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The backbone of the Electro-Voice
* Model 676 is no mere decoration.

It’s visible proof of the most exciting idea
in directional microphones — Continuously
Variable-D (CV-D)™.

Here’s how it works. We attach
a very special tapered tube to the back of
the microphone element. This tube auto-
matically varies in effective acoustic
length with frequency. It’s a long
tube for lows—a short tube for highs.
All this with no moving parts!
The tube is always optimum length to
most effectively cancel sound arriving
from the back of the microphone,
regardless of frequency.

This ingenious solution* is years
ahead of the common fixed-path designs
found in most cardioid microphones.
The 676 offers significantly smoother
response at every point—on or off axis—
plus more uniform cancellation to the
rear. It is also less sensitive to wind
and shock. There is almost no “‘proximity
effect” ... no boosted bass when
performers work extra close.

Long life and smooth response are

guaranteed by the exclusive E-V Acoustalloy®

Diaphragm. And the 676 has unusually high

*Pat. No. 3,115,207
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ELECTRO-VOICE
MODEL 676
DYNAMIC CARDIOID

output for a microphone so small. Of
course you get dual output impedances,
high efficiency dust and magnetic
filters —all of the hallmarks of
Electro-Voice design that have made
E-V a leader for years.

But that’s not all. The 676 has an
exclusive bass control switch built in.
Choose flat response (from 40 to
15,000 cps) or tilt off the bass 5 or
10 db at 100 cps to control
reverberation, reduce low frequency
feedback and room rumble.

Write today for complete specifica-
tions, or visit your E-V sound
specialist’s to see this remarkable

new microphone. And when difficult
sound problems must be faced
squarely, stand up and fight back
with the microphone with a backbone
(and CV-D) — the new Electro-Voice
676 dynamic cardioid!

Model 676 Satin Chrome or TV Grey,

$100.00 list; in Gold, $110.00 list,

Shown on Model 420 Desk Stand, $20.00 List.
(Less normal trade discounts.)

ELECTRO-VOICE, INC.
Dept. 552N ,Buchanan, Michigan 49107

ElecthoYoree

SETTING NEW STANDARDS IN SOUND
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Who says a high gain TV amplifier can’t be reliable?

204 HOUR TEMPERATURE/HUMIDITY/SALT SPRAY MIL-SPEC

TESTS" PROVE JF[] TELE-AMP STORM-PROOF RELIABILITY

AR

AND- INCIDENTALLY All THE G/IIN YOU NEED IS THERE WITH LOTS MORE TO SPARE'

UNRETOUCHED PHOTOS OF PRINTEID CIRCUIT
AND POTTED COMPONENT SIDES OF TELE-

§ AMP AMPLIFIER BOARD AFTER 204-HOUR

§ WEATHER-TORTURE TESTS

This production-line Tele-Amp was first
subjected to a 72-hour temperature cycle
test ranging from —40°C through 4-60°C.
Itwas then placed in a humiditychamber
where it ran for 66 hours in a 95% hu-
midity at 85°F. simulated atmosphere.
Next, the same Tele-Amp was placed in
a 259, salt-spray chamber for 66 hours.
The Tele-Amp was them field-installed on
a TV antenna where it performed with no
change in characteristics. Laboratory
tests that followed showed all compon-
ents and circuits well within original
specifications.

JFD

May, 1965

JFD FACTORY-SEALED AERO-SPACE
DESIGN MAINTAINS 100% RELIABILITY
DESPITE SNOW, ICE, RAIN, MOISTURE,
SOOT AND OTHER CORROSIVE AGENTS

What good are gain, low noise, 300 ohm
match—if reliability is missing?
Now—new JFD aero-space design adds
the vital "‘missing link"” to today’'s an-
tenna amplifiers — RELIABILITY! Result:
the ampilifier that continues to work like
new under year-round exposure to all
kinds of weather.

PROOF POSITIVE OF THE RELIABILITY
YOU CAN EXPECT — REGARDLESS OF
TELE-AMP MODEL YOU SELECT!

A- rU'L \

Power Supply.
Type
3 Transistor—VHF/UHF/TV
2 Nuvistor—VHF/TV
2 Transistor—VHF/TV
1 Transistor—VHF/TV/ FM
1 Transistor—UHF/TV
2 Transistor—UHF/TV
1 Transistor—FM/STEREQ

Tele-Amp Amplifier

Mode!
VUT 3

List
$49.95
39.95
39.95
34.95
39.95
4495
34.95

JFD ELECTRONICS CORPORATION
15th Avenue at 62nd Street, Brooklyn, N. Y. 11219

JFD Electronics-Southern Inc., Oxford, North Carolina
JFD international, 64-14 Woodside Ave., Woodside 77, N. Y.
JFD Canada, iLtd., 51 McCormack Street, Toronto, Ontario, Canada

CIRCLE NO. 266 ON READER SERVICE PAGE
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NEW JFD AERO-SPACE ENGINEERING
BUILDS IN SUPERIOR RELIABILITY

e Aero-space Poly-U coated circuit board

and housing seals out moisture, snow,

rain, ice, sleet, dust and other contami-

nants — locks in trouble-free color and

black/white performance.

e “OFT''—Offset Free-space Terminals
suspend vital twin - lead

| contacts away from housing

E —prevent signal leakage.

1

e Silicone-sealed micro-fit-
ted case with fitted “O"
rings further insures circuit
integrity by stopping entry
of blown corrosive agents.

o Weather-Brake Terminal-Kote sealant
included for coating terminals to main-
tain positive and permanent signal
continuity.

e Failure-free, solid state transistor and
nuvistor design.

e Printed circuit maintains uniform per-
formance over the years.

*Tele-Amp corrosion tests far exceeded
MIL-STD-202C military specifications
and were equivalent to four years of con-
tinuous operation under actual seasonal
extremes.

SEE YOUR DISTRIBUTOR
OR WRITE FOR FORM 785

Copyright 1965, JFD
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NNy - Tins for Technicians

What you should know about capacitor stability

Why worry about capacitor stability? After all, aren’t all
capacitors pretty much alike? Well, as we all know, capacitors s
aren’t “all alike”. Matter of fact, there are many ecircuits
where you wouldn’t want capacitance to change with either
temperature or time. For example, tuned circuits or RC timing
networks. And this is especially true in color TV, because the
TYPE-C_DISCAPS eye notices even minor shifts that would pass unnoticed in
black and white. Therefore, capacitor stability ¢s important.

The trouble with most ‘‘static”’ capacitors is that capacitance
increases as temperature increases. In other words, they have
a positwve temperature coefficient. And so do most inductance
coils. Put these two creatures together and you’ll see why
frequency and timing can drift as the set warms up.

Now—what can you do about it? For small capacitance
T e S TRy values, your best bet is a DISCAP® disc ceramic capacitor

TEMPERATURE °C (made by Radioc Materials Company, a Mallory division).
DISCAPS are available in a vast array of temperature co-
efficients to exactly match circuit requirements. DISCAP
temperature coefficients can be chosen so that they exactly
offset the positive drift of coils (or other components). Thus,
circuit characteristics stay constant regardless of temperature
change. There are NPO (zero change) and up to N1500 (very
sharp negative temperature coefficient) types. You'll find these
listed in the 1965 Mallory General Catalog.

A brand new type of ultra-stable capacitor is now available.
It’s called the STYROCAP™. It’s a new type of polystyrene
capacitor that offers both temperature and time stability. The
temperature coefficient is comparable to an N150 DISCAP.
And capacitance change vs. timeispractically zero. STYROCAPS
TEMPERATURE  STABILITY are made from a unique form of stretched and fused poly-
styrene. They’re transparent. You can look right through the
clear plastic and actually see the aluminum foil! They’re
available from 5pF to .01 mfd. They’re rated 500 WVDC and
sizes and priees are right down there with comparable values in
ceramics or molded film capacitors.

Styrocaps can be successfully substituted for all sorts of
other capacitor types: mica, ceramic, paper, film, or anything
else in their capacity and voltage range. But don’t think of
Styrocaps as substitutes. They’re not. They’re new. And they’re ©
better . . . especially where stability is downright important.

On the other hand you may really need a Mylar* type s,
capacitor. When you do, take a look at the terrific Mallory ).
PVC. These are available in a whole host of values and they're
unbeatable in their class. The blue polyvinylchloride coating is
just plain motstureproof.

And one more tip. Your Mallory distributor now has the new
1965 Mallory General Catalog. Ask him for your copy today.

o 25 50 Mallory Distributor Products Company, a division of P. R.
Temperature °¢ Mallory & Co. Ine., Indianapolis, Indiana 46206.

i *Reg. Trademark E. I. du Pont de Nemours, Inc.

2 CIRCLE NO. 129 ONREADER SERVICE PAGE ELECTRONICS WORLD
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ON OUR COVER: Fiber-optic
plates in disc form are
drawn from “roots” made up
of bundies of minute, dis-
crete fibers of glass, each
clad with a glass of a differ-
ent refractive index. Fiber-
optic devices transmit light
with extremely low loss of
visible energy and without
diffusion. This gives the ef-
fect of raising the printing
underneath to the top sur-
face of the plates. This new
technology has promising
electro-optical applications
in military, medical, and
other fields. For further de-
tails, refer to our lead article
“Fiber Optics in Electron-
ics” on page 25 ... (Cover
photo: Corning Glass Works.)

Publisher
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Editor
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Technical Editor
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LESLIE SOLOMON
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Art Editor
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Art and Drafting Dept.
J. A. GOLANEK
Advertising Sales Manager
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Advertising Service Manager
ARDYS C. MORAN
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Lessurely taped
on the fahulous
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88 STEREO COMPACT

Choice of Music-Lovers and
Music-Makers.

Features exclusive "Edit-
Eze" cuing and editing.
Superb 30-18,000 cps fre-
quency response for finest
mono or stereo recording
with three hyperbolic heads.
Monitor-off-tape, Sound on
Sound, Erase-Protek, auto-
matic shut-off, tapelifters,
are but some of the many
features to let you thorough-
ly enjoy high quality tape
recording.

4-track model .. .... $339.95
2-track model . ..... $347.95
Walnut enclosure $ 1595

For portable mode! with

speakers ask to see the

COMING
NEXT
MONTH

SOLID-STATE DESIGNS FOR HI-FI AMPLIFIERS

Paul Marcus and Larry Zide have
surveyed the field of semiconductors as
applied to power amp designs, with em-
phasis on the output stages. The authors
cite the advantages and disadvantages of
semiconductor cureuitry and offer an
analysis of the best applications for semi-
conductors in audio cireuils.

ELECTRONIC INTRUSION ALARMS

Such protecting and detecting devices
are in the news as Congress investigates
“electronic eavesdropping” and other ap-
plications of electronics to surveillance
and law enjorcement. This article covers
several methods of delecting the pres-
ence of unlawful intruders within a pro-
tected area, how they indicate such
intrusions, and how the different systems
work.

RECEIVER REQUIREMENTS FOR

MONITORING GEMINI

In order to pick up voice transmissions
from astronauts in the Gemini space cap-
sule, receiver designs involve calcula-
tions of orbital distance, space attenua-

tion, and Doppler shift. The design of a
four-channel transistorized receiver that
takes all these [actors into account is also
included.

LIQUID FLOW MEASUREMENTS

Since liquids can have different electrical
properties, different viscosities, can be
corrosive, boiling, or cryogenic, each
property must be taken into account for
best results with flow measurements.
John R. Collins explains these various
factors and how they are handled.

SEMICONDUCTOR SWEEPS FOR LARGE-SCREEN TV
Some entirely new concepts in sweep-cir-
cuit design will have to be made before
reasonably priced, large-screen transis-
torized TV sets hit the market. Here are
some suggestions on possible designs.

SILK-SCREENED CIRCUIT BOARDS

A simple and inexpensive technique for
processing prototype boards or small-to-
medium production runs is described in
detail by John Marchetti of Roanwell
Corp. The technique and the materials
required to fabricate the boards are
within the range of anyone.

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

in the JUNE

issue of ELECTRONICS WORLD . .. on

sale May 20th.
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A comprehensive program
covering Automation, Com-
munications, Computers,
Industrial Controls, Tele-
vision, Transistors, and
preparation for a 1st
Class FCC License.

License

- &4 gt — o= P S

TFI los TRT, roren
DS EARERICKTELE, STRESEAFE If you want a 1st Class
FCC ticket quickly, this
streamlined program will
do the trick and enable
you to maintain and serv-
ice all types of transmit-

- ) ting equipment.
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Mobile Radio, Microwave
and 2nd Class FCC Prep-
aration are just a few of
the topics covered in this
“compact” program . . .
Carrier Telephony too, if
you so desire.

Here's an excellent stu-
dio engineering program
which will get you a 1st
Class FCC License and
teach you all about Pro-
gram Transmission and
Broadcast Transmitters,

Get A Commercial FCC License
... Or Your Money Back!

A Commercial FCC License is proof of electronics skill
and knowledge. Many top jobs require it . . . every em-
ployer understands its significance. In your possession, an
FCC Commercial Ticket stamps you as a man who knows
and understands electronics theory . . . a man who’s
ready for the high-paid, more challenging positions.

Cleveland Institute home study is far and away the
quickest, most economical way to prepare for the FCC
License examination. And that’s why we can make this
exclusive statement:

The training programs described above will pre-
pare you for the FCC License specified. Should
you fail to pass the FCC examination after
completing the course, we will refund all tuition
payments. You get an FCC License . . . or your
money back!

Before you turn this page, select the program that fits
your career objective. Then, mark your selection on the

Cleveland Institute

of Electronics

1776 E. 17th St., Dept. EW-2B
Cleveland, Ohio 44114

Accredited Member

May, 1965

coupon below and mail it to us today. We'll send you . . .
without obligation . . . complete details on our effective
Cleveland Institute home study. Act NOW . . . and
insure your future in electronics.

Mail Coupon TODAY For FREE Catalog

Cleveland Institute of Electronics
1776 E. 17th St., Dept. EW-2B
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—

How to Succeed |
in Electronics

IMWMWMM'Mm%M‘f

(7] First Class FCC License
[] Electronic Communications

|

|

|

|

|

|

|

|

|

} D Electronics Technology
| [ Industrial Electronics
|
|
|
|
i
I
|
|
i
|

D Broadcast Engineering D Advanced Engineering

Your present occupation._

e s e e R T i s i — — o o— i S G— S —

Name —— I Age
(please print)
Address
City. State Zip.
b A leader in electronics training . . . since 1934 J
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A major breakthrough in

FINC O S5 -

P

UHF+«VHF:FM -
“COLOR VE-LOG”—_

best reception _ ‘ ‘

in the world

UVF Color Ve-Log Antennas...
Engineered for the Future!

Finco's new All-Band Color Ve-Log Antenna does the work e Revolutionary new UHF Section

of three—gives startlingly clear black and white pictures  © Heavy Aluminum reinforced insulator insert cup
and beautiful color on hoth UHF and VHF television %"‘ikf‘eavg dcuktyt ”Vzts 1

channels. Its superlative design also assures the finest in Fi?mo’uspexr:lus?veaTriplzu:r:?ckosgeved clements
stereophonic and monophonic FM sound reproduction. Lock-tite no-tilt saddle bracket

Comparison tests have proved the superiority of the All- Finco's exclusive double contact to drive line
Band UVF Series—superiority backed by Finco’'s guarantee

e Continuous one-piece drive line and exclusive
of supremacy and unquestioned warranty. air insulated polystyrene cross-over spacer

>, \ # - g o B
Sin A ¢ * &\ (T

Write for beautiful color brochure Number 20-322 and Coupler-Splitter Specification sheet Number 17-2308G

ELECTRONICS WORLD

www americanradiohistorv com
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~ Antenna design!

Firco Model A . Far naximum performance use t‘hese
UVF-29 . FINCO VAF - UHF — FN Coupler- Splitters
Fos Near “ringe and

Deep Fringe Areas L Ly

UHF-VHF Coupler-Splitrer
¢.15 UHF Elements Model 3J17
Channels 14 thru 83 : UHF-VHF 2 Set CouplerSplitter

Model 3)J1%&
¢ 9 VHF Elements "
UHF-VHF FM Coupler-Sglitter—Low Lass
Channels 2 thru 13

Model 3)1%
o FM Monaural and UHF-VHF £M Coupler-Sa itter—Strong FM Signal  5.50

Stereophonic
List $59.95

Finco Model UVF-10 '| Finco Model UVF 18 \ Finco Model UVF 18

For Metropolitan Areas For Local and Suburban Areas For Suburban and Near Fringe Areas
List $18.50 List $30.50 List $42.50

Prices and specifications subject to change without notice

The FINNEY Company « 34 Interstate Street * Bedford, Ohio
Dept. 410

May, 1965 CIRCLE NO. 246 ON READER SERVICE PAGE 7
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ASSEMBLE YOUR OWN
ALL-TRANSISTOR

Sohoter
ELECTRONIC ORGAN

3 NEW MODELS

Recital $1500
Consolette 11 850
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 piteh registers, and authentic theatre
voicing leave little to be desired. Comparable
toready-built organsselling 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 casy 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 casy 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.

You can begin playing in an hour, even if you've
never played before—with the ingenious Pointer
System, available from Schober.

Thousands of men and women—teen-agers, 100
—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 youbuy.

IN OUR 10TH YEAR

THE %ﬁoém ﬁ/lyan 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 e e e e e

THE SCHOBER ORGAN CORP., DEPT. RN-37

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

[ Please gend me FREE Schober Booklet and
FREE 7-inch ''sampler’’ record.

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

Name,

Address.

City State Zip. No

[ ——————
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HE long-awaited FCC decision on

the tightening of the class-D Citizens
Radio Service rules and regulations has
just been announced. In essence, the set
of rules adopted last July has been af-
firmed in all significant respects and will
become effective on April 26.* Many
will recall the confusion, excitement, and
concern when the FCC originally pre-
sented its new rules last July. Although
they were to have become effective last
November 1st, a great number of peti-
tions opposing certain aspects of the pro-
posed changes were presented. These re-
sulted in a postponement at that time.

In announcing its latest decision, the
FCC has again emphasized that the pri-
mary purpose of the class-D Citizens Ra-
dio authorization is to afford a means of
communications between units of a
single licensee and to put an end to
hobby-type operation.

Communications between units of dif-
ferent licensees, i.e., inter-station opera-
tion, will be permitted only under certain
conditions and is restricted to seven des-
ignated frequencies instead of permit-
ting this type of operation on all 23
channels. Inter-station operation is al-
lowed only on channels 9, 10, 11, 12, 13,

14, and 23.

| Licensees are specifically prohibited
from engaging in radio communications
as a hobby or diversion, that is, operating
the radio station as an activity in and of
itself. Also, all inter-station communica-
tions will be limited to no more than five
consecutive minutes with a silent period
of at least five minutes before another
transmission will be permitted. The FCC
again emphasizes that communications
to stations of other licensees relating to
technical performance, capabilities, test-
ing of any transmitter (including trans-
missions concerning signal strength or
frequency stability of transmitters) will
be definitely prohibited. All CB licensees
are expected to comply.

| Obviously these new rules will affect
' every CB operator. For the legitimate
operator who has not abused his privi-
| lege of transmitting on the CB band, the
stricter rules will be a decided advan-
tage. They will help materially in guar-
anteeing better communications without
|undue interference. To those who have
abused their privilege and who have op-
L erated selfishly without concern for oth-
ers and strictlv as a hobby, the rules will
| be a great disappointment.

The CB band was never intended—al-
| though some may argue the point—for
hobby communications. The FCC feels,
and rightly so, that this type of oper-
ation should be confined to the ham

bands.

www americanradiohistorv com

* the record

WM. A. STOCKLIN, EDITOR

NEW CB RULES—"HELP”

As to the over-all effect on the CB in-
dustry, time alone will tell. Many manu-
facturers feel that, with more reliable
communications, more equipment will
be marketed. There are others, of course,
who rely strongly on the hobby customer
and there is no doubt that these manu-
facturers will suffer.

Now that the FCC seems to have
solved one of its major problems, it is
confronted with a new one. The Auto-
mobile Manufacturers Association
(AMA) has petitioned the I'CC for ex-
clusive allocation of the frequencies
27.235 mc. and 27.245 me. (at the up-
per end of the Citizens Band) for use in
their “HELP” (Highway Emergency
Locating Plan) program. This is a co-
operative nationwide program in which
motorists in distress could communicate
through the use of 2-way radio equip-
ment to obtain assistance in the event of
an accident or mechanical failure. Auto-
mobile manufacturers hope to supply
this equipment as an accessory, and if
sufficient interest is shown, it may be-
come standard equipment on all cars.

Certainly a good case can be pre-
sented in favor of such a program. One
has simply to cite many of the outstand-
ing achievements of CB operators today
in helping distressed motorists. Just con-
sider the western part of this country
with its wide open spaces where one can
travel for miles on end without encoun-
tering another car or a service station.
Communications here would prove in-
valuable. However, most motorists who
drive in metropolitan areas where
phones are readily available would be
unlikely to pav anything extra for such
a system. This, however, is beside the
point. If there are individuals who would
find a real need, then every effort should
be made to supply the service.

Obviously, the equipment must be
fool-proof, crvstal-controlled, FCC-ap-
proved, with the servicing and adjust-
ment handled only by authorized per-
sonnel. It seems that the use of a single
channel might be preferable to the two
requested. On the other hand, if this
equipment will be used for inter-car
hobby-tvpe communications rather than
for emergencies, we will have a situa-
tion similar to that which had existed
in the regular CB band. In reviewing this
petition, the FCC should also take into
account its ability to properly police the
new service. If it can’t do an adequate
job, operation on these frequencies could
be chaotic.

*See “Citizens Radio Rules Tightened” in our
October, 1964 issue and “Comments on the New
CB Rules” in our November, 1964 issue.

ELECTRONICS WORLD
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Want a magic formula for success in electronics?

You won't find it here!

Hyou workin 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 the right 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

CRET

May, 1965

organizations want their employees to know. You
choose the specialty that matches your interests and
employment objectives. CREl 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. 1105C 3224 Sixteenth St., N. W., Wash-
ington 10, D. C.

SEND FOR FREE BOOK

| & The Capitol Radio Engineering Institute. I
| Dept. 1105C 3224 Sixteenth St,, N. W. I
| Washington 10, D. C. |
I Please send me FREE book describing CRE! Pro- l
' grams in Electronics and Nuclear Engineering I
I Technology. } am employed in electronics and |
l have a high school education. I
g Name — _Age: l
| Address. I
I City. Zone. State =
= Employed by . I
l Type of Present Work — I
| es
L-—_----—_—_——_—_——_—-J
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['send for New FREE

CRYSTAL OSCILLATOR
CATALOG CIRCUITS

3 BIG MODERN PLANTS

... with New
TRANSISTOR

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 electrodes. Crystals are spring
mounted and sealed under vacuum or filled
with inert pas. Very high frequency stability.
Max. current capacity is 10 milliwatts—5 for
overtone type. Conformity to military specifi-
cations puranteed.
1000KC to 1600KC (Fund. Freq.)

Prices on Request
1601KC to 2000KC (Fund. Freq.) ... $5.00 ea,

2001KC to 25¢0KC (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.
10.001KC 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 Recciver Crystals ..........%4.00
(All Channels—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. hoth HC6 /U and miniature types.
To insure proper correlation and correct freq.
operation, order by manufacturer 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
Maiched pairs — 15 cycles ... $2.50 per pair

200 KC Crystals —p——— $2.00 ea.
455 KC Crystals .. ... . .. $1.25 ea.
500 KC Crystals _ .. $1.25 ea.

100 KC Frequency Standard Crystals in
HC13/U holders . ...... ...
Socket for FT-243 Crystal S
Dual Socket for £T-243 Crystals ..
Sockets for MC-7 and FT-171 Crystals
Ceramic Socket for HC6/U Crystals

NOW ... 48 HOUR SHIPMENT

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

Send for our new Citizen Band
Crystal Interchangeability Chart
with Texas Crystals Code System.

1f your parts deater doesn't stock Texas Crystals,
send his name and

ORDER FROM CLOSER PLANT

% TEXAS CRYSTALS*
DEPT. R-55

1000 Crystal Drive
FORT MYERS, FLORDA
Phone 813 WE 6-2109

Division of

~AND
4117 W. Jefferson Bivd.
LOS ANGELES, CALIF.
Phone 213-731-2258

WHITEHALL
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LETTERS
FROM OUR
READERS

GARAGE-DOOR OPENER
Following is a portion of a letter sent
to us commenting on John Frye’s article
“A New Garage-Door Opener” in our
February issue. The article included a
description of the new Heath GDA-20-4
which operates between 230 and 290 mc.

To the Editors:

An association of manufacturers in
the radio garage-door opener industry
(DORCMA) has for several years been
seeking changes in the FCC Rules that
would make them more satisfactory for
operation of controls in the 200- to 300-
me. range. In preparing its argument,
the association relied heavily on point-
ing out the difficulties of operating door
controls in the 27-mec. Citizens Band.
We certainly recognize the dilficulties
of operation in this band and have in
fact petitioned the FCC for relief until
such time as proper enforcement of the
Rules leads to an end of the abuse and
misuse with which this service is
plagued.

In the meanwhile we redoubled our
efforts to produce equipment capable of
operating in the Citizens Band without
significantly increasing its cost. We are
certain we have succeeded with our new

| generation of “pulse-tone modulation”

controls and that we are offering com-
petitivelv priced, reliable, and interfer-

" |ence-free equipment for operation in

this band.

Like the members of DORCMA, your
article is directed toward solving the
problems of radio door control operation
in the Citizens Band by deserting the
band and hoping that operation else-
where will be given the blessing of le-
gitimacy. Let us examine the “legiti-
macy” of the control described in your
article.

The Rules require a timing device to
provide a 30-second silent period follow-
ing each transmission of one second
maximum duration. According to the de-
scription of the circuit performance, the
transmitter will act like a blocking oscil-
lator having approximately a 3% duty
cyele and a 30-second repetition rate.
However, releasing the button after one
second permits another signal to be sent
immediately. (Our italics—Ed.)

I wonder if anyone has bothered to

www americanradiohistorv com

secure a written statement from the
FCC indicating that this kind of opera-
tion is in conformity with the Rules. If
such a statement has been secured, it is
of extreme interest to DORCMA, whose
members proposed this kind of opera-
tion quite some time ago. Apparently,
the FCC regards this operation as pro-
viding continuous transmission, which
indeed it does. For instance, a very ef-
fective telemetry svstem could be set up
if the interpretation allowed further
transmission after a break in the signal,
rather than a strict 30-second silent
period.

It would seem therefore that the
transmitter, as it is being offered, is de-
signed with a built-in mechanism to
“dodge the Rules.” I do not see how a
manufacturer can put the certification
label required by the FCC on the trans-
mitter described in your article. I cannot
believe the FCC would agree that this
unit does comply with the Rules. If the
manufacturer is certifying the device, I
think that he has a responsibility to the
buyer to insure him that he will not be
violating the Rules when he uses it and
would have confinmed compliance by
communicating with the FCC. A special
responsibility certainly exists with the
publisher of ELEcTrONICS WORLD whose
readers have a right to expect the most
accurate and knowledgeable informa-
tion possible. If what I have pointed out
is true, an explanation is certainly due
the readers.

The matter of signal strength pro-
duced by the transmitter is also a prob-
lem. Unless the transmitter and receiver
you described are vastly superior to
similar units now on the market, it is not
possible to obtain adequate operating
range unless the transmitter can produce
the legal maximum field strength when
placed inside an automobile. Most man-
ufacturers certify these transmitters by
measuring them after placement inside
an automobile. These same units outside
the car produce field strengths averag-
ing four or five times greater than legal
maximum. Will the FCC agree that such
a transmitter is in conformity with the
Rules? I think not.

Riciiarp GOLDSTEIN
Perma-Power Company
Chicago, T11.

ELECTRONICS WORLD
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SYLVANIA

PICTURE TUEBE

SYLVANIA ELECTRIC PRODUCTS INC.

MCIURE TRt GMAATIONS
SENECA FALLE, NIW YOAK

IS PANTS B Jisd Wk BY, GREWS. SO W LEITON, LA

GINGRAL TELIPHONE & ELECTROTACS

Now your Sylvania Distributor
can put you in The Yellow Pages

The Yellow Pages are the first place
people ook when they want to buy.
Studies show that 90% of all tele-
phone subscribers consult their
Yellow Pages when they want to find
a local source for products and serv-
ices. It's a fact: your potential cus-
tomers let their fingers do the
walking when a TV set needs pro-
fessional servicing.

Here's a special program that mearis
more customers and extra profits
for you. Our ads appear in your local
Yellow Pages, directing customers
to you. Your Sylvania distributor can
show you how your own listing may
be part of the Sylvania ad.

The new Sylvania Trade Mark
Heading will be seen—it's big, at
tractive, and descriptive. It talls

customers that you sell the depend-
able lire of radio and TV tubes, in-
cluding famous SiLveErR SCREEN 85
and color bright 859 picture tubes.
Your Sylvania distribitor has full
particulars on how you can share in
this program designed especially
for you. Check with him today.
Electronic Tube Div., Sylvania
Electronic Components Group.

SYINVANLA

SUBSIDIARY OF

GENERALTELEPHONE & ELECTRONICS

NEW CAPABILITIES IN: ELECTRONIC TUBES » SEMICONDUCTORS -

G

MICROWAVE DEVICES  SPECIAL COMPOMENTS « DISPLAY DEVICES

1965
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new SAMS BUUKSQ

Color TV Training Manual, New Second Edition

by C. P. Oliphant & Verne M.
Ray. This newly revised com-
prehensive manual is the most
up-to-date guide available for
technicians preparing to service
color-T'V receivers. Describes
the science of color, require-
ments and make-up of the com-
posite color signal, latest color
circuits, and servicing proce-
dures. Full-color picture tube
photos are invaluable for setup
and alignment procedures, as
well as trouble-shooting. Chap-
ters: Colorimetry; Require-
ments of the Composite Color
Signal; Make-up of the Color
Picture Signal; R-F and I-F Circuits; Video, Sync &
Voltage - upply Circuits; Band pass- Ampllf:er,
Color-Sync and Color-Killer Circuits; Color De-
modulation; Matrix Section; Color Picture Tube &
Associated Circuits; Setup Procedure; Aligning the
Color Receiver; Troubleshooting. 224 pages;s 95
8% x 11”7. Order TVC-2,0nly ... ........... 5

Industrial Transistor Circuits

by Allan Lytel. Semiconductor characteristics—ex-
tremely long life and reliability, plus low power and
small space requirements—make them ideal for
many industrial applications. This valuable refer-
ence book describes dozens of solid-state circuits
designed for reliable industrial service. Schematics
and explanatory text fully outline principles and
operation ofeacﬂ circuit. Covers solid-state circuitry
for controls, amplifiers, regulators, alarms, counters,
dimmers, timers, meter controls, etc. An important
book for technicians, designers, and experi- $950
menters. 112 pages; 534 x814”. Order ITL-1, only 2

Basic Electricity/ Electronics Lab Workbook

by Training & Retraining, Inc. This comprehen-
sive programmed-type workbook is the project-teaching
supplement for the popular Sams Basic Electricity/
Electronics series. The workbook includes dozens of
lab projects keyed to the 5-volume series. Each project
is accompanied by text explaining the principles of
electricity and electronics under demonstration. Pic-
torial and schematic diagrams, parts lists, and step-by-
step wiring instructions guide the reader through the
actual construction of each practice project. Questions
(and answers) help to gain understanding of the project
and its principles. Workbook leads hnally to construc-
tion of a superhet receiver. 256 pages; 8% “x11". $495
Order ECY-W, only . 4

Basic Eleclnclty/EIectrumcs Series

Vol. 1 Basic Principles & Applications

Vol. 2 How AC and DC Circuits Work

Vol. 3 Understanding Tube & Transistor Circuits
Vol. 4 Understanding & Using Test instruments
Vol. 5 Motors & Generators—How They Work
(Each Volume, softbound $4.50; hardbound, $5.50)

5-Vol. Softbound Edition, order ECY-50, only s] 995
5-Vol. Hardbound Edition, order ECS-50,0nly $24.95

Electronic Systems for Convenience,
Safety and Enjoyment

by Edward A. Altshuler. In this new book, the author
forcefully points out to TV-radio technicians, dis-
tributors and manufacturers the need for a new
marketing approach in the electronics industry. He
shows convincingly that electronics markets will ex-
pand rapidly—requiring growing services from tech-
nicians, distributors and manufacturers—as totally
integrated electronic systems are developed and
adopted for entertamment, communications, con-
trol, and special services. He cites striking examples
of how today’s electronics technology can be applied
and sold in home, plant, office, school, and hospital.
“Must” reading for everyone with a stake in elec-
tronics. 256 pages; 5% x 8 $495
Order SAS-1, (softbound), only 4

Order $SAH-1, (hardbound), only ............ $5.95

HOWARD W. SAMS & (0., INC.

@ Order from your Sams Distributor today, ar mail g
8 to Haward W, Sams & Co., Inc., Dept. EW-5, ]
8§ 4300 W. 62nd Streel, Indianapolis, Ind. 46206 ]
L] Send me the following books: :
g ve2 0O ECY-w 1 eCs-50 [ SAH-1 M
B a1 [ ECY-50 1 sAs-1 ']
: [J Send FREE Sams Booklist. $ enclosed=
g Name :
= ]

]
: Address. H

]
B City.. State Zip. ]
: ]
g My Distributor is :

mmm |N CANADA: A, C. Simmonds & Sons, Ltd., Toronto 7 mma®
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Mr. Goldstein’s entire letier, from
which the above excerpts were taken,
was forwarded directly to Heath. Since
the units in question had been shipped
to Heath by their vendor in fully assem-
bled form complete with a label stating
that they comply with FCC regulations,
Heath has commented: “We were not
aware of the problem until Dick Gold-
stein’s letter came to our attention. In
checking with the FCC, we were ad-
vised that there are changes in FCC
Rules and Regulations concerning these
devices to be announced shortly. In view
of this we will have, at that time, a re-
designed wversion of the garage-door
opener which will comply completely
with the new Rules. From what we
gather, the changes will involve elimi-
nating the 80-second pause in exchange
for a more stringent ficld-strength limi-
tation.”—Editors.

-4 -4 -4
UHER 8000 LAB TEST
To the Editors:

Permit me to draw vyour attention to
a misleading statement in your report on
the Uher 8000 tape recorder { December
issue). Although vou correctly state that
the machine “. . . will record or play back
four-track mono or stereo tapes,” it does
not have “separate recording and play-
back systems so that a program can be
monitored from the tape as it is being re-
corded.” In stereo mode, the tape-mon-
itor facility is non-existent, being avail-
able only for mono recordings.

A further minor error is that the vu-
type meters do not “monitor” recording
and playback levels, as you state.

I should add that I own several Uher
recorders and believe them to be first-
class products, the 8000 in particular,
but I have had the sad experience of
finding out that this machine will not
tape-monitor stereo recordings.

Jack K. BUrcess
Wheaton, Md.
] *
REGULATOR OPERATION
To the Editors:

Regarding the February, 1965 issue of
ELEcTRONICS WORLD, the description of
the operation of the 12-volt regulator on
page 60 is incorrect. It should read
something as follows:

2 is an n-p-n silicon transistor that
functions as an error amplifier. It will
respond to voltage variations appearing
at the collector of Q1 and adjusts the
base bias of Q1 to maintain the output
voltage constant. The base voltage for
02 is supplied from the series voltage
divider consisting of R1, R2, and R3. A
constant reference voltage of 6.3 v.d.c.
is developed across zener diode D1. The
emitter voltage of Q2 will always be
equal to the difference between the col-
lector voltage of Q1 and 6.3 v.d.c.

If the power-line voltage rises, the
power-supply voltage will rise, causing
the collector voltage of Q1 to tend to
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rise. This will cause the emitter voltage
ol Q2 to tend to go more positive than
the normal base-emitter voltage of Q2
(about 0.6 volt). This decreases the
amount of forward bias that is applied
across the base-emitter junction of the
transistor.

This lowers the collector-emitter cur-
rent of 02, which also flows through the
base-emitter junction of Q1. This current
change will decrease the amount of for-
ward bias applied to the base-emitter
junction of Q1 and the transistor will not
conduct as heavily.

My qualifications: I have designed
and am designing regulators and refer-
ence sources (super-regulated regula-
tors) for a local telemetry company.

Jaxtes Wricnt BEvILLE 111
Sarasota, F'lorida

The remainder of the explanation and
the final results were correct as de-
scribed. However, the operation of Q2
was fust opposite to our explanation.—
Editors.

L] & -4
PROBLEM-BRACE BOX
To the Editors:
1 noticed the drawing of the “problem

brace” on page 96 of your February issue
and decided that if IMC DMagnetics
Corp. was going to manufacture and
ship any of these, they would need
suitable case to ship them in. Here is my
design.

JamEes C. Morcan, Jr.

Westinghouse Molecular Electronics

Baltimore, Md.

% &

SEMICONDUCTOR HEAT SINKS
To the Editors:

The article “Semiconductor Heat Sink
Design Chart” on page 28 of the January
issue of your magazine contains an er-
ror in conversion of Fahrenheit degrees
to Centigrade. The fourth paragraph in
the second column and the caption for
the graph state that a 55°F temperature
rise is equivalent to 13°C. This is not so,
since the temperature rise is not related
to any reference point, and therefore,
subtraction of 32° does not apply but
only multiplication by the factor of 5/9.
Consequently, the temperature rise of
55°F corresponds to a temperature rise
of 30.5°C.

K. S. JaBLONSKI
Dollard des Ormeaux, Que. A

ELECTRONICS WORLD
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OLDEST MAGNECORD
MODEL PTG

\_

Thousands of Magnecords are
delivered . . never to be
seen by our service depart-
ment. This is marvelous testi-
mony to Magnecord reliability
and long life. But even we
don’t know just how long a
Magnecord keeps performing.
That's why Magnecord. Amer-
ica’s first magnetic tape re-
corder manufacturer. is offer-
ing a reward for the oldest
operating PT6. We're giving a
new Magnecord just to satisty
our curiosity!

MAGNECORD ANNOUNCES NEW 1 YEAR WARRANTY

B In the belief that users of quality tape equipment buy
performance rather than paper promises, Magnecord has
always issued a 90 day warranty. While others concen-
trated on promises we concentrated on performance.
Magnecord acceptance has proven the wisdom of this
policy. But from now on, each Magnecord gets a one
year warranty. However, you can expect the same re-
liability and lasting quality that has kept Magnecord
first choice of discriminating tape equipment users. ®

h

Entries must be submitted to:
WANTED CONTEST
Magnecord Division
Midwestern Instruments
Company
P. O. Box 7509
Tulsa. Oklahoma 74105

All entries must be post.

marked no later than July

15, 1965.

Entries must include serial

number. location and brietf

history of operation (present
use. past use., length and
frequency of use. etc.)

“"WANTED"”
CONTEST RULES

—

3. Entrant must own or operate
PT6 submitted for prize.

4. Winning PT6 becomes the
property of Magnecord after
new machine is awarded. If
entrant operates but does
not own machine, arrange-
ments will be made to ob-
tain machine from owner.
Only one entry per machine
will be valid.

5. Winner will be decided by
serial number and verified
by Magnecord dealer or

sales representative. J

Get contest ruies and entry blank at your Magnecord dealer or write:

n

aggnecord

©)

Sales Div.
. MIDWESTERN INSTRUMENTS

Subsidiary of the TELEX Corporation
P. O. Box 7509 / Tulsa, Oklahoma 74105

/

(0)

1965
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REWARD

Newest Magnecord Model of
your choice! In exchange for
the oldest operating Model
PT6. Magnecord will give the
owner a choice of any new
model in the magnificent 1000
series. Read contest rules be-
low or get your official entry
blank from your local Magne-
cord dealer.

MODEL 1021

Transistorized
monaural model.
Broadcast connec-

tors, impedances
preee w1 andlevels.3.75
) ok 't and 7.5 i.ps.
$708.00
MODEL 1022
Fully transis- e}
torized stereo %I,-’
production unit. !
Broadcast connec-  © . . « a - §
tors, impedances | ., -

and levels, 7.5 1353338050
and 15 i.ps.

$788.00

MODEL 1024

« Fully transistor-

A » | ized stereo model.

I et = Audiophile con-

‘_3-.&% nectors, imped-

2 v m— 4| ances and levels.

1 fad ! 3.75 and 7.5 i.p.s.
LS RIS,

e $648.00

MODEL 1028

Vacuum tube ster-
eo master record-
er. 10%” reels.
Impedance and
connector options.
7.5 and 15 i.p.s.

$995.00

5
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You know yow’re a hi-fi expert
ce.mOowW let your friends know it

(and earn a free Shure Stereo Dynetic’stylus in the bargain)

HERE’S THE PROBLEM ...

We pity the poor audiophile. Besieged with questions
from non-audiophiles, as to the kind of music system
they should buy. And, cruelest blow of all, after you
explain, precisely, the components they need, they
decide it’s all “too complicated” and wind up with
a "hi-fi” piece of furniture that affronts the critical ear.

HERE’S WHAT YOU DO...

Good news! You can, in all good conscience, rec-
ommend the M100 Shure Engineered System of
Laboratory Matched High Fidelity Components and
you've solved their problem like the true aficionado
you are. True hi-fi sound. True components. Matched.
The sound, at $450.00%, is comparable to components
costing significantly more, or “sets’ costing two or
three times as much. Plugin the speakers and AC cord
and it's ready. Their eyes and ears are happy. And
you and your conscience are at peace with the world.

*$450.00 For solid walnut library Model M-100W;
$389.00 For portative luggage Mode! M-100L.

HERE’S WHAT SHURE DOES...

We'll send you a “Shure M100 Expert’s Kit” consisting
of a ““Courage! Help is here’” lapel button, recom-
mendation cards, a list of
Shure M100 dealers, and
Pocket Guides to the M100.
Next time you’re asked for
high fidelity advice simply
hand your friend an M100
recommendation card
(and pocket guide) and
your troubles are over.

HERE’S YOUR “REWARD”...

To show you our appreciation, when your friend
sends in his M100 warranty card with your recom-
mendation card attached, we send you the Shure
Stereo-Dynetic replacement stylus of your choice.
(You know your stylus should be replaced from time
to time because even at light tracking forces the
diamond tends to wear.) Details on how to get your
free stylus will be in your M100 recommendation
kit. Now everybody’s happy!

= = & ~ = (] ) o)

THE SHURE ENGINEERED SYSTEM OF
LABORATORY MATCHED HIGH FIDELITY COMPONENTS

WRITE FOR YOUR KIT: SHURE BROTHERS, INC., 222 HARTREY AVE., EVANSTON, ILLINOIS

4 CIRCLE NO. 217 ON READER SERVICE PAGE
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READER SERVICE PAGE

As a convenience to our readers, we have included two separate reply coupons
in this issue which should simplify the process of requesting information on
products and services appearing in this issue.

Unfortunately, many companies will not furnish additional information to a
home address. Therefore, to assure a reply, make certain that the proper coupon
is used.

To get more information, promptly, about products and services mentioned in
this issue, simply circle the number corresponding to the ad or editorial mention
and send the proper coupon to us. Your request will be sent to the manufacturer
immediately.

FOR GENERAL USE: In requesting information on products and services listed
in the coupon below, you may use your home address.

FOR PROFESSIONAL USE: In requesting information on products and services
listed in the coupon on page 86 it is necessary to fill out the coupon COM-
PLETELY, stating your company, address, and your function or title. If the cou-
pon is incomplete it cannot be processed.

You can use both coupons, since each contains specific items, if each coupon
is filled out completely.

See Page 86 for “PROFESSIONAL USE” Coupon

Mail to: ELECTRONICS WORLD P.0. BOX 7842, PHILADELPHIA 1, PA.

GENERAL USE ONLY Z?taée'f,‘f,??fgf D
NAME (PRINT CLEARLY) S e —HL N — :
ADODRESS. = ST PRSP S
CITY STATE. ZONE

Please send me additional information on advertised products | have circled.

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

121 128 129 130 131 133 140 143 144 150 152 155 157
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Discover the ease
and excitement of NRI's

S

DIMIENSIONIAL
MIETRIO

D)

of ELECTRONICS
TV-RADIO TRAINING

10 HOME-STUDY PLANS TO CHOOSE FROM

Ask men whose judgment you respect about
NRI's three dimensional method of home-
study training. Ask about the new, remarkable
NRI Achievement Kit. Ask about NRI custom-
designed training equipment, programmed
for the training of your choice to make Elec-
tronics come alive in an exciting, absorbing,
practical way. Ask about NRI “‘bite-size’” texts,
as direct and easy to read as 50 years of
teaching experience can make them. Achieve-
ment Kit . . . training equipment . . . bite-size
texts . . . the three dimensions of home-study
training; the essentials you must have to make

OUR 50TH YEAR OF LEADERSHIP

16

learning easier, more interesting, more mean-
ingful. You get them all from NRI.

Whatever your interest . . . whatever your
need . . . whatever your education . . . pick the
field of your choice from NRI's 10 instruction
plans and mail the postage free card today
for your free NRI catalog. Discover just how
easy and exciting the NRI 3-DIMENSIONAL
METHOD of training at home can be. Do it
today. NATIONAL RADIO INSTITUTE, Elec-
tronics Division, Washington, D.C. 20016.

BEGIN NOW AN ABSORBING
ADVENTURE—LEARN ELECTRONICS
THE EASY NRI WAY—MAIL CARD TODAY

IN ELECTRONICS TRAINING

ELECTRONICS WORLD
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Start Fast with NRI's New : —
Remarkable Achievement Kit — Y | L CIRECOMENS MO

The day you enroll with NRI this new starter kit
is on its way to you. Everything you need to make
a significant start in the Electronics field of your
choice is delivered to your door. It's an out-
standing way of introducing you to NRI training
methods . . . an unparalleled ‘‘first dimension”
that opens the way to new discoveries, new know!-
edge, new opportunity. The Achievement Kit is
worth many times the small payment required
to start your training. No other school has any-
thing like it. Find out more about the NRI
Achievement Kit. Mail the postage-free card today.

NRI “Bite-Size'' Lesson Texts
Program Your Training

Certainly, lesson texts are a necessary part of
any training program . . . but only a part. NRI's
“bite-size” texts are simple, direct, well illus-
trated, and carefully programmed to relate things
you read about to training equipment you build.
Here is the “‘second dimensjon’” in NRI’s training
method. Here are the fundamental laws of elec-
tronics, the theory, the training of your choice,
presented in a manner you’ll appreciate. And in
addition to lesson texts, NRI courses include
valuable Reference Texts related to the subjects
you study, the field of most interest to you.

Custom-Designed Training Kits
Make Learning Come Alive

Electronics becomes a clear and understandable
force under your control as you get your hands
on actual parts and build, experiment, explore,
discover. Here is the ‘“‘third dimension’”. . . the
practical demonstration of things you read about
in NRI texts. NRI pioneered and perfected the
use of training kits to aid in learning at home in
spare time. Nothing is as effective as learning
by doing. NRI invites comparison with equipment
offered by any other school, at any price. Prove
to yourself what three-quarters-of-a-million NRI
students could tell you . . . that you get more for
your money from NRI than from any other home-
study Radio-TV, Electronics school. Mail postage
free card for your NRI catalog. (No salesman
will call.)

May, 1965
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REPORT

HI-FI PRODUCT

TESTED BY HIRSCH-HOUCK LABS

Scott Model 344 Stereo Receiver
Shure MS5SSE Stereo Phono Cartridge

Scott Model 344 Stereo Receiver
For copy of the manufacturer’s brochure, circle No. 51 on coupon (page 15).

L it L

transistorized

HE first stereo re-

ceivers were considerably more
costly than their vacuum-tube counter-
parts and, frequently, were at least as
bulky. In the few years since transistors
entered the high-fidelitv scene, there
have been some remuarkable reductions
in price and size, with a corresponding
increase in reliability and quality of
performance. The new Scott Model 344
solid-state receiver is an excellent ex-
ample of this trend.

The receiver is an unusually compact,
complete stereo receiver. Except lor
four nuvistor tubes in the M tuner
front-end, it is completely transistorized.
Measuring only 15” wide by 4%” high
bv 147 deep, it is little larger than an
ordinary FM tuner. The Model 344
contains an F\M-stereo tuner, with auto-
matic stereo/mono switching; a stereo
preamplifier with inputs for a phono
cartridge, tape head, and a high-level
sonrce; and a stereo power amplifier
rated at 25 walts per channel (IHF
Music Power). Tt is handsomely styled
with an illuminated tuning meter, softly
lit slide-rule dial, and a neon FM-stereo
indicator light.

The controls are sufficiently flexible
for any home music system require-
ments, vet are laid out logically so us
not to confuse the non-technical user.
The bhasic knob-operated controls are
the input selector. loudness control
(combined with “on-oft” switch), bass
and treble tone controls (ganged for
simultaneous adjustment of both chan-
nels, but with slip clutehes for differen-
tial adjustment), and the tuning knob.

20

In addition to the inputs from external
sources through rear connectors, there
are input selector positions for FM and
M with sub-channel filter (SCA).
Less often used [unctions are handled
by six slide switches, with dots marked
on the panel to indicate the normal or
recommended settings. The tape-moni-
tor switch connects the plavback am-
plifiers of a tape recorder to the ampli-
fier, in any position of the input selector
switch. With a recorder having separate
recording and playback svstems, this
allows monitoring from the tape while
making a recording. A loudness-com-
pensation switch applies low- and high-
frequency boost to the amplifier at low
volume settings, for more pleasing sound
under background-music conditions.
Volume adjustinent is by means of
a pair of concentric controls so that the
levels of the two channels may be in-
dependently adjusted for balance. A
unique patented “balance”’-switch sys-
tem is incorporated and used to balance
the power output levels for stereo
reproduction. In use, a mono record or
program material is applied to the umnit,
and by operating the “balance” switch
back and forth all the sound is chan-
neled to one loudspeaker and then the
other. The volume controls are used to
obtain proper audible balance. This has

been a feature of many Scot! amplifiers
and works very well.

The “Stereo/Mono” switch, effective
on all inputs, parallels both channels tor
mono listening. This is the proper way
to listen to a mono record with a stereo
pickup, since it cancels any vertical
rumble picked up from the turntable.
\When it is used in FM reception, it also
disables the multiplex circuits and shuts
off the neon stereo indicator light. It is
rarely necessary to use this switch in
FM reception since the presence of a
pilot carrier automatically switches the
set to stereo. However, a weak F\[ sta-
tion may be too noisy to receive in
stereo, in which case the switch may be
used to override the automatic circnits.

The “Noise Filter” is a high-cut filter
with a gradual slope of 3 db/octave
above 3000 cps. It is very mild in its
action. Finally, a three-position speaker
switch connects the receiver output to
either of two pairs of speakers, or cuts
off all speakers for headphone listening
through the front-panel headphone jack.

The tone controls have a measured
range of +12, —15 db at 50 cps and
+=12 db at 10,000 cps. The loudness
control provides a gentle boost of low
and high frequencies, not exaggerated
to the point of unnaturalness, yet suffici-
ent to add body to low-level background
music. The frequency response of the
audio amplifier is flat within = 1 db
from 40 to 20,000 cps. It has a built-in
roll-off below 20 cps to filter out sub-
sonic rumble and transients which might
overload the amplifier or damage the
speakers. This filter has only a slight
effect at 60 cps, dropping the response
by 2.5 db at 20 cps.

The RIAA phono equalization is very
accurate, within = 0.5 db from 80 to
15,000 cps, and down 2.5 db at 30 cps.
The NAB tape playback equalization

CONTINUOUS SINE-wAVE POWER PER CHANNEL WITH BOTH CHANNELS ORIVEN
| E— T T 11 I s . o¢ e e

30— P EmWEY] MEN
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Get in
on the
ground floor

of the

second-story

business

Every 40 seconds a burglary takes place in the United States.

TECHNICAL INFORMATION

The RADAR SENTRY ALARM is
a complete U.H.F. Doppler Ra-
dar System which saturates the
entire protected area with invis-
ible r.f. microwaves. It provides
complete wall to wall—floor to
ceiling protection for an area of
up to 5,000 square feet. Without
human movement in the pro-
tected area, the microwave sig-
nal remains stable. Any human
movement (operation is unaf-
fected by rodents and small ani-
mals)in the area causes the dop-
pler signal to change frequency
approximately 2 to 4 cps. An
ultra-stable low frequency de-
tector senses this small fre-
quency change, amplifies it and
triggers the police type siren—
which is heard up to a half mile
away.

In addition, the RADAR SEN-
TRY ALARM's protection can be
extended to other areas with the
use of the following optional ac-
cessories:

* remote detectors for extending
coverage to over 10,000 sq. ft.

* rate of rise fire detector U.L.
approved for 2,500 sq. ft. of
coverage each (no limit on the
number of remote detectors
that can be used)

* hold-up alarm

* central station or police station
transmitter and receiver (used
with a leased telephone line)

* relay unit for activating house
lights

* battery operated horn or bell
which sounds in the event of:
powerline failure; equipment
malfunction or tampering

May, 1965

Al that rate, it's a multi-million
dollar a year business...for bur-
glars.

And an even better business op-
portunity far you.

Why? Because burglary can be
stoppad...with an effective alarm
system.

In fact, police and insurance
officials have proved that an alarm
systemreduces, and inmany cases,
eliminates iosses—even helps po-
lice apprehend the criminal.

Here’s where you come in.

Only a small percentage of the
more than 100 million buildings—
stores, offices, factories, schools,
churches and homes are protected
by an effective alarm system.

That means virtually every
home, every business is a prospect.

You can sell them!

And you don’t have to be a
super-salesman to sell the best
protection available—a Radar Sen-
try Alarm unit. All you have to do
is demonstrate it...it sells itself.

A glance at the technical infor-
mation shows why.

RADAR SENTRY ALARM
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.
.
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Name

It's the most unique and effec-
tive alarm system ever invented.

And here's the proof.

In the past six years, thousands
of RADAR SENTRY ALARM units
have been sold in the Detroit, Mich-
igan area alone—sold by men like
yourself on a part-time and full-
time basis.

Here are just a few customers
who are protected by RADAR
SENTRY ALARMS:

U.S. Government

U.S. Air Force

Detroit Board of Education
Hundreds of Churches,
Banks, Businesses and
Homes.

Everyone is a prospect.

So take advantage of your pro-
fession. Put your technical knowl-
edge and experience to work for
you in a totally new area—an area
that will make money for you!

Don’t wait!

Cet in on the ground floor of this
new money-making business.

Become a distributor.

Write now for free details.

91 000000100600 0000000000000000000000080066600

Wail to: RADAR DEVICES MANUFACTURING CORP.
22003 Harper Ave., St. Clair Shores, Michigan 48080

Please tell me how | can have a business
of my own distributing Radar Sentry
Alarm Systems. | understand there is no
obligation.

Address_

State & Code

21
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\ Ybother 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®
5 CAPACITORS!

1,863 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-107 from
your Sprague Distributor, or write
Sprague Products Co., 51 Mar-

)
shall Street, North Adams, Mass. s p n n G U E

THE MARK OF RELIABILITY

WORLO'S LARGEST MANUFACTURER OF CAPACITORS
. CIRCLE NO. 131 ON READER SERVICE PAGE
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was within = 0.75 db from 70 to
15,000 cps, and down 3.5 db at 30 cps.

The hum level of the unit was in-
audible on all inputs. At high volume
levels some hiss could be heard on the
low-level inputs, but these, too, were
dead silent at normal gain settings. The
phono input had a three-position sensi-
tivity switch in the rear of the unit

!
POWER OUTPUT-WAT TS
(EQUIVALENT  SINE-WavE

which provides a sensitivity of 2.8 mv.,
5.0 mv., and 7.8 mv. for 10 watts out-
put. This allows the phono level to be
matched approximately to the tuner
level and reduces the chances of over-
loading the preamplifier on loud pas-
sages.

The power amplifiers are conserva-
tively rated. The measured output was
about 26 watts per channel, continuous,
sine-wave at 2% distortion, with Dboth
channels driven, over most of the fre-
quency range. It fell to 14 watts at 25
cps and to 21 watts at 20,000 cps. The
maximum continuous output into a 4-
ohm load is limited by the Z2-amp
speaker fuse to about 16 watts. At 16-
ohm loads, power output was lower.
This type of power output variation is
tvpical of the operation of transistor
amplifiers. Note that these are continu-
ous sine-wuave powers; the output on
music peaks would Dbe substantially
higher.

The IM distortion is as shown in the
figure. There are individual bias and
adjustiments for each channel. We found
we were able to alter the shape of the
IM curves, particularly at low power
levels, by adjusting these pots.

The FM tuner (the same as used in
the Model 312) is rated at 2.2 uv. sen-
sitivity (IHF). We measured the nsable
sensitivity at 2.6 pv., which is within
the range of normal measurement errors.
The capture ratio, rated at 6 db, meas-
ured 5.3 db. The hum level was —61
db, which is the residual hum of our
signal generator. The FM frequency
response on mono was within 0.5 db
from 30 to 15,000 cps, and was down
only 2.5 db between 10,000 and 15,000
cps on slereo. The channel separation
was unusually good, about — 35 db
between 1000 cps and 10,000 cps, and
better than -—18 db over the entire
range of 30 to 15,000 cps. We were
unable to check the effect of the SCA
filter in removing interference, since e
do not experience this form of inter-

(Continued on page 62)

ELECTRONICS WORLD
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LIVE BETTER ELECTRONICALLY with LAFAYETTE RADIO ELECTRONICS

HI-FI AND CB EQUIPMENT Headquarters

T Shr-—
s e T ey~ P o
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P 1 i S0uticy
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ﬁ
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Y Small . . . Quiet . . . Powerful!

NEW! LAFAYETTE SOLID-STATE
DUAL CONVERSION 5-WATT
CB TRANSCEIVER

With Authentic Mechanical Filter
+~ Only 3" high—fits easily in any car ‘
»~ Special multi-stage noise limiting circuit ends problem
of mobile noise
+» The same output as the most powerful tube unit yet
uses only 1/50th of the battery power
The Perfect Unit For Mobile!
o 12 Crystal Transmit and Receive Positions e 23 Chan-
nel Tunable Receiver With Spotting Switch e 3-Stage
Transmitter Rated For Full Legal Power e Dual Conver-
sion Receiver with 5/10 uV Sensitivity e Multi-Stage
Automatic Noise Limiting Circuit @ Rugged Silicon Mesa
Transistors @ Compact—3”Hx11%,"Wx6'%,"D e 12V DC
Mobile Operation (Negative or Positive ground) e 117V
AC operation when used with Matching Solid-State AC
Power Supply (Optional at $16.95)

>

NEW! LAFAYETTE 70-WATT COMPLETE
AM-FM STEREO RECEIVER

Just Add Speakers and Enjoy FM, FM Stereo
and High-Quality AM Reception

w A powerful 70-Watt Amplifier plus Complete Preampli-
fier Control Facilities plus a Standard AM Tuner plus.a
sensitive FM Tuner plus an FM Stereo Tuner—all on One
Compact chassis ® Amazing FM “Stereo Search” Circuit
Signals Presence of Stereo Broadcasts ® Tuned Nuvistor
“Front End” provides Greater Sensitivity, Lower Noise
w Bar-Type Tuning Indicator for AM and FM ® Variable
AFC Control w Imported

TAKES REELS

1 adaptable to " DYNAMIC L{
stereo playback MICROPHONE

THE WIDELY ACCLAIMED LAFAYETTE
RK-137A TAPE RECORDER

FEATURING 4— TRACK STEREO PLAYBACK:
— TRACK MONAURAL RECORD PLAYBACK

With Electronic Track Selector
Switch, VU Recording Level
Meter and Pause Switch For Instant Editing

Inciudes Lightweight carrying case, dynamic mic-
rophone, output cable, 7 inch empty tape reel.

o Two Speeds—33% & 7%z ips e Pause Lever Provides
Instant Stop for Editing e Record—Erase Safety Switch
o Fast, Rugged Shift Lever Control e Extension Speaker
Jack e High Impedance Monitoring Jack e VU Meter
Recording Level Indicator e Electronic Track Selector
Switch e Specially Designed Heavy-Duty 6x4” PM

[ ¥ K N N N N N N J

Speaker e Separate Erase and Record Heads e Imported
L . l r_LA-FAY-E'I?E-RA?IO-ELECTRONICS
: | " J Dept. RES P. 0. Box 10 |
i : B Syosset, L.1,, N.Y, 11791 l
' RADIO ELECTRONICS |
0s

1965 CATALOG NO. 650 516 PAGES!

See The Largest Selection in Our 44-Year History

NEW! LAFAYETTE 23-CHANNEL
5-WATT CB TRANSCEIVER

Double Side Band Fuli Carri
ouble Side Band Full Carrier With Advanced

+~ 17-Tube Performance with 13 Tubes |« ) "
s+~ Low Noise Nuvistor “Front End” Rar;:g_e Bfm“
» 5 Double-Tuned If Transformers ircuit

1~ Meets All FCC Requirements

e Frequency Synthesized Circuit Provides 23 Crystal-Con-
trolled Transmit & Receive Channels—No Extra Crystals
to Buy e Continuous One-Control Channel Tuning e Full
5-Watt Input e Push-To-Talk Microphone & Electronic
Switching e Dual Conversion Receiver With 3/10 uv
Sensitivity e Delta Tuning Offers “Fine Tuning” of
+25Kc on Receive e Illuminated “S" and RF Output
Meter e Variable Squelch, Variable Noise Limiter, AGC
e Built-in 117V AC & 12V DC Power Supply e “Vari-
Tilt” Mounting Bracket for Easy Mobile Installation e
Plug-in Facilities For Lafayette Selective Call Unit

Name. ... .
ADAress..........coooiiiiiiiiiiii

e Stereo Mi-Fi — Famous Brands plus
Lafayettes own Top-Rated Components

e Citizens Band Equipment

e Tape Recorders o Ham Gear

Radio’s, TV's and Accessories

P.A. Equipment; Intercoms

Test Equipment e Optical Goods
Auto Accessories » Musical Instruments

May, 1965 CIRCLE NO. 194 ON READER SERVICE PAGE 23
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FOR LISTENING TO YOUR LIKING

INTERIOR DESIGNED BY CAMILLE HOLLAND, N.S.1.D.

THE INCOMPARABLE
CONCERTONE 800

Music for dancing, music for an intimate tete’ a tete’,
or music just for listening, every moment is more
enjoyable, more memorable, with the incomparable
Concertone. Only the Concertone provides an ex-
clusive combination of features which makes up a
sound system beyond compare. Reverse-o-matic®—an
industry first by Concertone — allows you to play or
record in both directions automatically, continuously,

».'?..‘ﬂ-’=5.";'i e T S
e T e o

without having to change reels. Behind the distinctive
performance of the Concertore 800 are more than
fifteen years of experience in the engineering and
production of quality professional and home tape
recorders. Buy Concertone for greater listening pleas-
ure, greater versatility, and a price that is to your liking.
For our free brochure, write today to Concertone,
Box 3866, South El Monte, California. CONCERTONE

IN CANADA: HARTONE ELECTRONICS, 298 BRIDGELAND, TORONTO, ONTARIO, CANADA*OVERSEAS: APO/FPO PERSONNEL WRITE BOX 3866, SO. EL MONTE, CALIF.

24 CIRCLE NO. 170 ON READER SERVICE PAGE

ELECTRONICS WORLD
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By FRITZ O. KAHL/ Senior Product Specialist, Corning Glass Works

Optical fibers efficiently transmit light and images around bends and in
controlled paths. They are used in inspection tools and in special cathode
ray tubes, image intensifiers, and vidicons. This article surveys present
state of the art, giving the operating principles, characteristics, along
with some current and potential applications in the electronics field.

HE unique optical properties of transparent glass f-
I bers permit the gathering and efficient transfer of
light or image information with little loss of energy.
Although fiber-optic applications were proposed for elec-
tronics nearly 30 years ago, only recently have practical de-
vices and systems evolved. Now, optical fibers are available
in long, flexible or fixed bundles, in conventional lens shapes,
and in fused, vacuum-tight electron-tube faceplates. Their
applications range from simple inspection tools to special
cathode-ray tubes to complex, experimental lasers. Some day,
optical fibers may revolutionize computer construction.

Applications

Because of their ability to transmit light to inaccessible
areas, one ol the first uses for fiber optics was in medicine.
Devices are available for looking into the stomach; movies
have shown action inside a dog’s heart; a hypodermic svringe
enables a view of living tissue. By combining laser radiation
and optical-fiber bundles, phototherapy may some day be ap-
plied to remote organ sites. These applications, while not elec-
tronic in themselves, tyvpify the broad role of fiber optics.

The ability of a fiber-optic plate to act as a field flattener
is important in many electronic-tube applications. In an
electromagnetically deflected cathode-ray tube with a flat
faceplate, considerable error and edge defocussing is intro-
duced at the extreme angles of deflection. A fiber-optic face-
plate ground with a suitable spherical inner surface can
eliminate this error and present a flat plane on the outside
for recording. See I'ig. 1.

Sometimes it is clesirable to mount a plate internally and
use it as a target substrate, thereby avoiding the cost of
vacuum-tightness. Here, one side is coated with a suitable
phosphor and the other with a photoconductive or photoemis-
sive laver. Information “written” on the phosphor side is

May, 1965

channeled efficiently by the fibers to the other side where
it can be “read” or accelerated to a final screen. At least
one tube manufacturer makes a scan converter this way.

Perhaps the most common application is the cathode-ray
tube that uses a fiber-optic faceplate for recording informa-
tion directly on film or sensitized paper. The faceplate may
consist entirely of fused fibers, or a conventional faceplate
may be used which has a smaller fiber-optic plate sealed into
it. The shape and size depends on the method of scan, frame
size, etc. Again, a phosphor coating is deposited on the in-
side surface, and its emission is carried by the fibers to the
outside. The recording medium need not contact the outside
of the plate, the actual separation depending on the plate’s
light-gathering power and resulting depth of focus.

[n a conventional system, the cathode-ray tube emits light
in all directions. A lens gathers only a small portion of this
light, which is additionally attenuated by the mirrors and
field flatteners used. Fiber-optic systems have demonstrated
20 to 40 times the brightness over conventional optics.

Similar tubes, with larger diameter faceplates, can be
used for direct viewing. Examples are oscilloscopes and radar
screens. However, since plates over five inches in diameter
are very costly, the improvement in resolution and contrast
must be justified.

The development of the gallium arsenide p-n junction as
an infrared light source has generated major investigations
into the use of optical interconnections for transferring elec-
trical signals from one circuit to another. Using light pipes
in place of electrical conductors gives advantages of com-
plete electrical isolation and freedom from feedback between
input and output circuitry. Several practical devices have
been introduced and many more are in development (Fig.
2). One outcome could be the ennstruction of a computer
based on this concept.

25
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NORMAL ERROR

i §MAX. DEFLECTION ANGLE

PHOSPHOR — -

— OUTSIDE FACE

FIBER-OPTIC FACEPLATE
Fig. 1. Fiber-optic faceplate used as field flattener.

Also, a series of devices is available either as separate
photon sources and detectors or as a photon-coupled ampli-
fier. In each case, a fiber-optic image conduit channels the
high-intensity emission from the input diode to the detector,
or to the outside of the package when the two are used
separately. The detector’s output current or voltage is then
proportional to the infrared diode’s input. Proposed applica-
tion include linear amplifiers, high-voltage regulated power
supplies, cathode-ray tube modulators, oscillators, multiplex-
ers, and high-speed relays.

An application in the power field combines fiber optics
with a laser. A low-power gallium arsenide solid-state laser
produces a coherent light signal that is proportional to line
current. The signal is transmitted by a flexible fber-optic
bundle a quarter-inch in diameter to a light-sensitive tran-
sistor. The transistor then converts the light energy back to
a 60-cvcle electrical signal. The device is capable of monitor-
ing line current in high-voltage transmission syvstems from
zero load through 20 times full load. It has a response time
of one nanosecond.

Experimenters are exploring the use of fiber lasers utilizing
neodymium-doped glass. In one study, 10-micron cores were
clad, then wound in a helix to fit over the flash tube. The
signal to be amplified was provided by a solid ¢glass laser rod.

In another study using neodvmium-doped glass, resonant
transter of energy was achieved between parallel active laser
fibers and passive fibers. Although amplification has been
obtained in both cases, the studies have not vet progressed
o the stage of practicality.

Principles of Operation

To take advantage of this new technology, the electronics

Fig. 2. An optic amplifier using a fiber-optic light pipe.
An inpui signal vaiies the amount of infrared light produced
by diode. This light is carried by the light pipe to the
photodetector, whose output is amplified replica of signal.
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engineer should familiarize himself with the design parame-
ters that cannot be overlooked when working in the field of
fiber optics.

The basic mechanism that makes optical fibers behave the
way they do is known as total internal reflection. Light strik-
ing the end of a glass fiber or rod will be totallv reflected
from the sides as it travels toward exit at the other end. As
a light ray enters the end of the fiber at a given angle, it is
refracted and travels toward the outer surface. When it
reaches this interface between the fiber and the surrounding
medium, it may be again refracted or reflected. If the angle
at which it is incident to the interface is greater than some
critical angle, as measured from the perpendicular, it will
be totally reflected and cannot escape. See Fig. 3. A light
ray entering at an angle which causes it to be incident at
less than the critical angle will penetrate and leave the fiber.

The critical angle depends on the ratio of the indices of
refraction of the two media that affect the light; for example,
the glass that makes up the fiber or rod and the air that
surrounds the glass. In practice, air is generally not the sec-
ond medium. Contamination degrades the surface of the

Flexible fiber-optic inspection tool, with built-in light
source, employed for viewing normally inaccessible areas.

glass fiber, so for protection it is clad with another glass.
Thus, the critical angle will depend on the refractive indices
of two different glasses, one a core glass and the other a
cladding glass.

In fiber drawing—i.e., elongating the fibers to make them
snialler—the core and cladding glasses are drawn together.
At the minimum, the cladding is a mere one-half to one micron
(39 millionths of an inch) thick. It can be seen that the
drawing operation has to be precise, since the interface be-
tween the core glass and the cladding glass must be kept as
nearly perfect as possible to obtain maximum optical effi-
ciencv. A ray which enters an optical fiber of 10-micron di-
ameter and is refracted at an angle of 30° will be reflected
a minimum of 50,000 times per foot before emerging. There-
fore, little or no losses can be tolerated at each reflection.

The fiber size must be smaller than the finest detail to
be resolved, thus it is the limiting factor in resolution. In a
static viewing situation without magnification, the resolution
can be further affected by the mosaic structure itself. D
namic scanning of the image is often employved in order to
appreciably increase the resolution.

Numerical Aperture

One of the great advantages of optical fibers is their light-
gathering power. This property, termed “mumerical aper-
ture,” is dependent on the maximum cone or acceptance
angle at which the fiber can tiap and reflect light. It equals

ELECTRONICS WORLD
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A high-voltage transmission line monitoring system which em-
ploys a fiber-optic light pipe. A sample of the line current
is inductively picked off and applied to a gcllium arsenide
laser. The resultant varying beam of infrared light is trans-
mitted through o fiber-optic rod to a photosensitive transis-
tor at base of the assembly where it is converfed to an elec-
trical signal to operate remote instrumentation or controls.

sm f; in Fig. 3, and is expressed: NA=sin 0,= \ AL
where n, and n, are the indices of refraction of the core and
cladding glasses respectively, and the incident ray is traveling
in air.

It can be seen that the greater the difference in the indices
the greater the acceptance angle will be. Also, apparently
slight changes in refractive index will cause very rapid
changes in NA.

Some typical values for combinations of commercial glasses
include:

n,=1700; n,=1.512; NA=0.78; §,=51°
n,=1.650; n,=1.560; NA=0.54; §,=32°

With proper selection of glasses, it is possible to obtain

A bundle of flexible glass fibers such as would be used in an
inspection tool. Light from the candle flame is transmitted
from one end of the bundle to the other with minimum loss.

&

a theoretical value for NA of more than 1.0. However, in
practice this value is not often achieved because of fiber
impertections and other losses. Nonetheless, a high-NA fiber-
optic mosaic can have more light-gathering power, or
“speed,” than a good conventional lens.

This relationship is expressed by the formula: f.., = 1/2NA.

As with conventional lenses, the greater the aperture of
the fiber optic the shorter the depth of focus. This can be
important, for example, where direct recording on film is
taken of information from a fiber-optic cathode-ray tube.

Light Transmission

The principal optical factors affecting light transmission
in a single fiber are: the absorption coefficient of the core
glass, and reflection losses at entrance and exit faces. Thus,
in attempting to ascertain the light transmission, the nature
of the incident light should be known. The wavelength will
determine the absorption coefficient, and the angle of in-
cidence will determine the reflection losses and amount of
contact with the absorbing medium. The angle of incidence
also determines the optical path length of the fiber and,
consequently, the absorption losses.

The gross transmission of a fused array of fibers is further
atfected by the ratio of the cross-section surfuce area repre-
sented by the core glass to the total cross-section of the arrav.
This is called the “packing fraction,” and can range from
60 to 85 percent.

Many applications utilize the output of settled phosphors,
from which the emitted light is essentially Lambertian, i.e.,
equally bright from all directions. In these applications, the
Lambertian or diffuse transmittance of the plate is important
for maximum efficiency. As seen earlier. a high NA is neces-
sary to accept light from the broadest angle possible; in this
case, however, higher retlection losses due to the higher index
core glass must be taken into consideration. These losses can
amount to 25 percent total from both faces. Absorption losses
can also be greater, in that high-index glasses have character-
istically higher absorption coelficients.

As seen above, spectral transmission can be important in
some applications. Most commercial glasses perform satisfuc-
torily in the 4000-9000 A range. Some glasses, such as fused
quartz, transmit well in the ultraviolet region. However, they
generally have a low coeflicient of expansion and a low re-
fractive index, and suitable cladding glasses are non-existent.
For the infrared region, arsenic trisulfide glasses are useful,
and transmission up to about six microns has been reported.

Tvpes of Fiber Optics

The simplest fiber optic is a single fiber. It might be un-
clad, or clad to any reasonable diameter to {acilitate handling.
The unclad fiber might be found in use onlv when no suitable
cludding can be applied.

Single fibers transmit only light, not images. Thus, these
fibers are used for remote illumination, inspecting, or dc-
tecting. Their core diameter can range from several microns
to one-quarter inch. Lengths are limited only Dv the size of
the original drawing rod and the method of collecting the
finished fiber, such as winding.

The smaller diameters wre quite flexible. The larger sizes

Fig. 3. Light-ray pathway in an individual optical fiber.
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This special CRT puts single-line scans from high-resolution
radar directly onto film—producing permanent records of near-
photographic quality. The raised portion of the tube face con-
tains the fiber-optic element that touches the photographic film.

are frequently pre-bent by the manufacturer, or can be
formed in place with a torch. The literature states that
the short-term bending radius for fibers under .04 inch is:
R=50d+1000d* where R is the radius and d is the fiber
diameter, both in inches.

Fiber “bundles’—assemblies of many fibers—take numer-
ous forms. If the fibers are precisely aligned so that the rela-
tionship of each fiber is the same at both ends, the assembly
is called a coherent, or oriented bundle. Such bundles can
transmit an image. This is because each segment of the total
image transmitted by each fiber will be kept in relationship
with cach other from oue end to the other. But if the fibers
are not oriented in the same wav at each end of the bundle,
then it is non-coherent, and can be used only for transmitting
light. Often the two types are combined in an inspection
tool, with light-carrying fibers surrounding an image-carry-
ing bundle.

Both types can be either rigid or flexible. To obtain rig-
idity, the cladding is fused. A rigid bundle, like a single
fiber, can be bent uunder heat. In the flexible form, only
the ends are fixed and the remainder of the bundle, usually
sheathed in protective plastic or metal, is free to conforin
to any desired path. The sheath often terminates in a fitting
for an eyepiece or other hardware.

Fibers in a flexible bundle can slide on one another and
break from abrasion. Anti-friction fluids, such as silicone,
can be applied. However, little has been published about the
interaction of thousands of fibers flexing in a given manner.

Many fiber bundles are available “off-the-shelf” from
several manufacturers. They come in diameters from .020
inch to .500 inch and in lengths up to six feet, with individual
fiber diameters ranging from 10 microns (about .4 mil) to
3 mils. (The latter is about the (Continued on page 77)

A grouping of sensitive, high-resolution cathode-ray tubes that
employ fiber-optit faceplates. Through the use of fiber optics,
optical distortions are reduced and the light transfer from the
glowing phosphor layer to the tube's outer surface is increased.

GLOSSARY
OF OPTICAL TERMS

Acceptance Angle: The maximum angie at which a fiber can trap and
reflect light.

Angle of Incidence: The angle between a ray of light meeting a surface
and the normal (the perpendicular) to the surface at that point.

Angle of Refraction: The angle between the refracted ray and the normal
to the surface at the point of refraction.

Coherent Bundles: Assemblies in which the fibers are arranged at both
ends of the assembly in the same relationship.

Core Glass & Cladding Glass: A light ray is transmitted within a fiber
from one end to the other by repeated internal reflections off the
fiber’s outer surface. This is because the glass of the fiber, called the
core glass, has a different refractive index than the medium surround-
ing the fiber. The surrounding medium could be air, for example, but
for protection it is usually a sheath of glass having a different refrac-
tive index than the core glass. This sheath of glass is cailed the
cladding glass.

Critical Angle: At the boundary separating two optical media, the critical
angle is the smallest angle of incidence, in the medium of greater
index, for which light is totally refiected.

Diffuse Transmission: The total net transmission, by a medium or device,
of light that is neither perfectly Lambertian nor parallel. Often used
interchangeably with the term ‘‘gross transmission.”

Fiber-Optic Bundies: Assemblies of optical fibers.

Fiber Optics: The optical technology of utilizing transparent fibers for
carrying light or image information. Sometimes the term is used in-
terchangeably with the terms ‘‘optical fibers’”” and ‘‘optical fiber
bundles.”

Lambertian Source Piane: A plane that emits a flux proportional to the
cosine of the angle from the normal. Examples are a dense opal glass
or a phosphoi coating.

Non-Coherent Bundles: Assemblies in which the fibers have a random
relationship at each end.

Numerical Aperture (NA): A measure of a fiber optic’s light-gathering
power, equal to the sine ot the acceptance angle, which thus makes it a
function of the refractive indices of the fiber's core and cladding
materials.

Optical Density: If one medium has a greater refractive index than
another for light of a given wavelength, then it has greater optical
density for that wavelength.

Optical Fibers: Transparent fibers, usually glass, used in fiber optics.
Literally, “light pipes.”

Photocathode: An electrode used for obtaining photoelectric emission.

Photoconductive Effect: A photoelectric effect in which the electrical
conductivity of certain substances increases with the intensity of the
light to which the substance is exposed. This kind of substance can
serve as a coating an fiber optic plate.

Photoelectric Effect: In general, any effect arising as a result of a trans-
fer of energy from light incident on a substance to electrons in the
substance. An example in fiber optics that utilizes the effect is when
light striking one side of a fiber-optic plate is carried by the fibers
through the plate to the other side, which is coated with a material
that ejects electrons under the stimulus of light.

Photoelectric Emission (or Photoemission): The ejection of electrons from
a solid or a liquid.

Refraction: When a ray of light travels obliquely from one medium to
another, it is bent or refracted at the surface separating the two.media.

Refractive Index of a Medium: The ratio of the sine of the angle of
incidence to the sine of the angle of refraction when light is refracted
into the medium from a vacuum (or, to a very close approximation,
from air).

Total Internal Reflection: When light passes from one medium to another
which is optically less dense, e.g., from glass to air, the ray is bent
away from the normal. If the incident ray meets the surface at such
an angle that the refracted ray must be bent away at an angle of
more than 90 degrees, the light cannot emerge at all, and is totally
internally reflected.
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POWER-OUTPUT NOMOGRAM

HIS nomogram provides a rapid means of determining By MAX H. APPLEBAUM
the power output of audio amplifiers. The vahies of R are )
given in the range of speaker impedances. Volrages are in
rani.s. values.
For output voltages less than 6, use E, and P, scales. For . . . .
voltages more than 6, nse E,, and P, scales. I'he audio amplifier output power in
Example: An amplifier has a 12-volt drop acress a dummy )
Toacd of 8 ohims. Find the power output of the amplifier, common loudspeaker impedances can
Sotution: Lay a stradghtedge across the three scules, touch- . ' ,
ing E, scale at 12 and the R scale at 8. The straightedge be determined with a straightedge.
crosses the Py scale at 18. This is the answer, with the power
in watts. A

Warwick Electronics Inc.

Pacific Mercury Div.
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$SB COMES T0

r I YHE adoption of new rules by the FCC has changed

the course of marine radio. After some three decades

of AM, marine radiotelephones will now be allowed
to employ SSB (single sideband). The rules permit use of
SSB now, and it looks like SSB will be almost universal within
a decade in the medium- (m.f.) and high-frequency (h.f.)
bands. And there will be a mass move from these bands to
the v.h.f. (very-high-frequency) marine band by boats whose
communicating-range requirement is less than 50 miles.

Marine-Band Congestion

As it is now, the m.f. marine band is congested, almost to
the point of making the band useless in some areas during the
boating season. The safety calling channel, 2182 ke, is
swamped by commercial vessels and pleasure craft. Often it
is only the boat with a high-power rig that can get through
the bedlam.

Commercial shipping interests, the Radio Technical Com-
mission for Marine Services, ancd the FCC have joined forces
in an attemnpt to restore marine radio so that it will be useful
to all concerned.

The first step is to move as many vessels as possible from
the m.f. and h.f. bands to the virtuallv static-free and un-
congested v.h.f. baud. The second step will be to convert
from AM to SSB those m.f. and h.f. marine-band users whose
needs cannot be met in the v.h.f. band.

Single Sideband

SSB, with carrier suppressed, is said to be eight times
more effective than conventional AM when compared on the
basis of watts input. When conventional AM is used, only 50%
ol the radiated power conveys intelligence; the other 30% is
wasted in the carrier which convevs no intelligence. Both
sidebands convey identical intelligence and represent 50% of
the total radiated power, 25% in each sideband.

But only one of the sidebands is required. By eliminating

Fig. 1. Block diagram of a basic single-sideband transmitter.

OSCILLATOR BALANCED SIDEBAND FREQUENCY LINE AR j7
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30

Single-sideband/compatible AM marine radiotelephone for use
in both the medium- and high-frequency communications bands.

Single-sideband is coming to the marine frequencies
as is a move towards the v.h.f. bands.

Here is a review of some of these new FCC rules
and an explanation of how single-sideband works.

By LEO G. SANDS

MARINE RADIO

the carrier and one of the sidebands, all of the available
power can be utilized to convey intelligence. At the same
time, the band occupancy of the signal is cut in half, making
room for more channels.

An SSB trunsmitter is a simple device but costs more to
produce than an AM transmitter because it employs an expen-
sive filter and requires much more stable frequency control.

There are usually two oscillators in an SSB marine trans-
mitter, as shown in Fig. 1. Oscillator No. 1 operates at a
relatively low frequency and is crystal-controlled, Its c.w.
output is fed to a balanced modulator in which the carrier
signal (from oscillator No. 1) is mixed with the audio-modu-
lating signal. The carrier signal is balanced out in the modu-
lator stage and the two sidebands remain. Fig. 2 is a simplified
schematic of a balanced modulator.

\When the grid of V1 is sswung positive by the carrier signal,
its plate current rises. At the same time, the grid of V2 is being
swung negative by the carrier signal and its plate cirrent
falls. Hence, the current through L3 remains steady and, if
L3 is tuned to the carrier frequency, no r.f. is developed
across it.

It at the same time an audio-modulating signal is applied
to the grids of V1 and V2 through L2, both grids are swung in
the same direction simultaneously by the audio signal.

Thus, the interaction of the carrier signal, which drives
the grids push-pull, and the audio signal which drives the
grids in phlase causes new output signals to be developed
across L3 which are equal to the sum and difference of the
two input signals. If, for example, the carrier frequency is
100 ke. and the audio signal is a 3000-cvcle tone, the output
signal will consist of two sidebands, one at a frequency of 103
ke. and the other 97 ke. But the 100-ke. carrier signal will
be absent.

We now have a double-sideband, suppressed-carrier signal.
Bv passing the signal through a sideband filter, as shown in
Fig. 1, one sideband is removed. Usually the upper sideband
is passed by the filter and the lower sideband is attenuated.

The SSB signal is then fed to a frequency converter where
it is mixed with a signal from oscillator No. 2. The resulting
SSB signal is then fed to a linear amplifier and the antenna.

Oscillator No. 2 is also ervstal-controlled and is the channel-
frequency determining stage. Its frequency can be changed
by switching crystals. For example, to operate at 2003 kc.
when oscillator No. 1 operates at 100 kc., oscillator No. 2
would operate at 1903 or 2103 kc. to produce the desired
signal. The output of the frequency converter and the linear
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amplifier is tuned to 2004.2 kc., the approximate midpoint
of the transmitted sideband.

To demodulate the SSB signal, the carrier must be re-
inserted at the receiver, as shown in Fig. 3. The incoming
SSB signal is heterodyned down to an i.f. such as 435 or 1650
ke. A local carrier oscillator (b.f.o.) operating at the sum or
difference of the missing carrier frequency and the receiver’s
local oscillator frequency (i.f.) feeds its signal into a product
detector. The missing carrier is thus added to the SSB signal
and the composite signal is then demodulated.

An SSB signal can be demodulated by a conventional AM
receiver equipped with a b.{.o., but the maximum benefits of
SSB can best be realized with a receiver designed specifically
for the SSB mode of radiotelephone reception.

Frequency Stability

The new FFCC rules require marine SSB transmitters to
stay on frequencv with 50 cps to preserve voice quality. The
effect of frequency variation is easy to understand. For in-
stance, if the frequency of the generated (but absent) carrier
or the receiver i.f. carrier-insertion oscillator (b.f.0.) drifts
50 cps, the pitch of the audio will be raised or lowered by
that amount.

This is an insignificant amount, but should the transmitter
tolerance be 0.02%, the amount allowed an AM transmitter,
the pitch of the audio signal could be as much as 400 cvcles
above or below its normal value. This can produce distortion.

It is the cost of developing and mass producing transmitter
oscillators whose combined drift produces less than 50 cycles
of frequency error that will increase the price of future m.f.
and h.f. marine radiotelephones.

AM Compatibility

Marine radiotelephones must also be capable of communi-
cating with AM stations which will continue to exist for sev-
eral vears. This can be done by making the receiver con-
vertible from AM to SSB at the flick of a switch. It is much
easier at the transmitter. To make its signal usetul to a
conventional AN receiver, the carrier signal is inserted at
the transmitter, causing a compatible-AM signal to be trans-
mitted. This signal consists of only one sideband and the
carrier and occupies half the bandspace of a conventional AM
signal.

The use of AM or compatible-AM on 2182 ke. (safety and
calling channel) and some of the intership channels will be
required until all marine stations convert to SSB. In fact,
radiotelephones must he designed so that selection of either
SSB or compatible-AM operation will be automatic depend-
ing upon the channel selected.

Most of the marine channels within the 1.6- to 23-mc.
range are available for SSB transmission and will be com-
pulsory on most frequencies above 4 mc. in the near future.

SSB marine radiotelephones are not a future dream. They
alreadv exist but cost aronnd $2500 as compared with $300
to $1000 for AM sets, Prices will come down as demand in-
creases. At present, commercial vessels are the prime markets
for single-sideband radiotelephone equipment.

V.h{. Marine Band

The move from the m.f. and h.f. bands to the 152- to 162-
me. v.h.f. band started almost 20 vears ago. But it has been
a gradual shift which will accelerate as more v.h.f. Coast
Guard and Public Coast stations go on the air. In many areas,
the Coast Guard is already monitoring 156.8 mec., the v.h.f.
marine-band calling channel.

The v.h.f. band is superior to the m.f. aund h.f. bands for
short-range communication. Static is almost completely ab-
sent as is long-distance ship interference. Communicating
range is asually limited to 50 miles but greater range has
often been reported.

A v.h.f marine radiotelephone employs wide-band I'M
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Fig. 2. In o balanced modvulator, the r.f. is fed in push-pull
and audio in parallel. Output is sidebands without carrier.

(=15 ke, deviation) and is usually operable on several chan-
nels. Power input is limited to 100 watts. However, on the
bridge-to-bridge channel (156.65 mc.) the power limit is
15 watts.

At least two channels must be provided, 156.8 mec. for
calling and 156.3 me. for ship-to-ship communications. Other
chanuels are available for communicating with limited and
Public Coast stations, including 156.45 mec. which is avail-
able to vacht clubs for communicating with members and
moorage operators for communicating with their customers.

A single-channel v.h.f. unit may be used on a boat oper-
ating two-frequency simplex (transmit on one frequency and
receive on another) when only telephone service is required.
The unit mav be licensed under Part 83, FCC Rules and
Regulations, for maritime telephone service, or under Part
21 for telephone service via land mobile telephone stations
authorized to serve ships or for message-relaying and dis-
patching service via a Radio Common Currier station.

A v.hf marine radiotelephone is electrically much the
same as a land mobile radio unit. In fact, land mobile equip-
ment can be readily adapted for marine use. Wide-band FM
equipment which can no longer be used in the land mobile
services but which meets the technical requirements of v.h.f.
marine service is available second-hand at low prices. New
FM mobile radio equipment can usually be furnished by the
manufacturer for either narrow- or wide-band M operation.

Advantages of V.h.I.

The range of an m.f. or m.t./h.f. marine radiotelephone
depends to a great extent upon the antenna system. The
ground connection is extremelyv important. The efficiency
ol a typical small-boat antenna system is usually around 10%.

No ground connection is required for a v.h.f. marine radio-
telephone since the ground is an integral part of the antenna.
Instead of exhibiting a loss, a good v.h.f. antenna can con-
tribute gain. A 6-db gain antenna, for example, can increase
the effective radiated power four times, making a 15-watt
transmitter look like a 60-watt job.

The shift to SSB in the m.f. band and particularly in the
Ih.f. band is inevitable because of SSB’s superior performance
and will be spuwired on by the reduction in the number of
channels that will remain available for AM use. The shift
to the v.h.f. band by craft operating close to shore is also
going to accelerate as boat owners discover the advantages
of v.h.f. and FM and that they can get away from the con-
gestion in the m.!. band. A

Fig. 3. Simplified block diagram of a single-sideband receiver.
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Reconnaissance Radar. (Left) A test pilot
took this photograph with radar equipment
despite a heavy cloud cover over Baitimore
City harbor on the day it was taken some
7 years ago. Since then the photo has been
classified and only recently has it been
cleared for release. It shows the capa-
bility of the Westinghouse-built side-look-
ing radar employed by Naval reconnais-
sance planes.The company is now building
far more advanced radar equipment for the
Vigilante aircraft, which is capable of mak-
ing pictures of even greater clarity. The
radar beam fans out over the landscape
froma long cigar-shaped antenna under the
plane'sfuselage. Theradar canslice through
the darkest night or heaviest cloud cover
and take pictures of enemy territory miles
away from the flight path of the airplane.

RECENT DEVELOPMENTS
in ELECTRONICS

Barrel-Shap2d Magnet. (Akcve) A large, oarrel-sheped magnet
assembly made of an improved magnetic alloy, Alnico 8, has
been developed for use with super-power klystron tubes. The
magnet, made by Arnold Engineering, is 27%2" high and weighs
¥ ton. Previous assemblies made for the microwave industry
weighed from 1200 to 1400 Ibs. but used a lower-energy Alnico
8. The new alloy, like others in the same family, is heat-
treated in a magnetic ficld to develop its high coercive force
and energy product. The main axial klystron cavity magnetic
field is more than 1050 gauss with a very low cross field.

32

Low-Cost CCTV VYideo Tape Recorder. (Below) A new compact TV
recorder designed for closed-circuit systems is being marketed
by Ampex at about half the cost of previously available com-
parable equipment. The recorder is priced just under $4000.
The unit uses a single stationary video head that lays a lon-
gitudinal track along the length of the 14” tape, which moves
at 100 ips. A 12%2" reel of 12,600 feet of special Y2-mil video
tape will provide a playing time of 25 minutes. The tape
direction then reverses and another 25 minutes of playing
are available. A reel of tape sells for $58. The video band-
width of the new recorder is 250 cps to 1.5 mc. (at —3 db).
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Transistorized 350-watt P. A. Amplifier. (Below) A very high
power mobile public-address amplifier has been introduced that
is able to project sound 1% miles with good intelligibility.
The amplifier is being used by the U.S. for missile-range
surveillance, psychological warfare, air-sea rescue, crowd
control, and towed carge handling. The unit, made by Ap-
plied Electro Mechanics Inc., weighs 10 Ibs., accupies less
than Y% cu. ft., and draws 15 amps from a 32-volt battery
supply at full power. The amplifier is being sald for $975.

Room-Temperature Liquid Laser. (Right) A
liquid laser has been developed which pro-
duces light pulses at normal room tem-
peratures. While previous liquid lasers
required a temperature of —150°F, the
new laser produces light pulses at 68°F.
This represents a major step toward the
ultimate development of a practical li-
quid laser with a continuous light beam
required for communications applications.
In the new laser, developed at GT&E
Laboratories, the active material is the
rare-earth element europium in an organic
compound (called a chelate) dissolved in
an organic solvent. A spiral flash tube,
cooled by flowing water, provides ultra-
violet excitation for the liquid laser.

33

Electrenic Piano. (Left) The worid’s first purely elec-
tronic piano is shown here undergoing final tests. The
instrument uses all-electronic tone gensrators; there are
no vibrating strings or bars. During the tests, a mecha-
nized device strikes the keys substartially the way a
pianist does. Cperating 24 hours a day for at least 2
months, each key is stiuck 4C times a minute simulating
an average playing time of 12 to 15 years. Because the
piano does not rely on size and shape of its case for its
performance, much smaller cabinet sizes are possible at
no change in sound quality. Allen Organ Co. makes the unit.

Portable EKG Scope. (Above) A lightweight, portable de-
vice that visually records the complete electrical activ-
ity of the heart has been introduced by Westinghouse.
Weighing only 3 lbs., the unit, called the “Miniscope,”
is a miniaturized, easy-to-carry oscilloscope powered by
4 flashlight cells. To usz *he unit, the doctor con-
nects tte leads via zmra | suttor cup contacts, to the
palms of the petient’s 1ancs. The EKG signal is magni-
fied from the instrumert’s very small fluorescent screen.



www.americanradiohistory.com

Solid-State

By DONALD LANCASTER

Part 1. Roundup

of new controls,

their capabilities

and their limitations. ' ‘
Basic operating principles |

and the types of load they

can handle are covered.

only be turned “off” or “on,” with no possibility of ad-

justment. Yet for vears people have been putting up with
single-Lrightness lamps; single-speed power tools; single-heat
driers, soldering equipment, and heaters; and a wide variety
of other appliances that can only be turned “on” or “off.”
The little control equipment that did exist was limited to
inefficient rheostats, bulky autotransformers, switching and
tapping schemes, and mechanical adjustments such as pul-
levs, transmissions, and multiple belts. To change the amount
of light in a room, you had to change the number or size of
the bulbs in use.

There is a quiet revolution going on in the power semicon-
ductor field that will relegate many of these crude control
devices to the museunt. New semiconductor power controls
that give instant and precise control of virtually anv lamp,
appliance, power tool, or heating device are rapidly becoming
available. These controls are small in size and low in cost.
Thev can control 117-volt a.c. power Jar in excess of most
hoine requirements, typical units being capable of 600 or
1000 watts of power coutrol, with industrial units going as
high as several hundred kilowatts.

Today the large-quantity manufacturing cost of adding a
dimmer to an ordinary table lamp is under three dollars; it
will ultimatelv fall below a dolar as component prices drop
with increased usage. From a component standpoint, one
variety of control circuit requires only four low-cost electronic
parts to give full-range, symmetric, l-kilowatt a.c. control.

It would be rather foolish to run a comparison of the
capabilities of dimmer “A” versus power-tool control “B.”
comparing the makes and models currently available. Some of
these circuits are alreadyv obsolete or unnecessarily complex.
Some use parts that are expensive and give only a limited

IT is a rare home indeed that has water faucets than can
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immets & Power Controls

control range. This is due to the rapid pace at which new
components and control techniques have become available,
particularly in the past vear or so. There is keen competition
among manutacturers of components to promote their partic-
ular components and control schemes to the power-control
market.

Of more interest are the basic principles behind these
controls, the loads which they can and cannot control. There
is a wide variety of packages for these controls, some ol
which are highly specialized. This determines the utility of
the control from a user’s standpoint. There is a large num-
ber of power-control semiconductors in use, many of which
are based on the silicon controlled rectifier (SCR). A wide
spread of control circuitry exists, ranging anvwhere from a
single neon lamp to exotic multiple semiconductor circuitry.
Finally, there are the special circuit capabilities; controls that
handle fluorescents; tool controls that use feedback to main-
tain constant torque or speed despite a varying load; and
controls that are designed to respond to external input infor-
mation such as light, a d.c. coutrol signal, or audio.

Principles of Operation

The basic problem is simple. You must vary the amount of
power reaching a load. As Fig. 1 shows, there are two pos-
sible ways of doing this. Iither vou can vary the voltage
or vou can rapidly switch the load on and off, either apply-
ing full voltage or no voltage for a certain percentage of
the time. The greater the ratio of on-to-off, the greater the
power reaching the load. This “on-off-on-off” sequence is
carried out so rapidly that the load can only respond to the
average value, resulting in a smooth power flow. The in-
ertia of the load, whether thermal or mechanical, accounts
for this smoothing. This particular switching mode is invar-

ELECTRONICS WORLD
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iably emploved in the semiconductor power controls.

The big advantage with switching mode is that it is loss-
less, at least theoretically. The device doing the switching
is either “oft” or “on”; in neither state does the switching
element consume powenr.

Compare this with a rheostat adjusted so that the load re-
ceives half voltage. The efficiency of this setting would be
only 50% since the dissipation in the rheostat is equal to the
dissipation in the load. This heat costs money and must be
dissipated in some manner—which is not a simple problem
at the kilowatt power level. Obviously, the rheostat must
also be physically lurge to have a power dissipation in excess
of that required at higl levels. By the same token, an auto-
transformer must also be large and bulky, if it is to be used for
voltage adjustment, because of the amount of iron and copper
required for efficient power conversion at high power levels.

Actually, the semiconductor switches used are not quite
perfect, but typical losses amount to less than one percent of
the total load power rating, giving a power-control efficiency
in excess of 99 percent. Because of this small heat loss and
the temperature limitations of all semiconductors, a small
heatsink is essential for any control rated above 250 watts.

Twice each a.c. cycle, the a.c. line goes through zero
volts. It is most convenient to use these “zeros” to turn the
switch that is producing the “on-off-on-off” sequence “off.”
In fact, some of the semiconductors must be turned off in
this manner; there is no other convenient way. This means
that the switch turn-on must somehow be synchronized to the
a.c. line. If this were not so, the output power would be quite
random as more or less of each half cvcle was passed to the
load. (There are several electronic novelty items which make
use of this random non-svnchronous operation to simulate
candle and flame effects. The power variations flicker at about
the same rate with the same random brilliance.)

Let us see what happens as we delay the turn-on time of
the switch with respect to the a.c. “zeros” (Fig. 2). Assume
that the switch is turned on very shortly after each a.c. zero,
and then stavs on for the remainder of the a.c. hall cvcle.
The switch is “en” most of the time and nearly full power
reaches the load. Next suppose the turn-on was delayved only
about half the wav between zeros. The switch is now on half
the time and about half-power reaches the load. Similarly, a
very late turn-on means that very little average power reaches
the load. Obviously, if the turn-on is delaved so long that it
never occurs during a hall cvcle, no power at all reaches
the load and the circuit is essentially “off.”

This basic control principle is called “a.c. phase control”
and is common to all of the currently popular power controls.
Back in the davs of thvratrons, this same technigue was used
to give similar control of power in certain industrial controls.

It probably has occurred to the reader that there might be
an casier way to do this—perhaps by turning entire cvcles
of voltage on and ofl or by operating onlv on one-halt of
cach a.c. cvele and either allowing the entire other half-cvcle
to reach, or not reach, the load. This can be done and has
led to some interesting and economical circuits, but there
are serious drawbacks. Skipping cvcles (called “skip cycling”™)
causes an annoving flicker in any lamp as it goes on and off
at a rate below the persistence of vision. This lamp operation
is completely unacceptable. Skip cyeling is quite useful in
heating devices and other resistive loads that have a long
thermal time-constant which can average out over a burst
of many cvcles.

This technigue also has uses in certain motor controls
where the counter-e.mi.f. of the motor is used as a reference
voltage for the next cycle, giving a smooth, constant-torque
operation. The mechanical inertia of the load must be high
enough to average out the power bursts. This technique is
often used in industrial applications, but finds little use in
the home power-control field.

The concept of working only on one-half of each a.c. cycle
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Fig. 1. Methods of controlling the amount of power reaching a

load. (A} Resistive-loss method. (B) Switching duty cycle
method which is employed by all the solid-state control units.
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and passing or not passing the other half in its entirety, is
currently very popular. However, there is a big disadvantage
to this mode of control. There is invariably a d.c. component
in the output waveform. Feed this to a transformer or other
inductance and no current limiting can be provided, result-
ing either in damage to the countrol or to the load. This d.c.
component limits the utility of such circuits and has a dev-
astating effect on fluorescent lights.

Any control that provides the same delaved turn-on in each
alternate half-cycle is called a “symmetrical” control, while
those that don’t wre called “asymmetric” controls. To date,
the symmetvical controls have been more expensive than the
asymmetric ones, but hiave a considerably wider range of ac-
ceptable loads, as we shall see shortly. Fig. 3 shows the dif-
ferences in a symmetric and asvmmetric control waveform.

Types of Loads

Just what loads will these power controls handle? Normal
power levels may range from 10 watts to 2 kilowatts, tvpically
600 watts or 1 kilowatt maximum power level. Certain loads
can be permanently damaged or can ruin the control if they
are used incorrectly or on the wrong control. There are
several classes of load which can or cannot be used with these
controls:

Incandescent Lamps: All of the controls can handle un:
incandescent lamp within their ratings. This includes all desk,
table, and overhead lamps; three-way lamps; and photo-
floods. Very tiny bulbs (3 watts or less) might not operate
properly unless enough of them are used to imeet the minimuin
load rating of the control. There are two special eftects which
could be annoving in certain circumstances. Certain very
large bulbs (driveway spots, etc.) will tend to buzz at a 60-
or 120-cvele rate at very low brilliance levels. This is due to
the sudden expansion and gradual contraction of the large

Fig. 2. (A} A.c, phase control with a semiconductor being used
as a switch that may be turned on any time from Ty to Ty but
always turns off at the a.c. zero. (B) If § closes immediately
after Ty, practically all the available power reaches load.
(C), (D) As the closing times are delayed, less power reaches
the load. (E} If S is closed very near to T;, very little power
gets to load. Finally, if T does not occur between To and Ty,
then the circuit is off and no power at all reaches the load.
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filament. Also, as the brilliance of any incandescent bulb is
reduced, the spectral output shifts from a fairly uniform
white to an output favoring the orange and red spectrum.
This can cause a shift in colors of all objects being illuminated
by the lamp. Photographers would have to correct for the
lower color temperature of the bulbs, especially on color shots.

Neon, Electroluminescent Paunels: These devices consume
far too little current and have a very non-linear volt-ampere
characteristic to give any sort of smooth or predictable con-
trol. Sometimes, adding an ordinary 25-watt incandescent
bulb to provide a minimum load for the control will smooth
out operation to the point where it will be useful.

Fluorescents: Assymetric power conirols will cause perma-
nent damage to fluorescent lights as the ballast cannot limit
a d.c. current. Svmmetric controls will operate fluorescents
over a limited range. Special fluorescent-only dimmers are
available which permit full-range operation by means of
waveiorm distortion. Some of the power-factor correction
circuitrv in expensive (corrected) fluorescents can damage
some of the older svmmetrical controls.

Heaters: The controls are ideal for any resistive device
within control ratings. Thermostats or thermistors may be
added tor stable temperature control. This application in-
cludes dryers that have universal motors and soldering irons
that have no transtormers.

Soldering Guns and Transformer-Type Soldering Irons:
Any symmetrical control with enough power rating will give
ideal control. Permanent damage can result from operating
a soldering gun with an asymmetric control. This also applies
to transformer-operated soldering irons and, incidentally, to
those new high-intensity lamps that have a transformer in
the base.

Cupacitive Loads: Never use controls {or such loads. Sud-
denly switching a capacitor across a voltage source can pro-
duce current transients large enough to permanently ruin the
control. Under certain circumstances, a small noise-filtering
capacitor across a resistive or inductive load is permissible,
especially if some current limiting is provided.

Inductive Loads: As any inductance cannot block direct
current, only symmetrical controls may be used with highly
inductive loads. If the power factor is more than 0.8, either
control tvpe may be used. Less than 0.8 means that only
the svinmetrical tvpe may be used. Certain turn-on circuitry
mayv have its range restricted by highlv inductive loads. An
important problem in some applications is the tremendous

Fig. 3. {A) Typical waveforms produced by asymmetric controls.
These controls add a d.c. term to the load waveform which can
damage transformer-operated or inductance-limited loads. (B)
Symmetric controls produce these typical waveforms. These
can be used with any type of load. Note waveform *‘balance.”

(A}

(8)
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reverse kick produced if the current in an inductance is sud-
denly stopped. This could happen due to a power tailure or
if the main switch were turned off. Newer, symmetrical de-
vices simply turn on when reverse-biased, protecting them-
selves and the rest of the circuit. This is also true of the
recent controlled avalanche devices. It is not true of ordinary
SCR’s and some sort of protection must be provided. This
is especially important in solenoid drives and similar highly
inductive applications.

Transformer Input Power Supplies: These mayv be used
with syvmmetric controls, hut permanent damage can result
if asymmetric controls are used. Best results are obtained
when the transformer is run fully loaded or nearly so, other-
wise the control range might be restricted or non-linear.
Obviously, if the transformer is of the self-regulating tvpe,
no control over its operation is possible.

Motors: Here is where the trouble comes in. As a general
rule, if the motor has brushes and a wound armature, either
tvpe of control may be used. This applies to all a.c.-d.c. “uni-
versal” motors, such as found on electric drills, sewing ma-
chines, hand-held power tools, etc. Any motor that does not
have biushes will be permanently damaged by either type
of control. The control may also be ruined if this is tried.

There is a definite reason for this. The no-load speed of
a.c.-only motors (synchronous, repulsion-induction, squirrel-
cage induction, hysteresis-synchronous, etc.) is determined
only by the motor geometry and the line frequency and not
the line voltage. This also applies to the “washing machine”
or electric-saw type of %-horsepower motor, usually rated at
1725 rpm, as well as all other a.c.-only motors of this type.
Other examples are clock, phonograph, and tape-recorder
motors, as well as certain sanders and other \'ibrzlh'ng type
power tools. Reducing the applied voltage of these motors
simply reduces the available torque. If the voltage (or the
voltage dutyv cvcle) is reduced too much, the motor either
breaks synchronization or goes into a stall. Either of these
high-current modes can cause motor burnout.

The only way to change the speed ol this type of motor
is to change the operating frequency. This is why electric
clocks keep perfect time—theiv speed is precisely controlled
by the frequency standard at the power company. Even
changing requency can only provide a limited speed range
since the reactance of the winding will increase or decrease
with frequency, changing the currents in the motor.

There are, of course, exceptions to any rule and certain
obscure industrial or surplus motors without brushes might
be controllable but the rule holds good for virtually any motor
that is likelv to be found in home appliances.

Control Packages

The choice of a control package can have a major influence
on the utility of a control. Some current tvpes of packages
are illustrated at the beginning of this article.

One type is an “in-the-box” dimmer, intended for perma-
nent installation as a replacement for an ordinary light switch.
This is the oldest form of control package. The major ad-
vantage is its built-in control of room lights, replacing the
older, bulkier, and more expensive autotransformer control.
There are some disadvantages to this package. Few living
rooms have ceiling fixtures these days. The installation is
expensive, unless vou do it vourself, and once installed the
control cannot be “borrowed” for a drilling job in the work-
shop or a spot-dimming application for a night light.

Other new designs just plug in and mount directly on an
electric outlet. The beauty of this design is its inconspicuous
appearance and its portability. It is ideal for desk and table
lamps and can also be used in kitchens and workshops for
mixers, heaters, and tools. The small package, which is also
the heatsink, limits power to 600 watts at most. One drawback
of this control is the location of some outlets very near the
floor or behind furniture, (Continued on page 85)
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John Shore in 1711, it has been a classic example of

frequency generation by mechanical vibration. The ap-
plication of the tuning fork as a frequency-selective com-
ponent in an oscillator circuit dates back as early as 1900.
It was discovered then that a tuning fork used in this con-
figuration led to greater accuracy and stability in the audio-
frequency range.

Tuning forks, as electromechanical resonators, provide
tuned circuits of high-“Q” and intrinsic long-term stability.
They are ruggedly constructed of steel, and some tuning forks
are permanently sealed in a vacuum, protected by a stainless-
steel enclosure. In a preferred design, the tuning fork is
laminated by bonding a nickel-steel alloy to carbon steel.
The thermoelastic coeflicients of these two metals are in
opposite directions over most of the normal operating temper-
ature range. By adjusting the ratio between the thickness of
the carbon and nickel steels, proper temperature compensa-
tion is achieved.

The manulacturing process of adjusting the tuning fork to
an exact frequency is a combination of art and science. It
requires from two to six months to properly adjust a fork.
However, once the fork is adjusted it will remain stable in-
definitely. The frequency-drift rate is very, very low as com-
pared with most other types of oscillators and is often rated
in parts per million per vear.

The tuning fork as an electronic component offers certain
advantages in long-term stability, accuracy, and high-“Q”.
As development work improves tuning-fork performance,
more and more applications will unfold. At the present time,
the specifications given for stability and accuracy apply to the
frequency range of 1000 to 5000 cps, in which there are years
of experience and reliable use. Tt is expected that the fre-
quency range will be extended to cover 400 cps to above 10
ke. However, below 10 ke, the tuning fork still remains the
most stable resonator for these frequencies.

I YROM the time the tuning fork was first discovered by

Tuning-Fork Characteristics
The basic principle of the tuning fork is simple and can
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THE TUNING FORK
AN AN ELECTRONIC
COMPONENT

By JOSEPH VERRUSO
Facsimile Dept.,
Litton Industries

Westrex Communications Div.

Possessed of inherent high-“Q” and long-term stability,

the tuning fork finds many applications in electronics.

be easily understood by referring to Fig. 1. The classroom
tuning fork may be excited by plucking it with the finger
or striking it against an ObjeCt causing the air to be com-
pressed dnd e.\pdn(led resulting in an audible sound. The
sound heard is the fundamental (or resonant) frequency of
the tuning fork and is determined by the number of times per
second the air is compressed and expanded.

The resonant frequency of the tuning fork is inversely
proportional to the length of the tines. Therefore, by reduc-
ing the length of the tines it is possible to increcase the fre-
quency of the tuning fork. The frequency of the tuning fork
can be decreased by grinding the area around the throat
of the fork. By using the two methods described, it is pos-
sible to adjust the frequency with accuracy. Even the most
accurate tuning fork can be affected by temperature. How-

Fig. 1. Basic principles of operation of a tuning fork. Fork
resonant frequency is inversely proportional to tine length.
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Fig. 2. Fork acts as high-*'Q"" feedback element for the oscillator.

ever, the bimetallic (combination of two metals) tuning lorks
afford greater [requency stabilitv than monometallic forks
when subjected to changes in temperature. This frequency
stability is achieved during the manufacturing process when
the resonant frequency is obtained while testing the tuning
fork at different temperatures. The particular process will
condition the tuning fork to operate over a specific tempera-
ture range with a minimum change in frequency.

Many conmmercial tuning forks designed to operate in both
stationary and mobile equipment are placed in a vacuum
chamber so that barometric and humidity changes will have
no effect on the frequency stability. Tuning forks are bal-
anced, so that positioning will have little or no effect on the
{requency. The fork is also dynamically balanced so that verv
little vibration energy reaches the heel of the fork. Should
vibration reach the heel of the fork, the mount would become
part of the vibratory system and, therefore, anvthing that
affected the mount would affect the frequency. Proper hal-
ancing of the tuning fork avoids this undesirable effect.

Fork Oscillator Circuits

The tuning-fork assembly, as shown in Fig. 2, uses a sepa-
rate transducer for drive and pickup. Each transducer con-
sists of a coil wound around a small U-shaped Alnico magnet.
The fork oscillator circuit consists of two triode class-A amp-
lifiers. The input of the first amplifier is magneticallv coupled
(via the pickup coil) to one tine of the tuning fork. This
stage amplifies the signal and applies it to the limiter (a
zener diode) which removes any amplitude variations of the
drive signal that would affect the frequency stability of the
tuning {ork. The output of the limiter is magnetically coupled
(via the drive coil) to the other tine of the tuning fork
through the fork-drive control.

Starting of the tuning fork is achieved by transients which
occur when initial power is applied to the fork oscillator
circuit. These transients are amplified and coupled through

ELECTRONICS WORLD

the oscillator to the drive coil, causing the tines to move in
relation to the transient pulses. This movement will result
in an em.f. being generated in the pickup coil, which is
amplified and coupled through the oscillator back to the
drive coil. This feedback loop will cause the tuning-fork
signal to increase in amplitude until limited by the oscillator
circuit. The fork output is taken from the second amplifier.
The tuning-fork circuitry is simple and reliable; the limiter
circuit shows no change in frequency with anode-supply
variations from 200 to 400 volts and heater-supply voltages
from 5.0 to 7.5 volts. The fork-drive control is a potentiometer
which controls the output level of the limiter. When this
control is set at minimum resistance, a maximum signal will
be delivered to the drive coil which will cause the fork to
vibrate at a slightlv lower frequencv. When the control is
adjusted for maximum resistance, a minimum signal will
be applied to the drive coil and the fork will vibrate at a
slightly higher frequency. The frequency stability of tuning-
fork standards, such as the one described, are stated in parts
per million (PPM) and are calibrated on this basis.

Temperature and Stability

The [requency stability of the tuning fork is a function
of temperature and those components used in the fork oscilla-
tor that are affected by temperature changes. In good oscil-
lator design, the frequency is practically independent of
changes in value components other than the fork itself. The
metallic allovs used in the construction of the tuning fork
are of prime importance in achieving frequency stability.

The monometullic tuning fork constructed of carbon steel
(refer to Fig. 3) has a negative temperature coefficient such
that the frequency decreases with temperature at the rate of
approximately 100 PPM/°C. The Invar type of alloy such
as Magnivar, Elinvar, and Nickel-Span-C are steel combined
with nickel to provide the tuning fork with frequency co-
efficients as low as =5 PPM/°C. The use of a bimetallic fork
leads to a better stability with time since allovs may be se-
lected which do not vary their characteristics with heat
treatment.

A bimetallic tuning fork such as the one shown in Fig. 3
is a combination of nickel steel and carbon steel. The carbon
steel with its negative thermoelastic coefficient occupies only
a small cross-sectional area of the tuning fork, However, this
area is of prime importance, for the thickness of the two
combined alloys can be calculated, so that combined, their
thermal coefficients of modulus of elasticity tend to cancel.
This combination results in a fork whose frequency is stable
to =1 part in 10°, with an operating temperature range from
0 to 65°C.

Greater frequency stability can be obtained when the com-
plete fork oscillator and the tuning fork are placed within
an electronically temperature-controlled oven. Tuning forks

Fig. 3. Monometallic tuning fork (left) has a negative temperature coefficient of 100 PPM/°C. The bimetallic tuning
fork (right) consists of carbon steel and nickel steel with the combination having over-all coefficient of 5 PPM/°C.
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that are to be operated within an oven are compensated for

the specific temperature of the oven, resulting in even greater
accuracy and stability. A tuning-fork frequency standard can
be expected to remain stable to within =1 part in 107 or
better per month when enclosed within an oven.

Bundwidth or “Q”

The bandwidth or “Q” is a direct [unction of the mechani-
cal resonant properties of the tuning fork. The bandwidth
and Q7 are interrelated, for as the “Q” of the tuning fork
increases the bandwidth decreases. The “Q” of a tuning ftork
may vary from a minimum of about 5000 for a 1-ke. fork to
about 23,000. The tuning-fork “Q” will decrease as ampli-
tude of its motion is increased. This decrease of “Q” with in-
creasing amplitude is caused by the internal friction, hyster-
esis, and eddy-current losses caused by the magnetic trans-
ducers. To compensate for this eflect, the pickup and drive
coils are looselv coupled to the fork. Muny fork oscillator
circuits incorporate an amplitude limiter. Changes in drive
amplitude that might otherwise occur in the fork oscillator
circuit are prevented by the limiter which maintains the volt-
age drop across it constant over a wide range ol current.

A review of tuning-fork applications is not only informative
but may suggest many more new and imaginative applica-
tions. The equipment to be described are only a few of the
many applications that incorporate tuning forks.

Facsiniile Systems

The development of the modern tuning fork was brought
about by the need for synchronizing in facsimile transmission.
Facsimile communications pertain to the transmission and
reproduction of graphic or visual intelligence. One of the
basic principles of facsimile is that the speed of the trans-
mitter and recorder must be exactly the same. Prior to the
use of tuning-fork oscillators for matching the speeds of the
transmitter and recorder, a svnchronizing signal (or carrier)
was transmitted over the channel, usually a telephone line.

Irequently on long telephone-carrier circuits, difficulty
was encountered because the carrier oscillators were not syn-
chronized. A transmitted 1800-cycle carrier came out several
cveles off frequency at the receiving station and manually
controlled compensators had to be vsed for frequency correc-
tion. So in addition to requiring skill or training of the
aperator, valuable transmission time was lost. Today these
drawbacks are avoided by the use of precision tuning-fork
oscillators at the transmitting and receiving stations,

Frequency Standards

The tuning-fork oscillator is a precision oscillator and can
be used as a secondary standard in the audio-frequency
range. With the use of transistors, a miniaturized fork oscil-
lator was developed as a self-contained portable tuning-fork
standard. This standard can also be placed within an oven
for greater accuracy and long-term stability.

Where more than one frequency is required, frequency
dividers or multipliers can be used so that two. three. or more
frequencies can be made available from one tuning fork.

Chronomelers

The most obvious byv-product of the facsimile tuning fork
is a chronometer controlled by the tuning fork. The clock
mechanisms are driven by a svnchronons motor powered by
an amplifier between the fork and the motor. This chronom-
cter is used quite extensively in geophyvsical, astronomical,
navigational, and shipboard applications.

The chronometer (refer to Fig. 4) uses a synchronous
motor to drive a Wickes clock movement which displavs the
time on a numerical readout svstem. Hours, minutes, and sec-
onds are shown. A sweep wheel makes one rotation per
sccond, so that time can be measured to an accuracy of 0.01
second if photographic means are used for observation. In
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Fig. 4. In the fork-controlled chronometer, the fork controls
the speed of a synchronous motor that operates the time read-
out, time-switching contacts, and several frequency generators.

addition to displaying time, a system of contacts operates to
close external control circuils once a second, once a minute,
or once an hour. The chronometer is also provided with a
shaft which rotates at ten revolutions a second. Generator
wheels may be furnished on this shaft to generute pulses or
sine-wave signals at any frequency in multiples of 10 up to
1000 cveles. A special feature of the chronometer is that it
mav be easily set to Bureau of Standards time (WWV, for
example) by means of time-setting clutch and rotation of the
syne motor stator. The accuracy ot the chronometer is better
than one second in twelve davs. An accuracy of one second
in 120 davs can be assured if the fork is placed in an oven.

Sonar Recorder

Fifty fathoms, more or less, was the accuracy of deep-sea
soundings prior to the time the Lamont Geological Observa-
tory and Times Facsimile (now Westrex) developed the pre-
cision depth recorder. A precision depth recorder is essen-
tially a signal recorder provided with switching svstems to
control the pulses transmitted by the sonar transducer and
switch-gating systems to eliminate most of the unwanted
noise. Precision of the recorder is derived from a tuning tork.

The newer and more complex versions record other data,
such as magnetometer readings, where the x-axis of the chart
paper can be calibrated in nautical miles. Such a recorder
was used on the atomic submarine “Nautilus” during its trip
under the Arctic ice cap several vears ago.

Tuning-Fork Filters

The tuning fork has found many applications in filter net-
works. It is particularly suited to this tvpe of application
because of its high-“Q” which is on the order of 10,000 to
20,000. The tuning fork has found uses in other types of filters
which do not need such high values of “Q” but require fre-
quency stability and accuracy. One such filter is the “comb
filter.” The term comb filter is generally associated with «
group of filters used to cover a certain frequency band of
interest, with a predetermined resolution, and consisting of
a number of equallv and closely spaced filter elements, each
tuned to a particular frequency.

Diseriminators

Several designs have been developed using the tuning fork
in a discriminator circuit. The “Q” of the fork can be con-
trolled in various ways to give the desired discriminator
slope. The Foster-Seeley type of discriminator has been used
in one particular application. The varving d.c. output can be
calibrated in parts per million and mayv be used with a re-
actance tube to control an oscillator,

The author wishes to express his gratitude to K. R. Mec-
Connell, J. Shonnard, Vivian Verruso, and other members of
the Westrex Facsiimile Department. A
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RELIABILITY
OF
ELECTRONIC COMPONENTS

By JOSEPH H. WUIJEK, JR.

How reliability is estimated and how equipment is designed for
reliability improvement. Typical failure rates are included.

liability” (February, 1965 issue), the basic ideas of re-

liability in electronics were introduced and discussed.
This article extends those ideas to show how reliability mav
be estimated and gives some general principles for designing
for reliability improvement. Some tvpical failure rates for
electronic parts are also given and used in an example.

IN the author’s previous article “Basic Principles of Re-

Failure-Rate Determination

In general, there are two methods available to us for de-
termining the failure rate or Mean Time Between Failures
(MTBF) of an electronic svstem. The first method is simply
to test the system until it lails, then repair it and continue
testing. If we operate enough systems for a long enough time,
then we will have some measure of the MTBF. But this
“brute-force” method is very costly, and it’s an “after-the-
fact” approach to the problem. A better wav would be to
estimate the MTBT Dcfore we huild the svstem. If the MTBF
as estimated by calculation is not good enough, we can then
examine our design and trv to improve the reliability.

It is all well and good to have an idea of the MTBT before
we produce the system, but how is this done? The answer lies
in testing the individual parts that go into the svstem as a
whole. Fortunatelv, many manufacturers have carried out
extensive component test programs, so we can, In most cases,
avoid doing our own parts testing.

If we test 10,000 resistors for 10,000 hours and experi-
ence two failures, we have 10,000 x 10,000 or 100,000.000
unit-hours of operation. The unit-hours divided by the fail-
ures gives an estimate of the MTBF, so MTBF equuals 100,-
000.000/2 or 50,000.000 hours.

Now an estimated MTBE ol 50.000,000 hours corresponds
to a failure rate of 1/50.000,000 or 0.00000002 per hour, or
0.00002 per thousand hours, or 0.002% per thousand hours.
We must emphasize that this is an estimate. Statisticians can

Fig. 1. Showing 90 % confidence level and interval for two

failures in 100,000,000 unit-hours of operation of the part.
CONFIDENCE INTERVAL

S _ ) BE— ey
LOWER LIMIT ESTIMATED UPPER LIMIT
25,700,000 50,000,000 189,000,000

MTBF ~-HOURS (LOG SCALE)
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tell us how good an estimate we have by calculating a con-
fidence interval for a given confidence level. The confidence
level is just the probability that our estimate is within the
confidence interval. The method used to calculate these
values will not be given here and will depend upon the man-
ner in which failures are observed. Fig. 1 shows how these
results are interpreted for the estimate we performed above.
Fig. 1 mav also be read, “In nine out of ten tests, our esti-
mated MTBF will be between 25,700.000 and 189,000,000
hours.” This is quite a spread in values, but we must recognize
that we are dealing with a problem which defies pinpointing.
We can only talk about chance, the probability of an cvent.

We need not be too concerned with the idea of confidence
interval but we should be aware of its existence. Usually, we
are only concerned with the lower limit. We want to be “sure”
(“sure” meaning a high probability) that our MTBF exceeds
some niinimum. As Fig. 1 shows, our estimated MTBEF must
be well bevond the lower limit if we are to have much (0.9
probability) assurance. The more confidence we wish, the
greater must be the gap between the lower limit and the
estimated MTRBF. Intuition tells us that the more unit hours
we have with fewer failures, the higher the MTBF and con-
fidence level. A statement ol failure rate or MTBF is alwavs
more meaningful when a confidence interval or confidence
level is given.

I we had a shipment of 50,000 lamps and wanted to know
how manyv defective lamps there were in the lot, we obviously
could test all the lamps. But if we took a random sample, a
pretty good estimate could be had. Measuring all the lamps
would enable us to make a statement with confidence level 1,
or 100%. Il we test onlv a few, we can only make a statement
with low confidence about the quality of the lot. A larger
sample for testing enables us to be more confident. As a re-
sult of this kind of testing, the statistician might make a
statement as follows: “I'm 90% sure that no more than 100
lamps are bad, but I'm only 10% sure that no more than 25
lamps are bad.” The higher the confidence level, the more
conservative is the statement. Tuble 1 shows how the lower
limit of MTBF decreases as confidence level mcreases. These
values were computed by means of “chi-square distribution”
methods. Other methods are used for other failure-analvsis
schemes but all lead to similar statements.

We should point out that “failure” must be deflined for
each particular testing program. For some parts, a lailure
might mean either an open or short circuit. These are usuallv
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classified as catastrophic failures. For other parts, a change
in some characteristic, such as a 10% change in resistance,
might be defined as a failure. These failures are termed drift
failures. It is also possible to estimate failure rate even though
no failures are observed during the test, but this is beyond
the scope of this article. Notice also that Table 1 shows the
large number of unit-hours that must be accumulated before
a significant statement about the parts can be made. Testing
100 parts for one vear and having one failure does not estab-
lish a very high reliability level. It only gives what could be
a [alse feeling of confidence in the part. Statisticians tell about
one of their members who drowned in a river where the
average depth was one foot. The river was only six inches
deep in most places, but he stepped off into a hole ten feet
deep!

Table 2 gives some tvpical failure rates for electronic
components. These values reflect the results of tests by many
manufacturers and will be discussed further when we talk
about improving reliability of over-all systems.

The Reliability Estimate

In the author’s previous article, it was shown that relia-
bility is given by R=¢- /475" or, since failure rate (usually
designated by the Greek letter lambda, A) is the reciprocal
of MTBF, R=e*". The method we are about to describe is
called the “part-count” model and is probably the method
most used today. In applying this method to digital com-
puters, ihe author has found reasonable (for this kind of
work) agreement between estimated and measured MTBE.
Generally, the calculations vield an MTBF that is four or five
times worse than that measured in later tests.

The fundamental assumption here is that a failure of any
one part will cause the svstem to fail. This means a “series”
failure dependence, cven when the parts are connected in
anv complicated manner. This argument centers about the
notion that if a part can fail without causing the system to
fail, then why have the part in the system? Also, this model
does not take into account redundancy. A redundant system
will have more than one part performing the same function.
If a certain diode tends to fail “open,” then better reliability
can be achieved by having two diodes in parallel. If the diode
tends to fail “short circuit,” then two diodes in sevies will
give redundancy and hence a definite improvement in relia-
bility.

To caleulate the reliability of a system, we need to know
the total number of each kind of part in the system, as well
as the failure rate (or MTBF). Multiply the total number
of each particular part used by its failure rate. Do this for
cach part. Then add all these part-failure rates to get the
svstem-failure rate (orv system MTBF). This value is then
used in the equation R=¢".

The method is illustrated by calculating the MTBF of a TV
set. This particular set is about ten veurs old. A listing of
the major parts will be given. Since we are primarily inter-
ested in method rather than detail, we’ll keep the calculation
short by assuming that all capacitors are of one type (say
paper) rather than distinguishing between types (ceramic,
electrolytic, etc.). We also assume that all resistors are of
carbon composition.

This set consists of 22 tubes, 117 resistors, 8 potentiometers,
45 chokes and coils, 7 transformers, and 127 capacitors (as-
sume all paper). We now multiply the number of parts by
the failure rate for the part as given in Table 2. Tubes—
22X 5=110; resistors—117 X 0.001=0.1 (rounded off ) ; pots—
8X0.2=1.6; chokes and co0ils—45X0.2=9.0; transformers—
7X0.2=1.4; and capacitors—127X0.01=1.3 for a total of
123.4% per thousand hours, or 1.23 per thousand hours, or
0.00123 per hour. Then the MTBF is just 1/0.00123 or 813
hours. Recall that in the previous article we showed that
reliability is about 0.9, or nine chances out of ten to be oper-
ational, when the time is MTBF/10. So for our TV set we
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CDNFIDENCE LEVEL
| 1% [5% |10% [25% (50% 75% |90% 95% |99% | 99%2 %

MTBF in | o |
millions | 668 | 282 ‘ 189 | 104 |59.5 37.1125.7 f 21.1 | 150 13.4
of hours i |

Table 1. Lower limit of MTBF at various confidence levels.
Given are two failures in 100,000,000 unit-hours operation.

are 90% surc of being operational 81.3 hours after our last
repair. This calculation is in surprisingly good agreement
with experience for this set. This means that the MTBF is
about 18 months if the set is used one to two hours a dav.
Notice also that vacuum-tube failures contribute about 90%
of the total failure rate, which also agrees with experience.

Limitations of the Estimation

A calculation is only as good as the numbers used, and the
failure rates we used are only typical. As we shall see, failure
rates are influenced by many factors. Also, a TV set that plays
for 100 hours continuously will tend to be in better condi-
tion than one which has been on an hour, off an hour, on an
hour, etc. Then, too, by the nature of the problem we must
be satisfied with being within a factor of four or five (and
sometimes ten) of what we experience, Quality of workman-
ship, soldering, etc. is not considered here, nor is input signal
level. A set in a fringe area may have a very poor picture due
to decreased gain, whereas in a strong-signal area it may
present a satisfactory picture.

Improvement of Reliability

As mentioned carlier, redundancy will improve veliability.
However, redundancy is not always feasible, particularly in
commercial equipment, but other means exist.

Simplicity of design improves reliability. From the calcu-
lation we performed above, it should be clear that the fewer
parts used the better the reliability. Avoid elegant designs
using many parts; keep the design simple.

Careful design is a step towards reliability. A design should
work for variations in conditions such as changes in supply
voltage, degradation of parts, temperature changes, or high
humidity. Circuit layout also influences reliability.

Use of high-quality parts improves reliability. Rugged
tubes, resistors and capacitors with tight tolerances, and use
of parts qualified to a MIL Spec (Military Specification) are
examples of this approach. Cost may be a consideration here,
as these parts generally cost (Continued on page 82)

Table 2. Some typical failure rates for components at room
temperature and operated at 75 percent of their rated level.

" Failure Rate @
60% Confidence Leve!
~ Component ’(_%&thousand hours)

Resistor, composition 0.001
Resistor, film 0.002
Capacitor, paper 0.01
Capacitor, molded mica 0.003
Capacitor, ceramic 0.001
Capacitor, electrolytic 0.03
Chokes 0.2
Transformers 0.2
Potentiometer, composition 0.2
Transistors 0.04
Semiconductor diodes 0.02
Tubes 5.0

100,000

MTBF in hours Failure rate (% per thousand hours)
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Over-all and inside views of Harman-Kardon SRS00 receiver. Note
thot inside view is looking up from bottom and various
transformers, transistors, and electrolytics are mounted wupside
down compared to the usual arrangement; wiring is on the opposite
side of the chassis pan. The preamplifier transistors are wired
directly to function switch. Output transistors (on rear flange}
are covered with nylon shields to prevent accidental grounding.

OLVING
HI-FI FM
TUNER
s DESIGN
romont wtontg o s e . PLIROBLEMS

serious problems to date in the design of
all-solid-state FM tuners. Here is how these
problems and others have just been solved by
one component high-fidelity manufacturer.

= =

By DAVID WALKER

no longer be a factor on the M receiver scene.”

This prediction on the current issue of tubes vs tran-
sistors was made recently by Robert E. Furst. As Harman-
Kardon’s vice-president in charge of engineering, he thus
emphasized the company’s total commitment to solid-state.
Tubes were first eliminated in audio circuitry and now they
have been designed out of r.f. circuits. All of the firm’s tuners
are transistorized, including the front-end where tubes have
traditionally appeared.

How this changeover was accomplished can be seen by
considering the circuitry of the SR900, an all-transistor FM
receiver. It contains tuner and audio amplifier sections in-
tegrated within a single cabinet. The tuner portion alone is
considered here. It is this section, especially the front-end,
which was the last hold-out in the transition from tubes to
transistors.

In general, the problems which beset r.f. solid-state cir-
cuitry originate with the nature of the transistor. The semi-
conductor is able to provide needed functions in the tuner
—amplification, oscillation, and mixing—but it also introduces
special characteristics of its own. Unlike the tube, the tran-

CCI AM convinced that one year from now, tubes will

Fig. 1. Front-end and i.f. strip of the all-transistor tuner.
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sistor contains junctions which, under certain circumstances,
perform as diodes. A stage intended for straight amplitication
could, therefore, introduce diode mixing action. The result
might be “crosstalk,” a charge frequently leveled against the
transistor tuners. Diode action, along with characteristics
described later, re-emphasizes that the transistor is no mere
vacuum-tube substitute. It is a generic device with compel-
ling advantages, but one which requires careful attention to
its limitations.

Why, then, did Harman-Kardon elect to be one of the
earliest producers of an all-transistor tuner? The assumption
was that semiconductors could, potentially, do any job bet-
ter than tubes, and with more sophistication. This thinking
logically extended itself to r.f. circuits. In fact, it was decided
to bypass the conventional three-step approach: from tubes,
to hybrid, to all-transistors, as it was felt that the hybrid has
drawbacks. It produces a tube-and-transistor design mix that
may not necessarily add up to sound engineering practice.
The power supply, for example, is of nccessity more complex
in order to meet the requirements of two generically distinct
devices. The hybrid, too, sacrifices certain good features of
the semiconductor. Furthermore, it was believed that the
transistor had been unjustlv accused of causing front-end
problems which really originated elsewhere in the tuner. An
inability to pinpoint those problems has delayed broader
usage of the transistor in front-end applications.

Benefits of Transistorizatlion

With the solution of these problems, the transistor could
vield significant benefits. A major one is reduced power dis-
sipation. In the SR900, a scant one watt is consumed between
the antenna input and the detector. Not only does it create
negligible heating, but it distributes dissipation over a phys-
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ically large area. Tuning drift is minimized since critical com-
ponents can operate steadily at rooin temperature. Low
wattage also reduces drift problems due to power-supplv
fluctuation. Just a small zener-diode regulator can strap volt-
ages to constant level. Another advantage with semicon-
ductors is the absence of the tube filaments. This eliminates
a notorious feedback path for regeneration and instability
in if. stages.

Signal radiation is also reduced. As a low-impedance de-
vice, the transistor is less prone to strav coupling and pickup
between adjacent circuits. Small physical size also makes
a contribution, but not for the usual reason, i.e. the reduc-
tion in equipment size. Small dimensions permit added Hex-
ibility in phvsical lavout to achieve good electrical isolation
between components and wiring. So much for the benefits
of semiconductors. Consider, now, the problems which arose
during the development ot the practical FM receiver.

Fig. 1 is a block diagram of the recciver’s r.f. and i.f.
sections. Superficially, it appears to have the same general
stages as any conventional FM tuner. The functions, too,
are similar. A notable difference occurs in the i.f. strip—
there are four stages, more than are customarilv found in
tube-type tuners. There is no automatic trequencv control
(a.f.c.) circuit. An incoming signal is properly tuned and
retained in the i.f. strip with the aid of the tuning meter and
Jow inherent frequency drift. An 800-ke. bandwidth in the
ratio detector is ample to handle small shifts in local oscillator
frequency, should they occur.

Absent is any automatic gain control (a.g.c.) in the con-
ventional d.c. feedback arrangement. Signal strength will be
controlled by limiting, which will he described later. The final
i.f. stages are not identified as “limiters.” This function. as
well as a.g.c. action, is achieved in successive stages through
the tuner. The ratio detector also helps strip awav AM in-
terference by virtue of built-in limiting action.

The Front-End

Let’s look at specific circuit sections which have proven
troublesome in early prototypes. Consider the front-end,
shown in the partial schematic of Fig. 2 (left). The front-
end has been celebrated as the tuner designer’s major stinn-
bling block in working with solid-state components. The
frequent comment is that the transistor is a crosstalk gener-
ator, giving rise to spurious products during strong-signal
reception. Tuning becomes difficult as specious audio signals
occur between stations on the dial. In fact, several phe-
nomena may be happening simultaneously. That crosstalk is
not a single problem may be seen by close examination of
the front-end circuits.

As shown in Fig. 2, transistor Q1 is the input r.f. ampli-
fier. It is connected in grounded-base configuration. Like
its grounded-grid tube counterpart, it isolates input and
output sides ol the transistor, eliminating the need for neu-

tralizing interelectrode capacitance. But an important dif-
ference between tube and transistor also occurs here. The
base-emitter junction of transistor Q1 is, unavoidablv, a
diode. In the presence of strong incoming signals there is a
possibility that normal transistor amplification could be ac-
companied by diode mixing action. Offending signals or
crosstalk are created.

A design tactic to reduce this action imparts a high degree
ot selectivity to the front-end. It can significantly reduce the
strength of undesired signals hefore they can mix in the
transistor junction. A close inspection of Fig. 2 reveals an
important difference between the front-end shown and that
of most tube tuners. There is an extra tuning section—four
variable capacitors instead of the usual three. The extra sec-
tion is in the preselector which contains antenna-input cir-
cuilry to the transistor. The higher sharpness of tuning (“Q”)
introduced by the double-tuned input contributes toward a
rated 85-db rejection of spurious responses.

The second troublesome source tended to occur in the
mixer (Q2). Due to the mixer’s inability to handle large input
signals, consequent overload could place signals over the
complete FM band. (By its very nature as a non-linear de-
vice, the mixer readilv creates new frequencv products.)
Part of the solution is to reduce the mixer’s ability to over-
load which is accomplished by reducing the gain of the stage.
Mhis is achieved by careful selection of component values.
Manipulating collector current, and thus the operating point
of the mixer, provides an optimum compromise between es-
sential mixer operation and the generation of spurious signals.

In any discussion of the mixer, the local oscillator cannot
be overlooked. 1t nominally couples a signal to the mixer
which is 10.7-mc. above the incoming signal. The mixing
action should occur between two signals of discrete frequency,
but the local oscillator also creates harmonics—trequency mul-
tiples which tend to produce new and objectionable mix-
tures. The answer is to design the oscillator with a “clean”
output signal. Adjusting values in the oscillutor was a process
designed to obtain the most sinusoidal, and therefore pure,
output signal. Oscillator output voltage was also carefully
adjusted.

The mixer is involved in another problem stemming from
transistor operation. Unlike the vacuum tube, the transistor
is susceptible to bi-directional flow. After the signal has
traveled from input to output, it may couple back to the
input tia the semiconductor material. A critical effect is the
return of 10.7-mc. energy from mixer output back to the
input. (Mixer input should contain only M signal frequency
plus local oscillator signal.) Anv 10.7-mc. intrusion in the
reverse direction aggravates the spurious mixing problem.
An additional element is introduced into the circuit to pre-
vent such feedback: it is the “I.F. Trap” between mixer input
aud ground. Series-resonant to 10.7-mc., it effectively short-
circuits reverse feedthrough in the mixer.
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To the design stratagems outlined can be added another
major considergtion: undesirable coupling between various
front-end stages due to common connection across the power
supply. Although well-known in tube circuits, it assumes
special importance in the transistorized front-end. Semicon-
ductors, as low-impedance devices, require more care in
decoupling, filtering, and byvpassing, otherwise the appear-
ance of signal voltages at an undesired point encourages false
mixtures.

To keep the supplyv leg (+10 v. in Fig. 2) at extremelv
low impedance, large r.f. bypasses are placed along the
positive bus: Cl and C3, for example. They assure ample
grounding of r.f. signals which may appear here. While such
Dbypassing is conventional in tube tuners, the transistor ver-
sion introduces avnother technique. It is bypassing at audio
trequencies. Note C2 at the lower left of the schematic. As
a 100-uf. capacitor, it is tar greater in value than in the
tube r.f. circuit. This is done to auticipate the possibility of
audio products created in the semiconductor junctions. Heavy
bypassing here can be considered as being audio filtering,
forming a low-impedance circuit pathway to ground if such
audio products should appear in the front-end.

Physical Aspects

Several physical aspects of the [ront-end lavout can be
seen in the tuner’s top view shown in Fig. 3. An innovation
is the use of two separate ganged tuning capacitors, identi-
fied as “Preselector” and “Osc./Mixer” at upper left. These
make up the required four variable capacitors mentioned
carlier. By splitting the tuning gangs into separate sections,
clectrical isolation between stages is improved; there are no
cirenlating currents in the capacitor frames. Two tuning
drums are found on the chassis instead ol the usual single
unit. Both drums are driven synchronously by one dial cord
strung around their circumlerences. Note that the preselector
gang, the dual-capacitor lor the r.f. amplifier, is some dis-
tance from the transistor Q1. This is possible due to the low-
impedance input of the transistor. It permits output of the
tuned circuit at the tuning gang to run through a link cou-
pling which is little atfected by length.

Another teature of the physical lavout is in the i.f. strip
along the top right. Instead of the usual placement of tubes
bet:ceen if. transformer cans, the transistors mount at the
side. The whole arrangement permits short leads and is,
therelore, less prone to instability due to stray coupling.

The LF.

The i.f. circuits of the tuner also demand special attention
becaunse of the transistor characteristics, Two important ef-
lects to be avoided are slope detection in the i.f. stages and

Circuit

Fig. 3. Top view of receiver. The tuner transistors and cir-
cuits are at the left center and toward the front of the
chassis. The multiplex-circuit transistors are at right center.
The audio preamp transistors are at the extreme right while
the audio output transistors are mounted on the rear flange.
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signal [eedthrough. Let us consider the first i.f. stage as
shown in the partial schematic of Fig. 2 (right). A signal
entering the i.f. transformer is amplified by Q4, then passed
out of the stage through the next i.f. transformer. In the case
of exceedingly strong signals or mistuning, there is a pos-
sibility that a portion of the signal will spill outside the
bandwidth of the i.f. transtormer. As the signal shifts in
frequency (due to modulation) voltages at an audio rate
could ultimately develop. It commences as the i.f. signal varies
along the slope of the if. transformer bandpass curve. In-
stead of passing uniformly through the mid-point of the tuned
circuit, signal voltages change with frequencv. If these vari-
ations are applied to a non-linear device, detection to audio
would follow. The transistor can present the non-linear de-
vice in the form of its base-emitter junction. Diode rectifica-
tion occurs and the signal reverts to audio in slope-detector
fashion.

Measures which improve linearity in the i.f. stage help
suppress this undesirable effect.

IFour stages of i.f. amplification are used, in contrast to
a lesser number in tube tuners. This permits individual stages
in the transistorized i.f. strip to operate at decreased gain
and improved linearity. Lower supply voltages and collector
currents contribute to the desired result. Note, too, in Fig.
2 that heavy bypassing—C4 and C35—is provided to check
anv development of audio voltages in the if. strip of
the tuner.

The tour i.f. stages also aid in developing proper limiting
action, which would be defeated by anv tendency of the
semiconductor material to capacitively couple signals from
Input to output. No one stage is singled out for the limiting
function, as it was discovered that the action is best distrib-
uted over the complete succession ol i.f. stages (plus the
ratio detector). With all i.f. transistors operating at relatively
low potentials, even the very first intermediate-frequency
stage will produce some limiting action.

General Conelusions

Some general conclusions can be drawn about the final
version of the tuner circuits. Perhaps the most significant
is that it does not represent anv spectacular “breakthrough”
techinologyv--no magic formula provided the answers. Rather,
the tuner’s development followed a tortuous path of isolat-
ing, then treating, a specific problem. It mav be that the
transistor in the front-end has been wrongfully blamed for
generating cross modulation when actually the trouble source
is frequently inadequate bypassing in the power supply
circuits.

Difficulty in tuning the receiver and the intrusion of false
signals also suggest transistor front-end problems. These,
however, can be handled by the techniques just discussed:
increased selectivity, filtering, and carcful compoyent selec-
tion to avoid non-linear action. Careful neutralization ol the
i.l. transistors, even to the point of optimizing taps on an
if. transformer, tyvpify the kind of detailed approach which
characterized the tuner’s development. One incidental boost
was given by transistor manufacturers. Farly tuner models
displayed poor unitormity in stage guin, although transistor
testing revealed no apparent differences. This elusive prob-
lem disappeared as semiconductor producers adopted more
precise selection techniques, and gain variations are no longer
troublesome.

Harman-Kardon looks for further advances in FM tuner
design Dased on transistors. Semiconductors are undergoing
refinement, promising even lower noise levels, and suitable
silicon units are being examined as possible replacements for
the present germanium types. Higher beta, lower current
transistors are in the offing. Until that time, however, it is
the company’s eonviction that its solid-state SR900 will per-
form with the sensitivity and selectivity of a high-quality
tube-tvpe tuner.
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HEIGHT - KM

DOPPLER RADAR
IN WEATHER
RESEARCH

While ordinary radar will show the presence of
rain, snow, or clouds, Doppler radar is capable

6 iz
TIME - MIN.

Fig. 1. Computed updraft structure of a typical storm. Values
are in meters per second with negative indicating updrafts.

HE use of radar in observing the weather is now a

common practice. Meteorologists frst became inter-

ested in radar about 20 vears ago when it was noticed
that a kind of background clutter, or noise, was often pres-
ent on radar screens whenever “weuather” such as rain or
snow was in the vicinity. Ships, planes, or other important
radar targets would sometimes be obscured by this “weather”
noise.

It was found that large collections of raindrops, snow-
flakes, or cloud droplets, collectivelv called hydrometeors
backscatter enough of the radar energy incident on them
50 us to constitute detectable radar targets. For most radar
wavelengths, the energy returned by a single hydrometeor is
proportional to the square of its volume. Thus, a raindrop
twice the size of another will return 64 times as much energy.
Although the energy returned by a single hvdrometeor is
extremely small, in the high concentrations frequently pres-
ent in rain and clouds, thev become radar-visible.

The pattern observed on a radar set then tahes on the
look of the hvdrometeor distribution—a kind of weather map.
The patterns are generally different lor rain or snow and, to
some extent, their characteristics depend on the large-scale
weather features such as cold fronts and wind structure. The
use of radar in Jocating and mapping the progress of these
weather systems is a well-established practice, and is being
used not only by ground stations but also by cominercial
passenger aircralt in Hight so as to avoid air turbulence as-
sociated with some {rontal svstems. However, conventional
pulse radar only indicates the presence
of these hvdrometeor clusters and the
relative size of the area they cover.

Probably the most significant of the
latest weather-radar investigations are
those using coherent Doppler radar.
Research ol this type was first under-
taken in 1935 at the Cornell Aeronauti-
cal Labs., and a continuous program of
such weather investigation is still going
on there.

The valuable propertv of Doppler
radar that makes it so distinct from con-
ventional pulse radar is its ability to
measure the velocity components of
targets in a direction towards or away
lrom the transwmitter. (Some readers 2}
mayv be acquainted with this svstem as
used in police speed radar.) The famil- -
iar Doppler effect operates in such a

B}

ALTITUDE, km

Fig. 2. Transition from snow to rain (3.5
km.} shows up as change in Doppler shift.

of determining the characteristics of these
weather components, thus aiding forecasting.

a slightly higher frequency than the transmitted signal. Cou-
versely, the signal from a receding target has a lower Ire-
quency than that transmitted. The difference between the
transmitted and received frequencies is called the Doppler
shift, the value of which is proportional to the radial velocity
of the target.

Since weather targets are in fact large collections of small
targets, moving with a wide distribution of velocities, the
return signal consists of many different Doppler-shifted
frequencies. Snowflakes, for example, fall at a slower rate
thanr raindrops, therefore they will produce a dilferent
frequency shift. This makes it possible to use a Doppler radur
to determine at what altitude snow turns to rain. This would
be of great help in weather prognostication. It would also
make possible determination of the exact configuration of
updrafts and downdrafts so that frontal svstems could be
determined.

A typical Doppler pattern showing the transition from
snow to rain is shown in Fig. 2. This plot of Doppler spec-
trum vs altitude shows a melting laver at about 3.5 km.
where there is an abrupt increase in the mean falling speed
from the relatively slow fall ol snow at about 1.5 meters per
second, to the much faster fall of rain at about 6 meters
per second.

The most important dynamic characteristic of the atmos-
phere in determining the formation and growth of clouds is
the structure of updrafts. The very presence of a cumulus
clond implies the existence of an updraft.

Fig. 1 shows how an updraft structure
looks to a Doppler radar. In this case, the
Doppler radar was pointed vertically
and the storm moved past the radar
beam. Note that the region belween 3
and 4 km. appears to be a transition zone
between updrafts above and downdrafts
below. This was also the region above
which the air was colder than freczing
and below which the air was warmer. In
this case, the hvdrometeors above the
level were apparently raindrops, not
snowflakes.

Future plans for Doppler radar
weather research include research into
wind structure in showers and thunder-
storms. Attempts will be made to relate
radar observations to large-scale weath-
er characteristics and therebv unde:-
stand the dvnamics of storms.

This article is based on data supplied

ot

way that the radar signal returned from
a target moving towards the radar has

May, 1965
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by Cornell Aeronaitical Labs.
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DESIGNING
A
TRANSISTOR
POWER
SUPPLY

By THOMAS J. BARMORE

dy vsing miniature components, incduding meters, it becomes
possible to make a relatively small package of the power sup-
ply, Heat sink forming the rear wall mounts transistor Q1.

Step-by-step process shows how to design a compact,
regulated power supply which may be adjusted between
7 and 40 volts output at load current up to 2 amperes.

ESIGNERS and experimenters who find themselves
D associated with transistorized circuitry often need a

source of nearly pure d.c. power. Batteries are the
first thought, but any source that supplies a fixed voltage (or
a selection of fixed voltages) will be necessarily limiting, since
voltage is the one parameter that must be made continuously
variable when experimenting with transistor circuits.

Variable, regulated, transistor power supplies are readily
available on the commercial market, hut their cost is often
quite high,

The power supply to be described utilizes inexpensive
components and will easily fit into the smallest workspace
since it measures 3 by 4 by 6 inches. The output voltage may
be adjusted to any value between 7 and 40 volts d.c. at load
curreats up to 2 amperes. As shown in Fig. 1, regulation and
ripple we directly proportional to the output voltage and
current, and output voltage is essentially constant, at full

Fig. 1.

100
40 w» 80
[— 1.5.. P_—’
R 30 — 260 2
Sl 1 3 S
] ZC E 40 )
21— 1 2
10 220
[ 2
I_-AMPERES I_-AMPERES
a6

Comparison of output voltage vs current (left), hum
level (middle), and output vs power-line fluctuation {right).

load, even with line variations on the order of *25 volts.

Normally, the output voltage from a power supply con-
sisting of a transformer and full-wave bridge rectifier with
adecuate filtering will varv for one or all of three reasons:
IR voltage drop in wiring and transformer windings propor-
tional to load current; core-loss voltage drop due to load
current; and variations in the line voltage.

To maintain adequate regulation in each case, the change
must be sensed, amplified, and used to reduce or eliminate any
tendency the output voltage might show toward changing.

Circuit Design

Ordinarily, either one of two basic circuit designs may be
used to achieve regulation. One, known as shunt regulation,
is current limiting, but cannot easily provide a variable out-
put voltage. The other design, series regulation, while not
current limiting in the sume sense, is versatile because its
output voltage may be changed quite
readilv. In its simplest form, the circuit
uses a series transistor to absorb voltage
changes and a zener diode to clamp the

output level. This is the circuit shown

40 in Fig. 2.
K‘ ——— Since output voltage is dependent on
30— R— the value of the clamping voltage, the
i S | _+_ —1 addition of a sensing amplifier, consist-
20— 1 i ing of transistor Q2 and resistor R, will
ey _T —1 provide gain resulting in an increased de-
10 T T gree of regulation.
] +. T ] The action of the regulator may be
J00 120 140 explained by assuming that a higher out-

LINE VOLTAGE-V.A.C. put voltage is desired. An increase in the
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quantity Rl / R2 (moving the slider
down in the diagram), will decrease the
negative potential at the base of 2, de-
crease its base current, and cause a cor-
responding reduction of its collector
cwrrent. This, in turn, results in a low-
ered voltage drop across resistor Rg,
which is essentially the load resistor for
Q2.

This causes point “A” to be more neg-
ative than previously, increasing the base
current of transistor Q1. An increase in
base current must cause an increase in
emitter current. Therefore, it follows that
output voltage will increase since the
load R, is constant. To provide a de-
crease in output voltage, or to compen-
sate for output voltage fluctuations due

Ql
2NI74 OR 2N44|

o—e\ o—eo
FI Si
7 V.A.C, PLI
O- -

IN30168B or equiv.)
M1,M2—Miniature 2 ma. meter, with approx. 23
ohms internal res.

Power trans. 12 t0 29.6 v. @ 2 amps.

R1-—390 ohm, 1 w. res.
Re—(R1,R2)—1000 ohm, 2 . pot.
R3—100.000 ohm, V3 w. res.
R4-—20.000 ohm, 13 w. res. Tl

to load changes, and/or line-voltage var-
iations, the same line of reasoning may
be applied.

The power supply may be constructed
in accordance with Fig. 2, or the design
chunged to suit particular needs. If this
latter course is chosen, the following de-
sign procedure can be used to obtain the desired output.

Choose the maximum output voltage (V. ., and mini-
mum output voltage (V, ,.....) desired.

Select the maximum load current (I ,....).

Pick the power transformer based on I}, ..., d.c. input
voltage to the regulator (V, ,..), and the output voltage
(V.). Then, V, (L9 15\ V2 spmtn

Filter capacitance should be chosen on the basis of the
load impedance. Cuf. = 22,500 (I}, ue/ Vo mar.).

The rectifiers should meet the following specifications:
Lhear (per rectifier) = 4.75 Iy, ,.0.; Py (per rectifier) = .5
1y, viaes and p.iv. (per rectifier)=1.414 V, ...

Breadboard the basic d.c. supply (i.e., transformer, tull-
wave bridge, and filter capacitor), and determine the values
ot Vo, Vi Vi, and Iy, ... (R.). R, = total series resist-
ance. V... equals no-load output voltage, while V, ,,;, may
be measured after the supply is loaded to Iy, ... Therelore,
I, ae. (R.) is equal to the difference between the two volt-
ages.

Transistor selection may be somewhat more difficnlt, owing
to the fact that particular care must be taken to insure that
none of the breakdown voltages is exceeded, and that the
transistors will dissipate their power when provided with an
adequate heat sink. For transistor Q1; Py=(Vy in. = V. in)
It mae; e mae.=d0 wars; a0d BV, =V ee = Vo pine In ad-
dition to the preceding specifications, a power transistor
should be chosen that has as high a d.c. gain (heg) as pos-
sible.

Select a voltage value for the reference source based on the
desired minimum output voltage: V.=V, .. —.4. The value
chosen for V. should not be too small since the quality of the
zener regulation is directly proportional to the zener voltage.

Both the maximum zener current and the value of resistor
R, must be calculated by approximation, using the following
two equations:

(or greater), V3 w. res.

D1.D2,D3.D4-

(A) Ry

(B) I, .

[II. mar (nu)+v.e ()l]/[(ll wa ./hl'f‘ (.)1) I; i ]

(Vl win. 4 )/(RB+R )

Solve equation (A) for Ry by eliminating the term I, ..,
then solve equation (B) for [, ... by eliminating the term R..
Then by allowing I. ... to equal .1 of I, ..., re-solve equa-
tion (A) for the final value of Rg. Choose a zener diode based
onV.and I, ...

From the characteristic sheet for the particular zener

May, 1965

R5-.0231 ohm, 2 turns #36 copper wire on 10 ohm PL.1

C1—1500 uf., 50 v., elect, cap.
-1N250 diode
1D5-—6.8 v. zener diode, 1 w. (Motorala 1N3829A, Q2-

-NE-2 neon bulb
F1—Line fuse, Y3 amp.
S1—S.p.s.t. switch

Q1—2N174 or 2N441 transistor
-2N256 or 2N307 transistor

Fig. 2. Schematic diagram and parts list for the regulated power supply.

chosen, use the value given for R. and I, ... and rework
equation (B) verifying that the new value for I, 4. is within
the maximum limits of the selected diode.

Select transistor Q2 bv: Pui. =1 wiax. (Vo mar. —V2); BVee

\% nar. V;:,' and [ mar. =1; max.

Bv choosing a transistor for Q2 which has a high wattage
rating, no heat sink will be required.

Resistor Re should be selected such that it will not load the
base-emitter circuit of 2, i.e., the bhase current for Q2 should
not cause an appreciable voltage drop in leg R1. In most
cases, the value for Re will lie somewhere between 500 and
1300 ohms.

Care must be taken in wiring the circuit, using at least #12
or #14 gauge wire in the current paths indicated by the heavy
lines in Fig. 2. Even small amounts of wiring resistance will
adverselv affect regulation. It is possible to obtain either posi-
tive or negative feedback in the circuit by selectively allow-
ing changes in the wiring resistance (see Fig. 3.).

Negative feedback will produce an output voltage charac-
teristic which will be constant or slightlv decreasing with in-
creasing load. Positive feedback may cause an increasing
voltage under the same conditions. The degree depends on
the value of the resistance R,.;,..

Construetion

Packaging is straightforward with all controls and metering
on the front panel. Transistor 01, mounted on a modified
heat sink, serves as the rear panel. Both front and rear panels
are held together with a single piece of aluminum in a laver
configuration, so as to allow a flush fit of the outer covers of
the unit.

The diodes and transistor Q1, do not require heat sinks and
together with the regulating circuitry (with the exception of
Ry) are mounted on an L-shaped printed cireuit board fas-
tened to the internal cross member. A

Fig. 3. Positive or negative feedback can be introduced by
selectively allowing changes in internal wiring resistance.

< Ry < R
2 NEGATIVE 3 POSITIVE
2 FEEDBACK 2 $ FEEDBACK
1
Rwire g Bt
(a) (B)

a7
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Description of:

Self-testing transceiver
Simplified frequency-synthesis circuit
“Co-Phaser” for CB antennas

Crystal's new transceivers is greatly facilitated by

built-in test circuits. A special selector switch and
numerous internal refinements permit quick sampling of two
dozen key values spotted in all major stages. The second cir-
cuit to be described is an interesting modification of tfrequency
synthesis. Regency has transferred the idea from its 23-
channel “Range Gain” unit to a more moderately priced 8-
channel set. It enables a CB operator to change channels with
a single crvstal instead of the usual two. Our last circuit is
found in Hy-Gain’s “Co-Phaser.” This accessory device cou-
ples two standard vertical antennas, permitting them to
function as a beam without a mechanical rotator.

NARROWING down a defective stage in International

International Crystal’s Built-in Test Circuits

The concept of adding test circuits inside equipment is
brought to a high degree of development in International
Crystal’s Model 750 transceivers. The approach goes beyond
similar methods found in much military and commercial two-
way gear. The popular technique has been to bring key test
points to a chassis-mount socket. The technician may then
plug in a special “test set” to read important circuit values.
The test set generally contains a meter, selector switch, and
suitable multiplving resistors. In the Model 750 transceivers,
however, these elements are self-contained.

By rotating a 24-position selector switch mounted on the
rear of the unit (Photo A), the technician can check per-
formance of every stage within the transceiver. The readings
are viewed on the set’s “S” meter. (Optional meter jacks are
supplied if the technician wishes to substitute his own 100-p.a.
meter during bench tests.) Thus, most field and bench testing
can be performed rapidly with facilities contained within the
transceiver. The only major instruments not provided are a
calibrated signal generator for receiver alignment, and a tre-
quency meter for checking accuracy of channel frequencies.
These, however, are not normally used to localize trouble;
the basic function of the built-in test circuit.

A novel provision in the system enables the technically un-
skilled user to detect trouble in advance of a complete failure.
With each transceiver the company supplies a “Factory Final

48

Test Sheet”—a chart listing all test switch positions. Prior to
leaving the factory, each transceiver is operated and meter
readings taken on each test position. These values are re-
corded on the chart for reference. Any future variation from
these readings tells the operator that the unit requires serv-
icing. For the technician they help pinpoint the troublesome
stage or section.

Certain switch positions aid the technician in other ways.
There are three, for example, which enable him to adjust his
primary power source—117 volts a.c. or the two battery volt-
ages, 7.1 and 13.6—to exactly match that of the factory’s
when readings were first taken. One switch position permits
proper adjustment of the set’s internal microphone guin con-
trol. A tone switch next to the selector provides a steady
audio source. One condition external to the transceiver can
also be measured: reflected power from the antenna.

But most switch positions are tied into successive stages
in both transmitter and receiver. Beginning at position “A”
the technician may quickly sample major receiver stages.
starting at the cathode of the r.f. amplifier and ending at
position “K,” the audio output amplifier cathode. In some
instances, screen and grid readings are sampled. Most of the
remaining positions occur in transmitter stages, including
power output, filament voltage, and percentage modulation.

The test switch is shown in Fig. 1, with a listing of func-
tions beside it. To reveal typical switch action, the receiver
front-end circuit is also shown. It is seen that the switch is
divided into two halves, forming a double-pole, 24-position
unit. The meter connects between the two common poles, or
wipers, lettered “F” and “R.” In most positions, the “F” sec-
tion simply grounds one side of the meter. The other wiper,
“R,” ties the “hot” meter terminal to the various stages under
test. Since the switch is now shown in the “D” position, lel’s
consider this connection: it provides a relative reading for
the 2nd Receiver Oscillator.

In the “2nd Rec. Osc.” stage, found near the bottom right
of the schematic, there is a lead marked “DF” from the tube’s
control grid. This letter coding indicates that the lead ulti-
matelv connects to the left side of the meter, to the Test
Switch through “F” common, then on to the “D” position.

ELECTRONICS WORLD
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At the same time, the right side of the
meter is erounded by the other switch
section. This inserts the meter into the
voltage divider formed by resistors R1
and R2 in the grid circuit. It provides a
meter reading which may be compared
to the factory chart.

Numerous other samplings are taken
in similar fashion. There is, for example,
an “AR” lead from the cathode of the
“R.F. Amp.” This couples a small cur-
rent flow through multiplyving resistor

R3 to the “A” position, located in the ,cuns

“R” section of the switch. Another appro-
priate resistor is used in the “lst Con-

verter” screen for the “BR” lead running
to the test switch. High sensitivity of the

meter and bypassing in the test leads

B+
. ; RF.PLATE
enables samplings to be taken with neg-

ligible effect on the operating circuits.
For copy of manufacturer’s brochure, £
circle No. 53 on coupon (page 15).

gl @)

Regency One-Crystal Operation

In the conventional transceiver, crys-
tal-controlled operation is achieved by J
Inserting two crystals: one for controlling
the transmit oscillator, as prescribed by
law; the other to lock the receiver local
oscillator on frequency. These crystals,
of necessity, are of different frequencies for a given channel.
The transmit unit provides an operating frequency on 27 mec.
The receive crvstal, however, is offset from the operating fre-
quency. This enables the local oscillator to mix with the
incoming frequency and produce the desired i.f. difference
signal.

In the Regency “Romper” (Photo B), a circuit arrange-
ment enables one erystal to serve the needs of both transmit
and receive oscillators. It provides the operator with the
added convenience of setting up for any channel quickly by
inserting one crystal in a front-panel socket. (Seven other
crystals are mounted internally and are switch-selected.) The
one-crystal performance of the transceiver is based on a
frequency-synthesis circuit.

The heart of the system is in the partial schematic of
Fig. 2. It is the synthesizer formed by stages V1A and VI1B.
To discover what occurs during receive, note the position of
the front-panel crystal, seen as “Y1” at the lower right of
the diagram. The crystal is approximately 19.5 me. (exact
frequency depends on the particular channel). Tube V1B is

w

R.F. OUT

RF. AMP. Ist MIXER
6GK5 12BE6
27 MC.
75MmC.
4
-agw 2nd MIXER
33k
tw.
=0l
- BlaS
}1.F. SCREENS
SPOT
OFF
XTAL  TUNE —-Btas
: i AT on
SYNTHESIZER ’
VIA %, 6BC8 vIB % 6BC8
CTHANNEL
Y :
5 C
it 2.3"5 r:
Ti J 5
y -
=
It HEEERIERLRERERE (=21}
& -T
RFC CRYSTAL SOCKETS =

27MC. TO XTMR. —BIasS

BUFFER STAGE

Fig. 2. The Regency simplified frequency-synthesis arrangement is shown here.

set into oscillation. The 19.5-mc. signal is tapped {rom the
tube cathode and coupled to the grid of the “1st Mixer.” Here
the 19.5-me. signal is mixed with an incoming channel on
27 mec. The mixer produces the difference—7.5 me.—and the
correct i.f. is obtained.

Novw to observe how the same crystal operates during trans-
mit, again crystal Y1 establishes a 19.5-me. signal in stage
VI1B. At this time, too, the other section of the svnthesizer
V1A, will oscillate and produce a signal. Crystal Y2 in its
grid circuit, however, produces a signal fixed at 7.5 mec.
Oscillator signals mix in the paralleled V1 plate circuits, and
an additive mixing occurs. In this tashion, 7.5 and 19.5 pro-
duce 27 mc., the desired transmit {requency. This is applied
to the transmitter buffer amplifier and subsequently to the
final amplifier for transmission. Changing the transmit chan-
nel, as in the case of receive, may be achieved solely through
changing crystal Y1.

The “Romper” receiver can be continuously tuned over the
23-channel band. In this case, the operator switches from

“Xtal” (X) to “Tune” (T). This disables the V1B section of

Fig. 1. Circuit diagram of International Crystal’'s front end showing some of the interconnections made by the test switch.
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the synthesizer circuit. The “Ist Mixer” now operates as a
self-excited oscillator and will produce a range of local-oscil-
lator frequencies in the 19.5-mc. region, formerly supplied
by crystal Y1. Like the crystal, it establishes the required i..
mixture on 7.5 mc.
For copy of manufactirer’s brochure, circle
No. 54 on coupon (page 15).

Hy-Gain “Co-Phaser”

Non-directional antennas predominate at CB base stations
since it is often impossible to predict the road location of
mobile units. The directional beam, however, has gained some
favor. The ability to greatly multiply signal power apparentlv
outweighs the restriction of a uni-directional pattern and
need for a mechanieal rotator. Another approach to gain and
directionality is the phased antenna. Instead of movable ele-
ments, the antenna remains mechanicallv fixed. Radiation
patterns are shifted in direction by varying the phase of sig-
nals entering the active clements. I'ields of radiated radio-
frequency energy interact—adding and cancelling in difter-
ent directions.

Before signals can be applied to the antenna they must be
processed in two wavs: seut through suitable matching de-
vices and adjusted for correct relative phase. These functions
are performed in the “Co-Phaser” (see Photo C), a circuit
produced by Hy-Guin for phasing two standard vertical CB
antennas. The operator may switch-select three possible radi-
ation patterns; two cardioids to cover, say East or West; and
4 bi-directional pattern for simultaneously covering North
and South.

The internal components of the “Co-Phuser” consists of
three lengths of couxial cable and a switching arrangement.
The simplified schematic of Fig. 3A shows how the first major
pattern is achieved; the bi-directional. Here, two coax lengths
are switched into the line from the CB transceiver. Their
function is primarily that of impedance matching; solving
the problem of feeding r.f. from a 50-ohm source (the trans-
ceiver) to 50-chm loads in parallel (the two vertical an-
tennas). Antenna impedances in parallel would otherwise fall
to 25 ohms and present a serious mismatch to the transceiver
The coax cables are each cut to a gquarter-wave on 27 mc.
(G feet) and act as impedance transformers. In creating
standing waves, each cable presents 100 ohms at the trans-
ceiver end. The net effect of this arrungement is a perfect
nmatch throughout.

Actual phasing of signals for the bi-directional pattern
occurs between antenna elements. Note that they are physi-
cally spaced 9 feet apart or a quarter-wave in {ree spuace.
(Only G feet are requirved in the coax cable quarter-wave-
lengths due to velocity factor. The cable slows down wave
velocity.) There are now equal signals in both antennas. Since
both signals have undergone identical processing, they are
identical in phase the instant they radiate from the elements.
Assume that both signals are positive in polarity. As they span
the distance between elements, each encounters the opposite

antenna. Since time elapses during this rip, a positive wave
from one side encounters a signal of differing phase in the
opposite antenna. This is easiest to visualize if the two ele-
ments are exactly a half-wave apart (18 feet). A positive
wave consumes just enough travel time to permit the opposite
element to go from positive to negative, or 180 degrees. This
out-of-phase condition causes cancellation of energy along a
line between the two antennas, as shown. But along a line
perpendicular to the first, the original waves are traveling
oulward. They overlap and reinforce each other. The total
effect then is a “figure-8” pattern of bi-directional charac-
teristics.

In the “Co-Phaser” system, however, phvsical antenna
spacing is reduced to a 9-foot quarter-wave. Cancellation is
not as complete and the resulting bi-directional pattern is
broadened out, as shown in IFig. 3A. Coverage of the two lobes
is more extensive than if the usual half-wave spacing were
used.

The “Co-Phaser’s” internal circuits participate in phasing
signals for the two uni-directional patterns. Shown in Fig. 3B
is the circuit as switched by the operator. We see again the
two coax lengths which produce the correct impedance
match. Note, however, that a third coax section is introduced
into one leg of the circuit. This upset in svimetry causes
the transmitter signal traveling through the additional length
to reduce velocity as compared with the other section. The
effect is to drive the right antenna with a signal that lags
the lelt antenna by 90 degrees. If the right antenna receives
a signal from the lagging left antenna, the net ellect is re-
inforcement; a second 90-degree lag has occurred as left
signal crosscs the gap to reach the right antenna. Another
way of viewing it: Assume that the left antenna is plus. The
right antenna is now 0 polarity since the “Co-Phaser” has
delaved the signal by 90 degrees. The plus signal from the
left antenna travels to the right antenna arriving 90 degrees
later—just as the right antenna is going positive. The two posi-
tive signals add, propagating a strong lobe in the direction
of the right antenna, as shown.

Cancellation in the opposite direction to the left, occurs
at the same time. Assume that the right antenna is positive.
Since it lags the left antenna by 90 degrees, the lelt antenna
at this instant is 0 polarity. In crossing the distance belween
eleinents, the positive signal from the right takes just enough
time for the left antenna to advance {rom 0 to negative. The
net effect is a 180-degree out-of-phase condition at the left
antenna. Signal cancellution, therefore, produces a null in
the area shown. This pattern can be instantly reversed if the
operator switches the extra length of coax in the “Co-Phaser”
to the opposite leg.

Compared with the gain of a couventional co-linear an-
tenna, the “Co-Phaser’ is said to provide an additional 3.86 db
in the bi-directional pattern; 4.5 db gain for each of the two
uni-directional patterns. A

Ior copy of manufacturer’s brochure, circle
No. 55 on coupon (page 15).

Fig. 3. Internal connections of the Hy-Gain ‘‘Co-Phaser’’ are changed to produce a bi-directional or two uni-directional patterns.
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SPECTRUM ANALYZERS

By JIM KYLE

Operating principles and important applications of
instruments that produce CRT display of input signal
strength vs frequency. Uses include communications
band monitoring, checkout of radar and other pulse
modulated equipment, and general transmitter testing.

electronics laboratories, spectrum analyzers are today

found in many fields. Many instrumentation experts
consider the spectrum analyzer to he the most versatile and
the most informative tool available to the designer, produc-
tiou test engineer, quality-control specialist, or maintenance
technician.

The device’s function, as well as its basic operating prin-
ciple, is deceptively simple. The spectrum analyzer is simply
an instrument which presents a display (usually on the face
of a cathode-ray tube) of input signal strength versus tre-
quency. Analyzers are available to cover any portion of the
frequency range from subsonic out to 100 ge. and beyond.

The resulting display is almost identical to the spectrum
graphs shown in engineering textbooks, facilitating interpre-
tation of the signal under test. See Fig. 1.

ONCE virtually unknown outside the most advanced

Early Analyzers

Although the present usage of spectrum analyzers is pri-
marily in the area of instrumentation, including microwave
checkout and telemetry analysis, the instruments are also
valuable accessories in communications systems. In fact, the
device was originally invented for communications use and
its value for general meusurement purposes went almost un-
noticed for more than a decade.

The first known spectrum analyzer was built in 1932 by Dr.
Marcel Wallace, a chemist and ham radio operator, who five
vears earlier had co-invented the tricycle landing gear for
aircraft. He called this first device a “Panoramic Receiver”
and its purpose was to present a visual image of the entire
ham band to spot vacant {requencies and to locate answers
to his calls.

Six years later, Dr. Wallace formed Panoramic Radio Cor-
poration to produce Panoramic receivers and other similar
instruments.

Before the Panoramic receiver won widespread acceptance,
however, World War II had broken out. Thousands of such
receivers, as well as “Panadaptors” for existing receivers, were
used by the Allies during this conflict, both in military com-
munications where the ability to see an off-frequency signal
often meant the diflerence between life and death, and in
monitoring of enemy transmissions.

Meanwhile, at MIT, the Radiation Laboratory was working
on radar techniques and had to produce not only working
radar sets but also all test equipment necessary to maintain
them. It was here that the Panoramic receiver was renamed,
more scientifically, the spectrum analyzer, and was developed
into an essential item of microwave test equipment.

With the cessation of hostilities in 1945, dozens of firms
the world over began producing spectrum analyzers. Pano-
ramic, now a part of the Metrics Division of The Singer Com-
pany (more noted for sewing machines than for electronic

May, 1965

instruments in older days) is still one of the leaders. Others
include Hewlett-Packard, Polarad, and Probescope. These
firms produce wide and varied lines of spectrum analyzers;
professional catalogue directories list several dozen smaller
firms making more specialized lines.

Although the basic operating prirciple of an r.f. spectrum

Fig. 1. Various spectra as they appear on a spectrum analyzer
(right and as shown in standard texts. The upper potterns are
for an unmodulated ¢.w. signal; second is an AM signal; third
is an FM signal; and fourth is a puised signal. Symbols on
the drawings are fo for carrier frequency, fun for modulating
frequency, forr for pulse repetition rate, 7 for pulse width.
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Fig. 2. (A) Block diagram of the basic circuit arrangement.
(B) Circuit arrangement that is used in swept-i.f. system.

analyzer is simple, the devices themselves are usually quite
elaborate and cost can run into the thousands of dollars. This
comes about because of two major factors; most stock instru-
ments for r.f. use cover frequency ranges extending well into
the microwave region, and microwave equipment is usually
costly. In addition, despite the simplicity of the basic ap-
proach, the practical application of this approach requires
a certain minimum complexity—and most instruments have
added features for maximum versatility and flexibility.

Basic Principles

In essence, the spectrum analyzer is nothing more than a
high-quality radio receiver, with two important differences.
One is that the receiver is sweep-tuned, covering a band of
selected widths many times every second; the other is that

Pulse-spectrum display is visible on screen of ‘‘Panoramic”
Model SPA-4a from Singer Metrics. This instrument is widely
used in industry, and features high sensitivity and selectiv-
ity, together with push-button selection of the operating
frequency band. Its range is from 10 mc. up to 44 gigacycles.

S\HGER

G

output, instead of going to a loudspeaker or headphones, is
applied to a cathode-ray tube to produce a visual display.

Fig. 2A is a block diagram of the simple basic circuit,
stripped of all frills. Note that a single sweep-frequency time-
base generator controls both the receiver local oscillator fre-
quency and the CRT horizontal deflection. Because of this,
the CRT horizontal trace can be calibrated directly in terms
of frequency.

The detected output from the i.f. amplifier is applied to the
vertical deflection plates. In the absence of signals within
the sweep band, no vertical deflection occurs and the display
is a single straight horizontal line. With one signal present
in the band, an output will be obtained from the detector
every time the receiver sweeps across that signal, and will
cause a vertical deflection of the trace. Thus the picture on
the CRT face consists of a vertical pip for every signal present
in the sweep band. Strength of the signal determines height
of the pip.

Sweep bandwidth is controlled by varying the amount of
sweep voltage applied to the receiver oscillator (sweep volt-
age to the CRT is fixed to provide a constant-width display).
The greater the sweep voltage applied, the wider the band of
frequencies swept. Most spectrum analyzers allow sweep
widths up to several megacycles and down to 15 ke. (some can
sweep up to 2000 me.). Some instruments allow sweep width
(more often known as “dispersion”) to be reduced to zero,
which converts the analyzer into a visual-readout r.f. v.t.v.m.

For microwave and laboratory use, some modifications of
this basic system are necessary. The i.f. amplifier must have
sharp selectivity since the spectrum analyzer cannot separate
two signals which are in the if. passband simultaneously.
This, in turn, usually requires double-conversion techniques
since a low i.f. is needed for selectivity yet a high 1i.f. is neces-
sary to reduce image problems.

In today’s commercial usage, two systems are commonly
employed for obtaining a spectrum analysis. They are usually
described in terms of the stage at which the sweeping occurs,
and are known as swept-i.f. and swept-front-end systems.

Swept LF. and Front-End Units

Fig. 2B is the basic diagram of a swept-i.f. system. A stable
local oscillator is used to convert or “transfer” the input sig-
nal down to a lower frequency. The converter signal is then
applied to a second mixer where it combines with the swept
local oscillator and the difference frequency goes through
the narrow-band i.f. amplifier.

The swept-front-end system block diagram is identical to
the basic analyzer circuit shown in Fig. 2A. The only differ-
ences are in the types of components used. When microwave
frequencies are involved, the swept local oscillator is usually
a backward-wave device or a voltage-tunable magnetron.

Each of these approaches has its own set of advantages and
disadvantages. The swept-front-end system provides greater
dispersion (sweep-bandwidth) capability, usually up to a
full octave. However, cost of components is usually high, in-
creasing the cost of the instrument, and difficulties are en-
countered in making such a system stable enough for high-
resolution measurements.

The swept if. system, on the other hand, is limited in
dispersion capability to approximately 100 mc., due to the
bandwidth of the first i.f. amplifier. Offsetting this limitation
is the extreme resolution capability and the ease of band-
switching to obtain wide coverage. Through the use of phase-
locking, oscillator stability in the tens of cvcles can be ob-
tained even at input frequencies as high as the gigacycle
range and with such stability that 1-ke. resolution is no prob-
lem.

Because of these advantages, most general-purpose spec-
trum analvzers are of the swept-i.f. variety, with the swept-
front-end system being used only where very wide dispersion
is required (in microwave work) and where minimum ex-
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pense is necessary (as for amatcur and commercial commu-
nications band monitoring applications).

Important Characteristics

Like most equipment, the spectrum analyzer has a special-
ized vocabulary to describe its characteristics. “Dispersion”
and “resolution” have already been encountered. More spe-
cific definitions of these terms and of terms not yet mentioned
will be helpful to anyone having occasion to deal with ana-
lyzers,

“Dispersion” is usually defined as that section of the fre-
quency spectrum viewable on the display for one full sweep.

“Resolution” is defined as the bandwidth of the sharp i.f.
amplifier at its —3 db points. However, this is a definition
only, and actual usable resolution may vary widely from this
figure. An important feature of modern spectrum analyzers
is the ability to vary the resolution, and thus obtain optimum
response from the instrument for various applications.

“Sensitivity” of spectrum analyzers, like sensitivity of any
other receivers, has a number of definitions. Three are in
common use. There are “minimum discernible signal (MDS),”
“signal plus noise equal to twice noise,” and “input voltage
for ‘full-scale’ deflection.” MDS ratings tend to give sensi-
tivity figures from 5 to 8 db greater than do “S+ N = 2N” rat-
ings; both are usually expressed in dbm (decibels below one
milliwatt). In any event, actual usable sensitivity varies with
resolution, sweep speed, and dispersion, and so will vary
somewhat from application to application even with the same
istrument.

“Dynamic range” is an important term in the spectrum ana-
lyzer vocabulary. It may be specified in either of two ways.
One is the “display dynamic range” which gives the maximum
input amplitude visible on the screen. This is usually variable,
and is typically 10 db power, 20 db linear, and 36 to 40 db
logarithmic. The other specification is the actual signal over-
load point, and is the ratio between minimum discernible
signal and the overload point itself.

Both ratings are important. The first indicates the range
which may be viewed on the screen, while the second indi-
cates the maximum signal which may be applied to the in-
strument. Like all receivers, the spectrum anaylzer will, when
overloaded, generate spurious signals within itself, which can-
not be distinguished on the screen from true input signals.
Thus the instrument must always be operated below the
overload point for indications to be valid.

Applications of the spectrum analyzer are limited only by
the imagination and ingenuity of the user, since its display
is of such a generalized nature. Here are a few of the more
common applications of spectrum analyzers.

Communications-Band Monitoring

This was the original purpose of the instrument, and a
whole class of simplified spectrum analyzers is still in pro-
duction for this purpose alone. Basically, the analvzer is
connected to a standard communications receiver in such
a manner as to view the spectrum existing at the output of
the mixer stage, and analvzer center {requency is adjusted so
that the receiver i.f. is in the center of the screen.

Under these conditions, the signal audible through the re-
ceiver will appear as a pip at the center of the screen and
all other signals within the dispersion range chosen on either
side will appear as pips to the right and left.

Ham operators use the instrument in this manner to locate
vacant spots in the band, to spot replies to their “CQ” calls,
and to monitor v.h.f. bands to detect band openings. Com-
mercial operators use them to spot off-channel calls, which
would not be heard through the normal receiver but which
appear instantly on the analyzer screen. CB operators can
use them in the same manner during emergency operating
conditions, to detect calls on channels other than the one to
which the net-control station is listening.

Muay, 1965

Typical adapter for attachment to communications receiver for
professional use is Singer Metrics Mocdel SA-3. This unit sam-
ples output of first mixer in receiver and displays all signals
present within 200-kc¢. region centered at received frequency.

Fig. 3A shows the typical hookup. Simplified units, de-
signed for this purpose alone and having all the more elab-
orate features omitted, are available at prices up to $300.
There is even a kit available on the market (the Heathkit
“Ham-Scan”) intended mainly for amateur use at about $80.

Pulse-Modulated Transmitters

The spectrum analyzer may be used virtually alone to check
out pulse-modulated transmitters, because a spectrum analy-
sis of the output signal will reveal errors in pulse duration,
pulse repetition frequency, power output, excessive frequency
modulation during the pulse, and unwanted amplitude modu-
lation.

This application, like many others, depends upon the almost
exact correspondence between the analyzer display and the
textbook graphs. The analyzer is tuned to the desired fre-
quency, the pulse spectrum display centered, and the disper-
sion width and i.f. gain controls are adjusted until the screen
is filled by the main lobe and two additional lobes on each
side. The sweep control is then adjusted for best definition
of the pulse envelope.

Fig. 4A shows the display from a perfect l-microsecond
rectangular pulse, while Fig. 4B shows the display from a
similar triangular pulse. If frequency modulation is present,
the lobe nulls will fail to fall to zero, as shown in I'ig. 4C,
while combined {requency and amplitude modulation during
the pulse will produce a non-symmetrical and distorted dis-
play such as Fig 4D.

Pulse width may be measured by use of a frequency marker
{(usually built into the analyzer). Using the marker, the dis-
tance in megacycles between the first nulls on either side of
the main lobe is measured. Rectangular pulse width in micro-
seconds is equal to 2/f, where f equals the distance in mega-
cycles between first nulls, See Fig. 4A.

Power levels are measured by noting vertical deflection.
Gain controls are adjusted to give a display of convenient
heights and a c.w. signal (the power of which can he readily
measured by other means) is then applied without disturb-
ing any adjustments of the analyzer. Power of the c.w. signal
is varied until the same height pip is obtained. Peak power
of the two signals is then equal. By use of an accurately
calibrated attenuator in the line to the pulse transmitter, a
high-power pulse may be measured with only a low-power
reference c.w. signal.

Radar set performance checks: Radar transmitters may be
checked as just described for pulse-modulated transmitters
of any sort. Receivers are checked in a similar manner.

Untuned Laboratory Receiver

Another application of the spectrum analyzer is as a sensi-
tive detector in bench test work. Since it is far more sensitive
than the crystal diode or bolometer detector generally used
in microwave measurements, the analyzer can be used to
measure a far wider range of power. This makes it particu-
larly well suited to s.w.r. measurements by the slotted-line
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(A) (8)
Fig. 3. (A] A Receiver hookup. (B) The measurement of s.w.r.

Fig. 4. Pulse-spectrum envelopes for (A) perfect rectangular
and (B) perfect triangular 1-usec. pulses. If the pulse has
some frequency distortion or modulation, spectrum is as shown
in (C). (D) shows spectrum for pulse with both frequency dis-
tortion or modulation and amplitude distortion or modulation.

1 microsecond _ A - J
JFl= . [ 1 micr.;second /i
AN AM /|
= /| —
=5z2] Sdhl 12 — - mc. a4 2 4 — - me
(A) (B)
|
-Af B f
AL /ﬂ i Egl ) I ~=
AM j Al AM / »
M
\l FM /
(C) (D)

method, especially it high s.w.r. is involved. Fig. 3B shows
the arrangement for this use. By adjusting the calibrated r.f.
attenuator to give a constant pip height on the analvzer
screen, the sawv.r. may be determined by the difference be-
tween settings of the attenuator.

An additional laboratory application of the analyzer is as
a calibrating comparator. Fig, 5A shows a hookup for cali-
brating attenuators by comparison with a standard attenuator.
I'ig. 5B shows use of the analvzer to calibrate a wavemeter.

Checking for Spurious Output Moedulation

The sensitivity and panoramic presentation of the spectrum
analyzer make it ideal for the detection and measurement of
harmonic, parasitic, and other spurious output signals from
oscillators and transmitters. The hookup is simple; the trans-
mitter or oscillator is merely connected to a dummy load, and
the spectrum analvzer input coupled to the load so as to
sample the r.f. output.

Irequencies at which the transmitter or oscillator may be
working are then searched with the analyzer. When a spu-
rious radiation is detected, its frequency is noted from the
display and its amplitude (relative to the desired output)
measured in db, using either the log or linear vertical pre-
sentation.

Not all signals displayed on the screen, however, will be
true spurious outputs of the transmitter. Since the analyzer
is Dasically a superheterodyne receiver and has little or no
preselection due to its wide bandpass requirement, some spu-
rious responses will be generated in the analyzer itself. No
analyzer is completely free of these, but they are no handi-
cap when their existence is known. The location of the spu-
rious analyzer responses can easily be determined with the
aid of a few key instrument specifications.

Fig. 5. Uses of the spectrum analyzer for calibration purposes.
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Spurious responses of the analvzer fall into three general
types. These are image responses, high-order modulation in
the mixer, and if. break-through. They may be identified as
follows.

Image response may be distinguished from a true signal
by the fact that it appears on the opposite side of the ana-
lyzer’s local oscillator frequency from the true signal. If the
input signal frequency is varied slightly, an image pip will
move the wrong way on the screen, allowing instant identi-
fication of images whenever the input frequency can be
varied. If input frequency is fixed, a bit of calculation is neces-
sary. Take the apparent frequency of the response pip, add
to it twice the analyzer i.f. and also, in a separate calculation,
subtract from it twice the analyzer i.f. If either of the answers
coincides with the frequency of the true signal, the response
on the screen is an image.

High-order modulation in the mixer is a bit more difficult
to detect. This type of spurious response results from the
fact that harmonics of both the local-oscillator frequency and
the input-signal frequency are unavoidably generated in the
mixer circuit and may combine to produce sum or difference
signals at the intermediate frequency.

When the analyzer local oscillator tracks above the signal
input [requency, spurious responses from this cause may ap-
pear at all dial settings which result from solving the term
(nfm) (f—fi[m=1]/n), where f is the true signal frequency,
f: is the analyzer intermediate frequency, m is an integer in-
dicating the order of the harmonic of the local oscillator
frequency, and n is an integer indicating the order of the
harmonic of the signal frequency.

Thus an analyzer having a high-side local oscillator, an i.f.
of 160 mc., and viewing a true signal of 3000 mc., may have
spurious responses from this cause at apparent frequencies of
786.6 and 893.3 mec. due to the third harmonic of the local
oscillator and the signal-frequency fundamental; at 1260 and
1420 mec. from the second local-oscillator harmonic and the
signal fundamental; at 1786.6 and 1893.3 mc. from the third
local-oscillator harmonic and the second harmonic of the sig-
nal; at 2760 mc. from the second harmonics of both local
oscillator and signal; at 2786.6 and 2893.3 mc. from the third
harmonics of both oscillator and signal; at 2920 mc. from the
second harmonics of both again; and at 4260 and 4420 mc.
from the second harmonic of the local oscillator and the third
harmonic of the signal.

Intensity of this tyvpe of spurious response falls off rapidly
as input signal level decreases, and a first check to determine
if such a response is present is simply to decrease analyzer
gain (or preferably decrease the input signal). In addition,
this type of spurious response is usuallv much weaker than
true input signals. Many of those listed, although mathemat-
ically possible, may well be invisible on the display.

Should the analyzer local oscillator be below signal-input
{requency, the term remains the same except that the minus
signal before f; changes to a plus.

The third type of spurious analvzer response, if. break-
through, is easy to distinguish. It is caused by a strong signal
at the analyzer intermediate frequency getting through and
results in a stationary display on the screen which does not
move as the analyzer is tuned across a band.

Spurious transmitter outputs such as harmonics and c.w.
parasitics will show up on the screen as c.w. signals. “Squeg-
ging” and intermittent parasitics are, in essence, pulse-modu-
lated signals, and will present the typical pulse-modulated
display rather than a c.w. pip. Incidental frequency modula-
tion will appear as a pip moving back and forth if the ana-
Ivzer’s resolution is set for a wide enough bandpass to accept
all the FM sidebands. Otherwise, it will present the tvpical
FM spectrum. AM will appear as a pip of varving height if
resolution is broad enough to accept all the sidebands, and as
a typical AM display otherwise.

The spectrum analyzer makes possible an instantaneous
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Some plain talk from Kodak about tape:

Print-through and
sound brilliance

Put a magnet near a piece of iron and
the iron will in turn become magnet-
ized. That’s print-through. With sound
recording tape, it’s simply the transfer
of magnetism radiating from the re-
corded signal to adjacent layers on the
wound roll. Print-through shows up
on playback as a series of pre- and
post-echoes.

All agreed. Print-through is a prob-
lem. There are some steps you can take
to minimize it. You can control the en-
vironment in which you keep your
tapes, for example. Store them at mod-
erate temperatures and at no more than
509 relative humidity. Also store them
“{ails out” and periodically take them
out for “exercising” by winding and
rewinding them. What fun'! If worse
comes to worse, you can even interleave
the layers with a non-magnetic mate-
rial such as paper. Any volunteers? A
better way, however, is to start with a
tape that doesn’t print much to begin
with . . . which leads to low output
problems if vou don’t make the oxide
coating substantially more eflicient.

And this i1s Kodak’s solution. It’s
not simple, but it works, and it works
well! It starts with the selection of the
iron oxide. In order to achieve low
print-through, the oxide needles must
have the proper crystalline structure.
Kodak’s oxide needles have that struc-
ture . . . offering the highest potential of
any oxide currently available. But oxide
alone doesn’t make a low-print tape.

Milling the oxide ingredients, for
example, is very critical. [f you mill for
too long a time, the needles will be
broken up and print-through will be
drastically increased. Too short, and
the dispersion will be lumpy. But other
factors in themilling process are equally
important. Like the speed at which the
ball mill turns. It can’t be rotated too
fast, otherwise the needles will be
broken up, and broken needles, you

know, exhibit horrible print-through
behavior. If you rotate the mill too
slowly, the oxide and other ingredients
will not be blended uniformly. Other
factors such as temperature and the
composition and viscosity of the in-

PR‘NT'TTE';FT‘OUGH 400 CPS RECORDED SIGNAL

(TYPE 31A)

53 db.

DB —>

\/  PREECHO

POST-ECHO r«M

M
|
ww‘\wm | W S|

gredients must also be critically con-
trolled. One more thing. You’ve got to
make sure all the needles end up the
same size (.1 x .8 microns) if print-
through is to be kept down.

A very important contributor to low
print-through is the binder that holds
the oxide particles in suspension. The
chemical composition of a binder con-
tributes nothing magnetically to the
print-through ratio. What a binder
should do is completely coat each indi-
vidual oxide needle, thus preventing
the particles from making electrical
contact. And that is just what our “R-
type”” binder docs. The final step 1s to
take this superh brew and coat it on
the base. The coating mustn’t be too
thick, for print-through increases . . .
or too thin, for then output suffers.
For best results, extreme uniformity 1s
the word. Here’s where our film-mak-
ing experience really pays off.

Print-through tests are a mllion
laughs. We record a series of tonebursts

. saturation, of course. We then cook
the tape for 4 hours at 65°C. and then

Kodalk

TRADEMARK

i

measure the amplitude of the loudest
pre- or post-echo. The spread between
the basic signal and the prmt-through
is called the signal-to-print-through
ratio. The higher the number, the bet-
ter the results. Most of the general-
purpose tapes youw’ll find have a ratio
of 46-50 db. Low-print tapes average
about 52 db. You can see from the graph
that our general-purpose tape tests out
at 53 db., so it functions as both a gen-
eral-purpose tape and a low-print tape
—and at no extra cost. High-output
tapes with their thicker coatings have
pretty awful print-through ratios—
generally below 46 db. Kodak’s high-
output tape (Type34A) has something
special here, too. A ratio of 49 db—
equal to most general-purpose tapes.
Kobak Sound Recording Tapes arc
available at all normal tape outlets:
electronic supply stores, specialty
Shops,(lepartmentstores,Camcru stores
. . everywhere.

FREE'! New comprehensive booklet
covers the entire held of tape perform-
ance. Entitled “Some Plain Talk from
Kodak about Sound Recording Tape,”
it’s yours free on request when you
write Department 8, Eastman Kodak
Company,Rochester,NewYork,14650.

© Eastman Kodak Company, MCMLXI|

EASTMAN KODAK COMPANY, Rochester, N. Y.
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This extended-range microwave spectrum analyzer is Polarad's
Model SA-84WA. It covers the region from 10 mc. to just over
63 gigacycles in 10 bands with a single tuning unit. Varia-
able frequency marker is built in, as is 0.01 % crystal marker.

check of transmitter modulation, regardless of the tvpe of
modulation technique emploved or the nature of the modu-
lating signal.

The basic technique is similar to that described for the pre-
vious application in that the transmitter’s modulated output
is sampled and applied to the analyzer. For a rapid check of
over-all modulation quality, white noise covering the modula-
tion-frequency range of specific interest is applied to the
modulator.

Settings of the analyzer will be determined by the type of
modulation being tested, and the accuracy of the results de-
sired. With sharpest usable resolution and white-noise modu-
lation, the analyzer will display a plot of modulation capabil-
ity versus sideband frequency for AM, FM, video, and SSB.

Fig. 6. {A) Spectrum of noise-modulated SSB transmitter, without carrier suppression.
{B) Single-tone (1000 cps) modulated SSB transmitter with good carrier suppression.
(C) Degraded performance of transmitter whose spectrum is shown at (B) when modu-
lating tone overdrives the $SB modulator. (D) Spectrum of narrow-band FM transmitter
with modulation index of 0.4. (E} Wide-band FM transmitter with modulation index
of 8.65. (F} A combination of AM and FM with a single-tone input is illustrated here.

-
RILOCYELES
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Fig. 6A shows a trace resulting from such a test on an SSB
transmitter, without carrier suppression. Approximately 30 db
suppression of the undesired sideband is evident, using the
log scale of the screen for the measurement.

Similar testing of an AM transmitter would result in both
sidebands being displayed but if modulation frequency range
were still limited to the 300 cps—3 ke. region as in the SSB
unit, the display would be otherwise unchanged.

For an FM unit, the display would appear similar but the
sidebands would extend to the frequencies corresponding to
maximum deviation; rather than to those corresponding to the
highest modulating frequencies present. Video would again
be similar, but with wider range of frequencies.

More accurate measurements may be made by substituting
a single pure sine wave for the white-noise modulation input
and measuring the resulting output spectrum with the ana-
lyzer. Fig. 6B shows such a spectrum for an SSB transmitter
with a 1000-cps tone input. The small pip at the center is the
carrier, down some 37 db from the sideband frequency at the
right. The unwanted sideband is below the dynamic range of
the analyzer and so does not appear. No measurable distortion
is present in this view. Fig. 6C shows the same set of test con-
ditions, except that the 1000-cps tone was increased until
the SSB modulator was overdriven. The second harmonic
sideband is only 25 db below the desired sideband while car-
rier suppression has been degraded to only 31 db and a third-
harmonic sideband some 32 db down also appears.

Fig. 6D shows the spectrum of NBFM with a modulation
index of 0.4, while Fig. 6E is the same spectrum except that
modulation index has been increased to 8.65 (third carrier
null). Both are with a single tone input. Combined AM and
FM with a single tone input are shown in Fig. 6F. Modulation
deviation for the FM was set to produce a null of the lower
sideband; in general, the display of combined AM and FM
will result in non-symmetrical sidebands, but existence of a
complete null will be purely by accident.

In general, making the most accurate measurements with
this technique involves measuring the spectrum components
then applying the classical methods of sideband analysis in
reverse to establish the actual operating conditions of the
modulator. Such measurements are used by a good many
broadcast stations to satisfy FCC requirements.

The applications listed here are but a few of the many to
which the spectrum analyzer is suited. As many such applica-
tions exist at audio frequencies (notably telemetry analysis
and ultrasonic investigations) as at r.f. Manufacturers of
these instruments have a number of application notes and
reference manuals available to profes-
sional analyzer users. Copies may be ob-
tained by writing on company letterhead
to the following firms:

The Singer Company, Metrics Divi-
sion, 915 Pembroke Street, Bridgeport,
Conn. 06608.

Polarad Electronic Instruments, Divi-
sion of Polarad Electronics Corporation,
34-02 Queens Blvd., Long Island City,
N.Y. 11101.

Probescope Co., Inc.,, 211 Robbins
Lane, Syosset, Long Island, New York
11791.

Heuwlett-Packard Co., 1505 Page Mill
Road, Palo Alto, California.

The author would like to express his
gratitude to Mr. Edward F. Feldman of
Singer Metrics and to Mr. Hal Reinish
of Polarad, who fumished much detail
concerning specific applications and who
provided source material for most of the
illustrations accompanying this ar-

ticle. A
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It took guts to even think of
making a low-cost speaker
line to University's high qual-
jty standards. But—the chal-
fenge paid off!

Rugged one-piece die-
cast basket

Massive ring magnets
2” long-throw voice coil

Electroplated metal parts
to prevent distortion
and assure long life

Shallow depth styling
Unique 2-step suspension

University Mustang—an All-
American top quality high
fidelity speaker so good, it
carries the same unparal-
leled 5 year warranty that
backs up all University prod-
ucts. And there is a full line
of Mustangs, with prices
starting at a low, low $19.50.
You've just got to see it and
hear it to believe it. Hold a
Mustang in your hand ...
immediately you will recog-
nize the high quality con-
struction that has made
University a leader in its field
for more than 35 years . ..
the same quality design that
won first prize in a recent
national competition.

No comparably priced\'\
speaker can ma=ch the |

high quality perfcrmance \‘ \L
of a Mustang. Prove it to
yourself. Go to your dealer |
and listen to a Mustang. You \
will know why everyone says,
“University sourds better.”
Get the full Mustang story—
plus new Guide to Compo-
nent Stereo! Write Dept. $-55.

T\
m UNIVERSITY:

A DiVISION OF LING.TYEMCO VOUGHT, INC.

=

Mus:iang M-127
12" Three-Way with Spherizon
St per Tw=eter—The whcle
speaker only $32.00

USTANE

A 3REA™ MEW BREED
BY LNIVERSITY

9500 West Reno, Oklanoma City, Okla.
CIRCLE NO. 2 31 ON READER SERVICE PAGE
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Too Busy To Build Heathkit Test Gear?

NOW 10 OF THE FAMOUS HEATHKIT
TEST INSTRUMENTS ARE AVAILABLE
IN KIT OR ASSEMBLED FORM...

EITHER WAY, STILL YOUR BEST BUY!

Acclaimed By Technicians In All Fields! Technicians in virtually every area of the servicing
educational, industrial, and rescarch & development fields rely on Heathkit test gear for a mul-
titude of 1pp11cat10ns They respect Heathkit equipment for its superlative quality, versatile
performance, and long, dependable life . . . at the lowest possible cost! Many have requested
factory-assembled versions. As a result, we now offer this sclection of 10 instrument favorites.
Join the thousands who put their confidence in Heath . . . choose your favorite Heathkit Test
Instruments now, kit or assembled!

i|:

VACUUM TUBE VOLTMETERS!

Low-Cost VTVM, Kit IM-11...$24.95, Assembled IMW-11...%$39.95 Single
AC/Ohms/DC probe; 7 AC/DC/Ohms ranges; 1% precision re51stors for high
accuracy; frequency response +1 db from 25 cps to 1 mg; voltage doubler rectifier;
4%" 200 UA meter. 5 bs.

324

Assembled

$3995

(B) Deluxe “Service Bench” VTVM, Kit IM-13. . .$32.95, Assembled IMW-13.

= ’ ‘ $49.95 7 AC/DC/Ohms ranges; measures AC volts (RMS), DC volts, resxslance
- & db; separate 1.5 & 5 volt AC scales; gimbal mount for bench, shelf or wall; 6”
200 UA meter; single AC/Ohms/DC probe 7 lbs.

':? 95

E $32 (@ Laboratory AC VTV M, Kit IM-21... $33.95, Assembled IMW-21 ... $52.95
3 P 10 voltage ranges—0.01 to 300 volts RMS full scale; frequency response +1 db
{ from 10 cps to 500 kc; 10 megohm input impedance; calibrated db scale for audio

$49 95 measurements. 5 |bs.

METER TEST PROBES!

$ ol 95 (D) Etched Circuit RF Probe, Kit 309-C...$3.50, Assembled 309W-C...$4.50
33 Use with any 11 megohm VTVM for RF measure up to 250 mc. | Ib.
Rectmnied 4 30,000 V. DC High Voltage Probe, Kit 336...$4.50, Assembled 336W...

$5.50 Provides multiplication factor of 100 on DC ranges of any 11 megohm
VTVM. 1 |b.

$5295 u
" WIDE-BAND 5" OSCILLOSCOPE!

(F) Extra-Duty Wide-Band 5” Oscilloscope, Kit I0-12...$76.95, Assembled
I0W-12...5126.95 Full 5 mc bandwidth for color TV servicing; Heath patented
sweep circuit 10 cps to 500 kc; push-pull vertical & horizontal amplifiers; positive
trace position controls. 24 |bs.

SCOPE TEST PROBES!

Scope Demodulator Probe, Kit 337-C...$3.50, Assembled 337W-C...$4.50
Use in radio & TV servicing to check distortion & presence of modulation. Voltage
limits, 30 v. RMS, 500 v. DC. 1 Ib.

Low-Capacitance Oscilloscope Probe, Kit PK-1...$4.95 Minimizes loss of
gain, circuit loading or distortion due to overloading of scope input. Includes as-
sortment of connectors to match most scope terminals. 1 1b.
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...Then Buy Them Assembled!

$279%

Assemhbled

[IJ$54 95

i

Assembled

s
I

ﬁj
ol

$29‘95 y

Assembled

$72 95
Assembled

$114°

GENERATORS!

(D RF Signal Generator, Kit 1G-102...$27.95, Assembled IGW-102... $54.95
Covers 100 kc to 220 mc in 6 bands; large, accurately calibrated dial scales;
modulated or unmodulated RF output; 400 cps signal for audio tests. 6 Ibs.

Switch-Selected Audio Frequency Generator, Kit IG-72...$41.95, Assembled
IGW-72...%$64.95 Produces near-perfect sine waves; switch-selected output fre-
quencies—10 cps to 100 kc; less than .1 or 1% distortion—20 to 20,000 cps; panel
metered output is calibrated in volts & db; output level & frequency accurate to
within =5%. 9 lbs.

Low Cost Capacitor Checker, Kit IT-11...$29.95, Assembled ITW-11...
$49.95 Test all capacitor types; low-bridge voltage for testing miniature electrolyt-
ics; 16 leakage test voltages; direct reading scales; measures resistance from 5 ohms
to 50 megohms; measures capacitance from 10 uuf to 1000 mfd; measures “L”,
“C”, or “R” with external standard. 9 Ibs.

« POWER SUPPLIEQ!

“Solid-State” Regulated DC Power Supply, Kit IP-20...$72.95, Assembled
IPW-20...$114.95 50 MA, 150 MA, 500 MA & 1.5 A current ranges; 5, 15,
50 v. DC voltage ranges; filtered output for less than 150 uv ripple; adjustable
current limiter, 30 to 100% on each range. 16 Ibs.

Kit
$ 95 Variable-Voltage Regulated Power Supply, Kit IP-32...$56.95, Assembled
56 IPW-32...%$84.95 Furnishes B+, bias & filament voltages; DC output variable
reramid from O to 400 volts; separate panel meters for voltage & current; output terminals

isolated for safe AC/DC work. 17 Ibs.

“Low-Ripple” Battery Eliminator, Kit IP-12...$47.50, Assembled IPW-12. ..
$59.95 Switch selection of 6 or 12 V. DC power; special filter circuit holds AC
ripple to less than 0.3%; metered output voltage & current; doubles as a battery
charger. 21 Ibs.

S S A N B g TEATHXIT

...Buy Now—Use This Order Blank. .. l

HEATH COMPANY, Dept. 15-5, Benton Harbor, Michigan 49023
In Canada: Daystrom, Ltd., Cooksville, Ontario

[J Please send FREE 1965 Heathkit Catalog.

I Model Description Weight Price ’

| 108 colorful pages SHIP VIA: |

l packed with over 250 I

l Heathkits, including [E]"ParcetlRosh |
complete test instru- [0 Express Collect I

I ment line! Over 250 [J Freight

| ways to have fun & [0 20% Included, C.0.D. § Name - I

I save up to 50%! Use O] Best Wa (Please Print} [
this coupon & send for Y Address

| your FREE 1965 Heath- } l

i 1

l kit catalog now! City_ State. S l

I All prices & specifications subject to change without notice. TE-135 I
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Design of service factlities for transistor devices only,
and description of new automatic weather station.

TRANSISTOR BENCH & CATV WEATHER STATION

CCMEN simply can’t see dirt!” Matilda, office girl at
Mac’s Service Shop, believed this devoutly; so
everv so often she invaded the service depart-
ment and did a thorough job of whisking away dust, shining
instrument faces, digging bits of wire and blobs of solder out
of corners of the service bench, and performing a host of
other housekeeping cliores described loosely as “tidying up.”

That’s what she was doing this sun-drenched May morn-
ing. Mac, temporarily pre-empted from his favorite spot at
the service bench, was installing a light over a new smaller
bench in one corner while Matilda, humming gaily, worked
with her dustcloth, window cleaner, and furniture polish.

“Wonder why Barney, your number one assistant, is late
this morning,” she said.

“Probably out late last night,” Mac guessed. “After all,
lie’s young, and it’s spring.”

“That figures. By the way, what are vou doing? Are you
building another bench for me to keep clean?”

“I'm fixing up a bench exclusively for servicing transis-
torized equipment,” Mac answered. “This kind of service
has quickly outgrown its original sideline status. \With more
and more transistorized radios, tape recorders, and ampli-
fiers coming in every day, the tail is beginning to wag the
dog.”

“Is there so much difference in working on tube or tran-
sistor equipment?”

“Enough that the two kinds of service don’t mix well on
the same bench. One big difference is size. It’s mighty easy
to roll a heavy TV chassis over on top of an unnoticed
transistorized pocket radio lying on the bench. Transistorized
chassis and components are so much smaller that sceing
what you need to see is a big problem. That’s why I'm in-
stalling this combination circular fluorescent light and mag-
nifying lens mounted on a flexible arm to the side of the
bench so that the 5” lens with a 13” focal length can be
swung into position over a chassis lying on the bench. This
will be backed up with our jeweler’s loupe and magnifying
glasses for still greater magnification when it’s needed.”

“What'’s that other little lamp?”

“That’s a miniature high-intensity lamp that provides a
spot of brilliant white light for still better viewing. It will
also be very handy for looking through printed circuit boards.
With the light shining on the far side of a transhicent circuit
board, it’s easy to see just what lead connects to what com-
ponent terminal. Sometimes, with a little gentle board flexing,
this method will even reveal a tiny crack in a printed cir-
cuit lead.”

“That’s a pretty imposing array of instruments at the back
of the bench. Are they all designed especially for transistor
service?”

“Not all. The signal generator and signal tracer are con-
ventional. However, the v.o.m., transistor tester, and bench
power supply are different. Transistors use much lower
voltages than tubes, and some of these voltages are quite
critical. In many cases a difference of only .1 volt on an
emitter can point toward a source of trouble, That’s why the
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v.o.m. selected has a lowest full-scale range of only .3 volt
at 200,000 ohms per volt.

“The adjustable power supply provides 0-30 d.c. volts at
currents up to 300 ma. with a maximum of .005% ripple.
A dual-range voltmeter permits setting the output voltage
exactly, and I have added this dual-range milliammeter
bypassed with a normally closed push-button switch in one
lead so that I may know precisely how much current is
being drawn by the device connected to the power supply.”

“Why the push-button switch?”

“Most transistor sets have a large electrolytic capacitor
that is connected directly across the battery when the set
is twrned on. The iwrush of cwrrent to this capacitor might
damage the milliammeter if it were not protected against
this short-duration current surge, Actually, this power supply
is a valnable service instrument. Comparing the current
drawn by a transistor radio with its rated cuirent at the
rated voltage is the first step in diagnosing trouble and should
be a routine test in all cases.

“This test is especially dictated when short battery life is
the complaint. Measuring the current will often reveal that
the capacitor I mentioned is leaky, causing wasted excess
current. Dropping the voltage will sometimes expose a
defect, causing oscillation to stop when the supply voltage is
reduced only slightly from the fresh-buttery value. As a rule
of thumb, I expect any transistor radio to perform with only
slightly reduced volume and sensitivity when the supply
voltage is dropped 20% from the fresh-battery figure, If it
doesn’t, batteries will have to be replaced with unnecessary
and expensive frequency.”

“Is that an expensive transistor tester?”

“It’s not in the laboratory class. All [ expect it to do is
reveal clear-cut defects in transistors that prevent their per-
forming satisfactorily in ordinary receiver, recorder, or
amplifier circuits. It will not reveal all parameters of all
transistors, and it’s not infallible in marginal cases, just as
our tube tester is not infallible under similar conditions.
But we can still fall back on direct substitution of transistors
we know to be good. One use for the tester will be to permit
us to match transistors for use in push-pull stages.”

“I see the bench even has its own tools.”

“Right. Most of the tools are simply smaller than those on
the big bench. That goes for the diagonal cutters, the needle-
nose pliers, the little end wrenches, the jeweler’s screw-
drivers, the soldering aids, and the pencil-type solder guns.
Notice we have special tips for the latter that permit un-
soldering the several leads of various different components
simultaneously. And there is also this: a solder pencil with
a sucking attachment that lets melted solder be drawn up
into a little reservoir when this squeezed bulb is released.
It frees a lead from solder before the lead is removed from
a hole in the circuit board and keeps melted solder from
running all over the board. These hemostats are used as
clip-on heat sinks in soldering transistor or diode leads.

“Finally, in addition to our stock of replacement tran-
sistors and batteries, we have in these plastic boxes a good

ELECTRONICS WORLD
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stock of low-voltage capacitors, %-watt
resistors, subminiature i.f. transformers,
and other components used in transistor
cirenitry. Its essential they be kept
separate from similar components used
in tube circuits. Those are transistor-
radio service manuals at the top. Ac-
tually—"

He was interrupted by the slamming
of the front screen.

“Good morning,” Mac greeted Barney
sarcastically as the youth came bustling
in. “I trust you slept well.”

“Now dont go making waves about
my being a little late,” Barney protested.
“I didn’t sleep in. Just as I was starting
to work, Paul, chief technician for the
local CATV system, came by and asked
if I wouldn’t like to go with him to the
tower site and see the new automatic
weather station they put into service on
channel 10 back in February. I've been
itching to see how this works—several of
our customers have asked me about it—
so I took him up.”

“Well, how does it work?”

“Imagine a semicircular table about
six feet wide along the straight side. A
panel about a foot and a half high runs
all along the curving edge. At each end
of this panel is a small display screen,
and at equal intervals between the two
screens are mounted seven round instru-
ments or meter faces.

“Right in the center of the straight
edge of the table is mounted a TV
camera housed in a round case about a
foot long and five inches in diameter.
This camera continually scans back and
forth across the semicircular pamel with
a movement like that of an oscillating
fan. It takes about fortv-five seconds to
scan from one end of the panel to the
other. Baby spotlights on either side of
the camera move with it and illuminate
the point where it’s ‘looking.’

“The display screen on the left is for
announcement cards or other hand-
prepared material. Next to it is a clock,
then a relative-humidity indicator, then
a temperature indicator, a barometer,
a wind-velocity dial, a wind-direction
indicator, a rainfall gauge, and finally
the ground-glass screen of a commercial
rear-projector. This projector handles
up to 80 slides and changes them auto-
matically so that a different one is shown
each time the camera points toward it.
A switch permits the camera oscillation
to be stopped while the camera is point-
ing at either display screen. If desired,
the display card on the left can be re-
moved so the camera will show the
head and shoulders of an announcer
sitting behind the screen.

“The output of the TV camera is fed
into a Jerrold “TM Modulator’ that’s ac-
tually a miniature TV transmitter. A
microphone can be connected into this
unit for sound modulation. The channel-
10 output is fed into the cable along
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with the other signals. Any time a cable
customer wishes to know anything about
the weather, all he has to do is switch
to channel 10 for a few seconds. He im-
mediately learns the local conditions,
and the display card will give him the
latest forecast. The slide projector may
remind him of important TV shows he
will not want to miss.

“The arrangement has important
emergency possibilities. For example,
the display card could give advance
warning of a possible tornado in our
community. Urgently needed special-
tyvpe blood could be solicited for an
emergency operation. Pictures of miss-
ing persons could be shown on the slide
projector. In a city-wide emergency,
public officials could reassure the peo-
ple and give them detailed visual in-
structions in front of the TV camera.”

“Okay, Matilda and I take back the
disparaging thoughts we had about your
tardiness,” Mac said amiably. “But now
if you can wrestle that dust cloth out of
the hands of Miss Susan Spotless and
shoo her out into her own bailiwick, you
and I had better get to work on some
of these sets.” A

FRESNO HAMFEST

HE Fresno Amatenr Radio Club is

sponsoring its 23rd Annual Hamfest
on Saturday, May 15th at the Towne &
Country Lodge in Fresne, California.

The activities are scheduled to begin at
9:00 a.m. Saturday morning and will con-
tinue through group breakfasts on Sun-
day morning.

There will be swap tables, technical
talks, a ladies’ luncheon with entertain-
ment, mobile judging, transmitter hunts,
frec time for swimming and sightseeing,
etc. At 6:30 p.m. on Saturday the group
will gather for a smorgashord dinner and
grand award banquet.

Tickets are $7.50 each and include
the banquet. Reservations should be
made with the Fresno Amateur Radio
Club Inc., P.O. Box 783, Fresno, Califor-
nia. Pre-registration closes at midnight,
Sunday May 9th.
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“This is my tube caddy.”
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for electronic assembly
and service work

Shockproof, UL , treakproof,
plastic handles with clips

ROUND BLADE SCREWDRIYZRS
2’ anc %~ x 2%, 3%, and
4” plades

PHILLIPS SCREWDRIVER
Paint size #C, 2’ tlade

BERYLLIUM-COPPER SCREWDRIVER
Nen-magnetic, non-sparking
18" x 2" blade

NUTDRIVERS

10 Hex sizes from 34" to %~
1% blades
Colon coded handles

TERMINAL WRENCHES
Fit Y4” and %,” D.D. spanner nuts
on external antenma and phone
jacks of transister zadios

WRITZ FOF LITERATURE

XCELITE, INC.

12 BANK ST. » ORCHARD FARK, N.Y.
Canada: Charles W. Pointan, Ltd., Toronto, Ont.
CIRCLE NO. 240 ON READER SERVICE PAGE
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Tarzian offers

FAST, DEPENDABLE
TUNER REPAIR
SERVICE (v

MAKES)
N

fend

ONLY

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

One year guarantec against defective workman-
ship and parts failure due 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 'T'V make, chassis and Model number. Tuners
repaired on approved, open accounts. Check with
your local distributor for Sarkes Tarzian replace-
ment tuners, replacement parts, or repair scrvice.
Sce your distributor, or use the address necarest
you for fast factory repair service:

\SE) SARKES TARZIAN, INC.

537 South Walnut Street 10654 Magnaolia Blvd.,
Bloomington, Indiana North Hallywood, Calif,
Tel: 332-6055 Tel: 769-2720

CIRCLE NO. 215 ON READER SERVICE PAGE

. ELECTRONICS

V.T.I. training leads to success
as technicians, field engineers,
specialists in communications,
guided missiles. computers,
radar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and Elec-
tronic Technology curricula
both available. Assoc. degree in
29 mos. B. S. also obtainable.
G.1. approved. Graduates in ail
branches of electronics with
major companies. Start Sept..
February. Dorms. campus. High
school graduate or eqguivalent.
Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana

A
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EW Lab Tested

(Continued from page 22)

ference in our area. It has no apparent
effect on any normal FM stereo pro-
gram.

The tuner was easy and non-critical
to tune, and the stereo indicator light
(unlike most such devices) would light
only on a stereo broadcast and did not
flicker on interstation noise. In all re-
spects, the operation of the receiver was
flawless, free from switching transients

and other undesirable effects. Its sound
was smooth and free from strain or ir-
ritation. It unquestionably ranks with
the best stereo receivers we have used,
in listening quality. The effectiveness
of the nuvistor front-end in preventing
cross-modulation was illustrated by the
fact that we were able to inject 200,000
wv. of 100% modulated signal into the
antenna terminals without causing any
intermodulation spurious signals to ap-
pear.

The Scott 344 receiver is priced at
$429.95. A
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HE Shure M55E “Stereo Dynetic”

phono cartridge is a moving magnet
design, featuring an elliptical diamond
stylus. The conventional spherical stylus
imposes certain limitations in record
playing. If it has a tip radius of 0.7 mil
(the usual compromise dimension for
playing both stereo and mono records),
it has difficulty in following very-high-
frequency groove modulation, especially
in the inner grooves of a record. The re-
corded wavelength becomes comparable
to the tip dimensions, giving rise to dis-
tortion. The “pinch effect” causes the
| stvlus to rise and fall at a second har-
monic rate when tracing lateral modula-
| tion. Since stereo cartridges respond to
| vertical stylus motion, their output con-
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Shure M55E Stereo Phono Cartridge
For copy of manufacturer’s brochure, circle No. 52 on coupon (page 15).

tains second harmonic distortion from
this source.
The stylus tip radius may be made
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smaller, in some cases as small as 0.3
mil. This reduces pinch-effect distortion
and improves high-frequency tracing,
but the stylus tends to “rattle around”
in the bottom of the groove on some
records. This is especially likely to hap-
pen with older mono LP’s, and causes a
highly objectionable form of distortion.
Styli with these small tip radii are, there-
fore, not recommended for playing mono
records.

A properly designed elliptical stylus
offers a workable solution to this prob-
lem. The stylus of the Shure M55E has
a radius of 0.2 mil on the sides which
contact the record groove walls. This
gives superior high-frequency tracing
ability and minimizes pinch-effect dis-
tortion on all types of records. Across
the groove width the radius is 0.7 mil.
The stylus cannot “bottom” in the groove
and is capable of playing mono record-
ings with exceptional quality.

The cartridge is designed for an effec-
tive vertical stylus angle of 15 degrees.
This is the angle between the moving
magnet system of the cartridge and the
record surface. Most modern records are
cut with an effective 15-degree vertical
angle. The correspondence between the |
recording and playback vertical angles
reduces another source of playback dis-
tortion to a minimum. Although the dis-
tortion from this source is not serious in
most cases, any reduction in distortion is
obviously desirable.

The cartridge has a rated compliance
of 25X10°¢ cm./dyne in both vertical
and lateral planes. Tt is designed to track
at forces from % gram to 1% grams, de-

' You get two very important benefits

from this great new CB transceiver:
1. Hallicrafters performance standards.

NEW CB-7

six channel citizens band
TRANSCEIVER

‘9o

ENIRTe
You also get a flock of

2. Change from a $100 bill.

=TT T

other, very useful benefits that help to make the CB-7 the

greatest transceiver value in citizens band history.

pending somewhat on the characteristics
of the arm in which it is installed. The
removable stylus assembly has a small,
soft plastic button on its bottom surface.
If excessive vertical force is applied, the
stylus retracts until the button rests on}
the record surface, preventing damage

to stvlus or record.

The M55E was tested in an automatic |
turntable arm of good quality. The track-
ing force was adjusted until the cartridge
would play the high-velocity 32-cps
bands of the Cook Series 60 record with-
out groove jumping or excessive distor-
tion. This required a 1-gram force. The
20 cm. [sec., 1000-cps bands of the Fair-
child 101 record were tracked with min-
imum distortion at 1% grams, which
force was used for all other measure-
ments. Both records contain much higher
recorded velocities than are found on
ordinary music recordings, and most
such records can be tracked perfectly at
% to 1 gram.

The measured vertical stylus angle,
using the CBS STR160 record, appeared
to be about 20 degrees, probably due to
the slight downward tilt of the arm when
playing a single record. The vertical
angle should be quite close to 15 degrees
with the arm parallel to the record sur-
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New design concepts give you
great economy with no sacrifice
in performance.

a
m Six channel, crystal - controlled
convenience.
®u New all-electronic push-to-talk g

circuitry.

Highly compact new size f{only
12" x 5" x 7"} . . . same great
“drop-down” chassis feature as
CB-3 series.

Nothing else to buy! Ready to
operate either base AC or mobile

DC, including all necessary power
cords and mounting bracket.

Standardized channe! crystals —
interchangeable in all Hallicraft-
ers transceivers.

Accommodates all CB-3 Series
accessories: HA-9 S-Meter; HA-11
Noise Eliminator; HA-12 Encoder/
Decoder; HA-13 VFO.

Full 100% modulation capability;
sensitivity 1 pv for 10 db. S +
N/N ratio; power input & watts,
receive output 2 watts.

The new ideas in communications
are bornat ...

Export: International Div., Hallicrafters.
Canada: Gould Sales Company, Montreal, P. Q.

hallicratfers

5th & Kostner Aves., Chicago, Illinois 60624
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— SUB CARRIER DETECTOR <«—

Adds programs of commercial-
free music thru your FM tuner
when plugged into multiplex
output of tuner or wired into
discriminator. Detector, self-
powered, permits reception of
famous background music pro-
grams now transmitted as hid-
den programs on the FM broadcast band from coast
to coast.

WIRED UNIT $75.00. KIT, with pretuned coils, no
alignment necessary $49.50. Crystal-controlled re-
ceivers available.

MUSIC ASSOCIATED
65 Glenwood Road
Upper Montclair, New Jersey
phone 744-3387 area code 201

wWWwWw.americanradiohistorv.com

EARN cii: DEGREE

You ean earn an A.S.E.E. degree at home. College
level HOME STUDY courses taught so you can under-
stand them. Continue your education, earn More in
the highly pald electronics industry. Missiles, com-
puters. transistors, automation, complete electranics.
Over 27,000 graduates now employed. Resident
school available at our Chicagoe campus-—-Founded
1834. Send for free catalog.

American Institute of Engineering & Technology
1141 West Fullerton Parkway, Chicago 14, IIl.

Tuner covers 26-54 and 88-174 MC
in eight overlapping bands with
good sensitivity. Ideal for use with
amplifier or Hi-Fi ta listen te Air-
craft, CB, Fire, Police and other
signals in the VHF bands.

355A AM/FM TUNER ‘49%

Order today or send for free catalog on full line
ol converters and receivers for every application.

KUHN ELECTRONICS
CINCINNATI 17, OHIO
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BUY IT AT RADIO-TV PARTS STORES
MULTICORE SALES CORP.PORT WASHINGTON, N. Y.
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NEW! ! SCR CAPACITIVE DISCHARGE
FURY X111

ELECTRONIC AUTO IGNITION SYSTEM

« All Components Pre-tested
« 8 Amp Silicon Contr'd. Rectifier
« All Motorola Semiconductors
» Mylar Capacitors Throughout
» 2 Microfarad Storage Capacitors

Designed for quality—engineered for reliability!
5Y2”L, 3%s”H, 3%,”D. ALL-DIODE TRIGGERING
for proven rel|abll|ty Al advantages of capacitive
discharge PLUS solid state electronics! Provides
SUPERIOR COLD STARTING ABILITY_ Install in 10
minutes! In KIT form or FULLY ASSEMBLED.
ORDER TODAY AND SAVE BIG MONEY!

FURY XII DLX. KIT SHOWN ............ $39.95
FURY Xil DLX. MODEL—ASSEMBLED . ..... 69.95
MK Standard Model Kit .............. 29.95
MK Standard Model Assembled ......... 49.95

] MICRO-KITS CO., DEPT. E516, P.0. BOX 495,
l 15547 So, Garfield Ave,, Paramount, Calif. 90723
| 1 ENCL. $39.95 for FURY XII DELUXE KIT

] [O I ENCL. $69.95 for ASSEMBLED FURY XIi

] [ I ENCL. $29.95 for MK STANDARD KIT

I [J 1 ENCL. $49.95 for ASSEMBLED MK SYSTEM
i [J PLEASE send FREE LITERATURE

|

|

|

NAME

ADDRESS

l CiTY _—.STATE
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face.
about 7 millivolts with 3.54 cm./sec.
velocity at 1000 cps. Its sensitivity to
magnetically induced hum was very low.

The frequency response was quite flat
up to about 10,000 cps, with a moderate
peak at 12,000 cps. It fell off to —10 db
at 20,000 cps. The stereo channel sep-
aration was very good, averaging 30 to
35 db between 500 and 6000 cps, and
about 10 to 15 db between 10,000 cps
and 20,000 cps. Its response to recorded
square waves at 1000 cps was good, with
a few cycles of ringing at 12,000 cps
superimposed on the square wave (see
waveform photo).

The cartridge produced a clean, ef-
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90

60

30

TIME FOR DISCHARGE TO 1.IVOLTS/CELL

0

i when playing some older,
The output of the cartridge was

inated the harsh,

tridge.

The graph below shows the results we obtained recently in recharging conventional
D-size zinc-carbon flashlight cells. These cells were first discharged through a
5-ohm resistor until their voltage fell to 1.1 volts, a 30 percent reduction from
their no-load voltage. Initial discharge current was 300 ma., tapering off to 220
ma. The time required for a number of fresh cells to reach this value was 3 houvrs.
Then the cells were recharged from a d.c. source at a rate of 100 ma. for 12 hours.
Using the same load as before, the time required for the voltage to fall to 1.1
volts per cell was 2% hours. We repeated the charge-discharge cycle for twelve
times with the results shown. After the fifth cycle, the charging current was re-
duced to 30 ma. for 12 hours to avoid overcharging. Since an ordinary leak-proof
flashlight cell has no vent for the release of gases produced during an overcharge,
cells may burst open under such conditions. It would probably be a good idea to
use the lower charging current starting with the second or third cycle because
even here the recharge ampere-hours far exceeds the discharge ampere-hours, resuit-
ing in overcharging. A simple charging circuit may be constructed vusing a 10-watt
lamp and a silicon diode connected in series with the batteries to be charged, the
entire circuit being connected across the a.c. line. A safer circuit would use
a filament transformer for isolation, diodes for rectification, and a series resis-
tor to limit charging current to about 30 ma. One circuit we have used employs a
6.3-volt filament transformer, a full-wave bridge rectifier using four diodes, and a
100-ohm series resistor. The circuit will readily charge one to four 1%;-volt dry cells.
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well-

fortless, and well-defined sound, with a
trace of sparkle due to the high-fre-
quency peak. Its needle-talk was very
low. The low distortion and excellent
separation of this cartridge were evident
when playing modern stereo records.
However, the most striking audible ben-
efit of the elliptical stylus was realized
worn
mono LP discs. Some of these had been
damaged by playing with worn or in-
sufficiently compliant styli, and sounded
unpleasantly distorted when played with
the best stereo pickups. The cartridge
effectively restored these records to use-
fulness. In most cases it completely elim-
rattling distortion
which occurred with other pickups.
Not only is the M55E one of the best
stereo cartridges on the market, but it
is unquestionably a superior cartridge
for playing mono LP’s. The older thev
are, the more dramatic is the sound im-
provement when played with this car-

The Shure M55E sells for $35.50. A
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As 2-Set
Coup er, Gives
Each Set Min.

of 7db Gaia

COLOR-TV

FOR EUROPE

HE U.S. Commerce Department is
working with the EIA to inform the
nations of the world of the advantages
of the NTSC color-TV system, prior to
the decision that will be made to de-
termine the color system to be used in
Europe.
The EIA has also petitioned the White
House Office of Science and Technology

for support in its effort to get the U.S. |

color system accepted as the standard
in other countries. It was noted that U.S.
industry has been making such effort
without government aid while the Brit-
ish, French, and German broadcasting
systems have had full support of their
governments. The EIA also has been in-
strumental in pushing for adoption of
the U.S. standard through sponsorship
of an ad hoc group of U.S. receiver man-
ufacturers formed to promote the NTSC
system and rebut claims made in behalf
of the French (SECAM) and German
(PAL) color-TV systems. The group has
asked EIA members to furnish NTSC
information to their affiliated overseas
companies.

The Commerce Department threw its
weight and resources behind the NTSC
system on Feb. 5, with a letter drafted
by Donald S. Parris, director of the Busi-
ness and Defense Service Administra-
tion’s Office of Scientific and Technical
Equipment and forwarded by the State
Department to U.S. embassies in nearly
100 world capitals for dissemination.

“Although the system selected gives

the sponsoring country some economic |

advantages,” the letter said, “it will be
to the advantage of all countries, both
from a standpoint of program exchange
and cost of TV receivers, if a single sys-
tem can be adopted for all nations. Since
administrations in Africa, Asia, and Latin
America are also actively considering
the adoption of a color system, and may
be expected to follow Europe’s example,
it becomes doubly important to insure
that appropriate authorities are aware
of the proved advantages of the U.S. sys-
tem over the proposed experimental
systems of Germany and France.”

The letter also noted that Japan has
already adopted the NTSC system.

West Germany reportedly has an-
nounced that the PAL system will be
put into effect in that country in 1967,
and the French are expected to adopt
the SECAM system, regardless of the
system recommended by the CCIR.

RCA has sent a mobile color-TV stu-
dio on a 10-country tour of Europe to
demonstrate the NTSC system in the
hope of winning converts. The studio
will be in Vienna during the CCIR meet-
ing to decide the color system. A
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Coupler

THIS IS THE ALL NEW WINEGARD
BC-107...MOST VERSATILE BOOSTER-
COUPLER IN ITS PRICE CLASS

What makes the BC-107 such a special
booster-coupler? Well, “or one thing,
the BC-107 eliminates the 3 to 4db loss
inherent in 2 set couplzrs. In fact, it
actually gives 2 7db bocst to both sets
connected to it. Now you can easily con-
nect 2 sets to one antenna in fringe areas
and get perfect reception on both sets—
in color or black and white. An extra
set of terminals lets you ase the EC-107
as a booster for 1 set w.th a miaimum
of 12 db gain.

This powerful, transistozized unit also
has linear frequency response across
both TV and FM bands¢ and an exaa
match into 300 ohms. This means No

Smear, No Ghosts. No Piciure Degrada-
tion, No Interferemce Between Sets.

Works with TV and FM signals from
25 to 45,000 mic-ovolts. Has one 300
ohm input, three 300 ohm outputs, no-
strip terminals, 110V-AC cord, and a
brand new casing of high impact poly-
styrene, specially designed for the neat-
est, simplest indoor installation possible.

Write today for cemplete details or ask
your distributor about the BC-107 from
Winegard . . . Fouest
new number in the Red $ 95
Hot Booster-Coupler list
Market.

@ Winegard Co.

3003-F KIRKWOOD BOULEVARD - BURLINGTON, IOWA
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SOMEONE SHOULD DEVELOP AN EASY WAY

TO LEARN ELECTRONICS AT HOME

66

RCA INSTITUTES DID!

Here is a whole new approach to learning
electronics at home! RCA Institutes,

one of the nations’ largest schools devoted
to electronics, has developed a faster, f
easier way for you to gain the skilis and '

the knowledge you need for the career i
of your choice. Here for the first time, is a ¥
student-proved, scientifically designed way

to learn. If you have had any doubts in

the past about home training in electronics

—if you have hesitated because you thought

you might not be able to keep up—or that
electronics was too complicated to learn—
here is your answer! Read how

RCA Institutes has revolutionized

its entire home training ideas!

ELECTRONICS WORLD
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NEW CAREER PROGRAMS
BEGIN WITH “AUTOTEXT"” INSTRUCTION METHOD!

Start to learn the field of your choice immediately!

No previous training or experience in electronics needed!

With this new revolutionized method of
home training you pick the career of
your choice—and RCA Institutes trains
you for it. RCA’s Career Programs assure
you that everything you learn will help
you go directly to the field that you have
chosen! No wasted time learning things
you'll never use on the job! The Career
Program you choose is especially de-
signed to get you into that career in the
fastest, easiest possible way!

And each Career Program starts with
the amazing “AUTOTEXT" Programmed
Instruction Method—the new, faster way
to learn that's aimost automatic! “AUTO-
TEXT' helps even those who have had
trouble with conventional home training
methods in the past. This is the ““Space
Age’' way to learn everything you need
to know with the least amount of time
and effort.

CHOOSE A CAREER PROGRAM NOW
Your next stop may be the job of your
choice. Each one of these RCA Institutes
Career Programs is a complete unit. [t
contains the know-how you need to step
into a profitable career. Here are the
names of the programs and the kinds of
jobs they train you for. Which one is
for you?

Television Servicing. Prepares you for a
career as a TV Technician/Serviceman,;
Master Antenna Systems Technician; TV
Laboratory Technician; Educational TV
Technician.

FCC License Preparation. For those who
want to become TV Station Engineers,
Communications Laboratory Techni-
cians, or Field Engineers.

Automation Electronics. Gets you ready
to be an Automation Electronics Tech-
nician, Manufacturer's Representative;
Industrial Electronics Technician.
Automatic Controls. Prepares you to be
an Automatic Controls Electronics Tech-
nician, Industrial Laboratory Technician;
Maintenance Technician; Field Engineer.
Digital Techniques. For a career as a
Digital Techniques Eiectronics Techni-
cian, Industrial Electronics Technician;
Industrial Laboratory Technician.

May, 1965

Telecommunications. For a job as TV Sta-
tion Engineer, Mobile Communications
Technician, Marine Radio Technician.
Industrial Electronics. For jobs as In-
dustrial Electronics Technicians; Field
Engineers; Maintenance Technicians; In-
dustrial Laboratory Technicians.
Nuclear Instrumentation. For those who
want careers as Nuclear Instrumentation
Electronics Technicians; Industrial Lab-
oratory Technicians; Industrial Electron-
ics Technicians.

Solid State Electronics. Become a spe-
cialist in the Semiconductor Fieid.
Electronics Drafting. Junior Draftsman,
Junior Technical! lllustrator; Parts In-
spector; Design Draftsman Trainee
Chartist.

SEPARATE COURSES

In addition, in order to meet specific
needs, RCA Institutes offers a wide va-
riety of separate courses which may be
taken independently of the Career Pro-
grams, on all subjects from Electronics
Fundamentals to Computer Program-
ming. Complete information will be sent
with your other materials.

LIBERAL TUITION PLAN

RCA offers you a unique Liberal Tuition
Plan—your most economical way to
learn. You pay for lessons only as you
order them. No long term contracts. If
you wish to stop your training for any
reason, you may do so and not owe one
cent until you resume the course.

VALUABLE EQUIPMENT

You receive valuable equipment to keep
and use on the job—and you never have
to take apart one piece to build another.
New—Programmed Electronics Bread-
board. You now will receive a scien-
tifically. programmed electronic bread-

www americanradiohistorv.com

board with your study material. This
breadboard provides limitless experi-
mentation with basic electrical and elec-
tronic circuits involving vacuum tubes
and transistors and includes the con-
struction of a working signal generator
and superheterodyne AM Receiver.

Bonus From RCA—Multimeter and
Oscilloscope Kits. At no additional cost,
you will receive with every RCA Institutes
Career Program the instruments and kit
material you need to build a multimeter
and oscilloscope. The inclusion of hoth
these kits is an RCA extra.

CLASSROOM TRAINING

ALSO AVAILABLE

RCA Institutes maintains one of the larg-
est schools of its kind in New York City
where classroom and laboratory train-
ing is available in day or evening ses-
sions. You may be admitted without any
previous technical training; preparatory
courses are available if you haven't com-
pleted high school. Coeducational class-
es start four times a year.

FREE PLACEMENT SERVICE

In recent years, 9 out of 10 Resident
School students who used the Free
Placement Service had their jobs waiting
for them when they graduated. And
many of these jobs were with top com-
panies in the field—such as IBM, Bell
Telephone Labs, General Electric, RCA,
and radio and TV stations and other
communications systems throughout
the world.

SEND ATTACHED POSTAGE PAID CARD
FOR COMPLETE INFORMATION, NO OB-
LIGATION. NO SALESMAN WILL CALL.
FREE BOOK INCLUDED. CHECK HOME
STUDY OR CLASSROOM TRAINING.

RCA INSTITUTES, Inc.,0ept. ewss

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

The Most Trusted Name in Electronics
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electronics dgree
now in 36 months!

Small professionally-oriented college. Four-
quarier year permits degree completion in
three years. Summer altendance optional. En-
gineering: Electrical (electronics or power op-
tion), Mechanical, Civil, Chemical, Aeronau-
tical. Business Administration: Accounting,
General Business, Motor Transport Administra-
tion. One-year Drafting and Design Certificate
program. Graduate placement outstanding.
Founded 1884. Rich heritage. Excellent facuity.
Smalil classes. Well-equipped labs. New library.
New residence halls. Attractive 300-acre cam-
pus. Modest costs. Enter June, Sept., Jan.,

Tri-State College’s electronics lab

March. For Catalog and View Book, write Di-
rector of Admissions.

RI-STATE COLLEGE

1655 College Ave., Angola, Indiana

QUICK-WEDGE

SCREW-HOLDING SCREWDRIVER

HOLDS THE SCREW

so firmly, the screw
virtually becomes part
of the screw driver, to
help you

START THE SCREW

anywhere .. . even in
hard to get at places,
then . ..

DRIVES THE SCREW

straight, to save time,
energy and your frayed
nerves
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Plus they're
UNCONDITIONALLY
GUARANTEED

Try one at your

dealers or write
KEDMAN COMPANY Box 267 » Solt Lake City, Utah 84110
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ADDITIONAL NOTES ON
SCR AUTO IGNITION SYSTEM

By WILLIAM STURGEON / Staff Engr., Physics Dept. UCLA

Modifications of previously published circuit to
adapt it for use on 12-volt positive-ground cars.

HIS version of the circuit described

by Brice Ward in the November,
1964 issue of this magazine, will func-
tion in a car with positive-ground bat-
tery. Insulated breaker points are not re-
quired, so the original points and coil
may be used. The modifications of the
circuit may be divided into (1) inverter
modifications, and (2) trigger modifica-
tions.

The inverter is essentially the same
as the original circuit, except that the
center-tap of the transformer is grounded
and the inverter transistors are insu-
lated from the heat sink with mica
washers. The “— 12-volt” lead is brought
to the collectors. This is a straightfor-

ward change in ground point. The in-
verter transistors function well with mica
insulators and their temperature is just
warm to the touch. I used 2N174 tran-
sistors in the inverter rather than 2N-
456A’s originally called for because they
were available. They work well but I
found it necessary to lower the values
of the base resistors, R3 and R4, to 18
ohms from the 39 ohms originally spec-
ified. (Epitor’s Note: The proper value
for these resistors is 3.9 ohms rather than
39. Also, some readers have found that
the inverter operation is improved if
R1 and R2 are reduced to 150 ohms.)

The trigger changes are a bit more
complex. The thing to remember is that

Fig. 1.
schematic

Simplified
diagrams

SCR
R9
= c2

Q3

FalisF showing SCR trigger-
POINTS ing in {A) negative-
ground and {B) posi-

R8 tive-ground systems.
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RS R9
Q3 r~C2
N-P-N
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— i i

(8)

Fig. 2. Complete diagram of the revised SCR ignition system for positive-ground cars.
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AANA— > —a ' | ||
Lo :. BREAKER
*SEE TEXT 1 POINTS
]

R1,R2-—220 ohm, 1 w. res.
R3,R4+—3.9 ohm, 1 w. res.
R5,R6—1000 olim, V5 w. res.
R7—1470 ohm, V3 w. res.
R8--100 ohm. Y3 w. res.
R9—330 ohm, Y7 w. res.
R10--330,000 ohm. V; w. res.
C1—1 pf.. 400 v. capacitor
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C2—0.47 uf., 100 v. capacitor
D1,N2,D3,04,D5--750 ma., 400 v.

silicon diode (Sarkes Tarzian Type F-4)
SCR1—Sarkes Tarzian 5STCRH
T1—Special inverter transformer
S1—4-pole. d.t. toggle or rotary switch
Q1,Q2—2N456A transistor
Q3—2N3135 transistor

ELECTRONICS WORLD
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the trigger of the SCR requires a posi—’
tive-going signal referred to the cathode. |
The trigger circuit is, essentially, two re-
sistors (R5 and R9), a capacitor (C2),
and the car batterv connected in series.
See the simplified schematics of Fig. 1.
The voltage drop across one of the re-
sistors, R9, is used as the trigger signal.
Transistor O3 is used as a switch to (es- |
sentially) ground the junction of R5 and

RY when the points open. The charge

on C2 holds the other end of R9 at bat-

terv voltage. |

With a positive-ground system the |
pulses appearing across R9 will be neg-
ative-going instead of positive-going. It |
is, therefore, only necessary to reverse
the connections made by the trigger and
cathode of the SCR across the triggering |
resistor, R9, and use a p-n-p transistor |
for ()3, instead of the n-p-n used for the |
negative-ground system. A 2N:04 tran-
sistor works well in the circuit, but it |
vou live where it gets hot in the summer
it would be well to use a silicon tran
sistor for Q3. T used a 2N3135 (silicon
p-n-p) which works well and is reason-
ablv priced.

I also used a 4-pole, double-throw |
switch in my ignition system, as shown
in the schematic of Fig 2. This allows
the car’s original circuit to be put into
operation if something should malfunc-
tion in the SCR system. Thus far, T have
not had to use this switch but I feel more |
secure with it in the circuit. The capaci-
tor across the points (C®) need not be
removed when using the SCR system, | '
and if vou wish to add the 4-pole, dou-
ble-throw switch, this capacitor must be |
left in place in order for the original |
circuit to function. A

VARIABLE RELUCTANCE
PREAMPLIFIER
ECOMMENDED by G-E, the two- |
transistor variable reluctance car-
tridge preamplifier shown in the diagram
will provide a high-impedance output to |
supply a power amplifier. l
The value of resistors R1 and R2
should be between 100,000 and 500,000 |
ohms and be chosen 1o make the col-
lector voliage between 2.5 and 3.5 volts.
Changing the values of C1 and R3 will
vary the compensation curve. The values '
shown will give approximate compensa-
tion for the RIAA recording characier-

istics. A
= +6V.
é 3 |
10K 3.3
35;;1 g it . |
i ]l/ 82 | ]( Hi-2
2170 1 2N170 I ey
2.5k \
%/_ =
VAR RELUCT. A o feen
PICKUP 5k ,Vu j
i i -
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The famous RCA 5- mch scope

NOW WITH

T0 SIMPLIFY YOUR JOB

Here's the latest model of the famous
RCA 5-inch scope: the NEW WO-91B

® Provision for connecting signals di-
rectly to the vertical deflection plates
of the CRT. Permits observation of
high frequency RF waveforms, such as
trapezoidal and wave-envelope modu-
lation patterns.

® Two-stage sync separator simplifies
checking of TV horizontal and vertical
sweep synchronization ... provides ex-

ceptionally solid lock-in action on com-

posite TV signals.

® Choice of wide-band or high-sensi-

tivity, narrow-band display.

® Complete with RCA WG-300B Di-

rect/Low Cap. Probe and Cabie.

e Optional at slight extra cost: RCA
WG-354A slip-on capacitance-type volt-
age-divider probe that extends the
range of the scope to permit observa-
tion of signal pulse amplitudes up to
5000 volts. RCA WG-302A slip-on RF/
IF/VF signal tracing probe for RF appli-
cations from 100 Kc to 250 Mc.

[J WO-91B Scope: $249.50%
O WG-354A Probe: $ 7.50*%
O WG-302A Probe: $ 8.50%

Ask to see it at your Authorized
RCA Test Equipment Distributor.

*Optional distributor resale price. All prices sub-

ject to change without notice. Prices may be
slightly higher in Alaska, Hawaii and the West.

RCA Electronic Components and Devices, Harrison, N. J,

The Most Trusted Name in Electronics

®
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RADIOTELEPHONE
LICENSE
MANUAL
$5.75

(foreign $6.25)
Book %030

— helps you prepare for all U.S.A.
commercial operator’s license exams
Here are complete study-guide questions and answers in a

single volume. Helps you understand every subject needed
to obtain an operator's license.

RADIO HANDBOOK — largest comprehensive reference
source on radio ever published. More ‘‘How-to-build'’ data
than any book in the tield. Gives simplified theory .

latest design data. Book —166....$9.50 (foreign, $10. 50)

The leading book on Transistor Communications
Equipment.

TRANSISTOR RADIO HANDBOOK by: Donald L. Stoner,
WETNS. and Lester A. Earnshaw, ZL1AAX. Simplified
circuit tneory plus prautlcal construcnon projects.
Book =044. . e .$5.00
{foreign, $5.50)

SURPLUS RADIO CONVERSION MANUALS — practical con-
versions of popular surplus equipment. Send stamped
envelope for full data.

ORDER FROM YOUR FAVORITE ELECTRONIC PARTS DISTRIBUTOR.
If be cannot supply, send us his name and
g remittance, and we will supply.
é'} EDITORS and ENGINEERS; Ltd.
New Augusta, Indlana

Dealers: Electronic distributors, order from us. Bookstores,
fibraries, newsdeaters, order from Baker & Taylor Co.,
Hillside N.J. or Momence, IIl. Export (except Canada), ordef
from H. M. Snyder Co., 44D Park Ave. South, New York 10016,
£IRCLE NO.177 ON READER SERVICE PAGE

when it’s time to think of college

you should read this

FREE CAREER BOOKLET

I "y

. about electronics at

‘&

"MSOE

e

: MILWAUKEE ms-235 :
3 SCHOOL OF ENGINEERING s
I Dept. EW-565, 1025 N. Milwaukee Street 1
! Milwaukee, Wisconsin 53201 H
8 Tell me about an engineering career through 8
T residence study in: :
1 O Electrical fields [3 Mechanical fields g
[ ] [ ]
[ ] [ ]
g Name. ... Age._ ... "
[ ] [ ]
[ ] [ ]
B Addness..... o o . mrein. u———— e < 2o an - ]
[ ] 3
[ ] [ ]
--

[ ]

1 City, State...........
[ ]

CIRCLE NO. 199 ON READER SERVICE PAGE
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E tend to associate digital comput-

ers with mathematical calculations
at high speed, or prodigious feats of
memory. However, there is another side
to this sophisticated electronic tool that
has not been publicized—this is the area
of electronic-biology.

Dr. Blaine R. Butler of Purdue Uni-
versity has successfully used a digital
computer to study the causes and pos-
sible cures of human stuttering. He
explains that speech is a biological
closed-loop automatic control system,
and that stuttering is a failure of that
system resulting from too high level of
feedback or from overloads of pressure
whose effect is to raise the feedback
level. Hearing is the feedback that closes
the loop in the speech system. We listen
to ourselves and we correct our speech
depending on what we hear. The normal
person does not have to listen to himself
too closely and is relaxed and doesn’t
stutter. In engineering terms, the loop
gain is not too high and the system works
without disabling instability and with-
out blocking.

The stutterer, on the other hand, lis-
tens to himself too closely and overloads
the feedback segment of the loop, pro-
ducing an unstable state in which he
repeats a single sound, or a blocked state
in which he may be able to make only
one sound once, if he can make any
at all.

Dr. Butler set up a model of the hu-
man speech system on a digital com-
puter, and by altering the various
elements of the svstem, he found that
measures that increase or decrease hu-
man stuttering produced comparable
behavior within the computer. Purdue
University spokesmen hope that Dr.
Butler’s computer model of one human
fault will be followed by others to devise
means of preventing or treating other
human dysfunctions.

Cheater Stopper

One of the petty annoyances of tele-
phone companies is on the way out, ac-
cording to engineers of the Zero Manu-
facturing Co. Tt seems that inventive
college students have been recording
telephone signals and playing them back
to the operator instead of depositing
money for long-distance calls. This scien-
tific attack is now countered by science.

www americanradiohistorv com

This company has now come up with
a pay phone that sends an electrical tone
rather than bell signals down the line,
and this tone also opens the line so that
the caller hears nothing at all.

Besides the electronic approach, the
new phone is expected to outwit the
“brute-force” cheaters as it is constructed
of heat-treated metals in a smooth case
having no projections or holes. This will
deny vandals any handholds or toolholds
besides concealing the actual location of
the coin-storage safe. The handset is
connected to the box via a hardened
flexible metal cable that will resist van-
dalism.

Lead-Pencil Computer

The glamorous world of electronic
data processing, with its exciting com-
plex of high-speed computers, punch-
card transmitters, and other sophisti-
cated business machines has a new look
—the common lead pencil.

A Western Union data-card transmit-
ter, developed for the Louisiana State
Highway Dept., “reads” the pencil inarks
on specially printed data cards that in-
clude programmed, or variable, hand-
marked data.

These data cards are printed with
conductive ink. Since pencil lead is a
conductor of electricity, a simple, firm
stroke of an ordinary soft lead pencil on
the data card marks the variable infor-
mation to be transmitted and completes
the electrical path from the control stylus
to the electronic circuits.

Besides its use in payroll, costs, inven-
tory control, and other functions, the
new computer can be used by field per-
sonnel merely by marking the appropri-
ate places on a card with an ordinary
soft lead pencil.

Power To Spare

With the advent of semiconductor
rvectifiers, especially silicon units, many
high-current power supplies came into
being. Current ranges have gone up until
many hundreds, and in some cases, many
thousands of amperes are made available
to the user.

Now, however, Toshiba (Japan) has
come out with a silicon rectifier system
for use by a Japanese chemical firm that
can deliver 70,000 amperes at 120-volts
d.c. from a 120-v.a.c. power source. A

ELECTRONICS WORLD
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EIC() BRAND NEW FOR '65

NEW EASY-TO-BUILD EICO KITS / OVER 230 LABORATORY PRECISION KITS

ety
® 0

EICO 380 COLOR
GENERATOR

PORTABLE. SOLID STATE
N.T.S.C. STANDARD COLOR
SIGNAL & DOT-BAR GENER-
ATOR (PAT. PEND.). GENER-
ATES 11 DIFFERENT
COLOR SIGNALS. ONE AT A
TIME. PROVIDES N.T.S.C.
COLOR SIGNALS EXACTLY AS
SPECIFIED. TAKESTHE GUESS-
WORK OUT OF COLOR TV
SERVICING.

KIT ONLY $129.95.
WIRED $169.95.

| ———

' COLOR TV LAB

THREE COMPACT, PORTABLE
ADD ONE MORE AND YOU'RE SET FOR FM-MPX STEREO.

INSTRUMENTS FOR SHOP OR H

EICO 369 SWEEP AND
POST-INJECTION
MARKER GENERATOR

FOR EASIEST, FASTEST
VISUAL ALIGNMENT OF
COLOR OR B & W TV AND
FM RF AND IFf CIRCUITS.
FIVE SWEEP RANGES FROM
3.220 MC/S. FOUR MARKER
RANGES FROM 2-225 MC/S.
CRYSTAL MARKER OSCILLA-
TOR. POST INJECTION OF
MARKERS.

KIT ONLY 89.95.
WIRED $139.95.

THESE FAMOUS BEST SELLERS FROM EICO’S

OME COLOR TV SERVICING.

; 11
-.a,‘i
@

+

999 -

EICO 435 3-INCH
OSCILLOSCOPE

ULTRA COMPACT! TAKE IT
ALONG ON SERVICE CALLS.
BRIGHT. SHARP TRACE ON
FLAT-FACE 3-INCH CRT EX-
PANDABLE SEVERAL DIAM-
ETERS. FLAT DC TO 4.5 MC/S.
EDGE LIT CALIBRATION GRID.
ZENER CALIBRATOR. OUT-
PERFORMS S-INCH SCOPES
THREE TIMES AS BIG AND
TWICE AS HEAVY. TRUE LAB
QUALITY.

KIT ONLY $99.95.
WIRED $149.95.

SELECTION OF 230 KITS AND WIRED UNITS.

EICO 232 VTVM
PEAK-TO-PEAK

(=
w
m

SKIP RANGES
ON ALL 4
FUNCTIONS.
WITH
UNI-PROBE®.

KIT $29.95.
WIRED $49.95.

EICO 667 TESTER

TESTS RECEIVING. SPECIAL
PURPOSE, NUVISTOR AND
COMPACTRON TUBES FOR DY-
NAMIC CONDUCTANCE. TWO-
STEP TRANSISTOR TEST.

KIT $79.95. WIRED $129.95.

EICO 324 RF SIGNAL

GENERATOR
TUBES & ==
TRANSISTORS = =
¢ ¢
= !
5 @
P @ 77

150 KC/S TO 435 MC/S RANGE.
FOR IF-RF ALIGNMENT AND
SIGNAL TRACING OF TV, FM,
AM, CB AND MOBILE. BUILT-IN
AND EXT. MODULATION.

KIT $28.95. WIRED $39.95.

=S

EICO 342 FM-MPX
SIGNAL GENERATOR
FOR PROFITABLE

WIRED $148.95.

EICO 460 S-INCH
OSCILLOSCOPE

DC WIDEBAND
0-4.5 MC FOR
COLOR & B & W
TV SERVICE &
LAB USE. PUSH-
PULL DC VER-
TICAL AMP.
BAL. ORUNBAL.
INPUT. AUTO-
MATIC SYNC
LIMITER AND
AMP.

KIT $89.95. WIRED $129.50.

EICO 1064 DC
POWER SUPPLY
= FOR BENCH

dD3Zp<mMe»OPR-
O()zm(:ﬂ.I

O own

—

z

o

=

KIT $45.95. WIRED $54.95.

SENTINEL 23 CB TRANSCEIVER

g

23 CHANNEL FREQUENCY SYNTHESIZER PRO-
VIDES CRYSTAL-CONTROLLED TRANSMIT AND
RECEIVE ON ALL 23 CHANNELS — NO ADDI-
TIONAL CRYSTALS TO BUY EVER! FEATURES
ILLUMINATED
“S/RF"" METER, ADJUSTABLE SQUELCH AND
NOISE LIMITER, TV! FILTER, 117-VAC AND
12-vDC TRANSISTORIZED DUAL POWER SUP-
PLY. ALSO SERVES AS 3.5-WATT P.A. SYSTEM.

INCLUDE DUAL CONVERSION,

WIRED $169.95.

MOST COMPLETE LINE
OF KITS AND WIRED

TEST EQUIPMENT,
AND HI-FI COMPONENTS.

SEND
FOR

FREE

CATALOG

CB

May, 1965

131-01 39th Ave., Flushing, New York 11352

SEND 1965 CATALOG LISTING 230 EICO PRODUCTS.

NEW EICO 3566 SOLID STATE FM-MPX
STEREO TUNER AMPLIFIER

8 OHMS. « 3840 DB CHANNEL SEPARATION. * AUTO-
MATIC STEREO SWITCHING. ¢ INTERSTATION MUT-
ING. FRONT-END, tF AND MPX SECTIONS PRE-WIRED
AND PRE-ALIGNED. PLUG-IN TRANSISTORS.

KIT ONLY $229.95. WIRED WITH CAB. $349.95.

—_—_—————

ADDRESS

EW-5

]

I

|

| NAME
|

|

| ciry
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TEST

EQUIPMENT

PRODUCT REPORT

“Knight-Kit” KG-375 Auto Analyzer
For a copy of manufacturer’s brochure, circle No. 56 on coupon (page 15).

ROM the large amount of reader in-
terest in electronic items for auto-
mobiles, it would appear that any piece
of test equipment that measures just
about everything electrical on a car
would be eagerly awaited. The “Knight-
Kit” KG-375 auto analyzer is such a unit.
An examination of the multi-scaled sev-
en-inch meter and the function switch
will give some idea of the versatility of
the instrument.
First, the analyzer has two voltage
ranges: 0-16 and 0-3.2 volts. The form-
er is useful in adjusting the car’s voltage

regulator and checking its battery and
generator output. The latter can be used
to check small voltage drops in wiring. A
high-current ammeter (0-90 a.) can be
used to test charging current with the
aid of a separate low-resistance current
shunt. Then, there is an ohmmeter range
for locating high-resistance leakage and
shorts. So far, except for the high-cur-
rent range, the instrument seems like a
fairly conventional v.o.m. However, it
has many more features.

The analyzer has a built-in two-range
(1200 and 6000 rpm) tachometer for

R-5 R-4

S-1A FRONT

WHITE RECEPTACLE

6 VOLTS
L—L*-M!II]F

74

R-16
1.5K
R-14
R-l1 22K
Q1 Q-2
c-
100ut
0-3
R-15 R-13
15K 100
Syt
1
1uf ,{¢°3
1
R-22 9
150
R-2: R-20 R-24 S$-1 REAR
e AL 150]| y g
5-1. SHOWN IN 1200
1 ) ) ’ RPM, 6 CYL POSITION
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both six- and eight-cvlinder cars. This
is a standard pulse-counting circuit (see
diagram) consisting of a Schmitt trigger
square-wave generator (Q1 and Q2)
and a constant-amplitude pulse amplifier
(Q3). The output pulses are rectified by
D1 and D2 and are then applied to the
meter which is directly calibrated in
rpm.

In addition, a dwell-meter function is
built in. This is actually the chmmeter
with a diode in series with a calibrating
resistor. The diode is biased such that
the car’s battery voltage has no cffect on
the dwell readings shown on the meter.
Full-scale readings are 60 degrees dwell
for six-cvlinder cars and 45 degrees
dwell for four-or-eight cylinder cars.

The instrument has a special “leakage
scale” on the meter for indicating for-
ward and back resistance of diodes used
with auto alternators. It also provides a
relative output indication of the spark
voltage output of the ignition system.
The high-voltage pulses charge a built-in
capacitor which discharges through the
meter movement between pulses, result-
ing in an indication on a special “spark”
scale. A neon lamp on the front panel of
the instrument flashes in step with the
spark pulse. Finally, a 0.22-uf. capaci-
tor in the unit can be used as a substi-
tute for the car’s distributor capacitor if
it is suspected of being defective.

The analvzer operates from four D-
size flashlight cells. It is available in kit
form from Allied Radio at a price of
$49.95. A

Kay Electric Model 159-B
Sweep. Oscillator

For a copy of manufacturer’s brochure,
circle No. 57 on coupon (page 86).

HE Kay Electric Model 159-B “Mul-
ti-Sweep” is a wide-range sweeping
oscillator, with a versatile system of fre-
quency markers. It is designed for lab-
oratory or production-line use. This unit,
utilizing electronic {requency-modulat-
ing techniques, provides a full 300 mc.
of swept r.f. output. The output voltage
is held constant by a fast-acting a.g.c.
circuit, and the frequency linearity is
accurately maintained.

The 159-B may be swept at vepetition
rates above 20 ke. or driven by an ex-
ternal varving d.c. signal to act as a
voltage-controlled oscillator. A direct-
reading, digital frequency dial provides
smooth vernier control of the center fre-
quency, and it adapts this wide sweep
for excellent use as an i.f. to v.h.f. oscilla-
tor with continuously variable center fre-
quency and sweep width. Eight fixed
markers, at customer-specified frequen-
cies, and circuits for externally con-
trolled variable markers are provided.
The use of all solid-state circuitry in this
unit produces both stability and com-
pactness.

FLECTRONICS WORLD
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A sweep-generating circuit (see di-
agram) develops a saw-tooth signal
which may be locked at line frequency
or, by changing circuit constants and re-
moving the line-frequency sync signal,
varied between 5 and 60 cps. When the
internal sweep generator is disabled, an
external signal generator may be used to
supply a sweep signal for the r.f. oscilla-
tors. A pulse is taken from the sweep
generator and amplified to form a
blanking signal. This blanking signal is
applied to the r.f. oscillators, turning
them off during the retrace time of the
saw-tooth signal. The saw-tooth signal is
passed through the sweep-linearity net-
work, which shapes the saw-tooth to
compensate for non-linearity in the r.f.
oscillator voltage /frequency curves, This
shaped saw-tooth is impressed across
voltage-variable capacitors in the r.f. os-
cillators. changing their frequency with
respect to time.

The output of the two r.f. oscillators
is mixed and only the difference frequen-
cies are accepted by a filter. The fre-
quency range of the r.f. oscillators is in
the u.h.f. region, and the output of the
mixer will range between 0 and 300 mc.
The swept r.f. is then passed through
a high-frequency wide-band amplifier.
Samples of the swept r.f. signal passing
through this amplifier are taken for the

diodes generates an

pled by the a.g.c.
error voltage which is amplified by the

a.g.c. amplifier. This signal is used to
control the r.f. output into the mixer.

“Birdie” markers are developed when
a c.w. signal is fed into the marker input
jack. A sample of the swept r.f. signal
is mixed with the incoming c.w. signal
and the beat note is amplified by the
“birdie” marker amplifier.

Six additive, switchable attenuators
rated at 20, 20, 20, 10, 6, and 3 db, and
an r.f. level control with a range of 6
db give a wide degree of r.f. amplitude
control. The r.f. output (maximum 0.5
v.rames., loaded) is monitored by a cali-
brated panel meter.

The sweep rate can be varied or
locked to the line. To assure an accurate
zero-voltage reference line on the scope,
r.t. output is blanked during retrace. A
saw-tooth sweep is generated, is sepa-
rately available, and needs no phasing
adjustments.

A front-panel control provides for

manual tracing of the frequency response |

displav. It operates over the same range
as the electronically swept mode of op-
eration and permits tracing of the re-
sponse with point-by-point control. It
can be used with v.t.v.m. or frequency
counter without changing the swept
alignment set-up.

a.g.c. and marker circuits. The r.f. sam- A separate eight-marker plug-in unit
LINE-LOCK
AMP. HORIZ.OR EXT. MOD.
SWEEP- SWEEP-
EMITTER F .G.C.
VOLTAGE LINEARITY R a6
GENERATOR FOLLOWER NETWORK osc. AMP.
BLANKING 9 AG.C
> DETECTOR
LI R.F.OUT
R.F. RF. R.F. STEP
bt
0oscC. MIXER AMPLIFIER ATTENUATOR
MARKER
BUFFER
AMP
petector_,| RF ‘BIROIE” MARKER | MARKER
INPUT DETECTOR MARKER AMP. MIXER INPUT
VERT. DUT
May, 1965
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Get Your First Class Commercial

F.C.C. LICENSE

QUICKLY!

Career opportunities in communi-
cations electronics are almost
unlimited. Prepare now. Let
Grantham train you — by corre-
spondence, or by classroom and
laboratory instruction. Get your
first elass commercial F.C.C. license
in as little as 3 months, or at a
slower pace if you prefer. Then,
continue in more-advanced elec-
tronics training if you wish. Di-
ploma awarded. Our catalog gives
full details.

Learn how our training can pre-
pare you for your F.C.C. license;
write or telephone the School at any
one of the teaching divisions listed
below, and ask for “Catalog 56.”

Grantham School of Electronics

1505 N. Western Av., Los Angeles, Cal. 90027
(Phone: HO 9-7878)

408 Marion Street, Seattle, Wash. 98104
(Phone: MA 2-7227)

3123 Giltham Road, Kansas City, Mo. 64109
(Phone: JE 1-6320)

818-18th St., NW, Washington, D.C. 20006
(Phone 298-7460)

N EWHIGH

PERFORMANCE C. B.
ANTENNA

FLEXIBLE

STAINLESS STEEL

— FULLY TUNABLE
& CLIPPING ELIMINATED!
& / —QUIK LOCK”

TUNING ADJUSTMENT
i #
| /

30 INCHES “OVERALL”
P ROOF-BODY MOUNTING

MAXIMUM Q" COIL

=1 _=
“'Li'l Bomb'' is o high performance citizens band
antenna designed to eliminate problems previously
inherent with citizens band antennas.
A. Transformer sealed with ‘'Eccobond 55'' to in-
sure maximum 'Q"" under all weather conditions.
B. Tronsformer tropped operation to insure maxi-
mum output.
C. "'Quik Lock'' tuning device provides full range
tuning ond completely eliminates clipping.
DEALERS INQUIRIES INVITED

TRITON INDUSTRIES, INC.
329 B Genoa St., Monrovia, California

If your dealer 1s out of stock use this coupon.

Pleuse send il Bomb’'' antennas at $14.95 I
M.O. or Check enclosed. send postpaid. a I
Send C.O0D.. I will pay postage. ] I
Send FREE information. [] l
Name I
Address City i
I State i
CIRCLE NO. 30s ON READER SERVICE PAGE
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r/‘”huntmg for .
/7 "needles” in
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[/
.o FIND THE
SR PRECISE
‘i-“- AT § AUDIO
oL .]i ACCESSORY |
TR YOU NEED

FAST!

Jacks
Plugs

Couplers
Extension
Jacks
e Speaker
Controls |
e “Mini-Mix"— |
mixers, etc. ‘

look for the
= |

O [N

AUDIO ACCESSORY SELF-SERVICE CENTER

At tast! All the confusion and ‘“‘wait’" gone. Fail-Safe
quality. Packages factory sealed, precisely labeled
by name, type, mating part, price, Guaranteed.

Send for Complete Catalog:
SWITCHCRAFT, INCORPORATED

5577 No. Eiston Ave., Chicago, lllinois 60630
CIRCLE NO. 224 ON READER SERVICE PAGE

08 Pecorder
Voice-matic

The only device in the world that will
convert any tape recorder into a voice-

actuated unit. Tape recorder records
when you speak . . . turns off when you
stop. Permits complete operation of
recorder from a distance or when hands
are busy. Ideal tor conterences and
group activities. Installs in seconds
without tools . . . no soldering. Has
pause and sensitivity controls 1o meet
all requirements. Can be used as on-off
switch to control hi-ti, CB or ham trans~
mitters, electrical appliances, etc. In
leatherette case, complete with cord
for battery-operated and transistor tape
recorders. Made in USA Under $35.00

See your tape recorder dealer or write:
Dept. EW-5

kinematix, inc.
2040 West Washington Boulevard
Chicago, Ill. 60612 Area 312 « §66-0066

I
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makes it possible to select a variety of
markers. Sharp pulse-tyvpe crystal filter
markers are available at frequencies be-
low 100 me., and crystal-oscillator
“birdie” pip markers are available over

the entire range. All of these are individ-
uallv controlled and may be used in uny
combination,

The price of the Model 159-B is $795
without the marker unit. A

Eico Model 435 Oscilloscope
For a copy of manufacturer’s hrochure, circle No. 58 on coupon (page 15).

T 'ERT £P RANGE«/VERN- IRIT
r #OS . POS
i

»
|
A
[ & 0
Ve e
L K- _. _ . 3

LMOST two vears ago. Eico intro-

duced a compact three-inch scope
{Model 430) that is suitable for general-
purpose applications. Recently, the com-
panv has come ont with a little more ex-
pensive scope that looks like a twin to
the Model 430 except that this new in-
strument is a wide-band scope, with re-
sponse from d.c. out to 4.5 nic. The new
unit, the Model 4353, is suituble for lab-
oratory use or on a service test bench.

(15 pounds), the scope can be carried
into the home for on-the-spot color-TV
servicing.

In addition to its wide frequency re-
sponse and high sensitivity (18 mv.
rans. per em.), the scope has several
other interesting lcatures. It emplovs a
zener-diode-controlled voltage-calibra
tion source with an output-voltage pot.
The circuit provides a precise 200-mv.
p-p square-wave calibration voltage that
is useful for making accurate peak-to-
peak measurements of wavelforms. Au-
tomatic syvne limiting and amplification
(see diagram) eliminate the need for
svne-voltage adjustinent. Retrace blank-
ing is emploved to prevent the flvback
portion of the sweep from appearing on
the screen. An edge-lit calibration grid
on the filter screen, with controllable illu-
mination level, is provided.

The trace on the scope is very bright
and sharp and is free of “blooming.” The
high-voltage accelerating potential s
1600 volts. External fields have no effect
on the scope trace because of the use of
a Mumetal neck shield around the cath-
ode-ray tube.

The vertical-input decade attenuator
has four positions with full frequency
compensation. Either direct or cupacitive
input coupling can be employed. There
are four overlapping sweep ranges from
10 ¢ps to 100 ke. with two additional
pre-set sweep rates of 30 cps and 7875
eps for TV vertical and horizontal sig-
nals.

The instrument is priced at $99.95 in

Because of its small size (8%” high x kit form and $149.95 in factorv-wired
5%” wide x 12%” deep) and light weight  form. A
ACDC SWITCH CALVOLTAGE .00 o
DC ATTEN. AMPLIFIER
VERT. I " l VERT.ATTEN. S1 Vi- 64U8
INPUT NTWK. v2-6aUS
V3-I12BYT
HOR.EXT.@ V4-12BY7?
S;P‘LCMA!PSk HOR 6OV @
IMI SYNC—
VSA-172 6BL8 S2B  svncse 10
EXT, &——— VERT.
HORIZ 60U e CRY
< SELECTOR PLATES
S2
ASTIG nt
SWEEP Z ‘ FoCUs c
osciLL, S2A Homeom INTENSITY VIO WX5013P1
V7-12AZ7a S CONTROLS
__SWNCog
SYNC+@&—f To
30— HORIZ.
CRT
PLATES
HORIZONTAL
P AMPLIFIER
v58-1/2 68L6
FiMiNG e V6-12AZTA
f.?g:g' ® SELECTOR
—e S3 SAWTOOTH INTENSITY |
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Fiber Optics america’s most popular
(Continued from page 28) tube tester

diameter of a human hair.) The bundles usually have an |
NA of about 0.50 and are limited to the visible and ne;n'i
infrared wavelengths. Transmission is a function of length |
and in the six-foot length, for example, will drop off to about finds the
25 percent. See Fig. 4. n'°ugh dogs”

The traditional concept of long cylindrical fibers arranged
in an oriented fashion can be varied in two interesting wavs. others miss!
The first is to purposelv interweave the loose portions of an
assembly of strands so that the entering image is scrambled
as it passes through the bundle, vet emerges in its original
form at the other end. Then, it the bundle is cut in two, each |
part is capable of coding an image that can be decoded only
by joining it to the other half, or one identical to it. Conntless |
“codes” are possible with bundles having thousands of fibers
available for scrambling. But no practical method has been '
found to reproduce any given pattern.

The other variation is the tapering of fibers and bundles.
which is done ring the drawing process. This month’s
cover shows tapered “roots.” Such tapered bundles can
change light intensity or image size. The magnification is
directly proportional to the ratio of exit diameter to entrance
diameter and intensitv is inversely proportional to the ratio
of exit area to entrance area. The relationship of entrance
and exit angles is shown in Fig. 5 and is: d, sin 8, =d. sin 0..

Light entering the smaller end and emerging from the
larger end will be more collimated. (Note the angle 0. is
smaller than ¢,). The reverse also holds true. The maximum
angle at which light may enter the larger end and be trans-
mitted is limited. Therefore, a more collimated source is
emploved whenever intensification is required. ‘

. « . becawuse it

Fiber-Optic Plates

The one form of fiber optics that is perhaps of most inter-
est to electronics engineers is the fused plate. Unlike bundles, THE NEW SENCORE TCI30
plates are generally made to order for a specific use, such

as special electron tubes. They can be square, round, or rec- MIGHTY MITE “I TUBE TESTER

tangular and either vacuum-tight or not. The largest size
believed ever to have been specified is 12 inches in diameter.

The thickness, and therefore the fiber length, is usually a New in looks and compactness, updated with many exclu-
specification meeting mechanical strength requirements. For sive features. The MIGHTY MITE tester, long America’s
simple geometries, an opening size-to-thickness ratio of 16-| most popular tube checker because it has the versctility
to-1 is generally used. and reliability professional servicemen demand! The

Plates are made bv longitudinally stacking previously MIGHTY MITE Il checks them all — more than 2,500 tubes
drawn fibers and then fusing the cladding. The billet thus plus picture tubes, including the new frame grid tubes

(has four extra sockets for latest tubes). It's fast and
thorough, checks for control grid leakage, then, with the

forimed is then sliced in cross-section to desired thicknesses
and the pieces are ground and polished by standard optical

finishing techniques. flick of a switch, tests for interelement shorts ond cathode
Principal cost factors in this manufacturing process are: emission at full operating levels. Uses costly moving coil
1. individual fiber size, 2. cubic volume ol the piece, 3. ab- meter for high sensitivity (100 megohms) to find those
sorbing media used, 4. special core glasses, 5. vacuum tight- ‘ “tough dog” tubes other low-sensitivity
ness, and 6. allowable blemishes. testers miss. In versatility, reliability, porta-
The first four factors substantially uffect the time necessary | bility and operating simplicity, the TC130 is $ 50
to draw, or attenuate, the initial glass blanks to obtain w{ your best buy in tube checkers at
sufficient number of fibers of required diameter. |
~ Core glasses must have good optical quality, that is; be COMPARE THESE MIGHTY MITE 11l FEATURES:
free of stones and bubbles. Refractive indices up to 1.75 l.f:wer voltage for Nuvistors and all frame grid tubes @ Unique
. . circuit tests for inter-element shorts, each and every element ® Checks
Fig. 4. Light transmission vs length. (Data: Bausch & Lomb) cathode emissian at full operating levels ® Checks control grid leakage
L 60 T = | at 100 megohms sensitivity, like “eye tube’ testers.
g 50} —[ l l [ I | 1 1] Speed-indexed set-up cards greatly reduce look-up time ® Simplified
g i > T 1 T T panel layout speeds checks, prevents errors ® Burn-out proof, stick-
b L —~ —_I_ — proof meter @ Sturdy, allsteel case, rubber feet ® Styled for
z ¢ f modern, professional look
30— — ]
= [ ALY I T il
s ZO_T i Sde I i professional quality — that’s the difference!
o SENCOR
N | | | Z /. )
NN | 277 O =
10 20 30 40 50 60 70 80 90 100 10 120 130 140 150
LENGTH-INCHES 426 SOUTH WESTGATE DRIVE e ADDISON, ILLINOIS
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In any CB application . ..
you'll outperform ‘em all with a

R

Your own 2-way radio for

MESSEINGER,

™
¥

Business or Personal use!

“PERSONAL MESSENGERS"”—Com-

pact, hand-held 100 milliwatt or 11
watt units! Rugged and reliable—11
transistors, 4 diodes. Twice the sensi-
tivity and 409 more range than similar
units with conventional circuitry—more
output than similar units with same
rated inputs!

Cat. No. 242-101. .100 Milliwatts... .$109.50 Net
Cat. No. 242-102. .1%; Watts:...... $129.50 Net

‘““MESSENGER’’; “MESSENGER TWO"

!

|

The nation's most
popular Citizens Radio
equipment line!

Rated BEST by
Distributor
Salesmen in
National Survey!

For mobile, base station. High
efficiency makes full use of maxi-
mum allowable legal power. Excel-
lent receiver sensitivity and selec-
tivity. Automatic *squelch’’ control.
5 crystal controlled channels on
the *““Messenger” and 10 crystal
controlled channels plus tunable
receiver on the ‘““Messenger Two"’.

“MESSENGER’ — $114.95 Net

Cat. No. 242-127.........115 VAC/6 VDC
Cat. No. 242-128. ... ... 115 VAC/12 VDC
“MESSENGER TWO'’'—$169.95 Net
Cat. No. 242-162.........115 VAC/6 VDC

Cat. No. 242-163........115 VAC/12 VDC

“MESSENGER |1’ —Everything
you want in a CB transceiver—a
husky signal, extreme sensitivity,
razor-sharp selectivity—and com-
plete flexibility for base station,
mobile, public address, or battery
powered portable use! Double con-
version receiver—set-and-forget
“Volume™ and **Squelch™ controls
—I11 channel coverage—*‘Tone
Alert” Selective Calling System
available as accessory.

Cat. No. 242-150

12 Volts DC Messenger IIf.. .. .$189.95 Net
Cat. No. 250-823

117 Voit AC Power Supply....$ 29.95 Net

WRITE TODAY for full color brochure, or see your
Dealer/Distributor and ask for a demonstration!

i

¢! E.F.JOHNSON COMPANY

® 1106 TENTH AVE. S.W. - WASECA, MINNESQTA
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Fig. 5. Path of a light
ray that is transmit-
ted in tapered fiber.

are available in commercial glasses, which in combination
with proper cladding provide an NA sufficient for many ap-
plications. Higher index glasses, however, require more com-
plex formulations and process control, and often contain
much more costly raw materials.

Unless the plate is mounted inside an electron tube en-
velope, it usually serves as one end of a structure and must
therefore be vacuum-tight. Fiber-optic plates can pick up
enough moisture from handling or from the atmosphere to
seal anyv voids.

Blemishes or spots are usuallv caused by fiber surface con-
[ tamination and adsorbed gas bubbles. Spots less than .002
inch are difficult to avoid. Care must be exercised in speci

fying freedom from blemishes, or the price will become pro-
hibitive.

I Making vacuum-tight, blemish-free plates is not simple.
| In a typical plate of one square inch, there may be 20 mil-
| lion fibers, each composed of two different glasses, and each
ideally sealed to its neighbor without impairing the critical
interface between core and cladding.

In most electronic applications, the plate is sealed to a
glass envelope or perhaps a metal flange.

These operations require a carefully controlled process,
so the fiber-optic manufacturer should alwayvs be consulted
about every phase of the seal design, the frit and glass com-
bination, and the subsequent heat cvcles.

Because of their mosaic structures, fiber-optic plates have
a lower dielectric breakdown strength than solid glass ol
equal thickness. Breakdown usuallv occurs along one of the
| fiber interfaces, at voltages above 10-12 kilovolts. This can

be a limiting tactor in some applications, and improvements
lure being sought by fiber-optic manufacturers.

The Future

‘ Fiber optics will be less expensive in the very near future.
As volume applications are developed, competition will re-
duce prices and improve qualitv. Another outlook for fiber
| optics is a greater variety of glasses to perform in the ultra-
violet and infrared regions. Certainly, new uses will be seen
[ in medicine, instrumentation, office duplicating equipiment,
| photography, and in various types of optical communications
systems.

| Fiber optics, in short, can so efficiently transmit light and
image information that the technology will surelv have a
future wherever this particular capability is needed in any
device. A

A new electrostatic
image orthicon that
is available with a
fiber-optic faceplate.
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Why We Make the Model 211
Available 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 STEREO 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

Frequency response—a direct check of eighteen
sections of the frequency spectrum, from 20 to
20,000 cps.

Pickup tracking — the most sensitive tests ever
available on disc for checking cartridge, stylus,
and toene arm.

Hum and rumhle—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 tow, 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.

Stereo Spread
Speaker Phasing

Channel Identification

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.

May, 1965

NOW...GET THE FINEST

ever produced

for just

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

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

Warble tones used are recorded to the same level within = 1 db from 40 to
20,000 cps, and within = 3 db to 20 cps. For the first time you can measure
the frequency response of a system without an anechoic chamber. The frequency
limits of each warble are within 5% accuracy.

« 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 reverberation
when checking stereo spread.

All Tests 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 by ear!

Note to professionals: The Model 211 can be used as a highly efficient design and
measurement tool. Recorded levels, frequencies, efc. have been controlled to very close
tolerances—affording accurate numerical evaluation when used with test instruments.

The Mode! 211 Stereo Test Record is a disc that has set the new standard for stereo
test recording. There is an overwhelming demand for this record and orders will be
filled by ELECTRONICS WORLD promptly upon receipt. 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.

Please send me test records at $4.98 each. My check (or money
order) for $ —__is enclosed. ! understand that you will pay the postage.
(Orders from outside the U.S.A. add 50c to partially defray postage and handling
costs.)

Name -
(Please Print)
Address
City Zone State

SORRY—No charges or C.0.D. orders! EW-55

79
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“On the same plane as Scott
factory-wired units... Excellent”

(AMERICAN RECORD GUIDE) *

Those who build them and those who review them agree . . . Scott kits deliver
the finest possible performance and value. Scott kits fully meet the same stand-
ards of perfection as Scott factory-wired units.

The LT-110B FM stereo tuner features Sonic Sterco Monitor and factory-
wired “front end” and Time-Switching multiplex sections. 2.0 uv IHFM

sensitivity. $139.95.

FREE TWENTY-PAGE BOOKLET 160-05
Rush me Scott’'s FREE 20-page Custom Stereo Guide:
Name

LK-72B 80-watt Stereo Ampli-  Address

fier Kit...a perfect match for n .

the LT-1108 tuner, in looks, City- State Zip

value, and performance. *From a review of the LT-1108

$149.95. | SCOTT i

H. H. Scott, Inc., 111 Powdermill Road, Maynard, Mass. Export: Scott International Maynard, Mass. Cable HIFI
CIRCLE NO. 200 ON READER SERVICE PAGE

revolutionary new semiconductor
transducer breaks all barriers

that limit existing
phono cartridges

"TA-15 Low-mass |
Tone Arm

% o
=

 U-15 Semiconductor
Cartridge o Xl
i 7 i i

Easily installed

® Phenomenal 13 Octave Range.
DC to 50 keps.

® Silicon Semiconductor Ele-
ments. 10,000 times the power
of magnetics. World's most effi-
cient, hum-free cartridge. h

® Lowest Effective Tip Mass. TK-15-LS Lab Standard Phono System. TA-15 low-
Tracks 40 kcps 2nd harmonic mass arm, with U-15.LS plug-in cartridge (biradial
pinch effects of 20 kcps funda- diamond) and PS-15 power source. For magnetic or
mental—s}yl{us tip stays in auxiliary inputs. USER NET .. ... ... .
groove at all frequencies. TK-15-P Professional Phono System. As above, but

® Elliptical Biradial Diamond Sty- with U-15-P cartridge and .5 mil tip conical diamond
lus. No playback loss from out- stylus. USER NET . . . 71.50
side to m5|d'e grooves. - CK-15-LS Lab Standard Phono Conversion Kit. U-15-

® Energy Derived from - . LS cartridge (biradial diamond) for standard heads,
External Power B and PS-lg power source. For magnetic or auxiliar
Source. Saves @ “ inputs. USER NET... . 55.0
HECOICIEROMES, CK-15-P Professional Phono Conversion Kit. As
See your distributor or write for above, but U-15.P cartridge with .5 mil tip conical
““The Story of Euphonics Miniconic”’ diamond stylus. USER NET. . . ..39.00

MADE IN U.S.A. ® EUPHONICS CORP. 1965

uphonics MARKE TING 173 w. Madison St., Chicago, lIl. 60602
FACTORY: GUAYNABO, PUERTO RICO, U.S.A.
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SUBSCRIPTION TV
TEST RESULTS

OW in its third year of operation
over WHTC (channel 18), in Hart-
ford, Conn., Zenith Radio Corporation’s
subscription TV system has made avail-
able some of the results of this test pe-
riod.

Of the 5000 subscribers, 40.8% had av-
erage incomes between $4-7000 annu-
ally, 43.3% from $7-10.000, and 14.4%
had incomes over $10,000 annually.

During the first two vears of operation,
average spending per week was some-
what higher in the $4-7000 bracket and
lowest for subscribers with incomes over
$10,000. As the number of subscribers
increased, the proportion of those in the
$4-7000 income group consistently in-
creased.

Subscription TV viewing represented
slightly more than 5% of the 38 hours the
public now devotes every week to TV
viewing.

The results also showed the viewer
response to the 599 different features
telecast during the first three vears.
| These programs came from over 50 dif-
| ferent sources with current and other U.
[ S. motion pictures providing 83% with an
]a\'erage audience of 20.7% per picture.

Championship boxing drew 63.3% per
[ fight while other major sports included
professional basketball (6.6%), and ice
| hockey (5.3%).

Productions from Broadway, concert
halls, night clubs, etc., represented 5.5%
of the total offerings and had an average
viewership, for all showings, of 8.7%.

Special post-graduate medical educa-
tional features tor doctors only drew an
average of 18.7% of the physician-sub-
scribers, for all showings.

Charges f{or the programs ranged
from 25¢ for some educational features,
to $3 for a world championship boxing
match. Most programs were priced be-
tween 75¢ and $1.25. Average charge
| for movies was about $1; opera and bal-
let $1.50; and sports events $1.37.

Hartford subscribers purchased ap-
proximately one program a week (about
2 hours) at an average of $1.20 making
an average annual program expenditure
of $62.40, in addition to the decoder
rental of 75¢ per week

Projections based on these results
(which Zenith calls “conservative™)
show that over-the-air subscription TV
can begin to operate profitably with 20.-
000 subscribers. Zenith also points out
that in its opinion, subscription TV has a
great potential for the development of
wh.f. broadcasting. Tt could muake pos-
sible many new stations, now author-
ized but not on the air because of the
lack of local advertising revenue and
programming. A
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“COMMUNICATIONS, ELECTRONICS TER-
MINOLOGY HANDBOOK' compiled and
published by Public Affairs Press, Wash-
ington 3, D.C. 547 pages. Price $7.00.

This is a manual of definitions, abbre-
viations, acronyms, and designations
useful to those involved in communica-
tions-electronics. Most of the definitions
included in the volume are based on
standards set up by American Standards
Association, IRE (IEEE), and the Amer-
ican Institute of FElectrical Engineers
(IEEE).

The contents were prepared by the
Communications-Electronic Doctrinal
Office, Research Studies Institute, Air
University, Maxwell Air Force Base, and
are, therefore, official although the pub-
lication is not.

The definitions are limited to state-
ments of meaning rather than circnit
analysis or detailed descriptions. The se-
lection of expressions for inclusion was
governed mainly by usage in the com-
munications-electronics fields. Usage
was determined by the language found
in texts and magazines as well as by glos-
saries and other publications of Depart-
ment of Defense agencies.

All entries are in simple alphabetical
order of the entire expression as if it
were one word. Definitions, where appli-
cable, are given with the spelled-out
expression rather than with the abbrevi-
ation or acronvm. Extensive cross-refer-
encing is employed, but the definition is
given with the primary expression.

“ “ “

“BASIC THEORY AND APPLICATION OF
TRANSISTORS prepared by the U.S. De-
partment of the Army. Published by
Dover Publications, Inc., New York. 251
pages. Price $1.25. Soft cover.

This is one of the Government’s com-
prehensive basic texts, originally pre-
pared for the Army but now made avail-
able to the general public.

This book which can be used as an
introductory textbook, as a course sup-
plement, for self-study, or by the
electronics technician, covers every as-
pect of the subject with only an elemen-
tary knowledge of physics and the
theory of electron tubes as prerequisites.

Included are such topics as the history
of crystal semiconductors, function of
transistors, their applications and con-
struction, definitions of terms and con-
cepts, elementary physics, the structure
of matter, p-n junctions, transistor am-
plifier fundamentals, parameters, equiv-
alent circuits, characteristic curves, bias
stabilization, audio amplifiers, tuned am-
plifiers, wide-band amplifiers, and pulse
and switching circuits.

Carefully prepared background is
given for each topic discussed with new
information introduced logically for easy
assimilation. There are outline summa-
vies at the end of each chapter and
nearly 250 schematic diagrams, photo-

May, 1965

BOOK
REVIEWS

graphs, and wiring diagrams that show
correct procedures and results for every
important point covered in the text.

There is also a glossary of technical
terms and an appendix listing the letter
symbols used.

o o »

""BASIC ELECTRONICS" prepared by Bu-
reau of Naval Personnel. Published by
Dover Publications, Inc., New York. 449
pages. Price $2.75. Soft cover.

Those with a background in basic
electricity and elementary mathematics
can use this volume as a self-contained
course of study in the basic principles
and important aspects of applied elec-
tronics.

The volume starts with the basic op-
erating principles of the electronic tube
and an introduction to transistors. The
book continues with power circuits,
tuned circuits, electron-tube and audio-
tube amplifiers, oscillators, transistor cir-
cuits, modulation and demodulation,
transmitters, antennas, elementary com-
munications receivers, radar, electronic
test equipment, and special circuitry.

This is the tried-and-true text de-
veloped by the Navy for training hun-
dreds of its personnel in the fundamen-
tals of electronics. Those who took the
course will recall how thorough and
complete the treatment is—with defini-
tions of the technical terms, mathemati-
cal derivations, schematic diagrams, and
other pertinent addenda.

This volume, as well as the previous
one reviewed, are among the best “buys”
in basic electronics texts available todav.

% " o«

"‘DIODE SELECT-A-SPEC” edited and pub-
lished by TechPress Publications,
Brownsburg, Indiana 46112. 137 pages.
Price $2.95. Soft cover.

This is another of this publisher’s
compact and concise listings of specifica-
tions, along with suitable substitutions—
this one covering diodes.

There are over 25,000 computer-se-
lected substitutes for the signal and
power diodes of over 50 manufacturers
—both American and foreign. Substitu-
tions are listed directly alongside the
type number and specifications of each
diode, with the most accurate listed first,
etc.

The book includes power-supply di-
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odes, a.f.c. and a.v.c. diodes, diodes used
as mixers and demodulators, and as
switches in computers. Specifications
listed include: maximum working volts,
p.r.v., maximum forward current, for-
ward voltage drop (IR drop), maximum
reverse current, type, and use.
o o L d

’PRINCIPLES & APPLICATIONS OF BOOL-
EAN ALGEBRA" by S. A. Adelfio & C. F.
Nolan. Published by Hayden Book Com-
pany, Inc., New York. 319 pages. Price
$8.00.

In this volume the authors concen-
trate on explaining the basic concepts of
Boolean algebra and its basic electronic
applications without bringing in the ap-
plications of Boolean algebra to com-
puters and related areas. By thus operat-
ing within fixed limits, the text gains
clarity and the student is more likely to
grasp the material easily.

The first six chapters are devoted pri-
marily to Boolean algebra, chapters 7
and 8 review electronic principles and
serve as background for the final three
chapters which cover various logic and
counter circuits.

The material in this book is based on
courses given by the authors at RCA In-
stitutes and represents a practical pres-
entation of this material for hundreds of
students. As a textbook, there is lavish
use of diagrams, tables, and examples, as
well as problems for assignment or self-
checking.

& & &
“TV RECEIVER TUBE USAGE GUIDE” com-
piled by Sams Staff. Published by Hotw-
ard W. Sams & Co., Inc., Indianapolis.
96 pages. Price $1.95. Soft cover.

This is a listing of tubes and semicon-
ductors used in 1963-64 television re-
ceivers made by most U.S. set manufac-
turers. This pocket-sized booklet is in-
tended to permit the technician to come
equipped for a service job with the cor-
rect tubes, fuses, and semiconductors in
his caddy.

Another valuable section is a tube
usage chart which serves as a handy
guide to the popularity of a given tube
type. This information can be used in
stocking the shop and in loading the
tube caddy.

An index lists the manufacturer or
brand name with their 1963-64 model
numbers. The page on which detailed
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SPECIAL ANNOUNCEMENT
FROM THE PUBLISHER

During the past few months,
we have completely converted
our subscription service depart-
ment from 434 South Wabash
Avenue in Chicago, to an ultra-
modern Univac-lll computer op-
Portland Place in
Boulder, Colorado.

You may have already no-
ticed the change in your address

eration at

tape, which is now being run at
the rate of 135,000 names and
addresses per hour. The first let-
ter in the code line indicates the
magazine. The next four digits
indicate the month and year that
your subscription expires. For
example, 0567 means your last
copy will be the May, 1967
issue; or 1166 means your last
copy will be the November,
1966 issue. All of the other num-
bers in the code line are mean-
ingless, except to the computer.
This important change for all
Ziff-Davis publications was nec-
essary to enable us to give our
constantly growing subscription
lists the most efficient and relia-
ble type of subscription fulfill-
ment possible. However, as much
as we have tried for absolute
perfection, we are sure you will
appreciate that in any conver-
sion of this magnitude, some
errors will occur, but every pre-
caution has been taken to hold
them to a minimum. Should you
experience any problem with
your subscription service, please
do not hesitate to advise us at
once. The proper address is:
ELECTRONICS WORLD, Portland
Place, Boulder, Colo. 80301.

P.T. Heffernan
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tube, fuse, and semiconductor informa-
tion is provided is then listed for each
model, along with the circuit function of
that particular component.

» Ed "
“ELECTRICAL ENGINEERING"' by Julius L.
Franklin. Published by The Macmillan
Company, New York. 382 pages. Price
$9.00.

This is another volume in this pub-
lisher’s series subtitled “Studying to Pass
the Professional Engineers’ Licensing
Examination.” The author has drawn on
his years of experience in giving “brush-
up” courses for those taking state licens-
ing exams for professional engineering
certification. The book covers fundamen-
tal concepts, serves as a refresher and
reference for engineering graduates, and
helps to sharpen the candidate’s prob-
lem-solving ability.

Sample problems from examinations
of the past comprise fully half of the
book while the solutions, their explana-
tion, and pertinent reference material
take up the balance of the 382 pages.
The author provides reasonably full an-
swers to the problems and goes into
some detail explaining why the answer is
correct, but without an engineering
background, the student will founder on
page 2.

Used for the purpose for which this
book was designed, candidates will find
this a valuable tool in preparing for their
licensing exams.

£ o £
AN INTRODUCTION TO PATENTS FOR
INVENTORS AND ENGINEERS" bv C. D.
Tuska. Published by Dover Publications,
Inc., New York. 171 pages. Price $1.50.
Soft cover.

This is an unabridged re-publication
of the seventh edition of the author’s
“Patent Notes for Engineers” (McGraw-
Hill Book Company, 1956). It is a basic
and thorough guide for anyone engaged
in technological research or experimen-
tation on how to obtain a patent for his
invention. The author, who was for-
merly director of RCA’s patent depart-
ment, has cut through a lot of excess
legal verbiage and provides practical
step-by-step procedures which should be
followed to protect a discovery—whether
or not one wants to take financial advan-
tage of the invention.

Since the book is directed to engi-
neers, inventors, businessmen, and un-
dergraduates and graduates who are
about to join scientific, engineering, re-
search, and development organizations,
there is no attempt to make a patent at-
torneyv of the reader. The author does
emphasize the verv basic steps the in-
ventor must take from the verv first in
order to claim priority because if such
information is incomplete or lacking,
even the best patent attorney can’t win
the case if the patent is challenged at
some later date. A
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Component Reliability
(Continued from page 41)

more than their lower-quality counter-
parts.

Probably the easiest and cheapest way
to improve reliability is to derate com-
ponents. The more a part is stressed, the
sooner it will fail. Stresses can be many
different things, such as shock, vibration,
heat, voltage, or power dissipation.
These tactors all combine to cause part
failure. A good rule of thumb is to de-
rate all components by at least 50% and
use them in as cool an environment as
possible (but not so cold as to cause
failures from low temperature effects).

One manufacturer has run extensive
tests on tantalum capacitors with the fol-
lowing result: there is an improvement
of at least 300 times in failure rate when
the capacitor is operated at 100°F and
50% rated voltage rather than 175°F and
100% rated voltage.

Heat sinks on transistors and thermal
shields on vacuum tubes tend to prolong
part life by reducing stress levels. A cool-
ing fan can also assist in upgrading
reliabilitv. Where possible, adequate
ventilation and spacing should be main-
tained between parts which have a sig-
nificant temperature rise.

Derating can be carried to an extreme
which may cause a lowering of MTBF.
A relay rated for 10 amperes may exhibit
a high contact resistance at 10 ma,
causing a failure. Or a resistor that is
barely warm mayv permit corrosion to oc-
cur in a humid atmosphere, whereas a
hot resistor would not permit this. But a
50% derating is not going to get us in
trouble and usually won’t increase costs.

More About Failure Rales

The failure rates shown in Table 2 are
considered “typical” and are drawn from
several sources. So-called high-reliability
parts may exhibit failure rates of better
than 0.0001% per thousand hours at 90%
confidence level. To qualify a part to this
level requires in excess of one billion unit
hours of testing with no more than one
failure. One can readilv see why a part
meeting this reliability level is bound to
be more expensive.

In more detailed analvses, failure-rate
data is presented in a manner which
allows the user to make closer estimates.
Stress factors are used which adjust
failure-rate figures to reflect how the part
is used. A space environment for exam-
ple may make the failure rates 80 to 100
times worse because of mechanical
shock, vibration, and temperature ex-
tremes, As more tests are conducted on
existing parts, reliability estimates tend
to be closer to measured values. Research
in the technology and science of manu-
facturing components will also pay off
in more reliable electronic systems. A

ELECTRONICS WORLD
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BOOSTER

FOR
FM

STEREO

By LON CANTOR

Jerrold Electronics Corp.

With the booster unit removed from its plastiz case, the coils
and capacitors forming the various filter networks can be seen.
The single transistor and diode used are at the left while the
step-down power transformer is mounted on a bracket at the rear.

Designed to improve stereo reception, the Jerrold Model
SRX r.f. preamp provides 15-db gain over the entire band.

M-stereo is a decided step forward

in realistic music reproduction. But

stereo broadcasts are a lot weaker
than their mono counterparts. In fact,
you can get mono reception at almost
twice the distance from which vou re-
ceive good F'M-stereo signals.

The FCC does not permit anv increase
in effective radiated power of FM sta-
tions, therefore the only possibility for
improvement is at the receiving end.

Tvpical of the units designed to improve I'M-stereo recep-
tion is the new Jerrold Model SRX FM Stereo Range Ex-
tender. The SRX provides more than 15-db gain over the
entire FM band. Since it is mounted indoors and most good
FM tuners today have excellent noise figures, the SRX pro-
vides little, if any, improvement in signal-to-noise ratio.
However, the effect of the r.f. preamplification is to drive the

[~ ONLY SWALL PEAK
GETS CLIPPED

KOISE ON M-

W : v st woisy
2 a1 OISCAmMNATOR

UNAMPLIFIED SIGNAL

[ NOISE ON Fu

AMPLIFIED SIGNAL

2 NOTSE FAEE

"
AT DISCRIMINATOR

Fig. 1. While the FM preamp does not improve signal-to-noise ratio of high-gain,
low-noise tuners, it increases the amplitude of the signal enough to activate
the receiver limiter circuits. As a result, more of the noise peaks are clipped.

receiver into limiter action, as illustrated in Fig. 1.

A block diagram of the booster is shown in Fig. 2 and the

schematic in Fig. 3. This single-transistor
unit includes an input filter which splits
FM from the TV signals, permitting the
use ol a single antenna for both TV and
FM. Except for channel 6, no TV signals
are attenuated by more than 1.5 db. Be-
cause channel 6 is adjacent to the FM
band, it is attenuated severely.

Input signals are first separated into
low-band (54-85 me.) and high-band
(88-216 mc.) signals. The high-band
signals are then further divided into the
high-band television (174-216 mc.) and
the FM (88-108 mc.) segments.

Circuit Descriplion

The input circuit consists of capacitors
C1 and C2, coil L1, and transtormer T1.
This circuit matches the 300-ochim imped-
ance of the antenna to the 75-ohm im-
pedance of the TV and F\I filters.

The low-band TV filter is a two-
section M-derived low-pass filter, Cut-off

May, 1965
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LOW-PASS FILTER
54-85MC,
300,
3000 (CHANNELS 2-5) OUTPUT
INPUT TO TV SET
FROM
ANTENNA
BANDPASS
FILTER -
HIGH-PASS (CHANNELS 7-13)
FILTER
88-216MC.(FM & o SgS‘TnTO
i uT
CHANNELS 7-13} FM TRANSISTOR FM RECEIVER
AMPLIFIER o
88-108MC.
Fig. 2. Block diagram showing the use of filter networks.
Fig. 3. Circuit diagram of the booster. This unit is not designed to be
home-built; we have no data on the various coils and transformers used.
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REVOLUTION

ROTATE
NoT

IN CB BASE ANTENNAS

E SIGNAL
%E ANTENNA

The Unique New Modelj M-119
Electronic Secto 7Phased THe scaNNeP
Omni-beam jantenna
{

PAT. PENDING

e Electronic focus and beam rotation for /
maximum distance—No mechanical retator 4
needed /

e Change signal direction instantly
i e Full-circle scan coverage—No blind spots /

e Compact—17Y2 ft. vertical elements
arranged on 3 ft. radius circle /

e Resists over 100 mph winds
e Easy one-man installation

e 1.75 db directional gain
[ ]
*

T
=

23 db front to back ratio

Priced 30% below old fashioned beam
arrays

Scan Contro! Unit, with in-
dicator lights, instantly
changes signal direction —

just fiip the switch,

Write for complete data,

7 the
antenna
specialists co. ...

Ve 4

12435 Euclid Ave,, Cleveland, Ohio 44106

64-14 Woodside Ave. Woodside 77, N.Y.
CIRCLE NO 155 ON READER SERVICE PAGE

Export Oiv.:

including radiation patterns.

PUT ZZP ******

in .
your mail

TR Y

Include Pt
Z1P CODE NUMBERS ¥ iustiiy
IN ALL ADDRESSES | " =0 5

==
e

POSTMASTER

frequency is about 85 me., which means
that the channel-6 sound carrier (87.75
me.) is attenuated sharply. Capacitor
C3, coil L2, trap L3 and C53, coil L4, trap
L5 and C6, and L6 with C13 are the ele-
ments ot this filter.

Capacitor C4 is the first element of the
high-pass filter, which includes trap L7
and C7, capacitor C8, trap L8 and C9,
and capacitor C10. This circuit passes
all frequencies from 88 to 216 mc., trap-
ping out all lower frequencies.

The TV portion of the high-pass filter
output is fed into a double-tined band-
pass high-band filter. This filter com-
prises L12, C12, L13, C14, and L14.

Output of the high-band TV filter is
combined with the output of the low-
pass filter into an artificial line. This arti-
ficial 75-ohm line (printed inductance
L15 with capacitors C15 and C17) is
then transformed to a 300-ohm TV out-
put by matching network C20, 74, L16,
C21, and C22.

FM Filier and Anplifier

FM signals are amplified by a 2N2495
transistor. The neutralized, common-
base configuration is designed to produce
maximum overload capability and stabil-
ity, with a good noise figure. The double-
tuned input circuit of the transistor am-
plifier comprises C11, L9, L10, L11, and
C15. ‘

Capacitors C18 and C19, plus 12 pro-
vide neutralization. C16 is the base by-
pass for the transistor and resistor R1
serves as the emitter resistor. The base
bleeder network, R5 and R6, is contained
in the printed-circuit network enclosed
within the dashed box. A special bifilar
transformer matches the FM amplifier
output to 300 ohms.

The low-voltage d.c. required to oper-
ate the transistor is obtained from step-
down transformer T5 and rectifier diode
D1. Conventional RC filtering is em-
ploved.

While the unit produces best results
with a good outdoor antenna, the amph-
fier can also make a considerable im-
provement in the reception provided by
any indoor FM antenna. A
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Solid-State Power Controls
(Continued from page 36)

making continuous adjustment of such
a control rather difficult.

Most kitchen and shop outlets, how-
ever, are at counter height so this is not
a problem when the control is used with
appliances.

The conventional tool control consists
of a control box equipped with a long,
heavy-duty line cord. This tvpe is in-
tended for the home workshop and is
vsuallv equipped with 3-prong plugs
and outlets for safety grounding. Thev
mav also include fuses or circuit break-
ers for control protection. This tvpe of
control is not suitable for use on table
lamps because it is far from decorative
and often the required 3-prong outlets
are not available in such locations.

The industrial version of this home
tool control is extremely rugged and
specifically designed to operate a single
motor or tool. The torque and speed
may be controlled independently while
internal feedback circuits automatically
adjust for chauging load and line-voltage
variations.

Also available is a special double dim-
mer intended for photoflood control. The
adjustment gives precise shadow control
and balance on black-and-white photog-
raphv and control of color temperatures
for color \vml\ A very important teatule

NEW FOR ’65

INTERNATIONAL MODEL 430
CITIZENS RADIO TRANSCEIVER

The Model 440 has a distinctive new panel and
engineering design. Features include new hybrid
circuits which combine silicon transistors and tubes.
The Model 440 also has a new zener speech limiter,
crystal controlled 23 channel operation, illuminated
channel selector dial, dual conversion receiver and
transistor power supply. Ideal for mobile or base

installations.

Write for the
name of your
nearest dealer.

18 NORTH LEE « OKLAHOMA CITY, OKLA. 2%
CIRCLE NO. 189 ON READER SERVICE PAGE
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ot this control is that it can substantially |
extend the life of normal six-hour photo-
floods. Photofloods almost alwayvs fail on
the turn-on current surge. By starting in
an “off” position and bringing the bulbl
voltage up to full brilliance slowly, the
bulb life can be greatly prolonged.

There is also a built-in control inte-
grated into the trigger of an electric drill.
As more pressure is exerted on the trig-
ger, the speed of the drill increases
steadilv. The circuit is built right into
the tool itself during original manu-
facture.

Other built-in controls are included
in an ordinary desk or end-table lamp
during initial manufactwre. The advan-
tage of these latter two controls is their
integral, built-in circuitry. The low addi-
tional cost of these controls means that
ultimately many lamps and power tools
will incorporate them. As these see more
and more use, other tyvpes of controls will
be displaced—with integral control spot-
lighted in the marketing ot many appli-
ances.

Next month, we will investigate the
specific control circuitry common to all
these tvpes of units, considering what
power semiconductors are used, how
they are controlled, and how the special
circuits that use fluorescents, feedback
or external inputs for control operate.
Parts values will be included wherever
possible.

(Concludecl Next Month)

STEREO CENTER CHANNEL
OUTPUT MATCHING TRANSFORMER

FOR MONAURAL EXTENSION SPEAKERS

Designed for the Audiopmle
who wishes to convert a Steieo
system to Monaural or wishes
to modify or enlarge his Steteo
system. Permits ‘“‘hole-in-the-
middle” fill in with 3rd chan-
nel speaker. Matches imped-
» ance, polarity and power fevel.
30 watts. Response 40 to
B L 20,000 cps.
HM-90 User net $6.%

HUM-BUCKING TELEPHONE PICK-UP COIL

Hum free transcription, no cen-
nection to phone. Perfect for
high impedance tape recorders
& “,d\"'ﬂ and dictating machines. Rugged
constructed of high impact

W HP70 Plastic User net $6.55
TAPE HEAD DEMAGNETIZER Model HD-40M

Removes permanent magnetism protects tape from
erasure, minimizes noise and distortion, reduces
hum of tape head. Extended pole piece
designed for easy access.

User net $6.15
{

EMAGVAE‘\IU\
MICROTRAN

MAGNETIC TAPE ERASER Modet HD-15

A compact bulk tape demagne-
tizer. Erases recorded signals
and noise instantly, when passed
over tapes of sound film without
rewinding. Removes background
noise below level of new tapes
or film_ Universal unit for any
size reel. 14" to 2" range-8, 16,

g ./
32mm film range. User net $11. 95 >

M":ROTRAN 145 E. Mineola Ave.,

company, inc. Valley Stream, N. Y.

CIRCLE NO. 150 ON READER SERVICE PAGE

—

they can't
answering
calls . .

And

FCC Citizens Ra

LAt ANSRe
A

dio license re- s
quired. Al use | n
must conform

with Part 95, [ATAEN
FCC Rules and 7, MEMBER

Regulations. TS
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. even when you're out . . .
.or taking a deserved afternoon off.
For pennies a day, you protect your 'phone.

CIRCLE NO.

friend or foe?

If business callers can't reach you,

do business with you. Telephone
service enables you to receive
or busy

look for the answering service

displaying this seal.

or write to Associated Telephcne
Answering Exchanges, Inc,
777 14th Street, Washington, D. C.

157 ON READER SERVICE PAGE
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As a convenience to our readers, we have included two separate reply coupons
in this issue which should simplify the process of requesting information on
products and services appearing in this issue.

Unfortunately, many companies will not furnish additional information to a
home address. Therefore, to assure a reply, make certain that the proper coupon
is used.

To get more information, promptly, about products and services mentioned in
this issue, simply circle the number corresponding to the ad or editorial mention
and send the proper coupon to us. Your request will be sent to the manufacturer
immediately.

FOR PROFESSIONAL USE: In requesting information on products and services
listed in the coupon below it is necessary to fill out the coupon COMPLETELY,
stating your company, address, and your function or title. If the coupon is in-
complete it cannot be processed.

FOR GENERAL USE: In requesting information on products and services listed
in the coupon on page 15, you may use your home address.

You can use both coupons, since each contains specific items, if each coupon
is filled out completely.

See Page 15 for “GENERAL USE” Coupon

Mail to: ELECTRONICS WORLD P. 0. BOX 7842, PHILADELPHIA 1, PA.

Total Numb
PROFESSIONAL USE ONLY e %eqzrgsg D

NAME (PRINT CLEARLY)__ —_TITLE

COMPANY NAME.

COMPANY ADDRESS — S

CITY STATE ZONE

I AM EMPLOYED IN: INDUSTRY [0 COMMERCIAL [} COMMUNICATIONS [J
MILITARY/GOVERNMENT [0  OTHER O

Please send me additional information on products | have circled.
(Key numbers for advertised products also appear in Advertisers Index.)

1 4 7 g 10 13 14 15 18 19 20 21 27 33 34
35 36 37 38 39 40 41 42 43 44 45 46 48 49 5T
121 128 129 130 131 133 140 143 144 150 403 405

ELECTRONICS WORLD

(VOID AFTER JUNE 30, 1965) 5
P.0. BOX 7842, PHILADELPHIA 1, PA.
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NEW PRODUCTS
& LITERATURE

Additional information on the items
covered in this section is available
from the manufacturers. Each item
is tdentified by a code number. To
obtain further details, fill in cou-
pons appearing on pages 15 and 86.

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

SUBMINIATURE FUSES

Littelfuse, Inc. is now marketing a serics of

l special-purpose subminiature fuses which
the firm has designated “Picofuses.”

The new line is designed for multi-purpose ap-
plications in single- and wmulti-pin conncctors,
vack and panel councclors, printed-circuit cou-
nectors, terminal strips, and tcrminal boards.

They are especially suited to applications where
conventional fuse pasts or holders cannot be used
because of space limitations.

The component is available in a wide range
of ampere ratings from 8 through 5 amps at
125 volts. All models have short-circuit interrupt-
ing capacity of 300 amps at 130 volts d.c. The
ceramic body fuse combines low resistance with
high-speed action and provides extreme accuracy
in blowing time at a minimum of 300% of rat-
ing.

SOLAR BATTERIES
Hoffman Electrenics Corporation’s Scmicon-
ductor Division is now marketing a practical
solar battery for opcrating personal transistor
radio receivers.

The 2¥8” x 347 x V4”7 thick solar shingles
come in three types. designed to power 4.5, 6-.
and 9-volt reccivers. No wiring changes are ncces-
siry for the use of the solar batteries. They may
be used as a total replacement for the conven-
tional dry-cell batterics or as an alternate source
of power. A plastic socket comes with the solar
battery to facilitate orvienting it to the light
source—which may be the sun or an ordinary
household incandescznt light bulb.

FIELD-STRENGTH METER ADAPTER
3 Sadelco Iuc. is now oflering a u.h.tf. accessory

which is designad to adapt any v.lif. TV
field-strength meter for versatile u.h.0. perform-
ance. A universal mounting bracket alfows the
UA-l adapter to become an integral part of any
present v.h.f. mecter Its compact size, battery
power, and I8-ounce weight will not burden the
meter. It can be snapped on or off the mounting
bracket.
The built-in battery supply permits the unit
to be operated at a distance from the field-
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strength meter and can thus be used as a hand-
held v.h.f. signal probe. A plug-in antenna is
supplied for this purposc.

3-AMP AXIAL-LEAD RECTIFIER
4 Motorola Semiconductor Products Inc. is
now in production on a new 3-ampere axial-
lead rectifier which occupies less than half the
space required by conventional stud-mounted
vectifiers.

The MRI1030 rectifier series is well suited for
circuit-board applications where stud packages
and heat sinks are not practical. The device
handles surges of up to 300 amperes. It is avail-
able in a welded, hermetically sealed case and
has rcadily solderable flexible Icads.

IN-CIRCUIT TRANSISTOR TESTER
5 Transition Inc. is now manufacturing and

marketing a uansistor tester, developed by

IT'T Rescarch Institute, designed for accurate in-
circuit measurcment of leakage current.

Lightweight, the basic unit is portable and

accurately measurcs collector-to-hase leakage cur-
rents as low as | ga. with a collector load re-
sistance down to 100 ohms.

The device is designed to be operated with
one hand. Simplicity of operation and rapid
sctup time allow the unit to be used by non-
skilled personnel for both munufacturing and
maintenance testing. A 0-25 ga. meter with a
taut-band movement is used to rcad leakage
currents and to indicate transistor shorts and
opens with complete safety for all components.
Maximum ranges ou the three-range scale are
25, 250, and 2500 pa.

The instrument is powerced externally from
any 120-volt, 60-cycle a.c. source.

RC GARAGE-DOOR CONTROL
6 Eico Electronic Instrument Co., Inc. has in

troduced the 4000 ‘“‘Dormatic” garage-door
opener system which consists of a door-opener
mechanism, a radio-control receiver, a manual
push-button wall switch, mounting havdware,
and a swmall, compact transistorized portable
radio-control transmitter.
The gavage door may be opened or closed
from inside the garage by operating the wall-
mounted push-button. The garage door may also

www americanradiohistorv.com

be opened or closed from outside the garage or
inside a ncarby vehicle by activating the battery-
operated RC transmitter.

The door control incchanism stops instantly
when the door ncets any resistance in its path
This automatically prevents injury to anyone
or anything that might be under the door.
Whenever the mechanisin starts to open  the
garage door, a lamp is lighted within the garage
to provide illumination.

The transmitter is transistorized and operates
from a self-contained battery. It is crystal-con-
trotled and modulated by an audio tone. In
advertent operation of the door by CB, amateun
or other radio transiniticrs is prevented by tone
coding.

Full details on the 4000 and its accessories are
available from the manufacturer.

175-AMPERE SCR
7 Westinghouse Semiconductor Division has

announced the availability of a 175-amperc
silicon controlled rectifier with forward blocking
voltage and peak reverse voltage to 1000 volis.

The new Type 220 SCR offers designers 17%
greater half-wave and r.m.s. current capability
and 83% greater surge curvent capability (4000
amperes) than the 150-amp SCR currently used
in many desigus.

Additional features include a unique, internal.
compression-bonded construction that eliminates
thermal fatigue Dby eliminating solder joints.
Low thermal impedance, glazed ceranic headers,
and hermetically weld-scaled cases insure de-
pendable operation under severe application
conditions, nccording to the company.

CURVE TRACER ATTACHMENT
Rameco Corporation has added the Model

CTA-1 transistor curve tracer to its line of
test instruments. This instrument was developed
to provide an inexpensive means of adding this
capability to any general-purpose d.c. oscillo:
scope. It features a peak voltage range of up
to 24 volts in four steps and automatically

e

traces five steps per family in the common-cmirter
configuration.

Basc currents of from 20 za. to | ma. arc
provided. Both “p-n-p” and “n-p-n” transistors
may be tested with the instrument. The collector
sweep civcuits may be used alone to check break-
down voltages ol transistors as well as diodes and
zenev regitlators. A collector load sclector pro-
vides twelve resistance vatues from 10 1o 100,000
ohms.

U.H.F./V.H.F. COUPLER-SPLITTER
Gavin Instruments, Inc. has combined a

wh /v.hf coupler and splitter into one
casy-to-install package. The Model C-201/2 re-
quires only a single down lcad. The u.h.. an-
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SS 822

S50

Two Channel

MODULAR SOLID STATE

-

SS 844
Features: %’ tape,

$]985(lll
10%" reels, two in-

puts per channel, Electro Dynamic

Performance Braking.
WRITE IPS RESPONSE wow | S/N
15 + 2db 30-30,000 eps | 0.06; | 57
for complete catalogue
and specifications O WA s . B
33 | + 3db 30-10,000 cps | 0.18%; | 50 db

CROWN INTERNATIONAL, Box 1000, Elkhart, Ind., U.S.A.

FOR “DOCTORS
OF SERVICING”

CLg 1
Aé‘ . aANS- LUBRICATES.
L 9 PROTECTS |

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

« Bowling Alley A
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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 professional service man's
cleaner.

APPLICATIONS
CLUDE:

y utomatic Pin Spotters

Vending Machines @ Pinball Mz.achlgesrdS
. ST:t Machines © Telephone Switchboa
: 18M Computers. and other data

processing equnpmer; "

trial Equipmen

* wglliising machines, etc.

ing relays, such as

-
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tenna is mounted to the existing v.h.f. mast.
Both antennas are connected to the coupler and
a single down lead is run to the splitter at the
TV set where the output is split to the v.h.l
and u.h.d{. terminals.

KIT FOR ENGINEERS
l Esterbrook Pen Co. is now marketing a new

“Professional Kit'" which includes threc of
the company’s “Wonderiters’: three cartridge six-
| packs of black, bluc, and red inks and two extra
“Flo-Tips.” The inks in the pens won't bleed
through paper and will write on any surface.
They arc especiatly useful for audio-visual work
because the inks project well and can be washed
oft accrate easily.

They can also be used for charts, lettering of
| diagrams, color coding, and in making engineci-
ing layouts.

INVERTER RUNS TV SET
‘I Dynamic Instrument Corp. is now market-

ing “Video Mate” which permits standard
TV receivers to be operated {rom any 12-volt car
or boat battery.

This lightweight, completely transistorized in-
verter can be used with any TV set requiring
175 watts of power or less. It converts 12-volt d.c.
| into regulated 110-volt a.c. with a waveform

e |

l @ = B
’ -

| 'L 2, ’

e

|

closely duplicating that of houschokd current

for a sharp. clemr picturc. The unit connects to

the battery by means of a shiclded cable with two

spring clips. The TV set is plugged into a re-

ceplacle on the face of the unit.

The inverter measures 4Y2”7 x 342” x 4”7 and
weighs approximately 3V% pounds. It is designed
to operatc in marine environments and mcets
military spees for salt-spray and fungus resistance.

{ ARCING & CORONA PROTECTION
| ] Chemtronics, Inc. has developed an insulat-

ing spray for protecting high voliage com-
ponents such as {lyback transformers and yokes
against arcing and corona shorts as well as pro-
viding a tough and durable coating of insulation
against humidity and weather,
Manufactured to exceced MIL-C-12599, “‘No
Arc” comes in a handy aerosol spray can which
assures accuracy ol application.

RFI SHIELDING GASKET
‘I Instrument Specialtics Company, Inc. has

developed a new clectronic gasket which is
expected to permit design simplification of struc-
tures to be shiclded. Three of the mechanical
problems in the assembly and maintenance of
finger strip gaskets are solved by the new de-
sign: soldering is complctely climinated, pre-
fabricated 90° corners arc available for rectangu-
lar openings, and a new spring fastener permits
casy assembly or disassembly in the field.

The new spring fastener has a head thickness
of only .004 inch, permitting solid compression
of the new gaskets to improve attenuation. The
fasteners and gaskets arc installed with a pencil
butt, and are removable without damage with
a knife blade.

The company will supply copics of a special
test veport on the RFI shiclding properties of
the new gasket.

INDUSTRIAL MARKER
]4 Markal Company has developed a heavy-duty

felt tip marker especially for industrial ap-
plications. The “Dura” ink marker is avaitable

in cight brilliant colors. The mirks are water-
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proof. dry instantly. and remain permanent. The
heavy-duty extruded scamless ahiminum case is
designed to withstand extreme abuse and neglect.
The felt tip writes fine, medium. and broad and
keeps its shape for sharp writing.

PORTABLE SEMICONDUCTOR TESTER
‘I American Electronic Laboratories, Inc. has

announced the development of a portable,
militarized in-cirenit semiconductor tester de-
signed for quantitative troubleshooting and ve-

pair of scmiconductor circuits on PC boards.

The Model 245-MA is said to be completely
safe and ftoolproof for all semiconductors, in
circuit and out-ol-circuit. The instriment will
measure beta of a transistor. resistance appear
ing at the electrodes of a transistor or diode,
everse leakage of o transistor or diode, a shorted
or open condition of a diode. and condition of
its internal batteries 1o indicate replacement
when required. Power output of the tester is
limited to 0.25 microwatt.

A special feature of the tester is the specially
designed, onc:-hand-operated tri-contact testing
probe which makes positive point contact on
printed-civenit boards. The three probe tips are
casily adjustable by thumb wheels 1o any de-
sired contact pattern.

The unit is powered by replaceuble standard
Type C tlashlight batteries.

COAX FOR COLOR-TV
] Jervold Electronics Corporation in empha

sizing the theme “Coax is a Must for Color’
has developed a new series of products to en-
courage coaxial TV and FM installations.
These products are being marketed as the
‘Coloraxial’ line and include three coaxial an
tennas. two coaxial preamps. indoor and outdoor
matching transformers, a matching transtorme:
kit, pre-packaged lengths of coaxiul cahle with
factory attached fittings. and a comptete kit
which contains a coaxial antenna. cable, indoor
matching transformer, tri-mount. and hardware.

PORTABLE POWER SUPPLY
‘I Terado Corporation is now marketing a

portable power supply that has a selt-con-
tained storage battery and inverter. The “Trav-
Elcctric” provides 117 volts. 60 cycles to operate
lights. soldering ivons. electric drills, tape re-
corders, 117 portable TV sets. radios, hedge clip-
pers, record players, and clecrrical devices.
Frequency is maimained by the use of a tuning
fork and is kept accurate within V& cycle irre-
spective of the changing load. The device weighs
29 pounds, complete with storage battery,
charger, and inverter housed in a copper-clad
stecl casc with handle. The battery can be re-
charged from a regular a.c. receplacle or {rom
a car cigarette lighier.

SOLID TANTALUM CAPACITOR LINE

Union Carbhide Corporation’s Kemet Depart-
] ment is in production on a series of solid
tantalum capacitors with the highest ratings ever
made available to the clectronics industry.

The new A-serics super-capacitance units are
available at 1000 pf., 6 volts d.c.; 680 nf., 10 volts
d.c.; and 39 uf.. 60 volts d.c. A wide range of
ratings at working voltages of 6. 10. and 60 volts
is available in standard can sizes and with stand
axd tolerances.
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make it easy on yourself

See the direct answer—on only the
range-scale you want—automatically

!

Model 360
V O Matic

WITH
BURN-OUT PROOF
METER MOVEMENT

No Reading Errors!
No Multiplying!

Sensitivity 20,000 ohms per volt DC; 5000
ohms per volt AC. Accuracy +3% DC; £+5%
AC; (full scale). DC Volts in 6 ranges
0-6000. AC Volts in 6 ranges 0-6000. AF
(Output) in 4 ranges 0-300 volts. DC Cur-
rentin 5 ranges 0-10 amps. Resistance in
4 ranges 0-100 megohms. Supplemental
ranges also provided on external overlay
meter scales. Meter movement protected
against extreme overload and burn-out.
Polarity reversing switch. Automatic ohms-
adjust control. Fuse-protected shunts. Mir-
rored scale. Complete with 1Y%-volt and
9-volt batteries, test leads, and easy-view-
ing stand. Batteries freshly packed
separately.

Just set the range switch, and only
the scale you want in the exact range
you want appears automatically. In-
dividual full-size wide-view scale for
each range—and only one range-scale

is visible at any one time. Reading is
Net, $5995

clear, easy—and direct.

DYNAMATIC
375 VIVM

It’s automatic! See only the full scale you want

and read the exact answer—directly. No multi-
plying. Eliminates errors. Net, $8995
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The capacitors are designed to operate from

53°C to +85 C with no voltage derating and
can be operated at 125°C when derated to 28
of the nameplate voltage. Capacitance ratings arce
available in = 20 or 10% tolerances. A += 5%
tolerance is available on special order.

INTRUSION ALARM
Radar Devices Manufacturing Corp. is now
] marketing the “Radar Sentry Alarm.” an
intrusion alavin that operates on the Doppler
principle. A single unit €an monitor an area
of up to 5000 square lect. Without movement
the microwave signal remains stable; any human
movement canses a change of 2 1o 4 cps which
is detected, amplified. and then triggers a police-
type siven that is audible up to a half mile away.
Ihe system can be enlarged by mecans of ac-
cessory remote detectors, special fire detectors,
or transmitter/reccivers for central station or
police station interconnection, via leased phone
lines. Also available is a relay for activating house
lights and a battery-operated siven or bell which
warns ol any power line failure or cquipment
l:llllpCl'lllg.

SUBMINIATURE LEVER SWITCH
ZU Oak  Manuofacturing Co. has developed a
subminiature lever switch, Type 184, engi-
neared for applications requiring precision two-
or three-position switching.

Featuring a switching scection only I-inch in
diameter. the new unit has been developed to
provide the original equipment manufactures
flexibility und  reliability in a compact lever
switch. Using a newly developed coil spring and

‘star wheel” eam mechanism to assure positive
indexing, the new switch can be [abricated so
that the lever will either index to both sides or
provide a momentary spring veturn 1o the “off”
or ncutral position,

1 he switch, which measitres only 1-15 /16 inches
high and Y2 inch wide. has a 30-degree throw
and sections are available with up to 22 clips.
Swirch sections can be made with glass silicone
stator and “Kel-F” rotor or molded diallviphtha
late stator and phenolic rotor.

SILICON ZENER DIODES
2‘] General  Instrument  Corporation  has  de-
veloped a new series of one-wutl silicon
zener diodes housed in a miniature hermetically
scaled glass case.

A (urther expansion of the firm’s "Glass-Amp™
diode-rectifier Tine. the new zeners are being
produced in 32 vegistcred EIA types (1N4162
through IN4193) in a range from 10 through
200 volts. A and B sub-tvpes ave available for
tolerances of = 10% (A) or — 5% (B).

The zeners are packaged in the “Glass-Amp™
case, onlv 3607 long and 1507 in diamerter. The
company has been assigned JEDEC outline num-
ber DO-2Y for this conliguration. Operating tem-
peratures are over the vange of — 65°C to 4-175°C
and storage temperatwres are from —65°C to
-+-200°C.

90

Electrical characteristic charts and interchange-
ability guides will be supplied by the company
on request.

HI-FI AUDIO PRODUCTS

INTEGRATED STEREO PREAMP/AMP

KLH Rescarch and Development Corp. has
22 designed an all-transistor stereo preamplifier-
amplifice combination especially for those who
want an instrument capable of driving vivtually
any loudspeaker sysicn.

The moderately priced Model Sixteen is vated
at 70 watts r.mss. +0 db, —1 db from 25 to
20,000 cps with both channels driven simultane-
ously into 8-ohm loads. At 1000 cps, with both
channels operating, it will deliver 43 waus mini-
nusm per channel at less than 1%. IHF music
power rating is well over 100 watts.

The semiconductor complement includes 24

transistors and 3 diodes. The 8 output transistors
are ol the drift-ficld germaninm type which per-
mit broader bandpass at higher levels of power
than was previously possible with germanium
Lypes.

I'here are five rotary switches (program sclec-
tor, volume, bhalance, treble, and bass) and six

slide switches (rhrec-position loudness, stereo/
mono, Lipe monitor, hi. filter, “on-oft,” and
speakers “on” or “oft’

The Model Sixteen is equipped with a special
protective clecirical circuit in its output stages
to protect the unit should the speaker ouwtputs
be shorted. It is housed in a black anodized alu-
minum chassis with a satin-fAnished aluminum
tront panel and Kknobs. It measures 10V27 x 11347
x AW”. An accessory case ol oiled-walnut vencer
is avaitable.

FM-MULTIPLEX SIGNAL GENERATOR

Eico Electronic Insirument Co., Inc. has
2 come oul with a new instrunment for servic-
ing, testing, and demonstrating M- nultiplex
stereo tuners and receivers.

Che Model 312 FM-muttiplex signal gencrator
provides a controlled amplitnde composite audio
signal for direct injection beyond the detector
into the multiplex section of the tuner or recciver.
plus a 100% wmodulated (=75 kc) FM radio
carrier, modulated by the same composite audio
signal, which can he fed 1o the antenna terminals
of the tuner or aeceiver. Frequency of the rf.
carvier is adjustable but is ordinavily set at about
100 mec.

I'his 3147 high

534”7 wide x

12147 deep,

www americanradiohistorv com

ten-pound instruinent owes its convenient size (o
the use of compactron tubes in its circuit. Full
speciications and features of the Model 342 are
available from the manufacturer.

SOLID-STATE INTEGRATED STEREO AMP

Harman-kardon, Inc. has added the Model
24 $A-2000 integrated stereo amplifier to its
line of solid-state hi-fi components. The new all-

transistor unit provides 36 watts (IHF music
powcer) output (18 watts per channel).

Since the amplifier is output transformerless,
it is able to reproduce all frequencies from 8
to 23,000 cps with a flat vesponse within +=} db
at normal listening levels (I wart). At full vated
power, the unit reproduces 10 to 23,000 cps flat
within +1 db. Damping factor is 25:1.

Controls include volume/power switch, bal-
ance, ganged bass and treble controls, contour
switch. low-cut switch, high-cut switch. tape mon-
itor switch, and speaker-detear switch. There is
a front panel carphone receplacte. two con-
venience outlets, a phono input, tape amplifier
input, and two anxiliary inputs. Over-all mncas-
urcments are 13%47 wide x 438” high x 8%4” deep.
The weight is 9 pounds.

SPEAKER-BALANCING RECORD
KSC Systems, Inc. has introduced a new 77
25 15 rpm record which explains how to balance
high-fidelity sterco or mono speaker systeins to
achicve maximum performance in an actual lis-
tening environment.

All speaker controls can be adjusted by ear,
with no instrmments of any kind required. The
vecord demonstrates how the size of the room,
its Turnishings. and speaker placement can aflect
performance. It also explains how to adjust or
align the midrange and treble speaker compo-
nents for highest cfficiency.

VOICE-ACTUATED SWITCH
Kinematix, Inc. has developed a unique ac-
26 cessory switch for low-cost conversion of any
tape recorder to voice-actuated operation. Known
as the “Voice-matic,” the switch can be installed

in only a few seconds without the use of tools.
With the unit installed, the tape recorder auto-
matically starts at the sound of a voice and stops
when the signal stops. The scll-contained micro-
phone has adjustable sensitivity to compensaie
for different noise-level conditions. In addition,
a pause adjustment permits sctting of the time
required for the unic to respond to silence.

A full line of accessorics, including a.c. uacces-
sory cord. audio adapter, contact pickup, mag-
nctic phone pickup, phone-actuated switch, re-
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mote start.stop cable. and high-current relay, is
wailable for use with the switch.

A colorfut brochure detaiting features and spec-
ifications is available.

CB-HAM-COMMUNICATIONS

MECHANICAL FILTER FOR CB
2 Collins Radio Company has recently intro-

duced a low-cost mechanical filter for use
with CB radio equipment. P'riced competitively,
the filter offers a needed improvement in gignal
to noise ratio and permits better communications
on the overcrowded CB [vequencics, according to
the company.
t'he filter offers 6 ke, at 3 db, and 20 kc. at
60 db with electrical and mechanical stability.
Comnplete specifications and prices will be stip-

plicd by the company on request.
The Bendix Corporation has added a new

28 radiotelcphone for conuncicial and pleasure
boitts 10 its tine of narine communications equip
moent

I'he new transmitter/recciver, designated Mod-
cl 73. provides 84 warts of power on six channels.
I he transistorized set features an up-front speaker
and incorporates new circuit designs which the
company claius inercases sensitivity and provides
reater lI'ﬂllSIlll“lllt cfﬁucncy.

MARINE RADIOTELEPHONE

MORSE CODE TYPEWRITER
2 Computronics Engincering is now marketing

the Model 100 ~'Codetyper,” a subminiature
cacle generiator which las only 21 transistors and
is scll-powered by an internal “NiCad™ battery
al("l)l\
loy
produce

teaching code
100.cvele tone JH

the monitor and speaker

keying. o relay contact output is provided. The
speed of the unit is continuousty adjustable from
5 10 55 wpn. The key action is momentary snap
action with clectvieal lockout during chavacter
plus-spacce duration
I'he keyboard's 12:hit word can be quick!
reprogrammed to ASCIL, CCIT, or threec BCD
\ircraft Radio Corporation is marketing the
3[] ‘Bantam, portable v.h.l. AM r1wo-way
radio in the 118:136 mc. frequency raunge.
The trausistorized civcuit can be operated ci

ther by standard dry cclls or long-lifc nickel
cadminum batteries. A sepavate, fully antemnatic

PORTABLE V.H.F. AM RADIO SET

batterv charger is available for use with the
nickel-cadminm storage battery
The rvadio has five controls: “'off-on.”” volume.

squelch. channel switch, and press-to-talk bution
on the miciophone. ‘T he civenit features naoise
controlled squelch. Receiver sensitivity is 0.8 p
for 10 db signal-10-noise ratio while audio ontput
is 250 ww. at less than 10% distortion. | he trans
mitier r.f. output is AM. up to | wart. Modula
tion is 90% maximum. Up to 3 crvstal-controlled
channels are available, with channel spacing of
50 ke

The cntire wnit measures 838”7 high x 512~
wide x 2-1/16” deep and weighs approximately 4
pounds. In the carrying case the weight is 4
pounds, 10 ounces.
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For transmitter |

$500 per month ?

Diversify
into booming
two-way radio
maintenance!

Conservative extra income
from citizens band and
business radio

Frze
booklet tells

you how-—see
coupon below !

maintenance!

105-8
MICROMETER FREQUENCY METER

Measures nearby trans:
mitters, continuous
coverage 100 KC
to 175 MC, and

up. Internal
calibrator.

Only 8
pounds.

PPM METER—inexpessive acces-
sary for the 105-B for 0.0001%
accuracy on split-chonnels.

LAMPKIN LABORATORIES, INC.

MFM Division
BRADENTON, FLORIDA

CIRCLE NO. 1.28 ON READER SERVICE PAGE

LOOK! A NEW
ELECTRONICS
SLIDE RULE

with complete
instruction program

Here’s a great new way to solve electronic
problems accurately, easily . . . a useful tool
for technicians, engineers, students, radio-TV
servicemen and hobbyists. The Cleveland
Institute Electronics Slide Rule* is the only
rule designed specifically for the exacting
requirements of ¢lectronics computation. It
comes complete with an illustrated Instruc-
tion Course. You get four AUTO-PRO-
GRAMMED lessons . . . each with a short
quiz you can send in for grading and con-
sultation by CIE’s expert instructors.

See for-yourself. You willHearn how to use
special scales to solve problems dealing with

SATISFACTION WARRANTY

The Electronics Slide Rule with Self-
Training Course is available only f-om
Cleveland Institute of Electronics,
and is covered by CIE's exclusive

“Satisfaction Warranty”. Order it now
... use it for ten full days. Then, if
you’re not completely satisfied, CIE

will refund full payment.
*U. S. PATENT NUMBER 3,120,342,

CIRCLE NO. 263 ON READER SERVICE PAGE
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dependable low cost equipment
uvsed by thousands of engineers.

205-A FM MODULATION METER

Tunable 25 to 500 MC any
channel. Direct reading.
Light weight. Measures
peak swing 0-1.25,
2.5, 12.5, and 25.0
peak KC.

LAMPKIN LABORATORIES, INC.
MFM Division, Bradenton, Florida

At no obligation to me, pdlease send me free
booklet ‘‘How to Make Money in Mobile-Radio
Maintenance.

Name_
Address_
City

State

reactance, resonance, inductance, AC and
DC circuitry, etc. And, as an added bonus,
you can use this high-quality rule for con-
ventional computation, too.

This all-metal Electronics Slide Rule is a
full 10” long and is made to our rigid speci-
fications by a leading manufacturer of
measuring instruments. Slide Rule, Self-
Training Course and handsome top-grain
leather carrying case . . . all yours for just
$14.95. Cleveland Institute of Electronics,
1776 E. 17th St., Dept. EW-109 Cleveland,
Ohio 44114.

SEND COUPON TODAY

| Cleveland Institute of Electranics |
1776 East 17th St., Dept. EW-109 |
Cleveland, Ohio 44114 I

| [ Please send me your Electronics Slide Rule
with Instruction Course and top-grain |
| leather carrying case.!'m enclosing $14.95. |
]
|

| C

Please send descriptive brochure only.

|

I HAME. (Please Print) - l

| aopress COUNTY. (
CITY. e STATE_ _ZIP_ :

I A LEADER IN ELECTRONICS TRAINING ...SIMCE 1934 l
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MANUFACTURERS' LITERATURE

TWO-WAY RADIO TRAINING
3] Motorola Training Institute is now making

available complete information,on cnroll-
ment and home study for its two-way mobile radio
conrsc.

Thirty-eight lessons are offered, including tran-
sistors, reccivers, transmitlers, power supplies,
antennas, and servicing basic and special
cquipment. Nine reference textbooks are provided
covering basic application of transistors, pulse
techniques, test methods and practice, and
vacum-tube circuitry and operation. More than
twenty technical articles arc also supplied.

TOOL SETS
32 Moody Machine Products Co., Inc. is now

offering a booklet giving complete informa-
tion on their entire line of miniature tool sets.
Featured is a tiny screwdriver that is ideal for
usc on the hinge screws of eycglass frames.

DISTRIBUTION AMPLIFIER
Entron, Inc. is now oflering a 2-page infor-
3 mation bulletin (F-64) containing specifica-
tions and technical data on the company’s Model
LLHD 404R high-low v.h.f. and FM distribution
amplifier.

AVALANCHE RECTIFIERS
34 Sarkes Tarrzian Inc., Semiconductor Division,

has released an application bulletin (64-AB-
11) explaining the operation and advantages of
an avalanche rectifier. Also described is the dif-
ference between a standard rectifier and an
avalanche type.

SEMICONDUCTOR CATALOGUE
3 Hoffman Electronics Corporation is now

distributing a ncw 28-page illustrated cata-
logue covering 57 families of semiconductor
products. The catalogue highlights a host of
new products, inclhuding a new fanily of micro-
miniature regulators, JEDEC-registered tunnel
diodes, four familics of fast-switching rectifiers,
SCR’s, and a [amily of high-reliability micro-
circnits.

Fach family of semiconductor -products shown
has between 3 and 50 members, and complete
clectrical specifications and ratings are provided
for all devices listed.

COMPUTER NUMBERING

Honcywell Inc., Electronic Data Processing
3 Division, has issued a 32-page programmed-
instruction textbook on computer numbering
systems intended to provide self-instruction in
binary arithmetic, as well as introduce basic
concepts of computer numbering systems  for
those new 1o computer technology.

Included with the texthook is a convenient
plastic mat containing binary representation of
6-bit alphabetic characters, decimal digits, and
a listing of special characters.

TV EQUIPMENT

General Electric Company is now making
3 available information on how to obtain its
completely new “Television Equipment Manual,”
Vol. I, a streamlined publication in loosc-leaf
form containing over 450 pages describing the

firm’s complete line of broadcast products.
Including transmitters, cameras, audio equip-
ment, and antennas, the illusirated manual is
intended for TV station wmanagers and chief ¢n-
aincers. It supersedes the company's previously
publishcd “Broadcast Equipment Data Book.”

NICKEL-IRON BATTERIES
Exide Industrial Marketing

3 currently offering a 27-page manual en-

titled “The Nickel-Iron Industrial  Storage

Battery,” a comprchensive digest explaining the

fundamental principles, operation, and care of
this type of battery.

INustrated with graphs, charts, and photo-

araphs and printed in two colors, the manual

Division is

92

describes in detail such factors as physical con-

struction, voltage. discharge and charging
characteristics, and charging equipment and
contiols.

WIRE & CABLE CATALOGUE
3 Continental Wire Corporation is now sup-
plying copies ol a new 33-page, fully illus-
trated catalogue covering a wide
power, apparatus, ardl control cables.
Arranged in tabnfar forin, the booklet pro-
vides information on wire and cable for a variety
of applications, including mining, soaking pits,
boiler rooms, hcaters, motion-picture machincs,
and traffic signals.
Two special  sections  contain  background
inflormuion on wire gauges and dimensions and
National Electrical Code tables.

range of

RESISTOR CATALOGUE

4[] Ward Leonard Electric Co. is now offering

a 12-page.  fully illustrated cataloguc
(D-130) covering the company’s complete line of
“Vitrohm" vesistors. These vitreous enamel wire-
wound power resistors arc available in eight
basic stock types in a wide variety of sizes and
resistance vilues.

Stock tvpes include miniature resistors with
axial leads. fixed and adjustable resistors, strip-
and  disc-shaped resistors, and non-inductive
types.

SWITCH CATALOGUE
4 Carling Electric, Inc., is currently distribut-
ing a new 28-page catalogue describing the
company’s complete line of toggle switches,
slide and push switches, rotary switches, trigger
switches, snap-in devices, and accessories. Fea-
tured is a full selection of “Tippeite” (on-off)

switches.

Complete with illustrations giving device
dimensions, the booklet also provides electrical

specifications for all units shown.

CONNECTOR WALL CHART
4 The Thomas & Betts Company has issued

a comprehensive illustrated wall chart, T91,
wlich shows a full line of compression con-
nectors for use with shielded and coaxial con-
ductors to terminate or ground the shiclding.

The chart, which is printed in color, displays
catalogue and ordering information on con-
nectors covering cable diamneters from .031” to
185”7, those designated from RG-U/6A to
RG-U/316 according to MIL-C-17B. Instructions
on how to install conncctors and descriptions
of (he tools available for such work are also
covercd on this 187 x 23” chart.

COMPREHENSIVE WIRE CATALOGUE
4 Columbia Wirc and Supply Company has

recently released (he most comprehensive
catalogue ever published by the company, cov-
cring complete information and specifications
on the firn's line of wire, cables, and covds. In-
cluded in this 44-page catalogue ave TV wire
and cables, coax, intercom and audio cables, TV
service aids, rotator cables. hook-up wire, power
cords and cable cord sets, and antenna wire
and Kits. The publication is completely indexed
and cross-indexcd.

SOLDER AND FLUX R&D KIT
Alpha Metals, Inc. has brought out a two-
44 color flyer, Bulletin A-105, which gives de-
tails on the firm's ncw solder and flux R&D kit
developed for presoldering research and develop-
ment and for soiving pre- and post-soldering pro-
duction problems.

The kit, which contains 36 solder-chemical
materials, a flux-finder guide and solder selector
chart, a solder atloy chart, and special solt solder
alloy diagrams, is described and fully illustrated
in the bulletin.

CAPACITOR CATALOGUE
4 JTD Electronics Corporation’s Components
Division has veleased a new 8-page cata-
logue describing the company’s full line of
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more than 163 types of “"High Q7 and "High
K" microminiature fixed ceramic capacitors.

The “High Q' line. which mets MIL Spec
MIL-C-11272B, ofters 160 models covering a
wide range ol capacitance values from 0.5 to
10,000 pf. The “High K’ line, providing the
highest capacitance values per unit volume com-
mercially available, meets MIL Spec MIL.C-
11015C and is shnilar in construction to the
“High Q" line.

Also included in the catalogue (UNDM-64-2)
are performance curves and a complete listing
of clectrical charactevistics for cach type of
capacitor discussed.

DECIMAL EQUIVALENTS

John Hassall, Inc., maker of cold-headed

4 fastencrs and threaded parts, has available

a new cdition of its product

decimal cquivalent wall chart.

The chart, which measures 16”7 x 237, is a

quick, easy-to-read reference for engincers and
designers.

information and

MICROPHONE CATALOGUE
The Turner Microphone Company has just
4 issued its 1965 complete-line microphone
catalogue, a 16-page, {-color publication. In-
cluded are all of the firm’s microphones lor cvery
field: CB, broadcasting, amatcur, professional,
home recording, etc.

SWITCH/DISPLAY MATRIX

48 Micro Switch, a division of Honcywell, has

published two brochures covering its “KB”
switch/display matyvix. This new nodular unit
permits bench assembly of an entive matrix of
lighted and unlighted push-button switches.
pushbars, indicators, mechanical interlock “add
on" devices, and necessary hardware for mount
ing and wiring. Data cntry, control, and indicat
ing clements can now be placed in the best
positions and arravs without tooling or costly
customn enginecring since all components can be
bench assembled, wired. and tested.

Form 81-711 includes comprchensive perform-
ance and application data while Form 84-737
lists products in the line along with abbreviated
spees and fcatures.

COMPONENT SELECTOR
4 Cornell-Dubilier Electronics has recently in-

troduced a new concept in marketing, based
on standardization of electronic components. The
new progran is designed to reduce to 7784 the
40,000 items now catalogued hy the company,
permit 90% of orders to be filled off-the-shelf. and
minimize special-order yuns.

In connection with this changeover, the com-
pany has just issued a new component selecior,
a 128-page, fully illustrated catalogue covering all
of the items immediately available {from stock.

NEW KIT CATALOGUE
Heath Company has published Catalogne
50 Supplement 800753, a 48-pagc Dbooklet
crammed with information on the firm’s exien
sive line of electronic kits. The line includes CB
radio gear, general products, automotive equip-
ment, marine gear, stereo/hi-fi. ham radio, cdu-

cational kits, and test instruments.

SEMICONDUCTOR REPLACEMENT

General Electric Company’s Electronic Com-
ponents Sales Operation has recently published
the fifth edition of its popular 10-page, illus-
trated, 2-color “Entcrtainment Scmiconduciors
Replacement Guide and Catalog.”

Covering the firm’s complete line of transis-
tors, rectifiers, dual diodes, crystal diodes, and
color-TV rectifiers, the guide also provides a
handy 5-page fold-out chart listing JEDEC type
of part numbers and their corresponding G-E
replacements.

Copics of the booklet (Pub. No. ETR-2982D)
are available only through the company’s local
elcctronic-components distributors.

ELECTRONICS WORLD
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ELECTRONICS

MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 60¢ per word (mcludlng name and address). Minimum order $6.00. Payment

must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months;

10% for 12 months paid in advance.

READER RATE: For individuals with a personal item to buy or sell. 35¢ per word (including name and address). No Minimum! Payment must accompany copy.
GENERAL 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:

ELECTRONICS WORLD One Park Avenue, New York New York 10016

ELECTRONICS ENGINEERING
AND INSTRUCTION

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

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.

ELECTRONICS—F.C.C. License Training—correspond-
ence, or resident classes. Free details, Write: Dept. 6,
Grantham, 1505 N. Western, Hollywood, Calif. 90027.
REI m_cla? Radio Telephone License in (5) weeks
Guaranteed. Tuition $295.00. Job placement free.
Radio Engineering Institute, 1336 Main Street, Sara-
sota, Fla. -
HIGHLY—effective home study review for FCC com-
mercial phone exams. Free literature! COOK'S SCHOOL
OF ELECTRONICS, Craigmont, Idaho 83523.

FOR SALE

ELECTRONIC IGNITION gives you Reliability, Perform-
ance, and Economy! You get stronger spark, far more
point and plug life, extra power and mileage; fewer
tuneups! Complete instructions and hardware. Very
easily installed. For 12 volt U.S. cars. Guaranteed.
Send $8.95 with your order to: Electronic Ignition, Box
405, Syosset, N.Y. 11791. ORDER TODAY!

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,
I1l. 60656.

GOVERNMENT Sun;us _Receivers, Transmitters, Snoop-
erscopes, Radios, Parts, Picture Catatog 20¢. Meshna,
Nahant, Mass.

DIAGRAMS for repairing Radios $1.00. Television $2.50.
Give make model. Diagram Service, Box 1151 E, Man-
chester, Connecticut 06042,

INVESTIGATONS free brochure, latest subminiature
electronic survelllance equipment. Ace Electronics,
11500-J NW 7th Ave., Miami 50, Fla.

1st of the 2nd preceding month (for example, March issue closes January 1st.) Send order and remittance to: Hal Cymes

INVESTIGATORS—Electronic surveillance devices. Price
breakthrough on ultra miniature professional devices.
Free details. Trol Electronics-EW, 342 Madison Avenue
New York, N.Y.

KOMTRON introduces a complete selection of digital
circuits, starting with a $3.87 10,000 pps reset-set
flip-flop. Send for detailed specifications on all cir-
cuits. Box 275, Little Falls, New Jersey 07424.

NEW supersensitive transistor locators detect buried
gold, silver, coins. Kits, assembled models. $19.95 up.
Underwater models available. Free catalog. Relco-A22,
Box 10563, Houston 18, Texas.

JAPAN & Hong Kong Electronics Directory. Products,
components, supplies. 50 firms—just $1.00. Ippano
Kaisha Ltd., Box 6266, Spokane, Washington 99207.
TV CAMERAS, transmitters, converters, etc. Lowest
factory prices. Catalog 10¢. Vanguard, 190-48 99th
Ave.. Hollis, N.Y. 11423.

WEBBER Labs. Transistorized converter kit $5.00. Two
models using car radio 30-50Mc or 100-200Mc, one

Mc spread. Easily constructed. Webber, 40 Morris,
Lynn, 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.

RESISTORS precision carbon-deposit. Guaranteed f%

ELECTRONIC Ignition Kits, Components. Free Diagrams.
Anderson Engineering, Epsom, New Hampshire 03239.
BUILD TV Camera Cheaper Than Ever! Send 10¢ for de-
tails. ATV Research, Box 396, South Sioux City, Nebr.
68776.

FREE! Giant bar ai?m_ catalog on transistors, diodes, — -
rectifiers, compgnents, valuable parts, equipment. accuracy, Y2 watt 8¢. 1 watt 12¢. 2 watt 15¢. Rock  NAMEPLATES, Decals and Signs of All Kinds. Seton,
Poly Paks, P. 0. Box 942V, Lynnfield, Mass. Distributing Co., 902 Corwin Road, Rochester 10, N.Y. New Haven 15, Conn.
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AMAZING ... NEW

POCKET HOIST

Lifts and pulls up

One Year
Guaranteed ™

Mutual Canductance Lab tested
Indhe aually Boseo. Brandeo
and Cude vates
Tubes are new,
or used ang 50
marked.

#Finest ELECTRONIC CLEANER

6AT6 6CD6
6ATR 6CFS 6F6
IHS 6AU4 6CGT  6M6 (33} 6W6

12BH7
12BL6
12BY7

TUBE

65H7 6W4

to 2000 Ibs. One

hand operation! 13 AUS 6CGR 615 k1 eXiics i all purpose
L4 6AUS SCM 12CAS .
\ ONLY 114 save T NOt Shi ed 125N7 CARTONS ELECTRONIC
$ 95 Tus 6Aws pp 125Q7 chapCross
] X2 6AX4 4 hfs 2516 RED L BLACK
| 3cB6 68A6 2526 WITH BUILT IN
sus escs Y 0 u R swa | Smeoiar
. Sv+ 6BD6 3523 m—
Weighs only | sv3 68BGs 3525
13 ounces 6A6  6BHE 50L6
D
| 648 6BJ6 24
‘ S per | 6284 cBLy 27 el
| 6ACT 68N+ 11 nnr:u: e antns
Complete with ’j TUBE ¢ucs cane W5 s e
3 100 T . | 6AKS 6BQ6 6CZ5  6K6 65N7 47
100 feet of 550 Ibs. D UBES OR MoRe: || A1 206 6CZ5 e o & =40
per strand nylon cord, with 30¢ PER TUBE J 6ANBGC 6DA1 607  gsa1  apoe 77 sae | B [ 200, Lo, sensational
tooled lifting slings and § carrying i Sasecs 6DES 653 U7 g "“"K"VALUE
welded steel rings bag! U $A33 ECBS 6DQ6 6547 ug ooy :
’ | ” QOther tubes and CRT's at fow prices. send for free list 17517 e 1 ane o ose e ictome g
As powerful as it is small!

Carry it in your car, tuck it
in any drawer. This finely
engineered precision device
has hundreds of uses
around home, shop, boat,
factory, warehouse, etc. No
more struggling to lift heavy
objects. Do it with one hand
. and a POCKET HOIST!

? ﬂecg'a[ I8 Prestige & Success are vours as an
ELECTRONIC EXPERT!

With™ every $10 Order

per tube

(No Limit) from this Iist.
6AGS 6SNT
6AUG 6)6  6Y6
BAQS 6KE  6W4

FOR CORNELL CUSTOMERS ONLY by

@ CONSUMER SERVICE COMPANY ° e g R e R T
® 160 Mercer St., New York, N. Y. 10012 4 Console - t
P X K ® seit Service oASTEIEVECT MIGINGIAND) 3
Enclosed is $ for——Pocket Hoists at $6.95 g | |yube Tester FLECTRONICS COURSE ONLY £3.00 TERMS: add 3c per tube
® . plus 35¢ ea. for postage and handling. ® shipping. Orders under $5.00
: (N. Y. C. residents please add 49 sales tax.) 4 add 3c per tube shipping
Foreign orders $1.00 additional. ® 7 . ; plus 50c handling. Canadian
4 P4 et S T SR orders add approximate
° - iy finding 1 postage. Send 25% deposit
® Name (Piease prinT) EW-55 o on C.0.0. orders. No C.0.D.
[ 4 d S — ® orders under $5.00 or to
: Address P4 Canada, No ‘24 :r, :‘ree :’mer
City State Zip Code ® on personal check orders
: Sorry—No Charges or C.0.D. orders. ® 4217 University Ave., San Diego , Calif. 9210 5 5-DAY MONEY BACK OFFER:
0000000000000000000000000000

May, 1965
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SILICON RECTIFIER SALE

DELIVERY
NEWEST TYPE
FULLY TESTED

IMMEDIATE
FULLY GUAR'NT'D
AMERICAN MADE

750 MA-SILICON “TOP-HAT' DIODES
LOW LEAKAGE FULL LEAD LENGTH
S PIV/RMS | PIV/RMS | PLv, RMS

50/35 100/70 200/140 300/210
.05 ea __-07 ca .10 ea .12 ca
PIV/RMS PIV/RMS PIV/RMS PIV/RMS
400/280 500/350 600/420 700/490
-14 ea .19 ca .23 ea 27 ea
PIV/RMS PIV/RMS PIV/RM5 PIV/RMS
800/560 900/630 | 1000/700 | 1100/770
35 ea .45 ea - 75 ea

ALL TESTS AC & DC & FWD & LOAD
SILICON POWER DIODE STUDS

D.C. 50 PIV 0 PIV 150 PIV 200 PIV
AMPS 35 RMS 70%Rms 108 &MS 140 RMS
.08 12 .16 .22
e .25 -1 .6 75
35 .6 .90 1.25 1.40
50 1.50 1.75 2.20 2.60
100 1.60 2.00 2.40 3.00
D.C. 300 PIV. 400 PIV. 500 Plv 600 PIV
AMP5 210 RMS 280 RMS 350 RMS 450 RMS
3 .27 .29 .37 “as
19! .90 1.30 1.40 1.65
a5 2.00 2.35 2.60 300
50 325 4.00 4.75 6.00
100 3.60 4.50 5.25 7.00
““SCR” SILICON CONTROLLED RECTIFIERS ‘‘SCR"
7 16 25 7 16 25
PRV AMP AMP AMP PRV AMP AMP AMP
25 .30 .50 .85 [ 250 1.75 2.15 2.50
50 .45 .75 1.00 fl 300 2.00 2.40 2.75
100 .80 1.25 1.50 M 100 2.40 2.75 3125
150 _-90 1.60 2.00 M 500 3.20 3.40 3.80
500 1125 1.80 2.25 600 3.40 4.00 4.50

SPECIALS! SPECIALS!

100 Different Precision Resistors ¥2-1.2 watt 1/2%
N UL o ap o arao biehr 200180 ar o i $1.
2 AMP 1000 P|v Srlrcon Power Rec’t .70 ea.
10 for w. .. .ol el wAAS $
Filament Transformer Pr|—120V SEC 63V at 1
BMP o
TYPE 1N34 DIODE GLASS 07 ea ......100 for $5
240 Amp 200 PIV SIL POWER RECT ...... $7.50 ea.
Money Back guarantee. $2.00 min. order, Orde:s-
F.0.B. NCY. include check or money oruer shpg.
charges plus. C.0.D. orders 25 % down

Warren Electronic Components

230 MERCER ST. N.Y. 10012 N.Y. OR-3-2620

CIRCLE NO. 259 ON READER SERVICE PAGE

ACHTUNG! Das machine is nicht fur Gerfingerpoken
und mittengraben. Is easy schnappen der Springen-
werk, blowenfusen und poppencorken mit spitzen-
sparken. Ist nicht fur gewerken by das Dummkopfen.
Das rubbernecken sightseeren keepen hands in das
pockets. Relaxen und watch das Blinkenlights. This
attractive, engraved metal plaque only $2.00 ea. ppd.
Southwest Agents, Dept. E, 8331 Hwy. 80 West, Fort
Worth, Texas 76116.

CANADIANS, transistors, all semiconductors and com-
ponents. Free catalogue contains reference data on
300 transistor types. J.&J. Electronics, P.O. Box 1437,
Winnipeg, Manitoba, Canada.

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.

NEED RESISTORS? Factory fresh, NAME BRAND, 12
watt, 10% standard carbon resistors. Any regular
value from 10 chms to 2.2 megohms, $.05 each! Post-
paid. Any quantity assorted. Minimum order $1.00.
TEPCO, Box 508, Tullahoma, Tenn.

TRANSISTORS—Miniature Electronic Parts. Send for
Free Catalog. Electronic Control Design Company,
P. 0. Box 1432M, Plainfield, N.J.

TRANSISTOR Ignition Coils 400:1 Special $3.95. Two
Delco Transistor Cascade Amplifier (15 Amp) in Ano-
dized aluminum Heatsink. Below Parts Cost at $5.95.
4/10-6/10 80 Watt Ballast Resistors, 69 Cents, 6-10
Volt 20 Amp load Relay with fuse, 99 cents. Complete
Kit for 6-12 Volt Negative Ground, $9.95 postpaid.
Orders under $5.00 Add 50 cents postage. Closeout,
all new merchandise, supply limited. Electronic Ligui-
dators, Box 1946, Grand Junction, Colorado.

DETECTIVES! Free Brochures! Electronic intelligence
devices for your needs and budget. SILMAR ELEC-
TRONICS, 3478 N.W. 7th Street, Miami, Fla. 33125.

AUTO Reverberatlon Units Wholesale. Signal Systems,
31160 Eight Mile, Farmington, Mich. 48024.

RESISTORS. Newest type Metal-Film, Copper Circuit
Board, Capacitors, Terminal Blocks, Free Catalog.
Farnsworth Electronic Components, 88 Berkeley, Roch-
ester, New York 14607.

FREE catalog: Wholesale electronic parts and equip-
ment. Royal, Box 2591, £l Cajon, Calif.

MICRO SPECIAL TO ELECTRONICS WORLD READERS ONLY!

M1 CR O

LARGE, SELECT STOCK!

SINCE 1957

EVERY DEAL A FAIR DEAL

DEPENDA BLE, FAST SERVICE!

. E:r:rly' tube tested in our own !ahoratory for mutual conductan New at MICRO!
= o e ﬁlu:rafliee‘ FREE rclacement for one vear of any tube purchased 25-WATT POWER
etic bl >
v ZZ‘E.’L‘..‘:Sn‘;‘f"ﬁfon‘.L? rorumds on any Z'p'nsé.".’ve e.'né}"c‘i,f;ﬁu‘."sg."‘: l“"’ o TRANSISTORS
:" O et factory ocanas or usead tuhes—cach clearty so marked. | o YOUR 79 = ¥ $2
042 AB4 6827 6K7 6WECT 7F8 128Y7 CHOICE ea Cy
0za 6Ca 6 EX4 12CAS
e= (I, 12 2N155 | 2N301 | 2NT136A
(-9 H4G 12L6 2N156 2N301A [ 2NT1136B
HE | g e
= I 13357 N138 | 2N325 | 2N11378
o s 125%7 | 2N138A| 2N350 | 2N1138/A/B
— 13397 N176" | 2N350A | 2N1245
174 12V6GT 2N178 N351 2N1246
1u4 lzwecy 2N179 N351A | 2N1291
S ERE 1323 2N234 [ 2N352 | 2N1293
=4 ix2 1347 34A | 2N353 | 2N1297
= A y2e g 35 | 2N376 | 25B25
S E 1307 35A | 2N376A | 25B26
o BNE j W= 2N235B [ 2N386 | ARS
<< 826 PER 19audeT| 2N236 | 2N387 | ARS
cre Avs 536 2N236A | 2N399 [ ARS8
[ cre ave HUNDREO 1978 36B | 2N400 | AR
LFa aws for ASSTD 23S 42 | 2N401 | DS503
= g: 25BQ6 50 N554 DS520
= va 25DN6 51 N555 ET-6
bl 48074 Zowier 55 |2N589 | CT-1124
i | NRR NG | BT
o ATS Be*
b=l sAve feRes  |eme  [eEl i 3 | ¥ N23ea | NT03% | %0
(4] BK7 BF6 6CcM7 65F7 78B4 12AT7 3585 WTVPwr2s
] J6 BG6G 6CN7 65J7 78BS 12AU6 CcSs 68 N1039 wr
= T8 BHE 6CS6 SK7 Ré 12au7 3ISLEGT 68A | 2N1040 | WTVPwr12
vac 846 6CU6 65L7GT 787 12ave 3SWY 85 N1041 | WTVPwr6
us BKS 6DE6 6SN7GT 788 12AV7 Ya WTV89P
46 BK7 6DQ6 65Q7 7C43 12AX4GT 352567 2N285A [ 2N1046 wr
V6GT BL7GT F6 6557 7Cs 12aX7 2N296 N1136 | WTVI199Pwr
8 BN6 6HE 674 768 12427 39,44 N3
Y3GT BQ6GT 6J4 678 7C¢7 12B3 43
7¢ &3 &ve 7 1387 45 EXTRA SPECIALS:
P28ES 2082 6/12 voit V1B 89¢
1ZBF 6 50CS
12BH7 S0L8GT 6/12 volt New VIB §1.49
b Ht] oX6 50 watt 25K Sprague Resistors 30¢

] C RO

P.0. Box 55 Park Sta. WRITE DEPT.ELEBFOR QUR FREE

ELECTRON TUBE CO.

Not Connected With Any
Other Mail Order Tube Co

‘Paterson 3, N. J.

LOMPLETE LIST OF TUBES &
SPECIAL PURPDSE TUBES

ALL TUBES SENT PDSTAGE PAID. Please send 35c handling for orders under $5. Send
25% dep. on C.D.D. orders. Send approx. postage on Canadian and foreign orders.
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oo p SR n EEPTHINNEGIT 9ia 084238

reasons why you
will want this
exciting book of
electronics
projects:
® Car Battery Saver ® Electronic Stop
Watch @ Build a Telephone Beeper
® Plug-In Transmitter Crystal Switch
® 40-Meter Antenna for Small Roof
and 67 other great projects...
One Tube Screen Modulator e X-Line Tachom-
eter » Build a Stereo Indicator » Nonsense Box e
Better Model Contro! e X-Line Charger e Cheater
Cord Deluxe  60-Cycle Repuision Coil Reso-
nance Engine ¢ Automatic Safety Flasher e Handy
EP Pack o 2-Meter Simple Superhet e The Signal
Stethoscope o VHF Listener o 2-Tube Superhet
for 80 Meters e Transistorized 6-Meter Converter
e SCR Tester ¢ Multiple Meter Test Set e The
Squealer o Build The Reflectoflex « The Cloud
Sentinel ¢ Sports Car Mike Stand e Boost Box e
Loud Hailer For The Telephone e Extra “Lamp
Handee" e Footpads for Headphones e The |dento-
Minder ¢ AND MANY MORE...

HERE IS THE LATEST, MOST EXCITING

COLLECTION OF ELECTRONICS PROJECTS
AVAILABLE ANYWHERE.

Each project is complete with detailed charts, cir-
cuit diagrams, cutaways, photographs, step-by-
step instructions—and each one means hours of
fun and excitement.
If you enjoy the challenge of building useful elec-
tronic devices...this is the book for you 125

only
FILL IN, DETACH AND MAIL THIS COUPON TODAY !

| ZIFF-DAVIS SERVICE DIVISION, Dept. EEH |
| 589 Broadway, New York, N.Y. 10012 |
| Please rush my copy of the ali-new 1965 |
| ELECTRONIC EXPERIMENTER'S HANDBOOK. |
My $1.25 (plus 15¢ for shipping and han-
: dling; 25¢ outside U.S.A} is enclosed. :
| }
: name please print B :
: address EW-55 :
| city state zip code |
R S e S —

ELECTRONICS WORLD
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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 ID-6B/APN-4, and RECEIVER R-9B/

APN-4, complete with tubes. Exc. Used....$88.50

CRYSTALS ¢ CRYSTALS ¢ CRYSTALS
We have one of the largest stocks of Crystals in
America! All types: Ham Band, Citizens Band, Test
. Send us your CRYSTAL Require-
ments for Prompt Service!

FAMOUS BC-645 TRANSCEIVER
15 Tubes 435 to 500 MC

Can be modified for 2-way

NEW! APN-4A Receiver-Indicator as above, changed
to operate same as APN4-B for improved perform-
........................... NEW $88.50
$2.95

INVERTER POWER SUPPLY for above APN-4. INPUT:
24 V DC. QUTPUT: 115 V AC, 800 cycles. Like
NEW .. coq® .k 3 baiod= . 36, Jdm ddl § Ll w $22.50
Like New.

We carr e line of repl
accessorles for abovc

P.U.R.
parts and

me. citizens radio 460-470
me. ftixed and mobile 450-
60 mc. television experi-
mental  470-500 me. 15
tubes (tubes alone worth
ln}'ore than sale price!); 4—

6F6, 2—935 and l—\VE-
318A. Now covers 460 to
490 mc. Brand new BC-645 with tubes,
less power supply In factory carton.
Shipping weight 25 lbs. SPECIAL!. ...
PE-101C D)!namotor. 12/24V input
UHF Antenna Assembly .

Set of 10 Plugs

LORAN R-65/APN-9 RECEIVER
& 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-
dition = caw: « e aieges - 5 - - -

Used, with all parts, less tubes, crystal
and visor .. ............ .... Special $29 50

INVERTER POWER SUPPLY for above APN-9. INPUT:
24V DC. QUTPUT: 115 V AC. 800 cy. Like New $22.50

Shock Mount for above .................. $2.95
Circuit diagram and connectmg plugs available.
we carry a e line of re parts and

accessories for above.

Control Box ....... e
SPECIAL “PACKAGE" OFFER:
BC-643 Transceiver, Dyn1mntor and ail accessories
above. COMPLETE, BRAND NE\

While Stocks Last

BC-375 TRANSMITTER

100-Watt  AM  Xmitter, CW. MCW, Voice. Freq.
Range: 200-500 K¢ and 1500-12,500 Kc., using
plug-in tuning units_listed below. For use with 23V
DC power supply. Complete with all tubes, $28 50
exc, used . ...

PE-73 24V Dynamotor Power Supply For Aboxc
like new 0.95
BC-191 Transmitter, samc as abov exeept {or 12V
DC power supply. exc. $28.50
TUNING UNITS for BC- J7\) and BC-191 above P.U.R.

AN/ART-i3 (00-WATT XMTR
11 CHANNELS
2060-1500 Kc
2to18.1 Mc

complcete with Tubes

Famous Collins Autotune Aircraft Transmitter. AM
CW, MCW. Quick change to any of ten preset chan-
nels or manual tuning. Speech amplifier/clipper
uses carbon or magnetic mike. Highly stable,
highly accurate VFO. Built in Xtal controlled cali-
brator. PP811s modulate 813 in final up to 90%
class ‘B.'" A Real ““HOT'' Ham buy at our low price!

AN/ART-13 XMTR, as above. In LIKE NEW 89.50
condition, with all tubes and crystal. . $

0-16 Low Freq. Osc. Coil for ART-13........ 7.95
24V Dynamotor for ART-13...........,....11.95
We carry a complete line of spare parts for above.

AN/ARN-6 RAGIOC COMPASS DF RECEIVER 100 to
1750 Kc in 4 bands. Builtin vibrator power supply
for 24V DC. Complete with tubes, 529 50
exC. Used, wocmaperan k-4 baoké =ammnn + wf .

LIKE ........................... $16.50
Conversron instructions, with diagram, for 110 V
AC operation .......... oG o agewe s -rmP B9

' Top quality 2” os-
TS-126/AP TEST 'SCOPE [3n,cumliv 20 9%
positioning, focus, gain and lnlen}.ltv controls. Siuw
tooth sweep triggered by external neg'nwo mp or
an be switched 10 self-triggering for 115 VAC 400.
1600 cycle operation. BRAND NEW. complc(c $24 50
with tubes and cables.
As above, like new cond ll 1, complote \\IH 1|| tuhes,
demilitarized . . .5 oo @me v fad T - -$13.75

LM FREQUENCY METER

rystal calibrated modulated. Heterodvne., 125 KC
10 20,000 Ke. with Calihration book. 9 50
Complete. like new . .............c0c0.n

LM Frequency Meter as nhme completely checked
out. with tuhes and crystal, less calibra-
tion book. Exc. Used. clean

BC-906 FREQ. METER—SPECIAL

Cavity type 145 to 235Me. Complete with antenna.
Marnual and original calibratlon ch'u‘ts in- $14 50
cluded. BRAND NEW. OUR LOW PRICE.

BC-221 FREQUENCY METER
Equipped with original calibration charts. 125 Kc. to
20,000 Kc with crystal check points in ail ranges.
Excel. Used with original Calibration Book. Crystal,
and all tables, CHECKED OUT.

Unmodulatea  $89.50 Modulated .. ..P.U.R.
A.C. Power Supply for BC221. checked out. ..%$24.50
BC-221 1000 K¢ Crystal Brand New e $895

BC221 FREQ. METER CASE, aluminum with volt.
reg. supply. Shoeck mounted. BRAND NEW. .$2.95

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 {l, Korean
War, and later. We maintain one of the
largest stocks of Government Electronic
Surplus Equipment in Americal

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
STOCK!

All packing and shipping is made directly
from our own warehouse in NYC to give
you substantial savings in bhandling costs!

ARB/CRV 46151 NAVY AIRCRAFT RQDIO RECEtVER

180 to D(mn KC in 4 bands: 19 . 850-1600,
3-6 Me, 6-9.050 Me. 8-tube super with loecal and
remote tuning. hand change. Complete

with tubes amil dynameotor, like new .

As Above, brand new . .. ... ... $79.50
tower Supply. 110 V AC wired < $ 8.95

UNIVERSAL POWER SUPPLY
For all Command Transmitters and Modulators,
and others requiring:

INPUT: 117 Volts 50/60 cycles AC.
OUTPUT: 450 volts @ 150 Mils Max; 250 volts

@ 50 Mils Max; 24 volts @ 2 Amps Max,
Carefully designed, using top quality components
—Completely wired and tested, specially priced
at $29.50

SCR-522 2-METER TRANSMITTER-RECEIVER

Terrific buy! VHF Transmitter-Receiver, 100-156
Mc. 4 channels. Xtal-controlled. Amplitude modu-
lated voice. Complete with all 18 tubes, top rack
and Teﬁflvcase. LIKE NEW! P.UR
SPECIA PRICED g: - imm: = bdTooa q g

$32.50

SCR-625 MINE DETECTOR

Complete portable outfit in origi- 50
nal packing, with all accessories. 534
Brand New . ... ..scvseme ae g5 oaem

EXe., Usedl . ops . m-nl b0 Gl . $24.50

BC-659 TRANSMITTER & RECEIVER 27 to 38.9 Mc
FM. Two preselected channels crystal-controlled,
5 to 10 watts. Complete with speaker 2-, 50
tubes. NEW . ..o oo $
Vibrator Power Supply for BC 659,

6/12/24V. Exc. Used . ... ... ooree... $11.50

AN/APR-4Y FM & AM RADIO RECEIVER
High precision lab instrument, suitable for
monitoring and measuring frequency and relative
signal strength of signals from 38 to 4000 Mc.,
tn 5 ttunmgbur}ltt ranges. for 110 V 60 cycle AC
operation, built-in power supply.

LIKE NEW. SPECIAL $79.50

L8, TN-19 and TN- 54
Tunlng Unlts ror above in stoek. P.U.R

AN/APT-S5 AIRBORNE RADAR SET (Jammer) 69 50
Complete with tubes, exc. used . ....... $ .

FL-8 FILTER with PL55 Plug . ... ... qmma

EE-8 FIELD PHONES

Checked out. perfect working or-
der. Complete with all parts. Excel-
lent Condition. 14 5
LIKE NEW! Each ......

ARC-3 RECEIVER!

Complete w-th AII mbes EXcC. Used ..... $21 50
©33.50

Crystal- conlroned 17 tube superhiet. tunes from 100
to 156 MC., AM., on any preselected channels.
28-volt DC power input. Tubes: 1-3002. 6-6AKS.
1-12SH7, 3-125G7, 1-3001, 1-12H6, 2-125N7,
1-125L7. 1-12A6.

110 V A.C. Power Supply Kit for ahove 15, 00
Factory Wired and Tested . 19.9

ARC-3 TRANSMITTER

Companion unit for abhove tunes 100 to 156 MC on
any ore-selected channels. 9 tubes, crystal con-
trolled. provides tone and veoice modulation. 28V
bC
2-6L6. Exc. Use(

ower lnnut Complete with afl $1895
Like new condith

2A. 1-12SH7. 1-6J
on G
ARC-3 PUSHBUTTON CONTROL BOX ..... $ 5.95

Tubes: 3-6V6

MICROPHONES Checked Out, Perfect
T-17 Carbon H:md Mike.
- Brand New $7.95

Exe. Used $4
ILlke New $5.75

DYNAMOTOR VALUES: Excellent BRAND

Type Input Output Used NEW
DM-32A 28V 1.1A 250V 05A 2.5 4.45
DM.33A 28V 5A 575V .16A B

28V 7A 540V .25A 4.45 7.50

DM-34D 12V 24
DM-35 12V
DM-36 28V 1.4A
DM.42 28V 23A

220V .080A 4.15 5.50
625V 2254 —  19.50
220v .080a 1.95 2.95
515/1030/2/8

MA 215/260 — 12.50

220V .080A 3. 75 s.4s
ke New)
PE-73C 28V 20A 1000V .350A 8. 95 $10.95

PE 86 23V 1.25A 250V .OSOA 2.75 3.85

DM-53A 28V 1.4A

PE 101C Dyn_amotor. 12/24V input..........%$7.95
DM-37 DYNAMOTOR. Input 25.5 V DC 9.2 A, Out.
put 625 V DC @ 225 Ma. BRAND NE\V Eﬂch $3.25

Navy ’I\pe Carbon Hand Mike.
Exe. Used $3.95

HEADPHONES Checked Out, Perfect
Mo Description

HS.23 Hizan Impedance
HS$.33—1Low |Impedance
HS-30 Low imp. (featherwt.) . .. (o o

H-16/U. . .High Imp. (2 units) 3. 75 7.95
YELEPHONICS—GOO ohm Low Impedance HEAD-
SETS. BRAND NEW. PER PAIR .95
CD-307A Cords, with PLSS nlug and JK26 Jack .99
Earphone Cushions for above—pair .50

SCR-274 COMMAND EQUIPMENT

ALL COMPLETE WITH TUBES Like BRAND
Type Description Used New NEW
BC-453 Receiver
190.-550 Kc. . .514.95 $18.95 P.U.R.
BC-454 Receiver 3-6 Mc. 515 95 P.U.R.
BC-455 Receiver 6-9 Mc. . .$13.95 $19.50 P.U.R.
BC946 Recciver 550-1500 K¢ Complete with all
tubes. Brind New. in original p'lcklng JU.R.
1.5 to 3 MC. Receiver Brand Ne . 1.50

110 Veolt AC Power Supply for all 274 N and
ARC-5 Recelvers. Complcte with metal case, in.
sLru . Factor; lred tested, ready to oper-
ate oleemed AR T Ik Cbe 0. o mb . sl alid . $12.50

SPLINED TUNING KNOB for 4-N and ARC-5
RECILVERS. Flts BC- 45-1 BC 454 and 49
nthers nly

10 3 Me 'lnm mll[er Br:md I\(. B 12.95
BC 457 TRANSM R—4-5.3 Me. comnlete $11 95
with all tubes aml cl\ital BRAND NEW
l.ike New . %7
BC-458 TRANSMITTER—a 3 to 7 Mec. Coml)lote \VIUI

all tubes and cryslal 95
DR \\l) NEW Am )
Like NeW. .. ffee - cco oh. v gpe i @ Sl A€ - B e b 95

) .58,
BC-696 TRANSMITTER 3.4 Mc COmplebe with $1 3 50
All Tuhes & Crystal. Brand New . .
Ex

BC 415 ‘\Ind 11ato 5.95
ALL ACCESSORIF§ AVAIL/\RLF FOR ABOVF
ARC-5/T- 23 TRANSMITTER 100-156 Mec., includes
tubes: 2.832A, 2.16G25 8 50

BRAND NEW. with Tuhc= . -

Used, with Tubes. 2.50— Used, less tubes. .$5.95
ARC-5/R-28 RECE! VER 2.meter sunerhet 100 to 154
Me.. in 4 crvstat channels, Comnlele with 524 0
10 tubes. E\cellent Use E o

Iike NEW $29.50

234-258 MC RECEIVER AN/ARR-2

BRAND NEW 11.tube UHF Tunable Recclver with
schematie. Only a few at this low price! $9 99

Please include 25% Deposit with order—Balance
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.

Complete with tubcs. Exe. used $6.95
2 VOLT BATTERY ‘‘PACKAGE”

1—2V. 20 Amp. lh Will'\r-l Storago Battery.

Model 220-2. x X 51" high . ..... .79
1——2V, 7 prong Svnchronous Plug-in \'nhratox . 1.49
1—Quart Bottle Electrolyte (for 2 cells) . 1.45
ALL BRAND NEW! Combination Price ...... .$5.45

G & G RADIO SUPPLY CO.
Telephone: CO 7-4605
77 Leonard Si, New York 13, N. Y,

WILLARD 6-VOLT MIDGETY
STORAGE.BATTERY

3 Amp. Hour. BRAND NEW. 3%3” x 1-13/16" x

02:/]'3” Uscs bt:mdaxd Electrolvte.
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Rectifiers & Transistors

750 ma. Silicon Diodes Silicon Power Diode

‘“‘Epoxy’’ or “Top Hat" Stud 3 amps.
PIV PIV PIV PlV

50 S¢ 600 21¢ 25 6¢ 300 25¢
100 7¢ *700 25¢ 50 8¢ 400 28¢
200 10¢ *800 32¢ 100 14¢ 500 35¢
400 14¢  *900 40¢ 150 16¢ 600 40¢
500 18¢ *Top hat only | 200 22¢  All tests

Full Leads, Tested, Guaranteed. American made.
10 watt Sil. Zener stud 6-150v
1 Watt Zener Diode Axial leads 6v-200v....
Sil. diode stud 1500piv 300 ma...........
18 amp. Stud Sil. rectifier 100 piv
Sil diode 1500 piv, 50 ma, axial 5¢
Hi- Voltage—Snllcon epoxy dlode 22"x% ”xl/z"
HOFFMAN—3000 piv—200 ma. 1.4
HOFFMAN-—6000 piv—200 ma. ..
Thermistor, glass bead, 1200 ohms, 600°F.2/$1.00
Silicon Power Transistors—85 w. 2N1724 $1.50
20 watt Germanium (internal heat sink)

2n1038 ....8 for $1.00|2n1042 ....6 for $1.00
2n1039 ....6 for $1.00 |2n1043 ....4 for $1.00
2n1C40 ....4 for $1.00 | 2n1044

..... 2 for $1.00
70¢

201041 ....2 for $1.00 | 201045

Light Dependent Resistor
75 ohms - 10 meg, 100 volts, 150 mw $1.75 ea.

150 Watt Germanium Power
2n250 ... ..2/$1.00 | 2n457A
2n456A ..70¢ | 2n458A
HF Silicon—2N702-—100mc 40¢; 2N703—150mc 60¢
Germanium switching transistors 2N1300

series assorted, tested, PNP or NPN. 10 for $1.00

Philco Sil. NPN, 2N2479 new...... for $1.00
2nl117, Silicon . g - e i fe 5 for $1.00
2n243. Silicon Power ............ 4 for $1.00
HF Silicon tetrode, 3N35 ......... .. 75¢ ea.

Sil, diodes 1IN200 series, asst'd new 15 for $1.00
Ger. diodes, glass, new. 15 for $1.00
Nickel-Cadmium Battery 91 02, 8 amp-

hrs, 23a”x34"x4Y2" ... .. ... ... $1.95 ea.
Magnetic reed switch with mountmg ....75¢ ea.
12 ditferent volume controls ............. $1.00
Varicap—voltage variable capacnor —
7 pfatdv., 4:1, new ....... $1.25 ea.

SILICON CONTROLLED RECTIFIERS
PRV 7 16 | PR 1

v 7 6

amp amyp amp amp

25 +«28 .4 200 .05 1.70
50 .48 .70 1 300 1.60 2.20
100 .80 1.20 } 400 2.10 2.70
15 .80 1.50 | 500 2.80 3.30
ALL TESTS STUD TYPE 600 3.00 3.90
MoOney back gnaraniee, $2.00 min. order, inciude

nostage. catalogue 2Sc¢

Electronic Components Co.
Box 2902 Baton Rouge, La. 70821

CIRCLE NO. 140 ON READER SERVICE PAGE

WANTED

QUICKSILVER. Platinum, Silver,
Free Circular.

Gold. Ores Analyzed.
Mercury Terminal, Norwood, Mass.

CASH Paid! Sell your surplus electronic tubes. Want
unused. Clean radio and TV receiving, transmitting
special purpose. Magnetrons, Klystrons,
types. Want military and commercial lab/test equip-
ment. Want commercial Ham Receivers and Trans-

mitters. For a Fair Deal write: Barry Electronics, 512
Broadway, New York, New York 10012 (Walker 5-7000). |

TECHNICIANS— Cash for Gold Transistor Leads. $5.00 |

Per Pound. Mail to 3307 Oakwood Drive, Fort Wayne,
indiana.

ARC-27, ARC-3, ARC-38, ARC-44, ARC-52, ARC-55,

ARC-73, ARC-84, RT-220c/ARN-21, APN-22, R-540/ARN-
14c, ARN-18, ARN-59, 51X-2/17L-7, 17L-4, RT-68/GRC,

Test Sets With ARM, UPM, URM, SG, Prefixes. Top
Dollar Paid. Slep Electronics, Drawer 178-ZDEW, Ellen-

ton, Fla. 33532.

GOVERNMENT SURPLUS

JEEPS $64.50 . .. Boats $6.18 ...

Airplanes, Electronics Etquipment, 100,000 Bar-
gains Typically like These Direct From Government in
Your Area. For Complete Directory and Surplus Cata-
log Send Only $1.00. Surplus Service, Box 820-K,
Holland, Michigan.

JEEPS—$62.50, Transmitters-—$6.18,
$4.15, Walkie-Talkies, Oscilloscopes, Multimeters.
Iypical Surplus Prices. Exciting Details Free. Enter
prises. Box 402-B10, Jamaica 30, N.Y.

broadcast

Typewriters $4.15

Typewriters—

SURPLUS
ELECTRONIC BARGAINS

Transmitters, Receivers, Radar, Loran Test instru-
Headphones, Var. & Oil Capacitors,
Plate & Fil.

Xfmrs, Dynamotors, Blowers & many
other items. For Industry, Schools, Labs. & Ama-

WRITE FOR BUL #42—Loads of Bargains
R.W. ELECTRONICS, INC.

2244 So. Michigan Ave. Dept. 573

Chicago, liinois 60616 Phone 225-1281

CLASSIFIED ADVERTISING ORDER FORM

Piease refer to heading on first page of this section for complete data concerning
terms, frequency discounts, closing dates, etc.

f @

1 2 3 4 [
B 3 7 ] 9 i0
i1 12 i3 14 15
16 i7 13 19 20
21 22 23 24 25 =
26 7 28 29 30
B 1] 32 33 33 35

.35 Reader Rate l

such as 35mm, COD, PO, AC, etc.,

Words | @ ‘60 Commercial Rate § $ —
Insert time(s) Total Enclosed $
NAME
ADDRESS —
CITY ZONE STATE
SIGNATURE

WORD COUNT: include name and address. Name of city (Des Molines) or of state (New York) counts as one
word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does
not permit.) Count each abbreviation, initial, single figure or group of figures or letters as a word. Symhols
count as one word. Hyphenated words count as two words.

EW-565

96
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oJuMBiA GEMS]

12 V0 e 105 18 Mo Heeamaiiioer - $99.50
WIgh SIB A At DAt Protin T GOre et
’lhl\ equipment _gomg at b ur,:'a]n rate (‘)‘[ $11995'00
o o4/ HETERODYNE FREQ. WETER
e ch e ey $995.00

AN/FRT-5 TRANSMITTER
Teletym and CW output. 13.000 \v Froguencey:
MCE ol i A rice_ Upon Redquest
AN/FRT -6 TRANSMITTE
Same as AN 'FRT-5 (\(epl unit has output of
40.000 w. .. _Price Upon Request

AN/GRC-26A RADIO SET:
available

With th)tcr oniy two
rice Upon Rcduest

ARC-5 COMMAND RECEIVERS

x90 550_ Kc .’l.‘l?fs is the -I unnulx ‘QA 3'er! $1495

»s. ceel .. $14.95 UG $14.95

’°fe§,sxm""f; - S G 22.50

2103 me COMMAND TR&NSSBMAIAITERS

a é\'e~\|\c $795 I\_ew $7.95
el 8.95 =43, 4.95

WE NEED EQUIP.—HIGHEST $$ PAID!
We wnl pay top dollar if you will wri'e us IMME-
DIATELY! We urgently want: BC-610, TG-7B TT,
SP-600, R 388, R-390, D, TCS, TRC 1, Cvay/
APR-9, TN-131/APR-9, ARC 34,-52. Test Edquip-
ment, Ajrcraft Comm. Equip., GRC, PRC, ALL SG
Signal ‘Generators. We pay freight!

ARB COMMUNICATIONS RECEIVER
\ulfr“b\ RCA. 4 bands. 103 Ke-9 Me $

1.5-:18 Me.
EXcelaCondl oir 2 wiciolr ERor: = GEe) . M. 2 .

RECEIVER SPECIALS! PRIDE DF THE NAVY!

Checked out! Guar. w AC Power Supplies!

15-600 Ke. Direct re $95 00

600 Re—4 Me.
$95. 00

NEW & GUARANTEED'

RBA:
RBG:

RBC: i 1

ding freq. dial

Me. Direet reading fren. sin

TUBES'

R-444/APR-4Y SURVEILLANCE RECVR.
Late model is easy 10 convert to 60 cps amd replaces
older R-34/APR-4. Has FM & AN detectors. min
tubes. 110 V. 400 evc. Like new.
with  schematic ...

J(m 100D mc Brand new ..
1000-2200 Mc. E‘(cellcm P

COlUMBM ELECTRONICS

4365 WEST PICO BLVD. LOS ANGELES 19, CALIF.
CIRCLE NO. 167 ON READER SERVICE PAGE

NIMS

NATIONWIDE IMPROVED
MAIL SERVICE—

A PROGRAM
FOR REDUCING POSTAL COSTS
AND IMPROVING SERVICE
MAIL EARLY IN THE DAY
IT’S THE BETTER WAY!

LETTERS READY? — MAIL THEM EARLY!

ELECTRONICS WORLD
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We undersell everybody

on quality merchandise.

NICAD ﬂ[CHARGEABLE BATTERY
(5 volts) $3.95 each

2.3 Amp
POWER SILI(OM RE(TIFIER 40A - 400 PIV $2.25

S.L. CON- StL. SILICON CONTROLLED GLASS SILICON DIODES

TROLLED RECTIFIERS RECTI’FIERS 0 SWITCHES . 200 mMA

3 1,

PR]‘{) ?;‘5 12.56‘; ﬂ\ liA 25A n Stock Similar To PIV 20 100 1,000
100 S a= = gl oo ea. pcs. ocs. pcs.
140 .90 2.00| — — — 3N58—%$1.50 50 1.00 4.25 37.50
150 i~ —— . 3N59— 1.60 100 1.35 5.25 47.50
200 1.30 %gg 25 -30 1.20 a 3N60— 1.75 550 1.65 7.25 65.00

50 1.85 - b = —. | Tested to above specifications 00 .20 9.75 5.00
350 200 2:86].29 35 130 cRD 8
350 2.30 3.05} — —> — | Inquire about our Panel [2N678A Power transustor.
400 2.50 3.35|.33 40 1.95| Meters. Test Equipt.. Scopes. | new branded: $1.65 ea. N
450 2.80 3.75| — - — | ¥rsfmrs and the tatest in|Sil. Power transistor for hlgh
500 3.25 4.00| .40 47 2.25| Semi-Conductors. §CS's & |voltage audio output stages.
550 — 4.35) — —_— — | Siticon power Transistors & | 5 watt: 2 for $2.25. PNP Sili-
600 3.50 4.60(.49 55 2.50| Stabistor Diodes Tunnel | con transistors available, In-
700 — 5.75].57 .65 2.75|Diodes. Unijunctions. quire oty, prices,
800 m— — .67 .;5 g.gg

0 — — .80 .90 . 5
1000 — — l.93 1.00 350 All shipments FOB NYC

ADVANCE ELECTRONICS

79 Cortlandt St., New York 7, N.Y. Re 2-0270
e e——————ereaee—
CIRCLE NO. 152 ON READER SERVICE PAGE

COINS

BOOKS

LINCOLNS 50 Different Plus Uncirculated Kennedy Half
$2.50. Mickey, Box 82, Brooklyn 11229. -
5 ROLLS Unsortec Buffalo Nickels $14.50. Lists. Ace,
Jamesburg, N.J.

STAMPS

SURPRISE COLLECTION! Exotic mint British Colonials,
absolutely free with approvals. VIKING, Great Neck 50,
New York.

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. University, San Diego, Calif. 92105.

BEFORE you buy receiving tubes, Transistors, Diodes,
Electronic Compeonents and Accessories ...send for
Giant Free Zalytron Current Catalog, featuring Stand-
ard Brand Tubes; RCA, GE, etc.—all Brand new pre-
mium quality individually boxed. One year guarantee
—all at biggest discounts in America! We serve pro-
fessional servicemen, hobbyists, experimenters, engi-
neers, technicians. Why pay more? Zalytron Tube Corp.,
469-W Jericho Turnpike, Mineola, N.Y. 11502,

DO-IT-YOURSELF

PROFESSIONAL ELECTRONIC PROJECTS—S$1.00 up.
Catalog 25¢, refundable. PARKS, Box 25565, Seattie,
Wash. 98125.

TAPE AND RECORDERS

RENT Stereo Tapes—over 2,500 leferent—all major
labels—free brochure. Stereo Parti, 1616—E. W. Ter-
race Way, Santa Rosa, California.

TAPE-MATES MAKES AVAILABLE TO YOU—ALL 4-TRACK-
STEREQ TAPES—ELL LABELS—POSTPAID TG YOUR DOOR
—AT TREMENDOUS SAVINGS. FOR FREE BROCHURE
WRITE TAPE-MATES CLUB, 5280-E W. PICO BLVD., LOS
ANGELES, CALIF. 90019,

BEFORE renting Stereo Tapes try us. Postpaid both
ways—no deposit—immediate delivery. Quality—De-
pendability — Service — Satisfaction — prevail here. if
you've been dissatistied in the past, your initial order
will prove this is no idle boast. Free Catalog. Gold
Coast Tape Library, Box 2262, Palm Village Station,
Hialeah, Fia. 33012,

iAPE RECORDER BARGAINS. Brand new, latest models,
$10.00 above cost. Arkay Sales, 22-02 Riverside Ave.,
Medford, Mass. 02155.

STEREO TAPE. Save up to 60% (no membership fees).
We discount recorders, batteries, accessories. We
mail prerecorded tape, prepaid, anywhere that United
States rates prevail. Free 60 page catalog. Saxitone,
1776 Columbia Rpad, Washington, D.C. 20009.
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ELECTRICAL ACCESSORIES, Controliers—12,500. List-
ings in German Export-Import Directory. $5.95. Burke
Associates, Manchester, Mass. 01944,

aJOKS For_Everyo;e Catalogs 15¢. Myers Baok Service,
Marguand, Mo.

HIGH FIDELITY

LOW, LOW quotes: ali components and recorders. Hi-Fi,
Roslyn 9, Penna.

HI-FI 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

Hi-FI components, tape recorders, sleep learn equip-
ment, tapes. Unusual Values. Free Catalog. Dressner,
1523 Jericho Turnpike, New Hyde Park 10, N.Y.

FREE! Send for money saving stereo catalog HESW
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. Cur *‘RGCK
BOTTOM" prices on NAME BRAND amplifiers—tuners—
taperecorders—speakers—FRANCHISED—59 YEARS IN
BUSINESS. Write for this month's specials—NOW!
Rabsons 57th St., Inc., Dept. 569, 119 W. 57th St
New York, New York 10019

MUSIMATIC: F.M. music without com commercials. Ea-sil-y
connect to your tuner. $59.50 complete. Don Hender-
son Enterprises, Box 343, Reseda, Calif.

EQUIPMENT

MC GEE Radio Company. Big 1965 176 page catalog
sent free. America’s Best Values. HiFi—Amplifiers—
Speakers—Electronic Parts. 1901 McGee Street (Dept.
EW), Kansas Clty Mo

FREE ELECTRONICS Catalog Tremendous bargains.
Electrolabs, Dept. C114-E, Hewlett, N.Y. 11557.

REPAIRS AND SERVICES

TV Tuners Rebuilt and Aligned per manufacturers spe-
cification. Only $9.50. Any Make UHF or VHF. We ship
COD Ninety day written guarantee. Ship complete with
tubes or write for free mailing kit and dealer brochure.
JW Electronics. Box 51B. Bloomington, Indiana.

METERS—Multimeters Repaired and Calibrated. Free
estimates—Catalog. Bigelow Electronics, Box 71-F,
8luffton, Ohio.

RECORDS

DISCOUNT Records, All Labels—Free Lists. Write CIiff
House, Box 42-E, Utica, N.Y.

DISCOUNTS on all LP's. Free details. Citadel Record
Club, 545 Fifth Ave., Dept. 21, New York 17, N.Y.

www americanradiohistorv com

GREGORY ELECTRONICS
Reconditioned FM

2-Way Radio Savings

THIS IS A PARTIAL LIST—
WRITE FOR ALL NEW
1965 E-X-P-A-N-D-E-D CATALOG

RCA 25-54 MC-CMV2F5
6/12 VOLT 30-WATT

VIBRATOR
POWER SUPPLY

Fully Narrow Banded

(TX + RX) — Complete with
all accessories

$88.

Same unit tuned to desired fre-
quency, including new antenna
$128

Extra Special Purchase
Reconditioned General Electric

Voice Commander

Personal FM
Transmitter-Receiver

132 to 172 MC, 1 W
9.5"x5,3"x1.7"

The General Electtic
VOICE COMMANDER
| Personal Transmit-
ter-Receiver is a
high performance,
completely self-con-
tained two-way FM

- Radio. Extremely
i compact and light-
weight, the VOICE

COMMANDER is sim-
ple to operate and
easily hand carried.

Except for the final
stages of the trans-
mitter, the VOICE
COMMANDER is com-
pletely transistor-
y ized.

PRICE,including
Brand New recharge-
able Nickel-Cadmium
Battery Pack

, $178

If crystals and tun.
mg is desired, add
$40.00.

We also have the
proper chargers
for these units, GE
Model #4EP27A10,

Price: $18.
I addt’). nickel
cadmium _batteries

are required, $2S.
each. Lapel micro-
phones at $3.

or battery pack.
power supply bot-
tom housing at
$40.

We Buy Late Model Equipment for Cash
—Write; Wire or Phone!

GREGORY
ELECTRONICS
secrmomes.. CORPORATION

249 RY. 46 » Phone 773-7550
Saddie Brook, N.J. » Area Code 201

" GREGORY =

CIRCLENO. 185 ON READER SERVICE PAGE
97
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ORDER NOW. ..

B C 2 2‘ INVENTIONS: Ideas developed for Cash Royalty sates.

F R E Q u E N C Y Raymond Lee, 1606G Bush Building, New York City 36.
METER

his is a simple, accurate and re- PRINTING

T

liable crystal calibrated frequency
indicating instrument for use in
the lzslm 20,300 b'(:c rgngc.'\uth _—
a normal operating accuracy o SS

than -0 2025 c?,,g.,c .,se.,:?.s'o 52 | BOOK PRINTING. Lowest cost. Paperbacks or hard cov-
4 req. .

a signal generator or variable fred- | ers. Gatalog free. Addams Press, 30 W. Washington,

crystal and original Catibration i
B0ook. (No Moduiation.) Oncra!mg Chicago, III. 60602.

voltage requ-red for dry cell operahon 6 vDC .9 p.
135 VDC MA. Size: 10x131,4x10”; Wt.: 25 Ibs, Unlts

W l'l':ulv‘:',s_dcg,rmmee:ealagadg:;:nvbaeé :'s’olveet’ter5$125 00 AUTHORS’ SERVICES
ptus Headset and Manual . . ..., . ... -
New Units are in original Goy't. packing. If you want
them this way we will no'(‘ zﬁmr‘cia:ns:‘ble -’gourra(lhll;::x:sqer-
e S R rd Compicte a5 descrwed avove. '$79 50 | AUTHORS! Learn how to have your book published,
sheckisg ter o;cr;t:“EQU|.§Méﬁ+ """" promoted, distributed. FREE booklet “ZD,” Vantage,
05-26/USM-24 Oscilloscope (Spemal) _Used: $59.50 | 120 West 31 St., New York 1.
;é llgBWSlgnaltGenez?égrgzgg%)‘g(i M(l:Jsetl‘lj i"g ;’g PUBLISH your book! Join our successful authors: pub-
avemeter—2400-3400 ML. .. ... G licity advertising promotion, beautiful books. All sub-
UPM-19 Pulse Generator—2650-2950 MC.Used:  39.50 | (otc jnyited. Send for free appraisal and detailed

URM23 Attenuators—1000 to 4000 MC...New:  18.33 1 }ooyiet " Carlton Press, Dept. Z0Q, 84 Fifth Avenue,

PATENTS

TS-102B Range Calibrator .............. New:
UPM-1 Scope-Oscillator-Wavemeter— N.Y.C. 11.
155:580 MG/ ... b .. .- mmSp s - - . [ Used: 99.50
BC-1277 Slg'r;all Ggrnerator—2400 3400 M(l:J l&l: fégg PHOTOGRAPHS
1-193 Polar Relay Tester ........... ... sed: o H
LAF-2 Signal Generator—90 to 700 MC. .Used: 75.00
T1S-118/AP RF wattmeter .. .. .Used: 39.50
Ly §g§‘;,‘,’”0§gl’}fgs'gg°gpe : : 50.00 | PHOTOGRAPHS and transparencies wanted, to $500.00
18-375 Vacuum Tubg Voltmeter. .. ... ','.'.Used'; §5.00 | each. Valuable information free—Wwrite Intraphoto-EW,
1-199 Test Set......... ... i New: 39.50 | Box 74607, Hollywood 90004.
TS-414 Dynamotor Test Set............ Used: 99.50 | — —
1-177 Tube Checker........ g Used: 29.95
7S-170/ARN-5 Test Oscillator. . .......... New: 16.95 | MUSIC
TS-10C/APN Altimeter Test Set...... .. Used: 24.95
1S-684/URM-30 Analyzer for URC-4.....New: 8.95 o
:mg;m 35T$§tsts§2i' Buladtmlaal - ot Ee 13353: gggg POEMS Wanted for songs and records. Send poems. .
dnors ‘i“"sl“enNim Cheeled tor operation unless so in- | Crown Music. 49-RB West 32, New York 1. CONVERTS ANY DRILL into
icated in advertising — . s— S—
SEND FOR BIG CATALOG SONG ideas wanted. Write with Professional Song- ] o POWER SCREWDRIVER
World's Finest Gov't. Electronic Surplus BUYS! writers. Share royalties. Songwriters’ Associates, 236 i e POWER NUT DRIVER
Address Dept. EW @ Prices F.0.B. Lima, W. 55th St., New York 10018-V. o POWER SANDER & BUFFER
25 % Deposit on C.0.D."s & Minimum Order ss oo with 2 SPEED ANGLE DRIVE
FAIR RADIO SALES QNG rera e MO 0NlY$ 95
2133 ELIDA RD. « Box 1105 - LIMA, OHIO $12.50
_CIRCLE NO. 181 ON READER SERVICE PAGE | ppge Hypnotism, Self-Hypnosis, Sleep Learning Cat- 100% AMERICAN MADE of hardened steel with
alog! Drawer H400. Ruidoso, New Mexico 88345. DuPont Zytel nylon housings which eliminate
GET IT f GOOD“EART' overheating and minimize drill load. Contains
I'Om [} 3 screwdriver blades, a screwfinder and 8 ma-
chined sockets and adaptors. 2 SPEED ANGLE
uzw-.zlrr-rncmmdo&:soslin §|Qn11 Generator wlth HELP WANTED DRIVE d‘oubles or halves :helspeed of any drill
top band retuned & vecalib. New range 10-500 me. with 1 14* shank adaptor; spindle adaptor;
Eﬁcﬁ‘.“';f,;, Sﬁ‘éés',&n‘é’é?g;‘,“’é‘..l‘f”‘_'_ ot Inoiey 525.00 _— - — 1 chuck adaptor..
Unmodified. 10-400 me. OHC & grtd. . ... .. 475.00 EARN CASH Commissions plus free gifts. Sell match-
AC PWR for SCR-522: KA-62.B made by Signal Cmps book advertising. Sales kit furnished. Matchcorp, Dept.
for the specific job! 115/230v, 40 60 cy_in. MD-55. Chicago 60632.

Regul. & filt. outputs 300v, ,26A; 13v, 4A; -150v,
10 ma. OK grid, w/data. 90 lbs fob 29 95

Sacramento . ... ...t a e
D T e (Vper, 710- 1600 hec 6 tubeas (F: EQUIPMENT, HEERVICES
2. e type v
converter. 2 This & AV, det. & Nolse. Tiniter, Q U
& A uv sensit. Needs external pwr sply &
conllol ckts & has no tuning dial. With spline tun-

1'1‘}.’-";“:‘3'.};,‘“122; :’) ('elé“edff‘q“c'm{mgqridby 17.95 MEDICAL FILM—Adults only—'‘Childbirth'' one reel,
(Add $3 for extra-clean selected unit.) 8mm $7.50; 16mm $14.95. International W, Greenvale,
1’I$MEOP30V PLAN: Alny pnrch:le: toznhno 10% Long Island, New York.
1 (¢} N -
& orjmorg. Fdow T navments oflyh SCIENCE Bargains—Request Free Giant Catalog “‘CJ'"
ALk;g:«yn 555331lczct\gn4§A:‘ccmc|::uﬂa:’ll:§rn$g{«eRé&/ —148 pages—Astronomical Telescopes, Microscopes,
SMLUENR i Tnu H A - . -
lmc‘w:' r;', ‘uF's.Rz :ll-"s‘ Scmeter: 6355 ke Xtl; Lenses, Binoculars, Kits, Parts, War surplus bargains. g
ect. choices. Ready to e, w cypwr i ifi i
wi¥ £"B0oi dlimed. roh Los Angels . 199.50 | | Edmund Scientific Co., Barrington, New Jersey. HMENT o ) (€ @@
Deduct $30 if vou make vour own pwr sply from TTAC § t bl»
schgn:inll(t: ;lesr\:t(nlsh nlel(l‘luct $Z‘l) l‘l" SSB not rsesql‘x“mldl h fitted N | «, & &
T educ yYou w wire in (el [+] t iy
e L ST L || EDUCATIONAL SETwan et Ll 1110 @588
e an | 2
ARC-5 Q-5'er Revr 190-550 ke w/85 ke IF's. Use starag
xlq 2l“d clt;x.;\exl/(‘.‘lr ttor r|Il\0\le (:; $ ‘!(er/u.ivlls Checked corrY‘“Q case P Screw Driver and
electrically. w/lots of tech ata, w/spline . N B ” [v) rew-
knob. 9 1bs fob Los ANZ. . ... .. .- ... 14.95 LEARN While Asleep, hypnotize with your recorder, erts anY drill to 2 s deluxe ower SC‘ s
(Add 83 for extra-clean “selected unit.) phonograph. Astonishing details, sensational catalog Co"ve, Nut Dr'we com?med and 2 Ph‘“”:sdr:]ver
AN/APR-4 RECEIVING SET i /tuning units to tune free! Steep-Learning Association, Box 24-ZD, Olympia e chm ¢, power My
98:1000 me, plug & nandbook, alt checked ; ! ’ driver att2 A screwh"de .
100% OK. ready to use on 60 179.50 Washington. ewdri b\ad€5 e
Ads 550 for g/t version onodified for 80 v pwr _— = = - scr d g square I
input: add $60 for TN-19, $75.2200 me: add 5125 LEARN while asleep. Remarkabie, scientific. 92% ef- daptor a0
for TN-51. 2175-4000 me. Al uncond. grtd. OK. A . ! 9 A o) 2 ed SO ockels.
— e fective. Details free. ASR Foundation, Box 721, Dept. machine
LM FREQ. METER l.! ke to 20 ¢ is combln hete: i
freq. meter & slgn‘:u gmnre C‘\V :n' 1crluxux'y e.g., Lexington, Kentucky. CONSUMER SERVICE COMPANY EW-55

019 . xtl ealib. Clean. checked. 100"'
ot g v, GT61bs fob LA 57.50 USED Correspondence Courses and Books sold and

Add 510 for EAO. converts for LN Power Supply w/ rented. Money back guarantee. Catalog free. (Courses

purts, data. included. _ .
Bought). Lee Mountain, Pisgah, Alabama.
TS-323/UR, Freu. Meter, >0~4R() me. Crvs\al .001 % —_—
W /handbook ury ving ¥ ary xtl
x:cnonk noln{:/& }ustrul{‘l l]o cuxsol\ 1pmmu‘)]x Cra'ﬂtlal RE
accuracy. y / sehematic nsiruect., pwr Sply ata,
clean, checked. 100% grtd. ' 199.50 AL ESTATE
fob Los Angeles . ... o

160 Mercer Street, New York, N. Y. 10012

Enclosed is $_______ .. Please ship me the
following: l

19 Piece Power Tool Set(s) at $9.95 ea. .
plus 50c ea. for postage and handling. .

15 Piece Power Tool Set(s) at $7.50 ea.

i
i
i
i
= plus 25¢ ea. for postage and handllng) l
i
i
i
|

AND MUCH MORE! We have 25 other tvpes of Signal

Gonerators. © other Freq, Melers. Digttal Counters FLORIDA water Wonderland—Homesites, Cottagesites, (N. Y. C. residents please add 4% sales tax

o ekiro & ot oD rul H H H o i

Generators. l'mc[‘l;si':wn); n.l.agoél’& ?y‘?lnge Dividers, e Mob;!:.su;es_, Established area. $390 full price, $5.00 Foreign orders $1.00 additional. ]
3 1v0: o Voltag: legulator ase zle i i

Meters. V‘r’ A s.n‘épecuunf Ang\l\zelss Ete. \n?n‘ mon wimming, fishing, boating. Write, Lake Weir, Name S—

. UWIRE . . . PHONE . . . YOUR SPECIFIC NEEDS! 38be, Silver Springs, Fla. Ad 6-1070 (F-1) rLease print)

FREE!—ALL NEW! SPRING CATALOG Thousands of
R. E. GOODHEART CO. INC. properties described, photos galore—Land, farms,
homes, businesses—recreation, retirement. 472 of-
fices coast-to-coast, ‘‘World’s Largest.” Mailed FREE!!
STROUT REALTY, 50-ZD East 42nd St., N.Y. 17, N.Y.

Address _ — S - o .

City . State Zip No.
Sorry—no charges or C.0.D. orders.

esrEEEEEEEEmmal
CIRCLE NO. 243 ON READER SERVICE PAGE

98 ELECTRONICS WORLD

Box 1220-A, Beverly Hills, Calif. 90213
Phones: Area 213, office 272-8707. messages 275-5342

www americanradiohistorv. com
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INVENTIONS WANTED

1,000,000 PARTS BOUGHT

FOR
THIS

SALE

INVENTORS. We will develop, help sell your idea or
invention, patented or unpatented. Our national manu-
facturer clients are urgently seeking new items for out-
right cash sale or royalties. Financial assistance avail-
able. 10 years proven performance. For free informa-
tion, write Dept. 42, wall Street Invention Brokerage,
79 wall Street, New York 5, N.Y.

INVENTORS. Outright cash sale or royalties for your
inventions. Patented. Unpatented. Active demand from
our client manufacturers, Financial assistance avail-
able. Write Dept. 48, United States Invention Broker-
age, 78 Wall Street, New York 5, N.Y.

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 onty $2.00 for expert, complete Resume Writing
Instructions. J. Ross, 80-34 Kent St., Jamaica 32, N.Y.,
Dept. EW.

WANT A Higher Paying Job? Prepare Your Own Dynamic
Resume. !Instructions $2.00, Resumes, 654 Ogden, Den-
ver, Colorado 80218.

OVERSEAS—Foreign Employment. Permanent. High pay-
ing. All occupations. Transportation. Household reset-
tlement. Sixth successful year furnishing immediate,
direct placement. Fast service. Giobal Employers, Box
286-W, Oroville, Calif.

BUSINESS OPPORTUNITIES

INVESTIGATE Accidents—Earn $750 to $1,400
monthly. Men urgently needed. Car furnished. Busi-
ness expenses paid. No selling. No college educa-
tion necessary. Pick own job location. Investigate
full time. Or earn $6.44 hour spare time. Write for
Free Literature. No obligation. Universal, CZ-5, 6801
Hillcrest, Dallas 5, Texas.

Amazing

NEW
KEY
BEAM

A LIFETIME of

e light on your key!

LIGHTS No more fumbling in the dark
OVER . ever! This miracle of micro-
11'|2MOE050 miniaturization utilizes the world’s

smallest lamp and a silver energy cell
to project a brilliant beam of light.
for routine, daily use and that unex-

pected emergency.
$7)95

Postpaid
DELUXE GOLD PLATED MODEL only $5.00

No Batteries or Bulbs
fo Buy Ever!

only

LIFETIME
GUARAN\'EE

repaire

free of charee:

CONSUMER SERVICE COMPANY
160 Mercer St., New York, N Y 10012
Enclosed is $
[J Standard @ $2.95 ~

(N.Y.C.

Key

Beams.
I:] Gold Plated @ $5.00
residents please aad 49 sales tax.)

Foreign Orders $1.00 additional

Name

Address
City State Zip Code
Sorry—No Charges or C.0.D. orders.

9000000000000 CCCOGIOIOOIOGOIPOGEOGOOTS
1965

EW-55

000000600000000
................;r

May,

—C D :
Over 3000 Soid in 3 Months! Not One Returned To Daie!

RADIO-TY PARTS BY ~

500-1000 pecs.
per pound

.IIIMBO PAKS!

THE POUND

TONS

COMPLETE SATISFACTION—MONEY BACK GUARANTEE \
1.000.000 PARTS SALE

[0 ONE POUND Disc Condensers Worth $50, NOW
0' m"ls [0 ONE POUND Ceramic Condensers ‘Worth $85, NOW per
Over-runs [] ONE POUND Dises & Ceramics Worth $75, NOW pSund
u [J ONE POUND Discs, Ceramics, Precisions.Worth $70, NOW

= 89 WATT §

2N424 ~
MESA \

1 e
j o CIANT SPRIN TALOG ON: [ PARTS (| REC-
§ TIFIERS  TRANSISTORS [a] scns O ZENERS

TERMS: Send check, money order.
Add postage—avg. wt. per pak 1

""””” [ Poly Paks Exclusive

.DOUBLE
SILICON NPN\ BONUS

‘25

PLUS
CHOOSE

TRANSISTOR

ANY JUMBOPAK

P\

FREE ‘

Power, Audis, RF,

Uniested

100 ror $2°°

WORTH OF
8 TRANSISTORS
s al:cnrizns
8 RESISTOR!
[l co~oznszus
® DIODES ® ET

3-TRANSISTOR sueminiature

Add 25¢ for handling D 100
WORTH GERMANIUM
$42.00 Jusfl nom EREE WITH ANY $10 ORDERY piopEs FOR
N\ $1.03
worr roruns 91 PARTS PAK SEMI KON-DUCTORS
MOST POPULAR TESTED
[] 25 AEROVOX CERAFIL COND, to .0smf."'TINY" ¢} (] 10 MICRODIODE $TABISTORS. cPoxy. silicon .
[J S NES1 8ULBS, GE, mini bavonet. .. [RETERE 3 [] 2 2N706 500MW, 300MC NPN PLANAR, To18 1
O 1 FILAMENT TRANSFORMER, !17 to et 3A. . ¢ ] 10 30-MC TRANSISTORS, w/shield, TOS. no test. §1
[J 1—$25 RELAY SURPRISE, scaled, tiny types....¢) (] 5-—2N155 YRANSISYORS ur cquals. TO3 cases - $1
[J 3 INFRA-RED DETECTORS, with leads. .. .. -8 [ 3 10-AMP ‘CARTWHEEL’ ' rects 100 to 60OV. .. §)
[ $25 SURPRISE PAK: |rm;|~(or~ n‘cls. ulodes etc.g) M “'PIN HEAD'' TRANSTRS, 2N800, pnp, 10 mc. .s)
(] 40 PRECISION RESISTORS, . 1. 2W: 16 values §) H [T} 15 ""QUICK-FIT’' TRANSISTO!S, rf, audio. TO5 §)
[J 30 CORNING ""LOW NOISE" resls!ors. asst. ... ¢ [] 2 25-AMP SILICON RECTIFIERS, 1-50V. 1-100v ¢}
[] 60 TUBULAR CONDENSERS, to -3mf. to tKv. asst §1 (] 4 ZENER REFERENCES, !N429. €-volt. silicon ..§)
[ 40 DISC CONDENSERS, 27inm! to .0%inf to 1KV. . §) [] 1 “TINY'" 2N1613 2w, 100MC. TO46 case, npu §)
E 60 TUBE SOCKETS, receptacies, plugs, audio, etc. ¢y [] 2 500MC TRANSISTORS, 2N964, mesas, pnp. TO186.$)
30 POWER RESISTORS, 3 to 30W. to 24 Komus .. §) ] 4 PIN HEAD 2N790 NPN SILICON transtrs, TO18 §)
L] 50 MICA CONDENSERS, to .1mf, siivers too!. ..¢] ] 4 2N43 OUTPUT TRANSISTORS, b¥ GE. pnp. TOS §1
E 10 VOLUME CONTROLS, to | mek. switch toot . . §] B 5 4 9N333 NPN SILICON transistors. hy GE. TOS §)
10 ELECTROLYTICS, to S00mf. asst FP & tubulars ¢} il O vo 2-6Amp RECT's, studs. siticon. 50 to 400V..g)
[J 50 RADIO & TV KNOBS, asstd. cotors & styics . . . §) (] 1 25-AMP SILICON CONTROL RECT, 100 PRV..$)
[0 10 TRANSISTOR ELECTROLYTICS: 10m! to 500inf §) T 2 4-WATT PLANAR TRANSISTRS, 2N497. 2N498. . §)
[J 50 COILS & CHOKES, . rf, ant, osc. & more. .. .$§) ] 4 2N35 TRANSISTORS, mpa. by Sylvania, Toz22 .. ¢y
[ 35 TWO WATTERS, asst in .B., 5% too! 1 (] 4 ""MICRO’* TRANSISTORS, 2N131's, 1/16”, . §)
(] 75 MALF WATTERS, asst incl: A.B., 5% too! H [] 4 CK72) TRANSISTORS, Pnp. atuminum case ... .§}
] 60 HI-Q RESISTORS, *2z. 1. 2W. 1% & 5% valucs §] ™ 3 TRANSITRON TRANS'TRS, 2N341, 42, 1W. npn.¢)
[J 10 PHONO PLUG & JACK $ETS, tuncrs, amps ... ¢} (] 3 "'TEXAS'' 20 WATTERS, $N1038—1042, w/sink.g}
(] 50 TERMINAL STRIPS, 1 to 8 solder Jug types ...§) ] 2 2N170 TRANSISTORS, by GE., npn for Ren'} rf.§)
(] 30 SPRAGUE *'YELLOW-FiLM"" MYlAIS, asst... 41 (7] & TRANSISTOR RADIO sn' osc-ifs, driver-pp ... .$1
] 60 CERAMIC CONDENSERS, discs, npo's, 1o .05. ] (1 25 GERMANIUM & SILICON DIODES, no test...$§1
E 40 “*TINY"" RESISTORS, 1/10W. 5% 160!, ... .. $1 [ 25 TOP HAT RECTIFIERS, silicon. 750ma. no test §1
10 TRANSISTOR SOCKETS for pnp-npn transistors $1 (] 25 EPOXY RECTIFIERS, Silicon, 750ma, no test. §1
[0 30 MOLDED COND'S, mvyiar, pore, biavk'beauty. $ 1 5 30MC TRANSISTORS, llke 28247, Sylvania ... .$1
8 3 GEIGER COUNTER DETECTOR, tubes. assorted. .} 1 15 TEXAS PNP & NPN TRANSISTORS, no test...$1
[] 10 LOGIC TRANSISTOR, lovoid tranaformers ... .$) C] 1 3N35 TETRODE. !#0me transistor. silicon -$1
[] 4 TRANSISTOR TRANSFORMERS, asst. worlh $25 §) (7] 10 PNP SWITCHING TRANSISTORS, 2N1305. T05 §1
(] 10 NPN SWITCHING YRANS!QST?:&Z’ ”:':719 :42 :
B CK72 no te
TesTE0 TRANSITRON | 10 WATY 13 NN TRANSISTORS, 2X73.170.440. no test - 81
sitfeon ZENERS tr] 30 TRANSISTORS, *7.1f.audlo. no test. T05 !
SCRS Conlrolled necl. 0sY 4 00 ] 4 35-W. TRANS'TRS, 2N1434. CBS, TO10. stud.. -§]
& [ &7 ;. 710 1000-MIL ““CERAMIC® RECT, licon. 50- 00V, )
r:t; DAIMU'O DA‘M;S DA:w:o 0 12v fach . } r: 10 POPULAR CK722 TRANSISTORS, pnp. no test §1
166 © 130 8108 0223 = 5 ch2oy M 5 2N107 TRANS'TRS, Y GE. pnp. pob. autie v‘nlk 1
330 3138 5372 3345 lozev o sov 1 1 40w. 2N1648 TRANS'TR silicon mera. BOBVolts :
438 gg-?g 9293 8325 Jo42v 0100V ] 10 ZENERSGLASS SILICON DIODES, axial.leads
850 0 295 0350 04.25 §O04SY O 110v [] 6 2N408 TRANSISTORS, TOl. pnp. driver .. o0 $]
25 0365 04.50 JC60ov O 124v [ 2 2N718 NN SILICON PLANARS, by Falrenild §1
C ca 1 4 2N219 TRANSISTORS, mixer-conv. TO22 .... 3!

oLY
AKS

In. Rated net 30 days. COD 259,
deposit.

P.O. BOX 942W
SO. LYNNFIELD, MASS,
"'"PAK-KING'' of the world
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* Only3”x2”x %” * Wired ONLY
* Printed Circuit * Complete with Transistors
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1 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.

SELL CB Equipment—Dealerships available to aggres-
sive people who can sell Citizens Band Radio full or
part time. Knox Efectronic, Dept. 194, Galesburg,
1l. 61401.

FREE Book ‘990 Successful, Little- Known Businesses."'
Work home! Piymouth- 845Y Brooklyn 4, New York.
RAISE money fast——easy proven sources—free partnc-
ulars—Advisor, Box 48337—2ZD2, Los Angeles 90048.

MISCELLANEOUS

DEEPLY in debt? Clear credit—quick relief. Write Ad-
visor, Box 48337-ZD1, Los Angeles 90048.

SAVE $200 to $2,000 on Furopean 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.

wWWwWWw.americanradiohistorv.com

FREE beautiful song to all music-lovers. Send names,
addresses. Nordyke, 6000-3 Sunset, Hollywood, Calif.
90028.

BEERS, Wines, Ciders. Fifteen Delicious Home Recipes,
One Dollar. Royal Company, Champlain, N.Y.

FREE Wine Recipes and Home Brewing Supplies Cata-
log. Country Winemaker, Box 243W, Lexington, Mass.
02173.

LET our more than 200,000 monthly readers learn of
the advantages of doing their substantial mail order
business with YOU! Your classified advertisement in
the ELECTRONICS MARKET PLACE will cost little—only
60¢ per word—but you will be more than satisfied
with the results achieved. Type style makes YOUR ad-
vertisement easier to read (thereby allowing you more
exposure)—and you may run extra words in all capital
letters for just 10¢ a word additional. The next avail-
able issue is July and your payment and copy should
be received by May 1st to insure insertion. Write
your copy, prepare remittance, and send today to:
Hal Cymes, Classified Advertising Mgr., ELECTRONICS
WORLD, 1 Park Ave., New York, N.Y. 10016.
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WORLD’S LARGEST SELLING
AND WORLD’S NEWEST

Hand Size v-om's

] ¢ . . wWYDE IN U.S.A,
RIPLETT ELEC. B, swrrTon. @
;INSTR. CO. PRekrEE
L 3102

MOR 'vLst:un-o

Ol e

APLETT :ch: {14k & ‘ z-:rlrr;(;t‘s;.
INSTR. CO. ﬁ'm‘pgim l"'r I!‘” g
Wi e
» m!‘ i

\_

HAND SIZE AND LIGHTWEIGHT, but with the features of full- 310-C PLUS FEATURES
size V-O-M’'s. 1, Fully enclosed lever range switch
2, 15,000 Ohms per volt AC
(20,000 O/V DC same as 310)

20,000 OHMS PER VOLT DC; 5,008 AC (310)—15,000 AC (310-C). 3. Reversing switch for DC measure-
ments

EXCLUSIVE SINGLE SELECTOR SWITCH speeds circuit and
range settings. The first miniature V-O-M's with this exclusive MODELS 100 AND 100-C

feature for quick, fool-proof selection of all ranges. Comprehensive test sets. Model 160

includes: Model 310 V-G-M, Model 10
SELF-SHIELDED Bar-Ring insirument; permits checking in strong magnetic fields. Clamp-on Ammeter Adapter; Model
FITTING INTERCHANGEABLE test prod tip into top of tester makes it the common 101 Line Separator; Model 379 Leathar

. . : _ Case; Model 311 leads. {$67.10 Value
probe, thereby freeing one hand. UNBREAKABLE plastic meter window. BANANA Separate Unit Purchase Price.)

TYPE JACKS—positive connection and long life. MODEL 100—U.S.A. User Net . .$64.50

Model 310—$37.50 Mcdel 310-C—$44.50 Model 369 Leather Case—$3.20 i MODEL 100-C —
Same as above, but

ALL PRICES ARE SUGGESTED U.S.A. USER NET, SUBJECT TO CHANGE 1 o W with Model 310-C.

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO

FIELD ENGINEERS ¢ ELECTRICAL, RADIO, TV, AND APPLIANCE SERVICEMEN » ELECTRICAL
éONTRAcTORS e FACTORY MAINTENANCE MEN ¢+ ELECTRONIC TECHNICIANS « HOME OWNERS, HOBBYISTS
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RCA Guards Against Callbacks 26 Ways

Under the watchful eyes of trained inspectors, RCA Silverama® Picture Tubes are
carefully scrutinized for screen quality and focus.

All Silverama replacement picture tubes as well as those destined for original equip-
ment undergo a battery of 26 automated tests. These include: warm-up, emission,
gas, leakage, electron-gun performance, and other critical factors that can spell the
difference between long-term performance or costly callback. Tubes failing a single
test are automatically tagged and rejected. In addition to automatic testing, every
tube lot leaving the RCA plant has been sampled by Quality Control.

Nothing is left to chance; part by part, inside and out, from base to faceplate the
quality of each tube has been carefully controlled and assured prior to assembly.
Even the Silverama envelope is carefully inspected prior to re-use, and is internally
scrubbed, buffed, and restored to the peak of its optical capabilities. Result: a supe-
rior picture tube, an RCA Silverama. Make it your next installation choice.

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N. J.

The Most Trusted Name in Electronics
@®

CARRY EACH SILVERAMA FACTORY-FRESH
INTO YOUR CUSTOMER’S HOME. New Foam-
Lined RCA Picture Tube Tote Bag makes
scratched, marked, or scuffed faceplates a
thing of the past. Makes carrying both easier
ahd safer. Two sizes: one for 16” to 19” tubes,
one for 20” to 24" tubes.

SEE YOUR AUTHORIZED RCA PICTURE TUBE
DISTRIBUTOR FOR DETAILS
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