT
e SOURCE
& /__.-
' ROTATING DEVICE ELECTRONIC
TACHOMETER

—

: ‘0 g I %L

R
PERFORATED
BISC

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

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

Electromagnetic

Electromagnetic transducers operate on the principle of a
conductor cutting magnetic lines of force. They are princi-
pally 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 liguid 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
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 instru-
ment. 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
fowmeters. If flow rate is desired. the instrument is set to read
frequency (events-per-unit-time) usually in cps. Flowmeters

ELECTRONICS WORLD
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DIGITAL
FREQUENCY

MAGNETIC METER

PICKUP

FLOW
STRAIGHTENER

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 read-
ing into gallons-per-minute, pounds-per-hour, or other de-
sired 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 How and stopped when the flow ceases. The total count
indicates the volumme of flow between time limits.

Thermoclectrie

The thermoelectric (Seebeck) effect is the generation of
a voltage by the difference in temperature between the junc-
tions of two dissimilar metals. Transducers that use this prin-
ciple to indicate temperature are called thermocouples. They
are widely used in instrumentation since they can be pro-
duced cheaply, are extremely accurate, and can be used over
long cabling distances.

Fig. 5 shows a typical setup for measuring temperature.
The particular thermocouple nsed in this example is iron-
constantan which Las a linear output for a temperature runge
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° I, Before accurate temper-
ature-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 refer-
ence junction must be made of the same material as the
thermocouple, otherwise u junction of dissimilar metals would
be formed at the thermocouple which would lead to inaccu-
rate readings. From the cold junction to the readout instru-
ment, conventional copper wire is used. The digital volt-
meter reading can be converted into temperature by con-
sulting a set of tubles 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. Thev employ a built-in
reference junction, a chopper-type d.c. amplifier, and a large
servo-operated drum-tvpe dial calibrated directly in tempera-
ture. This, together with buanks of push-button selector
switches, permits the rapid reading of manyv thermocouples
in a short period of time. Conventional thermocouples are not
snited to measure rapidly fluctuating temperatures since the
thermistor bead constitutes a considerable mass and does not
cool or heat rapidly. For fast response tvpes, a fine filament
of the thermocouple material is strung hetween two support-
ing pieces to permit a verv rapid heating and cooling cvcle.
Signals from this tyvpe of transducer are usually displaved
and photographed on an oscilloscope, or recorded on an
oscillograph using ligh-frequency galvanometers.

Capacitive

Transducers that employ a change in capacitance to indi-
cate some mechanical function are commonly used in instru-
mentation. Since this tvpe of mecasuring system is all elec-
tronic, it possesses excellent frequency response and is capa-
ble of high accuracy when used within limitation. Such sys-
tems are very useful for meuasuring minute spacings.

A tuned circuit can be used to measure deviations from
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true center (rumout) 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 pro-
duces 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,
it 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 sub-
jecting the pickup to a steady stream of cooling air.

Calibration of the transducers requires a precision set of
measuring blacks (similar to automotive feeler gages) for the
range of displacement desired. The probes will indicate dif-
ferences 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 cali-
brate position. Once the probes have been calibrated, they
are returned to the operate position and the amount of de-
flection 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 sig-
nals employ a variety of materials including carbon, wire,
foil, and semiconductors. When excited with a current, a
change in resistance of the clement will produce a corre-
sponding output signal. Fig. 7 shows a setup for measuring
force using a device called a load cell, This transducer uses

DIGITAL
VOLTMETER

IRON WIRE
COPPER LEAD WIRES

50°F TEMPERATURE CONTROLLED
/- OVEN (REFERENCE JUNCTION)

Fig. 5. Temperature measurement by the thermocouple technique.
Fig. 6. If the rotating shaft is off center, frequency of the
tuned circuits vary and eccentricity is read out on scope.

LISSAJQUS
PATTERN

CAPACITY
PROBE

CAPACITY
PROBE

Y AXIS
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CALIBRATION AND TERMINAL
RESISTANCE ADJUSTMENT
RESISTORS

LOADING |

172"~ 14 N.P. THRE AD

BUTTON ™. |
T

EXCITATION
SIGNAL

TO STRAIN GAGE BRIDGE @

I0FT NEOPRENE
COVERED SHIELDED
CABLE

OUTPUT ¥ VOLTAGE
FROM

CABLE BRIDGE

SEAL

4 TAPPED MOUNTING

DEMODULATOR I
HOLES iN BASE

| BAKELITE STRAIN GAGES ON READOUT |~
! LOAD SENSITIVE COLUMN | g

STAY PLATES HERMETICALLY SEALED

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 cohunn which receives the force-action to be meas-
ured. A force applied to the column causes the struin gages
to change resistance and thereby imbalance the bridge, pro-
ducing an output voltage. Either a.c. or d.c. voltages can be
used to excite this tvpe of transducer and very accurate re-
sults can be obtained. An audio frequency signal powers the
transducer while the readout is a phase-sensitive demodu-
lator circuit for the bridge unbalance voltage. If d.c. current
is used to excite the unit, a sensitive galvanometer-type in-
strument can be used to indicate the load directly.

Load cells for the lower ranges (about 0-1000 Ibs.) can
be calibrated by the application of accurate weights to the
transducer while adjusting the reudout instrument accord-
ingly. 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 tvpe of transducer
generally have a calibrated gage factor dial which permits
the instrument to be used with transducers of different sen-
sitivities. As long as the transducer retains the basic sensi-
tivity it can be calibrated by setting the readout instrument
for the appropriate gage {actor figure.

To illustrate the versatility of resistive tyvpe 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
clement) of the transducer is usually made of nichrome or
platinum wire since it must run at quite a high temperature
in ovder to be cffective. To operate the probe, it is placed
into the air stream to be investigated and cunrrent is applied
in small steps while keeping the bridge circuit in balance.
This procedure is followed until the desired output is ob-
tained. 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 al-
though other instruments having a suitable frequency re-
sponse can be used including a recording oscillograph to
provide a permanent record.

Hot-wire anemometers are rather difficult to calibrate pre-
cisely since they require an air ow 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.

52

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 physi-
cal phenomena as pressure, vibration, displacement, and
How. Theyv exhibit good resolution, high output, and rela-
tively good linearity,

Such a device is the differential transformer shown in Fig.
9. This transducer can be used either to measure large dis-
placements 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. is the excitation winding and is conpled to a
source of w.c. voltage, L2 and L3 are comnected so that their
outputs cancel when their mutual coupling to the excitation
winding is the same. In this condition, the transducer is bal-
anced and the ontput 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 resistunce and reactance between the
two pickup coils.

The a.c. excitation voltage used with tvpical differential
transformers ranges from the low audio frequencies to fre-
quencies as high us 20 kc.

If sufficient excitation voltage is used, a vacuum-tube volt-
meter 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 con-
structed with a rotating core, in which case it is used to
measure degrees of rotation. Precise angular meusurements
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 meas-
ured 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 meas-
ured, convenience of use, and accuracy desired. For this rea-
son, 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. A
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Fig. 8. Hot-wire anemometer measures changes in wind velocity.

Fig. 9. Differential transformer uses core displacement to
change secondary voltages, thus producing electrical output.
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THIS NEW HEATHKIT FM STERED GENERATOR

Eraem
o [

L
e

..pu.H.

CAN PUT EXTRA PROFITS IN YOUR SHOP

o Produces all signals required for trouble-shooting and alignment of multiplex adapters, FM tuners and receivers » Generates
mono FM or composite stereo FM signals e Crystal-controlied 19 ke (=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 o Phase
test for accurate adjustment of subcarrier transformers

Here is an outstanding new instrument that
will add cxtra profits to your service opera-
tions . . . the new Hcathkit FM Stereo
Generator! This completely scif-contained
instrument provides all the signals neces-
sary for fast, casy alignment and trouble-
shooting of FM sterco tuners, receivers and
multiplex adapters in addition to standard
mono FM.

Versatile Performance! Signals generated by
the Heathkit 1G-112 include an audio or
composite sterco signal for multiplex adapter
adjustments or an RF carricr modulated by
these same signals to produce an ““on-the-
air'’ signal just like that transmitted by an
FM station. A sweep function is also pro-
vided 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
cither Right or Left channels, as well as a
special “*Phase Test™ for accurate adjust-
ment of stereo subcarrier transformers. No
balancing is required for equal right and
left channel modulation.

Advanced Design! Switch-selected audio fre-

[o=————————————————e——m—————e

FREE CATALOG
Fully illusirates over

Heathkit products at savings of
or morel Choose from the

ity instrumentd In easy-to-build
kit form. Send for your free copy
today!

quencics include 400 cps, 1000 cps, 5000
cps, 19 ke, 38 ke and special SCA frequencics
for cither direct or RF carrier modulation
usc. The SCA frequency is selected by a rear
panel switch to be cither 65 k¢ or 67 ke, pro-
viding a versatile system capable of aligning
even the most deluxe tuners of advanced
design. A crystal-controlled 19 ke (=2 c¢ps)
pilot signal adjustable inlevel from 0 to 10
is provided to check the lock-in range of
sterco receivers.

Easy To Use! RF signals supplicd by the
generator terminate at a 300 ohm balanced
output, designed for direct connection to the
antenna terminals of the tuner or receiver
being tested . . . no complicated matching
networks for impedance or balance required.
A three-step (20 db per step) RF attenuator
in addition to the variable output control,
prevents overloading tuner input, and the
carrier is adjustable =2 mc up or down to
permit alignment on a clear portion of the
FM band.

Easy To Build! Clean, open circuit layout
provides casy access to all components for
greatly simplified assembly. Complete with

Benton Harbor, Michigan 498023
250 exciting

[] Enclosed is $

world's largest selection of qual-

HEATH COMPANY, Dept. 15-7-1

[] Please send Free 1964 Heathkit Catalog.
plus postage. Send 1G-112 FM Stereo Generator.

test leads and detailed stereo alignment in-
structions. Order your Heathkit FM Sterco
Gencrator now for faster, casicr servicing
. . . ecxtra profits in this greatly expanding
ficld of Sterco FM.

Kit IG-112,101bs. ................ $99.00
Export model available for 115/230 V. AC,
50-60 cps: write for details.

1G-112 SPECIFICATIONS—RF Signal Output: Center
frequency: 100 mc adjustable by approx. =2 mc. Pilot
modulating frequency: 19 ke +2 cps. FM modulation:
Left channel (sterea), right channel (stereo], Phase
test {left plus right channel in phase). Monophonic FM.

Deviation: Adjustable ta 75 kc. Sweep rate: 60 cps.
Sweep width: Adjustable to 750 kc. RF attenuotor

range: 60 db in 20 db steps. Crynul controlled mark-
ers: 10.7, 20.9 101.65, & 107 mc. Composite
signal ovtput: Leh channel ({sterea). Right channel
{stereo}. Phose test {left plus right channels in phose).

Audic output: 400, 1000, & 5000 cps; 19 ke {2 cpsi:
38 kc; & SCA {65 or 67 kc). Moximum distortion: {Ot
400, 1000 & 5000 cps) Front ponel controls: 19 ke
pilot level control, deviation-sweep width-composite,
level-audio level control, function switch, frequency
switch, & RF attenuator switches. Rear panel odjust-
ments: Balance odjust, 38 ke sync, pilot level adjust, &
SCA frequency switch. Chassis adjustments: Oscillator
odjust, frequency adjust & modulation odjust. Tube
complement: 12AT7—19 ke oscillatar & 19 ke doubler;
6AUB—19 ke buffer & 38 ke amphifier; 6AN8—React-

modulotor & 1 11, I’)NU7
—Audio osc.; audio cathode fotlower & 19 ke pilot
amplifier; ro-nnosne/r-udno amplifier & 5.35 me crystal
osc. Power requirements: 105-125 volts AC, 50/60 cps,
35 wotts. Dimensions: 10%, " Hx 8" Dx 13" W.

once tube me oscillator;

HEATELFRIT M
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CITY STATE ZIP

TE-129

CIRCLE NO. 114 ON READER SERVICE PAGE

www americanradiohictorv com

(2]
12


www.americanradiohistory.com

MIN

How frequency mixing achieves stability in an SSB receiver
or lets a few crystals substitute for many in a synthesizer.

MIXING MAGIC

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 de-
vice, 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 vou started, it’s almost as though
one plus one equals four.”

“Or one minus one equals three,” Mac suggested with a
smile. “What started vou on this kick?”

“I’ve been studving how Collins manages to get such ex-
cellent frequency stability and linear tuning in its 755-3 SSB
receiver. When amateurs used AM, an ordinary bandswitch-
ing superheterodyne could be made frequency-stable enough
for their use. 1f the receiver drifted a few ke. in a half hour
on ten meters, so what? But now most of us are on SSB, a
drift of only 50 cvcles 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 mcgacycles 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, how-
ever, 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 me. 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 se-
lected frequencies at 200-kc. intervals lving between 6.553
and 33.155 mec. The particular crvstal sclected by the band-
change switch is such that the difference between its fre-
quency 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
3.135 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-ke. i.f. amplifier.

“Suppose we want to tune a signal at 3.5 mc. The pre-
selector is tuned to this frequency, and a 6.535-mec. crystal
is switched into the heterodyne oscillator. The two fre-
quencies combine in the first mixer. Their sum frequency of

= ‘- 7 OU know, Mac,” Barney remarked during a breather
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10.055 is rejected by the bandpass filter in the mixer output,
but their difference frequency of 3.055 mec. falls squarely
in the center of that passband and is fed to the imput 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-ke. 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 dif-
ference frequency of 2.955 mec. 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 difter-
ence 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 oscillutor range.
Each of the 200 marks, spaced linearly about %” apart,
represents a kilocycle, no matter if you are tuning at 3.5 or
30 me. The band selector switch indicates the lower limit of
each 200-ke. tuning range. For example, the position that
selects the 6.555-me. crystal is marked “3.4." You add the dial
reading to this figure to determine the frequency to which
youre tuned. In the first example, we set the bhandswitch
to 3.4 and our tuning dial to 100. The received frequency is
3400 plus 100, or 3500 ke.

“TFor 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 os-
cillator and since the heterodyne oscillator is crystal-con-
trolled, the result is a very stable receiver.”

“No disadvantages?” Mac inquired skeptically.

“Maybe one. A different crystal has to be used for each
200-ke. segment tuned. If all ham frequencies between 3.3
and 30 mec. 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 ke.-covered-
per-tuning-knob-revolution, it’s necessary to increase the gear
ratio of the dial-drive mechanism.

“Speaking of reducing the number of crystals, very re-
cently a crystal-conserving device called a ‘frequency synthe-
sizer” has shown up in ham and CB equipment. Do you know
what it is?”

“U'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 vet have all oscillators erystal-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-ke. steps. Any frequency from the oscillator controlled
bv these crystals can be selected for mixing with the output

ELECTRONICS WORLD
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This is United Delco’'s new transistor replace-
ment wall chart. O It lists hundreds of transis-
tors that Delco's compact line will replace (as
you can see, that pretty well wraps up the field).

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

Delco Radio automotive radio service parts are distributed nationally through United Delco
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send for NEW FREE
CRYSTAL CATALOG
with NEW TRANSISTOR
OSCILLATOR CIRCUITS

BIG MODERN PLANTS
TO SERVE YOU BETTE

2 in Fort Myers 1 in Los Angelés

HERMETICALLY SEALED
PRECISION GROUND
CUSTOM-MADE
\ NON-OVEN CRYSTALS

Top performance assured with quality con-
trolled throughout manufacture, Gold or silver
plating acts as eleectrodes. Crystals are spring
mounted and sealed under vacuum or filled
with mert was. Very high frequency stabihity.
Max. current capacity is 10 milliwatts—3 for
overtone type. Conformity to military speciti-
cations wuranteed.
1000KC to 1600KC (Fund. Freq.) _
Prices on Reguest

1601KC to 2000KC (Fund. Freq.) . $5.00 ea.
2001KC to 25C0KC (Fund. Freq.) 4.00 ea.
2501KC to 5000KC (Fund. Freq.) 3.50 ea.
5001KC to 7000KC (Fund. Freq.) . 3.90 ea.
70C1KC to 10,000KC (Fund. Freq.) .. 3.25 ea.
10,001 KC to 15.000KC (Fund. Freq.) 3.75 ea.
15MC to 20MC (Fund. Freq.) - 5.00 ea.
OVERTONE CRYSTALS
15MC to 30MC Third Overtone $3.85 ea.
30MC to 40MC Third Overtone 4.10 ea.

4CMC to 65MC Third or Fifth Overtone 4.50 ea.
65MC to 100MC Fifth Overtone . 6.00 ea.

DRAKE 2-B Receiver Crystals ... ........$4.00
(All Channets—Order by Freq.)

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 HCG6 /U and miniature types.
To insure proper correlation and correct {req.
operation, order by muanufaecturer model num-

ber and channel.

Amateur, Novice, Technician Band Crystals

.01% Tolerance . . . $1.50 ea. — 80 meters (3701-
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 2" Pin diameter .093
Matched pairs — 15 cycles ... $2.50 per pair

200 KC Crystals ... .o $2.00 ea.
455 KC Crystals . . $1.25 ea.
500 KC Crystals ... e $1.25 ea.
100 KC Frequency Standard Crystals in

HC13/U holders .. ... ... ... ... $4.50 ea.
Socket for FT-243 Crystal ... __._.._. 15¢c ea.

Dual Socket for FT-243 Crystals ... .. 15¢ ea.
Sockets for MC-7 and FT-171 Crystals .. 25¢ ea.
Ceramic Socket for HC6/U Crystals ... 20c¢ ea.

NOW ... 48 HOUR SHIPMENT

ALL TEXAS CRYSTALS are made to exacting
specifications. quality checked, and uncondi-
tionally guaranteed!

NEW TWX SERVICE
Fort Myers - 813-334-2830
Los Angeles - 213-737-1315

ORDER FROM CLOSER PLANT

% TEXAS CRYSTALS*

DIPT. R-74

1000 Crystal Drive

FORT MYERS, FLORDA

Phone 813 WE 6-2109

TWX 813-334-2830
AND

Division of

4117 W. Jefferson Blvd.
LOS ANGELES, CALIF.
Phone 213-731-2258
TWX 213-737-1315
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of another oscillator controlled by crvs-
tals operating on 4050, 4150, 4250,
14350, or 4450 ke, A little pencil work
will show vou frequencies from these
two oscillators can be selected and com-
bined so their sum frequency will
produce any 10-ke. 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 varving reactive elements in the
crystal circuit, Suppose we use a crvstal
on 13.103 mec. and arrange a small ca-
pacitor so we can move its frequency
lvom 4.3 ke. higher to .5 ke, lower. That
means the second harmonic of the oscil-
lator 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. out-
put of our first mixer and the difference
frequency is extracted by a passband
filter, we come np 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-ke. spot-frequencies produced bv
mixing the 27-nc. and the 4-mc. crystal
frequencies. For all practical purposes,
we have a crystal-controlled contin-
uously variable oscillator covering a
range of 3500 kc.

“Some CB manufacturers are using
crystal synthesizers. Since CB channels
are multiples of 10 kc. apart, a synthe-
sizer built along the lines of the one 1
described, less the variahle crystal os-
cillator, 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 alwayvs
the i.f. Then the same synthesizer output
frequency can be mixed with the output
of another oscillator crvstal-controlled at
the if. and the sum of these two Ire-
quencies will be the proper frequency
for operating the transmitter on that
same channel. Regency uses an arrange-
ment similar to this in its “Range Gain”
double-sideband transceiver. The crvs-
tal-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
crvstals in this transceiver take the place
of forty-six crystals that would be neces-
sary for controlling both receiver and
transmitter on all 23 channels with
separate crystals.”

“You agree, though, don’t vou, that
designing a crystal synthesizer is no job
for a beginner?”

“You're not kidding! Frequencics used
in a svnthesizer must be very carefully
selected to make sure no spurious fre-
quencies are present in the output. Re-
member each time we mix frequencies
to get a desired frequency, there are
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three other frequencies that we must
keep out of the act, and that can become
pretty hairy at times.”

“Fine. I'm glad vou appreciate that.
Now I'd like to know what vou think of
the new Hewlett-Packard Model 5100/
5110A frequency synthesizer. With it
vou can select anv one of five billion
discrete frequencies from d.c. to 50 mc.
in steps as fine as .01 c¢ps. Spurious sig-
nals are down 90 db.”

“Wow! What a job that must be! And
you sitting there smugly admitting vou’'d
‘heard” of a crvstal svnthesizer! How
accurate are the frequencies put out?”

“Well, vou can punch out any fre-
quency from 100000000 cycle to
49.9999999 mc. on the kevboard fre-
quency 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 gudget has more than
6000 electrical components in it, of
which more than 600 are semiconductors
of one kind of another. Hewlet!-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 | think it is an
interesting example of what good elec-
tronic engineers can do with the mixing
process that fascinates you so much.” A

g

R.zer

“In exactly 55 seconds we'll know if it's in
orbit.”

Tom Lamb suggests that a versatile and
inexpensive breadboard chassis can be
made by supporting sheet aluminum, Ma-
sonite, or copper-clad in slotted wood
pieces as shown. The chassis may be sup-
ported in any position for easy working.
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T looks like a big vear ahead for the
consumer electronics products indus-
trv. The U.S. Departinent of Commerce
feels that, stimulated by the high public
demand for color-TV receivers, small-
screen (personal) models of black-and-
white TV receivers, and stereophonic
combinations, the total output of all
tvpes of consumer electronics products
is expected to hit the $2.5 billion mark
in 1964

Imports of consumer electronic items
mereased 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 prob-
ablyv 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, emplovment in the con-
sumer electronics products industry will
probably increase less than 2% in 1964,
owing to continned improvement in pro-
duction techniques.

The Departinent 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 mmavailability of color
picture tubes. However, supplies of
these tubes are expected to meet the
vpresent demand.

Factory sales of monochrome TV re-
ceivers are expected to fall off some-
what, probably to about 6.8 million units
in 1964, Unit volume held up well in
1963 despite the decline in the sales
of consoles, becanse there was a demand
for small-screen sets.

Foreign competition, especially from
Japan, is still strong. Tmports of TV re-
ceivers topped 400,000 units, nearlv
triple the 139,000 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 mil-
lion in 1964.

July, 1964

About 1 million radios were imported
in 1963, and these uccounted for nearly
38% of the total U.S. market tor house-
hold radios. Imports of transistor radios
are expected to mncrease bv 12% during
1964.

Manufacturers’ sales of phonographs
and radio-phonograph combinations in-
creased about 10% in 1963, Sales of these
items had a strong start in earlv 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-
ers.

U.S. producers are relatively strong
competitively in markets for coin-oper-
ated phonographs. TV reccivers, and
component parts for the assembly of TV
receivers. They also export a snbstantial
volume of tape recorders but these items
are principallv commercial tyvpes for use
in broadcast stndios and similar applica-
tions.

In other areas, the Departiment of
Commerce also reported that the total
shipment value of all semiconductor de-
vices, excluding integrated circnits, is
expected to reach $610 million in 1964,
a 3.4% increase over the 1963 sales. Con-
tinued improvement in production tech-
niques and stiff price competition will
bring lower average unit prices, In 1964,
exports of these items should increase to
$40 million, 18% over last vear’s level.
Imports are expected to continue at the
1963 rate of abont $3 million.

The combined factorv shipments of
all tvpes of electron tubes is expected to
total about $833 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
$29.1 mnl]lon.

The factory shipment of phonograph
records is expected to hit a high of $290
million in 1964.
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Outperforms Finest Vacuum Tube Units

NEW SCOTT 312
SOLID STATE
FM TUNER

...yetit's only $259.95!

L .___KS

.¥F .

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.
Notjust aredesigned unit, the Scott
312 incorporates an entirely new
approach to tuner circuit design:

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
ga'ytomatic devices.

““Flat-Line Limiting’’ circuits assure
quiet, noise-free FM reception, im-
pervious to outside electrical inter-
ference. There’s actually less than
1 db difference in tuner output
whether you listen to a strong local
station or a weak distant one.

SCOTT"

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.

State Zip

Export: H. H. Scott International, 111 Powder-
mill Road, Maynard, Mass. Cable HIFl Canada:
Atlas Radio Corp., 50 Wingold Avenue, Toronto g
L------------------------_J
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TEST
EQUIPMENT

PRODUCT REPORT

Sennheiser Model ZP-2 Audio Impedance Tester

For copy of manufacturer’s brochure, Circle No. 40 on coupon (page 12).
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HE Sennheiser Model ZP-2 imped-
ance tester is a portable, battery-
operated transistorized test instrument
used to measure impedances of R, C, and
L components (or combinations thereof)
at audio frequencies. As with ohm-
meters, the principle of operation is that
of measuring the current through or the
voltage across the component or circuit
under test with constant voltage applied
to a series circuit including the unknown.
Because the applied voltage is a.c. in
this case, it is possible to determine im-
pedance (reactance and resistance).
Also, since three audio test frequencies
are used, it is possible to determine
whether the impedance is resistive, ca-
pacitive, 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-permeabil-
ity iron cores. Impedances from 1 ohm

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 stabilitv. The measuring circuit con-
sists of two transforiners that are con-
nected 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 com-
ponent under test. Since the unknown
component is comected between the
output of T1 and the input of 72, the
amount of current flow and, hence, vol-
tage 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 measure-
ment arising from small differences in
the transformers used, a load is con-
nected in parallel with T2. This load is
adjusted for the different ranges so that
it is possible to compensate for trans-
former variations.

The output of T2, which depends on
the value of the unknown impedance,
is then applied to an instrnment ampli-
fier. The amplifier raises the signal level
from about 3 mv. to 1 volt for full-scale
meter deflection. The amplifier consists
of four stages with large amounts of in-
verse feedback applied to the first and
last stages. Any variations in gain still
remaining can be compensated by means
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 im-
pedance.

A “Calibrate” switch is provided,
which applies a calibrated a.c. voltage to

R-C GENERATOR MEASURING CIRCUIT AMPLIFIER | INDICATOR E
TI
250 CPS a
L= |
1000 CPS =t PR —pt-
4000 CPS )
_.-.3 i e
‘i ‘l L
Zy
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the amplifier input. The instrument is
then adjusted for full-scale reading be-
fore making an impedance measurement.

The meter also includes a separate
scale for batterv checking. As long as
the voltage of the self-contained 9-volt
battery does not fall below 7 volts, ac-
curacy 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 dis-
tributed under the manufacturer’s name
in the United States at $175. A

General Atronics K-12-R
Monitor Oscilloscope

For copy of manufacturer’'s brochure,
circle No. 41 on coupon (page 12).

ONITOR oscilloscopes are, in most

instances, custom-tailored instru-
ments. However, Electronic Tube and
Instrument Div. of General Atronics
Corp. has recently introduced the Model
K-12-R monitor oscilloscope which cov-
ers a wide range of requirements, thus
minimizing the need for custom equip-
ment.

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 coustitutes a universal monitor os-
cilloscope? Since virtually all its applica-
tions are specialized and range from
production control in industrial elec-
tronics 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 com-
plex 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 am-
plifiers, 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 camnmot 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. Mon-
itor oscilloscopes, unlike laboratory
oscilloscopes, very seldom require chang-
ing input cables.

Over-all length of the instrument is
174 inches. It may be rack-mounted or
used on the bench, Although designed
with vacuum tubes for ease of mainte-
nance and economy, the weight has been
held to 23 pounds. A camera-mounting
bezel includes an edge-illuminated grati-
cule. 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 ke, 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 ke.). This is very im-
portant when signals at or near the
response limit are displaved as Lissajous
figures or in many other X ts. Y curve-
tracing applications.

Two Z-axis inputs are also available.
One injects the applied sigual into the
control grid of the cathode-rav tube lor
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, 45 to 400
cps. Power consumption is 90 watts.
Price of the Model K-12-R is $465. A

Tequipco Model 4 Transistor Tester

For copy of manufacturer’s brochure, circle No. 42 on coupon (page 12).

HE Test Equipment Corporation has

originated a method of identifving
{faulty transistors without the necessity
of removing them from the circuit in
which they are installed. Known as the
Viewewary method, this technique is said
to be extremely reliable. The Tequipco
Vipea, tester, the Model 4 in-circuit
transistor and diode tester (design and
utility patents pending), balances the ef-
fects of circuit shunting to provide both
a qualitative and a quantitative evalua-
tion 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 muin-
tenance of various types of transistorized
equipment.

The transistor under test is shown in
dashed lines (with its associated cir-
cuit) in the drawing. With switch S1 in
the “Cal” position, the base of the tran-
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sistor is shorted to the emitter and the
transistor is cut off. The shunting effects
of the circuit clements are normalized
by adjusting the R« for a full-scale read-
ing on meter M1. In this condition the
collector voltage is 3 volts, and the source
resistance is equal to R, /2 since the
parallel combination of the circuit re-
sistance Rep and Rep: and shunt resistor
Rs has been made equivalent to the
known value of the series collector re-
sistor R.

S1is then switched to the “Read” posi-
tion and the saturation current is sup-
plied through R; (which is equal to
2Re). The voltage across Rpy is very
small compared with the drop across
Ry and the current lost in Ry may be
neglected. The current in R, merely
adds to the base saturation current. Since
the effect of circuit shunting has been
normalized in the measurement, the in-
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circuit reading of V..., will be exactly
the sume 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 col-
umn shows the collector current, collec-
tor voltage curves in the saturation
region for a tvpical transistor. The low-
current range of the Model 4 measures
Vigeeary at a collector current of 5 mil-
liamperes. The saturation base current
under these conditions is approximately
2.5 ma. This point is shown in the small
circle at a Vi, of around 150 milli-
volts, The point in the small triangle
shows a Vi) of about 720 mv. when
tested at a collector current of 50 ma.

The Model 4 provides test currents of
5 ma., 30 ma., and 500 ma. for testing
low, medium, and high-power transis-
tors. Accurate readings can be obtained
in circuits with shunting elements as low
as 20 ohms at a test current of 30 ma.
The accuracy of the tester is =5% full-
scale in-circuit and =3% full-scale out-
of-circuit.

In addition to qualitative indications
of shorts, opens, and gain, a further eval-
nation of the transistor’s condition can
be made bv comparing the actual
Vigear) 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 nsed
to test signal diodes, rectifiers, and silicon
controlled rectifiers in-circuit, The tester
supplies a gate current of 100 mu. for
testing silicon controlled rectifiers. The
Model 4 also measures leakage currents
and d.c. beta (1) out-of-circuit. Price
of the tester is $125. A

collector current ma

(N O
L
0.4 0.8 1.2 1.6 2.0

Vg collector voltoge volts
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Radio Telescopes

(Continued from page 23)

use of an array of half-wave dipoles con-
nected in phase and located above a re-
flecting screen or metal sheet. Dipole ar-
rays 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 IFig. 11 is lo-
cated at the foot of the Andes Moun-
tains at Jicamara, near Lima, Peru,
where the U.S. National Bureaun of
Standards has established an observatory
for ionospheric research and for radio
and radar astronomy. At its operating
frequency of 50 mc., the 1-degree pencil
beam can be scanned 3.3 degrees from
the perpendicular to the desert floor.

An unexpected use of this large array
occurred a few minutes after the July,
1962, high-altitude nuclear blast in the
Central Pacific. The radio noise received
by this antenna jumped abruptly to a
level nine times its normal value. Inves-
tigations later showed that the antenna
was measuring electromagnetic radiation
from electrons that the explosion had
injected in the earth’s magnetic field.

Future Radio Telescopes

Radio telescopes in the near future
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
syvstems will continue to grow in size and
will have better accuracy and resolution.
One of the latest single-aperture radio
telescopes now nearing completion is the
120-foot-dish antenna located at Hayv-
stack Hill, Massachusetts, and operated
by MIT’s Lincoln Laboratory. See Fig.
12. The antenna is mounted on an “azi-
muth-elevation” (az-el) mount that al-
lows 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 tvpe. 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, rellector,
The veceived 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 svstem boasts a high signal-to-

noise ratio, a definite requirement for
radio astronomv. A 150-foot metal space-
frame radome protects the entire an
[tenna 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
§ ge.. the beamwidth of the antenna is
only 0.07 degree. Because of this narrow
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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 vears to survey even a
small portion of the skyv with such a de-
vice. Consequently, steps being taken in
this direction visualize large, multipur-
pose arrays of very-narrow-beam an-
tennas observing in several adjacent di-
rections at once. This approach to radio
astronomy will give radio telescopists the
equivalent of the optical image-forming
telescope, i.c., 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 con-
tributing countries. (Compare this an-
tenna to the 375-foot Stanford cross pre-
viously described.)

This antenna will have a beamwidth
of 0.02 degree (close to the resolving
power of the unaided human eve), and
will be used to map the galaxy at the
hvdrogen-line frequency of 1420 mc.
The signals received by each of these
beams will be combined to prodnce 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 inter-
ferometer 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 com-
puters for 12 hours, during which time
the rotation of the earth would have
moved the antenna array perpendicular
to its original direction; thus, svnthe
sizing 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 wave-
length of 21 ¢m.

Orbiting radio telescopes are also on
the drawing boards. Because the earth’s
ionosphere is opaque to radio waves
below a few megacycles, radio astrono
mers cannot receive extraterrestrial sig-
nals at those frequencies. Since the data
from signals at this wavelength hold the
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keyv to explaining the composition of the
stars and the mvsterious bursts of radia-
tion from Jupiter, scientists and engi-
neers are working toward the develop-
ment ol a spaceborne radio telescope.
One such instrument would be con-
structed of a material that could be
rocketed into orbit as a collupsed 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 i inflatable plastic tubes
that, when at orbiting altitude, would
unfur! into the desired antenna config-

uration. Because of the weightless state.
these untennas could be made very large
withont 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 genera-
tions of radio astronomers unparalled
opportunities to studyv the universe and
to probe its deepest secrots. A

MAINTAINING TV COLOR BALANCE

HE General Electric Color-Balance
Stabilizer was developed to main-
tain correct color values with changes in
brightness and contrast. It provides cor-
rect 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 Detween the a.c. and d.c. com-
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 tia
C1, the primary of T1, and a service
switch (not shown in figure). R1 main-
tains 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, R3, 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 con-
nected to this network. At the bottom
of the network. the Joad to ground con-
sists of RG while at the top of the net-
work, the load to ground is the third
video amplifier V1. Current flow to the

The a.c. to d.c.

128Y74
vl

CONTRAST
2200|p'. b
BRIGHTNESS >

<

BIAS
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two loads is nearly equal but in oppo-
site directions through the blue and
green drive controls R2 and R3. The
net current through the two drive con-
trols to the two loads is close to zero
even with changes in V1 plate current.

The video signal is fed through the
primary of T1 to the red cathode and
one side of the Dlue-green drive con-
trols. The signal is also fed to the other
side of the drive controls from the sec-
ondary of step-down transformer T1. A
difference in signal potential exists be-
tween 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 cuwrrent as no other effec-
tive d.c. current flows through the con-
trols. Thus, good regulation is attained
at the picture tube cathodes and the
ratio between the a.c. and d.c. compo-
nents 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 beans at a proper bias
ratio to eliminate changes in the hue
with changes in Drightness or contrast.

RS reduces spot size blooming of the
red gun on peak whites. A

ratio is maintained with changes in brightness and contrast.

BLUE
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Shockproof, UL breakproof,
plastic handles with clips

ROUHD BLADE SCREWDRIVERS

5!5':.-- and 1.Bn x 2-.-I

4" blades
PHILLIPS SCREWDRMER

Point ze £0, 2~ blade

BERYLLIUM.-COPPER SCREWDRIVER
Non-magnetic, non-sparking
12" % 2" blade

NUTDRIVERS

10 Hex sizes from X" to 34"
14" blades
Color coded har.dles

TERMINAL WRENCHES
* 0.0, spanner nuts
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jacks of transis:or radios
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XCELITE, INC.
12 BANK ST. + ORCHARD PARK, N.Y.
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RCA INTERCOM SYSTEM

Is a Long-Term Investment in
Convenience and Efficiency

Why wait longer to enjoy the convenience of your own
intercom network? Simple or complex, wired or wire-
less, for home ofr business use, there's an RCA inter-
com 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.

““Switchhoard'' intercom System. Master with up to 4
remote units. Master can be set up for remote-to-
remote conversation, or speak with any one or all re-
mote 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 conversa-
tions simultaneously or conference among all 6.

Wireless Intercom System. No connecting wires, no
installation. Just plug unit into any 110-120 volt wall
socket and talk with all other units on the same wiring
system.

Transistorized Intercom System. Battery-operated (uses

penlite cells), can be set up anywhere: parking lots,
storerooms, etc.

“Partyliner’ Intercom System. Basic 2-station system.
As many as 4 additional remotes can be added. Very
low cost. Ideal for paging; master calls all remote
units at once. Any remote unit can call master.

For more information see your Authorized RCA Inter-
com Distributor—or, attach coupon below to a postcard
and mail.

The Most Trusted Name
®» in Electronics

RCA ELECTRONIC COMPONENTS AND DEVICES 1
Commercial Engineering Dept, G-41-TT
415 South Fifth Street, Harrison, N.J.

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

[ Al systems [ "'Switchboard"* System
3 *“Mastercom’ " System [] Wireless System
{3 Transistorized System 1 **Partyliner”’ System

Name Title
company. ...
Address —-

City.  Zone__ State
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REMOTE VOLUME CONTROL

By CHARLES W. MARTEL

Manager, Tech. Info. Svce., Raytheon Company

Simple control circuit using a new component, the

’

“Raysistor,

ERE 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
present volume coutrol; provides any
volume below that determined by the
setting of the present volume control;
and requires only two small, low-voltage,
casilv concealed wires to run to remote-
control location.

This remote control requires a Ray-
theon “Raysistor,” an unusual kind of
electronic component which was de-
scribed in the article “New Light-Op-
erated Switch” in the November 1963
issue. The Type CK1114 is especially
small but the Type CK1121 is less ex-
pensive and only slightly larger in size.
Either may be used in the circuit of Fig.
1A.

In this circuit the low end of the vol-
ume control is shown grounded for this
is true of practically all equipment. R1
is a limiting resistor to insure that the
voltage at the “Ravsistor” never exceeds
a safe value. S1 is an “on-off” switch on
the volume control R2. R2 should be
connected so that S1 opens when the re-
sistance of R2 is at its maximum. Bl is
the battery with voltage as explained
below. Polarity is nnimportant and need
not be observed in wiring this remote
control.

For “Raysistor” CK1114 the battery
should be a simple mercury cell such as
the Mallory Tvpe RM502R or RM12R.
These were selected because the maxi-
mum voltage is 1.35 volts and they pro-
vide good life. The maximum control
voltage for the CK1114 is one volt at a
current of 17 ma. so R1 works out to 20.6
ohms. A 22-ohm, ¥ watt, *5% resistor is
recommended. R2 should be a wire-
wound rheostat or pot with a resistance
rating of at least 100 ohms to insure that
the control voltage can be reduced
enough for full volume control. A higher

a photocell with self-contained light.

value such as 150 or 200 ohms is elec-
trically usable but would reduce the
amount of shaft rotation required be-
tween settings for maximum and mini-
mum volume.

Caution: Because of the very low volt-
age 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.

IFor 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 ohins and R2 should be about
260 ohms.

If desired, batteries mav be eliminated
and the CK1121 operated from d.c. sup-
plies when available. (Many preampli-
fiers 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 Bl of Fig. 1A be-
comes 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 caleculated.

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 “Ravsistor” to these terminals without
the correct values of R1 and R2 in the
circuit. In Fig. 1B, D1 may be any sili-
con rectifier rated for continuous d.c.
current of more than 60 ma. and peak
inverse voltage greater than 20 volts. A

Fig. 1. (A) All com- A.To ADJUST TO PROVIDE 5V.
ponents tied to the EXISTING MAX. AT X-X WHEN 55MA.
trol connections KIRCUl CKill4 13/ RAMN
con 1 1000 !
may be installed in 2 CP?IRIZI o “ha A &
a small box located 2, & i
i Zo > 2@
at a remote dlstggce &8 ’(\::: cSonTROL 6.3uAC + =
from equipment be- Wi :E\ N i NBI SUPPLY “Tioout or B0
ing controlled. (B) The o> Rt MORE 2
. t — +
d.c. for ‘‘Raysistor |—0
A RAYSISTOR 220 S| X
may be obtained from —— SIGNAL 1.35V.
= CONNECTIONS

the heater circuit.
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The Big Plus—Uniline Sound Columns

Performance is the big plus when you install Uni- result—higher intelligibility, optimum sound disper-
versity Uniline Sound Columns. Unlike conventional  sion at all frequencies, greater listening comfort. All
columns, Uniline employs specially-designed speak- individuals hear the same sound! The table below
ers with higher power handling capacity. “Acoustic- shows complete specifications for all Uniline Sound
Tapering — another University exclusive, prevents Columns, including the new weatherproof model
excessive high frequency beaming and assures a CS0-6 for outdoor installation. For ccmplete PA
uniform sound volume within its fan or beam. The Loudspeaker Catalog, write Desk S-7.

Ucs-6 CS-4 C$0-6

Full Range Full Range . £s:3 Fuli Range
Music and Speech Music and Speech Music and Speech Music and Speech
6 extended 4 extended 8 special 6 extended
speakers range 8" range 8” multi-design range 8"
fueguency 55—17,000 cps 70—17,000 cps 150—10,000 cps 55—17,000 ¢ps
g:;’:c’m 120 watts IPM* 80 watts IPM* 25 watts IPm” 120 watts IPM*
impedance 16 ohms 8 ohms 16 ohms 16 ohms
;:?I':ﬂ 16° 22* 22° 20°
::E'lremm 120° 120° 120° 120°
dimensions 5914” x 107" x 94" 40%” x 11" x 94" 48" x 72" x 8%" 60Va” x 117" x 7%”
shipping wt., Ibs. 61 46 33 61
LTV U N IVERSITY *Integrated program material.
9500 West Reno, Oklahoma City, Oklahoma
July, 1964 CIRCLE NO. 133 ON READER SERVICE PAGE 63
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Tarzian offers

FAST, DEPENDABLE
. TUNER REPAIR
SERVICE (wies)

T

INCLUDING

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 Enginecring personncl—and staffed by spe-
cialized technicians who handle ONLY tuncr
repairs on ALL makes and models. Tarzian-made
tuners reccived one day will be repaired and
shipped out the next. Allow a little more time for
other tuners.

One year guarantce against defective workman-
ship and parts failure duc to normal usage. Cost
—$9.50 per unit. $15 for UV combinations. Ab-
solutely no additional, hidden charge for ANY
parts, except tubes. You pay shipping costs. Re-
placements on tuners beyond practical repair are
available at low cost.

When inquiring about repair service, always
give 1'V make, chassis and Model number. Tuners
repaired on approved, open accounts. Check with
your local distributor for Sarkes T'arzian replace-
ment tuners, replacement parts, or repair service.
Sce your distributor, or use the address ncarest
you for fast factory repair service:

\SE) SARKES TARZIAN, INC.

537 South Walnut Street 10654 Magnolia Blvd.,
Bloomington, Indiana North Hollywood, Calif.
Tel: 332-6058 Tel: 768-2720

CIRCLE NO. 121 ON READER SERVICE PAGE

% ELECTRONICS

V.T.l. training leads to success
as technicians. field engineers.
specialists in communications.
guided missiles. computers.
radar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and Elec-
tronic Technology curricula
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.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana
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New CB Circuits

(Continued from page 33)

power amplifier, V2, remains de-ener-
gized during spotting.

The complete receiver scction of the
777 is alive at this time. 1f 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
nnder two conditions. If a station on the
channel is being picked up by the re-
ceiver, it heterodvnes with the 27-mc.
oscillator to produce an audible beat
note. The tone varies with receiver tun-
ing 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 crys-
tal oscillator is operating at reduced
output, it is still strong enough to trig-
ger an oscillatory path through the
receiver circuits. 1t begins as signal over-
load in the if strip. Strong crvstal
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 svstem is especially
convenient in mobile operations.

(e} Olson RA-590 “Delta Tuning”

Anvone who views the panel of a new
23-channel transceiver mayv note an ap-
parent anomaly. In addition to the
channel-selector switch, there is a re-
ceiver tuning dial. This is not the chan-
nel-selector switch, which detents into
position, but a smoothly rotating dial
reminiscent of the continuous-tuning
knoby for non-crystal reception. The con-
trol provides “delta” tuning, a vernier
action needed in transceivers of excep-
tionally sharp selectivity and complete
crystal control of the receiver.

The reasons for delta tuning relate to
frequency tolerances encountered in CB

Fig. 3. Olson RA-590 2nd local oscillator.

GNO
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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 « carrier approximately 1300
cps above or below the nominal 27-mc.
frequency and still be perfectly legal.
But the effects on some receiver circuits
often prove troublesome. For the con-
tinuous-tuning type there is no problem;
the operator manually shifts the signal
into the if. passband. In crystal-con-
trolled receivers of single-conversion
design, there is adequate handwidth to
accept slightly off-frequency signals. The
double-conversion units, however, are
quite sharp. Considerable selectivity
produced by their low i.f. frequency re-
guires that an  incoming signal  be
dropped accurately into the if. slot or
suffer attenuation. Error may occur in
receiver crystals, too. It is possible tor a
0053% crvstal in the local oscillator to
shift an incoming channel even farther
out of the passband. So, couple these
factors—dual-conversion and 23-channel
ervstal receive—and the need [or the
delta tuning control becomes evident.

The recently introduced Olsen? “Side-
Bander” Model RA-390 excimplifies the
circuit technique. The transceiver has
a double-sideband reduced-currier trans-
mitter and dual-conversion receiver. The
receiver utilizes frequency svnthesis to
obtain  23-charnnel crvstal control for
both transmit and receive. Appeuaring in
the schematic of Fig. 3 is the wunit’s
method for providing delta tuning. The
stage shown is one of two local oscilla-
tors which convert the incoming 27-me.
signal down to the if. 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 [requency
of the second local oscillator. Note the
low capacitance assigned to the com-
ponent. 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 fre-
quency is 3.5 ke. above or below the cen-
ter frequency of the i.f. strip.

In actual use, the operator may leave
the delta knob in anv position without
too great a risk of missing slightly oft-
frequency calls. Such signals are par-
tially attenuated in the if. strip. To
compensate, the operator uses the delta
knob to visuallv peak the signal on the
“§” meter. In this fashion, the ability of
the dual-conversion receiver to reject
images and adjacent-channel interfer-
ence is not sacrificed to the [lrequency
tolerances common to CB svstems. A
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~ RF. PICKUP IN AUDIO AMPLIFIERS

UITE often, an audio amplifier will start acting like a

rudio receiver, especially when there is a radio transmit-

ter within close range. As detection is not the purpose of an
andio amplifier. such signals must be removed.

In almiost all cases, rectification takes place in the first, or
input, stage becanse this is usually a high-impedance circuit
condycive to extrancons signal generation.

The circuit shown in (A) is tvpical of an amplificr input
stage. Bias is developed by the grid resistor and with class-A
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 v.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 pro-
dnees grid rectification. The output voltage of the cirenit is
composed of the desired andio signal and the undesired andio
signal detected from the r.f. envelope. The presence of dis-
tortion 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, wnshielded 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 Dbius resistor. The first four conditions are casily cor-
rected. but the fourth condition requires circuit modification.

(B) shows changes to an inexpensive phonograph ampli-
fier while (C) could be used in a high-fidelity amplifier. The
73.000-0hm series grid resistor shown in (C) can be replaced
by a .3 to I mhyv. r.f. choke if desired. The choke may require
a grounded shield ¢an to minimize pickup.

This information has been extracted from Westinghonse
“Tech-Lit News.” A

.01 pf. | Ol pf. I

B+
(A)
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msm INTERNATIONAL
AOC VMK-1
VOLTMETER KIT

Measures DC voltages from 0 to
500 volts, AC voltages from 0 to
250 volts, DC milliamperes from
0 to 100 milliamperes. Accuracy
within = 10 percent. Dimensions:
3"x3"x2"

The VMK-1 Voltmeter will be a
welcome addition to your home,
workshop, office, car, or boat. High
quality components . . . Eco-
nomically priced . . . Designed by
International .

f--...____ Order your AOC VMK-1 Voltmeter today!
-H""—- -

ONLY $7-95

complete with test probes

INTERNATIONAL CRYSTAL MANUFACTURING CO., INC.
18 NORTH LEE OKLAHOMA CITY, OKLAHOMA 73102

e s e

Enclosed $ Please ship___AOC VMK-1 Voltmeter kits ¢+ $7.95 each.
Name 5
Address :
City State Zip.

Oklahoma Residents Add 2% Sales Tax
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Use this coupon to order back issues
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BOOTSTRAP CIRCUI'TS

* By GORDON J. DEBOOQ / Chief Engineer, Eiectro-Medi-Dyne Inc.

Basic theorv and operation of this widely used

circuit along with two

N ORDER to describe the many com-
#- plex processes that take place in elec-
tronic circuits, many words normally
having evervday, non-technical mean-
ings have been adopted by engineers.
The technical meaning is usually analo-
gous to the evervday meaning, some ex-
amples 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 elec-
tronic industry—the “bootstrap.”

In order to show the usefulness and
versatility of the bootstrap circuit, let us

A I A I
o—— O——

<
B}

v R

8 __I;_’

Fig. 1. Equivalent circuits, emitter-follower.

= (A}

(8)

8-

QUTPUT

B+
Fig. 2. Emitter-follower circuit diagram.

investigate two widely different applica-
tions 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.

Equivalent Circuits

Let us consider first how we can in-
crease the input impedance of an emit-
ter-follower., Fig. 1 represents such a
transistor circuit having, an equivalent
imput resistance R.

If with V. = 10 volts it is found that
I = 10 ma., then the input resistance R
must be 1000 ochms by Chm’s Law. Sup-
pose now that the terminal “B” is dis-
comected 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. ar-
range the circnit so that the voltage at
“B” is always 90% of the voltage at “A.”

66

practical applications.

The circuit can now be redrawn as is
shown in Fig. 1B.

Now with V. = 10 volts, I will 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 na,

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 aunthor’s opin-
ion, a very good one but is because V.
pulls up Vi, as it were, by its own boot-
straps.

Emitter-Followcer Circuit

To take a practical application of the
above principle, consider the circuit in
Fig. 2 which is an emitter-follower. R: is
the emitter resistor and Rs the base bias
resistor. Without R the circuit has an in-
lierently high input impedance, but Rx
must be there to provide bias and, for
good temperature stability, it should be
as small as possible. However, a low
value for Rx reduces the circuit imped-

-

Cin ‘
INPUT o——)l-—<
A
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83
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Fig. 3. Emitter-foliower bootstrap circuit.

Fig. 4. Basic sweep-voltage generation.
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ance since it appears in parallel with the
emitter-follower input. Thus one of the
main reasons for using an emitter-fol-
lower, that of obtaining a high input im-
pedance. has been defeated. The solu-
tion is to use the bootstrap principle,
which is done very simply by adding a
capacitor Cx and splitting Rs, as in
Fig. 3.

Any a.c. signal fed to the input “A”
will be reproduced at the emitter by fol-
lower action and, if Cx is large enough,
transmitted throngh 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 ex-
ample. Another way to have increased
the input resistance would be to increase
Ru but this wonld have reduced the cir-

*—B+

-
Fig. 5. Bootstrap sweep-signal generator,

cuit’s temperature stability. Using the
bootstrap principle, we can keep Ruw: +
Ri: = Ru, which will give us the same
stability factor as before but we have
also increased the input impedance.

Tube Swceep Circuit

Now let us consider the second appli-
cation, this time to a vacuum-tube sweep
circuit such as might be used in an
oscilloscope.

Practically all voltage sweep gener-
ators operate on the same general prin-
ciple. the charging of a capacitor from
a constant-current source, If the charg-
ing current is absolutely constant, the
saw-tooth will be perfectly linear.

Consider the simple cirenit in Fig. 4A.
When S is closed, the capacitor C will
be charged through resistor R by current
I. Notice that since E = V. 4+ 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-con-
stant charging current results in the well-
known exponential waveform for the ca-
pacitor voltage which is, of course, non-
linear.

Suppose now that an amplifier with
unity gain is included in the circuit, as
in Fig. 4B. The negative side of the bat-
terv has been disconnected from ground
and connected to a point the voltage of
which is, at all times, equal to the capaci-
tor voltage. As the capacitor charges
point “A” assumes a potential of E + Ve,
The potential difference across the re-

ELECTRONICS WORLD
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sistoris: (E + V) — Ve = E whichisa
constant, therefore current I must be
constant, If the amplifier input imped-

ance is designed to be large enough so |

that negligible current flows into it. all of
I must flow into C. We have therefore
achicved the desired effect. that of
charging € with a constant cnrrent
which will result in a linear sweep volt-
age Vo,

A vacuum-tube version of a linear
sweep circuit, using the hootstrap prin-
ciple, is given in Fig. 3. In this circuit R
is the charging vresistor and C is the
charging capacitor. When S is opened,
current I charges capacitor C. and the
voltage across capacitor C is transferred
by cathode-follower action to the cath-
ode of the tube. If C1 is very large it will
transmit the cathode-voltage change to
the top of R and onece again the poteu-
tials at each side of our charging resistor
are changing by the sume amount and
in the same direction, keeping the volt-
age 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 How into C, giving a
lincar 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-tunning or triggered ex-

ternally. A

CLIP-ON TEST LAMP
FOR TUNING HAM RIG
By PAUL FALK, K3EJU

HE simplest and least expensive r.f.

indicator for tuning up amateur-
radio transmitters and antenna  arrays
is still the old-fashioned light bullh. The
device shown here differs from the usnal
lamp load only in the ease with which
it can be ('lippe(l on to various test
points: antenna relay, lightning aerester,
antenna driven ell-m( ‘nt terminals, and
S0 on.

The elip-on feature is obtained by
using a plastic clothespin-type TV an-
tenna connector. In this instance, we
connect a short solid copper wire to one
“elaw” terminal. To this wire is soldered
one side of an intermediate lamp socket
ol the type used for 117-volt Christmas
tree lights. A flexible insulated copper
wire is connected from the other side
of the socket to the other “claw” termi-
nal.

Lamps of this base size come in vari-
ous ratings: 2.5, 6, 7.5, 10, and 13 watts.
It is a good idea 1o have a complete as-
sortment of these wattages, Start with
the larger size and work down to the
lamp that just glows—1o prevent burn-

ouls, A

, | 2.5w. To
— 7 15w Lamp

Y,

DIVERSIFY witH 2-WAY
MOBILE-RADIO MAINTENANCE !

Hundreds of progressive radio servicemen are
filling the summer slump in entertainment ra-
dio—by adding mobile-radio malintenance!
v Actually, mobile-radio service is business 12
months out of the year—often on contract basis
—paid for by going organizations. So rise above
competition—and end that summer slump—
send coupon below for “How to Make Money in
Mobile-Radio Maintenance™. It's free!

&

LAMPKIN 105-8
FREQUENCY METER

RANGE 0.1 TD 175 MC AND UP 5
PRICE $260.D0 NET )

THIS BOOKLET 1S BASED UPON A CAREFUL
SURVEY OF THE ACTUAL OPERATING PRAC.
TICES OF SUCCESSFUL MOBILE-RADIO EN-
GINEERS. IT SHOWS TYPICAL CONTRACT

PROVISIONS . . . MONTHLY FEES . . . IN.
STALLATION CHARGES . . . LABOR RATES
. ETC.

FM MODULATION METER

. . RANGE 25 70 500 MC
Lampkin instruments are the most popular PRICE $270.00 NET

mobile-maintenance meters. Fe==ccccmcanna
’ 1 LAMPKIN LABORATORIES, INC.
, 1 MFM Division, Bradenton, Florida
. MA'I_ COUPON TODAY . | At no obligation to me, please send
]

[ Free booklet [J Dota on Lompkin

¢

meters
LAMPKIN LABORATORIES, inc. TN
BRADENTOMN, FLA. City State.
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with Leather Case and Shoulder Strap
NAME o External Push-to-Talk Dynamic Microphone
PLEASE PRINT # Powerful 13-Transistor 5-Diode Circuit
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& Push-Button Operation
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External 12 VDC Su
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ALL MAKES
ALL LABOR
AND PARTS

[EHCEPT TUBES)#
OME PRIGE
L g

Fast Service . . . Simply send us your
defective tumer complete; include
tubes, shield cover and any damaged
parts with model number and com-
plaint.
90 Day Warranty

Exact Replacements are availahle for
tuners unfit for overhaul. As low as
$12.95 exchange. (Replacements are
new or rebuilt.)

CASTLE TV TUNER SERVICE, INC.

5717 N. Western Avenue, Chicago 45, Il
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

M Wireless
Microphone

Transmits voice or signal with power and
fidelity to any standard FM tuner or radio.
Perfect for use where mike cords are in-

convenient. For broadcasting, remote tapo
recording, communicating or hundreds of
other applications n schools, churches,
theatres. plants, stores, homes and sport-
ing activities, indoors or out. Tunable:
88-108 mc band.

IMP 11-221 Transmutter only. ... 3995

{MP TI/M-222 Complete with built-in
pin-head microphone 4995

§ See Distributor or write Dant. Ew.7,

[ Y v 5 v
kinematix, inc.

2040 West Washington Boulevard

Chicago, IIl. 60612  Area 312 » 666-0066
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Capacitor Checker

(Continued from page 435)

so as to locate the .1-xf. division mark
on the scale at the desired point. With
J1 and J4 jacks shorted, a dip may be
found corresponding to C. equal to in-
finity. If desired, this point mayv be
placed out of the range of C1 by ad-
justment of CG.

With a 1000-pf. capacitor between
J1 and 3, adjust C+4 until a dip occurs
with C1 set to near minimumu capacity.
At vour option, the upper limit can be
made .06 uf. by reducing C5. Also, by
replacing C4 and C5 by a short, the
range will be up to about 380 pf.

Next, set C1 to minimum capacity,
14 to minimum resistance, and adjust
C9 to zero-beat the cryvstal frequency
with that of station WAV, Connect jack
]1 to the receiver chassis. Connect a wire
to either the J2, J3, or J4 jacks to couple
the 1-mc. signal to the receiver, The re-
ceiver b.fo. should be off. During the
unmodulated transmission period of
WWV O zero-beat is indicated by the
ceradual rise and fall of the “S"-meter
indication or background noise.

Having completed these adjustments,
the final step is to calibrate the scale
card for C1. This is done by connecting
known values of capacitors between the
appropriate {ront-panel jack and J1 and
rotating C1 dial for a dip on the meter.
Mark the scale ightly in pencil. and after
doublechecking, mark them in ink. A
suitable arrangement of major and minor
scale divisions is shown in Fig. 4.

When using the instrument, first ad-

Fig. 4. This front-panel view shows the
calibration of the readout dial. The knob
and pointer have been removed for clarity.

www americanradiohietorv com

just R4 to obtain a current dip from 100
down to 40 or 30 as indicated on M1
scale. R4 requires no further adjustment.

Connect the capacitor to be checked
across the pertinent front-panel jacks and
adjust C1 to dip the meter. Read the
value of the capacitor from the C1 scale.

On the 80- and 1000-pf. ranges. when
measuring capacitors having simall val-
ues, measure, and deduct the capaci-
tance of the test leads from the indicated
capacitance value.

On the .1-af. test range. connect the
capacitor directly to the test jucks. If a
test lead is required, use a six- or eight-
inch lTong length of flexible coaxial cable
fitted with banana plugs at one end and
small alligator ¢lips at the other. Do not
use ong separate leads on this range as
the inductive reactance of such leads will
not be negligible compared with the ca-
pacitive reactance of larger value capaci-
tors.

If desired. an additional scale calibra-
tion 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
doufl 01 uf, 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. would
be required if the capacitor is suspected
of being leaky. A

SIMPLE U.H.F. TEST SET
CCORDING to Blonder-Tongue engi-
neers, it is to simulate
u.h.f. TV broadeasts for testing all-chan-
nel TV sets in areas where there is no
u.h.f. broadeasting 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
u.h.f. converter that doex not have either

Very easy

conventional
an i.f. or r.f. stage. The simple ones
having just a loecal oscillator and mixer
diode will work fine.

The u.h.f. hooked up
“backwards™ Connect an
ordinary v.h.f. antenna to the u.h.fl. con-
verter marked “To TV Ser™
and a uf.h. antenna to the w.h.f. antenna
input terminals of the converter.

converter is

for this use.

terminals

Beeause the ontput filter of most u.h.f.
converters is tuned to approximately
channels 3 and 6, these frequencies will
be present at the mixer diode. This fre-
quency is then mixed with the u.h.f.
converter loeal oscillator, the upper i.f.
(u.hf.) is then selected by the converter
input circuits, and is then passed to the
w.lh.f. antenna. This low-level w.h.f. signal
will radiate a short distance and the fre-
quency will be determined by the dial
setting of the uw.h.f. converter. The video
will be either ehannel 5 or channel 6,
whichever is used in the testing arca.

If neither channel 5 nor channel 6 is
available at the test site, then any other
low channel can be used if the output
filter of the u.h.f. converter is adjusied
accordingly. A
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Why WeMake the Model 211
Availahle Now

Although there are many stereo test records on the mar-
ket today, most critical checks on existing test records
have to be made with expensive test equipment.
Realizing this, HiFi STEREQO REVIEW decided to produce
a record that allows you to check your stereo rig, ac-
curately 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
Test Record!

Stereo Checks That Can Be
Made With the Model 211

Freguency 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.
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.

R

Stereo Spread

ALSO:

Speaker Phasing

Channel Identification

PLUS SUPER FIDELITY MUSIC!

The non-test side of this record consists of music re-
corded directly on the master disc, without going through
the usual tape process. It's a superb demonstration of
flawless recording technique. A demonstration that will
amaze and entertain you and your friends.

July, 1964

NOW...GET THE FINEST

STEREQ TEST
RECORD ever produced

for juste o .54. 98

Featuring Tests Never Before Available
Outside Of The Laboratory

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

« Warhle tones to minimize the distorting effects of room acoustics
when making frequency-response checks.

Warble tones ysed are recorded to the same level within 2= 1 db from 40 to
20,000 cps, and within 2= 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.
« White-noise signals to allow the stereo channels to he 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 reverheration
when checking stereo spread.

AliTests Can Be Made By Ear

HiFi 'STEREO REVIEW's 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 he made hy 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 occurate numerical evaluation when used with test instruments.

DON'T MISS OUT—SUPPLY LIMITED

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.
" FILL IN AND MAIL TODAY!

Stereo Test Record
Electronics World—Dept. SD
One Park Ave., New York 16, N.Y.

]

]

]

]

]

]

]

]

1 Please send me — test records at $4.98 each. My check (or money
: order) for $ is enclosed. | understand that you will pay the postage
: and that each record is fully guaranteed. (Orders from outside the U.S.A. add
1 50c to partiaily defray postage and handling costs.)
)

]

1

]

1

]

]

]

)

]

1

1]

Name
{Please Print)
Address
City Zone State
SORRY—No charges or C.0. . rcers bv/-74
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SELLING THAT g
RECORDER? B
BUYING A :
RECEIVER? &

L------- '

<V

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-pro-
fessionals, 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 per-
sonal rate of 35¢ a word (including
name and address)

NO MINIMUM REQUIRED

a saving of 25¢ a word
from our commercial
‘ rate of 60¢.

A small investment can bring quick
results, and complete data is
printed in the Classified Advertis-
ing 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

(Continued from page 37)

arranged so that the affected lamps re-
main it 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 lumps for each point can be pro-
vided, one to indicate normal condition,
the other to indicate off-normal condi-
tion. A red lamp could be used for one,
a green one lor 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 cir-
cuits.

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 receciver can
be operated from a battery or other
12-volt d.c. source. Hence, the equip-
ment can be used at locations where
utility power is not available or is un-
reliable. A power supplyv can be used
to convert a.c. line power to d.c.

Applieations

Scanning systems are used by many
industries as well as in military and
aerospace applications for monitoring,
telemetering, and remote control.

In a garage, for example, a scanner
svstem can be used to determine the
locations of unoccupied parking spaces
by personnel at one or more points. As
shown in Fig. 4. cach parking space is
monitored bv an ultrasonic, magnetic,
or other tvpe of vehicle detector that
senses the absence or presence of a ve-
hicle. Tn o garage with 320 parking
spaces, one 10-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 park-
ing spaces arc located.

Central station alarm system oper-
ators use scanners to cut down the re-
quirement for leased wire lines between
the central station and protccte(l prem-
ises. As shown in Fig. 5. one 40-point
scanner transmitter can be used to de-
termine five status conditions at cight
different locations. Each wire line from
protected premises is terminated at the
scanner location  where the scanner
checks four status conditions—open cir-
cnit (open wire line or break in fire
alarm circuit/intrusion circuit loop),
shorted  line, grounded line, burglar
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alarm tirned on and i normal condi-
tion, or burgho alarm svstem turned off.

Only ome tone chaimel is required
I)et\\'een th(' scanner and the central
station. 19 other scanners feed their
tone smlmls to the same central station
line, 160 premises can be monitored.

Another application for scanners is
in multi-channel radio communications
syvstems. Here, one operator can monitor
four radio channels and four status con-
ditions at a remote buse station. He
can also select the output of uny four
receivers and select any of four trans-
mitting frequencies.

Two scanner systems are required,
one for monitoring and the other for
control. Three tone channels are re-
quired. one for each scanner svstem and
one for controlling the transmitter, and
only one wire line or carrier telephone
cirenit 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 svstem. In
this method, the scanner transmitter
looks sequentially at eight sets of con-
tacts each representing a different level
of temperature, speed, liquid level, pres-
sure, voltage, or other condition.

A more elaborate data acquisition sys-
tem is used to select any of 40 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 con-
nects the output contacts of 40 shaft
encoders (electro-mechanical analog-to-
digital converters which are coupled to
a temperature or liquid level meter
shaft) to the keving circuits of a bank

of tone transmitters. As each of the 10
shaft encoders is interrogated. a com-
bination of tones (some mark, some

space) is transmitted to represent the
measured value. The data could also he
derived from the output of an electronic
analog-to-digital converter into which
the analog information is fed.

At the scanmer transmitter location,
the coded tones actuate a paper tape
punch which records the temperature
and gquantity of Tiquid at each of the
20 tanks. The punched paper tape is
then read out by a teleprinter to produce
a printed record, or led to the mput of
@ computer.

One of thie most popular uses of scan-
ners is in microwave communications
svstems for fault reporting. Tn a typical
svstem. an 8-point scanner transmitter
monitors eight different conditions.

The scanner receiver normally moni-
tors the status change tones transmitted
by each of the eight stations. When a
change of status occurs at any station,
the tone transmitter and scanner trans-
mitter are turned on, and the change
of status is noted by the scanner receiver
which actuates an alarm. A
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Mexican Color TV

(Continued from page 48)

at the 30-cps rate. When using a con-
ventional color CRT, one amplifier oper-
ates the red gun while the other amplifier
gates both the Dlue and green guns con-
nected in parallel. The red gun is oper-
ated 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 gnn brightness
is determined, and the video applied to
the three cathodes connected in parallel,
color satnration is determined by opera-
tion of the set’s contrast control.

An experimental circuit has been de-
signed and built that is capable of dis-
tinguishing 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 prop-
erlv, three-gun  tubes such as  the
21CYP22 whose persistence is approxi-
mately 28 milliseconds for the red and
25 milliseconds for the green is used.
Such long persistence means that “blink-
ing” of the viewed picture will be re-
duced. A CRT with a shorter persistence
such as the 21FJP22 whose red and

green phosphor persistence is approxi-
mately 60 microseconds (about 1 hori- |
zontal line time) will produce “blinking”
of the reccived picture.

Because the red-orange scan falls on
odd number fields and the blue-green
scan falls on even number fields, it be- |
comes possible to design a two-color
CRT with a screen consisting of red-
orange and green-blne stripes alternating
from top to bottom of the CRT. Such a
tube is under design at the momeunt and.
when operational. is expected to greath
reduce the cost of receivers capable of
recciving this latest approach to the |
transmission of color TV.

This Mexican-developed color-TV sys-
tem joins the NTSC (American-devel- |
oped compatible system in use today).
PAL (phasc-alternate Iine method of |

NOW-YOU CAN PLAY A
VITAL ROLE IN SPACE
AGE COMMUNICATIONS

e
COMMUNICATION

1984 HMANDBOORK
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color transmission and reception devel- COMMUNICATIONS HANDBOOK

oped in Germany), and the SECAM (a
third color svstem developed in France).
Each of these systems has its good points
and cach has certain drawbacks.

Although this Mexican system suffers
from certain color deficiencies, it ap-
pears to use what are probably the sim-
plest circuits of the four svstems.

Our thanks to Ing. Jesus Carvajal Sosa
who provided details of this system in-
vented by Dr. Guillermo Gonzales Ca-
marena, chief technical advisor for Tele-
sistema Mexicano, Mexico City, A

RACKS FOR TEST EQUIPMENT

By JAMES L. HARTLEY

OR the protection of viv.m's, sig-
nal and in-
strantents, we have found it desirable to
mount them in plywood racks as shown
in the photograph below.
Such racks proteet the
from damage: keeps them from falling
over on the bench, and provides ready
slowage line cords.
The drey cell for the v.t.v.m. is mounted

sencrators, other test

instruments

for tests leads and
outside the case for easier access. Also,
the instrument is easier to read in the
~loping-front position.

The wwo side pancls of the rack are
of 23" plywood with an 8" base and a
heighu of about 11”7, The baseboard is

P

July, 1964

14" plywood, 8" wide with a length 1o
accommodate the width of the
ments. A strip of Masonite across the
back makes a good place to tnek in the
line cord. The U-shaped wire is set in al
the front edge to hold the 1est cables.

We found it better to bolt the instru-
ment ease directly to the side panels; as
seen at the left in the photo below. in-
stead of wusing the right-angle metal
brackets, shown at right.

instru-

For school use, we have a large num-

ber of instruments mounted in such
rachs and any technician with a few |
picces of test equipment could casily

adapt this same idea to his own needs. A
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is the only publication that covers
the entire specialized field of to-
day’s rapidly expanding radio
communications. It gives you 148
fact-filled pages—complete with
charts, graphs and tables—cover-
ing: o

o Citizens Band

o Short-Wave

Listening
e Ham Radio
e Business Radio

Services

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 COMMUNICA-
TIONS HANDBOOK—it’s nouw on
sale at your newsstands or elec-
tronics parts store. Or, if yvou pre-
fer, use this handy coupon for
ordering your copy of the 1964
COMMUNICATIONS HAND-
BOOK.

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

Please send me copies of COMMUNI-
CATIONS HANDBOOK, at $1.00 each—plus
15¢ mailing and handling charge on cach.
(Canada and Overseas: $1.25 plus 25¢ post-
age.)

I enclose

NAME_

ADDRESS

- = ey
. e e . e - T -
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BOOK
REVIEWS

“AUDIO AND ACOUSTICS” hy G. A.
Briggs. Distributed by Herman Publish-
ing Service, Inc. Stamford, Conn. 164
pages. Price $2.95.

All of Mr. Briggs™ devoted “fans” will
welcome this new volume which is in-
tended as a partial replacement for the
author’s now-out-of-print “Sound Repro-
duction.” By limiting the scope of sev-
eral individual treatises rather thun re-
vising 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 und studios, TV studios and
ambiophony, and live cersus recorded
tests.

The treatment throughout is Briggsian
with informality the keyvnote and sly bits
of humor inserted. The author has as-
sembled an interesting assortinent 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 Har-
vey's hi-i department and Blooming-
dale’s phono section in 1904,

This is an altogether delightful and in-
formative text for anvone interested in
audio and its reproduction.

@2 k- @2

TRANSISTOR TRANSMITTERS FOR THE
AMATEUR” lyv Donald L. Stoner. Pub-
lished by Howard W. Sams & Co., Inc.
126 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
as the CB-er.

A comprehensive introductory chapter
covers transistor development, unique
circuit problems encountered with tran-
sistors, high-frequency operation, tran-
sistor parameters, circuit configurations,
power supplies, bias, and testing and
alignment.

The rest of the book provides circuit
details on an interesting array of equip-
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ment—some of which is intended to be
built breadboard stvle and the rest
housed in professional looking cabinets
which would not he out of place in any
ham shack. Complete parts lists, sche-
matics, and in some cases pictorial dia-
grams are included for each construction
project.
* @2 o

""MARKETING PRACTICES IN THE TV SET
INDUSTRY" by Alfred R. Oxenfeldt. Pub-
lished by Columbia University Press. 276
pages. Price $10.00.

This analysis of the marketing prac-
tices in the TV set industry is interesting
because of the almost “Alice in Won-
derland” atmosphere prevailing. One of
the first setbacks Dr. Oxenfeldt, who is
Professor of Marketing at Columbia’s
Graduate School of Business, encoun-
tered wus the almost impenetrable cur-
tain 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 man-
ufacturers, they failed to segregate TV
costs from those incurred in muking, for
instance, their refrigerator and washer
lines.

Ad budgets, distribution costs, and
promotion allocations varied widely from
company to company and were estab-
lished 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 rela-
tive inefficiencies in production, product
design, and handling by sheer sales vol-
ume.

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.

L * *
GOD & GOLEM, INC.” by Norbert
Wiener. Published by The M.LT. Press.
95 pages. Price $2.95.
When Dr. Wiener died early this vear
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at the age of 69. the world lost not only
one of its great theoretical mathemati-
cians but a humanist and truly civilized
man as well.

The man who coined the word “cy-
bernetics” and is generally acknowl-
edged to be the “father” of the art, here
considers the moral and ethical implica-
tions of automation and automatization,
as he calls it. Dr. Wiener contends that
man must ahvays remain a “partner” to
the machine since no matter how per-
fected. the machine is merely a machine
and unless every possible contingent is
programmed into it, some of its deci-
sions can be catastrophic.

He likens the machines—even the most
sophisticated of them—to the “Golem” of
the Rabbi of Praguc who, according to
Jewish legend. is merely un embryo
Adam—shapeless, not fully created—an
automaton. Until man’s intelligence and
control is brought to bear on these ma-
chines, 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 ex-

plains why this must be so.
o % *

"ELECTRONIC FUNDAMENTALS AND AP-
PLICATIONS” by John D. Ryvder. 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 vears. Emphasis in
this edition is on an integrated treatment
of solid-state devices as well as the older
vacuum and gaseous forms of active elec-
tronic devices.

The text material has also been re-
considered in the light of present-day
developments with more stress being
placed on solid-state devices and the
treatment of vacuum devices then par-
alleled wherever possible.

Since this is a text designed for col-
lege-level engineering courses, a knowl-
edge of differential equations und basic
circuit theory has been assumed by the
author. Those without this requisite
background would be “lost” before they
completed the first chapter.

k- L o
"MASERS AND LASERS: HOW THEY WORK,
WHAT THEY DO’ by Dr. M. Brotherton.
Published by McGraw-Hill Book Com-
pany, Inc. 201 pages. Price $8.50.

This is a basic handbook for the inter-
ested layman, the student, and the sci-
ence 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 in-
clude discussions on electro-magnetic
waves, laser radiation, spectroscopy,

ELECTRONICS WORLD
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atomic theory, naturc of the atom, con-
cept of the photon, concept of stimulated
emission, traveling-wave ruby masers,
ruby and helium-neon lasers. the semi-
conductor 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.

& E-2 i3
’SILICON CONTROLLED RECTIFIER MAN-
UAL” compiled and published by Gen-
eral Electrie Rectifier Components De-
partment, 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 cov-
erage of light-activated SCR's and gate
turn-off switches, with characteristics,
ratings, and a number of suggested cir-
cuits for a variety of applications.

The manual includes 21 chapters with
more than 50 percent of the material
not hitherto pnblished. A mujor feature
is a chapter on the reliability of power
semiconductors. This chapter discusses
failure modes, wavs to minimize failures,
and the statistical aspects of reliability.
There are new circuits for high-gain
phase control and a comprehensive list-
ing and analysis of the many categories
of inverter and chopper circuits, tables
of circuit constants, and examples of
their usage.

o L o
"PASSIVE AUDIO NETWORK DESIGN"’ by
Howard M. Tremaine. Published by
Howard \V. 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 infor-
mation on audio networks.

The volume is divided into four main
sections: attenuators, equulizers, wave
filters, and network measurements. Each
of the first three sections contains a pre-
liminary chapter covering basic design
in which the component is introduced
and generalized details are given. Those
with just a modest mathematical back-
ground 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.

& o o
"ELECTRONIC ENGINEERS & TECHNI-
CIANS REFERENCE HANDBOOK'' and
‘“MODERN DICTIONARY OF ELECTRON-
ICS.”" 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-
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clude power dissipation and transfer,
amplification and tube bias. semiconduc-
tors, LC oscillators, multivibrators, diode
clampers and clippers, capacitors, in-
ductance, impedance, resonant circuits,
and network solutions. Widely used cir-
cuits are presented schematically along
with the theoretical and mathematical
concepts and graphical data on their per-
formance.

The Dictionary, compiled by Rudolf
F. Graf_is an up-dated and enlarged ver-
sion of this publisher’s earlier volume.
There are now more than 12,400 terms
listed including words applicable to the
ficlds of microelectronics, semiconductor
devices, reliability, computers, data
processing, and programming. Presenta-
tion is in standard dictionary format with
line drawings, cutaway views, and par-
tial schematics.

o & o
""MICROWAVE SOLID-STATE ENGINEER-
ING" 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, us presented in a series of lectures
on “Solid-State Phenomena and Their
Microwave Applications.”

In eleven chapters the text covers ele-
mentarv quantum mechanics, solids,
semiconductor devices, microwave diode
devices, molecular resonance, molecular
resonance amplifiers and oscillators, gen-
eral properties of ferrites, ferrite devices,
general properties of plasmas, microwave
properties of plasmas, and microwave
solid-state devices.

Of necessity, the treatment is mathe-
matical but problems are appended to
each chapter for self-checking and perti-
nent reference material is cited for addi-
tional study on the subject.

o o o
““THE TRANSISTOR RADIO HANDBOOK"
by Stoner & 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-vourself”
handbook for the audiophile, the ham,
the S\WWL, CB-er, and the experimenter.
Construction projects range from deluxe
audio compressors to a wide range of
power supplies for various applications.
Bv wuy of introducing the reader to the
“why’s and wherefore’s” of the circuits
to be built, the authors impart a gen-
erous amount of basic trunsistor theory.

The text is lavishly illustrated with
photographs of equipment and compo-
nents, line drawings, schematics, graphs,
and charts. The parts lists accompany-
ing the construction schematics are
clear, complete, and printed in large
boldface tvpe to make the job of the
constructor easier. A
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ANSEMBLE YOUR OWN
ALL-TRANSISTOR

y /wéw
ELECTRONIC ORGAN

3 NEW MODELS

Recital $1500
Consolette il 850
Spinet 550

This is the new, all-
transistor Schober
Consolette II...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 spe-
cial 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.

K

You can begin playing in an hour, even if you've
never played before—with the ingenious Pointer
System, available trom 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 op-
tional accessories; it includes a free 7-inch
“sampler” record so you can hear before you buy.

IN OUR 10TH YEAR

THE e%ﬁoée/t ﬁ&yan CORPORATION

43 West 61st Street, New York, N. Y, 10023

Also available in Canada, Australia, Hong Kong,
Mexico, Puerto Rico, and the United Kingdom

[ e e e e e et e

THE SCHOBER ORGAN CORP., DEPT. .'N-32

43 west 61st Street, New York, N. Y. 10023

[3 Please send me FREE Schober Booklet and
FREE 7-inch *'sampler” record.

q
[ Enclosed find $2.00 for 10-inch quality LP I
record of Schober Organ music. ($2.00 re- l
funded with purchase of first kit.) |

Name

Address

City State. Zip. No

e e et e e e o e e et et e
CIRCLE NO. 122 ON READER SERVICE PAGE
73
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EW PRODLCT

Additional information on the items
covered in this section is available
from the manufacturers. Each item
is wdentified by a code number. To
obtain further details, simply fill in
the coupon appearing on page 12.

COMPONENTS e TOOLS o TEST EQUIPMENT e HI-FI ® AUDIO ® CB ® HAM e COMMUNICATIONS

PHOTOCONDUCTOR KIT

Sylvania Eledric Products Inc. has assenr-
] bled a basic photoconductor kit which can
be used to construct @ remote utility switch to
open and  close automatic
volunme contiol for stereo and hi-fi sets, an clee-
tonic tget
cuard dor model

garage  doors, an
shooting game. or an clecthionic
railvoad  crossings, and other
devices,

The kit includes three photoconductors with
moisture-detecting blue dots that turn pink it
the hernmetic seal s broken: a Sigma a.c.-d.c.
velavi o 22,000-ohm. T-wart resistor; mounting
bracket: and a H2-page ciratits booklet deserib-
ing a varviety ot applications.

R.F. STANDARD-SIGNAL GENERATOR
2 Ferris Instramene Company is now oftering
the Model 2004, a laboratory standard sig-
nal reference designed Tov rescarch and deselop-
ment on rveccivers and e f. amplifiers and tor
the measurentent and calibration ol sensitivity,

selectivity, gain, image rejection, and harmonic
distortion in rd. civcaiony and equipment

Frequency range is continuowsly tunable from
15 keo 1o 70 me inoseven ranges, with an en-
graved direct-reading dial individually calibrated
to 1% acanacy. Supplementing this facility s
an internal 100-ke. /lamce ervstal oscillator and
an audio output jack permitting zevo-beat ive-
quency settings o 0017 accuracy  at 't'l}'sl:tl
cheek points.

The 1., omwput
down to 0.1 microvolt into 50 ohims by means
of a vernier potentiometer, step attenuator, and
front-pancl output meter, with an accnacy of
+2 db from 0.1 1o 1000 wv. and =1 db hom
0.001 to 3 volts,

a

Is adjustable rom 3 volis

DB PADS
Fairhill Products Corporation is in produc-
3 tion on a new db opad which iv designed
lor usc in communictions and I he
pads use PJ-055 telephone plugs on cach cnd
and cable-type CO-02 MGE (2/2()) 0263, pa
MIL spec. C-34320 Cable and plug terminations,
cither military or induostiial, can also be sup-
plicd.
The compact pad is made of a black Niylon
outer shell with white Nylon end inserts,

testing.

SOLID-STATE OSCILLATOR

Tedchnical Produdts Company has announced

the mvailability of a new wave analvzer sy
tem, the allsolid-state "TP-626°1 osciltator, In
addition to being solid-state, it features greater
Ircquency  stability and amplitude, very wide
continuously adjustable scanning rate, and a
scanning rate meter to accurately adjust scan-
ning rate to loop length,
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In addition to supphving an output to the
companion | P-627T analvser. the oscillator pro-
duces a low-distortion audio cutput at the ire.
quenay to which it is tuned on closed-loop wase
analvsis such as vibration table applicuions,
I he new osdillator is compatible with the firm's
entire line ol wave analyzer ssstem units.,

D.C./A.C. CALIBRATOR

5 Ballandine Laboratories is now in produce

tion on the Model 21 acc-des calibrator
whose output is 0 1o 11 volts ac or does “The
o may be s or peak-to-peak at cither 100
or 1000 cps. Output voltage o dlour signilicant
figures is indicated digitally from lett to right,
Accuracy is 5 e

FThe prindpal applications are calibiation of
voltmerars, other
i portable

vecordens. and
voltagesensing  devices, Model 121
and may be taken o the
calibrated  vather  than requiting  that
instriements be brought to a calibration depait-
ment. The accaey guatantee holds Tor oper
tion rom a wide range of power-line voltages

oscilloscopes.

insttuments o be
these

and ambient temperatuies.

CRT'S FOR U.H.F.-V.H.F, XMTRS

Amperex Electionic Corporation has devel-
B oped two cathode-ray tubes which are spe-
difically designed for use inowint, and vt
transmitters, Use of these tubes in transmitter
design allows diredt monitoring ol r.b. ourput
without demodulation. Non-lincaity and insta-
bility associated  with  demodnlation can thus
be avoided and depth of modulation can be

determined from the vt direcls.
Two tubes are cumently availabte: the DL3-23

# o ;&

FREPILEL TS

for whf. is tunable to frequencies between 500
and Y00 e the DIG-16 Tor vhodlis capable of
displaving 100 signals from 0 1o 250 mc. Both
tubes are electre ically focused and deflected.
have J-inch flat faces, and utilize helical post-

deflection acceleration svstems.

NEW VIDEO TAPE

7 3M Company has developed a video tape

which permits o new process of television
Called
lows technicians to stop a
picture instantly and to continue to show one
single picture for up to 10 minntes without
picture degradation.

Fhe new UScoteh™
lution and longer

control. “stop-motion.” the process al-

recorded  relevision

No. 488 ollers higher veso-
tape Hife tor closed-circnit

www americanradiohistorv com

video low-noise

oxide and high temperatme binder tormulation.

tape accorders dne to a onew

The tape was doveloped spedifically for helical
scan or  portable slant-track
tape recorders are widelv used e othe
medical, dental, and educational helds dae o
their

recorders, 1 hese

bheing

C(lll]l)ilLI matnre and moderate cost.

BYPASS CAPACITORS
8 Acrovox Corporation has announced a new
serics of dipped bielearic =107, DBE
Mylar-paper bypass capaditors which feature low
power tactor, high insulation  resistance, and
humidity spedifications that meet the require-
ments of MIL-C-
temperature.
The solid-setting thermo impregnant will not
crack, solten. or llow within the opcrating tem-
perature range  of Sh e 125 degrees G
Capacitors in this line wme available for 200,
100, and 600 vad.cow,

tor moistuie 1esistance and

PORTABLE INFRARED VIEWER
Varo, Inc. is now narketing a lighuoweight,
g completely portable infrmed viewer as the
Model 5300 " Detectivseope.” ‘The unit is com-
pletely self-contained  and includes the image
conmverter mbe and a power supply,

The viewing device operates in the "near IRY
range and responds to 1000 1o 12,000 angstroms,

peaking at 8000, Operating tanpeiature range
is -2 o 110 degrees Foolris powered by a
L3 L-volt dies miercury battery. conserted to 12,000
volts, Focus range is | toot 1o infinity and the
held of view is 26 degrees. '

Weight of the new unit s 21 ounces, in-
cluding the power supplv. A varicty of inbarad
light sonrces and tens assemblies are adaptable
to this device,

EXPOSURE CONTROL
Sclf-Organizing Syvstems, Inc. has developed
an oaccurie, automatic exposure control for

photographic operations requiving a high degree
of predision,

The SIB700 by responding only o nselnl light,

ELECTRONICS WORLD
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eliminates bad exposures caused by change of
light color or intensity arising trom line-voltage
fluctuations, lamp aging, clectrode corrosion. or
light placement.

A variety of sensors especially calibrated for
specific operations is available Tor nse with the
instrument. These include sensors for process
camera  work;  print-frame work; [)hl)[()-l'(:.\i.\l
Processes; micrn|>Imlngr:lphy; and a gcncrnl
purpose Sensor.

INTEGRATING D.V.M.
Weston Instruments and Electronics Divi-
]] sion is now marketing a precision inte-
grating-type digital voltmeter, the Model 1420,
The new unit has a four-digit readout and a
minimum input range ot 20 millivolis. In the
20-mv. range, input impedance is 30 megohms
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and rvesolution is 10 gv. 'The all-solid-state unit
has a completely isolated input and a common
mode rejection of more than 120 db at 5000
ohmis unbalance. The instrument gives 33 read-
ings per second and can be used as a counter-
timer.

It mcasures 14V4” wide x 612”7 high x 1644”
deep and weighs 25 pounds,

NEW METAL-FILM RESISTORS
]2 Sprague Electric Company has announced
an improvement inomanutacturing  tech-
nigues for metal-film resistors which permits as
much as a I3-fold increase in resistance in a
given resistor size.

MIL size RNBH resistors in characteristic C
and E with a Vio-watt rating, %47 . x W7
long, are available with a resistance value of
1.5 megohms, Previoushy these resistors hivve been
wvailable in a maximum value  of
100.000 ohms.

While presently available in the tom's T'ype
416E L4p-watt resistors, the new technique will
later be extended to achicve compaiable gains
on other of the compuny’s MIL anits,

resistance

“UNIVERSAL'" TRANSISTOR KIT
General Instrument Corporation is market-
] ing a compact transistor Kit for radio-televi-
sion dealers and  technicians containing a “uni-
varsal” group of tiansistors that can be used to
replace more than 500 JEDEC and manulactur-
ers” numbers.

Packaged in o small sixsdrawer cabinet that
fits into the service case, the Kit contains 22
units in ail, covering 10 basic entertainment-
type transistors,

HIGH-VOLTAGE SCR’S

]4 National Electronics, Inc. is in production

on two new series of SCR'S rated ar 1000
and 1200 volts paav, Designed especially
for dgnitron firing. the new ity e also
applicable 1o other civenites. Both the NL-310
and NL-311 tvpes ave aated at 7 ampees due,
and I amperes rones, “The NLSTO tvpes have
a low pove to pamit a reduction in costs by
using a scries diode. The NL-31T tvpes have
a pr.v, equal to the peak forward breakover
volts,

CRIMPING TOOL/WIRE STRIPPER
Vaco Products Company has combined four
]5 wiring tools into a single insttwment which
features a patented bolt ~licer that operates on

i new princple which requives dess hand pressure

to slice a bolt.
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The stripping holes of the tool will accommo-
date insulated wire from 10 1o 20 gauge. The
holes are numbcered according to gauge size,
atlowing the cutting and stripping of insulation
in onc 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-insu-
lated terminals.

TRANSISTOR PROTECTION
‘I Tung-Sol Elcectric Inc. has recently intro-
duced three new circuit components called

“Barretters
trinsistors

which provide protection ol power
from damaging cuirent surges ot
overloads. The circuit clements are made with
tungsten filaments  carefully  chosen for  their
pusitive temperature cocfficient of resistivity.

Located in series with o transistor cmitter,
the units act like variable resistors, oflsetting
any increase in transistor collector current by
i corresponding increase in  the
their filimments.

Three types arve currently available, They all
measure 12”7 maximum length with a  glass
bulb diamcter of 0.775” maximum. The leads
are 018”7 diameter and up to 1”7 long,

resistance ol

TV/FM BOOSTER-COUPLER
Winegard Company has developed a new
]7 booster-coupler, the Model BC-208, which
is designed to run one to fonr TV or FM sets
with a 438 db gain to cach output,

New ampliframe shiclded  triode  tubes are
responsible for the higher gain and reduced
noise. They are designed with high input im-
pedance and extremely low interelectrode capac-
itance tor high gain at TV/FM frequencies, For
improved isolation between outlets. the balanced
resistive niethod is nsed. This new circuit com-
pletely isolates sets in the system,  preventing
any interaction.

COLOR-TV ANALYZER
‘I Mercury Electronics Corporation is now of-
fering a new color "t Voanalyzer, the Model

low-cost instriment provides for the dy-
namic check ol color, video, and picture-tube
circuits as well as the overall paformance of

g 1' - _

color TV sets. ALl colorTV troubles arve diag-
from the top of the with the
Model 900 while vhe TV set is in operation,

nosedd chussis

An exclusive civenit climinates the need for
range switching. putting the meter on the right
e antomatically, A spedial satety teature
allows safe measurement of up to 7000 volts at
the focns grid of the color tube. he anir gives
Last push-bution readings ot both cuwrvent and
voltage automatically.

HI-FI—AUDIO PRODUCTS

REPLACEMENT RECORD CHANGER
RCA Parts and Accessories has announced
]9 the availability ol an improved “Sudio-
matic” record changer which features the con-
pany’s “Feather Action™ toncarm.

Designed as a replacement unit or hi-fi system
component. the unit leatures a pressure limiting
pickup which protects records against audible
seratch even when the toncarm is bonnced or

wwWw americanradiohistorv com

slid across the record. A hinged cartridge Hoating
inside the tonearm head adjusts antomatically to
external pressure and tracks even badly warped
records. Pressure on the tonearm is prevented
from causing excessive sevius force on the record.
A specially treated dusting pad s incorporated
in the toncann.

STEREO SPEAKER SYSTEM
2 Conar Instruments is now in production on

4 new center-channel stereo loudspeaker sys-
tem which is designed to be used with any exist-
ing stereo amplitier, Tt
provides the ““lett plus
right™ center signal
without additional
crossovers or ampli-
ficr.

Frequency response
is 40 to 17.000 cps.
Power capacity is 23
vatts and impedance
is 8 or 16 ohms.
Twelve full-range
speakers provide the
center-channel mix.

The Model 381 svstem is housed in an oited-
wilnut cabinet which neasures 25”7 x 20”7 x 5”7
deep.

MAGNETIC-DISC RECORDER
Ampex Corporation has demonstrated an
2] engincering prototvpe of its new solid-state
magnetic recorder/reproducer which makes use
of a magnetic disc instcad of tape reels for re-
cording and reproducing sound. Designed espe-
ci:llly for the broadcast industry, the unit lc¢
tures 2 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. Plaving time of the magnetic dise is three

minutes and maxinium cue time is 5 seconds,

TWO-WAY SPEAKER SYSTEM
Shrerwood Electronic Laboratories has added
22 a (wo-way speaker system to its line as the
“Newport.”

The system features o 10”7 woofer, a 47 mid-
tweeter, and an IH()(LCIN crossover network. T'he
woofer has a single-roll suspension which provides
25-cps [Iree-air resonance for extended  tow-fre-
queney response. Inoaddition, the woofer voice
coil has a [our-laver winding which bhoosts cihi-
ciency and a onc-inch-long throw to minimizc
distortion.

Over-all response ot the svstem is 53 to 17.000
cps =212 db. The unit will handle 45 watts ot
progrant material and minimum drive reguire-
ment is 10 watts,

‘The endosure is available in hand-rubbed wal-
nut finish with cance grille or in unfinished birch.
It measures 247 x 137 1 9V2” deep.

PORTABLE P.A. SYSTEM
Fanon-Masco has announced a completely
2 portable  p.a./music svstem which is no
larger than an over-theshoulder handbag. The
Model MVS-5 “Speech Master™ is capable of am-
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plifving both voice and nusic o a full Sawart
sonnd ontput, providing an cllective range of ap-
proximately 600 vards,

1he ssstemis completely transistorized and
comes with o dynamic microphone and  coited
cord, There are separate inputs for the micto-
phone or for anv ntusic source.

The sastem weighs dess than 100 pounds and
measures 17X 878870 I s powered byosix

standard "D lashlight batteries.
Harman-Karvdon, e, has added an S0.watt
24 solid-state sterco power amplifier 1o its “Ci-
Lation™ line.
Frequenoy response is flat from [t 100,000
eps The amplifier delivers 40 watts per dannel
ot continuous power with both channels operat-

SOLID-STATE STEREQ AMP

ing simultancousiv. and will deliver @ts fall raed
power output at 10 to 60000 cps.

Compurter-giade silicon transistors are ised in
the cirenit, Phe chassis itselt is divided into five
subassemblics (0 asswie logical Livout ol parts
ad minimum operating (emperatmes through
cthicient heat dissipation. T he design s also said
to provide casier accessibility for serviemg.

Magncecord Division ot Midwestern Instrue

25 ments, Inc. has announced availability of the
Maodel 1028 mngnetic tape recovder which is being
oftered in a portable version or with a rack
adapter for rack or console mounting. Plug-in
transtormers are available to match impedances
to snudio console or speech cquipment,

The Model 1028 will handle aeel sices up to
10V2 inches and operate at tape speeds of 744

PROFESSIONAL TAPE RECORDER

and 15 ips. Halltrack ov guarter-tiack stereo
heads are available at the purchaser’s option,

Equalization is NAB standard.
|

Jensen Manutacturing Company is now offer-
\2 ing a new line of speakers which has been
| dubbed the “Delta™ series.

Included in the series are the Model DL-220
selement 127 coaxial unit: the D120 dnal-cone
127 unit; and the Model DL-RO dual-cone 87
speaker. Each ol the speakers featnres the com-
panv’s USvnton-67 magnetic svstent. low-distor-
Tion suspensions, and  bimding  post

terminals for quick, easy connections,

I Miles Reproducer Company s put into pro-
duction the “Walkic-Recordall-64,” a minia-

turized, light weight, fully transistovized, self-

powered tape recorder,

A feature of this recorder is the optional pro-
l\'ix'iun for “sttsiop” operation by voice adtua-

NEW LOUDSPEAKER LINE

Flesair”

VOICE-ACTUATED RECORDER
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tion. Recording starts instantly at the sound of
voice or telephone and stops, antomatically, atter
sound ceases, Up 1o 5 hours of sotid recording
ney be automatically accomuolated at
over an extended period of time.
Recording is done on a thin plastic belt having

a capadity of up to 5 or 10 hours, depending on

the model nsed.

NuTonc, Incorporated is now nurketing an
28 all-tramsistor stereo music svstem that com-
bines. in one vit, a dual-channel amplifier with
FAEAM tuner. Designed to be buili-in. the unit
has ten switches for activating extension speak-
ers throughout the house.

Fhe sastem inchades the amplifier-tuner and a
fohl-away record chiiger to provide siereo music
from FAL broadcasis or rvecords, AM radio, and
room-to-room intercont teatues. \ecessories de-
signed o work with this svstem include a maich-
ing built-in stereo tape recorder. a built-in recovd

storage cibinet, and 57 or X indoor or outdoor

inteivals

INTERCOM/STEREO SYSTEM

speakers,
TRANSISTORIZED TAPE RECORDER

2 American Geloso Electronies, Inc has added

the "Unicorder 617 tape vecorder 1o its line,

Lhe mew unit is a sixctransistor, 5-pound porta.

ble which includes built-in synchronizer for hoine
Moy ies,

The instrument operates on penlight batteries
il e, power on its owie built-in power supply,
Lhe nnit has two dyviinnic speakers and connee-
tion for a remote extension speaker. A reconding
meter indictes recording level and battery con-
dition. 1 he circuit has tast forward and fast re-
wind. The unit will operate two hours on one
tape. Phere is an automatic volume control and
input for radio. microphone, or television pro-
arnn material,

TAPE-PLAYBACK DECK
3[] Tape-Athon Corp. has recently introduced
a new magnetic tape-plavback deck featuring
A pulsedinitiated yepeating program. The new
unit will accept programs ot anv duration from
20 to 8 hours, recorded on a suitable
half-tack recorder at speeds of 174, 334, or 7V
ips. Vv program s started by providing an ex
tennal momentny pulse of 6 to 12 volts e
d.c. to the plaver via a built-in connector.
The deck is available in portable, rack-mount-
ing. or console styles, mono or stereo.

CB-HAM-COMMUNICATIONS

23-CHANNEL CB UNIT

Bendix Marine has just introduced a new
3] CB transceiver which is capable of providing
conmnunications on all 23 channels. Known as
the Maodel MMS, the new unit is available for
12- or 32-volt d.a. ssatems, with the F2-volt model
also provided with a 117.volt a.c. power con-
nection.

Awmong the features of the new transceiver is
an B-channel  transmit-veceive  crvstal-controled
selector switch and o transmitter crvstal plug-in
jack on the tront panel for anv of the other 13
channels that the user might desive. Inaddition,
the receiver is tnmable over the entire 23 chan-
nels.

seconds

or
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Front-pancel contiols include foll-range receiver

tuning control. noise-limiter switch, and a ve-
ceive spolting switch which is used lor exact tun-
ing ot the receiver on [requencies not crvstal
controlled. A 1”7 speaker is mowmmed in the front
pancl. Provision is made for a remote speaker

with a plug-in jack on the back of the unit.

Du Mont Laboratorics Division is now offer-
3 ing a compact new I5-watt two-wav mobile
vadio unit for use in the 148-171-mc. band. Spe-
cifically designed for business vadio mnsers, the
new ten-inch. two-way unit has heen designated
as the “Spokesman™ (Type M-810).

T he unit features interference-free communi-
cations, reduction of harmonic radiation, hamd-
wired chassis, gold-alloy antenna relay contacts
with dust-tight endosure, and moisture-hingus
proofing.

The instrument will operate on cither 6 or 12
volts, features a transistorized power supply and
low curreni drain. It caries FCC-ty pe acceptance.

33

148-174-MC. MOBILE RADIO

SSB TRANSMITTER/RECEIVER
Communications Company, Inc. has added

the  Model 606-SSB radio transmitter-re-
ceiver to its UComeo™ line of communications
cquipment.

Designed to operate on up to six selected chan-
nels in the T5-16.0 me. range, the new unit mav
be used in either the SSB mode (A3a emission)
with the carrier suppressed or in the compatible-

AN mode (ASh emission) with the canier trans-
mitted. Inoeither mode, the upper sideband s
transmitted and the udesired  lower sideband
i suppressed 50 dh,
Rated  power outrput
Ada emivsion or 30 watts canier

is 100 wats p.oep. for
for A2h enis-
sion. Receiver sensitivity is rated at berter than
05 wv. lor 10 db (S+ N} N when receiving SSB
signals and T uve tor 10 db (S N) N, 3070

modulition when receiving AN signals,

4 Motorola Communications Division has de-
3 veloped
tenna for nwse with two-wav radio base stations
operating on frequencies in the 23 to 30 mc
range.

The USlim Profite™ antenna to
improve message reception and transmission by
nrinimizing static noise interference genervated by
charged dust and rain particles. Capable ol
handling as much as 300 waits v, power output.
the antenna provides a vertically polarized omni-
directional pattern,

The antenna consists of a corrosion-resistant

BASE-STATION ANTENNA

A new Jow-cost, casy-to-install an-

s designed
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FOR ““DOCTORS OF
SERVICING"
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APPLICATIONS

Where there’'s
a contact...
or a relay...

Service with Contact Shield! Pro-
tective! Corrective! It not only
cleans and safeguards contacts bet-
ter on TV, radio, and hi-fi sets; on
all relay-operated electrical equip-
ment, regular protective mainte-
nance with this versatile cleaner
prevents sticky relays—while cor-
rective servicing unsticks them...
in seconds. Promotes greater con-
ductivity, keeps relays working
smoother, longer. Contact Shield—
the professionat service man's
cleaner.

INCLUDE:

Bowling Alley A
vending Machines

utomatic Pin Spotters_

e Pinball Machines
Slot Machines © Telephone Switchboards
{BM Computers and other data

rocessing equipment '
‘l)ndustrial Equipment UsIng relays, such as

welding machines, etc.

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

PA<Y77/4
S/ HOLES

GREENLEE CHASSIS PUNCHES

Make accurate, finished Foles in 115
minutes or less in metal, hard rubber
and plastics. No tedious <awing or
filing — a few turns of ihe wrench
does the job. All standard sizes o ..
round, square, kev, or "7 shapes for
sockets, switehes, meters, ete. At vour
eclectronic parts dealer, L.terature on
reqguest.

GREENLEE
GREENLEE TOOL CO. g’

FM SUPERCHAR

gives you 8 times
more FM signal

P

E

$1795 s

only list
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 mon-

aural FM for suburban, fringe and deep fringe
areas.

Specifications —TRANSISTOR: 2N2495,
GAIN: min. +17db. BANDPASS: 88-108MC.
RESPONSE: flat, = db. 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.

2027 Columbia Ave., Rockford, lllinois
CIRCLE NO. 112 ON READER SERVICE PAGE
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3003-G Kirkwood, lneya’d CO‘

Burlington, lowc
ANTENNA SYSTEMS
CIRCLE NO. 130 ON READER SERVICE PAGE
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yadome and whip and s coupled with 2 d.c.
arownd 1o reduce lighming damage. The antenna
without whip stands 136 inches high and has 2
wind rating of [00 mph with V2 incde ol ice and
125 mph without icc.
PORTABLE LINE TESTER

Entron Incorporated has developed a porta-
35 ble line tester. the Model L'1-10 which pro-
vides a simple means of isolating common trunk
and distribution line troubles with a divect-read-
ing portable meter. Tt tests for line termination,
line splitting. open line. and shorted line.

In operation. the L'T-1is connected into a sees
tion of distribution cable. An immediate indica-
tion of line condition for that section shows the
necessary aiction to be taken. The unit includes
a self-contained power supply and features push-
burton operation. Tt measwes 77 x 2127 x 2987
and weighs 1 pound. 9 ounces.

MOBILE-CALL INDICATOR

Reach Electronics Inc. is now offering a mo-
36 hile-call indicator for use with two-win yadio
systems. Known as the “Page Atarm.” the new
unit nreasures FV27 x 37 x 3V2”7, making it ey
to wount under a vehicle dash. It contains built-
in decoding circuitry that enables the basestation

dispatcher (o sclect the mobile unit ar will,
Models are available for 60 difterent single-tone
codes and 3540 two-tone codes. Indication <an be

Additional
circuitry,

cither the auro horn or a panel light.
features include all-<ilicon  transistor
compact encipsulated modular construction for
reliability and case in servicing. a connector {or
and no moving

casy installation and removal,
parts except for switches.

Although designed Hor use with mobile re-
ceivers, it can also be used for control by wire
lines as well.

TRANSISTORIZED TRANSCEIVERS
Westinghounse Electric Corporation has added
37 two new all-transistor transceivers to its line
s “Commnnicators.”
These low-power, license-free nnits have been
designated 960 UGt and  9611C4. The  latter
model comes with carrving case and  battery.

Fach unit is powered by a single 9-volt battery,

[he unit meusures 3387 ho x 3147 wo x 1347
deep. Tt uses a fowr-transistor chassis and a single
civstal. TLhe telescoping antenna extends to 8

inches in length, A
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37 (Figs. 2 & 3) .. . .Quindar Electronics Inc.
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58 [right) ... ... ... General Atronics Corp.
B e 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.

ESEARCH and development over
the vears has resulted in vast im-
provements in the precision of the
United States Frequency Standard and
of Burcau of Standards broadcast sig-
nals. In the figure below, the solid line
represents the improvements in the pre-
cision 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 107, a precision much

urement of anv other quantity. One to
two parts in 10" are attainable for meas-
urement times of about 10 hours.

Vork 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 beum by
a factor of 10; and on a hydrogen maser
that represents a potential increase in
precision by a factor of 10.

sents the stability of WWV (and

WWVH  after 1948) as  transmitted.
After 1937 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 re-
ceived. The leveling off of the signals
as received at about 107, despite great
increases in the stubility of the broadcast
signals. results from inherent limitations
imposed on the signals by ionospheric
instabilities. Low-frequency stations
WWVL and WWVB provide a much

higher than that achieved in the meas- The dotted line in the figure repre-  higher received accuracy. A
ONE
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TERMINAL CATALOGUE
Sealectro Corp. has just issued a 40-page,
4 two-color catalogue covering its complete
line of “Press-Fit” Teflon-insulated terminals,
In addition to providing f[ull detailed specifica-
tions, the publication includes comprehensive
guides for sclection and installation.

The terminal configurations include stand-offs,
feed-thrus, bushings, test-point jacks, taper-pin
receptacles, prol)cs and plugs, transistor holders
and sockets, and others designed to specific cus-
tomer reqnivements. All ave available from stock
in ten ELA colors,

INFORMATION HANDLING

Radiation Incorporated is offering a ncw
4 32-page illustrated brochure. “Infornation
Handling Systemns,”  featuring  acrospace and
ground information handling systems applicable
to telemetrvy, analog and digital acquisition,
digital data processing. digital command, display,
antenna tracking, and transmitters and receivers,

TANTALUM CAPACITOR DATA
4 U.S. Semcor has issued a single-page data

sheet which lists its new TSD scrvies of cost-
and-space-saving polar, cpoxy dip-coated solid-
clectrolyte tantalum capacitors with full-rated
d.c. voltages.
The units which ave designed to operate be-
tween — and + 85 degrees C, are available in
five case sizes and with radial lead construction.

TAUT-BAND METERS
4 Assembly Products, Inc. has issued a four-

page product bulletin that lists the firm'’s line
of taut-band panel meters which arc offered with
standard plus ov minus 1% tracking at no extra
cost.

Bulletin 38 includes a discussion of why = 1%
tracking is important to meter users and carvies
brief definitions of tracking and absolute accur-
acy. The units are pictured and complete specifi-
cations tabulated.

DISCONNECT DEVICES

Waldom Electronics, Inc. is now offering a
47 handy wall chart which covers its line of
“quick-disconnect™ devices Phe chart, printed
in red and blue on 87 x 1”7 heavy stock. has
14 actual samples wmounted on it. A metal-rein-
forced hole is provided at the top for permaneut,
convenient display.

For casc of reference, the devices are listed
on the chart in various categorvies, including snap
plugs, push-on type terminals, adapters, insulated
snap-plug and tab receptacles. ctc.

ETV EQUIPMENT GUIDE
4 Sylvania Electric Products Inc. is now olfer-
ing a new bhooklet, “Equipment Guide for

Classroom 't elevision,” which discusses closed-
circuit camera equipment and describes a variety
of applications rvanging from teacher-operated
single camera systems to professional studio op-
crations. Other features of this 36-page booklet
include explanations of lenses and lighiing for
television, master antenna and distribution sys-
tems, and building-to-huilding transmission.

TERMINAL BLOCKS & SWITCHES
Kulka Electric Corp. has published a 63-page
4 catalogue covering termrinal blocks, toggle
switches, and components for the clectronics and
allied industries.

Catalogue No. 17 provides dear, condise data
on terminal blocks presented in such a manner
as to be of maximum uscfulness to engineers in
preparing drawings and specifications with wmini-
mal consnltation.

TRIMMER CAPACITORS

JFD Electronics Corporation has announced
5 the availability of a new precision piston
trimmer capacitor catalogue. C-G14, which de-

scribes in detail over 400 standard models.
The 40-page catalogue illustrates and describes
the clectrical and physical details of the firm's
newly re-engineered line of highly swable trim-
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mers, iucluding a Jisting of military numbers
coiresponding to the firm’s pats.,

PUSH-BUTTON SWITCHES

Dialight Corporation has published an 8-page
5] catalogue which covers its line of submini-
ature illuminated push-button  switches and
matching indicator lights. Data and specifications
are turnished for assemblics with normally open,
normally cdlosed, or two-circuit (one normally
open, onc normally closed) switch action. Dry
circuit switches are also discussed, available with
a choice of switch forms A" “B.,” or "C."” Indi-
cator lights, designed as matching companions
to push-button switches, are also presented.

BUILT-IN MUSIC SYSTEMS
52 NuTone Incorporated has issucd an 8-page

multi-color catalogue sheet which describes
an extensive line of built-in sterco music systems
for the home. Pictured and described in on-
siderable  detail  are tuner samplifier /recorder/
record changer systems; coaxial speakers for both
indoor and outdoor appli ions; indoor and
outdoor remote control units; clectronic door
chimes with intercom features; plus accessories
for use with the various systems.

PRECISION-TOOL CATALOGUE
5 Jonard Industries Corp. has issued a 16-page
catalogue covering a comprehensive line of
precision tools for servicing. adjusting, testing,
troubleshooting, assembly. and  production-line
work in the clectronics, telephone, communica-
vons, clectro-mechanical, and siwilar industries.

TECHNICAL PAPER REPRINT
Airpax Electronics Incorporated has available
5 copics of the Mavdu 196 1 issue of its technical
jonrnal  which deseribes  dropout  failures  of
phasce-locked loop and pulse averaging FM te-
lemetry discriminators,

I he article details signal-to-noise relationships,
loss of lock, and comparison tests. Test vesults
are shown pictorially by reproduction of the
scope patterns,

WHITE ROOM ULTRASONICS
National Ultrasonic Corporation is olfering
copics of a six-page reprint which describes

the ultrasonic theory and the equipment neces-

I-..I"] L'll_!,'\)\[- |

)

sary tor

implementing  white-room  ultrasonic
cleaning methods as typified by the fadilities at
Martin-Orlando.

Ihe bulletin lists the various means of gen-
crating ultrasonic cnergy and how  this cnergy
removes the most microscopic contaminants Hrom
highly critical components. The ultrasonic svs-
tem is broken down and explained by basic
componcents in Catalogue EP2.A,

“BANKING BY MICROWAVE"
Jerrold Electronics has issued a ‘‘casc his-
5 tory” covering its microwave TV svstem as
used by ‘T'he 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 advan-
tages arc also included in this brochure.

SERVICE DATA FOR OBSOLETE SETS

Supreme Publications is offering a deserip-
57 tise 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 compuany
can also supply individual schematic diagrams
and service data lor specific receiver models, as
noted in the circular.

TECHNICAL DATA SERVICE
5 Bird Electronic Corpoeration has announced
a new service to engineers and others con-

cerned with v, measurcments, practical solutions
to r.f. problems. plus novel and exotic applica-
tions of the firm’s instroments,

The company will publish from time to time
a series of fact sheets under the title “Watts
New from Bird.” Free subscriptions to this sciv-
ice will be entered upon request,

CAPACITOR CATALOGUE
Scemiconductor Spedialists, Inc. has issued an
5 8-page catalogue covering a line of 109 Jif-
ferent miniature “Alumalytic” capacitors made
by General Electric Company and handled by the
firni. Ranging in capacity from 1 to 560 uf. and
3 to 150 volts, the units me offered in cight case
sizes with axial leads or for printed-civenit board
mounting.
‘The catalogue gives application information,

[ 9
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BRRLONINGUOBAS
Yhoo OF 16 1oRE"
PER SOEDER JOITT

BREQUSINGETHIE
WORIDISRRINEST}
BORED SOKDER

*Based on cost comparison in current catalogs.

MULTICORE SALES CORPR, PORT WASHINGTON, N Y.

CIRCLE NO. 118 ON READER SERVICE PAGE

B.S. Degree in 36 months

Small professionally-oriented college, Four-quarter
yeur permits completion ot B.S. Deuvree in three
yeurs. Summer attendance optional, Engincerineg:
Electrical (electronics or power option), Mcchun-
ical, Civil. Chemical, Acronautical, Business Ad-
minisiration: General Business, Acconnting. Motor
Transport Administration, One-vear Drattime-
Desiun Certificate program. Graduate placement
outstanding, Founded 1884, Rich heritage. Fa-
cellent faendty. Small classes. 200-acre campns,
Well equipped labs, New library, Residence halls,
Modest costs, Enter Sept., Jan., March, June. For

Cuataloz and View Book, awrite ], H. McCarthy,
Divcctor of Admissions.,

1674 College Avenve ® Angola, Indiana
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FOR RADIO-TV SERVICE
Order bhooks, invoice forms. job ticket
books, service call books, cash books and
statement books for use with your rub-
ber stamp. Customer file systems, book- :
keeping systems, many others. Write for |
FREE 32 PAGE CATALOG now. :

OELRICH PUBLICATIONS ;

Electronics

EA R N Engineering D EG R EE

You ciam earn an | . degree at home. Collewe
Level HOME STUDY eourse- taught so you can under-
stand them, Continue your educalion. earn more in
the highiv paid electronics industry. Missiles. com-

an~istors, automation, complete clectronies.
graduates now emploved. Resident
ilable at our Chicago campus—~=Foundend
Send for free catalog.

American Institute of Engineering & Technology
1141 West Fullerton Parkway, Chicago 14, {ll.
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I electrical  characteristics, dimensions, and - lists

| values tor cach of the part nmumbers in the line,

MICROCIRCUITRY BROCHURE

General Instrument Corporation has pub-
| lished 2

12-page ilhestated  bookler which
desaibes in detail the tundaions, applications,
design considerations, and method of fabrication
| of multichip microcivenits,

Ihe brochure, entitled “What Every Design
Engincer Should Kuow About G NMultichips.”
notes those applications where niltichip circuits
’ may be used to best advantage and those where
monolithic devices me favored.

|6] lication of iis

loge, Noo WL
more than 7000
cluding two  pages of
militry spedifications,

Albso illustrated and are new
wire and cable items, including control and in-

WIRE & CABLE CATALOGUE

Alpha Wire Corporation has annonmnced pub-
1961 Wire Cable €
I'he 52-page publicarion details
available fiom
coaxial cable

arul -

itens stock. in-

made  to
deseribed many
strimnentation cable. tat ribbon cable. unshiclded
contial cable. and UL hook-up wire,

PORTABLE TV CAMERA DATA

2 Kin Tel Division has issued an itlosnated
B technical application bulletin (853 which
eives full dewails on its recently developed 3-inch-
diametrer portable television comera which weighs
just 1be pounds and has been adapred for ase
with standird broadeast equipment 1o provide

on thespot coverage ot outdoor news and sports
CAVCIN,

| I'he bulletin describes the technignes emploved
by o commercial broadcast station in integrating

| this camera.

STEREO TAPE RECORDERS
B Newcomb Audio Prodncts Co.
copies of a four-page,

is oflering
tho-color  brochure
which deseribes in considarable detail s
X0 sterco tape recorder.

In addition o pictnring and desaibing fea-
the new instrument, the bulletin
complete  technical  specifications
inlormation on accessories available for use with
I X 10,

new

tares of pro-

vides and

the

b4

resolution equivalents noting binavy digits with

RESOLUTION EQUIVALENTS
Sequential Electronic Systems, Inc. is offering
a laminated pocket or desk card containing

es, minutes, and see-

related pans-per-tnen, deg

onmds.
I he

| including tincar-to-angle and angle-to-linear con-

Grrd also dists small-angle approximations

ACINTONN.
DIGITAL METRONOME
Universal Audio, Inc. is oflering a two-page
diati sheet which deseribes the firm’s Model

960 digital metronome. The new unit provides
100 diflerent tempo beats far use in produding
live music scores for motion pictures and is of
interest to musical divectors, snpervisors, wnd
sound departents,

TRANSFER LETTERING CATALOGUE
Chart-Pak, Ine, has released a 20-page, two-
6 color catilogue on “Deca-IDrv.” a new dry
transfer letteving tor a variety of applications,
‘The publication fully illustrates the applica-
tion and cach ol the popular lettering stvles and
type faces, Sizes tange from 8 point to 180 point.

INDUSTRIAL TRANSFORMERS
General Electric Company is now ollering a
6 four-page bulletin, GEA-TR7R W hich deseribes
features and applications tor its line of ifndus-
trial clectionic translormenrs.,

1 he bulletin covers 50- and 60-cycle trans-
formers vated 20 1o 3000 volt-amperes, for use
in power and control citcuits of communications
and  industrial  electronic  equipment, such as
video recorders, tape nansports, and data proc-
CNSOTS,

www americanradiohistorv com

The bulletin
determining over-all il mounting dimensions,
voltage regulation, and weight.

provides helpful guidance for

PHASE-CALCULATION NOMOGRAPH
General Radio Company is oftering without
charge a copy of a phase-calculation nomo-

graph covering the frequency range from 200 1o
10,600 e 1 he nomogiaph permits quick con-
version from wavelength to distance in centi-
meters and isoespecially nsei in Smith Chant
calcutations with slotted-line measurements.

ENERGY USAGE FORECAST
6 Westinghouse Electric Corporation has is-
sued a compadt, a 28-page booklet which
contains a digest of important information con-

cerning the future indnstiial power market.
I'he material, presented in text, graphic, and
tabular form, is divided into lour categories:
energy,individual indastrial ends. products and
processes, and  the induostrial market. Since a
wide varicry of indostiies isoinclided in this
anmilysissteels aluminum, chiemical, paper, glass,
transportation as well as divic and governmental
departments—this booklet should e ol interest
to those scetting up future planning programs,
7[] BXK Instruments, Inc. has published o six-
page specification sheet on the Maodel 2004 /05
heterodyne volumeter and vl converter. De
signed specifically for empirvical measmement of
voltage wnmplitude, Trequency, and percentage of
AN in high-frequency signals. the instrument
provides direa and instant aeadings on thicee

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

melers,

I'he brochure provides detailed  deseriptions
ot the instruments, gives their spedifications, and
discusses typical application serups,

BATTERY ENGINEERING DATA
Union Carbide Corp., Consmner Producis Di-
vision, 270 Park Avenue, New York, N 10017,
his just published the “Fyeready Battery Appti-
gineering Data Book™ which it is

citions and Fr
ofleving Tree upon request on company letterhead
and S LO5 a copy o others,

‘the book, over 500 pages in dength, is said
to be the most complete reference guide to dry
batteries ever assembled. Tt contains basic data
(Leclanche  primary); alkaline.
nuanganese  (primary and  rechargeable):
(primary): nickel-cadmivm  (rechargeabl
mercnry (primary) clectro-chemical systems.

‘I'hie book also includes physical specifications,
service lile data, and cross-relerence information
on the complete line of “Evercady™ batteries.

on  cwrbon-zine
silver

and

NUMERICAL CONTROLS FILM

The Bendix Corpoeration's Industrial Controls
Division, 8880 Hubbell Avenue, Detrvoit, Michi-
ean has produced a new 23-minute, T6-mm. color
and sound film covering numerically contiolled
drilling. milling. grinding and turning machines,
as well ax the multi-purpose
designed numerical

new-generation
machines specifically - for
control.

Narated by Chet Huntlev, the film includes
commercial case histories on parts machined by
General Motors, Corning Glass, and other lirge

(‘HHIIHIIIIL

Prints can be obtained for sereening by inter
ested industrial groups at no charge by contact-
ing the Sales Department of the division.

MICROWAVE EQUIPMENT FILM

RCA  Microwave Department, Building 155,
Camden, N.J. has otlered to loan prints of its
new Li-minute colov fitm. “"The RCA Solid-State
CW60 Microwave™ to communications cngineers
and to other technically oriented groups.

The 16-mm. film discloses the “state of the
art’’ techniques used by the firm in the design
of ity microwave equipment. Itoincludes scenes
of the first ficld installation, detailed views ol
the equipment, and animated diagrams that ex-
plain the solid-state power generation and switch-
ing circuits. A
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Light Dimmer
(Continued from page 47)

to the load travels through a high-power
BSD and the “sccondary”™ of the auto-
transformer. 1’1, a small 30:1 toroidal
transformer.

The timer consists of C3, D2, and the
parallel combination of R2 and R3. The
low-voltuge pulses generated by D2 dis-
charging 3 are coupled to the “pri-
mary” of T1. After the 30:1 step-up,
they appear as the 300- to 100-volt high-
voltage spikes used to trigger D1, 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 Rl
and capacitor C2 comprise a dropping
and phase-shifting network, This phase
shift aids brightness control Tniecarity
near maximum brightness. Capacitor C1
is the r.f. interference filter and com-
pletes the controller circuit,

Parts size is somewhat critical if all the
components are to be honsed in the 1%
cubic inches of space inside a conven-
tional 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.” Tt is
normally rated at 5 amps at room tem-
perature and has a p.iv. rating of 200
volts. Since heat sinking is not provided
in this circuit, current must be limited to
less than 2 amperes to prevent overheat-
ing of the puart. This is the reason for spe-
cifving a 250-watt maximum load. D2
is a standard Texas Instruments 30-volt
silicon trigger diode, the T1-43, available
at jobbers.

Tl consists of 62 turns of #22 enam-
eled 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 stock item. Actually, any
small toroidal core of snitable material
will work as well in this application.

Because of the limited space, R3 is a
miniature pot with its element built in-
side the control knob and is thus
momnted on the outside of the controller
case.

The housing for the controller is the
body of a Letiton 10-amp “house-wir-
ing” switch. The switch selected must
be of the tvpe 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. Any
other type switch might not come apart
as easily and might require mechanical
redesign.

Two parts have to he modified. ST and
the blank outlet cover plate. Start with
S1. Drill out the two evelets holding the
Bakelite body to the front plate. Remove
and discard the evelets, the front plate,
and all moving parts. This leaves the
case, two screw terminals, and two fiber

H
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spacers. File or drill out anv bosses,
spacers, or protrusions inside the switch
bodv. 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
body. 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 wmit shown in the
photo illustrates the construction tech-
nigue used, There are two lavers of
parts. Start with the bottom laver and be
sure to use spaghetti on all Teads. Begin
with C2 and R1. 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 dia-
gram of Fig. 3. The top laver consists of
C1, 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 % 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 practicallv zero
light to full brilliance. The amount of
dead space is determined by R2, To in-
crease it, raise the value of R2: to lower
it reduce the value. This compensates for
high- or low-line voltage and for the
tvpe 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 assemblv with 4-40
screws and nuts where the evelets used
to be in S1. The coverplate, as modified,
is then mounted with its own hardware.

This controller will only work on 60-
cvele acc., 100 to 125 volts. The load
must be held to less than 230 watts and
preferably below 200 watts during any
long-term operation. Generally, an a.c.
appliance motor with brushes will work
while anv a.c. motor without brushes
won't—and could be damaged. Anv of
the motor loads should be less than 4
h.p., as any higher rating would draw
too much current.

The circuit mav be nsed to control 600
watts by replacing D1 by the .1]m()st‘
equal-cost TBS-20-BS if the new D1 is |
bolted to a heat sink. \With this unit,
however. the circuit will no longer
into the switch plate. For 1000-watt
(1 h.p. motor or less) control, D1 should
be the TBS-20-AS which requires a
much larger heat sink. A
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TRANSISTOR
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&
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 operat-
ing conditions.

Every AEC-77 delivers 18,000 volts to the plugs
at engine cranking as against 8,000 volts of
other ignitions . guarantees instant starting
in any type weather

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

AEC-77 delivers 30,000 volts beyond 6,000 rpm,
as against 2,000 volts of other |gn|hons

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 teyond 50,000 miles
. -.-engines run smoother , . . fires fouled plugs
. . .Iincreases 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 chamrmn Racing Oriver Phil Hill states,
“AEC-77 will improve a cars
performance and economy.™

Detailed easy to follow in-
structions make installation
quick and simple by anyone
in 20 minutes — no special
tools or knowledge required. ;

2,000,000 miles of testing, 5
years of sales, with quality
components such as General
ampere transistor (type 2N1358A), Motorola 50
watt zener diodes (type IN2836B), prove without
a doubt the reliability of every AEC-77.

Motors Delco 15

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 545.95)
AEC 77 wilh (400:1) Ignition Coil . . .
§/12 volt systems $38.95
AEC 77 for Pasitive Ground British Cars |, .,
6/12 volt $39.95

NEED COILS & BALLAST RESISTORS ONLY?
Transistor ¥7 (400:1) Ignition Coll 8/12 Vall $11.85
Ballast Resistor . variable .3 to .9-250 watt % 1.85

WHFI.ETE 00 IT YOURSELF KIT!

Kegative Ground only

$32.95
‘_______——_____

AUTOMOTIVE ELECTRONICS CO. |
| 387 PARK AVE., SO. NEW YORK. N.Y. 10016 |
NAME

ADDRESS e e e e I
CITY ... ... ... ZONE . STATE . . . '
[J] AEC-77 For Negallve ground 6/12v ... . $39.95|
(0 AEC-77P For Positive ground 6/12v ... $39.95|

[ Kit $32.95 [J 400:1 Coil $11.95 [ Ballast $1.95
[J FREE BROCHURE ON AEC 77 SYSTEMS EW 7 l
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ELECTRONICS

MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services.

must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount:

READER RATE: For individuals with a personal item to buy or sell.

35¢ per word (including name and address).

60¢ per word (including name and address). Minimum order $6.00. Payment
% for 6 months; 10% for 12 months paid in advance.

No Minimum! Payment must accompany copy.

GENERA!. INFORMATION: First_ word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10¢ extra per word. All copy subject
to publisher's approval. Closing Date: 5th of the 2nd preceding month (for exampie, March issue closes January 5th). Send order and remittance to: Martin Lincoln,

ELECTRONICS WORLD One Park Avenue, New York New York 10016

FOR SALE

TRANSISTOR lgnition coils, components, kits. Advice
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.

JUST 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,
111, 60656.

$100.00 WEEKLY Spare Time selling Banshee TS-30
Transistor lIgnition Systems and Coils. Big Demand.
Free monzy making Brochure. Slep Electronics, Draw-
er, 178ZD. Ellenton, Fla. 33532.

GET IT from GOODHEART!

NEW ITEMS & NEW LOW PRICES

ALL BAND $SB RCVR BARGAIN: Hallicrafters R- 1)/

=70 530 he to 13 me continuous: Voice
now alsa modifi
L2 REFL2OF
502 . &3 3006800 ey ~plyv.
tot 1 & works Jike a
charm! lnn |ll\ Ang 19950

Same less Ss=RB. fob san Antoenie ... .....179.50

TIME PAY PLAN: aAnv purclise totilling ()9
ST80.00 ar mare. down paviment onls . . o

NEW LOW PRICES ON TELETYPE!! A-k lor list. bon’t
virele number.

GOVERNMENT Surplus Receivers, Transmitters. Snoop-
erscopes, Parabolic Reflectors, Picture Catalog 10¢.
Meshna, Nahant, Mass.

TRANSISTORIZED Products importers catalog. $1.00.
Intercontinental. CPO 1717, Tokyo Japan

DIAGRAMS for repairing Radios $1 OO Television $2.50.
Give make model. Diagram Service, Box 1151 E, Man-
chester. Connecticut 06042.

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

MOVIE FILMS

INVESTIGATORS. free brochure, latest subminiature
electronic surveillance equipment. Ace Electronics,
11500-J NW 7th Ave Mlam| 53 Fla.

RESISTORS precision carbon deposﬁ Guaranteed 1%

accuracy. Y2 watt 8¢. 1 watt 12¢ 2 watt 15¢. Rock |

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

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

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

COMPLETE KNIFE catalog 25¢. Hunting. Pocket, Util-
ity. Heartstone, Dept ZD, Seneca Falls, New York
13148.

WHOLESALE prices on TV cameras, transmitters, con-
verters, etc. direct from factory. Catalog 10¢. Van-
guard, 190-48 99th Ave.. HOIIIS NY 11423.

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

TEST OSCILLOSCOPES from $49.50 and up. each
checked out _and grtd ready to use! AN-types, Du-
Mont, RCA. TEKTRONIX . . . ask for list of scopes.
don’t circie number.

fun ton o ditied o Yoo 1o read
\l((’lLlnnn(nl Rate. ete. fine on 1 &
10 ~eo. counts. to L. n LUS Berkeley
new, uwnmoditied =1 i52 [Hl!\(\ll;: readout & inter-

connest o,

P TOL At e criin 985,00

BERKELEY 7160-101 1 MC EPUT METER w period
b v X

LIV: kFREQA N|IETER 125 ke-200 me woxtl ealib.. cal,
hk. plug. instruct.. clean.,
OHC foh Los Anweles ... .. 57'50

LEEDS & NORTHRUP BRIDGES S,
=760, Galves =2 1%0-¢ & |m\mu types. K2 Pots,
ote. WIRITE FOR YOUR NI

vamnomn  STABILINE 1E-20060: 3kya
Line Volt. Rewul. Adjust Vo
110-120 \ 1 ph 50 60 ey,
- tor Tine
H > -1 v oaml oo
- Il)ul :h\nLn\ Q-2 N Elee.
tronie, almost instant cor-
no g
G

ne
& chahes,

coflr e
S from s, brand new, b
I fol Unens XY

M only ... ..
w (16 canet need

STABILINE $329 i- Mil l\lll(ln
1i aul. O5-1:t 8

[ it $30.)

kva electromech.
s ZERO harnien

- AL AMetered, inoedn L,
ueil. OK ')l(l foh Ultiea .. . 7350
STABILINE 0-2 KVA. 03 g 1 nh Type
SLnn i i PR NG H ecetiomechanicdal,
b SO0, but for Litton in a
. i -200 \II{\ Vo oadiustable 110
L2 v, holids to ' ]49 50

BILANTD NEW, lnl» Ulu a0 N Y.

SORENSEN 10,0005 i~ clcetronic uuul wor. 0311, 30
Vi 1 oph 5060 ey, to ady. 1la Ve

010 kva. Max.  Barmon. 30 an by I
Sorensen, w book., qrid, fol Natwiilh 595 UU
SORENSEN 3000SH i~ saune exeopt 0:3 kv, w HS
woutd compontnts, OHC by Rorensen.
B 279.50

SORENSEN 1500 SPECIAL llu(lnnh 105-125 Vi,
GO ey, bophe 110120 Vo 0.3 for loads 1950

15000 VAL Alax, hnnln)n ERKE Overhauled
& certificd by Sorensen, grid, ‘W hool, fob 17950

SOLA 190.250 Vi to 230 Vo =1 fob Los Ane. 89.50
SOLA 95-125'190-250 o 115 fob diss .149.50
. I50I1t|n;, STED- l)()\\\ \TLI U xfroae 1207210

49.50
WHATY DO YOU NEED? wWe have lots more than we
¢an show lhere & we keep aequiring!

R. E. GOODHEART CO. INC,
Box 1220-A, Beverly Hills, Calif. 90213
Phomnes! Area 213, office ATI-5TOT, mokages ITE-5342
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PORTABLE REFRIGERATOR— 16 pcunds, battery op-
erated n car or boat or 110V-AC house current. Of-
fice, spare for home. Free details—Sheirr Electronics
Lab. 1490 Jesup Avenue, 3Q, Bronx, N.Y. 10452.

C-B'ERS—Ground Plane Antennas. List $9.95 and UE-
Dealers wanted. Write circular. Komet Electronics,
P.0. 222EW, Tilton. N.H. 03276.

JAPAN_& Hong Koné Electronics Directory. Products.
components, supplies. 50 firms—just $1.00. Ippano
Kaisha Ltd., Box 6266, Spokane, Washington 99207.

SIGNAL Generators Frequency Meters lV'nsceIlaneous
Electronic Test Equipment. Eight-Day Chronographs
and Clocks: Panel or Desk Mount.”” Echols Electronics,
P.0. Box 5522, Arlington, Virginia 22205.

KAY Megasweep, Megaliner, RCA WR-39B Calibrator.
Raiph Hunter, Catskill, N.Y.

CONVERT any television to sensitive, big-screen oscil-
loscope. Only minor changes required. No electronic
experience necessary. lllustrated plans, $2.00. Relco,
Box 10563, Houston 18. Texas.

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

TRANSISTORS, SCR's, diodes, Nickel Cadmium batteries,
meters, crystals, Ccmpoanents. Quality Guaranteed.
Send 10¢ for catalcg. Electronic Components Co.,
P.0. Box 2902, Baton Rouge, La. 70821.

ELECTRONICS ENGINEERING
AND INSTRUCTION

FREE BROCHURE, 8mm FILMS. COMEDIES. ADVEN-
TURES. DRAMAS. Laurel and Hardy, Mary Pickford. efc.
Art Raymond Co., Dept. 101, Box 194, Centereach,
N.Y. 11720.

TUBES

TUBES—TV. Radio. Transmitting And Industrial Types
At Sensibly Low Prices. New, Guaranteed. 1st Qual-
ity. Top Name Brands Only. Write For free Catalog
or Call WAlker 5-7000, Barry Electronics, 512 Broad-
way, New York N.Y. 10012.

RADIO & TV Tubes—33¢ each. Send for free list.
Cornell, 4215-W Univers:ty. San Diego, Calif. 92105.

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

750MA — SILICON DIODES

Piv/Rms Piv/Rms Piv/Rms Piv/Rms
50 /3.> 100 70 200/ 140 3007210
.0 - .12
TvTvT.rE' "ﬁv'-nﬁ T TPV Rms | TRiv Rms
400 /280 500/ 350 700/490
.40
v Rn|= Piv Rms iv,Rms
800/560 900/630 1100770
.48 .75
Sil. Pressfit 18A upto 100 Piv . ....... 4 for $1

Nicro or MuSwitch €CSD 35Amp AC-DC 3 for $1

“TAB" % SCR's ¥ TRANSISTORS  DIODES!!!

Full Leads Factory Tested & Gtd! U.S.A. Mfa.
PNP sOwatt 157Amp HiPower TO36 Pcka!

» . 51:
PNP Sl"nal nup to 350MW TOS5. €25 & 6 for %1
NPN Signal IF. RF, 0SC. TO5, OV5. c25 @ .6 fo- S1
PNP 2N670 300MW ¢35 @ . 4 mr $1

PNP 2NG71’lwatt ¢50 @ . 3 31

Silicon PNP TOS & TO18. Pckg CZS @, 5 for 51
TO36, TO3 Pckg Mica Mtg Kit 5 for %1

Power Hcat Sink Finned 80 50 '51.25 @ 5 {or &5

3Amp TO3 'Pwr Transistors Urlnsted' 10 for $1
Pwr Transistors T03 '3A Untested .. .. 10 for $1
Stabistor Diodes up to one watt

Silicon Diodes 35Amp Studs Unlested ... .. 3 for $1
Silicon Diodjes epoxy 750Ma Untested .. .25 for S1

2N1038 4/%1, 1039 3 $1, 1040 2 $1, 1021 $1
2N538, 539, 540 3A M 2 for 31
Zenor 50 60V Auto lgnmon L 31
100V Auto Ignition Transistor .
Kit Zeners 400Mw to 10W Asstd

Silicon Power Diodes Studs & P.F.*

D.C. 50Piv 100Piv 150Piv 200Piv
amps 35Rms 70Rm5 105RmMs 140RmMSs
3 .12 .18 .22 .30
12 50 .70 .80 95
18 25 .45 .60 85
35 i.00 1,25 1.50 1.80
100 1.75 2.25 2.65
240 6 50 7.70 8.90 10 a0
D.C. 300Piv 400FPiv 500Piv 600FIV
Amps 210Rms 280RmMS 350Rms 420Rms
. .50 .60 66
12 1.10 1.35 1.50 1. 70
18 1.00 1.30 Query Quory
35 2.35 2.55 3.00 | 3.50
100 3.75 4.60 5.65 | 8.00
240 19.50 27.50 32.00 36.00

D.C. Power Sunmy Qutput B3O8 THEIVIIC a3
Ao Inpt P15y shtoNonevs, Cased! Special %5

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

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

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

www americanradiohistorv com

"'SCR"* SILICON CONTROLLED RECTIFIERS'
25A
5 . . 2 . . 3.
.85 | 1.20 1.40 300 | 2.70 3.20 | 3,60

i50 | 1,65 | 2.20 | 2.70 || 500 ' al00 | ala5 | 4l30
200 | 1.85 | 2.50 ' 3.00 || 600 | 4.50 ' 5.15 | 5.65

Silicon Diodes 3&6 Amp Studs Untested 12 for $1
Glass Diodes 1N34 48 60’64 Untested 20 for $1

TERMS: Money Back Gudrant((

6¢ 1y Qur 1ath year. $2 Min. oOrder
0.8. -C. Add shng charges
or for c o D. 25°, Dep. Prices

shown subject to clmnge.
111-WU, Liberty St.,, N.Y. 6

. NOY.
Send 25¢ Phone: RECtor 2-6235 for Catalog

CIRCLE NO. 125 ON READER SERVICE PAGE
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SCR-625 MINE DETECTOR
Complete portable outfit in origi- $2950

nal packing, with all accessories,
Brand New

VICTOREEN RADIATION DETECTOR
$225 Mode! 506G BRAND NEW, actual value

$49,50 SPECIAL, WHILE THEY LAST

LM FREQUENCY METER

calibrated modulated. Heterodyne, 125 K¢
to mm )\( \\vlh Calibration ook, $
(it i e CHIMTRIOT ROOE 69.50
LM Frequency Meler e above, completely checked
out, with tubes and ervstal, 5 ) -

tion bhook. Exec. Used. clean ....... e

BC-221 FREQUENCY METER

Equipped with original calibration charts. 125 K¢ to
20,000 Kc with crystal check points in all ranges.
Excel. Used with original calmratlon Book. Crystal.
and all tanles. CHECKED QU

Unmodutated  $88.50 Mm!ulumd ....P.U.R.

B8C-221 1000 Kc Crystal Brand New. . ... ... $895
BC221 FREQ. METER CASE, llulnhnun withh volt,
1eu. sunplv. Shack mounted. BRAND NFW . .%2.95

-906 FREQ. METER-—SPECIAL

avity type -5 to 2833 Me. Complete with antenm.
Atanual and omginal cahibration charts in-

“inded. BRAND NEW. OUR LOW PRICE $12.

LORAN APN-4
FINE QUALITY

* NAVIGATIONAL EQUIPMENT
Determine exact geographic position of your boat
or plane. Indicator and receiver complete with all
tubes and crystal.
INDICATOR 1D-6B/APN-4, and RECEIVER R-9B/
APN-4, complele with tubes. Exc. Used. $69.50
NEW! APN-4A Receiver-Indicator as above, changed
10 operate same as APN4-B for |mproved perform-

................. . NEW $88.50
Shock Mount for above .. ................ $2.95
TNVERTER POWER SUPPLY for above APN-4. INPUT:
24 V DC. OUTPUT: 115 V AC, 800 cycles. Like
NBW oo et ie e ee e e $22.50
12.Voit Inverter Power Supply for above APN4

Like Noew,
We carry a complete line of replacement narts and

accessories for ahove.

& INDICATOR

Used in ships and aircraft. Deter-
mines position by radio signals from
known xmitters. Accurate to within
1% of distance. Complete with
tubes and crystal. IN LIKE NEW Con-
GHEEI a e e e e AP oot aae s oo aooaEno00aE

Used, with all parts, less tubes, crysla| $29 50
and visor .............. ecial

INVERTER POWER SUPPLY for above APN Y. INPUT:
24V OC. QUTPUT: 115V AC. 800 cy. Like New $22.50
12-V. power Supply for APN-G, like New P.U.R.
Shock Mount for ahove .................. $2.95

Circuit diagram and connecting plugs available.
Woe carty a complete line of replucemoent poarts and
accessaries for ahagve,

s S —
LORAN R-65/APN-9 RECEIVER

APN-12 3-INCH SCOPE

Has vertical and_ horizontal sweep
with focus and intensity controls,
coaxial antenna changeover motar.
Ccomplete with 11 tubes and 3JP1
CR Tube For 115 400 cycle AC

IMPORTERS —EXPORTERS

of ELECTRONIC EQUIPMENT

We specialize in the export
of military surplus electronic
equipment:

® 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 I, Korean
War, and later. We maintain one of the
targest stocks of Government Electromic
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 EQUIP.
MENT YOU SEE ADVERTISED ANYWHERE.
Write or call today for our low LOW
PRICE, and SPEEDY DELIVERY FROM
S5TOCK!

All packing and shipping is made directly
trom our own warehouse in NYC to give
you substantial savings in handling costs!

AN/APR-4Y FM & AM RADIO RECEIVER
High precision lab instrument, suitabie 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
operation, built-in power supply

LIKE NEW, SPECIAL $79 50

EN i, TN LT, IPNaUs TN
Turdmr Units fa atiye ta st

SCR- 522 2- METER TRANSMITTER- RECEIVER
1

Saptter ey ey,
4

' A xIIu..!e (I8
il 18 tulwes, top re

3 «\
not -1
SPECIALLY l'l(l(ll)

SCR522 a~ atiove. oxe, used

siver oniv o owitlp gil tubes (of SCR
it (4

LIKE NLW It ik d ST 4.50
BC-625 Tran tter only, with all tubes (of ScId

P N T $24.50

RA62 AC POWER SUPPLY FOR SCR522
Transceiver. Tl \ew : $42.50

BC-624 R
1

11 CHANNELS
200-1500 K¢
21t018.1 Mc

57950 '

USED
complcte with Tubes n_&

i =X
Finots Cull'ns - Autet e Moreiaft Toopaporter, AN
PWONCW 1o el it .k i1 [T
Is e s Coaning . Speccli anapl itier cipfeg use
[ ETET L i tad il b 1
AR AT it . 1 1ar W
!le n n e ‘lllm!: 1 uh o to fmr" class mot
[ 1

AN ‘ART. 13 XMTR as ahove. In LIKE NEW $89 50
condition, with all tubes and crystal d

916 Low Freq. 0sc. Coil for ART-13 ... 7.95
24V pynamotor for ART-13 .. 11.95
We carry a complete hine of sparc narts for above

FAMOUS BC-645 TRANSCEIVER
15 Tubes 435 to 500 MC

Can he modified for 2-way
communication. volce or
code. on ham band 12a-450
me. ertizens radio 46¢

me. gived and mobile -
460 me. televicton oxperi.
4TO500  m 15
(tubes aton
an sale

180 to

NEW .
l‘lU Il|( nll new RC-6435 with tubes. les~ power

“upply ir ctory carton.

Shipping weight 25 lbs. SPECIAL!. .. . I $1950
PE-101C Dynamotor. 12 21V input ,57.3
UHF Antenna Assembliy. 2.4
Complete Set o! 10 Plugs. 5.50
Control Box . ........ 2.25

SPECIAL “PACKAGE’’ OFFER'
BO6G15 Transceiver. Dinamotor and all accessories
130N

above, COMPLETE, BRAY 529 50

While Stocks Last

8C-344 RECEIVER. 150-13500 Koc..
continuous tuning. 4-band. for 115 V

Cvcle AC. Excellent used. perlect $7g 50
working order, complete with tubes. .

361-341 ?ECEIVER. 1.5110 18 Mﬁ. A]Cl
nly. ike New. complete wit a
tubes .. \ ...................... $7g 50

B8C-348 SUPERHET RECEIVER 200 to 500 Kc
and 1.5 to 1800 Mc. Voice Tone. CW. Self-con-
tained dynamotor for 24 V DC. Exec. Used.
Checkedout. ... .................... $89.50
AC Power Supply. .. .. .......... ....%14.50

BC-683 FM RECEIVER, 27 to 38.9 Mc., Com-
plete with all tubes, exc. used. Checked 48 50
outs in working order! sz s Sty $ -5

AC Power Supply for above, wired .$12.95
12-Volt Mobile Dynamotor
Power Supply. NEW H $ 5.50

BC1206-C BEACON RECEIVER

195 to 420 Kc. made by
Setchel - Carlson. Works on
24-28 volts DC. 135 Kc. IF.
Complete with 5 tubes. Size
4" x 3”7 x 6. Wt. 4$9 95
Ibs. LIKE NEW ... ]

less tubes $4 95

234-258 MC RECEIVER AN/ARR-2

BRAND NEW 11.tuhe UHF Tunable Heeeive with
schematie, Only a few at this low price!
tomplete with tubes. Exe. uscd $5.95 -

"
AN/ART-13 100-WATT XMTR

ARB CRV 46151 .NAVY AIRCRAFT RADIO RECEIVER
1o to 9050 KC in 4 bands: 180.530. 550- 1600,

Me. 629,050 Me. 6-tube super with loeal and
mate tming, band change. Complete $ 50
with tubes and denamotor. like new
As Above, brand new

Fower Supply, 110 v

ARC-3 RECEIVER!
Comptlete er.nh an tuhes ExcC. uscd. 80540 $21 '50

Crystal- connollctl 17-tube sunorhel tunes from 100
MC.

to 156 .. on any 8 preselected chﬂnnols
28-vo!lt DC nowor |npul Yul)cs' 1-9002. 6-6AHKS.
1-12SH7. 3-12SG 1-12H6. 2-12SN7,

1-12SL7. 1-12A6.
110 Vv A.C. Power Supply Kit for above 15.00
Factory Wired and Tested . . . . ... .. ... 19.95

ARC-3 TRANSMITTER

Companion unit for ahove tunes 100 to 156 MC on
any 8 pre-selected channels, 9 tubes, crystal con-
trolled. provides tone and voice modulation. 28V
DC Power input. Comnlctr‘ with all $ 95
Tuhes: 3-6V6. 2-832A, 1-12SH7. 1-6JS. 18
Oonly
Like new condition . ....%28 50

2-6L6. Exc. Used
ARC-3 PUSHBUTTON CONYROL BOX $5.9%

and 24 V DC. Clrcull dia- $1

gram included. LIKE NEW

-

TS100AP 'SCOP NC.used. TTRe newy

with all tubos, cry~tals and €1 tube $3950

As above, BRI \\li NI

BC-929 3-Inch Scape, with all tubes,

BRAND NEW .$14.95
Conversion instructions, with dlagram for 100 Vv
AC operation ..$.65

SCR-274 COMMAND EQUIPMENT

ALL COMPLETE WITH TUBES Like
Type Description Used NEW

BC-453 Recciver 190-550 KC ....$12.95 $14.95
BC-1454 Receiver 3.6 MC - 12.45 17.95
BC-455 Receiver 6-9 MC 11.50 13.95
BC346 Recceiver 5501500 K n;xhxo with
f0 Brand New  noor 7 ona i .8

AN /ARN-7 RECEIVER

Frequency range 100 Kc to 1750 Kc i 4 hands. Alr-
craft navigational instrument comprising suporhet
receiver and additional circuits, Complete $29 50
with tubes. exc. . 5 .
Accessories for above. available.

DYNAMOTOR VALUES: Excellent BRAND

T5.16 APN TEST SET 1.5 to 3 MC. Heceiver Brand New ;ﬁes-‘\ 28'3p;]t1A zgg\tlputOSA ;‘»szesd NE:‘W
. [ I 110 Volt AC Power Supply Rit for all 2 T )M-3zA 28V 1.1A 250V .05A 2. 4.45
v i ere S o B AREA e v Conipn bt DM-33a 28V 5A 575V .16A
I QIR PR Sl dio] A COUTIURLOnS Ll 28V 7A 540V .2 a.4a
O GG T i Ch e N T swsap 2oV IR sdov 2sa 295 443
and bandwidilh of ransmitter SPLINED TUNING KNOU . o715 il Ane s A i
Audio oscillator  range: 3400 to BLCEINVIIS Tt Beeast RO- (54 and 4006 LLAEE) el RN il o eI
(7_.1)] g S lxl "_}t e input. . Mo Only DM-36 28V 1.4A 220V .080A 1.95 2.95
omptete with tubes, ennnecting cables, -
inetruciion sumard, BRAND NEW . $1995 EreAs T L= P e e o . sié;g DTS S8 g2s 8 Zégz f;g: 7.95
: samiete . — .
ahes and Al BRAND NLAW, . - — Ao =
EE.8 FIELD PHONES = ath G R s"‘ ";:“ ’;‘ ' o DM-53A 28V 1.44 220v .080A 3.75 5.45
e TRANSMITTER——5.3 to 7 Mc. Complin — — —
HONE B L LA $10 95 PE-73C 28V 20A 1000V .350A 8.95 14.95
NN RN .. .
Cheeked out, perfect working order. .' I I \Gv e S ] PE-86 28V 1.25A 250V .050A 2.75 3.85
. . o - t
Combiton, Tide Yt "1 250 i 3 ﬁ?|v,lnf'1'ﬂ'"[ ai. Like New 00 i $11 95 DM-37 DYNAMOTOR. Tnput 25,5 v Ti¢ 2 A o
Ko 4.5 S0 Beann Soior | 45 NEW 5.95 noRZ3 VDO @ Va. BIOAND NEW. Faen $3.25
R U TR BN & L S NIV AR
MICROPHGNES Checked Out. Perfect
TG-34A CODE KEYER SCHEMATIC DIAGRAMS B i Hage et 65 e BNEW
on this page. each C TMOI(;(\[; e HDvs$r|utLon USED NEW
Self-contained automatic unit, Please include 25% Deposit with order—Balance RS-38 Ni’:,;m}ypsné,m:mc‘“a',m e 53_35 $7.23

reproduces code practice signals
recorded on paper tape. By use
of built-in ‘speaker, provides
code-practice signals to one or
more u(\rsons at speeds from

C.0.D., or Remittance in Full. 50¢ Handling Charges
on all orders under $5.00. All shipments F.0.B. Our
Warehouse, N.Y.C. All Merchandise subject to Prior
Sale and Price Change. HS-23  Hizgh Impedance

HEADPHONES Checked Out, Perfect
Description EXC BRAND

5 to 25 WP HS-33—Law Impeasnce LU '.'. 1 s?s'_zss.. fLa
G & G RADIO SUPPLY CO. o;;nzf;’s;r, i
WL G LoD ww
Tnal et e R 77 leonard St. New York 13, N. Y. Earphone Cushion- fo- m,mp_"n nn
July, 1964 CIRCLE NO. 110 ON READER SERVICE PAGE 83
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UNITED'S FIRST

GLIARANTEED ONE FULL ‘I’E.ﬂﬁ‘
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selections of SPECIAL PURPOSE, BROADCAST & TV TUBES

UNITED RADIO

BRAND NEW

QUALITY

TUBE'S obiscounts wp 1o

NOT USED! NO PULLS! WHY PAY MORE?

80

Price Tube

IZDBS

Tube Pnce Price | Tube Prlce
. .67 ..

T e e e et
u

e

12SK7
12S5L7
12SN7 ..
128Q7GT

.8

.1 oo ..78 5
L1 oo .73 B
. e 3.65 .
. - .1.40 .
. e .1.75 .
L. S .1.05 .
. 1. .1.95 .
. 1. .1.89 .
.1, 2. ...80 . .
.1, 2a0 .1.05 5 L1
L 1. .1.25 . L1
. .2, .2.50 . L
.1 L1, .1.00 5 .1,
1. .- .2.15 . o
- .1, ..67 . .1,
1. 1. .65 . iy
.. 1. L7 . 1.
L. L. . .94 - .
3B2 .3.45 2. .1.20 - .
3B7 11.35 .2, 11.15 . i,
3BA6 ... [1. S1.31 1.45[15AF11 1.95
3IBCS 1 15CW5 1.15
3BEG .1.96 1.09| 15Fv7 .1.29
3BN4 13.55 .72| 15HB6 1.28
3BN6 .1.10 .74 | 16AQ3 1.42
33u8 .2.50 B .
3BY6 1.00 75| 17BQ6 1.04
2876 6AH6 .1.05|6CD6 .91 .8a|17cs  .2.35
3CB6 6AJ5 ..1.95| 6CF6 -1-33 -84 }Z’gs“’“ HeERS
3CEs 90 . .
e A e D89 .s6| 17006 1.04
3CF 6AKE 79| 6CG8 737
PN .54 117DQ7 1.85
3ESS 6ALS .. .4516CLG 1.95 65| 17GE5 1.70
3cys 6AL7 .1.85)6CL8 L1027 1.60 | 17GV5 1.73
3D6 6AM8 ...76| 6CM6 -1 17GW6 1.63
3DG4 6AN4 .3.18|6CM7 Sll92 5
3DK6 6AN5 .1.95] 6cms8 1,70l 7F8 . 1.75l12¢x6 . 52117408 " 1.45
e SEND FOR COMPLETE PARTS CATALOG WITHOUT COST o o o
TERMS: Minimum order $5.00 exclusive of postage. Remit full price plus postage NO ABOVE PRICES
€.0.D. The above list does not reflect our entire stock as we have one of the largest SUBJECT TO CHANGE

in the U.S. Write for guotation. WITHOUT NOTICE

co ESTABLISHED 1920
o

BOX 1000R, NEWARK, N.J.

CIRCLE NO. 128 ON READER SERVICE PAGE

BEFORE you buy receiving tubes, test equipment, Hi-fi
components, kits, parts, etc....send for your giant
free Zalytron current catalog, featuring Standard brand
tubes: RCA. GE, etc.—all brand new premium quality
individually boxed. One year guarantee—all at biggest
discounts in America! We seive professional service-
men, hobbyists, experimenters. engineers. technicians.
Why pay more? Zalytron Tube Corp, 469-W lJericho
Turnpike, Mineola. N. Y.

77 TV test tube  $6.99. Tubes 6146-—$2.95; 6211
(12AU7 equiv.) 39¢, 3 for $1.00. Germanium diodes.
tested. equiv. 1N34. INGO etc.. 30 for $1.00. Tophat
silicon rectifiers, 750 MA—1000 piv 75¢. Transistors,
tubes, resistors, condensers etc., bargain priced. Free
catalog. Arcturus Electronics. Dept. ZD, 502-22nd St.
Union City, N.J. 07087.

ELECTRONIC TUBES—Top Brands SOLD at substantial |

savings! (Minimum Order $1500) Authorized GE Dis-
tributor. Send for FREE Buyers' Guide for all your
Tube Requirements. TOP CASH PAID for your excess
inventory (New ONLY—Commerc:al Quantities). Metro-
politan Supply Corp., 443 Park Avenue South, New
York, N.Y. 10916. 212-MU 6-2834.

84

BRAND New Tubes, World's lowest prices on Radio,
TV.industrial-special purpose tubes. Write for free
parts catalog. United Radio. Newark. N.J.

WANTED

QUICKSILVER. Platinum, Silver, Gotd. Ores Analyzed.
Free Circular. Mercury Terminal, Norwood, Mass.

CASH Paid! Sell your surplus efectronic tubes. Want
unused. Clean radio and TV recewing, transmitting
special purpose. Magnetrons, Klystrons, broadcast
types. Want military and commercial lab/test equip-
ment. Want commeicial Ham Receivers and Trans-
mitters. For a Fair Deal write: Barry Electronics, 512
Broadway, New Yoik, New York 10012 (Walker 5-7000;.
PAY cash for tubes, test equ:pment, TS, URM, UPM
prefixes. Commercial lab test equpment, need Kly-
strons, magnetrons, broadcasi & power & industrial
tubes, ground equipment. PRC, GRC. etc. For best
deal write V & H Radio. 2053 Venice Blvd., Los An-
geles, Calif. 90006. RE 5-0215.

wwWw americanradiohistorv com

TAPE AND RECORDERS

RENT Stereo Tapes—over 2,500 Different—all major
labels—free brochure. Stereo-Parti, 1616-—E. W. Ter-
race Way, Santa Rosa, California.

SELF- Hypn0515 New concept teaches you quickly by
tape or LP.record. Free literature. McKinley Pub-
lishers, Dept. T6 Box 3038. San Bernardino, Califorma.

SAVE 30-60% Sterec music on tape. Free bargain cat-
alog ‘blank tape/recorders/Norelco speakers. Saxitone,
1776 Columbia Road, Washington, D.C.

TAPE Recorder Sale. Latest models $10.00 above cost.
Arkay Sales, 22-21 Riverside Avenue, Medford 55,
Massachusetts.

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.

PHONOGRAPH RECORDS MADE FROM YOQUR TAPES.
Send $1.00 for format containing price breakdowns,
tape preparation, profitable commercial applications.
“'Custom Recording,”” Box 206, North Wales, Pa.
RENT 4-TRACK STEREQ TAPES—When you narrow it
down it has to be TRIMOR—Goodbye to partial satis-
faction—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.0. Box 748, Flushing, New York
11352.

HIGH FIDELITY

LOW, LOW quotes: all components and recorders. Hi-Fi,
Roslyn 9. Penna.

HI Fl 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,,
N.Y. 10028

SILICON RECTIFIER SALE

IMMEDIATE
FULLY GUAR'NT'D
AMERICAN MADE

DELIVERY
NEWEST TYPE
FULLY TESTED

750 MA-SILICON “TOP-HAT” DIODES

LOW LEAKAGE FULL LEAD LENGTH

PIV RMS PIV_RMS | eV rMS PtV RMS
5035 100 70 200 140 300 210
.05 ea B 09 ea .12 ea .16 ea

PIV R”MS PIV RMS PIV RMS PtV RMS

400 /280 500/350 600 /420 700 490
.20 ea .24 ca .32 ea .40 ca

PIV RMS [ PIV RM PIV RMS PIV RMS

800 560 900 ‘630 1000 '700 1100 770
.48 ea 55 ea .70 ca ea

ALL TESTS AC & DC & FWD & LOAD
SILICUN PUWER DIODE STUDS

50 100 PIV 150 PIV 200 PIV
3s RMS 70 RMS 1057PMS io RMS
.15 .20 .25 .35 ca.
.45 .65 .75 .90 ca.
1.05 1.30 .50 1.70 ea.
1.60 2.10 2.40 3.00 ca.

1.80 230 275 3125
D.C. 300 PIV 400 PIV 500 PIV 600 PIV
AMPS 210 RWLS 280 RMS E)LRMS 450 LMS

.43 .52 .62 .68

1.10 1.35 1.50 1.70

2.40 2.55 3.00 3.60

35 3.20 5.25 7.00

3.80 4.65 565 8100
“SCRT SILICUN CUNTRULLEU RECTIFIERS “SCR”
25
PRV AMP AMP AMP PRL AMP AMP AMP
“2, .55 .90 1.25f:50 2.55 2.80 3.30
S0 .90 1.25 1.45 30 2.80 3.30 3.70
100 1.40 1.95 2.25 Lo 3.50 3.75 4.30
o0 1.75 2.25 2.75 300y 4.30 4.60 5.00
2o 200 285 3losBann sl00 535 580
Money Back guarantee. $2.00 min. order. Orders

0.B. NYC. Include check or money order.
charges plus. €.0.D. aorders 259 down.

Warren Electronic Components
89 Chambers St. NYC 7, NY Wo 2-5727

“RW” CLEARANGE SALE!

We must move—A new highway will occupy **RW's’*
present location. Sa we must reduCe our huge in-
ventery with a clearance sale. Our new Bulletin No.
40 is loaded with clearance items.

Send for your free copy—Now!

R.W. ELECTRONICS INC.

2430 So. Michigan Ave. pt. 775
Chicago. 111, Phone CAIumet 5 1281

Shpg.

ELECTRONICS WORLD


www.americanradiohistory.com

pﬂNlY THE SI.MN-ASHMND
0TARY ACTion PAINT gun

let’s you paintd tine
50 fine you can
write your name ...

Delivers as much paint per minute
as a $200 industrial compressor
model. HANDLES WATER SOLU-
BLE, RUBBER BASE, OIL BASE,
FLAT, SEMI-GLOSS AND ENAMEL
PAINTS. LIGHT OILS . . . INSEC-
TICIDES . . . FLOOR WAXES,
POLISHES AND OTHER LIQUIDS.

« No costly compressors

« No nozzles, needles, strainers
to clog

e No air hoses to drag
* No flimsy vibrators

o e 2-SPEED OPERATION for per-

> o T
SOVer a full foo--and.3.
haif swath with orepass..,

=

[

i

—— fect control of tight and heavy
_.-:.".: liquids.
. RS e FINGER-TIP CONTROL OF

-

b PAINT;’LOW—-trigger lets you
- L, Too tart and stop spraying instantly
hin inches . S
paint wit o ADJUSTABLE GATE FOR EX-
= ACT WIDTH OF SPRAY YOU
WANT —from %4 " to 18" —can't
ever clog in operation.

59°

Covers 3009 more width

in each stroke than a 6” 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 out-
side ... 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.

“Straight Line'* Pattern of
Sloan-Ashland Paint Gun.

G
Pt 4
i - Y il
L g S
S

Oval spray anc wide
feathering around edges
make precise work difficult
requiresextensive masking.

Straight fine spray and
minimum of feathering gives
you peffect control for the
most precise painting.

July, 1964

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 mistin% and overspray
to a minimum. Eliminates 90%
of usual masking! No more need
to cover everything in sight.

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!

.

.

L]

.

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 | am
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 | agree to buy the
Sloan-Ashland Rotary Paint Gun.

If | do agree to keep it, | will pay only $8.50 a month until I've
paid the low price of just $59.95 (plus shipping and handling).

Name

(Please print)
Street___

City. _Zone___State

Where employed.

Home phone number.

EW-7

e —— ——— o — " — — —— — e

85
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olumBiA GEMS!

HEATHKITS—In Excel. Physical Cond.
All Complete but not tested. Specials!

5- mcn OSCILLOSCOPE: hactlliu l| 1$24.95
SIGNAL GENERATOR: Munl.f- St ot 3
Lr 1\. T T e S 19.95
vTVM: \1. N vy e 18.95
WE NEED SPECIAL EQJIP—NOW'
W wi foes bt it 1 wsite e IMME
1.1\1||\ \\( el B o cqemlels B
i 1 -I-. \l'- H 5 [T Al Tt
BN Nt Fomgs GRC DL ALL
=t Srgpal oo in \ vl !
R-105A ARR-15 COLLINS COMMUNICATION RECVR,:
I'|Lx|..]. sl A Tawu 17000 e il $9 5.00
R-444/ APR-4Y SURVEILLANCE RECVR
Fhas Late ot vt hil AR Has
FAL &AM e b, it u: - t..l
. ML Ph b a ik mew $]25'00
Plug-In Tuners for Above. Checked & Guaranteed!
TH-1/APR-1: M. Y Bt g $24.u5
TH-18 APR-&: ° T
T-19 APR-q: 1 PR
TH-53 APR.a. 1 12500
RT-178/ARC-27 TRANSCEIVER
||| lII G M AN R . Y. [ L1 1]
GRC 27 CONTROL TOWER TRANSCEIVER  “f*fh-iits
verbonled o opateed 10U
b VRC-2 TRANSMITTER & RECEIVER
It.;M'vo\L\’:'“R chlllc & b ” '- x“ 1 “:1“$14 =
e VHR.'.n' s ks Somal S 19.85
F NEW CATALOG! Send for free copy! I
LORAN NAVIGATION EQUIPMENT!
APN-4 ., g et an I.IE..'\;‘. I \Lu”..:l. $99.50
v et el 99.50
i it Eoves enage & vt
DAkl AR T ey et~ 12050

TELETYPE MODEL FRX-D TAPE PERFORATOR
& DISTRIBUTOR COMBO
Wl
vt
$75.00

Foo full of pode g Yaele ik
1 NSyl
.I I 1 565.00
2 i

Q
X ||l l .k
“ti
1 ol e
CUMMAND SET SUPER SPECIALS‘

Recesvers

wend

*

-
Rz &
i
[

IIu I
1

-
S

s

H.95

.85

A 05

Mp (o] 15,85

MD- 7 PLATE MODULA OR: . . 5.99
BC-456 Screen MODULATOR Fxe ol q.93
RE-2/BC-442 ANTENNA RELAY: Gue-l cund, 2,95

COLUMBIA Eewecrronics

4365 WEST FICO BLYD. LOS AHGELES 19, CALIF.
CIRCLE NO. 104 ON READER SERVICE PAGE

THI-FI components, tape recorders, sleep learn equip-
ment, tapes. Unusual Values. Free Catalog. Dressner,
1523 lJericho 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—tuners—
taperecorders—speakers—FRANCHISED-—59 YEARS IN
BLSINESS. Write for this month’s specials—NOW!
Rabsons 57th St.. Inc., Dept. 569, 119 W. 57th St
New York, New York 10019.

REPAIRS AND SERVICES

TV Tuners Rebuilt and Aligned per manufacturers spe-
cification. Only $9.50. Any Make UHF or VHF. We ship
COD Ninety dav written guarantee. Shin complete with
tubes or write for free mailing kit and dealer brochure.
JW Electronics. Box 518. Bloomington. Indiana.

ALL types of meters repaired. Instrument Repair Serv-
ice. 186 Front St.. Secaucus. N.J.

TELEFIXIT Alltime Bestselter Nontechnical TV Repair
Book with Famous Troubleshooting Charts. 60¢ Post.
paid 2 for $1.00. Telefixit, Box 714, Manhasset 4, N.Y.
METERS— Muitimeters Repaired and Calibrated. Free
estimates—Catalog. Bigelow Electronics, Box 71-F,
Bluffton. Ohin.

BOOKS

AUTHORS! Learn how to have your book published,
promoted, distributed. FREE booklet *‘ZD,"" Vantage,
120 West 31 St.. New York 1.

PHOTOGRAPHS

PHOTOGRAPHS and Color Shdes Wanted. To $500.00
each. Free Information write Intraphoto, Box 74607,
Hollywood 90004.

HELP WANTED

EARN Extra money selling advertising book matches.
Free Samples furnished. Matchcorp, Dept. MD-74, Chi-
cago 32, Il

A
s o e

] For all type

I UBES No limit on this list
Order any quantity

1A4 | ¥h 23]

184 27 71A

0z4 6AWS 6K6 8AWS 1B5 |35 75

1a7 6AX4 6SA7 |BCG7 s 39/44 | 76

183 6BA6 65C7 |9AUT7 8Ch | 43 77

1H5 6BCS 6SF7 10DE7 | 2
1K3 6BE6 esc7 |11cv7 | 80¢ |47 8476124

e |eBHe | esn7 [12ape | 24A 56 85
1WS | 6BK7 6s47 |12aFe | 2515 57

1R5 6BL7 6SK7 12ATF7

185 6BN6 6SL7 12AV6

1Ug 6BQs 6SN7 12AX4

1X2 6BQ6 65Q7 12A07

2Ccwa 6BQ7 6US 12AXx7

2Ds4 | 6C4 6us |12BA6 1-YEAR
2DV4 12B<6

1Bz 12BH7 GUARANTEE
3DT6 12BY7

3va ‘ FREE nnn 12¢5 ON Al.l- TUBES
4Bq7 E!'t?'f:f“u 12cAs Individually boxed
CEN W wilth ewer 12L

ENCO nrder of $10  [ES CODE DATED
;oi |EETIC 12 | BRANDED
6A7 128K7

6AB4 6CcB6 6V6 12s8Q7

6AC7 | 6CD6 6wW4 12w6 .
6AF3 | 6CG7 W6 1seve Send for special de-
6AG5 | 6CMT 6x4 ;:;ég tails on self-service
6AH4 6CYS 7A5

L 3 ias See :)l:_?:estesters and CRT
6AMS | 6DE6 786 2526
G6ANS | 6DK6 788 32L7
6AQs | 6DQ6 7¢Cs SOAS

Tuhes are new, used or
2:32 I ez :gfg seeonds and are o
vl Reos 7Q7 11707 Punhed
6AVE | 646 7va 11773

TERMS: Free Postage in USA
on prepaid orders. Add 50¢
for handling on orders under
$5. Send 25% deposit on
COD orders. Send approx.
postage on Canadian & for-
eign orders.

PATENTS

INVENTIONS: !deas developed for Cash Royalty sales.
Raymond Lee, 2104G Bush Building, New York City 36.

86

Money refunded in 5 days if not
completely satisfied.

NATION WIDE

ADG MARARISON AVENLIE, HARAISON, Mew IFRSE

CIRCLE NO. 119 ON READER SERVICE PAGE
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F REE Catalog

OF THE WORLD'S FINEST
GOV'T. SURPLUS
EI.ECTROHIC BARGAINS

TELEPHONE—TELETYPE—TELEGRAPH:

Model 14 AT Teletype ................ Used: $89.50
Paper Tape: 33" 900 Ft Rolf: 25¢—30 f/$3— 60 f $5
Telegraph Repeater WE-61824A ........ New

TP-7 Portable Repeater .............. New: 12 95
TG-30 Telegraph Repeater-—Used: $14.95; New: 19.95
TG-31 Telegraph Repeater ............. New: 16.95
PE-230 Telephone Ringer . 7.95
EE-8 Field Telephone .. ... . ;12,95
BD-71 Switchboard—6 line 9.95
BD-72 Switchboard—12 Line 18.95

BD-89 Switchboard—20 Mag. & 40CBlines Used: §%.50
BD-95 Switchboard—Cordiess . ..... ... New: 24.95
MICROPHONES:

7-30 Throat Microphone—Used: 3 f/$1.00 New: $ .75
T-45 Lip Microphone-—Used @ 65¢ each New: 1.00
RS-38 Microphone Button only ......... New: 1.50
T-17 Microphone Carbon-—Re-Cond.: $5.95 New: 7.95
T7-26 Microphone Carbon-—Used $1.00...New: 1.75

T-24/M Microphone Carbon ............ New: 4.95
HANDSETS:
T$-9 Butterfly Switch—Used: $2.95 . .Re-Cond: § 3.95

TS-13 Butterfly Switch w/PL-55 'PL-68-
Used: $4.95 New: 6.95
H-22/U Butterfly Switch w PL-55/PL-68 Used:  4.63

D170312 Sound Powered .............. New: 7.95
HEADSETS:

HS-33 Headset: with chamois cushions .. New: $ 7.95

with rubber cushions ... New: 6.95

HS-23 Headset: with chamois cushions ..New: 6.95
with rubber cushions ..New: 5.95

Chamois Cushions only .. ... ... ... ......... 1.50
Rubber Cushions only .................. .. 1.00
HB-7 Headband only for HS-33/23 .. .... New: 3.00
ANBH-1 Element only, for HS-33 . ... ... . New: 3.00

H-83 Headset with Boom Microphone ..Used: 3.95
HS-30 Headset—Hearing Aid Type—

Used: 75¢ New: 1.00

CODE EQUIPMENT:
TG-34 Keyer——Code Practice .......... : $24.95
TG-10 Keyer—Code Practice .. 14.95
V0-3 Code Oscillator .......... : 12 55
MX-333/GG Ccde Tape Puller
Blank Paper Tape: 38" 900 Ft. Rolls 25¢ ea. 30 $3 60/55
Address Dept. EW ¢ Prices F.O.B., Lima, 0. =
259, Deposit on €C.0.D.'s ¢« Minimum Order $5.00
SEND FOR BIG FREE CATALOG!

FAIRE RADIO SALES

2133 ELIDA RD. « Box 11035 « LIMA, OHIO
CIRCLE NO. 109 ON READER SERVICE PAGE

MuUsIC

PICK up hidden programs now on FM broadcast bands
for continuous music without commercials. Build an
SCA adapter. Detailed text with schemat'c $3.00.
Wired adapters $75.00. We specialize in sub carrier
activity equipment. Music Associated, 65 Glenwood
Road, Upper Montclair, N.J.

GOVERNMENT SURPLUS

JEEPS $63.50, boats $6.18. typewriters 1 15  air-
planes. electronics equipment., thousands mae In
your area, typically at up to 98° savings. Complete
directory plus sample Surplus Market-letter 31.00.
Surpius Service. Box 820-K. Holland. Mich gan.

AIRCRAFT RADI!O

WANTED Aircraft Radio Sets—Collins: 51R3-51X--51Y
—51V-—51Z, Bendix: T-21; R21: DFA-70: RA-18C: MK-7:
GSA-1, Test Sets: ARC—Boonton—Collins—Hewlett-
Packard Highest prices paid. J. Lee, Box 105. New
H3en Conn

MAGAZINES

AMERICANS Subscribe to Canada's Hobby and Serv:
ice Magazine—"Electron’’. Exciting Ads. Stimuiat ng
articles $5.00 one year. Box 796. Montreal 3. Canada.

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

MEDICAL FILM—Adults only—*Childbirth" one reel,
8mm $7.50: 16mm $14.95. International W. Greenvale,
Long !sland. New York.

SCIENCE Bargains—Request Free Giant Catalog ~CJ”
—148 pages —Astronomical Telescopes. Microscopes,
Lenses. Binoculars. Kits, Parts, War surplus bargains.
Edmund Scientific Co., Barrington, New Jersey.

ELECTRONICS WORLD

8
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EDUCATIONAL
OPPORTUNITIES

LEARN 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% ef-
fective. Details free. ASR Foundation, Box 721, Dept.
e.g., Lexington, Kentucky.

FREE particulars regarding $14.95 home electronics
course. Edu-Kits, Dept. 102E, Hewlett, N.Y. 11557.

EQUIPMENT

WALKIE-TALKIES—Communicate with friends, business
associates, up to 5 miles. Service. construction, busi-
ness, boating. hunting. Fire Dept.. Police. Free De-
tails, Sheirr Etectronics Lab, 1490 Jesup Ave., 3M,
Bronx, N.Y. 10452.

TINY Transistor F-M Transmitter with Microphone.
Listen, Talk, Play Records over any FM Receiver 200’
or more Wirelessly. Complete. $12.50. Free Details.
Transco, Box 13482, North County Station, St. Louis
38, Mo.

FREE electronics catalog. Tremendous bargains. Elec-
trotabs, Dept. C103E, Hewlett, N.Y. 11557,

COMMERCIAL, Military Test Equipment: Buy—Sell—
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.

SELL your equipment by piacing an ad in these
colums. Cost is low—rezults are fast. Write today to:
Martin Lincoln, ELECTRONICS WORLD, 1 Park Avenue,
New York. New Yerk 10016.

BUSINESS OPPORTUNITIES

EARN $2.50 hour assembling our small Lures and
Flies for stores. Write: Lu-es lake Village 14, Arkansas.

GIANT DOLLAR

SOLID STATE POWER SUPPLY

i Bl
A
115 V. AC in—12V DC at 8 amps out
Manufactured for computor service,
these units measure 5% x 6" x 12",
weigh approx. 19 Ibs. Two 1N1201 sili-
con diode rectifiers are mounted on a
4" x 127 finned heat sink. Filter net
work contains 4 Mallory 12500 mid
capacitors and heavy choke. Perfect
power supply for semi-conductor work,
batlery eliminator for working on car
radio, mobile rig, etc. Removed from
equipment. Condition:

efcelplent. Price: .. $l 8'95
ADJUSTABLE SUPPLY—O0 to 12 V DC
out. Simply install our General Radio

V-2 variac in the 115 V AC line to the I
above power supply. SPECIAL COM
BINATION! Power supply as described
above, plus G.R. V-2

variac, both for ., .. ..., $24'5°
Both items shipped express or truck,
freight collect. All prices FOB Syracuse,
New York.

ROTRON MUFFIN FAN

Aerodynamic design—delivers approx.
100 cu. ft. per minute. Mounted on
special 57 x 13" plated housing. Ex-
cellent for cooling hi-fi equipment,
T.V. and electronic test equipment of
many kinds. Removed from equipment.

Weight: 3 Ibs.
pice- ... $5.95

{Include sufficient postage. Excess pay-
ments will be refunded.)

ROTH STEEL CORP

127 Cubkwood Ave. Syracsss; M.Y. CGR5-B431
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GREGORY ELECTRONICS
Reconditioned FM
2-Way Radio Savings

WRITE FOR NEW
'64 WORLD'S FAIR CATALOG

GE 2-Piece Unit—6 volt or 12 volt
4ER6—4ET5 30w 30-40mc 40-50mc ...$ 88
IER6—4ET6 60w 30-410mc¢ 40-30me ...$108
Complete with all accessories except antenna
and crystals.

Equipment can be crystalled and tuned to any
frequency in the 30-50me band.

GE 2-Picce Unit—6 volt or 12 volt
AERG6—4ET3 30w 30-50me . ... ... ...t $168
AERB—4ET6 60w 30-50m¢ . ... ... ..... $188
Complete with all accessories including antenna
and crystals. Fully narrow banded (Tx & Rx)
and tuned to your frequency with in the 30-
50me range.

MOTOROLA 450-470mc

T44A1. 12 volts, complete with all accessories

less crystals and antenna ... ........... $98

Same unit less accessories . ... ..., L. $68

volts. complete with all accessor-

als and antenna ... ... L. $108

Same unit less accessories ... ... L. ... $78
11A6A, g2

volts. complete with all acces-
1 tals and antenna $128
Same unit less accessories . ... ..., .., $98

148-172mc
RCA
CMC 608

6 /12v dual Dynamotor 60 watt

ta) Fully narrow banded complete with all ac-

cessories, less crystals & antenna ... ... $218
(same unit without accessories S198.00)

thi Same unit tuned to vour frequency includ-

ing brand new antenna ... ............. $253

We Buy Late Model Equipment for Cash
—Write; Wire or Phone!

-x GREGORY =, GREGORY

(= ELECTRONICS

cecrmonic=.. CORPORATION

249 Rt. 46 < Phone 773-7550
Saddle Brook, N.J. « Area Code 201

(] FREE SALE

WORTH oOF

$ ® Transistors
® Diodes P $ FREE
® Rectifiers
® Knobs L D R
® (ondensers U POLY PAK
. OF YOUR

Coils, etc.

Inciude 25¢ for kondling | S CHOICE

BOTH FREE WITH EVERY $10 ORDER

7&y SEMI-KON-DUCTORS

| 3 ONE WATT ZENER DIODES, 6V, axial leads........ $1
[ 1 2N718 NPN SILICON PLANAR, 1W, TO18 case...... $1
] 1 TEXAS 3N35 TETRODE 150 MC SILICON transtr, T05.$1
[ ] 3 2N255 POWER TRANSISTORS or equal, TO3 case...$1
[[] &6 TEXAS 750 MIL 400V RECTIFIERS, epoxy, uxial...$1
1 1 20W SILICON MESA, 2N1648, TO10 trunsistor...... $1
(] 2 TRANSITRON 1N429 ZENER REFERENCES, 6V...... $1
(] 3 2-WATT SIZE zener references, axial leads, 1 volt..$1
(] 1 2N706 300 MC, 400MW, NPN, SILICON planar......
[[] 6 UPRITE ZENER DIODES, silicon, asst voltuges. .

[L] 2 TRANSITRON 2N341, 1 watt, npn, silicon, TO8.

[_] 4 CK721 TRANSISTORS, new aluminum case, pnp.....
[L] 10 NPN SWITCHING TRANSISTORS, 2N440 equals....$1
[] 6 SYLVANIA 750 MIL 400V TOP HAT rectifiers...... $1

SALE! SALE! SALE!

25 TRANSISTORS: awdio.
switehing, of
25 TO® HAT RECTIFIERS

70 mil
25 EPOXY RECTIFIERS

axial Tewd, 7560 mil PER
25 GERMANIUM DIODES
TN, INITS cquals PAK

10

[
L
U
018
[J15
1
s
A
0]
Ll
[]15
:I

]
] 1 85W. 2N424 SILICON NPN MESA. ...
3 20W. TRANSISTORS TOS case, 2N1038—

2 500-MC MESA TOI8 CASE TRANSISTORS, pnp..

2 'MESA' 4-WATT TRANSTRS, npn, silicon, TOS.

RAYTHEGN (K722 TRANSISTORS, pnp

1
n heat sink.$1
PNP TRANSISTORS, asst types and cases
NPN TRANSISTORS, asst types and cases

(8BS GERMANIUM DIODES, IN34, 1N48 equuls...:.Sl

3 (BS—20-WATT TRANSISTORS, pnp, stud, 2N1320...§1
5 GENERAL ELECTRIC 2N107 PNP TRANSISTORS..... $1
4 GENERAL ELECTRIC 2N170 NPN RF TRANSISTORS..S1

UPRIGHT SILICON DIODES, worth $40............ $1

[] 4 2N35 SYLVANIA NPN TRANSISTORS, T022.... .9
71 2 25-AMP SILICON STUD RECTIFIERS......... .5t
"] 4 2N404 PNP TRANSISTORS, if, rf TOS........ 1
[C] 2N497, [] 2N498, npn silicon 4w mesa..... .9
[_] 10 PNP SWITCHING TRANSISTORS, TO5 case........ $1

10 WATT STUD ZENERS $« 49

5V O 18V C 42V C 70V 0 100v
16V 20v 45V 0 sov 110V
12v 24v 60V 90V T 124V ea.

SILICON POWER DIODE STUDS

Amps
16

NRsReQORO NN

GNNNNN

Volts Sale Amps Volts S, Amps Volts Sate
50 c 100 2.9

ale
.29 150 100

15 25 1 S

100 29¢ 25 200 1.60 150 200 3.75
200 37¢ 25 200 1.75 100 25 1.50
400 S9c¢ 25 400 1.95 100 50 1.80
600 69c 25 600 2.50 100 100 2.25
800 89¢ 35 50 1.05 100 150 2.75
1000 95¢ 35 100 1.29 240 25 4.50
50 49¢ 7 35 150 1.50 240 50 4.95
100 69¢ 35 200 1.75 240 100 5.90
20 88¢c 35 250 1.95 240 15 6.75
300 1.00 35 300 2.S55 240 200 25
400 1.37 50 25 1.50 0 240 300 12 50O
50 99¢ S0 50 1.95 240 400 19.95

woios most &1 PARTS PAKS

50
60
4

40

]

"

o | |

60
10
50
50
10
40
60
40
7 60
730
7 50
ml

13313000

N

1t

10
35
25

5H

C 5 S
FREE! 225-ITEM SUMMER BARGAIN “FLYER"

$25 PARTS SURPRISE, wide asst of parts. .
100 ASST HALF WATT RESISTORS, 5% too..........

1-WATT RESISTORS, popular values, asstd, 5% too.$1
CERAMIC CONDENSERS, discs, npo's, to .05mf....$1
TRANSISTOR TRANSFORMERS, worth $25......... $1
WORLD'S SMALLEST RESISTORS, 5%, too, 1/10W..51

HI-Q RESISTORS, /3, 1, 2W to 1 meg, 5% too....
RCA PHONGQ PLUG-n-JACK SETS, tuners-amps......
TERMINAL STRIPS, asst 1-10-10 lug types... .
(OILS & CHOKES, rf-if, osc-peaking, etc....
TRANSISTOR ELECTROLYTICS, S5mf to 100mf.
PRECISION RESISTORS, 1/, 1, 2W, 1%, .....
TUBULAR CONDENSERS, to .5Smf to 1KV.....
DISC CONDENSERS, 27mmf to .05mf to 1KV.
TUBE SOCKETS, receptacles, audio, plugs. ..
POWER RESISTORS to 50W, to 24K ohms.
MICA CAPACITORS to .01mf, silvers too..... 5
TANTALUM ELECTROLYTICS, $15.00 value..... .81
2-WATT RESISTORS, popular asstd. values, 5% too.$1
SPRAGUE 'YELLOW MYLAR' CONDENSERS to Imfd.$1

"~ TRANSITRON SCRs

TESTED S!LICON CONTROLLED RECTIFIERS
PRV 7 Amp 15 Am 25 Amp
~1.00 71.50

BRAND 189 1.50 183 338
LIS CR L it
LowesT 3% B3 3sf 33
PRICES 2333 5338 5338 033

TERMS: send check, money order,
include postage—avg. wt. per pak
o lY 1 1h. Rated net 30 days. COD
259, .
A K s P.O. BOX 942W
SO. LYNNFIELD, MASS.
“PAK-KING'' of the world
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INVESTIGATE Accidents—Earn $750 to $1,000 monthly.
Men urgently needed. Car furnished. Business ex-
penses paid. No selling. No college education nec-
essary. Pick own job location. Investigate full time.
Or earn $6.44 hour spare time. Write for Free Litera-
ture. No obligation. Universal, CZ-7, 6801 Hillcrest,
Dallas 5, Texas.

I 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.

EREE “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, EW-
528, 333 North Michigan, Chicagc 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,
Island Park, N.Y.

SELL HiFi Components—As distributors handling all
major brands of HiFi components, we can now oifer
dealerships to aggressive people who can sell full or
part time. Knox Electronic, Dept. 764, Galesburg. Il
61401.

FREE Book ‘“990 Successful Little-Known Businesses.;
Work Home! Plymouth-717G, Brooklyn 4, New York.

IMPROVE YOUR BUSINESS OPPORTUNITIES by advertis-
ing in the Electronics Market Place. Our readership
of more than 200,000 electronics professionals
monthly assures you of success. Find out for yourself
by mailing your ad and payment today. September
issue closes July 6th and goes on sale August 18th.
if you are interested in additional informalion write:
Martin Lincoin, ELECTRONICS WORLD, One Park Ave.,
New York, N.Y. 10016.

EMPLOYMENT INFORMATION

FOREIGN Employment. Construction, other work proj-
ects. Good paying overseas jobs with extras. travel
expenses. Write only: Foreign Service Bureau, Dept. D,
Bradenton Beach, Florida.

EMPLOYMENT Resumes. Get a better job & earn
more! Send only $2.00 for expert, complete Resume
Writing Instructions. 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-
fessional 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

SPANKEE! New Fashioned Shingte! with Ofd Fashion
Results! $1.00 Postpaid. Spankee! Box 466, Salem,
Mass.

SAVE $200 to $2,000 on European automobiles deliv-
ered at low, low factory tax-free prices by using our
direct shipment plan. Delivery guaranteed, references
available. Tourist and Military deliveries available in
Europe. Information on all models and makes Eurauto,
Postbus 333, Rotterdam, Holland.

SELLING YOUR ELECTRONICS EQUIPMENT? Get the
message across to more than 200,000 avid electronics
professionals each month through the<e classified
columns. Take advantage of our new persunal rate and
place your ad at the special low price of only 35¢
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.

STAMPS

KENNEDY Memorial Stamp First Day Cover beautifully
engraved by Artcraft. 30¢ each. Artcraft, Box 1776,
Maplewood, N.J. 07040.
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PusH BUTION ¢
0 pesET §
OviroaD #207ECICY S

FACTS MAKE FEATURES:

1 Comprehensive overload protection.
2 One selector switch minimizes chance of incorrect settings

3 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 read-
ability. Diode network across meter protects against instantaneous transient voltage.

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO

RANGES

DC Volts:
AC Volts:

Decibels:

DC Microamperes:

DC Milliamperes :
DC Amperes:

Megohms:

PROOF
V-O-M

0-2.5-10-50-250-1,000-5,000 at 20,000
ohms/volt. 0-0.25 at 100 microamperes.

0-3-10-50-250-1,000-5,000 at
5,000 ohms/volt.

—20 to +11, +21, +35, +49, +61,
+75; 0" DB at 1 MW on 600 ohm line.

0-100 at 250 Mv.

0-10-100-1,000 at 250 Mv.

0-10 at 250 Mv.

0-1,000-10,000 (4 4-44 at center scale).
0-1-100 (4,400-440,000 at center scaie).

Output Volts (AC): 0-3-10-50-250-1,000 at 5,000 chms/volt;
iack with condenser in series with AC ranges.

CARRYING CASE

Madet 639-0S black leather carrying case,
built-in stand, Flaps open to permit use of

Net.

tester in the case. Suggested U.S.A. User
812110
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At top, you're looking into the RCA

Receiving Tube Reliability Laboratory

—a most important factor behind the
exceptional reliability of RCA receiv-
ing 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 con-
ditions. The operating conditions for
the TV sets vary from low-line to high-

Work Well Here

line voltages. And the sets are regularly
cycled on and off to check the effects of
heating and eeocling on the tubes.

The Tube Reliability Laboratory re-
veals—and allows us to eliminate—prob-
Jems 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

Jfulfilled before the new tubes are

marketed.

Testing in the Tube Reliability Lab-
[ X%

v

oratory enables us to verify the con-
sistent high quality of RCA receiving
tubes—to maintain uniformity of char-
acteristics from tube to tube and
throughout life. It is another example
of the care we take to assure that RCA
receiving tubes give RELIABLE PER-
FORMANCE where it really counts—
in your customers’ sets.

SEE YOUR AUTHORIZED RCA DISTREBUTOR
FOR TOP-QUALITY RCA RECEIVING TUBES

REA ELECTRONIC COMPONENTS AND DEVICES, RRRRISON, H. L

THe Most Trusted Name in Electronics
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