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If the
Electro-Voice
Model 664
picks up

sound here...

The holes in the top, sides and
@a rear of the Electro-Voice Model
664 make it one of the finest dynamic
cardioid microphones you can buy.
These holes reduce sound pickup at the
sides, and practically cancel sound arriv-
ing from the rear. Only an Electro-Voice
Variable-D® microphone has them.

Behind the slots on each side is a
tiny acoustic ““window”’ that leads
directly to the back of the 664 Acoustal-
loy® diaphragm. The route is short,
small, and designed to let only highs
get through. The path is so arranged
that when highs from the back of the
664 arrive, they are cut in loudness by
almost 20 db. Highs arriving from the
front aren’t affected. Why two “win-
dows”? So that sound rejection is uni-
form and symmetrical regardless of
microphone placement.

The hole on top is for the mid-
range. It works the same, but with a
longer path and added filters to affect
only the mid-frequencies. And near
the rear is another hole for the lows,

with an even longer path and more
filtering that delays only the bass
sounds, again providing almost 20 db
of cancellation of sounds arriving from
the rear. This “three-way” system of
ports insures that the cancellation of
sound from the back is just as uniform
as the pickup of sound from the front—
without any loss of sensitivity. The re-
sult is uniform cardioid effectiveness at
every frequency for outstanding noise
and feedback control.

Most other cardioid-type micro-
phones have a single cancellation port
for all frequencies. At best, this is a
compromise, and indeed, many of
these ‘‘single-hole” cardicids are actu-
ally omnidirectional at ome frequency
or another!

In addition to high sensitivity to
shock and wind noises, single-port car-
dioid microphones also suffer from
proximity effect. As you gzt ultra-close,
bass response rises. There’s nothing
you can do about this varying bass
response — except use a Variable-D
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What are
all these
other
holes

for?

microphone with multi-port design*
that eliminates this problem completely.

Because it works better, the E-V
664 Dynamic Cardioid 5 one of the
most popular directional microphones
on the market. It has both high and
low impedance outputs available at
the plug. Frequency range is peak-free
from 40 to 15,000 Hz (cps). Output is
—58 db. To learn more about Vari-
able-D microphones, write for our free
booklet, “The Directional Microphone
Story.”” Then see and try the E-V 664
at your nearby Electro-Voice micro-
phone headquarters. Just $85.00 in
satin chrome or non-reflecting gray, or
$90.00 in gold finish (list prices less
normal trade discounts).

*Pat. No. 3,115,207

ELECTRO-VOICE, INC., Dct, 572N
$29 Ce~il Street. Buchanan, Michigan 49107

Electho Yores'

SETTIMNG NEW STANCHARDS IN SOUND
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Don’t move a muscle!

This security system is so sensitive, it can bs
adjusted to detect the maotion of your arm turning
this page.

And if this Portabla Model Unit were within 35 feet
of vou and you moved. . . people up tc a half-mile away
could hear the siren. Plus with cptional equipment,
it can detect fire...turn on lights. .. even noti‘y police

What does a burglar aiarm have to do with you?

Just this: Radar Sentry is no ordinary alarm. It is
the most modern and effective security system avail-
able. And it's also electronic.

That's why we need you. We need Dealers with
technical knowledge. For the most successful Dealers
for Radar Sertry Alarm are men who know electron-
ics. This is a product that sells itself when demon-
strated properly.

It's been proven time after time. In fact, many of
the more than one thousand readers of electronics
magazines who became Dealers in the past year—
sold a system on their first demonstration.

And that’s why we need men with tachnical know!-
edge and experiencsa.

Men like you.

_/
—

///<

g__ff
et i PP

NSNS

\ N

\
N

How about it?
Do you want to start a business of your own...
or expand your present business with a product that in
8 years has become the world-wide leader in its field?
Do you want to earn up to $5,000 a year in
your spare time?
Do you want to earn $20,000 and more full time?
We’ll show you how.
0.K., now you can move,
Fill out the coupon and get complete Dealer/Distributor
information... free.

! Mait to: RADAR DEVICES MANUFACTURING CORP.
: 22903 Harper Ave., St. Clai” Shores, Michigan 48080

= .

R

Name-

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

Address . _ I

I
j City State & Code

CIRCLE NO. 100 ON READER SERVICE CARD
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Here displayed on the RCA Solid-State Center is the RCA
SK-Series Transistors, Rectifiers, and Integrated Circuits;
the new RCA 3N128 MOS Field-Effect Transistor; RCA’s
40214 Silicon Stud Rectifier; and three RCA Experimenter’s
Kits. This new Solid-State Center, in addition to its host of
devices, also includes technical literature to support the de-
vices right on the rack. It’s the “one-stop” answer to the solid-
state needs of experimenter, hobbyist, ham, or the replace-
ment requirements of the service technieian.

All devices and kits are packaged in easily identifiable see-
throngh packs for vour convenience. Included with cach
device is broad performance data or specific ratings and
characteristics where applicable.

RCA Solid-State Center Includes:

* RCA Experimenter’s Kits. Three kits enable you to build
a light dimmer or any one of 14 different circuits for
dozens of applications around the house.

* RCA SK-Series “Top-of-the-Line” Devices: 17 Tran-
sistors, 2 Rectifiers, and 2 Integrated Circuits, for exper-

RCA
Transistors
Rectifiers
Integrated
Circuits

For |
EXPERIMENTERS

- HOBBYISTS

HAMS
and

TECHNICIANS

LOOK FOR THIS
DISPLAY AT YOUR
RCA DISTRIBUTOR

imenter or replacement use.
* RCA Technical Munuals. Four manals include: RCA
Experimenter’s Manual, RCA Transistor Manual, RCA
Linear Integrated Circuits Fundamentals Manual, and
RCA Tunnel Diode Manual.
RCA Solid-State Replacement Guide. Lists all RCA SK-
Series “Top-of-the-Line” Transistors, Rectifiers, aud
Integrated Circnits and the more than 7,300 types
which they replace.
Keep RCA Expcrimenter’s Kits und the RCA SK-Series in
mind when you're shopping for solid-state devices. Look for
the RCA Solid-State Center. Now at your RCA Distributor,
Do it today!

RCA Electronic Components and Devices, Rarrison, N.J

| The Most Trusted Name in Electronics

® C:RCTLE NO. 102 ON READER SERVICE CARD
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THIS MONTH'S CGCVER
illustrates some of the
electronic devices dis-
cussed in the automotive
electronics articles in this
issue. At the top is an ex-
perimental laser range
measuring device proposed
by G-E. Below that is a ca-
pacitive discharge ignition
system as made by Delco-
Remy. The next large unit
is a portion of a d.c. motor
controiler made by G-E and
used in d.c.-powered work
vehicles. Below the con-
troller is an aiternator also
made by Delco-Remy. The
two cars represent the ex-
tremes of the electric car
spectrum. The red one from
the not-so-demanding past,
and the racy green model
an artist’'s version of the
electric car of the future.
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buy Sonv tane
just to uet the
AMazing new

“Easy Threader”
ab!

It is a fact that each ree! of
Sony Professional Recording
Tape contains two ‘‘easy
threader” tabs which make
any tape reel instantly and
effortlessly self-threading. []
But Sony (maker of the
best-selling tape recorders
in the world) also makes
the world's finest recording
tape. And we'd rather have
you buy it for that reason!

Sony tape captures the
strength and delicacy of
any sound. Sony tape repro-
duces those sounds for per-
fect playback, over and over
again. [ ] Sony Professional
Recording Tape brings out
the best in a tape recorder.

And that's why we'd like you
to buy it,

=10)o ' h'dl SUPERSCOPE

AMERICA'S FIRST CHOICE IN TAPE RECORDERS

COMING
NEXT
MONTH

MEASURING TRACKING ABILITY

OF PHONO CARTRIDGES

James 1. Kogen, Chicf Enginecr at
Shure, deseribes a wumber of presend
and proposed methods of measuring ihis
important cartridge parameter incliuding
the new cariable-speed turmntable meth-
od, CCH technique, and use of tone
Lirst, scope obsercations, and  special
fest l‘(‘l'{)l'(/.\'.

OCCUPATIONAL OUTLOOK

FOR ELECTRONICS TECHNICIANS
Engineering and science technicians are
the fastest growing occupational groups
i the US. with the demand exceeding
the supply for the next decade. Here s
up-to-the-minnte information on (rain-
ing, chere the jobs are, the current
salary ranges, and how 1o prepare for
suclowcell-paying carcers.

SEMICONDUCTOR SWITCHING

OF LOW-POWER CIRCUITS

Senviconductors can he used in place of
relays to control d.o. loads up to 35 amps
and a.c. loads up to 10 amps. Advan-

a

7

tages, as oullined by Aubrey Harris of
Ampex, include no  contact  bounce,
wear, or maidenance. along with in-
creased reliability, and reduced noise
ceneration.

FLUID AMPLIFIERS

Swall by nature, these new mechanical
devices are beginning to find increasing
application in the computer industry, re-
placing electronic circuits. This article
explains their operation, special features,
and circuil adcantages.

SEARCH FOR A HIGHWAY

EMERGENCY RADIO PROGRAM

Although up 1o now wmuch has heen
said and little done about establishing
« means of conununications  belween
dricers and local authorities for the pur-
poses of routing, information, and road
sercice, now the race is on to be the
furst o establish the approced highway
cuergeney radio systewm which will he
adopted nationwide, At stake for the
winner are anto-maker contracts, pres-
tize, and federal-aid grants.

Eleelronics World

All these and many more interesting and informative articles will be yours
in the June issue of ELECTRONICS WORLD on sale May 18th.
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New Jerrold Colorpeak”
VHF Antenna weathers any
reception problem

Here's one outdoor antenna
that stays put—even ir a howling
storm. The new Jerrold Colorpeak
300-ohm VHF-FM Antenna.

Colorpeak is a high gain an-
tenna with unusual flatness across
the entire VHF-FM band. It picks
up strong, clear signals—even in
difficult reception areas—because
of its excellent front-to-back ratio.
And it's built as rugged as a tank.

May, 1967

Vibration-proof point-contact ele-
ment locks, corrosion-resistant
Golden Armor Coating and tough
Cycolac insulators make each in-
sulating mount a strong point. No
shorting out because of icing. No
wavering image as wind whips
through the antenna. No flimsy
criss-cross conductors for transfer
of the signal. Jerrold Colorpeak
quality constructionseestoall that.

Jerrold Colorpeak antennas,

CIRCLE NO. 111 ON READIR SERVICE CARD
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like Jerrold VUfinder, Paralog Plus
and Pathfinder antennas, assem-
ble faster than any other antenna
made today. All parts snap into
place—anywhere—on the ground
or on the roof. For hook-up ease,
Colorpeak lead connections are
made close to the mast,

For more details on the
Jerrold Colorpeak antenna, see
your Jerrold distributor,

JERROLD §

Focusing on one thing—
better recention.
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IT ONLY
SOUNDS
EXPENSIVE!

M75E HI-TRACK

Elliptical Stylus Cartridge For
34 to 115 Gram Tracking

The Shure M75E Hi-Track is a new high
trackability cartridge made especially for
those who are rich only in music appre-
ciation. This modestly-priced cartridge
will upgrade your entire stereo system.
You'll get live, natural sound from even
difficult-to-track records at 3% to 1%
grams tracking force. The M75E Hi-Track
also features a Bi-Radial Elliptical Stylus
and a built-in stylus guard. Only
$39.50 net.

40

30 I
20 S~ {
M75E AT | GRAM \

U
o
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3
v
>
=
G
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100 400 TRH SKH 10KH 30 RH

FREQUENCY HZ

TRACKABILITY CHART
See for yourself! This chart depicts the
new performance specification of track-
ability as it is represented by the M75E
Hi-Track cartridge.* Frequency is shown
across the bottom, modulation velocities
in CM/SEC up the side.
* Trackability at 1 gram tracking force using
a Shure/SME Arm:

18 CM/SEC at 400 Hz (cps)

25 CM/SEC at 1,000 Hz (cps)

14 CM/SEC at 10,000 Hz (cps)

Literature:
SHURE BROTHERS, INC.
222 Hartrey Avenue

Evanston. !llinois 60204
CIRCLE NO. 98 ON READER SERVICE CARD
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IN a move which conld effect sweep-
‘ ing long-range changes on 27 \MHz,
the FCC has mimounced its proposal to
require “type acceptance” of all class-
D CB equipment at point of manufic-
ture.

Although the Commission las stated
that this action “does not inipose any
new or significantly tighter stundards
‘ other than a requirement for a modu-
lation limiter,” close inspection reveals
that in reality the move may well be
the first step towards a major overhaul
of the service, aimed at ridding it of the
- hobbyist element.

The type-accepted CB set would not
be much different from those now be-
ing used, although a few interesting
limitations will be fniposed. For one,
"the 1CAS rating on the final tube will
not be allowed to exceed 10 watts. Fur-
Cther, all crystals must be supplied by
the manufacturer. 1f v.f. output is more
than 2.4 watts, a “device which auto-
matically prevents modulation in excess
of that specified” must be included in
the circuit. Finally, panel connectors
and controls would be restricted to the
following: a.c. plug, mike connector,
r.f. output connector, “on-off-volume”
control, sideband sclector (if SSB set),
p.a. switch, channel selector, and trans-
mit-receive switch. What makes these
changes  significant, however, are not
the design limitations so much as the
new restrictions on the set owner.

With a type-uccepted CB transceiv-
er, the operator will ot in any way be
permitted to “tube™ the outpnt for hest
matching to the transmission line nor
can he substitute erystals. I channel-
switching is desired, he will have to ci-
ther buy w mmlti-channel set or employ
the services of a Ist or 2nd Class Com-
mercial ticket holder. Should  compo-
nent replacement he required, he can
nse only those parts (inclinding tubes
and crvstals) listed in the instruction
mannal by the manufucturer.

Far more important, however, are
‘ch regulations concerning even minor
circuit changes. Type-accepted CB sets,
according to the FCC, “shall be in no

way modified by the user.” Obviously,
it]\is will apply to the countless books
and magazines presenting  do-it-vour-
self material for souping up receivers,
add-on noise limiters, etc,

Dealing a crushing blow to the CB
accessory business is another stipula-
tion that strictly prohibits “external con-
nection or addition of any accessory not
originally included” with the transceiv-
er. Clearly, this would render illegal
all outboard “$” meters, sawvr. bridges,
nmodulation boosters, etc.

Behind this move is the feeling in

www.americanradiohistorv.com
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WM. A. STOCKLIN, EDITOR

FCC BEARS DOWN ON CB

many circles that the CB industry may
be contributing to the increuasing num-
ber of rule violations by including such
questionable  equipment  features  as
“25-watt construction,” “30-channel op-
eration,” and  occasionally  slip-shod
spurious  radiation  suppression  tech-
niques. By regulating the manufactur-
ing community, the Conumission hopes
to somewhat imiprove the caliber of the
signal (if not the operator) to be found
on 27 MHz.

It is interesting to note that just pri-
or to this type-acceptance disclosure
word was out that the FCC was plan-
ning to remove unlicensed 100-milliwatt
walkie-talkies from 27 MHz and place
them on a newly created 49.9-50.0
MHz band. According to the story, mil-
lions of dollars worth of transceivers
(largely Japanese) would have to be
scrapped in favor of redesigned walkic-
talkies which would meet tight Com-
mission fype-acceplance requirements.
The idea, apparently, was to rid the
CB band of millions of these “tovs”—
many  of which are poorly  designed
front a technical standpoint—and  sul-
stitute a new breed of erystal-controlled
transceiver (runming no more than 60
M\ measured “at the battery”) on 49
MHz.

Shortly after The New York Times
stated, i an item "FCC Weighs Ban
on  Walkie-Talkies” (Fel. 3, 1967),
that it had confirmed this rveport, the
IFCC all but denied it had ever pro-
posed such a drastic measure. More re-
cently,  Comimission  spokesmen  have
stated  that the 19-Milz plan is just
“one of muny concepts nunder consid-
cration” by the ageney and that no mat-
ter what emerges, it will take some
time vet.”

In September of last vear Chairman
Rosel H. 1lvde warmed the CB indus-
try that unless something were done to
curb the rising tide of rule violations on
27 Mz, the FCC might have to cou-
sider “the cessation of issuance of any
new Citizens Radio licenses peuding a
reexamination of the justification for
and proper operation of the Service.”

Whether the tvpe-acceptance propos-
al and whatever walkie-talkie solution
eventually emerges will materially help
upgrade the 27-MHz band, remains to
be seen. Although industry cooperation
is now at hand, the question is will in-
dividual CB-ers respond? Many users
seem to think in terms of enforcement
and this is one area in which the Com-
missiou is hamstrung.

Whether or not Iyde's threat to CB
materializes, it is now apparent that the
FFCC clearly intends to grasp control of
the mess on 11 meters. A

ELECTRONICS WORLD
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Amazing*‘‘power tool”
for electronics men

Still working electronics problems with that old-fashioned
manual tool, the pencil? You're not alone. And that's :
kind of a shame in this wonderful age when power
tools have speeded up so many manual jobs,. N
Now here is an amazing ""power tool” that zips Wy
through electronic calculations like a power
saw through soft pine. The CIE Electronics
Slide Rule. It has a special scale that
works reactance problems in seconds.

And another scale that does the same ‘
for resonance problems. Plus two more oy
scales that tell exactly where the
decimal points go.

No guesswork. No paperwork. No rough
calculations. You get an accurate answer in 20 seconds or less.
It also does the things ordinary slide rules do. Like multiply,
divide and extract square roots in one setting. Or find reciprocals
for resistance formulas, logarithms for decibel formulas, and trigonometric
functions for AC circuitry formulas. And work the formulas in seconds.

The Electronics Slide Rule is easy to use even if you've never worked
a slide rule before. It was developed by CIE, one of America's leading electronics
schools. And it comes with a 4-lesson course that turns you into an expert.
Not just an instruction manual, but a real Instruction Course. With assignments
you may send in for grading by our instructors. And when you finish, a Certificate
of Achievement that "tells the world" you're an electronics slide rule expert.

The slide rule and course are sold together -- for about half what we think

they're worth. It's our way of getting acquainted with men around the country
who want to get ahead in electronics.

Mail the coupon for FREE booklet describing this Electronics Slide Rule.
Or write to Cleveland Institute of Electronics, Dept. EW-138, 1776 E. 17th Street,
Cleveland, Ohio 44114. No charge or obligation.

]
i
——=r - GET BOTH I CI Cleveland Institute of Electronics :
| \_ECTRON‘CS I I 1776 East 17th Strees, Cleveland Ohio 44114 i
) ]
|E DATA ' F R E E ' | Please send me without charge or obligation your FREE booklet, “How To Solve Electronics |
| GUIDE i ® | Problems In Seconds,” describing the CIE Electronics Slide Rule and Instruction Course. |
1 i
i spnmmndon of —==r, | [
! s | Name |
II | {please print) I
T i Address I
]
I'I i I City State Zip I
% ] Also free if you act now—our famous shirt-pocket Electronics Data i
[ Guide with useful formulas, conversion tables, color codes. and more. i
SEND COUPON TODAY Accredited Member National Home Study Councd ¢ A Leader in Electronics Training ..Since 1934 EW-138 _l

CIRCLE NO. 123 ON READER SERVICE CARD
May, 1967
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Discover the ease
and excitement of NRIl's

S

DIMIENSION/AL
MIETTRIO

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

OVER 50 YEARS OF LEADERSHIP

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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SERVITING
iy

Start Fast with NRI’s New
Remarkable Achievement Kit

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 knowl!-
edge, new opportunity. The Achievement Kit is
worth many times the small payment required
to start your training. No other schoo!l 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. NRIl'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 dimension” 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 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.
NRI invites comparison with equipment offered by
any other schocl, at any price. Prove to yourself
what 750,000 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.)

AVAILABLE UNDER NEW Gl
BILL — If you served since January 31,
1955, or are in service, check Gl line in
postage-free card.

May, 1967 11
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PRESENTS...
The IDEAL Amplifier

® Over 60 watts of dynamite

® (Clean Transparent Sound

e Military-Grade Parts,
Workmanship & Reliahility

e Only 1-3/4” thin, 19" rack
mount

Price $19900

For complete characteristics and
specifications write for Bulletin
114, or ask any proud owner.

r"/m» ‘.- »\1

“Q® (O
L  /
s s

06 s ° o 68|

MODEL  1/4 TRACK STEREQ " [[3

SX724 oNLy 935 2

Modular Transport
Low-Noise Circuitry
Third Head Monitoring

World’s Finest Recording Quality
Speed Response -__S_/N

"7-1/2 +2db 30 to 25,000 55db
-3-3/4 +2db 30 to 15,000 50db

.:J'Lﬂ'llm. International
BOX 1000, DEPT. EW-5
ELKHART, INDIANA

MADE ONLY IN AMERICA

CIRCLE NO. 86 ON READER SERVICE CARD
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LETTERS
FROM OUR
READERS

R

ELECTRONIC EAVESDROPPING
To the Editors:

The wticle (on “Electronic Eaves-
dropping” in the April issue) is first-
rate and will, hopefnlly, diniinish iy
naiveté on the subject. It would he most
helplul if we could have vour permission
to reprint the article in o upcoming
hearings on the subject.

Sex. Epwann V. Love (Dem, Mo.)

Washington, D.C..

We are. of course, pleased (o grant
permission {o reprinl onur story. Senator
Long, as most of our rcaders know, is
Chairman of the Senate Subcommiticoe
on Administratice Practice and Proce-
dure, which Las been conducting hear-
ings on the subjects of wirctapping and
electronic cavesdropping. On February
8, the Senator introduced a proposed
Right of Privacy Act of 1967, as ree-
ommended by President Johwson. The
bill (identified as S. 928) iy designed
to prolect the right of privacy of indi-
viduals by prohibiting wire interception
and cacesdropping. For fiother details
on the bill, see “Radio & TV News”
on page 78 of this issue.~Editors

SONALERT PREDECESSOR
To the Editors:

[ was surprised to find an old friend
in John Frye's columm in vour Junnary,
1967 issue. The Sonalert* description
very closehy resembles what 1 called a
“P-n-p/n-p-n CPO™ in the February,
1962 issue of 73 magazine.

The basts of the cirenit was a pillow
speaker using a piezoclectric crystal as
the frequency-determining element as
well as the tone reproducer. The actual
circnit  was published  rather  than
epoxicd.

Rov AL MeCagrny
IFullerton, Calif.
SLIDE-RULE SHORT CUTS
To the Editors:

I have found the paraliel-resistance
formula iu the article “Calenlating Par-
allel Resistor Values™ by Shu H. Loui
(October, 1966, p. 60) very useful in
making slide-rule calculations.

Another formnla that alwavs gives
me problems when 1 try to use it while
making calculations on miv slide rule

www.americanradiohistorv.com

is the Pyvthagorean equation @ 4 b?
= . Emploving the same principles
used to derive the parallel-resistance
cquation. T have transformed the Py-
thagorean equation to the following:
c= b\ (a b))y E1.a>b.

Using this formula, it takes two set-
tings of the slide and one of the cursor
to perforn a calenlation that previously
required  three settings of the cursor
and a good deal of paperwork.

The formula for finding b when a

and ¢ are known is  as  follows:
b = a~'(c/u)* — 1.
The use of the cursor is not ceven

necessary, but it s convenient, espe-
ciadly il one has a tendency to forget
numbers, which the  cursor  will
meniber,

re-

Josnua Leviv
Flushing, N.Y.

Anccven simpler technique for solc-
ing this cquation is by use of sine and
tangent  scales on the slide rule. In
order to solve a right triangle for which
two legs are given, it is only necessary
to set the proper index of the slide to
the larger leg on scale D and then push
the hairline to the smaller leg on scale
D. At the hairline, the smaller acute
angle of the triangle is read on tangent
scale T This angle is then drawn on
scale S under the hairline. Finally, at
the index of the slide, the hypotenuse
may be read on scale D. This teclnique
is excellent for use with  impedance
problems involving a resistance  and
reactance. —Editors

PREDICTING ACADEMIC SUCCESS
To the Editors:

Recent letters by Clifl Evickson and
John Frve in vour “Letters™ column
indicate some disagreement as to what
kind of man is successful in studving
engineering. Has anvone checked a
number of successtul engineering stu-
dents to find out just what makes them
tick and why others quit the study of
cngineering?

Ricuarn L. PRENDERCAST
Kansas City, Mo.

A recent issue of Engincer published
by the Engincers Joint Council, Inc.
contained an article on this cery sub-

ELECTRONICS WORLD
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Let’s talk sense
about color TV lead-in!

The common sense of the situation calls for two 82-channel lead-ins for color and
UHF TV...onetogive a stronger signalin uncongested fringe areas where interference
usually is not a serious problem. The other to give a much cleaner signal in congested
or close-in areas where serious interference problems are likely to exist. This is why
Belden gives you a choice—the Color Guard Twins.

WHOWY3d

8285»

Color Guard
Twin—Belden
Permohm?*

Color Guard
Twin—Belden
Shielded Permohm™

Use to get stronger signals in uncon-

Use to get cleaner signals in con-
gested fringe areas, like this . . .

gested or close-in areas, like this ...
v

You get an excellent color image . . . because in a 100-foot run,
Permohm delivers 38% to 200% more signal voltage than RG-59 /U
with matching transformers and 23% to 80% more signal voltage
than “"Low Loss Coax” with transformers.

Permohm obtains the highest efficiency of any available un-
shielded 300 ohm line when exposed to weathering and industrial
atmospheres. Low loss cellular polyethylene insulation around the
conductors provides the necessary protection.

You don’t need expensive transformers and connectors.

Choose the Color Guard Twin that gives your customer the best 82-channel

Belden Shielded Permohm (8290) combines strong signal strength
with the clean signal protection of shielded cable.

Shielded Permohm eliminates transmission line pickup of noise
and ghost signals. You can install it easily anywhere . . . no need
for standoffs, twisting, or inconvenient routing of lead-in. Tape it
to a mast, route it through metal pipe, or bury it underground.

Beldfoil shielding is used to shield against outside signal inter-
ference. The jacket is weatherproof polyethylene. The critical
signal area is protected from rain, snow, salt, smog, fog and
industrial contamination. No expensive transformers or connectors
are needed. Belden Trademarks Reg. U.S. Patent Office
*Patent No. 2,782,251 and Pat. Pending

tPatent No. 3,032,604,

color TV reception. Get complete information on the Belden Color Guard Twins,.

CALL YOUR BELDEN ELECTRONIC DISTRIBUTOR.

Belden

BELDEN MANUFACTURING COMPANY « P. O. Box 5070-A « Chicago, lllinois 60680
CIRCLE NO. 125 ON READER SERVICE CARD

May, 1967

8-8-G
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COMPLETE SCHEMATICS  COLOR PURITY & CONVERGENCE ADJUSTMENTS e VOLTAGE
READINGS & WAVEFORMS e REPLACEMENT PARTS LISTS o ALIGNMENT INFORMATION e
TUBE & PARTS LOCATION

Now...TV Tech/Matics gives you full coverage for
8 years of Color TV; 3 years of Black & White

All the essential servicing data you need for ALL color and
black & white sets of the major manufacturers and at an
annual cost of jess than $20!

TV TECH/MATICS '67 IS OUT NOW!

Covering all 1967 models, color and B&W. in two
convenient volumes. opening flat to 291%" x 11”.
Vol. 1 gives Admiral. Airline, Andrea, Coronado,
Curtis Mathes, Dumont, Emerson, General Elec-
tric, Hoffman, Magnavox, Motorola, Olympic,

PART-TIME OR FULL-TIME — |IT FITS THE BILL!

Join the thousands of satisfied users who dis- Vol. 1: Philco through Zenith in Vol. 2. In ad-
covered its completeness and convenience, and dition. TV Tech/matics ‘65 includes a free extra
saved time, money, and space. The '65 and ‘66 bonus — all color sets '60-'65!

editions have Admiral through Packard Bel! in

AT YOUR ELECTRONICS DISTRIBUTOR or try it FREE for 10 days!
Mail in the coupon and we'll send you TV gation. Unless you're completely satisfied. send
Tech/matics for a 10-day free trial with no obli- them back. Otherwise - welcome aboard!

Also Brand New From RIDER

THE ELECTRONIC INVASION by Robert M. Brown. POWER SUPPLIES FOR ELECTRONIC EQUIPMENT
An electronics expert and licensed investigator by Leo G. Sands. A "must” for anyone working
reveals secret techniques, devices, circuits, with electronic equipment or devices. Full cover-
users, suppliers of bugs and anti-bugs. A com- age of all types. custom and off-the-shelf, from
pletely detailed, technical exposure of the most batteries to regulated solid state units. 196 op.
controversial subject in electronics! 188 pp.. Paper. =0735. $4.25; Cloth, #0736, $6.25
~0779, $3.95

Packard Beil. Philco-Ford. Vol. 2 gives RCA Vic-
tor. Sears-Silvertone, Setchell Carlson, Sonora,
Sylvania. Truetone, Westinghouse, Zenith. Each
volume is only $9.95!

| |
I John F. Rider Publisher, Inc. 116 W. 14th Street, New York, N.Y. 10011 |
| Send me the indicated volumes of TV TECH/MATICS at $9.95 each. After 10 days’ use I'll remit |
| payment (plus postage) or return them. |
: ] '67 Vol. 1 0 66 Vol. 1 ] '65 Vol. 1 }
] ] '67 Vol. 2 [ '66 Vol 1 [J '65 Vol. 2 |
| Also send me on 10-day approval: |
{ 0 =0779 0 =0735 ] %0736 Il
| Name_ __ S— - S ]
; Address - - . :
| City - — State Zip |
| [ Indicate if payment enclosed. Publisher pays postage with same return guarantee. ¢w-s :
!

e a

CIRCLE NO. 113 ON READER SERVICE CARD

Electronics World |
SUBSCRIBER SERVICE *, =

please print

-~

Please include an address label when ¢ Sddress
writing about your subscription to help f _ 3
us serve you promptly, Write to: Port- I Sl I

land Place, Boulder, Colorado 80302 L e Tip<cods r
CHANGE OF ADDRESS: AT T T T s e e e g -
Please let us know you are moving at least 4 LAFFIX LABEL HERE—J
weeks in advance. Affix magazine address

label in space to the right and print new

address below. If you have a question about
your subscription, attach address label to

name please print

0167
your letter.
TO SUBSCRIBE: Check boxes below. address
O New OJ Renewal
O Syears $21 13 3years $15 O 1 year 36 T
SPECIFY: [] Payment enclosed—You get 1 ex-
tra issue per year as a bonus! [ ] Bill me later. Py Eibtcode
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jcct by Dr. Roger D. Augustine. While
Dr. Augustine was Assistant to the
Dean of Engincering at Michigan State
Unicersity, he conducted study  of
cngineering students at three Midwoest-
ernuniversities. Among other things.
he found that students who persevered
in engineering had the following char-
acteristics. They tended to come from
working-class and  upper-middle-class
socio-cconontic backgrounds as opposed
o lower-middle-class — origins. They
tended to come from suburban high
schools as opposed to city and rural
Ligh schools. They generally enjoyed
repairing  things and  thinking  about
how things work; they had an inclina-
tion to “tinker around the howse.”
Often, a close relative or father was an
engineer. Their commitment to ongi-
neering was made at oan carlior age
than those who left engineering, They
mel their first cxposure to sophomore
technical courses with enthusiasm.

Students  who  quit engineering
seemed to hace a strong need for up-
ward  social mobility; they  attached
more importance to working with Neo-
ple than with things; and they had
tended to choose engineering  studies
for materialistic and prestige purposes
or to acquire a “good” hackground for
carecrs in other fields. Many left De-
cause the technical courses were too
difficult; they felt unable or unprepared
to succeed in their engineering  pro-
grams.—Editors.,

* * *

LIFE OF CRYSTAL MICROPHONES
To the Editors:

I have noticed that when crystal
microphones are left on a shelf for a
few vears they go bad. Can vou tell me
what goes wrong and if it can be fixed?
There must be a definite pattern be-
cause four of my crystal mikes have
gone bad in about three yvears with no
usage at all.

Dave Ruxxiox
Prospect Park. Pa.

Here are some comments on Reader
Runnion’s letter  from The  Astatic
Corp.. one of the largest manufacturers
of crystal microphones and phono car-
tridlges:

“Although Rochelle salts make the
most cfficient piczoclectric crystal gen-
crators, the cfficiency of this material
is decreased by extremes of heat and
Toanidity. Temperatures above 120° F
will result in permanent damage o
crystal microphones and cartridges, as
will long-term: exposure to high humicl-
ity. In general,  crystal microphones
will perform reliably for many years if
they are used and stored under condi-
tions of temperature and - humidity
where the user would be comfortabl. .
Where climatic conditions of high tem-
peratwre and humidity precail, ceram-
ic wnils are recommended ”—Editors A

14 ELECTRONICS WORLD
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World’s Most Advanced Stereo Receiver...

LLTE T

HEATHKIT

AP A e st el A G-1h

“‘Black Magic” Panel Lighting
A touch of the power swilch and presto!. .. The black magic panel hghts up with a shde-
rule dial for easy tuming, and instant dentification of all controls.

integrated Circuits . . . two are used in the
IF amplifier for hard limiting excellent tem-

Crystal Filters . . . two are used in the IF
amplifier to replace the usual transformers
.. . Heath hi-fi exclusive. Provide near-per-
fect bandpass charactersstics, (70 db selec-
tivity) yet no adjustment is ever needed!

perature stability, increased reliabslity.
Capture ratio is 1.8 db. Each IC is the size
of a tiny transistor, yet each contains 10
transistors, 7 diodes, and 11 resistors.

AR-15 SPECIFICATIONS — AMPLIFIER SECTION: Dynamic Power Qutput Per Channel
(Music Power Rating): 8 ohm load; +5 watis Continuous Power Qutput, Per Channel®:
8 ohm load; 50 wotts. Power Bandwidth For Constant 0.5 | Total Harmonic Distortion”:
6 Hz to 25 kHz. Frequency Response (1 watt fevel): =1 db, 6 to 50,000 Hz. +3 db, 4 to
70,000 Hz. Harmonic Distortion: Less than 057, from 20 to 20,000 Hs ot 50 watts output.
Less than 0.2 at 1,000 Hz witk 50 walts output. Less than 0°2' ¢ ot 1,000 Hz with 1 watt output.
Intermodulation Distortion {60 KHz: 6,000 Hz 4:1) Less than 0.5, with 50 watts autput.
Less than 0.2, wih 1 wutt output, Damping Factor: 45, Input sensitivity: PHONO; 2.2
millivolts {overload 155 mv) TAPE; 20t millivolts {overload 4 5v). AUX; 200 nullivolls {over-
food 4 5v) Hum & Noise: Volume control of minimum position; -80 db. PHONO; (10 milli-
volt reference); — 60 db. TAPE & AUX, (200 millivolt reference); 65 db. Channel Separation:
PHONO; 45 db. TAPE & AUX.; 55 db. Output impedance {each channel): 4, 8 & 14 ohms.
Tape Output Impedance: 100 ohms. [nput Impedance: PHONO; 51 K ohm {"’RIAA equal-
ized). AUX., TAPE & TAPE tAON ; 100 K ohm. Tape Output: 0 17 volt. FM SECTION (Mono):
Sensitivity: 18 uv*. Frequency Response: +1 db, 20 to 15.000 Hz. Velume Sensitivity:
Below measurable level Selectivity: 70 db*. Image Rejection: 90 db. IF Rejection: 90 db
minimum®*. Capture Ratio: 1 5 db* AM Suppression: 50 db*. Harmonic Distortion: 0.5,
or less’. Intermodulation Distortion: 05, or less®. Hum & Noise: 65 db*. Spuriaus
Rejection: 100 db”. FM SECTION (Stereophonic): Channel Separation: <0 db or greater,
Frequency Response: =1 db, 20 to 15000 H; HWarmonic Distortion: Lless than 1°, ot
1,000 Hz with 100°, modulation. 19 & 38 kHz Suppression: 55 db or greater. SCA Suppres-
sion: 50 db AM SECTION: Sensitivity: 12 miciovolts ot 1,000 kHz. Image Rejection:
60 db at 600 kHz. 40 db at 1400 kHz. IF Rejection: 70 db ot 1,000 kHz. Harmonic Distortion:
Less than 1.5, at 400 Hz, 90°" modulition Hum & Noise: 15 db Power Requirements:
105.125 or 210-250 volt 50 60 Hz AC. Dimensions: Overall, 1675" wide x 43, high x 14! ,"
deep.

*Rated IHF {institute

of High Fidehty) Standards

FREE!
World's Largest

P e —
HEATHKIT 1967
Electronic Kit Catalog

Y “‘\K* 5
. Contains full descriptions and specifi-
CB cat ons of AR-15 and over 250 easy-to-
build kits . . . stereo/hi-1i, color TV,
|

W g DR NN MBS BRE N0 AR R

eleztric guitars & amphiier, organs, Name
AM-t M-shortwave radios, test, marine,
CBand ham radio. Mail coupon or write Address
X Heath Company, Benton Harhor, Mich-
=t igan 49022. City
RS R NEER e
May, 1967

1 Kit AR-15 (less cabinet). 28 Ibs... . ...

HEATH COMPANY, Dept.
Benton Harbor, Michigan 49022

Please send FREE Heathkit Catalog.
O Enclosed is §

Please send model (s}

The New IHeathkit AR-15 . . . Crowning Achievement Of The World's
Most Experienced Solid-State Audio Engincers! There's nothing like it
anywhere in the transistor stereo market place. Besides the use of space-
age integrated circuits and exclusive crystal filters in the IF section,
it hoasts other “state-of-the-art™ features like these:

150 Watts Dynamic Music Power . . . 75 THF watts or 50 RMS wats
per channel . . . the highest power output ol any sterco receiver. De-
livers the coolest, most natural sound you’ve ever heard.

Ali-Silicon Traansistor Circuitry . . . a total of 69 transistors, 43 diodes
and 2 1C’s for maximum reliability & stability.

Positive Circuit Protection . . . four Zener diodes and two thermal circuit
breakers protect the driver and output transistors from overloads and
short circuits of any duration.

Field Effect Transistor FM Tuner . . . cascode 2-stage FET RF amplificers
and an FET mixer provide high overload capability, excellent ¢ross
modulation and image rejection. Sensitivity 1.8 uv. Features a 4-gang
variable capacitor and 6 tuncd circuits for extreme sclectivity under the
most adverse conditions. Completely shiclded . . . completely assembled
for best performance.

Two Calibrated Tuning Mcters . . . a signal strength indicator tells you
when you receive the strongest signal — doubles as @ VOM for check-
out during or after kit construction. A special “Center-Tune” meter
puls you on exact station trequency.

Tone-Flat Switch . . . bypasses tone control circuit for completely flat
response.

Antomatic FM Squelch . . . noise and AFC operated to hush between-
station noise before you hear it.

Stereo Only Switch . . . silences all mono when you wish to listen o
sterco broadcasts only. An added tuning convenience!

Super SCA Filter . . . removes SCA and noise frequencics above 57 kHz
for clean, quict listening.

Massive Power Supply . . . for low heat and superior regulation — elee-
trostatic and magnetic shiclding for lowest hum and noise.

Electronie Filter Circuit . . . provides power supply with exceptionally
low ripple and exceellent regulation.

Adjustable Phase Compensator for Station Differences ., . S0 you can be
assured of the hest stereo.

Wide Range Magnetic Phono Ioputs . . . extra overload characteristics
(98 db dynamic range). All inputs adjustable from front pancl. Plus
automatic switching to sterco, transtormerless design, filiered outputs
and a host ol other deluxe features for the discriminating audiophile.
An assembled wrap-around walnut cabinet with a vented top is avail-
able at $19.95. Liberal credit terms also available.

. ....$329.95
AE-16, assembled walnut cabinet, 7 1bs.. ... oo iiiiiiiia i $19.95

15-5

S , plus shipping.

— State Zip

HF-202

ummmmmmmmmmmmmm-‘
CIRCLE NO. 112 ON READER SERVICE CARD

Prices & specifications subject to change without notice.
S A0RE MR SO W
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EW
TESTED

REPORT

HI-FI PRODUCT

TESTED BY HIRSCH-HOUCK LABS

Heath AR-15 Stereo Receiver
Shure Model 565 ‘“Unisphere I’ Microphone

Heath AR-15 Stereo Receiver

For copy

of manufacturer’s brochure, circle No. 26 on Reader Service Card.

HE “Tleathkit” line of hi-fi equip-

ment has grown in sophistication
compared to the rather basic kits of a
few vears ago. The new AR-15 stereo
receiver is one of the most advanced
receivers o the market today. with a
mmber of features not found in factory-
wired nnits,

Heath implies stronglv that the AR-
15 represents a new high in advanced
performance and circuit concepts. Af-
ter testing and living with the AR-15
for a while, we must concar. The
unit is among the best receivers we
have tested and its UM tuner iy espe-
cially outstanding.

The receiver is an all-solid-state unit
with silicon transistors throughout and
with integrated circuits in ity FNL i,
amplifier. The AR-15 is Lurge and heavy
with much of its weight concentrated
in the power transformer. This affirms
its great audio power capahility, which
is rated at 50 watts per channel con-

tinuous, or 150 wuatts total music-power
output.

The AR-15 tuning dial. which covers
most of the froutal area, is an opaque
ict black when the receiver is turned
off. Turning the receiver on illuminates
the dial wmmerals, the  input-selector
switeh markings. function lights, and
the two tuning meters. One meter in-
dicates signal strength and the other is
a center-tuning indicator for FNI re-
ception. The only features possessed by
any other receiver but not found on
the AR-15 are center-channel ontput,
speaker switching  provisions. ramble
and serateh filters. and tape-head inputs.

Worthy of special mention is the ex-
ceptional dynamic range of the mag-
netic phono-cartridge preamplifier
stages, which can handle up to 180 mV
without distortion. Even the highest
output cartridges can he used with it
without danger of over-driving when
plaving a disc with high recorded levels.

This is achieved by operating the pre-
amplifier stages with a 50-volt supply,
higher than any other stages in the re-
ceiver excepl the output stages.

The tone controls can he bypassed
completely by pulling out the treble
tone-control knob. The output transis-
tors are protected against damage from
short cirenits or over-driving. If the
overload persists, thermal cut-outs re-
move the voltage from them until thev
cool down to a safe temperature. A red
light on the panel indicates operation
of the protective circuit breakers.

The FAM tuner front-cnd uses field-
effect transistors (FET's) for high sen-
sitivity and freedom from cross-modu-
lation. The FNL if. amplifier is com-
pletely unique. This marks the first
use of integrated circuits in a kit re-
ceiver. Buach 1C. about the size of a
transistor. contains 10 transistors. 7 di-
odes. and 11 resistors. Instead of the
usual i.f. transformers, which require
alignment  periodically and have less-
than-ideal response characteristics. the
receiver uses two crystal lattice filters.
Although costly. these have a virtually
ideal “iat-topped” response character-
istic. with extremely steep skirts which
offer a degree of adjacent-charmel selec-
tivity: unobtainable with  conventional
iLf transformers. (For further details,
refer to Tintegrated Cirenits Used i
New Hi-IFi AM O FM Receiver™ in our
January, 1967 issuc —Editor)

The 1Cs have exceptionally fine lim-
iting characteristics, which obviates the
need for separate limiter  stages. In
order to provide automatic gain con-

(Continued on page 82)
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18 Voices, 200 Watts Peak Power, Chimes,
2 Speaker Systems, "'Stereo’’ Sound And Full
Professional Features At Over 3500 Savings/!

Al Genuine Thomas Factory-NMade Components With Easy @ eathkit
Assembly And Do-It-YourseH” Economy. That's the new deluxe
Heathkit version of the Thomas " Paramount™ Theatre Organ. And
vet you don’t Fave to be an “clectronics wizard™ 10 build it, nor a
professional orgamist to play it. Famous “"Heath Lngi-nuity™ reduces
assembly 1o sinzple steps that require no special skills or knowledge.
You cven tune the organ with a pretured tone gencrator. And
instant-play Color-Glo starts you playing complete songs on your
very tisst try. Combines a wide array of professional features with a
luxurious horseshoe console and cool solid-state circuitry to make it
a truly outstanding instrument you'll be proud to have in your home.

15 Manual Voices: 4 1’edal Voices all at the flip of a tab. For solo
work . .. diapason 167, bass clarinet 167, trumpet 167, English horn 8,
oboce &', violin 8’ and tioia 167, 87, 547, 4’ For accompaniment . . .
diapason 8’. saxophone 3. French horn 87, oboe horn 8" and cello 8.
And now, four pedal voices . . . diapason 167, major flute 8, hass
clarinet 8 and string bass 8°. And you'll spon learn voice combina-
tions to produce the sounds of a Spanish guitar, zither. bagpipes,
calliope. Plus other rhythm and voice variations for every musical
mood. Rock & roll. Classical. Show tunes. Even religious music.

Two Separate Speaker Systems . . . a built-in 2-speed rotating Leslie
plus a main system with two 127 speakers that can handle the 200
watts peak power delivered by two separate amplifiers. You can even
create “'stereo’ sound. since the Leslie also acts as a second standard
channel.

Low Cost Heathkit” /[Thomas
Color-Glo Organ $394.90

e All transistor circuit @ 10 organ voices
e 13-note tass pedals e Repeat per-
Cussaon e Instant-ptay Cotor-Glo e Two

-note keyboards e 50-watt peak
power e Vibrato e Matching preassem-
bled walnut cabinet & bench e 5-year
warranty on plug-in tone generators.

Kit GD-325E, 172 Ibs.... .$394.90

NEW Heathkit/ Thomas
‘Paramount’’
Transistor Theatre

Professional Horseshoe Console Plus
Color-Glo Keys . . .
colored stop tablets at your fingertips for con-
venient selection of all 19 organ voices. Plus
famous Thomas Color-Glo lighted keys so you
can play complete songs the first time you try it

. even if you've never played an organ beforel

a beautiful array of multi-

I.uxurious Ilardwood Cabinet And Bench . . . handcralted and hand-
rubbed with a lustrous walnut finish . . . ready for the sub-assemblies
as you complete them. Cabinet measures 40”7 H x 48" W x 25" D.

Other Professional Features Inelude two d4-note keyboards. 28 notes

of electronic chimes, 13-note bass pedals. key board and pedal sustain,

reverh, selective repeat percussion to produce realistic xylophone,

mandol.n and marimba sounds; selective attack percussion; manual

halance: umbre mellow to emphasize the warm character of orchestral

voices: variable vibrato: pedal percussion and volume: expression

pedal: stereo headset outlet and 3-year warranty on plug-in tone

generators. | iberal credit available. too. Get all the details by sending
for your FREE Hceathkit Catalog!

Kit TO-67, organ & matching bench, 250 lbs.

Optional Band Box Percussion

o/’ kﬁgi Adds 10 percussion voices to the

i\ }' music yvou play . .. Bass drums, two

P "

ﬁ;‘«? i-x ‘Rt" } N cymbals, claves, blocks, snire drum

; and drum rotl. May be added 1o all

other Heathkit /Thomas organs

@ "“""""‘ gl} with TOA-67-2 drawer and slides

@ $3s.

bongos, castanets, brush & crash

i Kit TOA-67-1, 8 Ibs $145.00
Like To Hear It Perform?
Then sendd for organ demonstration record ALy
TOA-67-3(7", 334 rpm). Listen to the beautiful
voices, true organ tone and professional capa A
bilitics of this superb instrument. For GD-325B
organ below, order record GIDA-325-1. Enclose
50c¢ for postage & handling.
g s m AT I T S
HEZATH COMPANY, Dept. 15-5 a
Benton Harbor, Michigan 49022
Please send FREE Heathkit Catalog.
Enclosed is 50c. Please send organ demonstration record no.
Enclosed is $____ plus shipping.
Please send model (s S
Name S = ==
Acdress o N
City = __State Zip
Prices & specifications subject to change without notice CL-284
ﬁﬂ BTm Y L 5
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Join “THE TROUBLESHOOTERS™

They get paid top salaries
for keeping today’s
| _ electronic world running

Suddenly the whole world is
ﬁ\ going electronic! And behind the
[y microwave towers, push-button
phones, computers, mobile radio,
television equipment, guided
missiles, etc., stand

THE TROUBLESHOOTERS

—~the men needed to inspect,
install, and service these
modern miracles. They enjoy
their work, and get well paid

for it. Here’s how you can

join their privileged ranks—
without having to quit your job
or go to college in order

to get the necessary training.

18 ELECTRONICS WORLD
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JUST THINK HOW MUCH in demand you would be if
you could prevent a TV station from going off
the air by repairing a transmitter...keep a whole
assembly line moving by fixing automated produc-
tion controls...prevent a bank, an airline, or your
government from making serious mistakes by re-
pairing a computer.

Today, whole industries depend on electronics.
When breakdowns or emergencies occur, someone
has got to move in, take over, and keep things run-
ning. That calls for one of a new breed of techni-
cians—The Troubleshooters.

Because they prevent expensive mistakes or de-
lays, they get top pay—and a title to match. At
Xerox and Philco, they're called Technical Repre-
sentatives. At IBM they're Customer FEngineers.
In radio or TV, they're the Broadcast Engineers.

What do you need to break into the ranks of
The Troubleshooters? You might think you need a
college diploma, but you don’t. What you need is
know-how—the kind a good TV service technician
has—only lots more.

Think With Your Head, Not Your Hands
The service technician. you see, “thinks with his
hands.” He learns his trade by taking apart and put-
ting together. and often can only fix things he's al-
ready familiar with,

But as one of The Troubleshooters, you may be
called upon to service complicated equipment that
you've never seen before or can't take apart. This
means you have to be able to take things apart
“in your head.” You have to know enough elec-
tronics to understand the engineering specs, read
the wiring diagrams, and calculate how a circuit
should test at any given point.

Now learning all this can be much simpler than
you think. In fact, you can master it without setting
foot in a classroom and without giving up your job!

AUTO-PROGRAMMED™ Lessons Show You How

For over 30 years, the Cleveland Institute of Elec-
tronics has specialized in teaching electronics at
home. We've developed special techniques that
make learning easy, even if you'’ve had trouble
studying before.

For one thing, our AUTO-PROGRAMMED™ lessons
build your knowledge as you’d build a brick wall—
one brick at a time. Each piece rests securely on the
one that came before it.

ENROLL UNDER NEW G.1. BILL
All CIE courses are available under the new
G.1. Bill. If you served on active duty since
January 31, 1955, or are in service now, check
box on reply card for G.I. Bill information,

May, 1967

In addition, our instruction is personal. When
your teacher goes over your assignment, no one
else competes for his attention. You are the only
person in his class. He not only grades your work,
he analyzes it to make sure you are thinking cor-
rectly. And he returns it the day it’s received so
that you can read his comments and corrections
while everything is fresh in your mind.

Always Up-To-Date

To keep up with the latest developments, our
courses are constantly being revised. This year CIE
students are getting new lessons in Laser Theory
and Application, Microminiaturization, Single Side-
band Techniques, Pulse Theory and Application,
and Boolean Algebra.

In addition, there is complete material on the
latest troubleshooting techniques including Tandem
System, Localizing through Bracketing, Equal Like-
lihood and Half-Split Division, and In-circuit Tran-
sistor Checking. There are special lessons on serv-
icing two-way mobile equipment, a lucrative field
in which many of our students have set up their
own businesses.

Your FCC License—or Your Money Back!

Two-way mobile work and many other types of
troubleshooting call for a Government FCC
License, and our training is designed to get it for
you.But even if your work doesn’t require a license,
it's a good idea to get one. Your FCC License will
be accepted anywhere as proof of good electronics
training.

And no wonder. The licensing exam is so tough
that two out of three non-CIE men who take it fail.
But CIE training is so effective that 9 out of 10 of
our graduates pass. That's why we can offer this
warranty with confidence: If you complete one of
our license preparation courses, vou'll get yvour li-
cense—aor yonur nioney bach .

Mail Card for 2 Free Books

Want to know more? Mail the postage-paid reply
card bound here. We'll send our 40-page catalog
describing our courses and the latest opportunities
in Electronics. We'll also send a special book on
how to get a Commercial FCC License. Both are
free. If the card is missing, just send us your name
and address.

Cleveland Institute of Electronics
1776 E.17th St., Dept. EW-32, Cleveland, Dhio 44114

v
»,

.
"' "y
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% @5
, &
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Accredited Member National Home Study Council
A Leader in Electronics Training. .. Since 1934
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Tips for Technicians /||, -
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9, Capacitance

Capacitor stability at bargain prices

Change
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Capacitance vs. Temperature
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LOW TEMPZAATURE CHARACTERISTICS

Any capacitor changes its microfarad value when tem-
perature varies. And some capacitors change more than
others. In some cireuits, capacitance drift with tempera-
ture can cause real problems.

Look at cireuits where you have fractional microfarad
values of paper. film, ceramic or mica capacitors. During
warm-up from room temperature to 65° C ambient, a
capacitor with a temperature coetlicient of, for example,
500 parts per million per degree C will increase capaci-
tance value by 2¢;. This change is enough to cause
troublesome drift in tuned circuits, where inductance
also increases with temperature. Tt can knock the accu-
racy of a timing cirecuit off, or mess up the performance
of a differentiator network. For these applications, we
have a new kind of capacitor that beats anything we’ve
seen in the stability race. It’s the new Mallory Polysty-
rene Capacitor. They're made of stretched polystyrene
film and high purity aluminum foil. The assembly is
fused into one piece, with the polystvrene forming a
solid case of clear plastic that you ean look through and
see the foil. Their temperature coeflicient is less than 150
parts per million per degree C, which is about hall that
of polyester film capacitors. And the coelficient is nega-
live; capacitance goes down when temperature goes up,
compensating for the upward drift of inductance elements
in tuned circuits.

Want more? Mallory Polvstvrene Capacitors have the
lowest dielectrie loss . . . only a small fraction of that of
other film capacitors. Their insulation resistance is way
above that of mica, film or paper capacitors. And the
best part of the whole deal is that they're really low
in price!

There’s something new from Mallory, Loo, in stable elee-
trolytie capacitors. [t’s the molded-case MTA, which has
temperature stability that beats most metal case types.
It has shown up so well on life test that manufacturers
are using it in instruments and computers. And while it’s
priced down with cardboard-case tubulars, it beats them
every way on quality.

You can get these stable Mallory capacitors, and every-
thing else you need lor service or experimenting, from
yvour nearby Mallory Distributor. Ask him for a copy of
our 1967 General Catalog, or write to Mallory Distrib-
utor Produets Compuny, a division of P. R. Mallory &
Co. Ine., Indianapolis, Indiana 46206.

DON'T FORGET TO ASK 'EM — 204at else needs /&'én«;? )

C!RCLE NO. 106 ON READER SERVICE CARD
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Electrovair 1l, by General Motors,
uses silver-zinc batteries for up to
80 miles of driving before recharge.

. AUTOMOTIVE
* ELECTRONICS

In this automotive safety feature of the
future (proposed by G-E}, a short-range
laser ranging device reduces the proba-
bility of accidental rear-end collision.

o,

By ROBERT M. BROWN

Tomorrow’s cars will lean hearvily on electronics, For example. voltage
regulators. fuel warning svstems, anti-skid control. and « radar-like
laser system 1o prevent rear-cnd collisions are among (tems proposed.

NTIL uite recentlv. major developments in the anto-
metive fizld seemed to he limited to such arcas as
hetter styling, improved gusoline consumption rates.

and. latelv, the feasibility of  turbine-powered  velicles.
Within recent months. however, clectriec and electronic
cagniprent has moved o the forefvont. To tudk about
transistorized  car rudios. automobile safetv. and  clectric
antos all in the same article might seem a rather disiointed
method of approaching the status of automotive clectronics.
but these developments are all velated and point to the fact
that sweeping ehanaes are indeed begimnming to he felt in
Detroit.

At this wvriting. it is still not known exactlv which safety
improvements vill actually show up with the 1968 models.
but it Dro Williian Haddon, Jr.. chief of the Nutional Traffic
Safety Agency, T Tus wan, twenty stringently imposed
features will del.ut this coming September.

Although most of the controversy has revolved aromnd
certain meehanieal changes (such as better seat anchorages)
and the wnto manafactirer’s Teadtime reguirements,  con-
siderable fullont has hit hoth the antomotive accessory
mukers and the original equipment mannfacturers (OEND
who now find themselves scurrving about for electronic de-
vices designed 1o plug the more obvious safety loopholes
in the American car. And sinee considerable Detroit funds
have suddenly heen diverted to meet Washingtons new

May, 1967

demunds, a severe cathack is being felt by many standard
component R & D companies now faced with the problem
of cconomical and vapid production. The solution appears
to be clectronics.

Some Electronie Developments

Although we wre all familiar with perhaps the first appli-
cation ol solid-state components i the family car—the
transistorized radio—the niost significant step forward was
the use of the silicon diode in the alternator. This move rep-
resented woreal risk for the antomobile manufacturer be-
canse his use of these diodes affected hoth the salety aspect
of the car and his costs. both initiallv and under warrantee.
The snccess storv of the alternator rectifier was so remarkable
that the mdustry begun to take o long. hard look at the
clectronic techlimology it had for so long ignored.

The nest step was to see what could be done about the
voltage regulator. 1t seemed logical that a transistor conld
be nsed for this prirpose bhecause a cirenit could be designed
to respond to the diflerence between hattery voltage and a
stable reference source. with this signal controlling the out-
put of the alterator. Fig, TA illustrates a simplified transis-
tor-ty pe regulator, while Fig, 1B shows an approach using
an SCR. Several mannfacturers (including Motorola) now
have transistorized voltage regulators on the market. while
Fard Motor Company has anmounced that it will he using

23
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TAP ON A.C. SIDE
OF RECTIFIERS
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Fig. 1. (A) Simplified voltage regulator using a trans-
istor. (B) Simplified SCR alternator voltage regulator.

some solid-state regulators in many of their 1968 models.

Although transistor ignition svstems have been with us
for some time, they are still undergoing further develop-
ment. Of the several approaches commercially available,
the capacitor-discharge system appears to be taking the
lead, and some of the major auto manufacturers are already
supplying such systems as an extra in some of their latest
model cars.

In some of the more advanced versions of the transistor
ignition system, even the mechanical point contacts are
being replaced by either a photoelectric or magnetic pick-
up, which, in turn, activates the ignition system.

As this latter approach reaches the customer, it then re-
moves the last mechanical component that stands in the
way of an all-electronic transistor ignition and voltage regu-
lator system.

With the safety-equipment drive in full swing, renewed
interest in the automatic headlight dimmer has arisen. Cur-
rently available in the top cars of the big three auto makers,
this unit, in addition to turning the lights oft after a prede-
termined delay, turns the headlights on and off according
to ambient light. At present, there is considerable talk of
using the same principle in dual-intensity tail lights—one
brightness for daytime and a lower one for nighttime. This
application has evolved from the problem of temporary
“blindness” resulting from the increase in total light given
off when a car is braked at night with four, five, or six bulbs
across the back of the vehicle.

The day/night rear-view mirrors offered by the leading
auto makers on certain models also show the extent to
which solid-state circuitry is beginning to be used in safety
apparatus. During night driving, if a following auto’s head-
lights are on high beam, a photocell in the mirror sends a
signal to a transistor amplifier, which in turn activates a
miniature solenoid that flips the mirror to a different angle.
This automatic action deflects the bright headlamp reflec-
tion away from the driver’s field of vision. When the high-

Fig. 2. (A) Headlight-on reminder buzzes when ignition is
off and lights are on. (B) Headlight time delay automat-
ically turns headlights off after a 60-90 second delay.

PR T/1 OHEADLIGHT
BATTERYO- | SWITCH

BUZZER!

“acc”
TERMINAL
ON IGN. 2N3402
SWITCH
HEADLIGHT -
SWITCH
(A) (B)
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beam light disappears (or the following car switches to the
low beam), the mirror flips back to its normal angle.

The acceptance of these devices is significant because it
shows that both the automobile manufacturer and the own-
er are willing to trust certain control functions of the car to
solid-state technology.

The Future

While it remains impossible to predict to just what extent
the trend toward more and more electronics in the automo-
bile will advance, startling work is currently being done on
sophisticated safety device systems that may ultimately
find their way into family vehicles. A number of firms (in-
cluding Bendix) are presently conducting research into the
possibility of an anti-skid control circuit, a design that will
initially be tested on jet aircraft landing wheels. Since in
many instances it is the sharp, prolonged application of
pressure to the brakes that causes an automobile to veer
into a skid and consequently go out of control, the suggested
system would keep this from occurring by partially disen-
gaging the pedal from the brakes while applving a mod-
erate amount of braking by itself. The idea is simply to
cause an automatic and gradual slowing down, regardless of
how much frantic pumping the driver might exert.

This system will use four transistorized tachometers, one
on each wheel, feeding an IC logic circuit which would
compare each wheel revolution rate to the rest while at the
same time using a fifth feed (consisting of any one of sev-
eral proposed methods) for arriving at an actual vehicular
motion reference (total car speed in relation to the road-
way). The logic center would in turn be coupled to an elec-
trical mechanism with override capability that would be at-
tached to the conventional hydraulic brake system normally
under driver control. When the IC control sensed a severe
departure from the balanced rpm “norm” on any one or
more of the wheels and also “felt” that over-all vehicle
speed exceeded a safe level, it would apply moderate brak-
ing pressure to the wheels. This pressure would vary, de-
pending upon the total motion factor and what was actually
happening on that one wheel. Should the skid situation cor-
rect itself, full braking control would revert to the driver.

Although considerable research is now underway on just
such a control circuit, it is felt in many circles that Detroit
will never permit this much of a vehicle’s mechanical sys-
tem to be turned over to solid-state components. “Consider
what would happen if the system failed!” is a frequently
encountered remark. On the other hand, it is known that a
similar system will soon he tested on aircraft grounding ap-
paratus, and the ever-growing confidence in current auto-
motive solid-state devices has far from reached a peak.

General Electric is presently offering interested automo-
bile accessory suppliers its ideas for an anti-tailgating device
using a laser beam. The arrangement calls for use of a low-
cost laser that would put out low-power pulses of light,
coupled with an extremely sensitive solid-state sensor to
pick up the light reflections. The laser device would mount
on the front of the vehicle and “look” directly ahead for a
distance of perhaps 300 to 400 feet, depending upon
what range the driver is calling for at the moment. With
the sensor feeding a transistor amplifier which in turn
might activate a buzzer, lamp, or meter readout, the driver
would know approximately how far he is behind the vehicle
ahead even though that car might not be visible. Any num-
ber of sophisticated laser alerting systems could be de-
veloped. However, G-E feels that this system will probably
make its debut as an anti-tailgating gadget designed pri-
marily for use in heavy snow, sleet, and fog conditions
where even radar is undependable. A spokesman for the
company claims that such equipment could be mass-pro-
duced at “a very reasonable cost, although it must be
stressed that the laser for passenger cars is still far from a
reality.”

ELECTRONICS WORLD
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Long before such exotice designs become standard equip-
ment, @ host of less complex vet still impressive gadgets
will appear. In fact, many such devices are here now,

The Boom in Aecessories

A quick glance at the "available equipment”™ chart (Tuble
1) confirms that solid-state components are presently play-
ing a major role in muny new products tor the car. For ex-
ample, let us tuke a look at what the photoelectric head-

light dimmier has stirred up. Fig. 2A shows a simple way to
remind the driver that he left his headlights on after he
turned the ignition oll. In operation, when both ignition
and headlights are on, both sides of the device are at the
swme potential, I the ignition switch is off and the head-
lights are on, current flows through the diode, activating
the buzzer. Fig. 2B illustrates one method of achieving
automatic headlight-ofl 60- to 90-second time detay. This
unit is really two devices in one. (Continued on page 26)

D.C. MOTOR DRIVE FOR ELECTRIC CARS

By JOHN MUNGENAST

Electronic Components Div., General Electric Co.

A we exp.ore the eleetrie drive for vehicles of the futare, it is
well to draw on the experience with solid-state drives present-
Iy being used on tens of thousands ol vehieles throughout the
world. ‘Lhe basic solid-state control sysiem to be described is over
six vears old and has heen in service in Luropean delivery tracks,
American golf carts, Lift trucws, and personnel carriers as well as a
complete German passenger train. The fundamental principle of a
d.e. moior controtted by a sotid-state “chopper” makes a natural
stariintg point for discussions of future venicle drive technigues,
In addition, it should be noted that Ford rescarch engineers claim
they have in operation d.e. motors weighing only a quarter as much
per unit power as the best now avabable and that these moiors
promise to be “low in cost and durable.”

Essential vehicular drive requirenienis involve 1) the ability to
reverse directions; (2) provision tor dynamic braking; ana 3)
the ability to vary vehicle speed by fowering the voliage applied
to the motor.

Categories (11 and (20 are generatly provided by conventional
methods of mechanical switelung and the inseriion of an appro-
priate armature resistance, which has been done com emionmanly tor
mamy years, The efficient reduction of battery voltage tor speed
controt of the motor, however, poses a mueh more difirealt
problem.

W hile a variable resistor could do the job and indeed has been
used in past elecirie vehicle conirols, it has the disaovaniages of
lower efliciency, discernible control “step=" and poorer speed regu-
laticn (since the voltage drop changes with the moior current).
Phase control, the answer to a.w. moior variation. i~ out of the
question sinee the power source is a battery or other d.c. source.
Toe power “chopper” mode of operation as =hown in Fig. 1 ~ecms
like one answer. While thix conirel metnod supplies the moior
with power pulses, the motor responds o the arverage power level
~o that little ~ign of the pulsing i~ evident in operation.

\ “chopper” is essenually a fast-acting switeh, mechanical or
soltd-state, used to convert a d.e. ievel into a fluctuating wavesiape
for purposes of power control, subsequent amplification, ete.
{Other “chopper”™ applications include vibrator power supplies,
antomotive ignition points, ete.)

The solid-state chopper can use either power transistors or an
SCR. and each has certain advantages and disadvantages. But
since the majority of high-current choppers use SCR's this type
will he diseussed.

The advantage of latehing-ty pe operation, where a small momen-
tary signal turns the deviee on, 1= offsei to ~ome extent by the
diffieulties in turning the SCR off when it operates from a d.c.
source. To turn the CR off it 1~ neceszary for the load current to
be interrupted momentarily. The complete eirenit for such an
operation i~ shown in Fig. 2—actually an overgrown power flip-flop.

In operation, it functions a~ follows. SCRI i~ the main load-
carrying SCR. When it gate i~ triggered on by unijunction tran-
sistor Q1 cireuit, current is allowed to flow through half the
winding of T3 and through the armature and field cotl of the
motor, which starts to ron. The start of current flow induces a
voltage into the other half of 73 which charges up C1. This charge
i~ held until the “off™ SCR (SCR2) s triggered by unijunetion

Fig. 1. In a power chopper circuit, the average voltage
applied to a motor is a function o7 pulse "on-off’’ time.
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T hat worichorse of the electric vehiele field, the fork lift truck,
uses a d.c. motor control that has much to offer the electrie car.

transistor 2 circuit, The voltage across SCR1 i~ then reversed
and turned off. One of the advantages of this cicenit is its ability to
start reliably. Because of autotransformer T3, capacitor C4 is al-
ways charged up whenever load tmotor) cuarrent starts to flow;
thus. commutation energy i~ always available. The main SCR s
tirned on again at an interval based on desired motor speed. Vari-
ation of motor speed i~ based on either varying pulse width or
pulse frequeney, or a combination of hoth.

A typical control. built by the hndustey Control Department of
General Electric, i~ now in use in thousands of electrie fork trueks
and i~ shown in the photo below. The SCR™., heatsinks, and com-
mutating capacitor are mounted on the large board with the firing
cirenit board held in the hand.

The control potentiometer (not =hown' i~ connected to the
aceelerator pedal. Bypass switch 81 (Fig. 20 is neually energized
at the end of accelerator travel, providing divect drive from battery
to motor for maximum speed. A

o
LC4 DSCH\

gl
]

L

g) ARMATURE

Co O
) FIELD
——o

Fig. 2. SCR chopper circuit used for controlling a variety
of baitery-operated, d.c.-motor-driven electric vehicles.

e

till

Large SCR's and commutatling capacitors on rear board,
with firing circuit located on the smaller board. This system
has been used for many years on electric fork lift trucks.
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Fig. 3. (A} A system for creating sequential tail-light
flashing. (B} Low fuel warning system using float. (C) Low
fuel warning system using a self-heated thermistor.

It will delay the light-oft signal to illuminate the way down
the driveway or automalically turn headlights off should
the driver forget.

Several manufacturers are introducing a solid-state mod-
ule to produce the dazzling sequential tail-light effect now
seen on certain cars. One way to do this is shown in Fig.
3A. These systems use SCR’s to control the lamps and a
conventional thermal Hasher to open the circuit and reset
the SCR’s. A heavy-duty variable load flasher will not
work with this system because it has a heater in parallel
with the contacts and never reallv opens the circuit to shut
off the SCR’s. The breakdown diodes in the schematic are
four-laver diodes which breakover (essentially short circuit)
at a specific voltage (6 to 10 volts), thus triggering on the
assoclated SCR. These diodes are well suited to such appli-
cations as level sensing. For example, one way that a man-
ufacturer might indicate a low fuel supply is shown in Fig.
3B. In this circuit, as the float drops due to lowering of the
fuel level in the tank, the potentiometer arm approaches
the battery voltage until the diode fires, operating the buzz-
er or lamp. Fig 3C shows a method of employing a self-

heated thermistor that uses the fuel liquid as a heat sink to
achieve the same low-level sensing. When the fuel level
goes below the thermistor level, the thermistor heats up,
raising its resistance, until the diode voltage is sufficient to
cause breakover,

Semiconductors have also been finding their way into
products related to service and performance, although per-
manent auto equipment applications are still being watched
very carefully because of the undetermined reliability fac-
tor. Dclco-Remy has introduced a  capacitive-discharge
ignition system which uses a magnetic arrangement to elimi-
nate the points. This system requires a switch signal amplhi-
fier, a transistorized inverter to produce a high voltage for
charging a capacitor, and an SCR to switch the capacitor
charge through the ignition coil in step with the switch
signal.

Three English firms have been demonstrating a fuel-in-
jection system that uses clectronics to provide metering
information and to control solenoid valves at each cylinder.

The Car of Tomorrow

Arthur E. Fury, a specialist in market development for
G-E’s Semiconductor Products Division, has some interest-
ing thoughts on the dream car of the future. He visualizes
an electronic speedometer used to drive an electrolumi-
nescent nunmieric readout as well as to provide information to
the car’s system. A laser range finder (an expansion of the
proposed anti-tailgating system) supplies information about
the distance and relative velocity of other vehicles. An
accelerometer measures acceleration and deceleration, while
a tachometer measures engine rpm.

Additional solid-state devices? “Thermistors, photocells,
and silicon strain gages are placed about the car to measure
ambient light, engine temperature, inside temperature,
coolant level, gas level, oil level, oil pressure, tire pressure,
and so on. Fuel flow is measured by two thermistors in the
gas line, and exhaust emission is checked electrostatically.
We add a two-way radio, and presto! we have a car that
could be driven onto a superhighway and controlled either
manually or by autopilot.”

How would it work? A driver with such equipment would
now have information about his specd condition, efficiency
of the car, and road conditions. \Vhen it gets dark, his lights

Table 1. Three categories of automotive safety devices divided into electric, non-electric, and electronic divisions.

PERFORMANCE /EFFICIENCY

ELECTRIC NON-ELECTRIC

Tandem fuel pumps that deliver

70 gallons per hour metal in engine blocks

Fuel flowmeters that read out
engine consumption in gallons per
hour

ELECTRONIC

ELECTRIC

Alternator/generators, SCR etc., warning lights

Transistorized tachometers Trunk and door locks

Solid-state voltage regulators

SAFETY /WARNING

Magnets that pick up stray bits of

Fiber-optic tubes carrying light
from outside lamps to warn of malfunctions

"Lights on,”” "“Door not closed,”

Transmission lock in “Park’

LUXURY/EXTRAS
ELECTRIC
Push-button door openers
Motorized seats, antennas, windows, etc.
ELECTRONIC

Power inverters for powering
electric shavers, etc.

Transistorized AM/FM/short-wave
receivers, often with reverb.

Transistorized in-car stereo
playback systems

Exhaust gas analyzers that mea-
sure combustion efficiency and
fuel-air ratio for correct carburetor
settings

Electronic superchargers

Transistorized ignition
systems

Capacitive discharge ignition
systems

Windshield wipers

Cornering lights, activated by turn
signal

ELECTRONIC
Transistorized 4-way emergency flashers

Photoelectric headlight activators and
dimmers

Delay circuits to keep lights on 90
seconds after ignition is off

Siren/flashers for police vehicles
Transistorized burglar alarms
Overspeed warning devices

Flip-flop rear-view mirror using
photocells, transistors, solenoids

Converters for h.f. and v.h.f.
reception on AM car radios

Two-way mobile communications
equipment (CB, etc.)

Sequential tail-light systems for
high-style rippling effect

Electronic throttle and speed controls
Avutomatic climate controls using
thermistors and transistor amplifiers

to activate outside air flow, heater,
air conditioner, etc.
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would go on automatically and the brake lights would
be set to a dimmer degree. Should he go too fast, a buzzer
would warn him and then some automatic counterpressure
would be applied to the gas pedal. If he approaches the
car in front too rapidly, the laser would control his brakes
and accelerator. Should he panic, an anti-skid circuit would
take over. Dashlights would tell if the gas is low, ete., and a
major failure of something such as oil pressure would tell
the computer to stop the car. (See “Integrated Circuits and
the Automobile” in the February, 1967 issue of this maga-
zine.)

Too way out? Probably, but the publicity over the HELP
(Highway Emergency Locating Plan) program two years
ago has already given way to GM’s DAIR (Driver Aid, In-
formation, and Routing) system now being tested in De-
troit. It utilizes a basic CB set in an advauced-design con-
figuration (Fig. 4) which affords the driver the following
hasic aids:

1. It provides reception of voice messages pertinent to
traffic eonditions and the road ahead.

2. It provides a display panel on the dashboard which re-
produces roadside traffic signs by lights and readout tubes
through its reactions to magnetic traps in the roadbed (see
Fig. 5).

3. It provides illuminated instructions (turn left, make
right, etc.) over a predetermined route, eliminating the
necessity for map reference.

4. Tt provides u facility for tone-coded or voice com-
muunications between driver and a service center (on the CB
band), permitting the motorist to summon aid or get road
information when traveling on non-magnetic highways.

The Phenomenon of the Electrie Car

Detroit’s 1966 electric car revelation has perhaps more
than any other factor been responsible for hastening the
transition to solid state in the family vehicle. With the
mass media supplving the public with daily reports of elec-
tric car R & D progress, potential customers are becoming
increasingly aware that if anything truly revolutionary is
ever to emerge from the automotive scene, a high degree of
ultimate reliance on electronic components is essential.
Mechanically inclined teenagers are poring over auto mag-
azines bristling with facts about fuel cells and sodium-sul-
fur batteries while their parents skeptically await the first
production-line electric car. Behind the open “can-it-be-
done?” controversy, however, there lies a feverish under-
current of activity felt not only by the auto makers but in-
deed by their suppliers and substantially influential seg-
ments of the electronics industry.

The reason for much of this is the inherent competitive-
ness associated with the American auto manufacturing busi-
ness, well exemplified last fall when Chrysler, Ford, and
GM made public for the first time their research into better
storage cells. These announcements were made within a
week or so of each other. In spite of the massive GM work
which seemed to culminate in its “Electrovan” and “Elec-
trovair” experimentals, one factor that has kept this entire
business from simply becoming relegated to the status of
a publicity stunt was Ford’s public statement that perhaps
“within five years we will have a production-line electric
car” that would utilize the company’s new sodium-sulfur
batteries, “good for the life of the vehicle.” While Ford
talked about small two-passenger runabouts and the rest of
the industry concentrated on competing with existing gaso-
line tvpes, electronics engineers were developing improved
drive systems utilizing sophisticated SCR control apparatus
and I1C logic units. Since October, 1966 the over-all size
and prototype costs for one such high-voltage system (ncc-
essary for the a.c.motored types GM and Chrysler en-
vision) have been nearly halved.

Ford, on the other hand, is holding to its simple, low-
voltage d.c. drive concept which appears to be gaining
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Fig. 4. Basic arrangement of General Motor's DAIR (Driver
Aid, Information, and Routing) system now being tested.

steadily in industrial acceptance. A recent Gallup poll con-
firmed that the public, too, would be interested in seeing
Ford’s scaled-down motorcar. Temporarily compromising
for the sake of competition, Ford has promised to deliver
from its British factory “the first prototype”—using con-
ventional lead-acid storage batteries—“to be shipped to the
United States in June.” Walter Hayes, a British Ford official,
admits that “this is going to be no Batmobile . . . but a big-
ger version could take a minimum of 10 vears to get on the
road in the U.S.” GM and Chrysler seem to agree but on
the surface appear to be sticking to their “average-sized car”
battleguns. Rumblings from the OEM camp and certain
segments of the solid-state industry, however, indicate quite
the opposite. 1t remains to be seen just what will eventually
emerge from Detroit, but it is quite clear that a considerable
amount of auto maker R & D funds is being spent on ex-
ploration of various tvpes of electronic car control systems.

However, not all this money is coming from Detroit. The
Edison Electric Institute (a trade association of power
companies) has earmarked over $1 million for 1967-68
work on “battery-fuel cell development.” Obviously, associ-
ated solid-state systems research also falls into this category.
U.S. Senator Magnuson’s pending bill would grant huge
sums of Federal aid to electric car development, and two
quite similar bills are currently awaiting action in both
houses of Congress. The U.S. Post Office is now test-driving
four battery-powered trucks in various sections of the East.
Lear-Siegler has developed a six-motor electric-driven test
bed vehicle for the Army. Since 1964, teams of researchers
from the General Atomic Division of General Dynamics
have been exploring diverse facets of electric cars. And the
list goes on and on.

The Role of Solid State

Recurrent off-the-cutl remarks by electronics firms largely
dependent upon Detroit contracts would have one believe
that all the talk about future scarcity of gasoline, traflic

Fig. 5. In the DAIR system, the magnetic poles are sensed
and decoded as programmed vehicle speed. Other magnetic
arrangements are used to supply further control commands.

MAGNETIC
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noise, reduced electrical costs, and air pollution is just so
much nonsense. This viewpoint has been given momentumn
by American Motors” announcement in February of its in-
tention to market a small combustion-type passenger car
which would openly compete with the Volkswagen.
Coupled with the near reality of Ford’s electric car for
city driving, this mukes a pretty good argument for those
with vested interests in d.c. drive configurations controlled
by SCR choppers. Again, though, it is becoming apparent
that regardless of the a.c.-d.c. controversy, solid-state com-

ponents will be used as the “heart” of the vehicular drive
sysgem.

It tuel cells are employed in mass-production cars, therm-
istors, transistor amplifiers, and in some cases I1C’s will be
required to maintain required temperature control. The
widely publicized hydrogen-oxvgen cells require a cooling
level between —279°F and —423°F. Most of the experi-
mental motors now in use must be constanthy temperature-
compensated, using circulating oil as a coolant.

A host of new solid-state safety devices is also imminent,

A.C. MOTOR DRIVE

UBLIC excitement over Detroit’s sensational electric car dis

closures last year was somewhat dampened by the apparent
impracticality of available batteries. In the wave of disappoint-
ment which followed, one major point was all hut overlooked—
the fact that a lightweight, a.c. electric-drive system had proven it-
sell in a passenger car, turning in a performance comparable to
that of any current internal combustion engine. Not that a.c.
electric motors are new by any stretch of the imagination, but the
fact that their first trial with an electronic control system in an
automobile achieved such satisfactory performance is nonetheless
startling. Particularly as employed in cars where the maximum
weight area mst he allotted to batteries, the a.c. drive system
holds mnch promise for the future.

Squirrel-cage a.c. induction motors have traditionally been used
as single-speed machine power sources in applications demanding
high rpm action. To supply the motor adequately, it is only neces-
sary to feed it a constant voltage, at a constant frequency, con-
sistent with the requirements of the motor. This consistency de-
pends upon “slip™ frequency—the difference hetween the actual
mechanical rotor speed and the rotating stator field speed. (The
rotor actually runs a hit behind the field.) Since the “slip™ is plain-
Iy evident at a constant speed, a prescribed frequency requirement
is met with the feed current. Hence, to attain variable speed opera-
tion. hoth the voltage and the frequency would have to be varied.
To further complicate matters, the percentage of “slip” may be as
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Fig. 1. Loop system of a.c. drive used by General Motors,

Fig. 2. Basic SCR unit of Lear-Siegler changes three-
phase power from gas-engine-driven alternator to single-
phase a.c. output. Logic circuits control the conversion.
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little as 1% or as much as 1097, depending upon motor design and
operating parameters.

These obstacles ure somewhat diminished when it is considered
that this apparatus can also take care of reverse action and brak.
ing, while the resultant high rpm will eliminate the necessity for
bulky three- or four-speed transmissions. Existing 4:1 gears and
differentials can be employed for the sake of expediency.

Several approaches can be taken. The Henney “Kilowatt” (a re-
fitted Renault “Dauphine”) employs electric relays for closing
magnetic switches in sequence as the accelerator s pressed to pro-
vide six power levels. Yet accelerator technique is tricky and fre-
quently results in blown fuses. Critics also call attention to “aneven
acceleration”. Electronic switching could be achieved using thy-
ratrons or ignitrons. However, these outdated elements, in addition
to being ungainly and heavy, do not solve the “slip” frequency
problem.

The Loop A.C. Drive System—GM

Using integrated cirenitry and SCR choppers, the “modulating
inverter” has been devised to cope with a.c. induction motors.
This, in effect, varies hoth the voltage and frequency in accordance
with motor slip requirements and the driver’s acceleration. Known
as a “loop” control system (Fig. 1), General Motors is banking on
it for all future electrie car research and production, although
engineers on ihe “Electrovair” and “Electrovan™ estimate 1966
costs at about $5000. Part of this expenditure was due to the use of
400-ampere, 1200-volt SCR’s which have to be series- and parallel-
connected in the inverter. It is hoped that within a few years in-
expensive 500-A, 2000-V versions will lower this cost appreciably.

In the loop system, a voltage proportional to motor speed is
obtained by a tachometer/generator on the drive motor shaft. This
signal is passed to an IC logic circuit where it is compared with a
preset voltage (derived from a potentiometer coupled to the
accelerator) to produce the frequency for switeching the solid-state
inverter and power control (SCR’s) on and off. Since the inverter
reduces the average voltage to the motor by supplying it with
power pulses, the ratio of on-to-off time of the pulse determines
motor voltage. Varying the ratio of the on-to-off time of the pulse
while keeping the pulse frequency constant, accomplished by
varying the frequency of repetition of a constunt-width pulse,
renders a combination of pulse-width and pulse-frequency modula-
tion. This combination has been found to produce excellent vari-
able speed operation of an a.c. induction motor. To change motor
speed, the driver alters the value of the preset voltage by depressing
the accelerator (connected to a potentiometer). A switeh turns
the system off each time the accelerator is released.

The Loop Drive System—Lear Siegler

With many organizations attempting to develop high-perfor-
mance a.c. motor-drive systems simultaneously, it is logical that
different approaches would be tried.

Thinking more in terms of heavy-duty truck-type vehicles or
applications for railroad transportation (and even drive systems

Fig. 3. Lear-Siegler's motor loop system fabricates the
variable frequency drive from portions of a.c. supply.
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since reliability will again become a major area of concern
{power could lock on, motor could overspeed, control lever
could slip from forward to reverse, etc.). New warning
lights and failure-compensating circuitry will be required.
If the GM concept is accepted, adequate safeguards against
SCR overheat and over-all svstem shorting will have to be
developed, as well us safeguards against possible danger to
the driver as a result of 400-volt, 400-ampere currents,
particularly in the event of severe physical vibration or
collision with another automobile. Even the low-voltage

Ford approach will ultimately necessitate a means of driver-
monitored performance, optional automatic  speed-reduc-
tion circuits to optimize battery life, and wherever feasible
over-all substitution of solid-state components for present
mechanical counterparts to achieve the absolute minimum
drain on the already overworked storage cells.

Even if electric cars fail to materialize to the degree
anticipated, at least the controversy will have left the
automotive electronics industry many years ahead of where
it might have been without it. A

How some companies plan to use an a.c. source as power for their

cars. Unique among them is a drive motor mounted within the wheel.

for large parabolic antennas), Lear Siegler (LSI) took a somew hat
more complex approach to the problem. However, the fallout from
this research represents still another possibility for a.c. electric
passenger vehicles,

Lear Siegler's theory for varying squirrel-cage motor speed is
basie. Using fast electronic-switching techniques, a variable-fre-
quency, single-phase input to the motor is created from selected
portions of a fixed-frequency, three-phase supply. Originally this
was attempied in the post-World War 1 period with the “cyclo-
converter,” a mercury-are system that proved a bit too massive and
expensive to he practical at the time. Today, however, the company
has revived its interest in this dormant concept because of the
availability of suitable SCR’s.

The result is an all-a.c. system that can be powered fromn a com-
mercial three-phase, 60-Hz power source; a battery-powered three-
phase inverter source; or an engine-driven, three-phase alternator,
prohably the most practical of the group.

Lear Siegler’s »olid-state “cycloconverter” is a step-down fre-
quency device comprising a number of “choppers™ interposed
between the power source and load. When actnated, the load is
selectively coupled to the power source in such a manner that the
current to the load is at a lower frequency than the source power
frequency. The output is thus “fabricated” from small bits of the
input.

The basic module int the frequency converter is a 12-5CR, three-
phase-in/one-phase-out unit. Each single-phase module (Fig. 2)
uses two groups of three-phase, full-wave rectifying bridges. This
permits power from each of the input phases to supply power to
the single-phaze output.

Using seven integrated-circuit modunles in the logic unit, the
basic 3-to-1 converter module suscessively selects the appropriate
portions of the supply-voltage waves which will closely approxi-
mate a desired waveform for the induction motor. At this point.
snitable filtering is introduced to smooth out the waveform so that
it is acceptable, although the inherent inductance of the squirrel-
cage motor is snfficient, when the motor is used at varying speeds,
to cause the current to be almost perfectly smooth to begin with.

Since more segments of the input power waveform are available
for fabrication of the output waveform as the frequency ratio is
accelerated, it is necessary to limit the minimum input-to-output
ratio of the frequency converter to 2 (no limit on the maximum).
For example, a conventional 60-Hz alternator produces a 30-Hz
output frequency to the motor, which results in a drive motor
speed of 1800 rpm, according to LSI. For a higher speed, it would
be necessary to supply more than 60 Hz to the converter {which
could be accomplished by driving a high-frequency alternator by a
60-Hz induction motor).

The balance of the system is mnch the same as that previously
explored. employing the tachometer/generator at the motor shaft,
ete. (See Fig. 3.)

But what about speed? Although LSI’s experiments have not
heen primarily concerned with this factor, the company has de-
veloped an Army vehicle which employs an oil-cooled motor that
rotates at 16.000 rpm at a vehicle speed of 50 mph. However, this
approach nses the vehicle’s conventional 6-cylinder gasoline en-
gine to drive a rotavy alternator which serves as the prime power
source.

Motor Placement

Depending upon application, the a.c. squirrel-cage motors can
be placed almost anvwhere. LSI's Army test bed vehicle uses
«ix powered wheels, each one capable of 16,000 rpm as indicated
above. For the most part, the motor is inside the wheel with plane-
tary reduction gearing just outside, less than two inches from the
wheel itself. This arrangement is shown in Fig. 4. The gear mech-
anism is bolted to the outside of the vehicle frame, with the SCR
frequency converter hox located with others toward the rear cen-
ter of the vhassis. The result is a compact power wheel that at
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first glance looks much the same as conventional types. Fig. 5
shows the electrical arrangement.

An English firm, Telearchics. Ltd.. has a prototype of a small
three-wheeled electric car that is driven by a single motor on the
front wheel. With batteries in the rear, the “Winn City” car can
maneuver a right-angle turn at 10 mph (its top speed).

General Motor's experimental “Electrovair” and “Electrovan”
make optimum use of available equipment, placing a single a.c.
induction motor where the conventional combustion engine would
normally Dbe situated and employing a standard differential to
achieve rear two-wheel drive. The cooling system is a six-quart-
capacity circulating-oil type that also serves to cool the SCR modu-
lating inverter (total cooling system weight is 80 pounds).

It becomes apparent that location of the motor is not at all
critical except where engineers must work with specific existing
designs. Indeed, the electric car of the future may well be a conr-
bination of both approaches, perhaps using two rear LSI-type
powered wheels with GM’s simplified inotor-loop concept. A
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Fig. 4. In the powered wheel, the drive motor and its as-
sociated gearing is located within the drive wheel itself.

Fig. 5. Drive layout for the experimental military vehicle.
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NE of the most important new semiconductor de-
vices is the field-effect transistor (FET ),
describes six low-cost circuits which mav be built to
demonstrate the important properties of FET's,
w U-112 p-channel FETs are used in the circuits

and ¢

Field-Effect Transistor Circuits

By JOSEPH H. WUJEK. Jr. and MAX E. McGEE

A grouping of six simple.

lowe-cost circuils t

fiat

dlustrate many of the principles of FET operation.

diﬂcns‘s‘cd and are relatively low priced.
feved the U-110 and U-112 together s a package f(n $2.75.

The U-110 may

higher in price. The bipolar transistors nsed are General e
. . . . i - ., 7
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tubes

convenience,

General Properties of FET -
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transistors, and FET's are given in Fig. 1.
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Fig. 5. FET/transistor pair has gain and high input impedance.

devices. The 2-megohm resistor establishes the gate bias
and is similav to the grid-leak resistor used in tube work.
However, this resistor must be made small enough so that
increased leakage current between the gate and source
will not drastically change the bias. For the U-110 and the
U-112, leakage between gate and source at room tempera-
ture is on the order of 3 nanoamps (5 X H—="amp).so a 1-
or 2-megohm resistor is adequate.

At elevated temperatures the increase in leakage current
would dictate that a smaller resistor be used so as to reduce
changes in bias with leakage current. It is possible to bias
FET’s so that very small temperature drift results.

Common-Source Amplifier

The common-source circnit is analogous to the com-
non-emitter transistor and common-cathode vacuum-tube
circuits.  Again, properties of this circuit are similar to the
transistor and tube counterparts.  Input and output im-
pedances are intermediate in value and a voltage gain
greater than unity may be realized.
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Fig. 3 shows a common-source circnit and the bandpass
plot obtained by using either the U-110 or U-112 FET.

Miller Oscillator

The very high input impedance of the FET enables us
to build the simple Miller oscillator of Fig. 4. The high
impedance of the gate circuit results in light loading of
the crvstal. The LC combination in the drain circuit is
tuned to resonate slightly below the parallel resonance of
the crvstal. For the tvpe of devices considered in this
article, the upper limit of frequency operation is only a
few megahertz. For crvstals other than the 512-kHz unit
shown, the LC combination must be changed accordingly.

The output of the oscillator will not tolerate much load-
ing, but the source-follower circuit can be used as a driver
to provide low output impedance without loading the os-
cillator stage excessively. With differences in FET tvpes
and Tavout details, some modification of the LC network
mav also be required. For the circuit we tested. “clean”
oscillations were observed for the four FET tyvpes indicated
on the figure withont retuning the civcuit, and with the
supphy voltage varving from 6 to 22 volts.

FET /Transistor Pair

A cirenit which performs like an improved source-fol-
lower or emitter-follower is shown in Fig. 5. The FET
again provides very high input impedance, while the
transistor output provides low output impedance. Unlike
the source-follower or emitter-follower, this circuit can be
built to have a voltage gain greater than unity. This is
accomplished by a resistor in the feedback path as shown
in Fig. 3A (lower right).

Fig. 3B gives the bandpass characteristics when used
with a voltage gain of unity and (Continued on page 75)
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System Pl

anning & Installation

By L. GEORGE LAWRENCE

Description of tvpical educational TV installations and  methods of  planning

jor school-originated transmissions in the 2500-MHs microware frequency band.

DUCATIONAL television, now well into its second
daecade, has established itselt as an ontstanding audio-
visual tool in a good nany teaching sitnations. To-

day. microwave transmission is emerging as an cflective
data carvier between widely separated school districts. The
propagation techmiques liave been learmed enmpirically, and
systen plamning and installation follow but a few basic riles
common to line-of-sight transmission paths.

On July 30, 1963 the Federal Comunmications Conimis-
sion established the “Instructional Fixed Station Service” to
meet the needs of educators for school-originated transinis-
sion of visual and wral material. The agencey set up thirty
6-MHz channels in the microwave frequency band 2.5 to
2.686 G117 (sce Table 1).

With nominal transmitter power set at 10 watts output,
the transmission standards are the same as those for regular
TV broadcasting, with some exceptions. Vestigial-sideband
transmission, for example, is not required, but the lowe
sideband must wot exceed the amiplitude of the upper one
The microwave Uansmitter must maintain the 4.3-MT1z
sound-carrier separation and the visnal carvier may not drift
more than =60 Iz Stations ure required to transmit call
signs consisting of three letters and two digits. These identi-
fications must be transmitted at sign-on, honrly during oper-
ation, and at sign-olf.

From an electronics point of view, both trausmitter and
receiver are relatively simple affaivs. Fig. 1 shows Jerrold’s
Model SRT-1 transmitter (vight) and the sime firm’s Model
SRR-1 school receiver. The transmitter is comipletely solid-
state, including exciter-modulator and power supply. except
for the traveling-wave tube in the final ontpnt stage. Moni-
toving is achieved by detecting the output after the final
stage. The apparatus requires 300 watts of operating power
for the transmitter and 30 watts for the exciter-modulator,
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The receiver (Fig, 1. left). a solid-state design. nses a
quadruple-tuned cavity preselector. a transistor and varactor
oscillator-multiplior ¢hain - (ervstal-controlled in the 130-
Mz region), o two-stage broadband output amplifier. and
external power-supply arrangements. The Tatter consists of a
20-volt a.c. mdoor supply feeding the receiver through jts
coaxial ontpnt cable. Power requirement is 24 watts.

The received microwave-frequency signals are converted
to v.hit. sienals and injected into the school’s NATV SVS-
tem. Fig. 2 shows the common transiission and receiving

Fig. 1. Typical school transmitter at the right consists of an
exciter-modulator unit (bottom), the rest of the transmitter (cen-
ter), and the metered power-supply unit (top). The matching
receiver shown at the left is mast-mounted below the antenna.
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CHANNEL NUMBER| BAND LIMITS (MHz)
A-1 2500-2506
Group A A-2 2512-2518
A-3 2524-2530
A-4 2536-2542
B-1 2506-2512
Group B B-2 2518-2524
B-3 2530-2536
C-1 2548-2554
Group C C-2 2560-2566
C-3 2572-2578
c-4 2584.2590
D-1 2554-2560
Group D D-2 2566-2572
D-3 2578-2584
D-4 2590-2596
E-1 2596-2602
Group E E-2 2608-2614
E-3 2620-2626
E-4 2632-2638
F-1 2602-2608
Group F F-2 2614-2620
F-3 2626-2632
F-4 2638-2644
G-1 2644-2650
Group G G-2 2656-2662
G-3 2668-2674
G-4 2680-2686*
H-1 2650-2656
Group H H-2 2662-2668
H-3 2674-2680
Upper limit.
Table 1. Frequency allocations for instructional fixed stations.
' 1000 MHz | 6000 MHz
Path length 25 miles 25 miles
Antennas 6' parabolic | 6’ parabolic
Free-space path loss 1245 dB 140.0 dB
Antenna gain
(2 antennas) 46.0 dB 77.0dB
Normal transmitter power 37 dBm 30 dBm
Normal misc. losses
(trans. lines, combining
filters, circulators, etc.) 8 dB 5.2 dB
Net received signal power | —-39.5 dBm | —-38.2 dBm

Table 2. Typical path-length characteristics at 1 and 6 GHz.

method. The wrrangement’s main advantages are Tow cost,
independence of fixed broadceasting schedules. and a more
intimate approach to diversified teaching than possible be-
{ore.

Field Surveys

Specifications for ETV systems can only be detailed after
the propagation path has been determined. Bidding on an
usurveved svstem can be a dangerous gamble, since a pro-
posing fim mav not be fullv aware of obstacles and/or
clectromagnetic interference which can attenunate signals,
To cover itself against severe losses, the company must
cither overbid—which can lose it the contract—or conduct
careful optical and electromagnetic field survey to safeguard
against these possibilities.

There are five general types of field surveys, categorized
as visual, map, photogrammetric, aerial, and clectromagnetic
(to detect eflective field strength).

1. Visual surceys are performed by direet observation.
The site of the proposed microwave-receiver antenna strue-
ture is marked by a large flag or brilliant light. If great dis-
tances are involved, the light may be generated by carbon-
are equipment whose heam is directed towards the site of
the observer. The light or flag may then be searched for with
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binoculars while the observer is standing at the transmitter
site.

The visttal method is somewhat limited by the fact that
radio waves bend morve than light waves: but since untenna
towers have not vet been erected, the survey may be con-
ditionally positive in spite of minor obstructions partially
blocking off the path of signal propagation.

2. Acrial surveys, being an extension of visual surveys,
commonly make use of a small helicopter. The craft is used
to position the observer at a height relative to that of the
final supporting structure for the microwave antenna. Photo-
graphs will help to reinforce the observations made.

3. Map surceys are path determinations derived from a
study of topographic maps. A profile of the propagation path
is drawn on special graph paper, and the amount by which
the line of sight clears terrain obstacles may thus be deter-
mined.

Data derived from such surveys is valid over terrain
which is not commercially built up. Over eity areas, this
tvpe of survey tends to become invalid due to interference
by large buildings and other structures.

Although map surveys are inexpensive, it should be real-
ized that many pertinent maps are twenty or more years old.
Recent detail maps might show intervening structures, but
the older ones will not.

4. Photogrammetric surceys subscribe to the use of ste-
reoscopic acrial photographs of the signal-path line. The
basis of this method is a series of photographs in which the
same areca is “shot” from two diflerent angles. The pictures
are then viewed through special optics which can indicate
the relative height of obstructions in the projected transmis-
sion path.

5. Electromagnetic surceys. Whereas survey methods (1)

OMNIDIRECTIONAL RADIATOR

SCHOOL
w RELAY
RECEIVER

PARABOLIC
RECEIVING
ANTENNA

VHF
CONVERTER

MICROWAVE TRANSMITTER
(KLYSTRON OR TRAVELING -WAVE TUBE)

MATY

M 1
QDULATOR AMPLIFIEF

DOMESTIC
TV CABLE

PATCH BAY

T4 CAMERA TV RECEIVER

OTHER
PROGRAM
SOURCES

Fig. 2. Basic components of 1-channel, 2.5-GHz ETV system. Re-
ceiver output is heterodyned to v.h.f. and fed to MATV system.

throngh (4) deal with various optical observations that are
conditionally acceptable, for precise determination of cffec-
tive transmission-path characteristics, the electromagnetic
simulation process is nsed. In this case. a smalll portable
microwave transmitter is tuken to the chosen site of trans-
mission, a simple antenma structure elevated. and a modu-
lated signal transiiitted to a field-strength meter locuted at
the receiving end.

This method, although more expensive to apply, can pro-
vide excellent data under varions conditions. I, for example,
the local atmospherice situation is such that the aiv density
mcreases with height, the earth hetween transmitter and re-
coiver appears to bulge up into the wave fronts. Tf this
bulge reaches the line of sight between transmitter and re-
ceiver, microwaves of any frequency will be attennated
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Fig. 3. Weather-shielded microwave antenna housing for studio-
to-transmitter microwave relay, photographed at Mt. Wilson, Calif.

about 20 dB. This. in turn. deercases the receiver's signal-to-
noise ratio and. for all practical purposes. the picture might
be lost.

I the terrain between transmitter and receiver is a good
reflector. the cancellations may be severe and very deep
Lades will result. Tigh-frequeney swaves tend to cancel each
other more often than Tow-freguency waves hecanse smaller
changes i refraction are vequired to canse o diflerence in
paths of one-hall wavelength, The 2.5-Clz svstem auight
have more fades thun o lower frequeney svstem. bhut these
fades will he of shorter duration,

The equipment required for electromagnetic surveys con-
sists of w 2.3-CHlz trisimitter and @ microwave field=strength
meter, inclading snitable antennas for both instroments.,

Another electromagnetic method o gathering field-per-
fornnce datais to snbstitute for the ficld-intensity meter
an-actial microwave receiver. The direct substitution meth-
od Tas proved snecessful i standard «hof siueveys, but, nn-
fortimately, the bulk and weight of the microwave antenna
does not invite its enthusiastic nse. The method is w valid
one, however, wid should be emploved il at all possible.

Antenna Requirements

Path distances to 12 miles wonld typically require a two-
foot parabolic dish. while w one-foot parabolic dish is typical
for 3 miles line of sight. Distances hevond 12 miles ninst be
considered as a non-standard type of dustallation, requiring
antennassize determinations.

Table 2 gives some rule-of-thinnly values for frequencies
of 1T Gz and 6 GHz In hoth cases, a range of 235 miles b
heen chosen. 1t should be noted that the gain of a parabolic
antena inereases with antenna area as well as with operat-
ing frequency. Bul for a given microsvave path with fixed-
size antennas, the path attenuation inereases with frequeney.
Henee, as is so often the case, one effect tends to offset the
other.

Simple. muprotected parabolic anteima stractures sullice
for most purposes. Special considerations are introduced.
however, if the service arca is subject to extreme weather
conditions—especially high winds, freezing rains. and the
like. Aside from the possibility of off-target operation due
to excessive movement and weight, the dish can bhe subject
to severe electrical damage.

To mitigate such disadvantages. the antenna(s) can be
housed in a window-equipped structure erected atop one of
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the higher school buildings. Fig. 3 illustrates an excellent
installation of this tvpe used for commercial stndio-to-trans-
mitter use. Tt contrasts with the less elaborate but more com-
mon educational systen ilstrated 1y Fig, 4.

Even though anicrowine ETV systems are fairly main-
tenance-free. inpretentions designs, o fow simple acces-
sories iy be called for. An inexpansive monitor, which not
only provides a continnons record of transitter performance
but also gives an aconstical alurm if the apparatus starts to
malfunction and ‘or drifts off frequency, mav be added. One
such monitor, shown in Iig. 5, can be momnted in a 19-inch
rack and connected to the transmitter by way of rear ter-
minals.

The information given in this article 1s prinarily intended
for simplificd sitnations. Experience has shown that each
ETV svstem is somewhal inique and mnst be tailored to
snit individual needs. At the present time, the svstems are
fairly new and much experience is vel to be gained m their
nse.

Fig. 4. A simple pole-mounted microwave antenna dish is shown.

Fig. 5. A recording menitor used to log transmitter performance.
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IC Engine Tachometer
and “Red Line” Indicator

By ROBERT A. HIRSCHFELD / Microcircuit Engineering, Amelco Semiconductor

In this. the first application of integrated circuits to automolive

eloctronics. a red warning lamp comes on at some predetermined value

of engine rpm, enabling the driver to shift gears at the correet rpm

or indicating that his engine is now hitting its rpm limitations.

FSPITE  the increasing  popularity ol antomotive

tachonieters, their indications are of only academic

interest under tyvpical driving conditions. The most
uscful information a tachometer imparts to manual-shift
drivers is the optinnum “shilt point,” and this may be read
as known speeds for cach gear on the car's speedometer. A
meter with a marked red line unfortunately requires the
driver to divert his attention from the road in order to read
relative pointer position at the critical time when the engine
is developing nearly imaximum power.

The tachometer desceribed in this article includes an rpm
sensing circuit, whiclh can illiminate a warning lop (clec-
tronic “red line™) bright enough to signal the driver with-
out distracting him from road conditions. The heart of the
circuit is a new dual one-shot microcircnit flip-flop, which
works directly from 12-volt auto batteries.

Basic Operation

The block diagram of Fig, T illustrates the basic opera-
tions performed by the tachometer. Ignition pulses at the
distributor points are iregular, usually containing large in-
ductive spikes and r.f. ringing. These pulses are filtered
and clipped to prevent damage to low-voltage components
of the microcircuit. Each pulse triggers a one-shot multi-
vibrator, cansing it to produce an output pulse of fixed
width and height. If a metered readont is desired, a d.c.
milliamieter is attached at this point. The meter acts as
an integrator whose deflection is proportional to the aver-
age .c. value of the pulse train. Since the one-shot pulse
duration remains constant and the repetition rate depends
upon engine rpm, the average d.c. value and hence meter
deflection are accurately proportional to rpm.

The standardized pulse train is fed to a sensitive fre-
queney discriminator, which will be discussed in detail. If
the repetition rate exceeds the set threshold, the discerimi-
nator drives a saturating switch transistor which lights the
indicator Tamp.

The frequency diseriminator outlined in Fig. 2 requires
just the tvpe of standardized output provided by the one-
shot tachometer. The waveforms in Fig. 4 illustrate how the
discriminator is able to critically sense very small variations
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from the set threshold. Capacitor C# is charged. through
DA, every time a pulse appears at point A and begins to
discharge through R8, RG. and R7. If this process went un-
checked, €3 would soon charge to the same level as CH.
But polentiometer R7 and resistor R6 wre driving a voltage
threshold detector. which goes "o’ whenever the voltage
at point B drops below aset limit. This causes a switch to
short out 3. making it lose its just-acquired charge. Note
that for given values of C4, RS, R6. and R7 the discharge
enrve at point B alwavs looks the smne. Whether or not it

l-—,

R
| BRIGHT
0-1mADC METER “RED LINE SET" N
(SCALE CALIB IN
__________________ 1
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Fig. 1. Basic block diagram of the electronic "'red-line’ tach.
Fig. 2. Operation of the basic frequency discriminator. Ca-

pacitor C5 is kept discharged below preset rpm. When tae rpm
exceeds the predetermined limit, the red warning lamp glows.
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Typical waveforms as measured across the breaker points at
idle. Horizontal scale 5 ms/div, vertical scale 100 V/div.

reaches threshold voltage V, depends upon the time be-
tween tachometer pulses. The action of the voltage thresh-
old detector is positive: if V, is crossed even for a very
short tine. €3 is completely discharged: if 'V, s barely
missed, €3 continues to acenmulate charge. Thus, the
wavefornn at point C s either a series of abortive charging
pulses, for rpm below the threshold. or a fast, steady
charge upwards, for rpm above the threshold. This means
that the discriminator is able to sense excessive rpim within
4 or 5 dgnition pulses of the time it occurs, which is an
S-evlinder engine at 3000 rpm, for example, is about 1.3
milliscconds.

Actual Cireuit

A practical complete cirenit combining the previonsly
discussed cirenits is shown in Fig. 3. Bear in mind that this
cireuit is a compromise based upon a commercially avail-
able microcireuit that was designed for digital computer
nse (Ameleo 3-R2CG). For mass production, a completely
monolithic tachometer cirenit could be designed containing
most of the components external to the present microcir-
cuit, inchiding a voltage threshold detector better suited to
compensating for the cffects of varying temperatures and
supply voltages.

Components R2 and €2 are mounted at the ignition
points in the engine compartinent. They have no adverse
effect npon spark performance and perform several fune-
tions. IMirst, they reduce rf. transients that could damage

Table 1. Capacitor values for full-scale meter indications.

Engine Type Typical Max. RPM / Freq. Cc1-C4

{uF)
10,000 / 166.6 Hz 0.2

1 cyl. 2 stroke
2 cyl. 4 stroke
{motorcycle)

4 cyl. 4 stroke 6000 / 200 Hz 0.2
{imported compact

or sports car)

2 cyl. 2 stroke 10,000 / 333.3 Hz 0.1

(motorcycle)

6 cyl. 4 stroke 5000 / 250 Hz 0.15
{(domestic or

imported 6)

3 cyl. 2 stroke

(Saab, Goliath)

8 cyl. 4 stroke
(V-8 engine)

5000 / 333.3 Hz 0.1

12 cyl. 4 stroke
(V-12, etc.)

6000 / 600 Hz 0.05
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the microcirenit: second. they vednee the amount of v,
radiated i the passenger compartment from the tachiom-
eter input lead, a serious problem in most commercial tach-
ometers (this rf. appears as interference to the car radio)
and third. B2 lmits the doe. carrent that can be driven into
the microcirenit trigger input, even if RI1 is sel at zero
ohms.

The “on™ time of one-shot =1 st be small enough
so that adjacent pulses canmot overlap at high rpin. Conse-
quently, at low speeds. the inherent “ringing™ of the igui-
tion system conld cause moltiple pulses for cach ignition
pulse, making the meter inacenrate. A characteristic of
these “ringing”™ oscillations. however, is that  they  are
dwnped: that is, the first is always larger than subseqnent
ones. Potentiometer RTT and resistor B3 set an inpnt thresh-
old which assnres triggering only on the fivst part of cacli
ignition pulse. Diode D1 prevents the voltage at the trigger
input from going mmore negative than ground, which would
forward-bias certain components of the microcircuit with
respect to their common snbstrate, damaging the cdirenit.

The “high™ output level at pin 2 can vary with changes
in anto battery voltage. To maintain constant height, and
hence meter acenracy. R4 and D3 clip the pulse train. R3
is used to calibrate the full-scale meter reading: hence, the
exact vulue of D3's zener voltage is not eritical as long as it
remains constant.

Pin 13 is used as the input to a voltage threshold detece-
tor made from part of the second complete one-shot. Pin
I goes "low.” discharging €5 only when the voltage at pin
13 drops below 2.1 volts; this occurs ouly at rpm below
the level set by RT.

Becanse of diodes necessary in the “switeh™ used to dis-
charge €5, this capacitor remains at 1.6 volts at rpn
lower than the threshold. Thas, D3, DG, and D7 are used
to assure that Q2 and therefore Q1 remain ofl until the
“red Tine™ is reached. If an inexpensive p-n-p germaninm
power transistor is used for Q1. very bright 12-volt lamps
may be driven. provided that the current gain of Q1 is high.

Operation of the “red line”™ c¢ircuit is similar to that of a
Schinitt trigger. A certain amount of hysteresis is built in,
due to different charging conditions in the regions above
and below the threshold. Thus, the vpin level at which the
lamp goes off is lower than the eritical “on™ level, o desir-
able characteristic since an engine hovering wround  the
threshold rpm would canse o “red line” circuit without
hysteresis to flicker erratically.

Construction

Circnit construction is velatively non-critical and mayv be
suited to the partienlar vehicle in which the tachometer is
to be used. An acenrate, casily read milliammeter is desir-
able, und the circuit may be constructed on a board at-
tached to the meter terminals. Owners of cars with built-in
tachoineters may want to use the circuit for its “red line”
function only: in this case, D2, D3, R4, and R3 mayv be
eliminated, as well as the millimameter itself.

Note that Mylar capacitors are specified for €1 and C4
and that, despite the presence of a built-in diftused resistor
(20,000 ohims) within the microcireuit, an external film
type is recommended. These measures were found to im-
prove the reading consistency of both metering and “red
line” cirenits over a wide temperature range. While the in-
ternal resistor could be used, its temperaturve coefficient is
large enough to canse discernible shifts i accuracy at
relatively high or low temperatures.

It may also be noted that pulses from pin 2 to the “red
line” civeuit are not directly elipped by D3, This is done to
partindly compensate for changes that occur in threshold
level at pin 13 as battery voltage varies and therefore -
proves the accuracey of the “red line™ limit nnder these
conditions.

Engines having different numbers of evlinders produce
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One of two identical M-V's in the integrated circuit,

different numbers of pulses per revolution. The rpm/fre-
quency equation is plotted in Fig. 3 for applications vary-
ing from a l-cvlinder, 2-stroke motoreyele engine up to a
12-cvlinder racing engine, Optimum values of C1 and C4
for various full-scale tachometer readings for the various
engines are given in Table 1.

Calibration

Calibration of the tachometer and “red line” is best done
with an audio oscillator of known accuracy. An oscilloscope
is uselul for wverifving that waveforms appear correctly
throughout the circuit but is not mandatory. Full-scale
markings of the milliammeter depend upon the tvpe of
engine with which it is to be used. The scale graduations
will be linear. To calibrate, set the audio oscillator (con-
nected to pin 6) to the frequency corresponding to full-
scale meter reading, set R5 to maximum resistance. and
increase oscillator amplitude until meter deflection is ob-
served. Adjust B35 so that the meter reads exactly full scale.
Then set the oscillator to the frequency corresponding to
the “red line” (in some cases, this may be equal to the
full-scale frequency). Adjust R7 so that the “red line”
Lanp is off and then slowly readjust R7 so that the lamp
just lights. Check operation of the “red line” by moving
the oscillator above and below the critical frequency.

Recalling that there is some built-in hysteresis in the
“red line,” a check of the threshold rpm should be per-
formed by starting at some lower frequency and increasing
it until the lamp lights rather than by starting at a higher
frequency and reducing it until the lamp extinguishes.

Once the initial calibration has been completed, the cir-
cuit may be installed in the vehicle. Set R11 for maximum
resistance before starting the engine. After starting, there
mayv be no meter reading with engine idling; decrease R11
until meter deflection occurs and adjust for steady reading
at idle. This helps eliminate the “multiple pulsing” men-
tioned earlier. Checking “red line” operation in the car is
best done with the engine warmed up, under actual accel-
erating conditions, as very high rpm in neutral may damage
the engine.

The circuit of Fig. 3, as mentioned previously, is a com-
promise designed to use an off-the-shelf commercial micro-
circuit. Nevertheless, the meter and “red line” functions
have measured accuracies, in the author’s installation, of
better than =2% from 0° to 50°C (typical passenger com-
partment temperature extremes, corresponding to the range
from freezing to 122°F); accuracy is similar for battery
voltage variations from 11 to 15 volts. At constant tempera-
ture und buttery voltage, long-term accuracy is about =.5%.

Hysteresis, in the author’s 6000-rpm installation, amounts
to about a 50 rpm dillerence between “red line” lighting
and extinguishing speeds.

(Editor's Note: The 342C] IC is now available at $6.90.
This is a direct substitute for the 342CG unit.) A
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C4-—Mylar cap, See Table 1
C5—1 uF cap. (CDE MFP-1W1

R1-—20,000 ohm, metal film res.
(IRC CEC-T-O or equiv.)

R2—10,000 ohm, V2 W res, or equiv.)
R3, R6—4700 ohm, /5 W res. D1, b2, D4, Ds, D6, D7, D8—
R4—200 ohms, Y2 W res. IN4001

R5—5000 ohm pot
R7-500,000 ohm pot
R8~—100.000 ohms, 14 W res.
R9—1000 ohms. V2 X' res.
R10—170 ohms, /2 W res,
R11—100,000 ohm pot
Cl—Mpylar cap. Sce Table 1
C2—.01 ¢F, 1000 V disc cap.
C3—100 uF. 15 V elect. cap.

D3—Zencr diode, 6.8 V

M1-0-1 mA d.c. milliammeter

PL1—12 V indicator lamp (type
1815, or any 12-14 V lamp
up to 250 mA)

342CG or 342CJ—Amelco TINIL
dual one shot 1C

Q1—2N555 or cquiv.

Q2—MPS82924 or cquiv.

Fig. 3. Schematic and parts list for the electronic ‘‘red line.”
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Fig. 4. Basic frequency discriminator waveforms keyed to
block diagram of Fig. 2. Point Vr is the trigger level.
Fig. 5. Rpm vs frequency for various engines in common use,
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Selecting Frequency and

Time Standards

By IRWIN MATH / Project Engineer, Frequency Electronics, Inc.

How precision oscillators and clocks are rated and
exactly achat they are capable of. | discussion of
stability and other important standard specifications.

IGHLY precise frequency and time standards are

hecoming more and more widely used in today's

sophisticated scientific world. The niissile and space
age demands, for example, are far in excess of the require-
ments of only a few vears ago. In fact, the stability of the
rescarch laboratory's frequency standard of 10 vears ugo is
now taken for granted in the oscillators of many tvpes of
modern industrial test equipment.

As a resnlt, all too often the engineer or technician will
specify a conplex, ultra-stable brequency standard when a
mich less stable one would have been sufficient for his
application. Similarly. he can often mistakenly interpret a
lower order oscillator as easily as one of mneh higher
quality. For these reasons, the engineer and techmician as
well as unyone with even w casual interest in the meusure-
went field should have a good wnderstanding of just how
precision oscillators and clocks are rated and exactly what
they are capuble of doing. ‘

Long-Term and Short-"Term Stahility

In the "good old days™, it was enongh to ask for a 1-Milz
oscillator with a stability of =0.001%. Anvthing better than
0.1% was considered vather good. But today things have
changed. Al but the simplest of oscillators that are used as
standards are rated in parts per 10", For exanple. o 1-MHz
oscillitor with w stability of =1 11z is rated at | MHz =1

Fig. 1. Measuring long-term stability by means of peak readings.
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part in 10% or 1 part per million. Similarly, a good fre-
quency standard may have a stability of =1 part in 10",
The general expression for frequency stability is S=AF/F
where I is the nominal frequency and AF is the allow-
able variation. Therefore, the actual frequency variation of
our freguency standard  (considering its output is 1 Mz
nominal} is 2=0.0001 Hz or =1 X 107" of the nominal
frequency.

However, this information is not enough. While it does
indicate stability, it does not specily over what period of
time this stability must be measured. The complete sta-
hility of a frequency-standard oscillator must be given in
two parts: the long term and the short term.

The Tong-term stability of an oscillator is basically the
average change in frequency over a long fixed period of time
as compared to some absolute reference. Usually, long-term
stability is measured in one of two wavs. The first of these,
as indicated in Fig: 1, depends on readings of frequency
taken continuonshy for several davs. The maximum peak-
to-peak deviation over any 24-honr period is measured and
the stability is then defined as = one-half this maximum.
For example, since both oseillators in Fig: 1 have a peuk-
to-peak variation of 1 part in 10* per day, their loug-term
stability: wonld be specified as =3 parts per 10 per day.
Notice, though, that oscillitor =2 has a mnch longer aver-
age rate of frequency change than does oscillator #1.
Therefore. while they both are %3 parts in 10" per day
oscillators, oscillator #2 is obviously superior,

The second method, and by far the more accurate one,
is hused on the average change of frequency over a given

Fig. 2. Measuring long-term stability by average readings.
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Fig. 3. Automatic recording of an oscillator with a short-
term stability of plus or minus 5 parts in 10° per second.

time interval. As shown in Fig, 2. the stability of oscillators
=1 and =2 is now determined by the slope of their aver-
age frequencies. Now it is casy to see that oscillator 22
is substantially better than oseillator & 1.

To further clarity the easurement and climinate any
remaining doubt, a few oscillator manufucturers incorpo-
rate both the average long-term frequency change and the
day-to-day change in their long-term stability specification.
For example, a 1-MI1z oscillator such as the one shown in
Fig. 4 with a rated long-term stability of =1 part in 10"
is one whose maximum dailv and average frequency will
change by no more than +1 cycle per 10 hillion cvcles per
day or 0.0001 cvele per day.

The short-term stability of an oscillator is its frequency
stability: over periods of time from a few seconds to frac-
tions of a second. This type of specification is important
when the oscillator is used as the source for a frequency
multiplication svstenm, especially into the thousands of MHz.
If. for example, u 1-NMIz oscillutor with a second-to-second
variation of =1 part in 10" were multiplied to 1000 NHz,
the variation would now be =1000 Hz per second.

As in long-term measurements, there are two general
methods. One is similar to long terni in that readings of
frequency are taken. The time interval, liowever, is much
shorter. Fig. 3 is a recording of an oscillator with a short-
term variation of =3 parts in 10" per second. Notice that
in any 1-second interval. the frequency never deviates by
= 5 parts in 10" from the nominal. This type of recording
is used for intervals as low as 0.1 second. Smuller intervals
require too fast a recorder speed and are measured by the
second method.

This method involves a statistical approach. The oscilla-
tor to be measured is fed to a low-noise mixer along with «
very stable reference frequency.

The difference of the two signals is then fed to a counter
which measures the period (or wavelength) of this signal.
A typical setup is shown in Fig. 3. The difference frequency
actually triggers a gate, allowing a very stable 10-MHz sig-
nal to drive the counter. Since the period of the diflerence
signal determines how many cveles of 10 Mz will be fed
into the counter, great accuracy can be achieved. Assuming
that the difference signal is 1 Hz, this means that 10,000,000
cvcles will pass into the counter through the gate for each
cvele of input. Therefore, only 1 10,000,000 of a second
change in the difference signal will cause the counter to
mdicate a change. Since such great resolution is possible
by this technique, extremely short intervals of time can
be measured and interpreted as short-term stabilities,
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Fig. 4. A typical high-quality frequency standard which
has o long-term stability of plus or minus 1 part in 100,

Usually an oscillator with good short-term stability will
not exhibit a good long-term characteristic and vice versa.
As a result, where both long- and short-term stability must
be as good as possible. the technique shown in Fig. 6 is used.
A very good long-term standard and a very good short-
term standard are fed to a phase detector. The d.e. output
of the phase detector is then fed buck to a voltage-variuble
capacitor in the short-term standard which causes its fre-
quencey to Clock™ to the frequency of the long-term unit.
This “phase-locking”™ technique now produces an output
with excellent long- and short-term stabilities.

The stability of an oscillator (Continued on page 68)

Fig. 5. Test setup employed for short-term measurements.
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IC’s Head For Industrial Market

As the price of 1C's comes down. the area of application increases.
The continuing trend toward ever bigger circuits in the same small
package further ecases 1C use in many types of industrial equipment.

ITH integrated circuits setting the trend. electronic

manufacturers look to industrial equipment as their
next big growth market. One major producer, Texas Insiru-
ments, expects industrial electronics equipment to rise from
@ current level of $4.8 billion to $6.1 billion by 1970, with
1C’s accounting for somne $400 million sales that vear.

Charles Phipps, T1 integrated circuits marketing man-
ager, says, “Solid-state clectronics is no longer restricted to
TV, hi-fi, and sophisticated military hardware. Today, build-
ers ol machine tools, production-control cquipment. and
materials-handling machines are already muaking the switch
from their traditional mechanical and hydraulic methods
to electronics.”

Besides lowering costs. 1Cs have cut size and weight of
equipment by np to 75%. improved quality and reliability
from three to five times, and reduced the number of com-
ponents by a factor of 30.

In 1965, less than 107 of IC sales went to industrial users:
in 1966 this figure rose to 20%. T'1 unticipates that by 1970,
as much us 60% of the IC market will be industrial tvpes.
This dominance will be further reflected by 1C’s accounting
for 40% of all smuall-signal (non-power) electronic circuits
built in 1970. See graph below. This represents an eight-
fold increase over current levels, where discrete semiconduc-
tor circuits dominate and vacuum-tube networks are the
“weakening” second.

The rapid price reductions for 1Cs and the resultant ex-
pansion in markets were possible becuuse of the much short-
er “learning evele” for IC's than carlier semiconductors. 1C
producers were able to draw heavily on the basic technolo-
gies, production techniques, and testing methods developed
for transistors. In fuct, the “knee” of the price trend (as
shown bottom right) occurred after only one million units
were produced. Germanimm transistors, the first semicon-
ductor in high-volume production did not experience this
price break until more than 100 million units were pro-
duced. Silicon transistors broke their price barrier at about
10 million units.

100
" INTEGRRTED CIRCUITS

R

1964 1965 1966 1970

1961 1962 1963

DISTRIBUTION OF TUBES. TRANSISTORS. AND INTEGRATED ClRCUI"fS
SMALL SIGNAL CIRCUITRY
U. 5. A
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First-generation IC’s were simple circuit functions, single
logic gates which were the equivalent of 10 to 20 discrete
components. The second  generation, introduced in 1964,
were multi-function units containing up to four gates. To-
day’s complex-function networks include up to 10 to 20
cirenits, the equivalent of more thun 100 individual COMpo-
nents. This trend is shown in the upper graph shown below.

The Future

The major advances in the next few vears will come from
an-aceeleration of the trend to more and more complex
circuits. Lurge-scale integration (LST) holds bright promise
of further magnifying the advantages of printed circuits.

Today’s circuits are batch processed on 1ve-inch silicon
wafter capuble of holding as many as 2000 circuits. They
are then sawed apart into individual circuit chips for pack-
aging. In the advanced LSI approach, the circnits are not
separated but interconnected right on the slice itsclf. The
whole system is then packaged as a unit. 77 has already
developed 120-gate arrays and is actively working on 250-
to 3530-gate combinations. It is hoped that in the not too
distant future, entire clectronic sub-svstems of 300 to 1000
circuits can be placed on a slice of silicon, a little lurger than
a half dollar,

Although this thinking seems to be mainly in the digital
computer area, it does not rule out the possibility of entire

radio, TV, or FAI sets on a single slice, A
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Selecting and Using

PULSE GENERATORS

By JOHN D. LENK

Basically a laboratory version of the square-wcave generator, but
with adjustable on-off times. this instrument has many uses in

developing digital circuitry. in checking diode and transistor
switching times, as a klystron modulator, and for impulse testing.

IIE output of a pulse generator is similar to that of

a square-wave generator. The fundamental differ-

ence between the two concerns the signal duty cvcle.
Square-wave generators have equal “on” and “off” periods,
this equality being retained as the repetition frequency is
varied. On the other hand, the duration of a pulse genera-
tor “on” period is independent of pulse repetition rate.
The duty cvele of a pulse generator can be made quite low
so that the pulse generator is usually able to supply more
power during the “on” period than a conventional squarc-
wave generator.

Pulse generators with fast rise times are widely used in
the development of digital circuitry. Teamed with a suit-
ably fast oscilloscope, these generators enable evaluation
of transistor and diode switching times. Pulse generators
can be emploved as modulation sources for klystrons und
other r.tf. sources to obtain high peak power while main-
taining low average power. Pulse generators are also used
for impulse testing. A very short pulse is rich in har-
monics so that input testing amounts to simultaneous fre-
quency-response testing of components or systems.

Important Characteristics

To adequately describe the characteristics of a pulse
generator, it is first necessary to estublish uniform terms
for pulses. These terms are illustruted in Fig. 1. When
actual pulses are very irregular (with excessive tilt, over-
shoot, or rounding), the definitions may become ambiguous,
requiring a more complete description.

The following are typical characteristics of a laboratory
pulse-generator output:

Leading Edge Only:

Rise time (T,.): <1.0 nanosecond (ns) (10 to 90%).

Overshoot and  ringing: overshoot <3% peak; ringing

< %5% of pulse amplitude.

Corner rounding: occurs no sooner than 93% of pulse

amplitude.

Time to achicve flat top (T,): <6 vs.

Trailing Edge Only:

Fall time (T;): < 1.0 ns (10 to 90%).

Ocvershoot: <3%.

Ronnding: occurs no sooner than 935 of fall,

Time to settle within 29 of hascline (T,): 10 to 25 ns,

varies with setting.
Bascline shift: <0.1% under all conditions.
Preshoot: <1%.
Perturbations on flat top: <2 of pulse amplitude,
Peak voltage: >10 volts into 50 ohims. -20 volts into open
cireuit,
Polarity: positive or negative.

May, 1967

Pulse width (between 50% points): continuoush' adjust-
able, zero to 100 ns (zero ns width occurs when 50%
points meet, creating an impulse of one-half the ampli-
tude of wide pulses).

Repetition rate (internal): <100 Hz to >1 MHz in 4 ranges.
The quality of the output pulse is of primary impor-

tance in the selection of a pulse generator. If the dis-

plaved pulse is degraded, a high-quality test pulse will
insure that the cause is in the test circuit alone. Rise and
fall times should be significantly faster than the circnits or
systems to be measured. Any overshoot. ringing. or sag in
the test pulse should be known so that these faults will not
be confused with similar results caused by the test circuit.

The runge of pulse-width control should be wide enough
to fully explore the range of operation of a circuit. Narrow
pulse widths are useful in determining the minimum trigger
energy required in some cireuits,

Maximum pulse amplitude is of prime concern if appre-
cluble input power is required by the circuit under test,
such as a magnetic core memory. At the same time, the
attenuation range should be broad enough to prevent over-
driving the test circuits us well as to simulate actual circuit
operating conditions.

The range of pulse repetition rates is important if the
tested circuits can operate only within a certain range of
pulse rates or if a variation in the rate is needed. In some
svstems, methods of external triggering are also significant.
In fast pulse systems, the generator source impedance is an
important consideration because u generator which has a
source impedance that is matched to the connecting cable
will absorb reflections resulting from impedance mismatches
in the external system that is used.

Basic Precautions

1. Use proper types of cables, terminations, attenuators,
and impedance-matching networks.  Always match imped-
ances unless the test civeuit specifically calls for a mismatch.

Fig. 1. Terms used in describing output pulse characteristics.
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H-P 213B produces pulse with under 0.1-nanosecond rise time.

2. Keep ground-return paths short and direct. Use heavy
conductors to provide low impedance in the ground return.

3. Make sure that all connections are tight and that ull
connectors are securely assembled.

4. Shield measuring-equipment leads to prevent unde-
sired coupling 1o other parts of the circuit, Shiclding is
especially required where pulse radiation is a problem and
particularly where high-impedance dividers or circuits are
involved.

5. Consider the effects of secondary purameters in coni-
ponents, such as inductance in resistors and in capacitor

loads.

6. Consider the possible non-lincar behavior of compo-
i F~ RI N\ z2
O; AAAA O
2 R2
—l]

TO MATCH IMPEDANCES: 72
RIR2 =Z1Z2 AND RIZi = R2{Z2-Z1) OR: Ri=/22(22-21) AND R2:2)1 / 72-71

VOLTAGE ATTENUATION SEEN FROM ZI END:
Rl 5
T — < <
Al 73 +1, 1<AaI<?

VOLTAGE ATTENUATION SEEN FROM Z2 END:
RI RI
T 4 —— | | <€ <
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Fig. 2. Resistive impedance-matching network and formulas.

Fig. 3. Three-way dividing pad circuit for Z measurement.
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nents due to changes in either voltage or temperature,

7. Select components which function properly at the fre-
quencies and rise times expected to be encountered.

Obviously, the accuracy of rise-time measurements can
he no greater than the rise time of the pulse generator. If
a pulse generator with a 20-nanosecond rise time is used
to meusure the rise time of a 15-nanosecond oscilloscope.
the measurciments would be hopelessly incorrect.  Also, if
the same pulse generator and oscilloscope were used to
measure the rise time of another svstem, the fastest rise
time for accurate measurement would be something greater
than 20 nanoseconds.

As a general rile, if the rise time of the test device is at
least ten times as long as the rise times of the generator,
oscilloscope, or cables, the error introduced will not be
more than 1%. If the rise time of the device under test is
less than ten times that of the test equipment. it will be
necessary to culeulate the rise time. The most common
method involves finding the square of all rise times asso-
ciated with the test. adding these squares together, and
then computing the square root of this sum. For example.
using the 20-ns pulse generator and the 13-ns oscilloscope.
the calculation would be: 20 x 20 = 400; 15 x 15 = 225,
400 4+ 225 = 625. \/625 = 25. so 23 nanoseconds is the
fastest possible rise time capable of measurement.

Another rule of thumb applving to rise times is that if
the equipment being measured has w1 rise time three times
slower than the test equipment, the error is only slightly
less than 6%.

If there are significantly long lengths of coaxial cable in
the signal path, the above method can be nsed only as an
approximation. since the “skin-eflect” losses in coaxial cables
do not add properly with this method.

Connecting Pulse Generators

L. In most measurements involving pulse generators, a
complete d.c. return path must be provided between the
device under test and the pulse-generator output connector.

2. If the pulse is applied to @ load which has a d.c.
potential across it. the actual amplitude of the pulse is
equal to the voltage set by the pulse-generator amplitude
control less one-half the d.c. voltage across the load.

For example, assume that the pulse-generator outpnt is
connected to a load which has + 10 volts across it and that
the pulse-generator amplitude control is set to +1 volt.
The actual amplitude is found by substituting these values
as follows: Vo = V. — (V,2) or +1 — (4+10/2) = —14 volts
where V. is the actual pulse amplitude, V. is the voltage
setting of the amplitude control, and V, is the d.c. voltage
applied across the load.

3. If it is impossible to use an impedance-matching net-
work, one possible solution is to employ a long coaxial
cable between generator and load. This will delay the
load’s reflections until after the time of interest.

The pulse-generator output can be supplied with an im-
pedance-matching network that will produce a smooth
transition of power (no reflections) with a minimumn at-
tenuation.  Such a network is shown in Fig. 2. To match
impedances with the illustrated network, the values of Rl
and R2 must be sclected carefully.

For example, to match a 30-ohm svstem to a 123-o0hm
system, Z1 = 50 ohms and Z2 = 125 ohms. Therelore,
Rl = \/125(125 — 50) = 96.8 ohms, and R2 = 30
\V/125/(125 — 50) = 64.6 ohms,

The attenuation as seen from one end of the network
does not equal that seen from the other end. Using the
equations shown in Fig. 2, it will be noted that a signal
applied from the lower impedance source Z1 encounters a
voltage attenuation Al. Also, a signal applied from the
higher impedance source Z2 will encounter a greater volt-
age attenuation A2,

For example, with an Rl of 96.8 ohms and an im-
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pedance Z2 of 125 ohms, Al = (96.8/123) + 1 = 1.77.

With an R1 of 96.8 ohmis, an R2 of 64.6 ohms, and an
impedance Z1 of 50 ohms, A2 = (96.8/64.6) | (96.8/30)
+ 1 = 144

Meazuring Impedanee

A pulse generator can be used to determine impedance
of an mknown device by comparing the reflected pulse
with the incident pulse on an oscilloscope.  This can be
explained as follows,

As a signal travels down a transmission line, cach time
it encounters a mismatch or different impedance, a reflec-
tion is generated und sent back along the line to the source.
The amplitude and polarity of the reflection are determined
by the value of the impedance encountered in relation to
the characteristic impedance of the cable. If the mismatch
impedance is higher than that of the Tine. the reflection
will be of the same polarity as the applied signal: if it is
lower than that of the line, the reflection will be of op-
posite polarity.

The reflected signal is added to or subtracted from the
amplitude of the pulse if it returns to the source before the
pulse has ended. Thus, for a cable with an open end (110
termination), the inpedance is infinite and the pulse am-
plitude would be doubled. For a cable with a shorted end,
the impedance is zero and the pulse would be canceled.

The following procedure provides a practical method of
determining impedance with a pulse gencrator and scope.

1. Connect the equipment as shown in Fig. 3.

2. Observe the incident and reflected pulses on the os-
cilloscope. Using Fig. 4 as a guide, determine the values
of V. (incident) and V. (vellected ). (This method is gen-
erally limited to the first reflections unless the devitions
are small, due to multiple reflections and reflection losses. )

4. Using the following equation, calculate the unknown
impedance: Z = 50/ (2V./V. — 1) where Z is the unknown
impedance, V. is the peak amplitude produced by the 30-
ohm reference impedance, and V. is the peak amplitude at
the time of reflection.

Using Conventional Oscilloscopes

A pulse generator is often used with a sampling oscil-
loscope, and generator and oscilloscope manuals describe
the procedure. However, a pulse generator can also be
used with conventional triggered  oscilloscopes. Fig. 5
shows the test connections.

Internal triggering is convenient since no extemal trig-
gering connections are required.  Ilowever, with external
triggering it is possible to observe the shaping and ampli-
fication of a signal pulse in the circuits of a device under
test without resetting the oscilloscope triggering  controls
for each observation. If the external triggermg signal is
derived from the waveform at the input circuit of the de-
vice under test, the time relationship and phase between
the output and input waveforms may be seen and com-
pared on the oscilloscope screen.

If the signal from the test device is fast-rise non-repeti-
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Fig. 4. Waveform obtained with 125-ohm cable and 50-ohm system.
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Fig. 5. Test connections using generator with conventional scope.

tive or has a low duty cvele, the oscilloscope used in this
setup must have an internal delay line so that the leading
edge of the single waveform can be readily observed on
the scope. (Continued on page 76)
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This unusual op-art tracing was made by a portion
of an antenna designed for the Radio Astronomy
Explorer satellite. The photo was made in o thermal
test chamber with a small light bulb attached to
the end of about 35 feet of the antenna. The anten-
na was allowed to swing free in the chamber to give
engineers an insight into what the normal deployed
patternwouldbeafterthemomentumhaddecreased.

By JOSEPH H. WUJEK, Jr.

Scheduled for an carly launch is a satellite to be used for radio astronomy pur-

poses only. An array of space antennas having 750-foot elements will be used.

HEN the brilliant Scots physicist James Clerk-Max-
well (1831-1879) published his classic “A Treatise
on Electricity and Magnetism” in 1873, verv little
wits known about the nature of electromagnetic (EM) radia-
tion. Although Maxwell predicted the existence of EM
waves, it was not until after 1885 that high-frequency EM
waves were generated in the laboratorv. Heinrich Hertz
(1857-1894) is generally acknowledged to be the first to
generate these waves and was recently honored by having
the unit of frequencv—"hertz"—named for him. The theo-
retici] work of Maxwell and the subsequent experimental
research of Hertz thus paved the wav for the technology
which we now know as radio. We 1se the term “radio”
here to include that region of the EM spectrum which ex-
tends from a few hertz to the edge of the infrared region,
which is about 1000 giguhertz (1 million meuahertz or 1
terahertz).
With the development of radio comminications in the
twentieth century. major emphasis was placed on gaining
a better understanding of the nature of radio propagation

Scale model of the Radio Astronomy Explorer satellite,
world’s first satellite devoted exclusively to radio astronomy.

and noise. Measurements of radio propagation and noise
characteristics were, and continue to be. made with inter-
national cooperation. The National Burcau of Standards
(NBS) of the US. Department of Commerce guides this
effort in the United States with technical coordination main-
tuined among NBS, other govermment agencies, universi-
ties, and industry.

A natural outgrowth of propagation and noise studies was
the detection of radio-frequency noise from deep space. Un-
tit the recent advancements in space technology, measure-
ment of space r.f signals was confined to the ground or to
those altitudes accessible to aireraft. This was. of course.
also true of r.f. propagation studies. While ground-based and
aircraft measurements have contributed much to onr under-
standing of these phenomena, measurements from Space
vehicles enhance these results. Since the earth’s atmosphere
acts to severely attenuate certain r.f, frequencies, a measure-
ment of .t signal strength taken above the atinosphere pro-
vides added information regarding the source, strength, and
character of these signals.

The science of radio astronomv has also benefited from
space r.f.measurements. It has been known for sone time
that stars, galaxies, and some planets cimanate EM waves.
The stwr nearest earth, our sun, exhibits increased flare,
or sunspot activity, on a somewhat reguluar basis. In partic-
ular. the occurrence of these Hares increases to o maximum
every eleven vews (Fig. 1). Radio communications in cer-
tain frequency bands are severely affected during such in-
creased solar activity.

By studyving the nature of the r.f. emanations of the sun
and other stars. scientists wre able to better understand
the energy processes which occeur in these bodies. The solur
Hares. which we believed to be reactions similur to those
of w fusion or hvdrogen bomb, releuse enormous amoints of
energv. Swarms of charged particles and EM wiaves wre dis-
charged trom these reactions. The earth is about 93 million
miles or & light-minutes Frotn the sun. vet some of these
pirticles and waves find their way throngh the atimosphere
and ultimately reach the careh, o an earlier article (“Radia
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tion Measurements in Space”, August 1966) we showed how
energetic particles are detected and measured. Here we will
discuss systems used to measure r.f. energy in space.

Space Radiometry

Instriments used to measure radiation in the EN spec-
trum are called “radiometers”. Many diflerent kinds of radi-
ometers exist; the type used will depend on the portion of
the spectrum to be measured. In this article we shall be con-
cerned only with radio-frequency systemns.

Radiometers have been used in spuce experiments from
the very beginmings of space exploration. These svstems
generally consist of an antenna, an amplifier, and a telen-
ctry readout system. The amplifiers are usually of the fre-
quency-selective variety so as to amplify and pass only
those frequencies of interest, while all other frequencies are
rejected. Some systems use several amplifiers and/or an-
tennas which are shared by means of automatic switching
controlled by a programmer subsysten. Ground conmmands
may also be used to select a particular channel when the
pavioad is traversing a given region of space.

As in the case of ground-based systems, antenna design
depends on the range of signal frequencies to be gathered.
Space radiometers have been developed which have input
sensitivities as low as 0.1 microvolt per meter. IFor some
perspective, remember that in order to obtain a good-qual-
ity TV picture on most commerical receivers, a signal
strength of 100 niicrovolts per meter is required with a sig-
nal-to-noise ratio of at least 30 dB. Space systems can yvield
higher sensitivitics because they ware fur removed from high-
level man-made signals and interference. These higher
sensitivities cannot, in general, be verified experimentally
in the laboratory due to the high level of surrounding inter-
ference.

Radio Astronomy Explorer Satellites

The first Radio  Astronomy  Explorer (RAE) satellite
has been tentatively scheduled for lannch this year. This will
mark the first time a satellite has been designed and devel-
oped for radio astronomy purposes exclusively. Due to be
another first in space technology is the array of antennas,
each of whicliis 750 feet in length.

These antennas were first developed by The de Havilland
Aircraft of Canada, Limited. In addition to functioning as
anteunas, the long tubular sections provide gravity gradient
stabilization of the spacecraft. The principle by which these
rods are fabricated is designated STEM, from the name
Storable Tubular Extendable Member. STEM devices have
been used successtully on such space missions as Gemini
(16-foot antenna), the Canadian Topside satellite (60-foot
antennas ), and the TRAAC satellite (60-foot gravity stabi-
lizing boom).

The STEM device consists of a strip of thin muaterial,
nsually stainless steel or bervllinm-copper alloy, which has
been preformed to a tubular configuration. The strip is then
wound on a drum or compressed in telescope fashion into a
canister. In the case of the longer element lengths, a drive
motor rotates the drum to unfurl the STEN device (Fig. 2).
The canister-version bhoom is expanded by removing the
canister lid, resulting in a jack-in-the-box unfurling. An ex-
plosive bolt or squib is usually detonated by an electrical
signal to shear a pin or latch and thus open the canister.

While the principles of antennas are failiar to all of us,
the notion of gravity gradient stabilization is perhaps not
so familiar. The physics involved here is not too diflerent
from the tightrope walker who carries a long pole for bal-
ance. In the case of spacecraft stabilization, the small dif-
ference in gravity over the length of the rod produces w
torgque which tends to align the rod parallel to the gravita-
tional field, as shown in Fig. 3. The addition of more long
rods to the spacecraft produces more torque which vields a
spacecraft attitude which is stable with respect to earth.

May, 1967

Because of the great length and thin walls of STEN de-
vices, several problems appear with their use. The vacuum
of space is a cold void except when matter is present to
be heated by the sun’s radiations, As a result, that side of
the STEM device which faces the sim is much wurmer
than the side which looks away from the sun. Due to con-
traction and expansion of materials with heating, the cle-
ment tends to bend under these temperature conditions.
Thus, the tip of such an element of 300-foot length, with
Boneh diameter and 0.002-inch walls, may deflect more
than 100 feet. The deflection may be reduced by using
thicker walls in the tubing, but if this is done, weight is
also increased—which is a great disadvantage in a good
many space applications. (Continued on page 67)
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Fig. 1. Graph of noise from solar activity at 2.8 GHz show-
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Fig. 5. The brake analyzer is electrically driven but uses
hydraulic readout. Almost all rolling tests are performed.

by the automobile manufacturer for that particular model.
We will now take a closer look at each piece of test
equipment and explain its basic operation.

Dyvnamometer

The dynamometer is primarily a hvdraulic energv-absorh-
ing device which is able to measure and indicate the power
transmitted from the wheels of the vehicle under test. The
device may also have the additional capability of providing
driving power to the wheels by means of two motors con-
nected to the right and left rollers independently. In use,
either the front or rear wheels of the vehicle are cradled
between the dynamometer rollers, and when the rollers
are rotating, various transducers transmit the torque and
speed signals to appropriate readout meters which, in turn,
indicate road speed and road horsepower. The dyna-
mometer may also include a declutchable inertia weight
to allow simulation of actual road load during acceleration
and  deceleration operations. Fig. 4 illustrates operation
of a typical (in this case, a Clayton) dynamometer. The
front and rear rollers cradle the drive wheels of the vehicle.
The drive roll is coupled to the power-absorption unit
shaft. The idle roller drives a tachometer generator that
furnishes the current for the dynamometer electrical readout
instruments.

The power-absorption unit consists of a shaft, rotor, stator,
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and heat exchanger, all enclosed within a housing and
mounted on cradle bearings. The operator uses the remote
control to increase or decrease the load imposed on the ve-
hicle by operating the load or unload valves. Opening the
toad valve allows additional water to enter the power-ab-
sorption unit housing, increasing the load presented to the
vehicle’s wheels. Opening the unload valve allows water to
leave the housing, thus decreasing the load.

The force of the load water thrown into the stator from
the rotor tends to rotate the cradled power-absorption unit
housing. This movement is restrained by the torque bridge
attached to the outer end of the power-absorption unit
torque arm.

Current, proportional to wheel speed, is supplied by
the tachometer generator to the speed meter and to the
torque bridge. The torque bridge measures the torque (the
force with which the power-absorption unit tends to rotate)
and electrically combines the measurement of torque and
speed to actuate the power meter, which is calibrated to
indicate in horsepower.

As the power is absorbed, the load water temperature in-
creases. The pumping action of the rotor causes a constant
circulation of the load water across the tubes of a heat ex-
changer where the heat is transferred to cooling water.

Brake Analyzer

A typical brake unalvzer, such as shown in Fig. 5. consists
of two assemblies, each containing two rollers mounted
in hall bearings. Attached to each roller section is a cradle-
mounted 20-hp electric motor. Each motor is coupled to
its rear roller throngh a flexible coupling.

The vehicle wheels are cradled between the rollers and
the rollers are then accelerated 1o produce an equivalent
road speed of about 45 mph. When the brakes are applied,
the torquing reaction of cach motor is measired by a pneu-
matic weighing unit and read out on a special large-scale
gage. One needle is supplied for each right and left wheel.
The instrument readout is calibrated to read in pounds of
force exerted on the tire tread by the roller surface.

The brake analvzer will also indicate the rolling resistunce
of the vehicle. With no brakes applied and the wheels rotat-
ing at about 45 mph, the dials will indicate the amount of
force required to overcome wany resistance caused by tire
pressure, tread depth and design, bearing lubricant, and the
weight supported by the wheel. Usually, the driver's weight
creates a higher rolling resistance on the left wheel and will
cause a slightly higher reading on that gage. Differences
in rolling resistance between wheels rarelv exceeds 6
pounds if tire conditions and pressures are equal and if a
brake shoe is not dragging on one wheel. If unbalance is
over 11 pounds and is reduced with a light jab on the brake
pedal, a sticky shoe condition is indicated, but the test

Fig. 6. One type of engine analyzer found in diagnostic
centers. This particular one is suspended from ceiling.
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can be continued. Rolling resistance decrcases as the tire
and wheel-lubricant temperature changes. This change is
aradual and is not significant in the tests.

Engine Analyzer

The most clectronically: complex device in the diagnostic
center is the engine tester which includes a variety of meter
readouts such as a voltmeter. ammeter, dwell angle. engine
rpm- (tachometer), and an oscillosope-like device called an
ignition analvzer. A typical unit is shown in Fig. 6. These
meters are ll.\ll(l”'\ duplicated at the customer's location
together with a brief explanation of what is heing mea-
sived and what cach meter reading means. Some consoles
also include one or more hvdraulic readout meters that

operate in conjunction with the  dynamometer or brake
tester.

The voltage-measuring section is a basic voltmeler usual-
v having switchable ranges from zero to abont 2 volts and
zero 1o about 20 volts. The lower range is used to measure
smadl voltage Tosses which may have  become  excessive
due to increased clectrical resistance in the wiring or compo-
nents associated with the primary ignition circuit. Examples
of cirenit points at which these voltage-loss measurements
may be tuken are battery cables. distributor points, ignition
switch. and starter switch. The higher voltage runge is nsed
to measure battery voltage, voltage-regnlator output. voltage
drop across hallast resistor or primary resistance wire, and
ignition-coil primary voltage,

Fig. 7. How various types of ignition problems show up on the engine analyzer scope. These are all secondary-voltage patterns.
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Fig. 8. Ignition coil basic primary and secondary paiterns
as shown on engine analyzer scope. Variations from these
basic patterns may indicate problems. See chart of Fig. 7.

The airrent-measuring section is @ busic ammeter having
switchuble ranges from zero to 500 amperes and is used for
making measirements of batterv clarge discharge rates,
generator ‘alternator outputs, and  voltage-regulator  oper-
ation. The higher range (500 amperes) is used only to check
operation of starting motors.

The first of the actual electronic units. the dwell-angle
meter. is the readout for an ohmmeter-type circuit that
measures the time that the distributor points are closed
during each ignition c¢vele. The number of degrees indicated
on the metey is compared with the dwell time provided by
the car manufacturer for that type of engine. A wider igni-
tion-point setting will result in less dwell, while a closer
point setting results in increased dwell.

The engine rpm meter (sometimes called tachometer)
is the readout for an electronic circuit (usually a one-shot
multivibrator) that indicates the average of the circuit’s
on-to-ofl time. The circuit is triggered cia the distributor
points, so as the engine is speeded up, the multivibrator
switches on and off more rapidly; therefore, the average
time, as indicated on the meter, is increased. Conversely,
as the engine speed is reduced. the multivibrator switching
time decreuses. and the meter indicates a lower value. Most
engine rpm meters have two or more switchable scale
ranges, indicating to about 1200 rpm on one scale and to
about 6000 rpm on another; in some cases, a third range is
provided from about 2000 to 12,000 rpm. The tachometer
is used in conjunction with tests of the carburetor settings,
automatic gear-hox changeover, ignition timing, and anv
other tests which may affect engine speed.

Probably the most complex piece of electronic equipment
in the display console is the oscilloscope-like engine analyzer.
This instrument changes the electrical pulses of the ignition
svstem into a visual display from which almost all engine
operating parameters can be measured. These parameters
inclide shorted or open spark plugs, defective distributor
points, defective wiring, coil and capacitor problems. in-
corvect point adjustment (dwell), cracked distributor cap.,
cracked or burned rotor, worn distributor parts, corroded
high-tension wire terminals, reversed polarity, lean fuel mix-
twre, and cam wobble. The ignition analyzer also enables
a close “look™ at the primary or secondary ignition patterns
without changing the hookup to the engine.

Switching is arranged so that the waveforms from a
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multicylinder engine can be displaved either “parade” fash-
ion (one following the other across the width of the screen)
or “superimposed” (one on top of the other) so that a com-
parison may be made among all cvlinders at once in order to
display any discrepuncies in the firing waveforms. In the
parade mode, the first waveform on the left is the one to
which the cable has been attached. The other evlinders fol-
tow i the manufacturer’s prescribed firing ovder.

The scope screen is usually calibrated with four different
measuring scales. The vertical scale at the left of the
screen is used to measure ignition pulses in the range of
magnitude from zero to 18 kV, such as spark-plug firing-
voltage requirements. The vertical scale at the right of the
screen is used to measure ignition pulses in the higher range
of magnitude from zero to 36 kV, such as ignition-coil volt-
age output.

The two horizontal scales at the bottom ol the sercen
are calibrated in degrees and e used to measure the distril)-
utor dsell or cam angle. The cam angle is a measurement of
the time during which the ignition breaker points remain
closed. The upper scale is used to measure cam angle of an
8-cylinder engine, while the lower scale is used for 6-cvlin-
der engines. The S-cvlinder scule reading is multiplied by
2 for measurement of a 4-cvlinder engine.

Since a properly operating ignition svstem presents a
characteristic  pattern, any  deviation from  this pattern
would indicate some type of difficulty. Therefore. it is nec-
essary to know how each portion of the ignition system af-
fects the normal pattern.

IFig. 8 shows two patterns—the ignition coil primary and
secondary. Although both traces wre similar and hoth convey
useful information, the secondary trace is more sensitive
and informative. The primary trace is typical for one evele
of operation of a normally functioning ignition svstem and
represents the voltage across the breaker points. When the
points open, the ignition coil generates the voltage required
to muke a spark jump across the plug gap. As soon as the
spark is initiated, coil-capacitor oscillations take place in
the coil primary and continue, diminishing in amplitude,
until the spark ends. A slight burst of oscillation appears
again when the spark ends, due to the energy remaining
in the coil. These oscillations soon die out and are closely
tollowed by the points’ close signal shown by the rapid
change as the voltage across the points drops to zero. The
dwell zone or length of time the points remain closed is the
length of the line up to the points™ open signal, indicating
the start of another cvele.

As shown in the secondary trace of Fig. 8, note that the
first voltage peuk is developed when the points open.
This high voltage causes the initial spark to jump ucross the
plug gap. Once started, the voltage reduces, hut enough is
left to sustain the spark at the point called the “spark line.”
Deviations from this spark line will point out difficulties in
the high-tension civeuits. The secondary coil-capacitor zone
is similar to the primary zone. The secondary points close
zone is somewhat dilferent from that of the primary trace
due to the removal of the d.c. component by the coil trans-
former action. When the points close, there is a veoltage
induced in the secondary winding that oscillates for a short
time. This is important since it shows proper closing of
the points. The dwell zone, as in the primary trace, shows
the length of point dwell time. The height of the initial
spark voltage cun be read off the right- or left-hand voltage
scales on the scope. The waveforms shown in Fig. 7
illustrate the various patterns that can be observed on the
scope.

In some consoles, a “power-check” measurement readout
is provided. This is an electronic compression check that
shows how the engine rpm changes when a selected cvlinder
does not fire. In the electronic system associated with this
test, a timing circuit is so arranged as to prevent the spark
plug from firing at the preselected (Continucd on page 90)
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1 in beautiful color and crvstal clear black and white
pictures on both UHF and VHF channels... plus
the finest stereophonic and monophonic FM souqd
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Camera Tube Uses
Solid-State Target Electrode

Advanced silicon technology helps create a new Tl camera pickap

tube that alleviates problems found in the conrventional types.

ITH the constant improvement in diflusion tech-

niques, and the many advances made into the un-

derstanding of semiconductor action, completeh
new concepts have evolved in electronices. The latest is a
solid-state. TV camera pickup tube target electrode to be
used in a high-grade vidicon.

In conventional camera tubes  (vidicon, orthicon, cte.).
bright light or Jong exposure to fixed scenes can canse a
tube defeet called optical burn-in. This results in a linger-
ing ghost pattern superimposed on the displaved image.
Such optical burn-in can be so severe as to limit the life-
time of the tube. Conventional tubes also exhibit a defect
called raster burn which is cansed by the continnons pat-
tern produced by the scming electron beam. This also
restricts the lifetime of the tnbe.

A new TV camera tube, developed at Bell Telephone
Labs.. combines the best features of a vidicon with the latest
in silicon technology. Like most camera tubes, this new
one converts an optical image into a pattern of stored elee-
trical charges on the target structure, with the pattern of
charges periodically scanned and erased by the sciiming
electron beam. The video signal is generated as the charge
pattern is erased. However, in this new tube, performance
is not degraded or modified by exposure to bright light
sources, or by electron beam hombardiment.

The heart of the new tube is a new tyvpe of target strue-
thre consisting of a silicon wafer the size of a nickel, con-
taining over a quarter-million silicon photodiodes in an area
Tess than one-half inch square. A section of this target s
shown in Fig. 1. The target is fabricated using masking
and diflusion technigues identical to those used in making
silicon integrated  civenits.

The target structure of one experimental version of the
silicon: cameras tube s a0 340 by 540 array of clectrically
isolated. reverse-hiased, silicon photodiodes. To make  this
strnctire. one side of o thin substrate of n-tyvpe silicon
with a sensitive area about .001-inch thick and slightly less
han one-hall ineh square—is onidized to forni a silicon
diovide film (see Fige 2). Photolithographic processes are

Fig. 1. Section of the photodiode array (white circles)
showing their size compared with an ordinary human hair.
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used to create an array of holes in the silicon dioxide fili,
forming o diffusion mask. Boron is then diffused through
the array of holes forming islands of p-type silicon on one
side of the n-type substrate. The resulting p-n photodiodes
are .0003-inch in diameter. The islands have a center-to-
center spacing of L0008 inch. The effective beam landing
area of eaclh p-type island is incereased by a gold overla
which produces separate islands of gold centered on cach
p-type region. Finally, the opposite side is coated with an
antireflection niaterial that is similar to the type used on
high-gquality optical lenses.

In normal operation, the n-tyvpe substrate is held at a
positive potential of up to 30 volts. An electron heam scans
the photodiode side of the substrate and deposits electrons
on the gold surface covering the diodes, thereby charging
the islands down to cathode (ground) potential and reverse
biasing the diodes. The silicon dioxide coating hetween
islands isolates the n-tvpe silicon from the scanning bean
and the gold overlay.

The incident light associated with the image penetrates
the opposite side of the substrate and creates hole-clectron
pairs in the n-type material. Almost instanthy, the holes dif-
fuse through the substrate to the p-tvpe islands. There
they combine with electrons, discharging the p-u photo-
diodes by an amount proportional to the original light in-
tensity.

This process ocenrs during a time interval of 1 301l
second between suceessive scans of cach frame. The video
signal is created as the scanming electron bean recharges
suceessive diodes along the scanning path,

As shown in Fig. 20 the diserete nature of the target
does not limit the resolntion of the new camera tube sinee
the scanning electron beam is much Lrger than the diode-
to-diode spacing, A

Fig. 2. Construction of the new TV camera target element
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Your Sylvania distributor can
give you a technical library.
For fast answers to difficult
electronic problems.

Nobody beats Sylvania when it comes to up-to-
date technical information- for your applications.
And your Sylvania distributor has it all for you.
You can get data sheets and catalogs on industrial
receiving tubes, transmitting tubes, industrial con- <
trol tubes, counter tubes, cathode ray tubes, flash c’t‘
tubes, gauge tubes, photosensitive devices, micro- *s
wave devices and all semiconductors.
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Your Sylvania man also has inventory program-

ming forms—and many types of application infor-

mation. Plus otherkinds of freetechnical materials.

And he’s a tube expert. He can analyze vour tube

y and semiconductor replacement needs. He ¢an pre- ﬁ/

F 3 vent emergencies, take an inventory and save vou

0/‘ time and money. ’é
' Call him for these services—and for the best tech- ¢

nical literature in the tube industry. And depend on

him for fast delivery — in any quantity.

Sylvania Electronic Tube Division, Electronice 2
Components Group, Seneca Falls, New York 13148. %
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SOMEONE SHOULD DEVELOP AN EASY WAY

TO LEARN ELECTRONICS AT HOME

56
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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, §
easier way for you to gain the skilis and i
the knowledge you need for the career

of your choice. Here for the first time, is a

e

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—
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here is your answer! Read how e
RCA Institutes has revolutionized Z
its entire home training ideas! @ ({;a
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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 almost 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. It
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 Eilectronics 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 Electronics Techni-
cian; Industrial Electronics Technician;
Industrial Laboratory Technician.

May, 1967

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 Field.
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 valuabie equipment to keep
and use on the job—and you never have
to take apart one piece to buiid another.
New—Programmed Electronics Bread-
board. You now will receive a scien-
tifically. programmed electronic bread-

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 both
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.

ALL RCA INSTITUTES COURSES
AVAILABLE UNDER NEW Gi BILL.

RCA INSTITUTES, inc.,0ept. ew-s7

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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With air pollution rising at an alarming rate, it is time
to call on electronics in an effort to solve the problem.

ECOLOGY AND ELECTRONICS

M-M-M boy, that fresh air smells good!” Barney ex-

claimed as he stood in the open doorway of the ser-

vice shop sniffing the washed air resulting from a

sudden May shower. “Enjoy it while vou can,” was the dour
comment of Mac, his emplover.

“What’s that crack mean?”

“Just what it suys. We ecology students know pure air is
becoming harder und harder to come by.”

“May T be so bold as to usk what yvou ‘ecology students’
study?”

“Interrelationships between organisms, such as men, and
their environment. Right now we're particularly interested
in what men do to the air they must breathe and what it
does right back to them.”

“You could, you know, just say vou were talking about air
pollution. Why are you interested in that?”

“Because I hope to keep on breathing. Can vou think of
a better reason?”

“Not ofthand, but is the pollution picture as black as it is
painted?”

“Every bit. On October 26, 1948, a temperature inversion
clamped a lid over Donora, Pa. and stopped convection air
currents that ordinarily carry away air pollutants. Of the
14,000 residents of the city, 5910 became ill and 20 died—
along with several dogs, cats, and canaries. On December
5, 1952, an inversion formed over London that lasted five
days. Deaths during that period were 4000 above normal,
and 8000 excess deaths occurred during the ensuing two
months, most of them apparently caused by respiratory dis-
eases. A thousand more Londoners were killed by extreme
air pollution in 1956 and 300 more in 1962. A ten-day in-
version over New York City in 1933 produced 200 excess
deaths, and another smog ten vears later killed 400. Just last
Thanksgiving a four-day siege in that city caused 80 excess
deaths. The U.S. Assistant Surgeon General warns that these
episodes of smog killing people are going to become more
and more frequent.”

“I suppose that’s because the air is becoming more pol-
luted.”

“You suppose right. In 1966 the air contained 20 million
more tons of air pollutants than it did in 1963, the vear
Congress passed the Clean Air Act. That makes 145 million
tons of man-contributed air pollutants swirling around us.”

“Boy! T didn’t know the stull was measured in tons!
Where does it come from?”

“Actually, man isn’t responsible for all air pollution. Nu-
ture produces some of it. When Krakatoa, an East Indies
volcano, blew up in 1883, dust from the explosion spread
around the globe. The blue haze often seen over large fir
forests consists of volatile hydrocarbons called terpenes
emitted by the trees. Flowers saturate the air with pollen.
Decayving plants and animals give off gases. In fact, the
first air-pollution casualty on record, Pliny the Elder. died
in 79 A.D. after breathing in too many sulfur oxides from
erupting Vesuvius.

“But natural pollutants never increase beyond the capaci-
ty of the air to cleanse itself. The big trouble began when

60

prehistoric man first rubbed two sticks together and started
a fire. The combustion principle he discovered is just dandy
for polluting the air, and men have been ‘combusting’ ever
since to heat their homes, cook their food, forge their met-
als, make their machines, generate electricity, and finally
power their automobiles.

“Most fuels consist of carbon, hydrogen, oxygen, and nitro-
gen, together with a little sulfur. Solid fuels also contain
incombustible mineral ash. No fuel emits smoke under
complete combustion because the final products are carbon
dioxide, water vapor, and free nitrogen—all, in theinselves,
innocuous guses. But for complete combustion to take place,
a fuel must be kept in constant contact with enough air for
full oxidation while being maintained at a sufficiently high
temperature—and that’s not easy to do in actual practice.

“Insufficient air results in imperfect combustion of fossil
tuels—coal and oil—and particulates and gaseous intermedi-
ate products such as carbon monoxide and unsaturated
hydrocarbons are released. Particulates, the visible ingredi-
ents of smoke, constitute only about 10% of the pollution
over the US. A full 90% consists of mostly invisible but
potentially lethal gases that are not removed by air condi-
tioning. More than half the pollution over this country
consists of colorless, odorless carbon monoxide exhausted by
automobiles, trucks, and buses. A full tenth of the air pollu-
tion consists of hydrocarbons, most of which emanate as
gaseous compounds escaping from automobile fuel systems.
It’s estimated that the average car loses a gallon of gasoline
a month through evaporation from carburetor and gas tank,
and that totals up to 1,000,000 gallons a vear releasing
contaminating hydrocarbons into the atmosphere.

“The second most plentiful gas pollutant consists of ox-
ides of sulfur produced by home, power-plant, and factory
burning of coal and oil. These react with moisture to pro-
duce a dilute but corrosive sulfuric-acid mist. This was the
chief lethal ingredient of the London smog. Los Angeles
smog, on the other hand, contains nitrogen oxide, hydro-
carbons, ozone, and peroxyacl nitradge, called PAN. The
first two react with sunlight to produce a photochemical
simog. Ozone (a very active and poisonous form of oxvgen)
discolors and disintegrates clothing and causes rubber to be-
come brittle and crack.”

“Apparently the pollution we see, those smoke particu-
lates you talk about, don’t do any harm,” Barney observed.

“Not so!” Mac quickly denied. “They make things dirty
and grimy. It has been estimated that smoke costs the
American people $2.5 billion annually. Ordinary room air
contains 50,000 to 100,000 of these condensation nuclei per
em®, and bacteria is directly proportional to their number.
By contrast, air over the open sea usually contains less than
400 nuclei per em®. Carbon particles that blacken the lungs
carry gascs absorbed onto their surfaces deeper into the lungs
than the gases could make it on their own. Other particu-
lates act as catalysts in the air to speed up the conversion
of sulfur dioxide into sulfuric acid.

“Fortunately, these particles are comparatively casy,
although expensive, to control. Properly installed venturi

ELECTRONICS WORLD
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serubbers, sonic-wave precipitators, ¢y-
clonic dust collectors. und electrostatic
precipitators can do a good job of pre-
venting  particles from reaching  the
open air. Bethlehem Steel Corporation
lus spent $90 million the past fifteen
vears on pollution control. A S2 million
installation in its Los Angeles facility
collects about 123 tous, or two rail-
road carloads, of dust a week that
formerly was discharged into the air.
The Riverside.  California  Portland
Cement Company installed a Cottrell
electrostatic precipitator that removed
98% of the 100 tons of dust a day the
firm had been discharging. Tt found it
‘could use the collected dust, and at
one time the company was making
more profit from the recovered potash
than from its cement!”

“If we could just make it more profit-
able not to pollute the air. we'd be
home safe.” Barmey observed.

“Now vou're talking! That's probably
why the Government is stressing the
amount of gasoline the motorist will
save through the 90-95% efficient anti-
evaporation controls it is demanding on
1969 cars. But it will not alwavs be
possible to show an individual profit on
the installation of air-pollution control
equipment. Regard for the common
good has to be the motive. While 37
companies sold $33 million worth of
particle-collection equipment in 1965,
this is only a fraction of what should
have been installed.”

“Mayvbe we need more laws.”

“Not according to Mark Henry Hol-
zer, a New York Tawver. He sayvs the
common law of nuisance covers every
conceivable case of pollution. Lawvers
call this the principle of sic utere tuo,
or "Use vour own property so as not to
injure that of another.” We don’t need
more laws; we need more enforcement
of laws and ordinances already on the
hooks.”

“The automobile scems to be the
chief sinner in aiv pollution. That’s bad.
Americans  will never give up their
cars.”

“Let’s hope they don’t have to, but
HEW Secretary John Gardner recently
warned, “The day may come when we
have to trade convenience for survival.’
Lest you dismiss this as crepe-hanging,
listen to what a top official in Califor-
nia’s public health department savs—
and dont forget California is leading
the battle against air pollution: ‘It is
clearly evident that between now and
1980 the gusoline-powered engine must
he phased out and replaced with an
electric-power package.” He wants legal
notice served note that after 1980 no
gasoline-powered vehicle will he per-
mitted to operate at all in the state
of California.”

“Can't we stop gasoline-engine pollu-
tion?”

“California has tried. Cars sold there

May, 1967

fromi 1964 on had to be equipped wilh
blow-hy" connections to feed unburmed |
agasoline in the crankcase back into the
imtake manifold. All 1966 cars sold in
the state had to have devices to reduce 1
carbon monoxide emitted from the tail-
pipe 50%, und a further reduction in
tailpipe emissions will he recuired in'
1970. The Federal government has or-
deved similar improvements on all 1968
cars. IFour tyvpes of devices have been
approved for use in California. One
Qfter-burner’” type is the only kind of
installation on used cars. The other
three use catalysts to precipitate the
pollutants.

“Unfortunately, tests on cars  so
equipped that have been driven 20,000
miles show that 87% fail to meet state |
requirements for the suppression ()f‘t
hyvdrocarbons  and  carbon  monoxide.
The devices become less and less effi-
cient with age and with improper main-
tenance.”

“So now what?”

“So now I helieve the electronics in-
dustry is faced with a challenge worthy
of its vouth and power. Can it keep
humanity from suffocating in the Dhy-
products of civilization—withont sacri-
ficing progress? No matter how things
¢o, clectronics will he drawn into the
battle. It can and should devise new
and Dbetter instruments for detecting,
measuring, and identifving air pollu-
tants. It should find out more about
the part that atinospheric static electrie-
ity plavs in condensation and precipita-
tion. Perhaps the electronics engineer
and the meteorologist working together
can aid nature in cleansing air that has
already been polluted. Or the electron-
ics engineer and the chemist may work
out better filters to remove particles
and gases from smokestacks and  tail-
pipes. Mavbe clectronics can improve
the combustion of gasoline through het-
ter ignition and automatic control of
carburetion.

“If the gusoline engine must go, elec-
trical and electronics  engineers  will
work hand in glove with other engineers
to produce electric-powered cars. Even
now, while General Motors, Ford, and
Chrysler are experimenting with clec- |
tric cars, General Eleetric, Westing-
house, General Dynamics, and Union
Carbide are doing research on electric
power.

“Stopping air pollution demands the
utmost cooperation of individuals, en-
gineers, companies, and nations. While
highly industrialized nations contribute
most of the air pollution at present, air
recognizes no boundaries, and pollution
falls equally on the inmocent and the
guiltv—hey, where do yvou think vou are
going?”

“Out to get a breath of fresh air,”
Barney retorted; “vou have me gasping
like a goldfish that's jumped ont of its

bowl]!™ A
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16w Sams Dooks

New 7th Edition of the famous
HOWARD W. SAMS

Transistor Substitution Handbook

Fully updated and accurately
compiled by computer, this
invaluable reference is now
more complete than ever.
Lists thousands of direct sub-
stitutions; includes basing
diagrams and polarity indi-
cations; shows manufactur-
ers of transistors listed. Pro-
vides substitutions for all
major classes of transistors:
U. S, foreign (including re-
placements for many Japa-
nese types), home entertain-
ment, and industrial. For
quick, easy reference, all transistor types are pre-
sented in a single numerical-alphabetical listing. A
“"must’’ reference for everyone concerned with the
use of transistors. 128 pages; 514 x 814”. s] 75
Order 20529, 0nly ... ... ... ..

Shide Rule in Elecironics

by Don Carper. Teaches the proper and efficient
use of the slide rule-—an ideal tool for making quick,
accurate calculations in electronics math. Organized
in 12 progressive lessons, this clearly written book
explains basic mathematical principles relevant to
electronics and shows how they are applied. Tells
how to calculate resistance, reactance, impedance,
current and voltage relationships, frequencies, phase
angles, and many other factors. Includes practice
problems and exercises. Ideal for home study. $425
160 pages; 514 x814”. Order 20532, only......

by Robert G. Middleton. This updated and easy-to-
understand book explains how to use the scope to
isolate circuit troubles in any electronic equipment.
First, you are shown how to operate a scope, and
how to use the proper probes for various tests and
measurements; then you learn which test signals are
required, the type of waveforms to expect, and how
to interpret them properly. You learn further how to
isolate defective circuit stages or sections by wave-
form analysis; numerous waveforms associated with
various defective components are shown. Also cov-
ers f-m stereo-multiplexing equipment testing, test-
ing of solid-state devices, and use of triggered sweep
scopes. 192 pages; 534 x 814”. sags
Order 20550, only................c.uun...

101 Ways to Use Yaur Hi-Fi Test Equipraeal, 2nd Ed

by Robert G. Middleton. This completely revised vol-
ume shows how to use harmonic-distortion meters,
square-wave generators, intermodulation analyzers,
and other specialized instruments for testing hi-f1
equipment. Clearly explains the tests which can be
performed by each instrument. Describes proper
test setups, procedures, and how to evaluate re-
sults. Heavily illustrated. 160 pages; b4 x 814" 5255
Order 20552, 0nly........... ... ..

Basic Electricity & an Imroduction to Electronics

by the Howard W. Sams Technical Staff. New 2nd
edition of this widely used textbook—now incor-
porates new suggestions and additions contributed
by electronics instructors and students. Simply writ-
ten for easy understanding and fully reinforced by
the liberal use of diagrams and illustrations, the
book begins with the fundamentals and progresses,
step by step, through each phase of electricity. Once
this groundwork is laid, the subject of electronics is
explained clearly. Ideal for home study. 192 sags
pages; 8% x 11”7, Order 20540, only. .......

HOWARD W.35AMS & CO., INC.

8 Order from your Sams Distributor today, or maila

B to Howard W. Sams & Co., Inc., Dept. EW-5 [ ]
8 4300 W. 62nd Street, Indianapolis, Ind. 46268 [ ]
: Send me the following books: :
[ [] 20529 [] 20550 [] 20540 8
) [] 20532 [] 20552 :
: [ Send FREE Sams Booklist. $ enclosed g
[ ] [ ]
8§ Name ]
1 ]
[ ] ]
g Address ]
[ ] [ ]

. i | )
: City State Zip, .
1 [
@ My Distributor is [ ]
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Are you eligible
for the
Bright Guy Awards?

It’s casy to get them—and to get all the onc hundred valuable,
business they'll bring you. New custom- @ © interesting SMB-Bright
crs. More sales. More moncy. SMB ! Guy gifts, just for buying
The Bright Guy Awards is the big L the Sylvania TV replace-
program Sylvania’s running this year to @ '. ment parts you normally
boost your salcs. v-=""'£:p!=f buy anyway.
Your Sylvania distributor can put And you’ll get window displays pro-
your name and address in up to four claiming you “the brightest”—the TV
=TV Guide ads in your scrviceman everyone’s reading about.
area. The ads call you You're eligible for the
“the brightest scrvice- Bright Guy Awards just ,
man in town’—and tell by buying Sylvania’s fa- Foler bight

pcople in your town why mous color bright 85°

they should call you. color picturc tube. And | cofor bright &
You'll gctinto the Yel-  ——— our other picture tubes, \ = —
low Pages, too, under @ and our rcceiving tubes. So see your
the heading “TV Service allow Sylvania distributor.
and Repairs.” Pages Sylvania Electronic Tube Division,
Once again this ycar Electronic Components Group, Seneca
vou'll be eligible for over Falts, New York 13148,

SYLVANIA

SUBSIDIARY OF
GENERAL TELEPHONE & ELECTRONICS '—[&E

CIRCLE NO. 90 ON READER SERVICE CARD
May, 1967
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PRODUCT REPORT

Fairchild Model 7100A Digital Voltmeter

For copy of manufacturer’s brochure, circle No. 156 on Reader Service Card.

HIS new digital voltmeter combines

the precision, sensitivity, and ver-
satility required by many laboratory
applications with the reliability and
stability needed for production and
svstem use. The 7100A dual-slope
d.v.m. measures voltage, resistance,
and ratio. The high accuracy of this
instrument, =0.01% of reading =1
digit, makes it suitable for use in many
applications where more costly five-
digit imstruments were previously re-
quired. The new voltmeter is priced at
$2075 and it offers features formerly
found in $1000 instruments. The fea-
tures and price are the result of using
integrated circuits in the design. These
cirenits, already used in a few con-
sumer electronic products, will shortly
find their way into other pieces of less
expensive test equipment.

Special design features include dual-
slope integration and a fully guarded

Timing Diagram Illustrating Duat Siope
True Integration Performance
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ESTABLISH SHIFT .
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input which provide excellent perform-
ance even in the presence of severe
noise. The dual-slope integration prin-
ciple is illustrated below.

First, the unknown input is fed
through an operational amplifier to an
integrator. The integrator output is an
increasing negative voltage with a slope
that is proportional to the input. The
integration time is controlled by count-
ing 10,000 pulses from a crystal oscil-
lator. Second, the integrator input is
switched to an internal reference and
the integrator output is driven back to
zero. The slope of the decreasing volt-
age is proportional to the reference,
and the time required to return the
voltage to zero is directly proportional
to the unknown input. This is mea-
sured by counting pulses from the
same oscillator used in step one. The
count is displaved as the digital read-
out.

Since the same integrating compo-
nents and oscillator are used in both
steps, any shift in value of compo-
nents due to temperature changes or
aging becomes self-canceling. Also, since
the second step is a direct comparison
with the internal reference voltage, the
instrument has excellent long-term sta-
bility. No hourly or daily calibration
adjustments are required. The reading
represents the unbroken, true average.
All hum and noise components, up to
full bandwidth of the input amplifier
and integrator, are integrated and effec-
tively reduced to zero.

A bonus of the technique is the
ability to make ratio measurements by
substituting one of the inputs for the
reference voltage. Precision resistance
measurements are similarly accom-
plished.

Another feature which contributes to

www.americanradiohistorv.com

the noise rejection is guarded construc-
tion. The guarded circuit, which is a
box within a box, virtually eliminates
the errors caused by common-mode
pickup and allows the voltmeter to
measure low-level signals from ther-
mocouples, strain gages, etc.

The instrument las five voltage
ranges from 160 mV to 1100 V, and
this latter voltage can be applied on
any of the lower voltage ranges with-
out damage. Input impedance is great-
er than 1000 megohms. A

Basic Science Industries
Model 100 Electronic Thermometer

For copy of manufacturer’s brochure,
circle No. 28 on Reader Sercice Card.

HE introduction of the Model 100

thermometer by Basic Scicnce In-
dustries vepresents an attempt to meet
the need for a low-cost laboratory-
quality electronic thermometer for gen-
eral educational, testing, and research
use. This combination of economy and
quality is accomplished through in-
genious design in electronic circuitry
and case construction coupled with
standardization on a single general-
purpose temperature range.

The thermometer utilizes a calibrat-
ed thermistor sensor housed in a
nickel-plated brass cvlinder as one arm
of a Wheatstone bridge. A unique
meter-calibration procedure, along with
an optimum bridge circuit, makes pos-
sible a meter scale which is very near

H
i
i
i
i

|
i
i

f

to being linear and has an accuracy of
+1° Celsins (centigrade). Readings in
terms of relative changes in tempera-
ture have even greater accuracy.

A high degree of temperature sta-
bility over a wide range of environ-
mental conditions is accomplished by
the use of 1% precision carbon-film re-
sistors. All components are mounted
on a single-sided printed-circuit board,
permitting low cost, quality manufac-
ture.

To match the circuit performance a
quality  d’Arsonval meter movement
with charucteristics approaching  lab-
oratory instruments is used and a 4%”-
wide meter dial with knife-edge pointer
permits small changes in temperature
to be noted.

In a departure from industry prac-
tice of offering u wide variety of tem-
perature ranges, the Model 100 has

ELECTRONICS WORLD
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been standardized at 0° to 1007 Celsius.
This was done to keep cost low. The
limitations of the single range are off-
set to a great extent by the ability to
switch hetween a low range of 0-50
degrees C and a high range of 50-100
degrees C. This dual-range feature,
along with provision for scale mark-
ings in both Celsius and Fahrenheit,
has made the instrument a useful once
in various areas ranging from photo-
graphic or electronic Tabs to field
studies on the skin lemperature of
snakes.

The ability to provide almost in-
stantaneous remote temperature read-
ings has always been the area in which
the electronic thermometer has found
its greatest usefulness, The Model 100
with a seven-foot-long sensor cable and
a response time of 5 seconds maxi-
mum can be used to measure a variety
of solids, gases, and liquids. Specific
applications are in batch testing of
chemiculs and monitoring of environ-
mental chambers.

Power for the Model 100 is pro-
vided by a common “C” flushlight cell.
A minimal current drain enables con-
tinuous use of the instrument for over
GO0 hours before battery replacement
is required. Much greater battery life
is possible with intermittent use, und in
instances where continuous usage for
more than 600 hours is desired, an al-
kaline battery may be used.

The Model 100 thermometer sells
for $35.00, with general-purpose and
surface-type thermistor sensors  avail-

able at $6.00 and $7.00 each. A

Hewlett-Packard Model 211B
Square-Wave Generator
For copy of manufacturer's brochure,
circle No. 157 on Reader Service Card.

A NEW all-solid-state  square-wave
generator from Hewlett-Packard
produces square waves of exceptionally
clean shape over a wide frequency
range, from 1 Hz to 10 MHz. Square-
wave rise and fall times are less than 5
nanoscconds while overshoot, preshoot,
and ringing are less than 53%. There is
no sag, and jitter is less than 0.2% of
wavelorm period at any repetition rate,

Small in size, the new Model 2118
takes only half the height ol the 7-

& '@%
- @@
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WHYrisk your reputation

with “just-as-good” capacitors?

When you pay little or no attention to quality in tubular
replacement capacitors, 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 take a
chance on capacitors with unknown or debatable performance
records when it’s so easy to get guaranteed dependable
tubulars from your Sprague distributor!

There's no “maybe’
with these 2 great

' SPRAGUE DIFILM  TUBULARS!

The ultimate in tubular capacitor construction. Dual
dielectric . . . polyester film and special capacitor tissue . . .
combines the best features of both. Impregnated with HCX®,
an exclusive Sprague synthetic hydrocarbon material which
fills every void in the paper, every pinhole in the plastic

film before it solidifies, resulting in a rock-hard capacitor
section . . . there’s no oil to leak, no wax to drip. Designed
for 105°C (220°F) operation without voltage derating.

DIFILM®> ORANGE DROP® Dipped Tubular Capacitors

A “must" for applications where only radial-lead
capacitors will fit . . . the perfect replacement for
dipped capacitors now used in many leading TV
sets. Double-dipped in rugged epoxy resin for posi-
tive protection against extreme heat and humidity.
No other dipped tubular capacitor can match
Sprague Orange Drops!

DIFILM® BLACK BEAUTY® Molded Tubular Capacitors

The world's most humidity-resistant molded capacitors. Tough, protec-
tive outer case of non-flammable molded phenolic . . . cannot be
damaged in handling or installation. Black Beauty Capacitors will with-
stand the hottest temperatures to be found in any TV or radio set, even
in the most humid climates.

For complete listings, get your copy of Cata-

log C-617 from your Sprague distributor, or i
write to Sprague Products Company, 51
Marshall Street, North Adams, Massachusetts.

THE MARK OF RELIABILITY

!ISOB,LXEYS LARGEST MANUFACTURER OF CAPACITORS
' CIRCLE NO. 92 ON READER SERVICE CARD
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if you're the tape type... §
Look for the ELPA Endorsement!

When you see the Elpa Seal of Endorsement on a
product you can be assured that it is of highest
quality and has successfully met Elpa’s stringent
design and performance standards. REVOX Tape
Recorders, EDITall editing and splicing method,
and BEYER Microphones all carry the Elpa seal
and can be purchased with complete confidence.
Write for the Elpa catalog. Dept. 8D5. . . . ELPA
MARKETING INDUSTRIES, INC., New Hyde Park,
New York 11040.
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N Electronics
Engineering
Fix 1V, duesign automation sy-tems. leurn transistors,

1

cumplele elvctron
Calr-¢s  taugrht so vou ean  uritbe

A selection of the World's finest photographs com-
es. tollege level ilome Study piled by the editors of Popular Photography. All

~tand  them arn

NIl ProTocraphy annuaL |

more in (he highly pald electronics milustry, Com. editions $1.25 each: 1966 — $1.25. .. #1
PULers. Mi-siiea. (Heory amit practic. Kt~ firniston 1964 — $1.25 %3
(ver 3o gridiuates now  empinye [te~tdent 1967 — $1.50 #38 LA
teur Chivaze campu- (f decire i D0 Ocder by number from
led, Catalop. - Vets—write for tnformation atiout Ziff-Davis Service Div., 535 Broadway - New York.

American Institute of Engineering & Technology

N. Y. 10012. Enclose add'l 15¢ per copy for ship-
1141 West Fullerton Parkway cChicago, 1. 60614 i

ping and handling (50¢ for orders outside Usa)

66

| $50 per month?

Conservative extra income
from citizens band and
business radio
maintenance!

Free
booklet telis
you how—see
coupon below!

Diversify
into booming
two-way radio
maintenance!

105-B MICROMETER
FREQUENCY METER

205-A FM MODU
LATION 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. $340.00

Measures  nearby transmitfers.

Continuous coverage 100
KC to 175 MC, and up.

Internal

dependable low cost equipment
calibrator. used by thousands of engineers.
Only 8 pounds.

RUREO8 PPM METER—inexpensive ac-

cessory for the 105-B for
0.0001% accuracy on split-
channels,

LAMPKIN LABORATORIES, INC
MFM Divirs_i'o_!, Bradenton, Florida 33505

Maintenance.”’

Neeme _

Address

CIRCLE NO. 107 ON RE
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booklet "How to Make Money in Mobile-Radio |

e e

inch-high space when ruck-mounted. Tt
is ulso light in weighit—onlyv 9 pounds.

Square waves are useful test signals
where transient response is important
and where the phase-delav character-
istics of a device or circuit are just as
important as gain and frequency re-
sponse. Distortion in the square wave
at the output of a device under test
clearly shows anv departure from lin-
earity in phase delav vs frequency char-
acteristic.

The extremely fast rise time of the
Model 211B reveals frequency response
well bevond 50 MIIz at the same time
that transient response and phase char-
acteristics are examined. Simultaneous-
v low-frequency response is checked
becunse of the substantial low-frequency
content of the squire waves.,

The new gencrator supplies 5-volt
pulses into a 50-ohm load (10 V open-
circuited) . A second output, matched
for 800 ohms, supplies 30-V peak into
600 olins or 60V open-circuited.
(Rise time at this output is 70 ns ncross
600 ohms.) Both output waveforms
are d.c-coupled negative-going but dif-
fer in time phase by 180°.

Source impedances are matched ta
50 and 800 ohms respectively. o ub-
sorh returning signals, thus eliminating
reflections that could degrade the wave-
form. Shorting either output causes no
harm, hence the instrument can func-
tion as a square-wave current gencra-
tor tor testing low-impedance circuits.

A third output supplies 2-volt trig-
ger pulses into 30 ohms. either positive
or negutive as selected by a switch,
coincident with the leading edee of the
50-ohm square wave. These pulses wre
uselul, of course, for synchronizing un
oscilloscope and theyv also make the
new generator useful us o controlluble-
rate trigger source.

The svmmetry of the outpul wave-
form (ratio of “on” time to wuvelornn
period) mav be varied from 25% to
T5%, which allows the instrument to
function as a rectangular pulse genera-
tor. The repetition rate is not alfected
by the symmetry control and vice ver-
sa.

Price of the 2118 is $375.00. A

£
5o . .
AN ‘ 33 S\
SERN / 7 1—, -

"I don't care what t says. You
can’t have any credit!”’

ELICTRONICS WORLD
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Radio Measurements in Space
(Continued from page 47)

Testing of long STENI devices is also
a problem since a low-gravity environ-
ment is required. This is particularly a
problem for the longer elements. How
does one create a low-gravity, high-vac-
uum,  sun-simulating  environment  for
testing?® The mechanical forces which
act during unfurling are quite compli-
cated and testing is demanded. Engi-
neers at NASA’s Goddard Space Flight
Center have provided at least a partial
solution by using cameras and photo-
graphing the trace created by a small
lamp attached to the tip of the antenna.
Some very interesting light patterns are
produced during snch tests. One of these
is illustrated in the lead photograph on
page 46.

The RAE will probably be assigned
a threc-stage improved Delta lTanunch
vehicle with an over-all length of 91
feet. The first stage Thor rocket devel-
ops 346,000 pounds of thrust. Recall
that jet engines, as used in commercial
transports today, typically develop 16,-
000 pounds of thrust. The second stage
develops approximately 7000 pounds of
thrust, with the third stage (which car-
ries the spacecraft) producing about
2000 pounds thrust. It is anticipated
that an orbital altitude of about 300
kilonieters (186 miles) will be used.

The RAE Mission

The mission of the RAE satellite may
be categorized by five scientific objec-
tives.

1. To observe low-frequency radio
storms on carth. These storms are be-
lieved to be interactions between par-

ticles emanating from the sun and
carth’s radiation belts.
2. To monitor large radio noise

sources. such as the constellation Cen-
taurus A.

3. To study Jupiter, which is the
only planct other than the earth which
is known to occasionully emit low-fre-
quency noise bursts.

4. To obtain an EM map of our gal-
axv (the Milky Way) in the frequency
range from 400 kilz to 10 Mllz.

5. To gather data on low-frequency
bursts of ENM energy which emanate
from the sun. This data should provide
added insight into the nature of the
sun’s reactions.

In order to achicve orbit and deploy
the four 750-foot antennas, a sequence
which will require about two weeks
will be initiated by ground command
from Goddard Space Flight Center,
Greenbelt, Maryland.

The duata gathered by RAE satellites
and their successors may provide space
scientists with enough information to
formulate new theories concerning the
earth and its surroundings. A
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Sorry, the new Sony FM stereo tuner won't be here until April.

You know the kind of magic Sony works with transistors. Well,
they've done it again. This time with a new solid-state FM sterco
tuner. But, it won't be available at your hi-fi dealer until April.
Meanwhile, visit your dealer and audition the Sony TA-1120
solid-state sterco integrated amplifier—the one that's drawing rave
notices from the high fidelity editors. e T
Tell your high fidelity dealer to save
a front-row seat to hear the new
Sony FM tuner, available in April.
Sony Corporation of America,
Dept. H, 47-47 Van Dam Street,
Long Island City, New York 11101

CIRCLE NO. 94 ON READER SERVICE CARD

OVERSEAS EMPLOYMENT
OPPORTUNITIES |
FOR ELECTRONIC TECHNICIANS'
WITH THE FOREIGN SERVICE
OF THE UNITED STATES

The U. S. Department ol State needs
expericnced Electronic Technicians for:
career appointments in the Foreign!
Service. These assigimments are unigue |
and exciting in the field of technical |
securitv. Your family may accompany
vou overseas. Considerable temporary
duty travel permits visiting interesting
arcas of the world.

REQUIREMENTS:

(1) Electronics certificate from a tech-
nical or service school: (2) Accept as-
sigimment at any Foreign Service post,
minimum tour of dnty is two vears; (3)
Qualify for highest security clearance;
(1) Be an American citizen for a mini-
mum of five vears. If married, sponse
must be an American citizen; (3) Ex-
cellent health; and (6) Two to four
years of experience. Starting salaries
$7,201 to $10.667 (plus overseas allow-
ances). Send completed Federal Em-!
plovment Form 57 (Available at any
U.S. Post Office) and resume to:

Office of Sccurity,
Department of State,
Washington, D.C. 20520.

An Equal Opportunity Employer.

wWww.americanradiohistorv.com

Our policies
are your best
insurance:

.
SONOTONE
I CARTRIDGES

Sonotone has been the reliable, qual-
ity name in replacement phono car-
tridges since 1947. We've made and
sold 20 million of them. When you ser-
vice with Sonotone cartridges, you can
be assured you are servicing with the
best. We'll stake our name on that.
REPLACE WITH SONOTONE CAR-
TRIDGES. There's a complete line for
immediate replacement of virtually ev-
ery cartridge in use today. Prove it to
yourself — fill out and mail coupon
TODAY for your free copy of Sonotone's
1967 “computer-programmed’’ car-
tridge replacement manual.

Send today for complete information:
Sonotone Corporation, Dept. 107
Elmsford, New York 10523

Just fill out and mail this coupon for your
free copy of Sonotone's 1967 ‘‘computer-
programmed" cartridge replacement man-
val.

YOUR NAME

ADDRESS

CITY

STATE ZIP

Visit us at Booth No. 4118, N.E.W. Show
CIRCLE NO. 96 ON READER SERVICE CARD
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BUZIT

TRANSISTORIZED
SIGNAL TRACER

FOR ONLY:$ 9 = s 7DEALER;NET

S PITH BATTERIES

3

e
USED FOR TROUBLE \S.-HOOTING

e A.F. CIRCUITS @ |.F. CIRCUITS
o R.F. CIRCUITS @ CONTINUITY
CHECKS o SPEAKERS, ETC.

EXCELLENT FOR TRANSISTOR
RADIOS BECAUSE BUZIT USES
ONLY A3VOLT POWER SUPPLY

ASK ¥Y¥OUR ELECTRONIC
PARTS DISTRIBUTOR FOR

HMODEL NO.B z - 1

MANUFACTURED BY
WOoORKMAN

SARASOIA FLORIDSA

CIRCLE NO. 110 ON READER SERVICE CARD
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Frequency & Time Standards
(Continued from page 41)

with  changes i1 ambient  operating
temperatire is another important fac-
tor to consider when specifving high-
stability oscillutors. Fig, 7 is 0 enrve of
the temperature vs frequency charac-
teristics of a typical high-quality ervs-
tal. Tt ¢ be seen that changes in
ervstal temperature resnlt in significant
changes in frequency.

It is therefore extremely important
to isolate the crvstal from the effects of
varving temperatures. Vacuum bottles
(dewars) are often emploved in the
highest stability units and, in most
cases, the crvstal dtself is i oa well-
regulated, temperature-controlled oven.

Similarly, changes in operating volt-
age, line voltages. and load impedances
are all important and should be con-
sidered when choosing oscillators. The
cffects of these parumeters are stuted
in terms of the maximum frequency
changes they produce in the oscilla-
tors” ontput,

Other Important Criteria

Some of the other more miportant
criteria which should he  considered
when selecting equipment of this na-
ture are:

1. Construction — the equipment
should be able to withstand mechani-
cal shock and also occupy the least

amoimt ol space, especially where it is
to be part of a physically complex svs-
ten.

2. Power  consmuption—in portable.
airborne, or other such applications, it
is desirable to obtain the lowest power
consumption of the oscillators in order
to realize the Tongest usable life.

3. Measurements shonld bhe the re-
sult of exhaustive tests on many units
of the type to be used, where possible.

Finally, perhaps the most important
“specification” to many technical per-
sonnel is cost, While niechanical con-
struction and ambient temperature iso-
lation will deterinine the cost of a unit
to an extent, the primary cost factor is

Fig. 6. A phase-locked oscil-

lator system s illustrated.
600D
LONG ~TERM
OSCILLATOR
PHASE
D C.OUTPYUT
DETECTOR
(FREQ TO VOLTAGE)
GO0D I
_TER ouTPUT
SHORT-TERM FREQUENCY
OSCILLATOR

VOLTAGE VARIABLE
CAPACITOR IN
OSCILLATOR

*
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Fig. 7. Typical frequency vs temperature
characteristic  for a  high-quality  crystal.
Oven is set to 'turnover-point’’ temperature.

the ultimate stabilitv of the unit. The
greater  the  stability  required  (both
long- and short-term) the more elab-
orate the cirenitry required and  the
better the ervstal must be. For exam-
ple. while a =1 part in 107 oscillator
is available for $200, a4 =1 part in 10"
oscillator cun easily cost $2000). A

REMOVING SOLDERED PARTS
By IRWIN MATH

HEYN disassembling a chassis for
the purpose of salvaging compo-
nents, it is often a diflicult job 1o remove
parts  aflixed to transformers
and tube sockets, Most
are made by threading the wire through
and around the lug with the result that
the heat applied to loosen the wire leads
maore often than not destroys the com-
ponent or solder lug in the bargain.

Ain these
leads is to first heat the lug and remove
exeess solder either by o rapid flick of
the component, the
inexpensive ear syringe, modified to use
picee of plastic tubing as the

lugs on

.\ll('ll ('lllllll‘('lil)ll.\'

easy  method of removing

or with aid of an
a small
nozzle.

Cut off the top (so that
it now appears U-shaped). The lug can
then be heated so that the wires can be
~lid off the tine of the lug. Enough of
the surface will remain so that the lug
can be used again,

of the lug

"It'll interprzt from any language in
the world—once we figure out how to
program .t."*

ELZCTRONICS WORLD
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ELECTRONIC
CROSSWORDS

By JAMES R. KIMSEY

(Answer on page 90)

ACROSS

)5

One of the essential components
in a vacuum tube.

4. Greek letter designating ““ohm™.

7. Malt beverage.

8. Device used to increase power,
voltage, or current of a signal.

12. Familiar trio in Ohin's Law,

14, Mighty African river.

15. Move a TV camera to keep it
trained on the subject.

16. The tube electrode to which the
main electron stream flows.

18. The prevention of vibration by
some means.

19. Mutual conductance (abbr.).

20. Part of the eve.

21. To vary the amplitude. fre-
quency, or phase of an oscillation,
usually at a signal frequency rate.

26. Mimic.

249. The male heir.

30. A_term used to describe a ter-
minal which has more electrons
than normal.

31. A small spring-like clamp.

32, Plate current. in the tube manual.
34. An antenna which is an integral
part of a radio or TV receiver.

39, Kevbaard instrument.

42. Request.

43, Paddles.

44. deFacrest.

45, Type of insulation.

46

. Water-cooled

. Resistance network used in coup-

ling two impedances.

. Miniature receiving tube having

nine pins.

tetrode capable of
providing continuous operation at
50 kW or more in the u.h.f
region.

DDOWN
1. Gaseous radioactive products

formed by the expulsion of an
alpha particle from radium, thor-
ium X, or actinium X.

. Small coil used to measure a mag-
netic tield.

. An element combined with oxy-

gen.
. An oil used in medicine.

. Myself.

. Storage of camponents until their
charactertstics have become stable
and constant.

9. Period of time (abbr.).

10. Guidexi.

11. General term appticd to receivers.
12, P’refix meaning “on’’.

13. Moved rapidly on foot.

17. For example tabbr.).

22, Perform.

3. World

peace-keeping  organiza

tion tabbr.).

1. Long-nosed metal clip.

25. Widening the volume ringe ot an

a7
st

34.

audio-frequency signal,

5. Cut of tvpe of crystal used for

r.f. transmitters between 500 kHz
and 10 MHz.

L3 1416,
28.

33,

Happenings.

Massive government agency
tahbr.) .

Antenna matching device used to
permit eflicient coupling of trans-
mitter having unbalanced output
to antenna having balanced trans-
mission line.

35, Employ.

36. General and ex-President.
37. A test.

38. Connecting wires.

0. Fish eggs.

41. Skill.

46

. Type of communications syvstem
tabbr.).
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Uses OXYGEN
and LP GAS

o Completely self-contained.

e Produces 5000° pin-point flame.
e Welds, brazes, solders.

e Hundreds of lightweight uses.

e Suggested list — $13.95.

GET COMPLETE DETAILS AT MOST IN-
DUSTRIAL DISTRIBUTCRS, OR WRITE TO
MICROFLAME, INC.

BEFAIR 2t
SEF

MICROFLAME,

INC.

7800 COMPUTER AVENUE

MINNEAPOLIS,

MINNESOTA 55424

/

CIRCLE NO. 105 ON READER SERVICE CARD

BIGGER ... BETTER
THAN EVER!

SEND TODAY FOR YOUR NEW
40th ANNIVERSARY

1967 CATALOG

YOUR BUYING GUIDE FOR
® Stereo & Hi-Fi Systems & Compo-

nents.
® Tape Recorders

® Electronic Parts, Tubes, Tools.

& Phonos & Records
# Caomeras and Film

® Hom Gear.

# Public Address
# Citizens Band.

® Traonsistor & FM-AM Radios.

252 GIANT VALUE

PACKED PAGES!

BURSTEIN-APPLEBEE €O

Dept. EW 1012 McGee, Kansas City, Mo. 64106
{1 Rush me the FREE 1967 B-A Catalog.

CIRCLE NO. 124 9N READER SERVICE CARD
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(“
(et more
education

or
get out of

electronics

..thats my advice.

\

70 ELECTROMNICS WORLD
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Ask any man who really knows the electronics industry.
Opportunities are few for men without advanced technical
education. If you stay on that level, you'll never make much
money. And you'll be among the first to go in a layoff.

But, if you supplement your experience with more education
in electronics, you can become a specialist. You'll enjoy good
income and excellent security. You won't have to worry about
automation or advances in technology putting you out of a job.

How can you get the additional education you must have to
protect your future—and the future of those who depend on
you? Going back to school isn't easy for a man with a job
and family obligations.

CREl Home Study Programs offer you a practical way to get
more education without going back to school. You study at
home, at your own pace, on your own schedule. And you study
with the assurancethatwhatyoulearncanbeappliedonthejob
immediately to make you worth more money to your employer.

You're eligible for a CRE! Program if you work in electronics
and have a high school education. Our T
FREE book gives complete information, CEEEIII I3
Airmail postpaid card for your copy. If card :
is detached, use coupon below or write:
CREl, Dept.1127E, 3224 Sixteenth Street,
N.W., Washington, D.C. 20010.

Found: J 1417

P, P
Accradite d Mombir ¥ o
¢’ ine Natioral Mo Stud, Council Annwersary

The Capitol Radio Engineering Institute
Dept. 1127 E, 3224 Sixteenth Street, N.W., Washington, D.C. 20010

Please send me FREE book describing CRE! Programs. | am
employed in electronics and have a high school education.

NAME - AGE

ADDRESS . __ _

CiTY - . STATE___ ___ _ ZIP CODE

TYPEOF PRESENTWORK__ . . .~ _ []GIBILL

I am interested in ] Electronic Engineering Technology
[ Space Electronics [] Nuclear Engineering Technology
[ Industrial Electronics for Automation

[] Computer Systems Technology

S S S |

|
|
|
|
|
|
|
|
|
|
|
I
I EMPLOYED BY _____
|
|
|
|
|
|
|
L

- APPROVED FOR VETERANS ADMINISTRATION TRAINING
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Start a

Stereo System
of Unparalleled
Qllality For Solid State

or Tube Amplifiers

FABULOUS MUSTANG M-12T

12 3-WAY SPEAKER SYSTEM.
A new breed of high per-
formance for whole house
sound! With 35-40,000 Hz
response; extra slim, thin
profile; exclusive front or
rear baffle mounting design;
12 15/16" dia. by 374" deep.

Vﬂlm

.. forless than

AWARD WINNING MODEL 6201

12" 2-WAY SPEAKER SYSTEM.
Updated version of the
most popular true-coaxial
speaker ever made! With

axially mounted compres-

sion driven, wide - angle
reciprocating  flare  horn
tweeter; 28 to 18,500 Hz
response; 13" dia. by 6 38" deep.

————— -

for less than$8ﬁT"

AWARD WINNING MODEL 312

12" 3-WAY DIFFAXIAL SYSTEM. M\

The only integrated single
speaker assembly capable
of response from 28

to 40,000 Hz! With high
compliance woofer;
Diffusicone mid-range;
exclusive Sphericon
tweeter; integral
brilliance control;

15%" dia. by 12"

deep.

... forless than'*“'"“ ‘

— -

fine
speakers at your dealers today! Ask about PSE

Listen to these and other University

—University's “‘master blue print" for goof-proof

planning and building of your own speaker
system. Includes many plans for
speaker enclosures designed to
deliver the very best in stereo
sound. Address inquiries to desk
E-75

LISTEN—UNIVERSITY®SOUNDS BETTER

UNIVERSITY SOUND

A DIVISION OF LTV LING ALTEC. INC
9500 W. Reno Oklahoma City. Oklahoma 73101
CIRCLE NQO. 85 ON READER SERVICE CARD
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Power OQutput of
Solid-State Receivers

D MNillev of Shercood  Electronic
B4 Labs, Inc. has just called our atten-
tion to inconsistencies in the 1TF dy-
nanic power outputs (W ch) appear-
ing i our solid-state receiver chart in
the March. 1967 Althongh we
originadly requested from manufactiny-
ers power output figures for 8§ ohms.
it is now appwrent that quite a few
of them imadvertently snpplicd 4-ohi
Below s

isste.

acteristics where thev are available.
It should be poidod ont that most
advertising  depa: 4-ohm

ontput figires L W31 of their promotion

tenic guote
material wnd G nsing, sinee it s
usuallv the Loco, or dhe two figures.
On the other ko o ongineering depart-
ments nsualh G 10 wd their designing
hased on -0l fie o

This is unother ooe where standard-

ficures instead. a corrected  ization within e sd stry would be
chart showing hoth 4- and 8-olun char-  most helpful, A
MODEL NO. 4 ohms| 8 ohms MODEL NO. 4 ohms| 8 ohms

g . KNIGHT, ALLIED RLE:3
GULLS 013 KN-376 | 25

AUDIO DYNAMICS CORP. KN-351F
ADC-606 45 35
T 0 | 3 KNIGHT-KIT, ALLIED FAT:D

KG-964 37 32

BOGEN COMMUNICATIONS
RT-8000 35 2 LAFAYETTE RADIO
RT-7000 32.5 22 LR-1200T § 60
TR-100X 30 24 LR-900T § 32.5
TF-100 30 24 LR-4507 § 15

CHANNEL MASTER CORP. . OLSON ELECTROKICS !

LI 30 RA-862 s | 20
Lt RA-860 § 40
EICO RA-845 § 22.5
3566 56 37.5 RA-830 § 25
ELECTRO-VOICE LR g 10

A 325 | 25 PIONEER ELECTRON!CS

EVIi7S 75 | SX-10007A 55 | 45
FISHER RADIO CORP.

700-T 60 45 RCA

500-T 45 35 MHT67% ** 25*

440-1 35 25 MHT60 * 10

220-T 27.5 20

H.H. SCOTT INC.

GROMMES, PRECISION ELECT, o T
(-503 35 30 348 60 50
HARMAN-IKARDON, INC. 3448 42.5 32.5
SR9008: 50 35 342 325 1 25

SR600B 40 30

$R4008 0| 25 SHERWOOD ELECTRCHICS ! ABS

SR30087 30 22.5 $-8800 70 50
7201 40 30 $-8600 35 25
210t 25 18 $-7800 70 50
200F T 25 18 V-M CORP.

HEATH (0. 1489 . 10
AR-15 50 75 1484 * 37.5
AR-14 13 15
AR-13A 12 3 FOOTNOTES:

KENWOOD ELECTRONICS “Figure differs {rcm trat published in
TK-140 65 50 March, 1967 issue
TK-80 45 40 *#Not recommerdec for 4-chm load.

1 Discontinued
TK-60 30 25 TTNew receiver
TK-50 30 25 i New model numter
TK-40 18 15 iFigure not aveilet'e

www.americanradiohistorv.com
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FET Circuits
(Continued from page 33)

with voltage gain greater than unity.
The bhandwidth is dependent upon the
impedance of the driving sonrce. When
driven by a 600-ohm test oscillator,
the upper 3-dB point is 2 Mz, Band-
width decreases as the driving source
impedance increases. At low frequen-
cies the amplifier input impedance is
about 100 megolims and the output
impedance is less than 2000 ohms.

Fig. 6 shows a stretcher which senses
the peak amplitude of a pulse and
holds this voltage level for a time
much longer than the width of the
pulse.  The diagram includes a push-
button to provide the pulse, but of
comrse the pulse could be coupled in
from a suitable external source.

Transistors Q1 and Q3 provide im-
pedance transformation and isolate the

FET from both the source and the
load. When the input pulse appears,

the capacitor is charged tlwough Q1
and the diode. After the input pulse
terminates, Q1 is cut-off and the diode
is back-biased. The input impedance
of Q2 is very high so that the charge
leaks ofl the capacitor mainly by leak-
age current through the diode and the
capacitor. The FET (Q2) then pre-
sents the d.c. level to Q3 which acts
as an output driver. Fig. 6 also gives
the duration of the output obtained
with {our different FET's. (Note that
the FET is connected in reverse in
order to make the drain negative.)

The time constant cun be increased
by using an FET having a very low
gate leakage and by selecting a diode
and a capacitor with very low leakage.
By using these more expensive com-
ponents, FET stretcher cirenits with
output pulse times as long as 30 hours
have been built. The circuit can be
used as a peak-amplitude detector or
to obtain a required time delav. Re-
set is accomplished by either allowing
the output to decay or by shorting the
capacitor to ground.

The FET can also be used us a
linear gate or electronic switch as shown

in Fig. 7. The vresistance between
source and drain  with  the  switch
“closed” is approximately g, With

the switch “open™, only a small Teuk-
age current flows between source and
drain. This type of circuit can ulso be
used as an wnplitude modulator.

We have presented six simples Tow-
cost circuits that illustrate many of the
principles of FET operation.  These
circuits are designed to furnish an nn-
derstanding ol the devices and to stim-
ulate thinking toward other apvlications.

The anthors wish to acknowledee the
cooperation of Mr. Charles MacDonald
of Siliconix, Inc. and Mr. Al Kenrick of
General Electric Company. A
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Why settle for
THE FABULOUS

AR TEN

Available in

easy-to-build

kit form ‘%
at only

$29%.

Dramatically improve the performance of
your car —or any vehicle. Racers and
Pacers from Sebring to Suburbia by the
thousands attest to the peerless perform-
ance of the Mark Ten. Delta’s remarkable
electronic achievement, proven for four
years, is often copied, never excelled.

less? Buy the Best/

CAPACITIVE DISCHARGE

IGNITION SYSTEM

Ready for these?

A Dramatic increase in acceleration
A Longer point and plug life

A Improved gasoline mileage

A Complete combustion

A Smoother performance

Ready? Order today!

re—————————

BE YOUR OWN MECHANIC

Tune-up

A universal precision instru-
ment for use in tuning all
vehicles, regardless of the
number of cylinders or bat-
tery polarity. Gives correct
point dwell readings on ve-
hicles equipped with capaci-
tive discharge. transistor or
conventional ignition. Preci-
sion accuracy at low cost.

Tune-up

A universal precision instru-
ment for making carburetor
adjustments on all vehicles.
regardless of the number of
cylinders or battery polarity.
Gives precise RPM readings
on vehicles equipped with
capacitive discharge. tran-
sistor or conventional igni-
tion. Gives you better gas
mileage, fuel savings and
peak engine operation.

DWELL MeTER $12-95 4.

A Portable, high-impact case for
rugged work

A large, easy-to-read 312 inch
precision Jeweled meter

A Wide scale — reads dwell angles
in degrees

A All solid state

TACHOMETER #14-°5

A large. easy-to-read 32 inch
precision jeweled meter

A Portable, high-impact case for
rugged work

A Range: 0 to 1200 RPM
A All solid state

DELTA PRODUCTS, INC.

GRAND JUNCTION, COLORADO 81501

Ship prepaid. [] Ship C.0.D.
7] Mark Tens (Assembled) @ $44.95
[ Mark Tens (Delta Kit) @« $29.95

(12 volt positive or negative ground only)

P.O0. BOX 1147 EW -
Enclosed is $ .
Please send ] Dwell Meters a $12.95
N Tach Meters o $14.95
Specify — [ Positive Ground [] Negative Ground
Car Year Make
Name _
Address
City State

16or T]12volt

CIRCLE NO. 122 ON READER SERVICE CARD
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AUTO ANALYZER
= SAVE|

It's FUN!
Ivs EASY! knight-kit®

ALLIED RADIO

Headquarters for Everything in Electronics

Save double on this
famous Knight-Kit
Auto Analyzer. Build
it yourself and save
factory assembly
costs. Then use it for
tuneups and trouble-
shooting to hold
down car upkeep.
Write for special
infroductory offer.
No Money Down
$5 Monthly

ALLIen Rapio

Dept. 1E, P.O. Box 4398, Chicago, Ill. 60680
ClRCLE NO. 109 ON READER SERViCE CARD

WORLD'S
FINEST

Se(Engmeldle— Auto
Trans. Shift Points

CHECK:

« Distributor wear
« Dwell angle

« Voltage regulatof
« Condensers

o Point surfaces

o Coil resistance

« Ground circuits

o Alternatof diodes
o Engine timing

o Spark output
and much more!

ERSIN .

MULTICORE

ONLY 69¢

BUY IT AT RADIO-TV PARTS STORES

MULTICORE SALES CORP.. WESTBURY, N.Y. 11590
CIRCLE NG. 104 ON READER SERVICE CARD

| Pulse Generators
‘ (Contivned from page 43)
i

One of the drawbacks to a conven-
s tional oscilloscope is that the frequency
response of the test deviee full
Coutside the bandwidth  limitations  of
the vertical amplifier svstem of the os-
cilloscope. I some cases. the ontput
psignal from a deviee under test can be
| observed by direct conmection through
coupling capacitors to the vertical de-
flection pltes of a conventional oscil-
loscope. Thus, the limited handwidth
of the oscilloscope  vertical amplifier
can be hypassed.

The following factors pertaining to
the vertical deflection-plate svsten must
be considered for pulse measnrement:
d.e. operating potential of the plates.
lead inductance, deflection-plate capac-

may

itance,  transit-time  linitations,  delay
| Tines. and deflection fuctor,
A typical circuit for diveet a.e. con-

pling to the vertical plates is shown in
IFig. 6. This circuit permits the internal
vertical anmplifier of the oscilloscope to
be bypassed hut still allows the nornal
d.c. operating and positioning voltages
to be applied to the deflection plates

from  the internal  vertical  amplifier.
However, when using this cirenit. a
' - high- qlmhl\ external deluy Tine must

be used, This will retird the pulse suf-
| fie l('lltl) to get it on the scope sereen.

The values of BRI and B2 are found

I)}' solving the equation given in Fig. 6.
The rvesonant frequency (1)) of the
leads and the capacitance of the de-
lection plates (C,) for use in the
cquation may be determined by the
following procedure:

1. Turn off the oscilloscope power.

2. Disconnect the vertical amplifier
leads from the CRT neck pins. (A

convenient method of conneeting to the
deflection-plate pins is to use clips re-
moved fron aminiatare tube socket, )

3. Cot a wire loop equal in length
to the totul length of C1, G2, R1, R2,
R3. and R{.

-+ Temporarily substitute the wire
loop for the components hetween the

vertical deflection-plate pins.
5. Bring a grid-dip meter near the
loop and meuasure the resonant [re-
I \
quencey (F).
6. Remove the wire loop,
INPUT Zo
SIGNAL A
20 )
a Rz c2/
0
TERMINATING
RESISTOR
Ro= 2
1 Z,
FieR2 12 (s =)
R3=R4 X I00k{L
202
R T Y
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7. With a capacitance meter, mea-
sure the totad capacitance between the
plates (C4,) at the deflection-plate neck
pins. (Capacitinee between the plates
can also be foumd by referring to the
specifications of the oscilloscope.)

Since the dellection plates are lo-
cated close to the path of the clectron

beam. a small amonnt of cirrent will
flow in the deflection-plate  cirenits.
The values of R3 and Rt must he low

enongh so that this cnrrent will not
prodnce a lurge voltage dvop at the de-
flection plates. 1T the resistors are too
Lurge. distortion, defoensing, or posi-
tioning difficulties may be experienced.
Since the dellection-plate crrrent varies
non-lincarly with the position ot the
beam, the cffeets are st noticeable
when the beam s positioned near the
top or bottom of the screen. The ap-
proxinate value of 100000 ohms that

is given tor R3 und R4 will prob-
ably be satisfactory in most cases.
Cl oand €2 should be physically

stall to minimize lead inductance. The
values of CL oand €2 are selected on
the hasis ol the required low-frequency
response and nuy be calenlated from
the equation given in Fig. 6. (F. is
the low-freqnency ent-olt. ) For exam-
plec il R3 and Rt are 100,000 ohms
and if the desired I, is about 1.6 kllz,
C1 and C2 should be 0.001 pl7,

The stub cable that connects to ter-
minating resistor R, should be long
cnough so that it w double-transit re-
flection appears, it can be easily iden-
tificd and corrected by adjustment of
the termination.

For making  vertical  measurements
with the test setap. the deflection Tac-
tor ol the oscilloscope must be knowin,
This can be measured as follows:

1. While the Teads from the vertical
amplifier wre conmected to the deflee-

tion-plate neck pins, connect a d.e.
voltmeter between the pins.
2. Measure the voltage chanee as

the beam is positioned vertically over
the full height of the graticule.

3. Divide this voltage excursion by
the graticule height in divisions to ob-
tain the deflection factor in volts/divi-

A

and tech-

Sio1.

(Many of the diagrams

wiques described above are hased on
information from ‘Tektronix, Ine. and
Hewlett-Packard.—Fditor)
¢ CLIPS TO
VERTICAL
DEFLECTION
PLATE
NECK PINS . o 5
Fig. 6. Circuit for
coupling to vertical
deflection plates.
A3 R4
cLIps
A

JUTPUT LEADS
FROM VERTICAL
AMPLIFIER

ELECTRONICS WORLD
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New Jersey

proudly announces
the 24-hour day!

Name your entertainment—simple or
sophisticated—and New Jersey has it
‘round the clock. Night life that jumps as
high as the breakers along New Jersey’s
127 miles of seashore. Concerts and ballet
as soothing as a scenic panorama from one
of the many picturesque mountains here.
All-year theater as exciting as a New Jersey
ski trail. The fine arts and every type of
sports. A perfect blend of neon lights and
open spaces.

Now don’t get us wrong. New Jersey also
has plenty of small, peaceful communities
where the sidewalks are rolled up after
dark. But a quiet town in New Jersey is
different . . . very different, because either

of two impressive ‘suburbs’—New York
or Philadelphia—is only minutes from just
about anywhere in the Garden State.

Yes, living in New Jersey is as cosmo-
politan as a penthouse apartment or as
rustic as a tranquil farm. And the industrial
side of the picture is equally bright. Find
out why. Our Area Development Depart-
ment can answer all your guestions and
give you complete and confidential in-
formation concerning possible corporate
headquarter, plant, research and warehouse
sites in New Jersey.

Write to Public Service Electric and Gas
Company, Box HEW, 80 Park Place, Newark,
New Jersey 07101.

@ PUBLIC SERVICE ELECTRIC AND GAS COMPANY

CIRCLE NO. 197 ON READER SERVICE CARD
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#  This year, play it smart. ;
# Before you make your next photographic
# equipment purchase, make sure you're 4
# getting the most for your money. Shop
4 before you buy, confidently, with the 2
.. up-to-the-minute 1967 PHOTOGRAPHY
; DIRECTORY & BUYING GUIDE. &
E #
i PHOTOGRRPHY s
%; = DIRECTORY

= BUVING GIII[IE

o

194 evdoirs

All the guesswork is out! From still cam.
eras to slide projectors, super-8 to video
tape recorders this encyclopedic
volume puts every essential buying fact i
and figure right at your fingertips. With *
complete point-by-point information on
manufacturer, model number, special
characteristics and price. Hundreds of
photos. Every vital statistic you need to
compare all the latest equipment—in vir-
tually every category—and select the
best in your price range!

Over 5,000 photographic items in all!
Plus a Special Fea
ture! "BUYPOINTS"”
—an exclusive “what-
to-look-for, how-to.

buy™ guide to movie | 1, *o67° protocea.
and still cameras, | PHY DIRECTORY &
slide projectors, tape | BUYING GUIDE is also

GET THE HANDSOME |
LEATHERFLEX-BOUND
EDITION for just |

available in a splendid

recorders, deluxe edition. Rugged
This 160-page ‘'shop Leatherflex cover pro

o . vides lasting protection
at-home directory yet 1s softly textured and
has been carefully |

gold embossed for the
look of elegance. A col |
lectar’s item—a superb |

compiled by the ed
itors of POPU'ar Pho. addition te your perma
tography. And that | neat reference library
means authoritative, | #nd it's yours, for just

¢ inf ti %3 postpaid, when you
precise Intormation | check the appropriate
you can bank on. All | box on the order form.
year long!

e A R

I s i bl o SO e 000, S S 3060 S8 36

Uise the coupon belaw ta order your copy of the 1967
FHOTOGRAFHY DIRECTORY & BUYING GUIDE todey!

Only $1.25

ZIFF-DAVIS SERVICE DIVISION « DEPT. PD l
595 Broadway * New York, N.Y. 10012 I
Please send me a copy of the 1967 PHOTOGRAPHY
DIRECTORY & BUYING GUIDE as checked below:
[J $1.25 enclosed, plus 15¢ for shipping and han-
dling. Send me the regular edition. ($1.75 for
orders outside the U.S.A.) l
{7 $3.00 enclosed. Send me the Deluxe Leatherfiex-
bound edition, postpaid. ($3.75 for orders out- I
side the U.S.A.) Allow three additional weeks

]
]
]
]
]
l for delivery.
]
]
]
]
|

name please print EW-57 I

address I

city

state zip
PAYMENT MUST BE ENCLOSED WITH ORDER
R ER ER R BN BE BE B BEm B .

ping situation. the Senate is soon to
consider Bill 5,928
Act of 19677
(D. Mo.).
| The hieart of the bill is Section 3. 1t
{ establishes a new chapter, conposed
1of Sections 2510-2513 in Title 18 of the
I VLS. Code. Section 2310(a) is a blunk-
Let provision prohibiting wire intercep-
{ tion without the consent of ane of the
parties to the commnmication. The dis-
clostre or nse of any information so ob-
tained is also barred. The sole exception
from this far-reaching  prohibition i
Section 2310 is the minor exclusion in
Section 2510(h) for routine activities
by cniplovees of 4 conmnmication com-
mon carrier or the FCCL The maxinmm
eriminal penalty for violation of Section
2510 is a S10.000 fine or five vears im-
prisonment, or both.

Section 2511 deals with cavesdrop-
ping. It contains a series of provisions
which, taken together, constitute a com-
prehensive han on the nse of electronie,
mechanical. or other devices to eaves-
drop on a private conversation without
the consent of a party to the conversa-
tion. It also bars the disclosure or use of
any information so obtained. As is the
case with Section 2310, the maximum
eriminal penalty for violution of Section
2511 is a S10,000 fine or five vears im-
prisorment, or both.

Inorder to cut off the source of supply
of the devices used by wire-tappers and
cavesdroppers, Section 2512 contains
sweeping prohibitions banning the man-
ufacture, shipment, or advertisement of
devices useful for the purpose of wire
interception or eavesdropping.  Viola-
tions of this Section carry a maximum
criminal penalty of @ $23.000 fine, or
one vear imprisonment, or both.

Section 2313 is a conliscation provi-
sion. It anthorizes the seizore and for-
feiture of anv deviee nsed, shipped, o
‘nmnul';l(-tnro(l in violution of Sections
2510, 2311, or 2512,

The above material is directly quoted
[from a letter to the Viee President
"from Ramsev Clark, the Attorney Gen-
‘(‘l"ll of the United States.

Senator Long concluded his preface
Il() the bill as Tollows: "It is my hope

[APH()P()S the clectronic cavesdrop-

“"Right of Privacy
sponsored by Sen. Long

www.americanradiohistorv.com

that in the very near Tuture there can be
brought before the Seuate, the sonnd-
est bill possible to regain and main-
tain: that right referred to by Jnstice
Brandeis as the right most valued
civilized men, the right of privacy.”

Germanium IC's

Until now, all integrated circuit tech-
nology has heen confined to silicon de-
vices. This is because during eertain
steps in the fabrication of the 1C, select-
ed arcas of the wafer must be protected
by some sort of cusilv formed, chemical-
v impervious Laver, Tn silicon, this pro-
tection can be provided by forming a
silicon dioxide (glass) laver over the to-
be-protected area. In germanimu, such

laver has been difficult to form he-
canse easily formed dioxides of germa-
nittn are chemically nstable. This s
the chief reason why silicon has com-
pletely dominated the 1C ficld. despite
the inherently higher operational speeds
of comparable germaninm devices.

Scientists at the IBM Research Divi-
sion Labs. have reported the successful
creation ol germanitm 1Cs, which de-
spite their relatively carly stage of de-
velopment, are alveady faster than the
fustest silicon circuit thus far reported.
These circuits take advantage of the in-
herently: greater speed, or mobility, of
the clectrons and holes in germanium,
which permits switching speeds about
three times faster than those of silicon
devices of comparable size.

The  experimental  germaniom 1C's
have meastred switching delavs of 330
picoseconds  (trillionths of w second).
This inclndes an estimated 100 picosee-
onds delay due to the test package, and
an isolation capacitance delay of about
the same amount. 1t should also be
pointed ont that the germanium devices
were about three times karger than the
smallest silicon devices.

Vive La Difference

Do vou know the diflerence between
an analog and digital computer engi-
neer?

Upon viewing a shapely female form,
the analog computer man visualizes a
complex crrve function, while the digi-
tal computer man thinks 36-24-36. A
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S m u = WITH A COMPLETE SELECTION OF
ANNUALS, YEARBOOKS, DIRECTORIES AND

HANDBOOKS from the world’s largest publisher of special interest magazines. Take
a moment to review the titles and issues currently available. You're sure to find many of your
favorites to help complete your library and fill those wide open spaces on your bookshelves.

PHOTOGRAPHY
ANNUAL 1967

PHOTOGRAPHY ANNUAL

A selection of the World's finest
photographs compiled by the editors

ELECTRONIC EXPERIMENTER'S
HANDBOOK

Many challenging projects for the

Al 1867 CARBRIVER i) "
H YEARBOO

CAR & DRIVER YEARBOOK

A complete buyers guide covering vir-
tually every car available in the United

INUITATION 7O
PHOTOGRARH

INVITATION TO PHOTOGRAPHY

A unique 116 page guide to better pic-
ture taking by the Editors of Popular

of Popular Photography. electronics hobbyist States . . . Road tests . . . Technical Photography. Basic down-to-earth ad-
212 pages—24 in full color specifications . . Accessories and vice that helps you eliminate costly
1967 — $1.50 .38 1966 — Fall Edition—$1.25 #3239 performance equipment buying guide trial and error, time.consuming guess
1966 — $1.25 #1 1966 — Spring Edition—$1.25 %36 . . Guide to racing with action- work. 20 complete. fact-and-photo
1964 — $1.25 .. #3 1365 — Fall Edition—$1.25 =9 packed photos. packed articles in all.
1965 — Spring Edition—$1.25. #14 1967 — $1.50 =40 1966 — $1.25 35
1966 — $1.25 #15
1965 — $1.25 *17

PHUTDGRHFHV
t= DIRECYORY
@ BIWIIIG GUIDE

PHOTOGRAPHY DIRECTORY

World's most complete
photographic buying guide.

1967 — $1.25  #41

1966 — $1.25..  #22 1967 — $1.25
1966 — $1.25
1965 — $1.00

STEREO/Hi Fi DIRECTORY POLAROID LAND

Complete buyers guide for virtu- PHOTOGRAPHY
ally every Hi Fi component man- .
ufactured Compl}:ate gunded and odnly
i -to-date
1967 — $1.25  #45 comprehensive and up :
1966 — $1.25. £29 ?:;rgl;t})&lf on Polaroid Land Pho
1966 — $1.25 +24
1963 — $1.00 =25

TO PLACE YOUR ORDER, circle the num-
bers of the annuals you wish to receive on
the coupon, clearly print your name and
address and enclose your remittance. Please
be sure to enclose an additional 15¢ ship-
ping and handling for each copy ordered.
Add 50¢ per copy for orders outside U.S.A.
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TAPE RECORDER 15¢?

TAPE RECORDER ANNUAL

Everything you need to know about
tape recording including a complete
directory of mono and stereo recorders,

ELECTRONICS INSTALLATION
AND SERVICING HANDBOOK

The only complete guide for servicemen
and hobbyists to every major phase of

#42 consumer electronics servicing.
e 1967 — $1.25 43
- 1966 — $1.25 . #32

SKIING INTH{NAH()NM
YfAR . {0b

SKIING INTERNATIONAL
YEARBOOK

A luxuriously illustrated compen-

FLYING TRAVELGUIDE
Here's the first really usefu!
guide to flying vacations. Every-
thing you need to know about:

dium of 1966's important events. lodgings, restaurants, resorts.
.. A timely forecast of the sightseeing, recreation, sports
excnement packed 1967 season activities, airport facilities

—by the editors of Skiing Maga- childrens fun, price information.

Zine. special information for the gals
1967 — $1.25 148 —and much more.
1966 — $1.25 =26 1967 — $1.25 =46
1966 — $1.25 . 34

FLYING ANNUAL

The most valuable aviation yearbook
ever compiled i
Aircraft directory . . .
used amrplane . .

, Learn to fly section.

. Pilot reports . . .
How to buy a
. Navcom directory

1967 — $1.50
1966 — $1.25  #27
1965 — $1.25  #28

COMMUNICATIONS
HANDBOOK
The most complete and up-to-
date guide to the exciting world
of specialized radio communica-
tions.

1967 — $1.25  £#47
1966 — $1.25 =18
1965 — $1.00 =19

Ziff-Davis Service Division—Department W * 595 Broadway, New York, N. Y. 10012

| am enclosing $

for the annuals circled below. My remittance includes

an additional 15¢ per copy for shipping and handling (50¢ for orders outside
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BOOK
REVIEWS

5

"RCA RECEIVING TUBE MANUAL" com-
piled and  published by Electronic
Components and Devices, Radio Cor-
poration of America. Harrison, N.J. 397
pages. Price S1.25. Soft cover.

This revised and npdated tube man-
val introduces several new features
whiclh users—including  engineers, ser-
vice teclmicians. educators, experimen-
ters, hams, hobbvists. students. and
others—will find helpfol and inlorma-
tive.

One change s
Data Section has been restricted  to
coverage of active RCA tnbe tpes
while the basic data for replacement
and  discontinued  tubes  has been
shifted to w “replacement nse™ tuble.
Included in the listings wre all tvpes
of ]|()1|1('—t'ntv|‘t;|inmm|t—t_\pc
tubes,  bluck-and-white color-TV
picture  tubes, and  voltage-regnlator
and voltage-reference tihes.

There is also w revised cirenit see-
tion which elndes detailed write-nps
of many practical tube  wpplications.
These write-nps eplain the fonetion
and operation of individinal stages and
complete cirenits so that students and

that the Technical

receiving
and

cexperimenters can understand and con-
struct the cirenits.

There is new text materinl on basic
svstem  finctions, tined anplifiers,
wide-hand woplifiers. and TV scunning,
syie, and deHection cirenits.

“INTRODUCTION TO DIGITAL ELEC-
TRONICS” by Arthiw W, Lo. Published
by Addison-Wesley  Publishing Com-
pany, Ine, Reading., Mass, 01867, 220
pages. Price S10.75.

The author. professor of electrical en-
ginecring at Princeton, has addressed
this text to seniors and or engincering
graduate students. Tt is designed to serve
as an introduction to the digital opera-
tion of solid-state electronics devices
and circuits as used in digital computers
and other digital devices.

In addition to its application as a text-
book. the information will be cqually
helpful to those working with digital
systems, solid-state electronics, or com-
puter sciences. The text is divided into
six chapters dealing with the basic con-
cepts, transistor logic circuits, crvoelec-
tric and optoelectric circuits, magnetic
logic circuits, logic circuits using nega-
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tive-reststance switching elements, and
random-aceess memories,

Math is nsed as required to amplily
the text but anvone with w grasp of col-
lege algebra will he able to handle the
equiations and perforn the requisite op-
erations.

"TRANSFORMERS FOR ELECTRONIC CIR-
CUITS” by Nuthan R, Grassner. Pub-
lished by MeGraw-11ll Book Compa-
. New York, ST puwes. Price 14,00,

As aconsulting engineer specializing
in trunsformer desien. the author s
aware ol the nformation waps which
exist i this arca. This book. althonal
addressed to those who use transformers
whether in ciranits, systems, or as stan-
dards, s not intended to make o trans-
former designer out of the reader hut
rather to equip hin with an understand-
ing of transfovmer Hinetions so that he
can nse any type of transformer to hest
advantage.

There are eleven chiapters devoted to
wosunvey of  wsformers. the power
transformer. reliahilitv and environment,
temperature rise and thermal design,
ratings and sizes ol power transformers,
inductance and losses. polarized trans-
formers and indictors, wide-band trans-
lormer analysisc wide-band transformer
syuthesis, und anadesis and syuthesis of
the pulse transionaer,

The anthor nses charts, wraphs, for-
mulas, line drawings, wnd schematics
with a Tavish hund tooprovide the naa-
it amount of usetul data in a0 book
of reasonable size.
""ANALYSIS AND SYNTHESIS OF TUNNEL
DIODE CIRCUITS hy J. O. Scanlaun. Pub-
lished by Jolwe Wiley & Sons, New
York. 268 piges. Price $9.75.

The aunthor, lecturer in the Depart-
ment of Electrical and Electronic Engi-
neering, The University of Leeds, Leeds,
England, has placed his emphasis on cir-
cuit principles vather than the practical
applications of tunnel diode civeuits and
has limited his discussion to sinusoidal
applications of the diode.

Because of this application and the
mathematical treatiment ol the subject,
only practicing engineers and physicists
or graduate students will derive full ben-
efit from this text. For those engaged in
tunnel diode cirenit design or applica-
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tion. the vutiors thorough coverage of
tunnel diode phyvsics. equivalent cirenits,
tinnel diode amplifiers. broadband tun-
nel diode amplifiers. and non-linear si-
nnsoidal applications offers a wealth of
busic background material with which
to work.

"CIRCUIT DESIGN FOR AUDIO, AM/FM,
AND TV by Engincering Stafl, Texas
Instruments Incorporated. Published by
McGraw-11ill Book  Company, New
York. 344 pages. Price $14.30,

This is the fifth book in TI's practical
handbook series for circuit designers.
Special emphasis has been placed on
both cost-saving and time-saving pro-
cedures thronghont  the  step-byv-step
analvsis. The examples cited by the au-
thors incorporate the most modern de-
vices available rom the transistor in-
dnstry.

For example. in the andio secetion, the
authors disenss ontput and driver de-
sign and mput design. The AM-F\[ sec-
tion deals with wnplifiers, tuners, and
applications, with special emphasis on
the practical design of i.f. strips. Topics
in the TV section inclide v.hif. taners,
video i.Lamplifiers. a.g.c.. the audio ami-
plifier system. syne separators, and ver-
tical and horizontal oscillators. The ex-
anples used to demonstrate the varions
designs were selected o snggest the
broad applications of the procedures.

Since this volume is written by engi-
neers [or engineers there has been no
attenipt to simplify the treatment or
offer concessions in the matter of a non-
mathenatical approach. For those with
the requisite engineering and matheniat-
ical backgronnd. this hook shounld pro-
vide needed stimulation and  much
worthwhile inforation on designing
with transistors.

"PRINTED CIRCUITS HANDBOOK" edited
by Clvde F. Coombs, Jr, Published by
MeGraw-Hill - Book  Company, New
York. 536 pages. Price $15.00.

This is a detailed how-to-do-it gnide
representing o compilation of valiable
material contributed by experts in the
various ficlds. The editor is manager of
Corporate Process Engineering at I1ew-
leti-Packard and he has called on engi-
neers from Fairchild, Westinghouse, In-
sulcetro, Unicersal Instruments, Alpha
Mctals, Ceneral Electrie, Consolidated
Electrodynamics, and his own firm to
provide authoritative data on various
phrases of PC processes.

The text covers the entire scope of
printed-circuit design. fabrication, as-
sembly. and testing. Tt is ritten for
both engineers and production person-
nel, with information on all phases of
the printed-circuit process to permit the
establishment of a production facility
and control of the process.

There are five main sections covering
engincering, fabrication, assembly, sol-
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dering. and testing. Recent develop-
ments such as multilaver printed-cirenit
processing and automatic component in-
sertion are covered along with basic in-
formation on the entire technique.
* * *

““WORLD RADIO TV HANDBOOK'' com-
piled and published by Warld Radio-
Telecision Handbook Co. Ltd., Den-
mark. Available in North America from
Gilfer Associates, P.O. Box 239, Park
Ridge, N.J. 07636. 304 pages. Price
$4.95 postpaid. Solt cover.

This is the 21st edition of the hand-
hook that S\WL’s have come to depend
on as much as their short-wave receivers.
Tt tists all broadcasting facilities (AM,
FAL TV, and short-wave) for 193 coun-
tries with details on frequencies, call-
signs, slogans, power, operating hours,
Janguages transmitted, interval signals,
personnel. addresses, and verification.

In addition to the listings, the book
contains a table of abbreviations, DX
clubs. charts, and a table of world time
m all countries to help the SWL in
scheduling his listening. Tt is hard to see
how any SWIL, hobbyist could get along
without the handbook especially one
that is as up-lo-the-minute and complete
as this one, A

CHICAGO TO BE
“ELECTRONICS CAPITAL”

N June, Chicago will be the “Elee-
tronies Capital™ of the United States
when manufacturers of everything from
the latest in electrified harmonicas and

pianos o giant communily antenna sys-
tems will converge on the city for a se-
ries of Wade shows, conventions, and
business sessions expeeted 10 attract an
estimated 10,000 persons.,

The electronies gatherings will begin
witlt the National Eleetronic Distributors
Association (NEDA) annual meeting on
June 18th and continue 1o the end of the
month with the closing of the five-day
66t annual Musie Show sponsored by
the National Association of Music Mer-
chanis,

The NAMM Music Show and the an-
nual convention of the National Com-
munity Television Association will open
on Sunday, June 25th, with the CATV
sessions closing June 281h.

Following the opening of the NEDA
mecting, the Elecironies Parts Show will
run from June 19th to 21st, heralding
the return of this event 10 Chicago after
an absence of 1wo vears, Conecurrently
with the Parts Show, five big clectronies
associations have scheduled joint meet-
ings on June 21. Included are Associa-
tion of Elcetronie Manufaciurers, EIA,
WEMA, ERA, and NEDA.

On Friday, June 23, the annual meel-
ing of the All-Industry Electronies
Conferencee is scheduled while on the fol-
lowing day there will be a session of 1the
executive board of NATESA.

Meetings 1the following week, in addi-
tion o the Musie Show and CATV con-
vention, include the Radio Old Timers
and the Electronie Young Tigers, A
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1000 Crystal Drive
Fort Myers, Fla. 33901
Phone: 813-936-2109

If your dealer can't supply your needs, send his name
with your request for catalog to our plant nearest you.

TEXAS CRYSTALS

* Controlled Quality Crystals available
only from Texas Crystals dealers. Ex-
tensive precision testing throughout
manufacture enables Texas Crystals to
unconditionally guarantee their fre-
quency control crystals. Use of Texas
Crystals in space program and by
other governmental agencies is evi-
dence of the quality you can count on.
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4117 W. Jefferson Blvd. rg
Los Angeles, Calif. 90016
Phone: 213-731-2258

Division of Whitehall Electronics Corp.

CIRCLE NO. 198 ON READER SERVICE CARD

17TH EDITION
of the world-famous

HANDBOOK

Completely revised and enlarged—ihe comprehensive
how-to-build communications manval. Presents design
data on latest amplifiers. transmitters, receivers, trans-
ceivers; includes sections on SSB equipment and de-
sign; semiconductors; extended coverage of r-f ampli-
fiers, special vacuum tube circuits, and test equipment,
Clearly explains theory involved in practically every
phase of radio. Broadest coverage; up-to-date; com-
plete. 832 pages; hardbound. Invaluable for amateurs,
electronics engineers, and designers.

Order No. EE-167, 0nly. . o . vvivinennnrann $12.95

Order from your electronic parts
distributor or send coupon below.

- EDITORS and ENGINEERS, Ltd. ﬂl

| p.o. Box 68003 |
New Augusta,ind. 46268, Dept. EWE-5. I

[0 Send me EE167, the new 17th Edition |
of the RADIO HANDBOOK at $12.95. |

$.__ encl.[JCheck [J Money Order |
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Enjoy the ““music-only” programs
now available on the FM broadcast
band from coast to coast.
¢ NO COMMERCIALS e
¢ NO INTERRUPTIONS e

It's easy! Just plug Music Associated’'s Sub
Carrier Detector into multiplex jack of your FM
tuner or easily wire into discriminator. Tune
through your FM dial and hear programs of con-
tinuous, commercial-free music you are now
missing, The Detector, self-powered and with
electronic mute for quieting between selections,
permits reception of popular background music
programs no longer sent by wire but transmitted
as hidden programs on the FM broadcast band
from coast to coast. Use with any FM tuner.
Size 514" x 9”. Shipping weight approx. 7 ibs.

KIT $4950

[with pre-tuned coils, no alignment necessary)

WIRED $7 500
COVER $4.95 EXTRA

Current List of FM Broadcast Stations with SCa
authorization PR [ B ®1.00

MUSIC ASSOCIATED

65 Glenwood Road, Upper Montclair, New Jersey
Phone: (201}.744-3387
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Live Better Electronically With

of POWER

You Can
Hold In
Your Hand

No Money Down '

b Bser Wi

DYNA-C0M

3 Switchable Crystal Controlled Trans-
mit and Receive Channel Positions
for All 23 Channels

S-Watt FCC Maximum Input . . . with
the Power of the Most Powerful Base
and Mobile CB Transceivers

13 Transistors, 6 Diodes

7-Stage  Transmitter
Transmit Power!

Operate Mobhile in Your Car with Op-
tional Cigarette Lighter Plug-in
Adapter

with Leather
Shoulder Strap

for  Maximum

® Superheterodyne Receiver with Less
Than 1 Microvoit Sensitivity for 10
db S 4 N/N Ratio

® Automatic Compressor Range Boost-
Assures High Talk Power

® Variable squelch and Automatic Noise
Limiting for Minimum Noise
Imported «

FREE

1967
Catalog No. 670

512 Pages

Everything in Electronics
for Home and [ndustry
from the “World's Hi-Fi
Electronics Center"

LAFAYETTE Radio ELECTRONICS
Dept. RE-7, P. 0. Box 1

LState Zip
------------
CIRCLE NO. 108 READER SERVICE CARD

«> ELECTRONICS

INTO
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.I. approved. Graduates in all
branches of electronics with
major companies. Start Sep-
tember, February. Dorms,
campus. High school graduate
or equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana
O e
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Syosset, L. L, N. Y. 11791
----------—-
{J Send me the FREE 1967 1
|  LAFAYETTE Catalog 670 RES i
l Name I
lAddress l
|
City
|

EW Lab Tested
(Continued from page 16)

trol voltage and signal-strength meter
operation, a conventional i.f. amplifier
is inclided, together with separate am-
plifiers and  detectors for a.ge. and
meter operation,

The interstation squelch circuit of
the AR-15 is unusually elaborate and
effective. Tt uses a total of 11 transis-
tors and 6 diodes, more than the total
complement of many FN tuners. Most
squelch circuits operate on the reduc-
tion of noise when an M station is
tuned in. This invariably results in a
burst of noise when the squelch goes
- and ont of action. Tn the AR-15. the
noise reduction is not sufficient to tumn
on the receiver. [n addition. the re-
ceiver must be tuned to nearlv the
center of the clhiannell us indicated by
the center-zero tuning meter, Since the
quicting is already etfective when the
squelch operates. there is no noise
burst. Signuls appewr and  disappear
abruptly as the receiver is tnned. Only
when two signals are on adjucent c¢hin-
nels (200-kIHz apart) can an occasional
noise burst be heard when tuning he-
tween them.

There is also an adjustable sterco
threshold civenit which switches the re-
ceiver from stereo to mono when the
signal strength falls below a predeter-
mined level. Normully. sterco mono
switching is fully automutic. but the
receiver cun be controlled manually or

I'set to respond only to sterco signals il

desired. A switchable FM-stereo noise
filter reduces noise on weak sterco sig-
nals. with no loss of high-frequency re-
spouse but with a noticeable reduction
of channel separation.

The AR-15 AM tuner is a hasic de-
sign. with one rv.f. amplifier and one i.f.
amiplifier. It lacks o T0-kIz whistle
filter und while its sound is pleasant, it
does not match the quality and per-
formunce of the A timer section.

Our Taboratory mcasurements  c¢on-
firmed the specified performance of the
receiver in all essential respects. When

delivering its rated continuous power
output of 50 wuits per channel, the
distortion was under 0.33% Detween
20 and 20,000 Tz At half power, the
distortion was 0.153% bhetween 20 and
20,000 Hz. The 1000-11z harmonic dis-
tortion was under 0.15% at any power
up to 30 watls and the 1M distortion
averaged a few tenths of 17 at any
power up to 30 walts. These measure-
ments were made  with 8-ohm Toads.
(According to the manufacturer, the
maximum nmusic power output of 73
walls channel is obtained at this im-
pedance. At 16 olons, music power
drops to 43 watts, and at 4 oluns it
drops to 50 watts.—Editor)

The tone  controls had  adequalte
range. with the desirable property of
not having any effect on middle fre-
quencies l)(l\\(cn 700 and 3000 7.
The RIAA phono equalization was very
accurate, within =1 dB from 20 to
20,000 Hz.

The most impressive part of the re-
ceiver was its FAM tuner. Featuring ont-
standing  sensitivity and an excellent
limiting characteristic. its HHF usable
sensitivity  was  1.45 microvolts, and
limiting was complete at 2 microvolts.
We were unable to find any stalions
which did not limit fully, with silent
backgrounds. \We also were able to re-
ceive stereo broadeasts from a distance
of 70 miles, onlv 200 kllz from a
powerful Tocal station. without inter-
ference. a remurkable feat. For this we
used o moderately priced  8-clement
vagi antenna, only 25 feet high,

The FM-stereo separation wus about
40 dB at middle fregnencies, reducing
to 23 dB at 30 [z and to 13.5 dB at
153 kMz. The frequency response wus
very Hat to 10 kITz rolling off slightly
at 15 kHz This was evidently due to
the low-pass filters which removed any
ultrasonic signals which might cause
beats when tape recording M -stereo
broadcusts.

The unit we tested was an engineer-
ing model. We have not scen the kit
construction munal, but it is obvious
that this is a complex unit and prob-
ably not for the neophyvte kit builder,
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INPUT-MICROVOLTS

It is constructed on seven printed-cir-
cuit boards and inter-cubling is mini-
mized by mounting most front-pancl
controls and their rear input connectors
directhy  on  their associated  circuit
boards. The signal meter is used as a
voltmeter and ohmmeter for checking
out the receiver as it is constructed and
no additional test equipment is needed
for alignment. Most of the normal
alignment procedures are eliminated by
the use of the crystal filters in the if.
and by a pre-aligned front-end. (Esti-

mated construction time,
the manufacturer, is expected to be
around 35 hours.—Editor)

We found the AR-15 easy to operate
and easy on the ears. Its enormous re-
serves of clean power make for effort-
less listening at any level, and the FM
tuner brought in more listenable FM
broadcasts. as many as 15 to 20 on a
single sweep of the dial, than we had
realized existed in our area.

The few amplifiers which can match
or surpass the AR-13 in power or ultra-
low distortion cost considerably more
than the entire AR-15 receiver. The
tuner portion is among the most sensi-
tive we have ever checked. Consider-
ing these facts. this is a remarkable
value at $329.93 in kit form. We no-
ticed a reaction of several people tc
the eflect that they could buy a very
good factorv-wired receiver for that
price. So they could, but it would b
hard to find one which would match
the over-ull performance of the Heatl
AR-15. A

Shure Model 565 ‘““Unisphere |I'' Microphone

For copy of manufacturer's brochure, circle No. 27 on Reader Service

UBLIC-address microphones require

certain performance  characteristics
not needed in recording or broadcast
applications, The proximity of loud-
speakers.  usually  operating at  high
volume, makes acoustic feedback a po-
tentially serious problen. Speakers ov
vocalists have a tendency to perform
very close to the microphone, many of
which are prone to unnatural “bassi-
ness” under these conditions. Obvious-
lv, a microphone which will be held
close to the user’s face should be rew-
sonably small and lightweight,

The Shure Model 565 “Unisphere 17
microphone represents an effective so-
lution to these problems. It is 4 unidi-
rectional, cardioid-pattern dynamic mi-
crophone, only 6% inches long and
weighing 10%2 ounces (less the detach-
able cable). The active element of the
microphone is enclosed i a 2-inch diam-
eter wire mesh sphere. The response of
the 565 is wniform in the plane at right
angles to its axis dne to its symmetry of
construction, but it strongly rejects
sonuds coming from the rear of the mi-
crophone. Its side cancellution is ap-
proximately 6 dB and its rear response
is tyvpically 15 to 20 dB below the fromt

Card.

response. The polar pattern is essentially
uniform with frequency.

The spherical mesh screen serves a
dual purpose. It prevents the user from
getting too close to the dynamic ele-
ment and serves to protect the dia-
phragm from wind and breath noises.
The cardioid pattern makes it possible
to orient the microphone so as to reject
sound coming from the loudspeakers
which it drives, permitting operation at
relatively' high volume levels without
acoustic feedback.

The 15-foot shiclded three-conductor
cable supplied has an Amipleiol MCAN
microphone plug on the end which
mates with the conductor on the end of

i

RESPONSE ~-dB

SHUR
E.

E 565 MICROPHONE.
RESPONSE-HI-Z CONNECT

SMOOTHED CURVE

SO 200

ACTUAI_ MEASURED RESF’ONSE (BELOW IOOO Hl)

FREQUENCY -Hz
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according to |

FIRST AND ONLY
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SEI‘BW[II'IVBI' Sﬂls

Increasing use of Scrulox square recess screws
in appliances, radios, TV sets, electronic instru-
ments...even the control tower at Cape
Kennedy ... has created a need. A need for
compact, versatile driver sets. Small enough
to tuck in a pocket. Complete enough to be
practical on shop bench or assembly line.

from Xcelite, of course.

Now, here they are ...

PS44
COMPACT

CONVERTIBLE SET

Five color coded midget Scrulox drivers—#00
| thru #3

One midget nutdriver — 14" hex

“Piggyback’ torque amplifier handle increases
reach and driving power

See-thru plastic case doubles as bench stand

INTERCHANGEABLE
BLADE KIT

Five Scrulox blades — #00 thru #3
Shockproof, breakproof, Service Master handle
Durahle, see-thru plastic case

®

i XCELITE, INC., 12 BANK ST., ORCHARD PARK. N. Y.
CIRCLE NO. 88 ON READER SERVICE CARD
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Complete

Includes ALL parts (except tubes) . .. All
labor on ALL makes. Fast, dependable
service with 1-year warranty

Sarkes Tarzian, Inc., largest manufacturer of TV
and FM tuners, offers unexcelled tuner overhaul
and factory-supervised repair service.

Most Tarzian-made tuners received one day
will be repaired and shipped out the next. More
time may be required on other makes. Every chan-
nel checked and realigned per original spuecs.
And, vou get a full, 12-month guarantee against
defective workmanship and parts failure due 1o
normal usage. Cost, including labor and parts
(except tubes) is only $9.50 and $15 for UV com-
binations. Replacements at low cost are available
on tuncrs bevond practical repair.

Always send TV make, chassis and Model
number with faulty tuner. Check with vour local
distributor for Swrku Tarzian replacement tun-
ers, parts or repair service. Or, use the address
nearest you for fast, 1act01) -supervised repair
service.

TUNER SERVICE CORPORATION

(Factory-supervised tuner service
authorized by Sarkes Tarzian)

MIDWEST—817 N. Pennsylvania St,
Indianapolis, Ind. Box 1642
Tel: 317-632-3493

EAST—547-49 Tonnele Ave.
Jersey City, New Jersey » Tel: 201-792-3730
SOUTH-EAST—938 Gordon St., S.W.
Atlanta, Georgia « Tel: 404-758-2232

WEST—SARKES TARZIAN, Inc.
Tuner Service Division
10651 Magnolia Bivd., N. Hollywood, Calif.
Tel:213-769-2720

CIRCLE NO. 81 ON READER SERVICE CARD

<A TAPE RECORDER

ANNUAL

4° #7 1967 — $1.25 . #42
=T e 2. 1966 — $1.25. %30
i L 4hnn+ - i L

Everything you need to know about
tape recording including a complete
directory of mono and stereo
recorders.
Order by number from

Ziff-Davis Service Div., 595 Broadway * New York,
N. Y. 10012. Enclose add'l 15¢ per copy for ship
ping and handling (50¢ for orders outside U.S.A.)
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the microphone. By a simple change of
cable connections in the 5-pin plug.
either low-impedance (130 olims nom-
inal) or a high-impedance. 10.000-
ohm output may be selected. |

The nominal frequency response is
50 to 15.000 Hz We were able to make
an approximate measurement of its fro—‘
(quency response by comparison with |
our calibrated  capucitor microphone.
by locating the microphone about two
feet in front ol the londspeaker and then |

making a frequency-response plot. \We
made  antomatic plots. on the same
chart paper. of our standard  micro-

phone and of the Model 565, with both
positioned identically with respect to
the speaker. Since the reference micro-
phone is essentially flat in the frequency
range we covered, the difference be-
tween the two curves is un indication of
the response of the microphone.

\We used the ter “indication” inten-
tionallv. Since the reference microphone
is non-directional and the 565 is sharply
directional. one would expect to find
some differences hetween their ontputs
fromr the test signal source. The test
waus not made in anechoie sneromndings.
although the proximity to the speaker
minimizes the effects ol roon resonances.
The enrve we obtained had a series of
snall vipples below 1000 Hz, which
were evidently due to reflections from |
the front of the speaker cabinet and |
surrounding objects. Drawing a smooth
curve throngh these points, we found a
rising response cirve quite simooth and |
free from peaks or holes. increasing at !
about 3 dB3/octave from 20 Hz to 6 or
T kIlz. Tt fell off guite rapidly at high-
er frequencies and the npper Timit was.
for all practical purposes. abont 10 kil

Bearing in mind the inevitable in-
creuse bass when close-talking, one
might expeet the response of the mike
nnder these conditions to be relatively
mniform over the entire range. We ver-
ificd this by recording with it on oue
truck of w sterco recorder and with an-
other microphone lacking the spherical
windscreen, but with comparable over-
all frequency response, on the other
track. The 565 was clearlv superior in
this test. both in close-talking, where |
it excelled. and in more distant pickup |
where it still had a live. natural sonnd |
frec from the heaviness which charac-
terizes  some  niicrophones  whose  re-
sponse measures lat”

Subjectively, the mike wus slightly
bright in comparison with the other
microphone, but when listened to by it-
self it sounded “just right”. A practical
test with a small combo confirmed the
"ellectiveness of its cardioid pattern in
avoiding feedback and its generally ex-
cellent sound. Tt is compact and unob-
trusive and well suited to this sort of
c musical pickup as well as for speech.

The Shure 565 microphone sells for
' $95 (list). A
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FROM HiFi STEREO REVIEW

DELUXE
PADDED

DUST-PROOF RECORD
AND TAPE CASES

plus FREE cataloging forms

These decorative, yet sturdily con-
structed cases are just what you've

heen looking for o veep your records and
tapes from getting tossed about and damaged,
disappearing when yuu want them most and just
generally getting the ‘'worst of it'* from constant
handling. They're ideal too for those valuable
old *“78"s’" that always seem to get thrown
about with no place to go

Constructed of reinforced fiberboard and covered
in rich leatherette in your choice of nine dec

orator colors, the HIFI/STEREQO REVIEW Record
and Tape Cases lend themselves handsomely to
the decor of any room, whether it be your library,
study, den, music room or pine-paneled garage
The padded leatherette back (in your color
choice) is gold tooled in an exclusive design
available only on HIFI/STEREO REVIEW Record
and Tape Cases. The sides are in standard black
leatherette to keep them looking new after con
stant use. with each Record and Tape Case you
H.a order you will receive, free of charge,
x a specially designed record and tape
cataloging form with pressure-sensi.
i | tive backing for affixing to the side of
i | each case. It enables you to list the
i + | record names and artists and will prove
) | an invaluable aid in helping you locate
— || your albums. The catalog form can be
1 1| removed from the side of the case at
any time without damaging the leath.
erette
Record Cases are available in three sizes: for 7”7
10” and 12” records. Each case with a center
divider that separates your records for easy acces
sibility. holds an average of 20 records in their
original jackets. The Recording Tape Case holds
6 tapes in their original boxes
® The Tape Cases and the 7 Record Cases (with
catalog forms) are only $3.25 each; 3 for $9;
6 for $17.
® The 10” and 12" Record Cases (with catalog
forms) are $3.50 each; 3 for $10; 6 for $19.
Add an additional 75¢ per order (regardiess
of number of cases ordered) for shipping and
handling.

2iff-Davis Publishing Company, Dept. SD
One Park Avenue, New York, N. Y. 10016
My remittance in the amount of $
is enclosed for the Cases indicated below.
Quantity
__ Tape Case at $3.25 each; 3 for
$9; 6 for $17.
7" Record Case at $3.25 each:
3 for $9; 6 for $17.
10” Record Case at $3.50 each;
3 for $10; 6 for $19.
12” Record Case at $3.50 each;
3 for $10; 6 for $19.
Add 75¢ PER ORDER for SHIPPING and HANDLING

Check color choice for back of case (sides in
black only):

] Midnight Blue
[ Pine Green
{1 Grey

Name

{7] Saddle Tan
3 Yellow
{71 Spice Brown

7 Red
[} Orange
{7 Black

EwW 57
Address

City. State Zip Code.
s PAYMENT MUST BE ENCLOSED WITH ORDER mm
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NEW PRODUCTS
& LITERATURE

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

10-Hz TO 1-MHz OSCILLATOR
Frequencies between 10 Hz and 1 MIiz can
be selected  with four-place precision on  the
new Model 4204A test oscillator, Frequency se-
lection is made with detented rotary controls.
Fach of four sclects a decimal digit of the de-

sired frequency and a fifth control sclects one
of the four decade ranges. A vernier frequency
control provides infinite resolution where need-
cd between digital steps.

The fifth control, in sclecting a range, sets
the decimal point and displays the units of
measurement, i.c., Iz ovr kllz. With the +-
place numerical readout, this results in a com-
plete in-line display of frequency selected and
assures that there can be no ambiguity in its
reading.

The new unit is designed for use in production
tosting  and  other  repetitive measurements
where certain frequencies are selected over and
over again. Frequency resettability is better than
0.01%,, assuring consistence  where  measure-
ments  are  repeated.  Over-all frequency  ac-
curacy is 0.2%. Iewlett-Packard

Circle No. 126 on Reader Service Card

MIL-SPEC SWITCHES
A complete series of push-button switches
certifiable to the new MIL-S8805 /3 specifica-

tion is being marketed as the Series W190.
The new  series includes 110 moisture-proof

push-button switches rated for loads of 10 am-
peres resistive, 3 amperes inductive, and 3 am-
peres lamp at 28 volts e, or 115 volts, 60
and 400 Iz ..

The line includes five different circuit ar-
rangements, seven  different mounting  styles,
and a choice of red or black push-buttons in
two styles appropriate to cither momentary or
push-pull action. Designed to withstand shock,
vibration, and other  critical  standards, the
switches have an clectrical endurance in excess
of 25,000 operations at rated leads. Controls
Co. of America

Circle No. 127 on Reader Service Card

WIRELESS REMOTE-CONTROL UNIT
The new “Teleswitch™ is a wireless, remote
“on-off” switch which can be used to operate
such devices as lamps, fans, hi-fi equipment,
radios, or TV scts. The unit is in two parts—

&

May, 1967

a miniature  battery-operated  ultrasonic  trans-
mitter and a recciver. The device will operate
at distances up to 40 feet.

There is no installation involved. The de-
vice to be controlled is plugged into  the
“Teleswitch™ unit which is then connected to
any 117-volt, 60-Hz wall outlet.

The unit is fully transistorized and requires
ne warm-up. The relay contact rating is 7172
amperes, 860 watts maximum. The transmitter
is housed in a contoured plastic  enclosure
which is casy to handle. Euphonics

Circle No. 1 on Reader Service Card

THERMOCOUPLE ASSEMBLY KIT

A thermocouple assembly kit which permits
the assembly of a wide variety of thermo-
couple probes in only minutes has just been
announced.

The kit contains all necessary coniponents to
constiuct the probes from crvogenic through
high temperatures. A complete instruction man-
ual, giving important thermocouple  data, ac-
companies cach Kit.

A product bulletin (#£963) giving complete
information on the kits will be forwarded on
request. Omega Engineering

Circle No. 128 on Reader Service Card

BROADBAND COAXIAL SWITCH

A new  high-performance  s.p.dit. coaxial
switch which is less than half the size of its

predecessor and weighing less than 'y ounces
is now available as the MA-7530.
switch has a

The new subminiature high

isolation of 60 dB minimum and low (typi-
cully 1.3:1 max.) v.s.w.r. over the frequency
hand from d.c. to 12.4 GHz. Over-all volume
of the switch is less than 0.75 cubic inch.

This level of performance, not previonsly at-
tainable in the X-band, is provided in com-
bination with switching time of 20 msec max-
imum and an r.f. power rating of 15 watts
c.w. Actuation is remote, by 22-30 volts d.c.
Microwave Associates

Circle No. 129 on Reader Service Card

COLOR GENERATOR

A new deluxe color generator featuring an
automatic timer heating clement and movable
single dot and single vertical and horizontal
line patterns has been introduced at the CG141
*Color King™

Compact and completely portable, the unit
is housed in a mar-resistant  vinyl-clad  steel
case with removable protective lid. A plate-
glass mirror is shock-mounted in the lid for
convenient set-up and convergence in the hone.

The automatic timer heating clement s
thermostatically controlled to maintain a mini-

www.americanradiohistorv.com

jon on

Additional information on the items
covered in this section is arailable
from the manufacturers. Each item
is identified by a code number. To
obtain  jurther details. fill in cou-
Reader Service Card.
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mum operating  temperature of 80 degrees.
Stability is thus assured whether the outside

temperature is 207 below or 1407 in the
shade.

The new movable single patterns, exclusive
in this instrument, make it possible to follow
the set manufacturer’s convergence recommend-
ations without the confusion sometimes causce
by multiple lines and dots. The single dot
and single vertical and  horizontal line  pat-
terns can be positioned at any point on the
CRT screen. Sencore

Circle No. 2 on Reader Service Card

SQUARE TRIMMER

A new line of commercial, wirewound *y”
trimming potentiometers has just been intro-
duced as the Series 3600,

These square trimmers will fit the cards of
any standard ‘%7 or Y27 square trimmer. It
is only 0.200” high for low card space appli-
cations.

The new design permits a longer mandrel
than that of rectangular trimmers and thus otfers
up to 131% better resolution than that offered
by %4” rectangular trimmers, according to the
company. The new design offers up to 85%
better resolution than  that specified by MIL-
R-27208B, RT24.

Resistance values are available from 100 to
20,000 ohms. Power rating is 0.3 watt at 40°C.
Operating temperature range is from —65°C
to +125°C. The trimmers feature silver-brazed
terminations, gold-plated  terminals, and a
damage-proof clutch. Amphenol Controls.

Circle No. 130 on Reader Service Card

PC ASSEMBLIES & KITS
A Dbroad line of printed-cirenit assemblics
and kits designed specifically for the hobbyist
and experimenter market is now available.
Designed  for use in home entertainment
cquipment, ham gear, p.a. and intercom sys-
tems, units currently available inclnde a wide
choice of low-power amplifiers, preamps for
ceramic cartridges, stereo tape preamps for 8-
track cartridges, and a 20-watt mono ampli-
ficr. Details on the full line of available units
will be supplied on request. Amperex
Circle No. 3 on Reader Service Card

LOW-COST INDICATOR LIGHTS
The new  bi-pin cartridge lamps offer a
choice of three transparent and two translu-
cent lens caps. They may be mounted in a
lampholder for casy replacement or, for maxi-
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mum cconomy, may - seomanently mounted
to a panel with a Tinnerman nut and con-
nected with a  #499-058 connector. Voltage
range in this line is 6 to 120 volts. Data shect
#6700 giving full details on this new line is
available on request. Drake

Circle No. 131 on Reader Service Card

HEAT-SHRINKABLE TUBING

Two new types of heat-shrinkable polyolefin
tube are now available: “Heat-Grip™ 800, a
colored, Hame-retardant  tubing and  “Heat-
Grip™ 805, a nearly transparent tubing. The
new tubing will shrink to half its original di-
ameter upon heating to 250° F for several sec-
onds or in less time at higher temperatures.
The molecular cross-linking of the special for-
mulations results in materials which become
clastomeric. They do not melt or How upon
heating, have much longer heat lifc, and great-
er resistance to solvents, according to the com-
pany.

‘The tubing is available in black, white, red,
yellow, blue, or clear in sizes from Ls” to 17
i.d. Natvar

Circle No. 132 on Reader Service Card

SOLID-STATE VARIABLE FILTER
A highly flexible, all-solid-state variable elec-
tronic filter has made its appearance on the
market as the Model 3202, Providing basic
low-pass and high-pass modes, the unit can (by
interconnecting its two channels) also be op-
crated as either a bandpass or band-reject filter.

In addition, cascading the two channels can
increase the basic 24 dB per octave attenuation
slope to 48 dB per octave in the low-pass and
high-pass modes.

The Model 3202 tunes continuously over the
frequency range of 20 Hz to 2 MHz and is
available in either bench or rack mounted ver-
sions. Krohn-Hite

Circle No. 133 on Reader Service Card

ANTENNA SYSTEMS FOR HOMES

A factory-engineered antenna system designed
to be built into new homes is now being of-
fered in kit form. The system permits up to
eight TV/FM sets to operate simultancously
from one antenna without interaction.

The new system is offered in two versions:
Model 1-4BK is for the 1-4 family unit and is
designed for installation in new homes and
small - multiple  unit  dwellings. The Model
5-8BK  5-8 family unit kit is designed for
apartment  houses, mwotels, hotels, and larger
dwellings.

These kits, designed for use with 300-0hm
line, include a golden anodized TV antenna,
the distribution system, and non-clectrical out-
lets. Mosley

Circle No. 4 on Reader Service Card

POWER RHEOSTATS

A new linc of power rheostat-potentiomcters
for industrial electronic applications  has just
been introduced as the Style MP.

Available in 25. and SU-watt sizes, the new
units  feature  all-ceramic  construction (core,
base, hub). vitrcous enamel bonding, sclf-
Tubricating  shoe, compact design, and smooth
high-resolution action.

Available in all popular resistances values to
5000 and 16,000 ohms for 25- and 30-watt
sizes, respectively, the new  units are directly
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interchangeable  with those of major manu-

facturers.  Standard tolerance is  +=10% and

functional output is linear. Ward Leonard
Circle No. 134 on Reader Service Card

MOTOR SPEED CONTROLS

Three new models, Nos. 100, 101, and 102,
of long-life motor speed controls are now avail-
able. Encased in an aluminum extrusion, the
state, full-wave circuitry used will control
universal a.c.-d.c. motors from “off” to full
speed. Output voltage may be adjusted from
5 volts to full a.. line voltage and they may
also be used to vary the speed of permanent
split-capacitance type a.c. motors.

The Model 100 will handle a maximum of
600 watts at 5 amps, 120 volts a.c.; the 101
will control 1200 watts at 10 amps, 120 volts
a.c.. while the 102 is designed to control 1800
watts at 15 amps, 120 volts a.c. All models are
fused for overload protection and all models
measure a mere 2”7 x 3" x 5” long and weigh
less than 2 pounds. Slocum Industries

Circle No. 5 on Reader Service Card

MONOLITHIC VOLTAGE REGULATOR
The new Type LM-100 monolithic voltage
regulators are adjustable over a 2 to 30 volt
output voltage range and are capable of han-
dling output currents up to 5 amps by the
addition of external transistors. The new units
can be used either as a linear, dissipating reg-
ulator or a high-efficiency switching regulator
with  essentially  the same  performance  in
either application.

The units feature regulation better than 1%,
for widely varying load and line conditions.
Temperature stability is better than 1% over
the full military temperature range. As a

®
|-

lincar regulator, the design provides current
limiting, excellent transient response, and un-
conditional stability with any combination of
resistive or reactive loads, according to the
company, As a switching regulator, the circuit
will operate at frequencies up to 100 kHz with
an cfficiency of 85%. Nutional Semiconductor
Circle No. 135 on Reader Service Card

HI-FI—AUDIO PRODUCTS

HIGH-GAIN FM-STEREO ANTENNAS
Three **Sterco-Probe™ FM antennas designed
o overcome the critical dB loss in multiplex re-
ception in fringe areas have been introduced.
The new  antennas  introduce  the  series-fed
dipole  concept to FAM uare According  to
the company, this new  phase relationship of

www americanradiohistorv com

end-fire, serics-fed dipoles also results in high
front-to-back ratios, minimizing stray pick up.
The Model 9 is designed for fringe to deep
fringe, the Model 6 for near fringe to fringe,
while the Model 4 is for suburban to near fringe
area applications. Channel Master
Circle No. 6 on Reader Service Card

COMPACT STEREO RECEIVER

A bookshelf-size, solid-statc FM-stereo re-
ceiver has recently been introduced as the Model
606. Measuring 9” deep x 17" wide x 5" high,
the receiver is housed in a walnut case with
large, sloping FM dial for casy station identifi-
cation and a log-scale dial face for pinpoint tun-
ing. Simple alignment of a pointer at the center
of an illuminated tuning meter provides opti-
mum visual tuning.

Other front-panel features include a sterco
indicator light, tape monitoring facilitics, two
sets of speaker switches, a stereo headset outlet,
input facilitics for magnetic and ceramic car-

tridges, musical instrument, tape. or auxiliary
program sources. The 606 will drive two pairs
of sterco speakers, either as a single pair or in
combination, with independent front-panel con-
trol. Other controls are tuner/phono, auxiliary/
normal, tape/normal, sterev; mono, plus volume,
bass/treble, and balance.

According to the company, frequency response
is virtually flat to 20,000 Hz, FM stereo separa-
tion is in excess of 35 dB, total HD is 0.3%, and
output is 30 watts per channel. ADC

Circle No. 7 on Reader Service Card

WIRELESS MICROPHONE

The Sony CR-6 wireless microphone features
a battery-operated receiver with provision for
a.c. operation. The system consists of a compact,
lightweight, solid-state FM transmitter, capac-
itor microphone, solid-state a.c.-d.c. receiver, and
two battery packs. The miniaturized transmit-
ter and microphone are housed in a capsule less
than 3 inches long. For hand-held use., power is
supplied by a battery-contained capsule which is
directly attached to the mike-transmitter or the
separate battery pack connected by a small cable
permits use as a lavalier.

The transmitter and receiver can be separated
by distances up to 300 feet. A squelch circuit pre-
vents interference. The monitor speaker and
volume control are built in. The system operates
at 42.98 MHz but 35.02 or 33.15 MHz operation
can be provided if specitied at the time the unit
is ordered. Frequency response is 50-10,000 Hz,
signal-to-noisec ratio is greater than 35 dB.
Superscope

Circle No. 8 on Reader Service Card

HANDSET MICROPHONE

A close-talking, noisc-canceling dynamic mi-
crophone telephone-type handset is now avail-
able for use in “Vocoder™ systems. It can be
used in environments of high ambient noise and
reverberant acoustics.

The microphone has a frequency response of
70 to 5000 Mz and noise discrimination aver-
ages 15 dB. Output impedance is 150, 250 ohms.
The unit is available in red (or black) for use
in military and government “hot line™ systems.
Altec Lansing

Circle No. 9 on Reader Service Card

90-MINUTE BLANK CASSETTES
The C-90 cassettes which provide 90-minute
recording time have been released for use with
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all tape recorders utthz iy the cassette system.

The new blank tn tv have the same physical
dimensions as the original C-90 versions and are
completely compatible and interckangeable on
all mono and sterco cassette machines. The C-90
provides 45 minutes of recording time on cach
side because technological advances permit nse
of thinner tapes within the compact containers.
Norelco

Circle No. 10 on Reader Service Card

FM-STEREO TUNER
The “Knight”™ Model KN-290 EM sterco tuner
features  all-silicon  transistors, built-in  a.f.c.,
built-in tuning meter for hairline tuning, and an

indicator light to signal a sterco transmission. A
special feature, the automatic multiplex switch,
activates the stereo sections of the circuit when a
stereo signal is received and cuts off the arcas not
required for mone reception.

The tuner measures 137 wide x 107 deep x
3" high. It is supplicd with a brushed, cx-
truded aluminum panel and simple controls. An
oiled-walnut wood case is available scparately.

Sensitivity is 1.5 ¢V for 20 dB quicting, 3 4V
IHF; image rejection is over 90 dB and capture
ratio is 3 dB. Response is 50 to 15,000 Hz =1.5
dB. The tuner is designed to operate on 110-130
V. 60 Hz a.c. Allicd Radio

Circle No. 11 on Reader Service Card

BLANK TAPE CARTRIDGES
The new loaded blank **Audiopak™ cartridges
are dosigned to it playback and recording sys-
tems for both home and automobile. Currently

there are two cout s loop cartridge systems
on the market wh ch record as well as play back
—the Roberts 1723-%L and Muntz. In addition.
two other firms (Lear-Jet and Pioncer) have
announced their intention to produce systems
that will record.

The unrecorded “Audiopak™ 4 contains 300
feet of tape while the 8 contins 150 feet of
tape. The packaged tapes come with instruction
booklet and two pressure-sensitive labels. Audio
Devices

Circle No. 12 on Reader Service Card

PROFESSIONAL TAPE RECORDER

A new series of professional audio recorder,
reproducers designed specifically for use by radio
stations, small recording studios, government,
and industry is on the market as the AG-300
Serices.

Major features of the new serics include solid-
state clectronics and a precision-milled, dic-cast
top plate which climinates Hexing problems and
assures stability in the most demanding mobile
applications. A new drive motor and an open-
tvpe motor Hywheel for a cool operating drive
motor are designed to improve operational re-
liability.

The new series is available in a one-channel

CARBON COMPOSITION AND

iR

.FRACTIONAL HP ELECTRIC MOTORS

WIRE-WOUND POTENTIOMETERS w

AC. AND D.C. OPERATED,WITH OR WITHOUT SPEED REGULATOR

version, a two-channel stereo version, and a two-
channel guarter-track stereo version. All three
configurations  have two inputs with built-in
mixing facilities for cach electronics channel. A
one-channel portable model is 20”7 wide x 147
high x 9 deep and weighs 42 pounds. Tape
specds can be specitied as 7Y2 and 15 ips or
334 and 775 ips. Ampex
Circle No. 13 on Reader Service Card

AUDIO SYSTEM TEST SET

A sophisticated instrument for testing and
measuring audio components and sound systems
ix now avatlable as the Model 9704A transmis-
sion measuring set. The instrument will meas-
ure gain, loss, fregquency response, and signal
levels of individual audio devices or complete
installations. Tt consists of two separate systems—
one for signal source at a definite dBm level and
one for signal output. Simultancous input and
output measurcments may be made with the
Model 9704A.

Frequency response of the unit is 10-20,000
Hz 0.2 dB; input impedance is 600 ohms from
the woscillutor. Source impedances are 600, 250,
150, and 30 ohms, terminated or unterminated,
while load impedances are 300, 250, 150, 16,
3, and 4 ohms. Altec Lansing

Circle No. 14 on Reader Service Card

WIRELESS FM MIKE

The new Model 6433 wireless FM microphone
operates within the commercial FM band  with
output power which meets FCC regulations. It
is designed for pa. and portable one-way com-
munications as well as for home entertainment
and recording applications in conjunction with
any FM vadio or tuner.

The 9-volt, solid-state, battery-powered unit
is adjustable over a 90-106 MHz range in the
FM band with the anti-capacity alignment tool
supplied. The field strength is such that, at per-
missible transmission distances, its output will
overpower a commercial station to permit break-
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in communications in businesses using regular
FM radio for background music.

Tuned out of the range of local stations, the
mike can be employed by a roving speaker
when used with a tuner and p.a. amplifier. Fre-
quency response of the lightweight unit (under
4 ounces) is 100 to 10,000 Hz. Input is provided
for an cxternal low-impedance dynamic mike as
well. Channel Master

Circle No. 15 on Reader Service Card

HIGH-VOLUME HORN TWEETERS
Two new speakers, designed to deliver sound
at concert hall volume, have been put on the
market as the Models CH26SQ08 and
CH395Q08. Both maodels have 2.5 ounce mag-
nets, 8-ohm voice coils, and power handling ca-
pacity of 20 watts. The former is 2” x 6” in size
and has a frequency response of 1300 to 20,000
Hz. The latter is a 3” x 9” unit with a frequency
response of 900 to 20,000 Hz. Oxford
Circle No. 16 on Reader Service Card

MODIFIED TURNTABLE SUSPENSION

A new, improved type of spring suspension
for installation on carly models of the firm’s
TD-150AB turntables is now available. The new
system is being incorporated in the current TD-
150AB run and the free kit will be supplied to
purchasers of the carlier versions. Franchised
dealers will provide the kit consisting of rubber
grommets, foam rubber discs, together with a
set of step-by-step instructions. No special tools
are required.

Owners of early models (prior to December
1966) shauld apply to their franchised dealers
to obtain the kit. Elpa Marketing.

CB-HAM-COMMUNICATIONS

31-CHANNEL TRANSCEIVER

The “Poly-Comm 30" transceiver has now
been modified to offer 31 channels instead of
30. This coverage includes all 23 channels for
long-range mobile communications plus 8 ad-
ditional Part 15 channels that can be used to
monitor short-range walkie-talkic communica-
tions.

By using frequency synthesis, only a few
crystals are required to achieve the new per-
formance. The receiver is a dual-conversion
superhet with nuvistor r.f. amplifier and mixer
stages to insure 0.15 4V for 10 dB signal-to-
noise ratio. Polytronics

Circle No. 17 on Reader Service Card

SOLID-STATE CB TRANSCEIVER

The new Model Y7050 CB transceiver trans-
mits and receives up to 10 miles, depending
on terrain and conditions. Either of two crys-
tal-controlled frequencies—channel 11 or 16—
may be used by simply flipping a channel
selector switch.

A special feature of this new walkic-talkie
is power source flexibility. It can be operated
with standard “AA™ penlight batteries or with
rechargeable nickel cadmium  batteries  which
are optional. With  optional  accessories, a.c.
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house current, a car cigarette lighter, or 12-volt
storage battery can be used.

In addition to the Sl-inch telescoping an-
tenna, a jack is provided for connection to an
external antenna. This  feature, along  with
adaptability to a variety of power sources,
makes the unit usable as a base station.

The set weighs 1.7 pounds with batteries and
measures 7° & high x 3'4” wide x 1357 deep.
Input power is 112 watts. General Electric

Circle No. 18 on Reader Service Card

30-WATT TWO-WAY RADIO
A new 30-watt. two-way radio, FCC-type-
accepted  and  powered for the business and
commercial operator, has been introduced  as
the “Fleet Courier 30B.7
The completely self-contained unit provides
more usable channels and greater power input
for increased range in the 25-35 MIlz bands.
Full technical specifications will be forwarded
on request. Courier Comimunications
Circle No. 19 on Reader Service Card

CB BEAM KITS

Three CB  beam  kits featuring  everything
within a single package to do the entire stack-
ing job (with the exception of lead-in coax)

are now on the market as the “Stack’Its.”
Included are two  “Scotch-Master™  beams,
stacking harness, guy rope, boom. necessary
hardware, and assembly instructions. Accord-
ing to the company, stacking their beams re-
sults in an additional 4 dB gain over a single
beam. Kits available are the SKT-3 including
two  3-clement  antennas  and  stacking  kitg
SKT-4 including two 4-clement antennas and
stacking kit; and the SKT-5 with two 3-ele-

ment antennas and stacking kit. Mosley

Circle No. 20 on Reader Service Card

MANUFACTURERS' LITERATURE

ALKALINE BATTERIES

A new 8-page illustrated brochure (Bulletin
KO-115b) describing the company’s expanded
KO series of rechargeable, pressure-vented,

nickel-cadmium  batteries has been issued.
Specifications are given for 16 types of cells
which can be used in any position and which
will not spill even when completely inverted.
In addition, the booklet presents several graphs
which illustrate charging characteristics. Gulton

Circle No. 136 on Reader Service Card

TOOL CATALOGUE

A new 24-page general catalogue of pro-
fessional hand tools (No. 166) is currently
available. IMustrated in full color, the booklet
includes  screwdrivers,  nutdrivers, specialized
automotive tools, service kits, pliers, snips, and
adjustable wrenches. Xeelite

Circle No. 21 on Reader Service Card

POWER DRILLS
A new 4-page illustrated catalogue (Form
111) describing a line of nine clectric power
drills for home craftsmen and professional uscrs
has been issued. The line includes standard,
deluxe, heavy-duty, and variable-speecd models
in '4”, 38", and '%" sizes. Also shown in the
booklet is a sturdy plastic carrying case. Wen
Circle No. 22 on Reader Service Card

ELECTRONIC COMPONENTS

A new 26-page illustrated short-form cata-
logue (No. 67) covering a full line of clec-
tronic components has been published. Included
in the booklet is a wide range of jacks, plugs,
switches, connectors, and audio  accessories.
Switchcraft

Circle No. 137 on Reader Service Card

NEW ELECTROMETER
A new 6-page foldout brochure describing
the company's newly announced Model 401
all-solid-state  vibrating-reed  electrometer  has
been released. Contained in the booklet is in-
formation on the unit’s operation, features,
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clectrical and  mechanical  specifications, and
accessories. Applications include physical mea-
surements, nuclear research, mass spectrometry,
and biomedical research. Cary Instruments
Circle No. 138 on Reader Service Card

CARTRIDGE REPLACEMENT

A new 30-page 1967 cartridge replacement
munual (No. SAC-23) has been released. More
than 6600 cartridge listings are contained in
the booklet, which is divided into two sections:
Section [ provides cross-references to cartridges
manufactured by more than 60 competitors,
while Section II lists replacements according to
the phonograph model numbers of over 100
companics.

In addition, the manual includes a perform-
ance specifications chart covering the company's
full line of cartridges. Sonotone

Circle No. 23 on Reader Service Card

SWEEP GENERATORS
A new 64-page 1967 catalogue covering a
full line of sweep gencrators and accessories
has been published. Contained in the booklet
(No. 70) arc descriptions and specifications of
30 sweep instruments, plus information on
such accessory equipment as marker systems,
attenuators,  detectors, and  coax  switches.
Featured in the catalogue is a 23-page ap-
plication section  which discusses  sweep  fre-
quency  measurement in o general, as well as
specific techniques for testing crystal response,
spectrum  analysis, frequency identification, and
alignment of color-TV tuners. Telonic
Circle No. 24 on Reader Service Card

‘’N-P-N’ TRANSISTORS

Information on a complete line of high-
voltage *n-p-n” transistors for military and
industrial applications is contained in a new
6-page catalogue. Included are low-, medium-,
and high-power devices.

All data is arranged in convenicent tabular
form, and four graphs illustrating typical
“n-p-n" characteristics appear on the back page
of the booklet. Industro

Circle No. 139 on Reader Service Card

RESISTOR-TRANSISTOR LOGIC

A comprchensive  summary  of  milliwatt
resistor-transistor  logic  with design rules for
employing the company’s Sceries US-0900 *Uni-
circuit™ integrated circuits is now available in
a new 20-page semiconductor application note
(No. 25,075).

The illustrated engineering bulletin also con-
tains information on noise margins, propaga-
tion delay, and power consumption. Sprague
Electric

Circle No. 140 on Reader Service Card

MANUAL SWITCHES

Complete information on modular and in-
tegral types of push-button switches (with or
without lighted display color) and toggle
switches is contained in a new 44-page illu-
strated catalogue (No. 51).

The booklet, printed in full color, is divided
into twelve sections, each covering a series of
manually operated switching devices. Mount-
ing instructions are provided. along with ap-
plications and dctailed  specifications.  Micro
Switch

Circle No. 141 on Reader Service Card

RELAY CATALOGUE

A new stiff-cover 48-page catalogue describ-
ing the company’s line of relays and solenoids
is now available. More than 40 types of devices
are covered, including latch and adjustable
time-delay relays. Information on applications
and accessorics is  also  provided. Mossman-
Elliott

Circle No. 142 on Reader Service Card

PRESSURE TRANSDUCERS
A new 6-page condensed catalogue of pres-
sure transducers for industrial and aerospace
applications has been issued. Included in the
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illustrated  booklet  (No.  SF-+41)  are  lincar
variable  differential transformer (LVDT)  de-
vices, d.c.-to-duc. types, pressure transducers for
severe environment, special-purpose units, and
strain-gage transducers.

Featured in the catalogne is a guick-reference
selector chart of the company’s line. Consoli-
dated Controls

Circle No. 143 on Reader Service Card

POWER MODULES
A new 24-page catalogue supplement (No.
142) on the “Transpac™ line of solid-state
power modules is now available.
The illustrated hooklet covers silicon-repair-

able, germanium-repairable, and  transparent-
encapsulated  d.c. power modules  that  meet
applicable  MIL  Spees: standard  silicon  duc.
power  modules, programmable  models,  and
high-voltage types: and  germanium  low-cost

dc. power modules, high-voltage devices, and
d.c-to-dic. converters.  Electronic Research
Associates

Circle No. 144 on Reader Service Card

THERMISTORS
A new  4-page illustrated  application  data
bulletin (Scection 3703)  covering  performance
characteristics and  applications  of  thermistors
has been issued. Performance parameters in-
clude zevo-power resistance-temperature, static

volt-ampere, and current vs time: and applica-
tions disaussed are measurement and control of
temperature and other phenomena, temperature
compensation, and applications asing the cor-
rent-time  characteristicc. General Electric.
Circle No. 145 on Reader Service Card

MICROWAVE COMPONENTS
A new  16-page illustrated  brochure  (No.
W602) deseribing all the components required
for « microwave communication  waveguide
system, from radio equipment output to an-
tenna feed, has been published.

Entitled  “Waveguide and  Accessories  for
Microwave  Communication  Systems.”  the
Booklet presents data on a number of wave-

quide systems and also covers a complete line
of circular waveguide components for single
and dual polarized 6- and 11-GHz installations.
Airtron

Circle No. 146 on Reader Service Card
FLEXIBLE CABLES

A new illustrated booklet on the manufac-
turing techniques and applications of flexible
cables and circuitry has been released. Entitled
“Techniques,”™ the publication traces the  his-
tory and manufacturing procedures to date in
the development of flexible cables and circuitry
and outlines advantages and  disadvantages of
their use.

Included in the booklet is a handy reference
chart listing physical properties and limitations
of the various cables. Methode

Circle No. 147 on Reader Service Card

FLASHING INDICATOR
Information on the company’s new  flashing
indicator light is offered in a new illustrated
catalogue sheet (No. L-202). Deseribed in the
data sheet are the deviee's solid-state circuitry,
flashing rate, materials, and tiishes. Dialight
Circle No. 148 on Reader Service Card

QOPERATIONAL AMPLIFIERS

A new 6-page illustrated catalogue describing
a complete line of solid-state silicon operation-
al amplifiers has been issued. Specifications for
18 chopper-stabilized and ditferential amplifiers
are listed, along with nine diagrams of case
size and pin configuration.  Fairchild Instru-
mentation

Circle No. 149 on Reader Service Card

SCR FIRING CIRCUITS
A new l6-page handbook (Bulletin No.
5001) on SCR firing circuits has recently been

i
&
&

OF ZENITH ORIGINAL PARTS

A complete line of more
than 200 top-quality tubes.
For color, black-and-white,

Zenith black & white replacement picture tubes are made only from new parts
and materials except for the glass envelope in some tubes which, prior to reuse,
is inspected and tested to the same high standards as a new envelope. In Color
tubes the screen, aperture mask assembly and envelope are inspected and tested
to meet Zenith's high quality standards prior to reuse, Al electron guns are new.

BUILT TO THE QUALITY STANDARDS

published. Contain v ves 30 disgrams. wave-

forms, and other  ilinstratons,  the  booklet
covers single- and three-phase systems, protec-

tion of the firing circuit from failure, on-to-
off ratio, sensitivity, and gate pulses. Firing
Circuits

Circde No. 150 on Reader Service Card

ROTARY RELAYS

Information on rotary relays for use in a
wide range of environmentally severe signal-
switching functions in military and acrospace
applications is  contained in a new  26-page
illustrated catalogue.

Complete descriptions, mounting dimensions,
contact rating curves, and coil data are pro-
vided for all devices listed. Couch Ordnance.

Circle No. 151 on Reader Service Card

TRANSFORMER CATALOGUE

Complete information on the company’s ex-
panded line of transformers and toroids is con-
tined in a new 34-page illustrated 1967 cata-
logue. Featuved in the publication s a new
sectiont listing commercial industrial transform-
crs and reactors. Microtran

Circle No. 152 on Reader Service Card

CATV EQUIPMENT

A new catalogue supplement containing de-
scriptions and specifications of the “Pacesctter”
s s of amplifying and contrel  devices  for
CATV applications is  now available.  Con-
sisting of seven separate data sheets, the sup-
plement also includes connectors and  termina-
tor as well as a complete price list. Ameco

Circle No. 153 on Reader Service Card

MOTOR CATALOGUE
Complete information on a line of mators
and related components is presented in a new
32-page itlustrated catalogue No. G65-1266.
Described in the booklet are stepper, synchro-
nons, servo, viscons- and inertial-dimped,

FAMOUS
ZENITH QUALITY
TQBE S for greater reliability, longer life

TV Picture Tubes

or special purposes.

distributor

“*Royal Crest’ Circuit Tubes

A full line of more than 875 tubes . ..

the same quality tubes as original Zenith
equipment. Your assurance of the ey
world’s finest performance.

Order all genuine
Zenith replacement
parts and accessories
from your Zenith

l”l’” The quality goes in before the name goes on”
®
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35 fascinating ways
to spend your next

250 spare hours

Announcing the Spring 1967 edition of the
"‘what-to-do-with-your-spare-time’’ prob-
lem-solver: the ELECTRONIC EXPERI-
MENTER'S HANDBOOK!

Roll up your sleeves, heat up the iron
and get set to meet 35 of the most chal-
lenging, fun-to-build electronics projects
you've ever seen . . . or assembled with
your own two hands!

Included are: a transistorized auto-light
minder ® a $2 intrusion alarm e a tape
recorder echo chamber (for under $10!)
® a powerhouse 2-tube SW receiver e a
solid-state scope calibrator ® and even a
supercharged salt shaker!

You get complete schematics, illustra-
tions, parts lists and easy-to-follow
instructions . . .

PLUS expert tips 'n techniques designed
to build your electronics skill. You'll keep
up with the latest advances in the field,
learn many valuable professional meth-
ods and short-cuts . . . and develop that
extra technical know-how that comes only
from practical, firsthand experience.
Don’t chance missing your copy of the
Spring 1967 ELECTRONIC EXPERIMENT-
ER'S HANDBOOK. Use the coupon below
to order yours today! only $1.25

Get the handsome LEATHERFLEX-
BOUND edition for just $3 pestpaid!
The Spring 1967 ELECTRONIC
EXPERIMENTER'S HANDBOOK s
also available in a splendid deluxe
edition. Rugged Leatherflex cover -
provides lasting protection yet is sigeso+
softly textured and gold-embossed ;‘g

for the look of elegance. A collector's *
item—a superb addition to your elec-
tronics bookshelf. And it's yours, for
just $3 postpaid, when you check the % °
appropriate box on the order form.

|
| ZIFF-DAVIS SERVICE DIVISION ® DEPT. EEH-S
| 595 Broadway ® New York, N. Y. 10012 |
OK! Send me the all-new SPRING 1967 ELECTRONIC |
| EXPERIMENTER’'S HANDBOOK.
| i1 $1.25 enclosed, plus 15¢ for shipping and han- |
dling. Send me the regu;ar edition. ($1.75 for |
| orders outside the U.S.A.
| [] $3.00 enclosed. Send me the Deluxe Leatherflex- |
bound edition, postpaid. ($3.75 for orders out-
; |
] side the U.S.A.) Allow three additional weeks
I for delivery. |
I §
i 1
i l
I l
I
]

name please print Ew.87

address

city state zip

== PAYMENT MUST BE ENCLOSED WITH ORDER —l
Boy, do | have spart time! Send me the big Fall
1966 edition. too! | want the [] regular edition I
[ Deluxe Leatherflex-bound edition. (Prices same
as above.)

, braked, and special-purpose motors. as well as
stepper driver and logic clements. Concluding
the booklet is a scction covering practical de-
sign formulas. Kearfott

Circle No. 154 on Reader Service Card

PANEL DESIGN SWITCH GUIDE
A new 20-page brochure entitled “Switch
Guide for Panel Design™ is now available.
Printed in full color, the booklet stresses maxi-
mum design freedom in the use of lighted
and unlighted push-button switches and indi-
cators, switch display matrixes, toggle switches,

pancl  meters, and  various  special-purpose
switches, Micro Switch
Circle No. 155 on Reader Service Card

SOUND RECORDING TAPE

The 1967 *Audiotape™ catalogue of profes-
sional-quality sound recording tape and acces-
sories has been issucd. Features of the com-
pany’s five formulations—all-purpose, triple-
recording, low-print, low-noise, and lubricated
—are outlined in the 12-page booklet, along
with a concise listing of the bases, lengths, and
reel sizes in which each type is available. Audio
Devices

Circle No. 25 on Reader Service Card

DEPOSITION CONTROL
A new 8-minute, 16-mm color sound movic
describing the latest techniques for automatically
controlling  multi-layered, multi-source  deposi-
tions is now available free on a one-weck loan

basis. The flm traces a layered evaporation
throngh  pump-down, pre-heat, and  degas
cycles, automatic rate and thickness  control,

source switching, sequence recyeling, and final
venting.

The movie is available from Sloan Instru-
ments Corp., Box 4608, Santa Barbara, Calif.
Write the company for scheduling information.

rPHOTO CREBITS
Credit

Heath Company
General Motors Corp.
. General Electric Co.
Lear Siegler
Jerrold Electronics Corp.
Bauer Corp.
Hewlett-Packard
Tektronix

44,65 ...

46, 47 (Fig. 1)
47 (Figs. 2 & 3) .

... de Havilland Aircraft

of Canada, Ltd.
Mobil Qil Corp.
. Ford Motor Company

48, 49 (right) 49 ..
49 (left)

... Marquette
64 (tOP) . ooocei Fairchild
64 (right} . . Basic Science Industries
83 Shure Bros.

Answer to Puzzle
appearing on page 69
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Diagnostic Center
(Continued from page 52)

evlinder. Since no firing pulse is pro-
vided, engine power is reduced, caus-
ing a drop in engine rpm. Further clec-
tronic circuitry then processes this in-
formation for a power-check readout.

Findings

The following is w partial listing of
results obtained from tests performed
on approximately 15.000 cars, (This
information is contained in a swrvev
conducted by Automotive Center Con-
sultants. Inc., an industry-wide organi-
zation.)

In a general test. 71.72% of all cars
tested had faulty headlight focus and
light output. 61.35% had oil or coolant
leaks. 25.13%  had  faulty  tail/stop
lights, and 20.02¢% had faulty exhanst
svstems.

As far as brakes were concerned,
28.11% had poor brake effort halance,
28.35% had brake-lining  contamina-
tion, 21.96% had faulty brake-shoe ac-
tion, and 16.96% had poor brake-pedal
reserve.

In the tire department. 50.73% had
poor wheel balunce, 55.91% had im-
proper caster. 49.40% had poor toe-in,
and 32.96% had faulty shock absorbers.

In the battery-starter-generator area,
4+4.47% had cable problems, while
17.98% had poor voltage regnlators. In
the ignition-system tests, 49.08% lhad
poor points, 33.95% had poor spark
plugs, 43.57% were oll in their basic
timing, and 36.27% had improper igni-
tion dwell time.

The Future

Ford foresces the time when test
cequipment will be modified to allow
hookup to the vehicle without the ne-
cessity of disconmecting parts. The com-
pany also feels that car design will he
altered so as to facilitate these tests.

In the arca of test cquipment, the
firm believes that a computerized ap-
proach is obviously needed for speed-
g up operations. In this method, a
computer  will  compare the cwr’s
“health” with the values recommended
by the manufacturer and produce a
printed-form readout.

Lord also suggests that some thought
be given to test equipment that could
actually identify potential component
failures, thus allowing preventive main-
tenance before an actual breakdown.

Stanford Research lustitute predicts
that auto makers wiil wire their cars to
facilitate analysis. They also feel that
the diagnostic lane will be computer-
ized, that analysis time will be cut in
half, and that the diagnostician will
become little more than a verbal ex-
pression of what the machines report
about the condition of each car. A
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ELECTRONICS

MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 70¢ per word (including name and address). Minimum order

$7.00. Payment must accompany copy except when ads are placed by acc redited advertising agencies. Frequency discount:

for 12 months paid in advance.

5% for 6 months; 10%

READER RATE: For individuals with a personal item to buy or sell. 40¢ per word (including name and address). No Minimum! Payment must accom-

pany copy

GENERAL INFORMATION: First word in all ads set in bold caps at no ext ra charge. Additional words may be set in bold caps at 10¢ extra per word.

All copy subject to publisher's approval. Closing Date:
and remittance to: Hal Cymes, ELECTRONICS WORLD, One Park Avenue,

1st of the 2nd preceding month (for example, March issue closes January lst). Send order
New York, New York 10016

ELECTRONICS ENGINEERING
AND INSTRUCTION

ELECTRONICS! Associate degree—29 months.
Technicians, field engineers, specialists in com-
munications, missiles, computers, radar, auto-
mation. Start September, February. Valparaiso
Technical Institute, Dept. N, Valparaiso, Indiana
46383.

LEARN ELECTRONIC ORGAN SERVICING at
home. All Makes including transistors. Experi-
mental kit—troubleshooting. Accredited NHSC.
Free Booklet. NILES BRYANT SCHOOL, 3631
Stockton, Dept. A, Sacramento, Calif. 95820.

HIGHLY —effective home study review for FCC
commercial phone exams. Free literature!
COOK’S SCHOOL OF ELECTRONICS, P.O. Box
517, Monticello, Ky. 42633.

ASSOCIATE Degree in Electronics Engineering
earned through combination correspondence-
classroom educational program. Free brochure.
Grantham Technical Institute, 1505 N. Western
Ave., Hollywood, Calif. 90027.
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FCC LICENSE in six weeks.
telephone. Results guaranteed. Elkins Radio
School, 2603C, Inwocd, Dallas, Texas 75235.

WANTED! TV—Radiomen to learn aircraft elec-
tronics servicing. Numerous job openings ev-
erywhere. Write: ACADEMY AVIONICS, Reno/
Stead Airport, Reno. Nevada 89500.

CORRESPONDENCE COURSES—B.Sc.. Engineer-
ing. Electronics. Catalog $1. Canadian Institute
of Science & Technology, 263G Adelaide St. W,
Toronto.

TELEVISION TROUBLESHOOTER answers all
your service problems. Waste no time on book
theory. Spot faults in seconds. Used by ‘‘pros”
in repairing all makes and models. Write specify-
ing black/white. color. NATIONAL TECHNICAL
RESEARCH LABS, 6420 S. Western Avenue,
Whittier, Calif.

First class radio

HIGHLY effective home study course in Elec-
tronics Engineering Mathematics with circuit
applications. Earn your Associate in Science
Degree. Free literature. COOK’S INSTITUTE OF
ELECTRONICS ENGINEERING, P.O. Box 517,
Monticello, Ky. 42633 (Established 1945).

REl First Class Radio Telephone License in (5)
weeks Guaranteed. Tuition $295.00. Job place-
ment free. (KANSAS CITY) R.E.l., 3123 Gillham
Road, Kansas City, Missouri, Telephone WEI-

5444. (SARASOTA) R.E.l, 1336 Main Street,
Sarasota, Florida 33577, Telephone 955-6922.
FOR SALE

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, lIl. 60656.

GOVERNMENT Surplus Receivers. Transmitters,
Snooperscopes, Radios. Parts, Picture Catalog
25¢. Meshna, Nahant, Mass. 01908.

TRANSISTORIZED Products Importers catalog.
$1.00. Intercontinental. CPO 1717, Tokyo, Japan.

METERS—Surplus.
able. Send for list.
side, Calif. 92507.

INVESTIGATORS, FREE BROCHURE, LATEST
SUBMINIATURE ELECTRONIC SURVEILLANCE
EQUIPMENT. ACE ELECTRONICS, 11500-J NW
7TH AVE., MIAMI, FLA. 33168.

R.F. CONVERTERS World's largest selection.
Also CCTV cameras, etc. Lowest factory prices.
Catalog 10¢. Vanguard, 196-23 Jamaica Ave.,
Hollis, N.Y. 11423.

CONVERT any television to sensitive big-screen
oscilloscope. Only minor changes required. No
electronic experience necessary. Illlustrated
plans, $2.00. Relco-A22, Box 10563, Houswsn,
Texas 77018.

FREE ELECTRONICS (new and surplus) parts
catalog. We repair multimeters. Bigelow Elec-
tronics, Bluffton, Ohio 45817.

DETECTIVES! Free brochures! Electronic Sur-
veillance devices. SILMAR ELECTRONICS, 3476
N.W. 7th Street, Miami, Florida 33125.

SUDYMONT acoustic baffles. Plans $5.95; Baffle
$26.95; with cabinet from $39.95. Send speaker
size. SUDYMONT, 120 Liberty Str., NYC. 10006.

ELECTRONIC Ignition Kits, Components Free
Diagrams. Anderson Engineering, Epsom, New
Hampshire 03239.

new, used. panel and port-
Hanchett. Box 5577, River-
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MUSIC LOVERS, CONTINUOUS, UNINTERRUPT-
ED BACKGROUND MUSIC FROM YOUR FM RA-
DIO, USING NEW INEXPENSIVE ADAPTOR. FREE
LITERATURE. ELECTRONICS, 11500-Z NW 7th
AVE. MIAMI, FLORIDA 33168.

MESHNA'S Transistorized Converter Kit $5.00.
Two models converts car radio to receive 30-
50mhz or 100-200mhz (one mhz tuning) Meshna,
No. Reading. Mass. 01864.

F-TREE CATALOG--Loads of Electronic Bargains.
R.W. Electronics, Inc. 2244 South Michigan Ave,,
Chicago, 1llinois 60616.

SURVE!LLANCE EQUIPMENT—NEW HIGH PER-
FORMANCE SUBMINIATURE MODELS. ELEC-
TRON!C COUNTERMEASURE DEVICES TO PRO-
TECT PRIVACY. FREE DATA: SECURITY ELEC-
TRONICS-EW. 15 EAST 43RD STREET, NEW
YORK, N.Y. 10017.

CRYSTALS largest selection in United
States at lowest prices. 48 Hr. delivery. Thou-
sands of frequencies in stock. Types include
HC6/U, HC18/U, FT-241, FT-243, FT-171, etc.
Send 10¢ for catalog with oscillator circuits.
Refunded on first order. Jan Crystals, 2400E
Crystal Dr., Fort Myers, Fla. 33901.

UNUSUAL BARGAINS

... MANY U. 5. 0¥'T SURPLUS
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U.5. GOV'T ELECTRONIC SURPLUS

& Nationally Known-World Famous SURPLUS CENTER offers
finest, most expensive, Government Surplus electrenic units and
components at a fraction of their original acquisition cost

ORDER DIRECT FROM AD or WRITE FOR CATALOGS

NEW supersensitive transistor locators detect
buried gold, silver, coins. Kits, assembled mod-
els. $19.95 up. Free catalog. Relco-A22, Box
10563, Houston, Texas 77018.

DISCHARGE IGNITION, PHOTOFLASH parts,

kits. Free catalogs. REVSPARK, Carlisle, Massa-
chusetts.
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TYPICAL BUYS FROM OUR 1967 CATALOGS

.$24.95
370N

§ 350.00 - Geared 2-hp Battery Golf Car Motor _........
$ 15,00 - Westinghouse DC Ammeter. 0 to 300 ...,
$ 40.00 - Vacuum Pressure Pump, 12-¥DC ..
- 80-MW Walkie-Talkies. Per Pair ...
- Beluxe. Multi-Range, AC DC Tester , y
$4000.00 - Carrier Telephone Amplifier System _.._........
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SEND 25¢ COIK OR STAMPS FOR 3 MAIN CATALOGS
All It'ems FOB Lincoln  Money Back Guarantee

SURPLUS CENTER

DEPT. EW-057  {INCOLN, NEBR. 58501
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World’s "BEST BUYS”
in GOV'T. SURPLUS
Electronic Equipment

BC-603 RECEIVER

BC-603 RECEIVER F.M. 20—27.9 MC
Continuous tuning and 10 preset push
button channel selector. With sensi-
tivity squelch & volume controls, 2
watt output to self contained speaker,
one (1) microvolt sensitivity, 2.65 KC
I.F. 10 tubes: 3/6AC7, 1/615, 2/
125G7. 2/6SL7. 1/6H6, & 1/6V6GT.
g Voltage required 12/24 volts for fila-
ments, 220 VDC @ 80 MA. for high volt. Size: 111/2

6% x 1215, Wt.: 35 Ibs. Used: . .. ... $32 5

BC-603 CONVERTED

To 30 to 45 MC.—Used: $44.95

AC POWER SUPPLY For BC-603—Transformer type plugs
into samme piace as dynamotor, no conversion required
except adding switch, with instructions:

Wired: $14.95 Kit of Parts: $10.00
DM-34 Dynamotor for 12 Volt DC operation—New....$4.95
DM-36 Dynamotor for 24 Volt DC operation—New.... 4.95

TRANSMITTERS—RECEIVERS:
BC-453 Receiver—190 to 550 KC. ....Used: $16.95
BC-455 Receiver—6 to 9 MC.—

Gov't. Reconditioned, w/Dyn.: 14.95
BC-456 Modulator ....... ..Used: 3.95
BC-696 Trans.—3 to 4 MC., . Recond.: 12.95
T-20 Trans.—4 t0 5.3 MC..................... New: 9.95

T-21 Trans.—5.3 to 7 MC

T-22 Trans.—7 to 9 MC..........

BC-348 Receiver—200 to 500 KC.—
15t0 18 MC...........cco..... Used: 69.50

NEW CATALOG—

JUST OFF PRESS—SEND 25¢ (stamps or coin)
and receive 50¢ CREDIT on your order!

Address Dent. EW © Price 0O.B. Lima, O. e
25% Depositon C.0.D.” imum Order $5.00

SALES
IMA, OHIQ - 45802

1014 E. EUREKA + Box 1105

92

$500,000.00 Inventory Late Electronics $3500.C0

Stanley Kluzek Company, Dawson, lllinois
62520.

SAMS Photo Facts 181-320. meters. tubes,
write John Vasso. 306 Hillside Ave.. Torrington,
Conn. 06790.

1BM TRANSISTOR CIRCUIT BOARDS, 6 for $2
ppd. L. Short, Box 332, Kennesaw, Georgia
30144.

INTEGRATED CIRCUIT Experiment Kit, $6.95.
Others. Catalogue 25¢. KAYE ENGINEERING,
Box 3932, Long Beach, California 90803.

ATEC Electronic Counter Model 5A35 excellent
condition cost new $1025.00 asking now
$600.00. Benthos, Inc., Main St., No. Falmouth.
Mass. 02556.

TAPE RECORDERS direct from importer. Three
motor, six head, automatic reverse. Famous
make. Also battery with A.G.C. All solid state.
Write for special prices, duty paid. DOK (USA)
INC., EW Box 2494, Culver City, California
90230.

TUBES

FREE Catalog. Electronic parts, tubes. Whole-
sale. Thousands of items. Unbeatable prices.
Arcturus Electronics ZD, 502-22 St., Union City,
N.J. 07087.

RECEIVING & INDUSTRIAL TUBES, TRANSIS-
TORS, All Brands—Biggest Discounts. Techni-
cians, Hobbyists, Experimenters—Request FREE
Giant Catalog and SAVE! ZALYTRON 469 Jericho
Turnpike, Mineola, N.Y. 11501.

TUBES, SEMICONDUCTORS, ELECTRONIC
EQUIPMENT & COMPONENTS. Quality mer-
chandise only! Serving engineers. Purchasing
Agents, TV/HiFi Servicemen and Hams for 20
years. Write for Catalog or call 212-WA 5-7000.
BARRY ELECTRONICS, 512 Broadway, New
York, N.Y. 10012.

TUBES—33¢ each. Year guarantee. Tuner Clean-

er $1.09. Free catalog. Cornell, 4213-W Uni-
versity, San Diego, Calif. 92105.
DON’T BUY TUBES—Radio. TV-Xmitting, spe-

cial-purpose types until you get our price list!
Lowest prices in U.S.A. 5.000 types—Guaran-
teed Brand New. Send postcard for TV—Special
Purpose Price List. UNITED RADIO COMPANY,
P.O. Box 1000, NEWARK, N.J. 07101.

WANTED

MILITARY SURPLUS EQUIPMENT NEEDED: ARC-
34, ARC-38, ARC-44, ARC-52, ARC-54, ARC-55,
ARC-66, ARC-73, ARC-84, ALSO ARN-14C, ARN-
54, ARN-59. COLLINS 51x-2, 51V-3, 51Y-3, 51R-3,
17L-4, 17L-7, 618S-1, 18S-4. BENDIX TA-21,
RA-21. APR-14, PRC-25, RT-66 THRU RT-70/GRC.
APN-22, APN-117, APN-133. TEST SETS WANT
WITH ARM, UPM, URM, RSM, SG PREFIXES.
TOP CASH DOLLAR PAID IMMEDIATELY. SLEP
ELECTRONICS CO., DRAWER 178-EW, ELLEN-
TON, FLORIDA 33532, PHONE (813) 722-1843.
QUICKSILVER. Platinum, Silver, Gold. Ores An-
alyzed. Free Circuiar. Mercury Terminal. Nor-
wood, Mass. 02062.

QUICK CASH . . . for Electronic Tubes, Semi-
conductors, Equipment (Receivers, Transmit-
ters, Scopes, Vacuum Variables, etc.) Send lists
now! Write: BARRY ELECTRONICS, 512 Broad-
way, New York, N.Y. 10012 (212-WA 5-7000).

MAKE MONEY
BY PHONE !
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GREGORY ELECTRONICS

Reconditioned & Used FM
2-WAY RAD!O SAVINGS

Partial list—Send for New '67 Catalog

Voice Commander

132 to 172 MC 1IW 9.5" x
5.3" x 1.7" Lowest price
-of ever, including brand New
T WET2%1 Rechargeable Nickel Cad-
mium Battery Pack

=g

;. If crystal & tumng is de-
& vsnred add $45.

Baitery charger for these
units $16.00
i Write for Quantity Prices

VOICE COMMANDER
Monitor Receiver only— $
Tuned & Crystalled
with dry Batteries
MOTOROLA CONTROLHEAD MODEL 50
+P9022, with microphone 59
MOTOROLA P33 Series Pack Set 5 Watt 150-
170 MC with Nicad Supply and Nicad 0
Batteries . ...... . ... .. .. .. ..., .. 595 0
MOTOROLA T41GGV 30-50mc 6/12 V,
30 watt vibrator power supply fully narrow
banded complete with accessories ]48
less crystals and antenna

Add $45.00 for tuning to de5|red frequency
and new antenna

EXTRA SPECIAL

MOTOROLA 30-50mc 6/12 Vv,
T51GGV vibrator power supply. $]98
Fully narrow banded (TX & RX) .. ..

Above price include accessories less crystals and an-
tenna (less accessories, deduct $30.00)

To tune unit to desired frequency including
new antenna add $45.00

GE DTO03
150-170mc 5 channel telephone unit
with duplexer less accessories ..

.. 5248

RCA 12 VOLT CRYSTAL OVENS
PER DOZEN

4ET5
6v 30 watt 40-50mc

4ET5
12v 30 watt 40-50mc

G.E. PACERS—EG43SA6 150-170 mc Transis-
torized Power Supply 13-15 watts,
12 v Front Mount (Complete ac-
cessories,
tenna)

We Buy Late Model Equipment for Cash
—Write: Wire or Phone!

GREGORY
ELECTRONICS
CORPORATION

249 RT. 46, Saddie Brook, N.J., 07662
Phone: (201) 489-8000

- GREGORY =

GE

ELECTRONICS rans
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PHILCO ‘SAFAR! Optical unit must be in per-

tions, Tangier,

fect condition. E. A. Jaggers. 16. Place Des Na-
Morocco.

BLONDER-TONGUE AUDIO BATON. Roosbroeck,
19 Whittredge, Summit, N.J. 07901.

WANTED TO BUY--TV tuners. Any make, any
quantity. Write. J. W. Electronics, Box 51B,
Bloomington, Indiana 47401.

DO-IT-YOURSELF

PROFESSIONAL ELECTRONICS PROJECTS —
$1.00 up. Catalog 25¢. PARKS, Box 25565B,
Seattle, Wash. 98125.

TAPE & RECORDERS

RENT STEREO-8 CAR TAPES. 10¢/day. Send
refundable $10.00 deposit and name of first
selection. Autotapes, Box 19086-E, Indianapolis,
Ind. 46216.

ELECTRONICS WORLD
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BEFORE renting Stereo Tapes, try us. Postpaid
both ways—no deposit—immediate delivery.
Quality — Dependability — Service — Satisfaction—
prevail here. If you've been dissatisfied 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, Fla.
33012.

STEREQ TAPES. Save up to 609 (no member-

ship fees, postpaid anywhere USA). Free 60-
page catalog. We discount batteries, recorders,
tape accessories. Beware of slogans ‘‘not un-

dersold,” as the discount information you sup-
ply our competitor is usually reported to the
factory. SAXITONE, 1776 Columbia Rd., Wash-
ington. D. C. 20009.

RENT Stereo Tapes—over 2,500 Di*ferent—ail
major labels—free brochure. Stereo-Parti. 1616
—E. W. Terrace Way, Santa Rosa, California
95404.

TAPE RECORDER SALE. Brand new. nationally

advertised brands, $10.00 above cost. Arkay
Sales, 1028 Commonwealth Avenue, Boston,
Mass. 02215,

Hi-FI Components, Tape Recorders at guaran-
teed ““We Will Not Be Undersold” oprices. 15-
day money-back guarantee. Two-year warranty.
No Catalog. Quoiations Free. Hi-Fidelity Cen-
ter. 239 (LT) East 149th Street. New York 10451,

GOVERNMENT SURPLUS

JEEPS Typically From $53.90. . . Trucks From

$78.40. . . Boats. Typewnters, Airplanes. Elec-
tronics Equipment, Photographic Equipment,
used. 100.000 Bargains Direct From Govern-

ment. Complete Sales Directory and Surplus
Catalog $1.00 (Deductible First $10.00 Order).
Surplus Service, Box 820-K, Holland, Michigan
49423.

HIGH FIDELITY

FREE! Send for money saving stereo catalog
#ESW and lowest quotations on your indi-
vidual component, tape recorder or system re-
quirements. Electronic Values Inc., 200 West
20th Street. N.Y., N.Y. 10011.

HI-F1 Components. Tape Recorders at guaran-
teed “We Will Not Be Undersold™ prices. 15-
day money-back guarantee. Two-year warranty.
No Catalog. Quotations Free. Hi-Fidelity Cen-
ter, 239 (L) East 149th Street. New York 10451.

HlFI EQUIPMENT GET Our “ROCK BOTTOM”
prices on NAME BRAND amplifiers—tuners—
tape-recorders — speakers FRANCHISED — 59
YEARS IN BUSINESS. Write for this month’s
specials—NOW! Rabson’s 57th St., Inc., Dept.
569, 119 W. 58th St., New York, New York 10019.

7LOW,7 LOW qutes all and
corders. Hi-Fi, Roslyn Penna.

components re-

19001.

HI-FI components, tape recorders sleep learn
equipment, tapes. Unusual Values. Free cat-
alog. Dressner, 1523 R Jericho Turnpike, New
Hyde Park, N.Y. 11040.

AUTHORS’ SERVICES

AUTHORS! Learn how to have your book pub-
lished. promoted. distributed. FREE booklet
“ZD,” Vantage, 120 West 31 St., New York 10001.

HYPNOTISM

FREE Hypnotism, Self-Hypnosis. Sleep Learning.
Catalog' Drawer H400, Ruidoso, N.M. 88345,
HYPNOTIZE FEMALES!—- Unnoticed! Instantly'
Nerves! Exciting! Send $2.25. Research Enter-
prises. 29-SN21 Samoset, Woburn, Mass. 01801.
FEMALE HYPNOTISM! Easily! Instantly! Secret
Nerve Centers! $2.20. Brugenheimer Publishers.
Box 158-E30. Lexington, Mass.

EDUCATIONAL
OPPORTUNITIES

LEARN While Asleep, hypnotize with your re-
corder, phonograph. Astonishing details, sensa-
tional catalog free! Sleep-Learning Association,
Box 24-ZD, Olympia, Washington 98501.
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OUR TRANSISTORS &
RECTIFIERS ARE
GUARANTEED TO

WORK

All transistors are checked for min-
imum voltage & gain to insure our
customers a good transistor within

the category we advertise. All recti- | D
| fers costing over $.10 are checked 3

for forward voltage and leakage as
well as PRV. The gates on our SCR's
are also checked, All nonoperable |
units will be refunded or exchanged

Intecratep Gircuirs | O

— e E—

—_—

e — —
SR _Clocked Fhip Flops H $1.4%
SRT Flip Flops ®1.15
Expandable OR Gales 1.0
JK Flip Flops n1.1%
ual Nand Nor Gates Ll
285 flat pack guarant vil 10 woik
They come complete wnlh SChe manc.

elecy. characteristic she

I typical apphications. $9 00- 515 00

velues from original manutaciurer.
c-

We have other types

series available.
Silicon Power Rectifiers

these
Scend reguests

immediately T PRV 3A | 20A 40A

Users of the above mentioned 100 e Lan 1.00
itams in large quantities send us ' 200 T I T S B !
your specifications. We feel we can 400 | .z% L1} 2.0
meet them at a competitive price 600 | .as_ | 1l.2o 250

800 G 1.50 300
[7] SIM. to 2N1640 (PNP) Bi-direc. Il 1000 1 .ms_1” a.ow
=) = iy -

. h_onal tfan5|stors. A TO-5 siticon Sﬂs;ns"' Ernop Bt &
unit in which collector & emitter —on, e
are interchangeable. Ea $.75 2uu an 100 T

ann T 200 1 o |
D GLASS DIODES color coded a0 _Ea o0 1z
Siticon 20/$1.00 LY [ R an
6E ... 30/%$1.00 1000 130 AL .25
4200 .= _I.'ﬂi.lo .-l
D 10 WATT ZENERS. 2180\/ 240A Rectifiors I?OOv I'-""-
State desired voltages. Ea. $.75 | .2:?‘(:(‘\ :Zgg—%
100« 5.00 s00 — i
[] SILICON BILATERAL SWITCH. 200 1 750 LSOOI S
Replaces two SCR's by finng in 400 | 15.00
either direction when breakdown ' 600 T_20.00~
voltage is exceeded. Used in light | 11000 _35 00 .
5 | Silicon Control Rectificrs
dimmers. etc. .. .. ............75ea. BRY A 7A ETT
. s0 .35 .50 80
[[] GaAs VARACTORS, sim. to AP- I 100 oo S0 e
" 1[,{ AP-6. etc. 70 GHz 6;4138 200 1 .75 1.0 190
CBal L . T300 | 1.25 1.60 2.3s
00 ' 1. 2.10 2.85
D “‘N'' Channel Fet's Similaf To ;oo 1 ::: 2_;0 3_§°
2N3088 Used As Amp, Switch, | 00 ~  2.00 3.00
Chopper—Very High Input Z $1.50 700 2.25 3.50 -
Each , _1000 5.00

A

A \ POSY OFFICE BOX 74B h
ESS Name —
: *  SOMERVILLE, MASS. D2143

oTA Address

LAL §

I TE SEND FOR OUR LATEST CATALOG

DE S City

SIM. te 2N728. A high fie
quency T0-18 unit extending fo
the UHF reipe 3/$1.00

D SIM. to 2N995 (PNP). Silicon
in TO-18 case. 500 MW power,
to 180 Mhz frequency 3/$1.00

D SIM. to 2N2875 (PNP). Silicon
20 watts with 30 MHz cut off
$.75

SIM. to 2N1648 (NPN) high
voitage 20 Watt silicon umit,
used 1n power output stages &
power transistor drives $.75

D NPN dual transistors. A TO-5

package (2N2060) containing 2
high gain 100 MHzNPN silicon
transistors $1.50

D PNP dual transistors. A T0-5

package (2N2807) containing 2
high gain 100 MHzPNP silicon
transistors $1.50

EI High voltage NPN 150V. VBCBO
at 2.5A., High HFE n T0O-66
pack

$.75

D High voltage assemblies 6300V.
at 150 mils. These silicon as-
semblies may be put in series to

achieve high voltages $1.50

D DUAL 20 uF at 350 V
Electrolytics . 3/%1.00

D 28-101 P CERAMIC
TRIMMERS ... ... 6/$1.00

Terms: FOB Cambridge, Mass.

Send check or Money Order.
Include Postage, Average Wit.
per package Y5 Ib. Allow for
C.0.D. Minimum Order $3.00
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CLASSIFIED ADVERTISING ORDER FORM

Please refer to heading on first page of this section for complete data concerning terms.
frequency discounts, closing dates, etc.

1 2 3 4 5

6 7 8 9 10
11 12 13 14 15
16 17 18 19 20
21 22 23 24 25
26 27 28 29 30
31 32 33 34

words (& 70 Commercial Rate | = $————
Insert time(s) Total Enclosed $ —
NAME

ADDRESS

CITY

STATE

ZIP

SIGNATURE

WORD COUNT:

permit.) Count each abbreviation,
as 35mm, COD. PO, AC. etc.,

Include name and address.
word each. Zone or Zip Code numbers not counted.
initial,
count as one word. Hyphenated words count as two words.

Name of city (Des Moines) or of state (New York) counts as one

www.americanradiohistorv.com

{Publisher reserves right to omit Zip Code if space does not
single figure or group ot figures or letters as a word. Symbols such

EW-567
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RECTIFIERS, TRANSISTORS
& COMPONENTS

6 tube Amplifier, New 4 lbs. 2 @ $1.98
'. Watt Resistors, asstd. 50 @ 1.00
', Watt Resistors, asstd. 60 @ 1.00
Ceramic Disc Capacitors, asstd. 75 @ 1.00
Precision Resistors. asstd. @ 1.00
Pots. 2-4 Watt, asstd. 15 @ 1.00
R. F. Coils, asstd. 25 @ 1.00
Axial lead mica. asstd. 30/1.00
Tantalum Capacutors asstd 10 @ 1.00
Mercury Battery 5.4 4/1 00
2N2944 Sil. Chopper To-46 1.00
50W. Zeners 10 | 0 19 Voits 1.00
Thermistor bead, 900 or 1200 ohm. 2 @ . 1.00
2N1021, Ger. Power. 7amp, 100V., To -3 .60

2NA56A. 7A. 40V. Ger. Power To —3 .45
2ZN1718. Sil. Power, 10W., 60V., Heatsink, 3 @ 1.00

70 amp Stud, 50PIV—$2.50; 100PIV $3.50
SILICON CONTROLLED RECTIFIERS
;\H £ BUOEPRV. S0l Skt
1.50 2. 05 2.75
aA 3,25
Pots. 1W. lOOK or W, 500K 5 @ 1.00
Surprise Kit, 10 Ibs. components 2.50
Epoxy Hi-Vol diode, 200ma, 3000PIV .98
Computer Board, TO-3 Power, Heat Sink 1.50
1.C., TO-5, untested, 5 @ 1.00
1.C.. Dual-inline, untested 10 @ 1.00
2N3893,85W 60 V. TO53 .79
2N3707-11 Asstd. Plastic Silicon Xisters 20 @ 1.00
2N3704-3706, Asstd. Plastic Sil. Xisters 10@ 1.00
2N2151, Sil. Power Xister .65
2N1009 Ger. Min. Xister untested 30 @ 1.00
3N35 Tetrode, NPN, untested 5 @ 1.00
Ger. Diodes, Asstd. 15 @ 1.00
2N458A. 7A. BOV. Ger. Power. TO —3 .55
Sil. Diodes, Switching. Signal, Asst. 15 @ 1.00
2N118, Siticon, NPN 10/1.00

2N1149, Silicon. NPN, untested

0/1.00
2N1300. Untest. PNP & NPN, 14"

2
leads @ 25/1 00

2N1714. Stlicon Power 10W, 60V. 4/1.00
Computer Boards. Parts Free, per transistor .05
Germanium Power, 2N457A, 7A; 60V .50
Silicon Power 40 W, 2N1047,T0.57 2 @ 1.00
Tophats 750 ma., Tophats 200PIV-8¢,

400, 12¢, 600PIV .18
Varicaps, 27, 47. or 100 pf 1.25
2N1038, Germanium 20 W. 40 V 4/1.00
With any $10.00 Crder any $1.00 item Free. On

$25.00 order any (3) $1.00 items Free. Catalog.
Minimum order $3.00 plus postage, C.0.D.’s 25%

ELECTRONIC COMPONENTS

Post Office Box 2902 Baton Rouge, Louisiana 70821

CIRCLE NO. 119 ON READER SERVICE CARD

RENT
SAMS

PHOTOFACTS

sy MAILY
TV FOLDER 125
RADIO-H-F{ 10O

1. Send set description and all
numbers you can find. Be sure
to include make and model of
set. Send $3.00 deposit.

2. Keep folder 5 days, copy in-
formation you require then return
the folder to Cornell in the same
condition received.

3. Immediately upon return of
folder you will receive $1.75 re-
fund on Radio/hifi folder or
$1.50 refund ‘on TV folder (de-
posit less rental and .25 ship-
ping).

949

CORNELL

USED Correspondence Courses and Books sold
and rented. Money back guarantee. Catalog
free. (Courses Bought). Lee Mountain, Pisgah,
Alabama 35765.

LEARN WHILE ASLEEP. Miraculously build Mind
Power, achieve Self Confidence, improve Health,
gain Success. Method 929, effective. Details
free. ASR Foundation. Box 7021 Henry Clay
Station, Lexington, Kentucky 40502.

RUBBER STAMPS

RUBBER ADDRESS STAMP $1.50. SIGNATURE
$2.88, FREE CATALOG. JACKSON PRODUCTS,
1433 WINNEMAC, CHICAGO, ILL. 60640.

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

MEDICAL FILM—Adults only—‘Childbirth” one
reel, 8mm $7.50; 16mm $14.95. International

W. Greenvale. Long Island, New York 11548,

SCIENCE Bargains—Request Free Giant Catalog
“'CJ"—148 pages—Astronomical Telescopes, Mi-
croscopes. Lenses. Binoculars, Kils, Parts. War
Surplus bargains. Edmund Scientific Co., Bar-
rington. New Jersey 08007.

BUSINESS OPPORTUNITIES

INVESTIGATE Accidents—Earn $750 to $1,400
monthly. Men urgently needed. Car furnished.
Business expenses paid. No selling. No college
education necessary. Pick own job location. In-
vestigate full time. Or earn $6.44 hour spare
time. Write for Free Literature. No obligation.
Universal, CZ5, 6801 Hillcrest, Dallas, Texas
75205.

FREE BOOK ‘990 guccessful, Little-Known Busi-
nesses.” Work home! Plymouth-145Y, Brooklyn,
New York 11218.

l MADE $4O OOO OO YEAR by mallorder' Helped
others make money! Start with $10.00—Free
proof. Torrey, Box 318-N, Ypsilanti, Michigan
48197.

are new, or used and so marked

[TUBES

1 YR GUARANTEED

esto L, Indlvidually
eﬂ Branded am'.l Code Dated, Tubes

024 6ASS 6CD6  6KE x4
183 6AT6 6CF6  6K7  6X8
1J3/1K3 6AT8  6CG7 6Q7 1A7
IH 6AU4  gcG8 654 7A8
L4 6AUS  gcm7  6SAT 78
174 6AU6
1u4 6AV6 HITENI s’upped in. 24 hrs
IPEENAL YOUR ORDER
HITSERTIY FREE!
SU4 6BCS
sus 6BDs 6CZ5 65SHYT 71CS
PER M sv4 68G6 6D6 637  INT
TUBEQ 5Y3 68J6  GDA4 6SKT 7Y4
g:g 6BL?  ¢sDE6 6§L77 :ZAgs
T . N4 65N 2AE6
100 TUBES OR MORE: 2t ::N6 22216 esQ1 1A
30: PER TUBE OACT  ¢BQs  GEMS 6SRT  12AT7
6AGS 6UT  12Au7
6aKs  68Q7 s SUZ B
6ALS 6BZ6 6GHS .
6C4  eHe  SV6  12BA6
SANS 6C6 g5  6W4  12BD6
. 6AQS  oCB e SW6  128BE6
= Cther tubes at low prices-
oy DN 0 A t 0 p
HIGH GLOSS
i CL;V‘C?AY[D e »
\lTll I‘blLTLI ”.-ﬂ“nu @ G
PAK FIT}oNS n
e T T : ®
s [0 o | carvows I SHRSTITOTES -
usf 29 | 2.59
ACIEEREYD |5 E e
Vol 50 |5 29 X
s wal 8971799 E!
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FREE CATALOGS. . air conditioning, re-
frigeration. Tools, supplies, full instructions.
Doolco, 2016 Canton, Dallas, Texas 75201

LEARN TECHNICAL WRITING—at home. High
paying prestige careers not requiring college.
Growing demand, all industries for tech writers
now. Low monthly tuition. Easy to understand
FREE career book, sample lesson. APPROVED
FOR VETERANS. American Technical Writing
Schools, Dept. EWC-57, 5512 Hollywood Bivd.
Hollywood, Calif. 90028,

BRITISH Engineer, having invented finger print
operated lock. wishes to contact organization
willing to manufacture and distribute it. Dem-
onstration prototype available. E. A. Jaggers. 16
Place Des Nations, Tangier, Morocco. Telephone
Tangier 174-93.

EMPLOYMENT INFORMATION

FOREIGN and USA job opportunities available
now. Construction, all trades. Earnings to $2.-
000.00 monthly. Paid overtime, travel, bonuses.
Write: Universal Employment, Woodbridge, Con-
necticut 06525.

YOUR RESUME—Make it sell you! Instructions.
samples: $2. Executive, Box 246EL, Montclair
N.J. 07042,

FOREIGN EMPLOYMENT. Construction. other
work projects. Good paying overseas jobs with
extras, travel expenses. Write only: Foreign
Service Bureau, Dept. D. Bradenton Beach,
Florida 33510.

INVENTIONS WANTED

INVENTORS. We will develop, help sell your
idea or invention. patented or unpatented. Our
national manufacturer clients are urgently
seeking new items for outright cash sale or
royalties. Financial assistance available. 10
years proven performance. For free informa-
tion. write Dept. 42, Wall Street Invention Bro-
kerage 79 Wall Street, New York, N.Y. 10005

ﬁecc’at’ ot
g CORNER
10 Ord
{ With™ every $10 Order Cleaner 89
Solder fron 1.49
Pl Elec. Tape .89
{No Limit} from this st o S1'icon (pr.) .89
6AG5 6sN7 N Epoxy (pr.) .79
6AQ5 6CB6 6S4 ) .
:ggm 6AU6 6J6 6W4 zlo.de ';;I gg
12816 ‘ > Tot»)seS r. 1.29
12BY7 ube Saver 1.
12ZC5 COLOR TV, 258 Neon Tstr 59
12CAS DEGAUSSE a e
125 N7 . Wl Solder 59
125Q7 Ant. Cplr.  1.89
25L6 Do
2526 Btry. Chgr. 4.95
35wW4 q 69
3573 Tool Kit
50L6 Prestize & SUCCess are Vol
2 s unELECTRONIC EXPER
77 For fOHNHl ‘US’;\O.:".LOJ,N,‘,'A::
78 D R
84/674 BT A\
K= ()6
[ ~ o B b X
7044 : k i
N\ . i3
t = = - ’
: ,\ N
X == COMPLETE RADIO SERVICING AND
2 sk luc,v;qn:s._c_?f‘s'(vrn 33100
.’ ‘ NEW PRACTICAL TV TRAINING COURSE
B
o9 Both above
$6.0
courses

A SEND FOR
RIS FREE CATALOG

ELECTRONICS WORLD
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G&G CATALOG!

24 Pages - the BEST in Military Electronic
Gear SEND NOW FOR YOUR COPY!
Ploose include 25¢ Refunded with first order

i

b rane dual units, witl determine 1\’\@
po<ition ol yvour hoat or plane. Ind

complete with il tubes and erystal.
INDICAYOR

1D-6B/APN-4, and RECEIVER $8850
R-98B APN-4.

complete with tubes, Exe. Used
LORAN R-65/APN-9 RECEIVER
& INDICATOR

SoChannel single unit system, used in

b : . betermines po
sl front known xinitters.
Within 174 of ¢| stance.
on Llc with tubes and crys-
s 1IN LIKE NEW Conditton, 88

Aeces~ories for Loran Equipment in stock.

“FAMOUS BC-645 TRANSCEIVER

15 Tubes 435 to 500 MC

asily adapted

(llnh]ul\lk‘lll(!n
code. on ham band
S awdlo 460170
¢ mobite 450

. _lelevision experi-
ai AT1-500
Ao
1

LORAN APN-4

FINE QUALITY
NAVIGATIONAL EQUIPMENT

Al
reciva

"—:.tl

for  2.way
voice or
420-450

to

me
power sup-
rton. ship-
s,

With tub
v in fa
DB Wwerns

OUR LOW PRICE

——

BRAND
NEW

5%

Antenna, All Accecsaries Available

AN/APR-4Y FM & AM RECEIVER
“FB" FOR SATELLITE TRACKING!

precision lab instrument.

Plugs,

for monitoring  and
38

uriney frequen i relative sit i 1I strenicth, o
T cTeron Me, o in b Ullill" ran, ‘or 1100V B eyele
ML Buili-in posw Orfsrinal (h(ult
s e ludal, S Tooul] paenfae
LIKE NEW . e
AN Tunnr Taits Available for Above
SCR-274-N, ARC-5 COMMAND SET HQ!
Frea. Exc. BRAND
Range Type used NEW
RECEIVERS, Complete with Tubes
$18.95 . ..... $23.50
$16.50 . ... .. $21.50
$14.95 . ... .. $19.95
_— e $21.50
with Tubes
% 6,95 ...... $11.95
% 6.95 . ..... $12.95
$17.95 . .... . $22.50
...... $10.95
Is10. SD......$14.95
MODULATOR Coml)l(te wltll 3 Tubes
Veice .BC-456 ...% 2.75...... % 4.95
AP Comim, nnl \u. \((|~~(|XII\ in Ntock
SCR-625 MINE DETECTOR . . . ............ 32.50
EE-8 FIELD PHONES, Exc sed, ach. . ... 16.95
BC-221 Frey. Meter, Modulated, Exc. Uscd $129.SO
8C-221 Freq, Meter, Unmodulated, Exc. Used $79.50
LM Frea. Meter, Exc. USed. .. .. . ..... ... $79.50
BC-1206-C Beacan Recvr, 200-400 Ke, NEW. . $12,95
SCR-522 Transmitter-Receiver, Like New. ..$39,50
TG-34A CODE KEYER 524.50
Brand New in original carton .........
L SR $18.95

DYNAMIC MICROPHONE

Low impedance, with rubber-cased on-off switch
and removable ventilated rubber mouthpiece.

Has rubber-covered cable with phone $
piug. Made by Permo-Flux, New ., ..«
Please include 25/ Deposit with order—Bal-

.. or Remittance in Full. 50¢ Han-
all orders under $5.00. All
Our Warehouse. N.Y.C. All
subject to Prior Sale and Price

ance C.0O0
dling Charges on
~hipments F.O.B.
chandise
nge,

G & G RADIO SUPPLY COMPANY
Talephane: (212) CO 7-4605

75-77 Laonard 5, Mew York, N.Y. 10013

“Invention

PATENT SEARCHES, $6.00! FREE
Record” /Information. Miss Hayward.
Vermont. District of Columbia 20005.

INVENTIONS—-IDEAS developed: Cash/Royalty
Sales. Member: United States Chamber Com:-
merce. Raymond Lee, 130-GE West 42nd, New
York City 10036.

INVENTIONS wanted! Highest cash or royalties.
Financial assistance. Free analysis. International
Invention Institute, Dept. 31, 160 Broadway,
New York., New York 10038.

INVENTORS! Get your ‘“‘Little Piggy'’ to market.
Highest cash or royalties. New York Invention
Service, Dept. 13, 160 Broadway, New York,
N.Y. 10038.

STAMPS

1029HE

FREE Wwonderful New United States Catalog!

Fcstege and Airmails Complete. 786 lllustra-
tions. Special offers, Bargains Galore—Every-
thing! Send Today. H.E. Harris, Dept. FC-1,
Bosten, Mass, 02117,

May, 1967

MISCELLANEOUS

WINEMAKERS:
yeasts. equipment.
apolis, Minn. 55412.

EMPLOYMENT Resumes. Get a better job & earn
more! Send only $2.00 for expert, compliete Re-
sume. Writing Instructions. J. Ross, 80-34 Kent
St., Jamaica. N.Y. 11432 Dept. EW.

Free illustrated catalog of
Semplex, Box 7208, Minne-

LEMURIAN VIEWPOINT —Thought-provoking dis-
cussions of Universal Truth, man’s purpose on
earth, reincarnation. and subjects from Lemur-
ian Philosophy. Send for FREE copy. Lemurian

Fellowship, Dept. 647, Ramona, California
92065.

Z\P CODE DIRECTORY, cver 35,000 listings, 50
states. $2.00 “STANDARD’’, Dept, 82, Box

16213, Phoenix, Ariz. 85011.

MONEY WE PAY $10 hr. for NOTHING but your
opinions. written from home about our clients’
products and pubtications, sent you free. Noth-
ing to buy, sell, canvass, or learn. No SKILL.
NO GIMMICKS. Just honesty. Details from RE-
SEARCH, ZD-3, Box 669, Mineola, N.Y. 11501.

STOP BURGLARS THE EASY WAY! Affix au-
thentic “'Protected by Electronic Sentry Alarm”
Decals to auto windows, doors & windows of
home, retail stores, vending machines, etc.
Whether you have an alarm or not—thieves stay
away! Only $1.00 for each set of two. J. Ross,
80-34 Kent St., Jamaica, N.Y. 11432. Dept. EW.

BEERS,
Formulas. $2.25. {complete brew supplies hy-
drometers catalog 10¢)—Research Enterprises,
29-D Samoset, Woburn, Mass. 01801.

AS YOU READ THESE PAGES more than 196,000
monthly buyers of ELECTRONICS  WORLD are
doing the same. If you want to do business
with these active Electronics Professionals your
Classified Advertising belongs here now! Com-
plete information and a handy order form are
printed in this section. Send copy and payment
now for inclusion in July issue. closing May lst.
Write: Hal Cymes, Class. Adv. Mgr., ELEC-

TRONICS WORLD, 1 Park Ave.,, NYC 10016.

BACK ISSUES

AVAILABLE

Use this coupon to order back issues of
ELECTRONICS WORLD

We have a limited supply of back issues that
can be ordered on a first-come, first-served
basis. Just fill in the coupon below, enclose
your remittance in the amount of 75¢ for
each copy ordered,

ZIFF-DAVIS SERVICE DIVISION
Dept. BCEW, 595 Broadway

New York, New York 10012

Please send the following back issues of

ELECTRONICS WORLD

I | am enclosing to cover cost of

I the magazine, shipping and handling. I
I Month Year I
I Month Year . I
I Month Year I
I Name = I
I Address I
I City I
I State Zip l
1 . i
smm Payment must be enclosed with order o ugg

www.americanradiohistorv.com

PEACH BRANDY, WINES—StrongestI

* Ticnsisters
® Dicdes
& Rectthiers
B‘ONUS. Knobs
" (ondensus

Fod 25C lot Lundllnq

FREE Foiy Fehs

BonuUS =2 FREE

$ FREE: YOUR CHOICE
1 OF ANY $1 POLY PAK
LISTED BELOW FREE

BOTH FREE V WlfH SIO ORDERS

| FROM THE SPACE
NeW: rrocram

ONE AMP 'GLASS AMP'
SILICON RECTIFIERS

* Outperforms Top Hots ond Epoxies!
% Hondles 2 Amps Comfortably!
% Encopsuloted in Glass!
* High Output, Temperufure Retiability!
* Only % x /3" Diometer!
* Weorth Many Times Our Sale Prices!
PIV Piv Sale PIV
50 ] 400 1 19¢ j000 "Saslic
100 600 c
200 800

15¢ 39c

Handles 2 Amps

*
General Instrument 1 AMP

L _i—
ONE AMP 'GLASS AMP' 800 PV

SILICON RECTIFIERs. QFor §]

New! 'PANCAKE’ Transistors

Silicon Epitaxial Planars sMaximums
Like Walts VCB~ HFE mc
2N706 4 m 20 200
] 2N870 b L1120 80
J2N1613 & %1 120 80
ERLILE 100 120° 70 F°r
2N2049 & 50 300° 85 04,
ToN26as 5 50 w00 85 G - o)
J2N2314 & 60 50 150 ""
12N2434 15 80 185 100 Q
SILICON )
New, conTroLLep | “N” Channel
e RECTIFIERS Fet
7 16 25 |FE
PRV AmE AMP AMP  AmMP
TS0 (1" a0 ] 28 70 ab|l rwum :
100 sg = 70 =105t z0f Twee [
200 (1 80 10w 213001 Tof Eaniia o g10
300 [ .05 1.60 . gngz.zu lent
400 (&0 2023 z70
500 [ 710 _12.80 03 gl 3.90 Now$ 00
600 250 [ 13.00 5 35073 ap JONLY
DC MICROAMMETERS ZENERS
1 1 HALF WATT 29
] V— WATT,

10 WATTS.. ..., .55
Voits Voits Volts Yoits

A :uz _u: 43 }(1)0
* &0 53 ‘? )?'L:
51 2 Lx) HF:
i 21
2 12 b 1s0
= 3 7n ao
0wy, et
012 0-100 x o
SILICON POWER STUD IIEI:TIFIHTS
AMPS oty 50 PIV 100 PlV 200 PIV
3 w! T 11 174
15 Im“ll 232¢ 40¢ 65¢
45 L) 75 90« 125
AMPS 400 PIV 400 PIV 800 PIV 1000 PIV
3 232¢ 31¢ ] 40y 594
15 . 9 1.35 I.59 17%
45 1.59 1.90 T 2,59 . 2.9%
] 1-Am
; p SILICON RECTIFIERS
i . PIV Sale  PIV  sale PIV  Sale
,{ ' [ 5¢ 600 19¢ 1400 bFe
oo 7¢ 800 25¢ 1600 B9
piali] 9¢ 1000 45¢ 1800 [ 9oy
400 ) 1ig 1200 7 594
10(: FOR OU MMER’* BARGAIN CATALOG ON-:

[] Semiconductors

OLY -

] Poly Paks [} Porss

$: send check, money oruer
In:ruun posla‘e—av[ wt, per pak

Rateo net 30 0ays. CUDs
20"1
P.O. BOX 942W
A K s 5O. LYNNFIELD, MASS.

“PAK.KING' of the world
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Well, that’s one way to buy a tape
recorder ... But we’ve got a better
idea. IPs called the

1367 TAPE RECORDER ANNUAL

—your guide to the tape recorder brands
and models on the market right this min-
ute. The only buyer's guide of its kind
available in the field!

TN Fit e

On, it may not be as ex. |TAPE RECORDER LM

citing as the “‘blindman’s- P 15 FB0ss 8 Tape Recorér = Thr Sra Taoe (ustraés
Bluff” method, but it sure Juie i i s ke oo s

is a lot less costly . . “.‘u'ﬂ‘.‘m*e.'" “m".'ff?l".'ﬁ:.i,’ s |
and less disappomtung ! GAESINCRILA G LTS

This encyclopedic volume
will arm you with all the
essential data you need
to go out and pick the
very best recordlng
equipment in your price
range. Wnthout a qualm.
without an “after-you-get-
ithome' let-down. With-
out a blindfold!

You'll find more than 132 pages of full informa-
tion on over 250 models from virtually every
major manufacturer. Stereo and mono. Portables
and full home installations. Even video tape
recorders and the new car cartridge machines!
All the model numbers, specifications, dimen-
sions and prices. Almost 200 photos. Every vital
statistic you need to compare the newest record-
ers and select the one that will bring you the
greatest value for your dollar!

And that's only half the story. After you buy
your recorder, turn to the articies on microphone
selection, basnc tape recorder theory, taping off
the air, creative editing
or the spemal accessories
section. You'll get expert
tips by the dozens. Ten
complete features cover-
ing every aspect of tape
recording. All designed
to give you better per- ANNUAL is also available
formance. greater versa- | (o a splended deluxe edi-
tility and a lot more fun | tion. Rugzed Leatherflex
from your tape recorder! cover provides lasting pro.

tection yet is softly tex-
Hlow much for this indis- | tured and gold-embossed

pensable treasury of sound || for the look of elegance. A
advice? collector's 1tem—a superb

addition to your permanent
Just $1.25.

reference library. And it's
yours, for just $3 postpaid,

A small price for a big

eve-opener,

Get the Handsome
Leatherflex.covered
Edition for $3
Postpaid!

THE 1967 TAPE RECORDER

when you check the appro-
priate box on the order form.

ot

Ziff-Davis Service Division, Dept. TRA
595 Broadway, New York, N. V. 10012

Please send my copy of the 1967 TAPE RECORDER
ANNUAL as checked below:

[JJ ! am enclosing $1.25 plus 15¢ for shipping and
handling for the Regular Edition. ($1.75 for
orders outside U.S.A.)

[ 1 am enclosing $3.00. Piease send me, postpaid,
the Leatherflex-covered Deluxe Edition. ($3.75
for orders outside U.S.A.) (Piease aliow 3 addi-
tional weeks for delivery of the Deluxe Edition.)

name.

(please print) EW-57

address.

city. state zip code.

o e e e e e e et e e e e
Lo e e o i s s e e s s s s s

T — T e S T T — —— — R

96

ELECTRONICS WORLD MAY 1967
ADVERTISERS INDEX

READER READER
SERVICE NO.  ADVERTISER PAGE NO. SERVICE NO.  ADVERTISER PAGE NO.
109  Allied Radio ..........co....... 76 106 Mallory & Co. Inc., PR. ... ... 22
American Institute of Engineering 105 Microflame, Inc. ............... 69
& Technology ................ 66
104 Multicore Sales Corp. . .......... 76
125 Belden Manufacturing Company .. 13
103 Music Associated .. ............ 81
124  Burstein- t o
urstein-Applebee Co. .......... 69 National Radio institute 8, 9, 10, 11
Capitol Radic Engineering institute, 102 Poly Paks .......vverinin... .. 95
The .............. 70, 71, 72, 73
197 Public Service Electric & Gas Co. .. 77
Cleveland Institute of Electronics .. 7
RCA Electronic Components and De-
Cleveland Institute of Electronics vices L.l FOURTH COVER
18, 19, 20, 2;
101  RCA Electronic Components and
Columbia Electronics .. ... .... 02 Devices .................... 2
RCA Institutes, Inc. ....56, 57, 58, 59
84 Cornell Electronics Co, .......... 94
100 Radar Devices Manufacturing Corp. 1
86 Crown lInternational | ... ....... 12
113 Rider Publishing, Inc., John F. .... 14
122 Delta Products, Inc. ............ 75
99 Sams & Co., Inc, Howard W. .... 6]
Department of State . ........... 67
98  Shure Brothers, Inc. . ........... <]
83 Editors and Engineers, Lid. ...... 81 97 Solid State Sales .......euo.... 93
121  Edmund Scientific Co. .......... 91
96  Sonotone Corporation . ......... 67
120 Electro-Yoice, Inc. ..SECOND COVER
94  Sony Corp. of America . ......... 67
119 Electronic Components .......... 94
93 Sony/Superscope, Inc, .......... 4
118 Elpa Marketing Industries ,...... 66
92 Sprague Products Company ...... 65
Fair Radic Sales . .............. 92 91 Surplus Center .....oooovoon . 92
117 Finney Company, The .......... 53 199  Sylvania Electronic Tube Division .. 55
G & G Radio Supply Co, ..vu.... 95 90 Sylvania Electronic Tube Division 62, 63
115 Goodheart Co., Inc., RE. ........ 91 198 Texas Crystals ... ... .. ... ...... 81
114 Gregory Elecironics Corporaiion .. 92 95 Triplett Electrical Instrument Com-
PANY i THIRD COVER
112 Heath Comgary ............ 15, 17
81 Tuner Service Corporation ....... 84
111 Jersold ... Lo 5 .
85 University Sound .............. 74
110 Judson Research and Mfg, Co. .... 68 . .
VYalparaiso Technical Institute . ... 82
108 Lafayette Radio Electronics ...... 82 89 Workman Electronic Products Inc. 68
107 Llampkin Laboratories, Inc. ...... 66 88 Xcelite, Inc. ... v 83
200 lesa of America Corp. .......... 87 87 Zenith ... ... . ... . 89

CLASSIFIED ADVERTISING 91,

92, 93, 94, 95

Printed in U.S.A.

www americanradiohistorv com

"1ZCTRONICS WORLD



www.americanradiohistory.com

Electronics WWorld

Read each month lir e  all
the world’s largest audience | = SEes
of electronics professionals. [ S u———

FIRST CLASS

PERMIT NO. 25682
PHILADELPHIA, PA.

BUSINESS REPLY MAIL

NO POSTAGE NECESSARY IF MAILED IN U. 8. A,

Postage will be Paid by

Eleetronies World

P.O. Box 7842

Philadelphia, Pa.19101

FIRST CLASS
PERMIT NO. 25682
PHILADELPHIA, PA.

et ettt et D et

BUSINESS REPLY MAIL

NO POSTAGE NECESSARY IF MAILED IN U. 8. A,

Postage will be Paid by

Eleetronies World

P.O.Box 7842

Philadelphia, Pa.19101

www americanradiohistorvy com


www.americanradiohistory.com

READER SERVICE CARD

To get more information, promptly, about products or services
mentioned in this issue, simply circle the number corresponding
to the ad or editorial mention and send us the card.

IMPORTANT

BLACK numbers are of general interest and you do not have to
include your company name and address to receive the informa-
tion requested.

BLUE numbers below correspond to an ad or editorial mention
of professional interest. Manufacturers will honor your request
only if it is to be mailed direct to your company —so be sure to
include your company’s name and address.
Use only one card to obtain the information you want.
(Void 60 days after date of issue)

| AM EMPLOYED IN: INDUSTRY([J 1 COMMERCIAL[] -2
COMMUNICATIONS([] -3 MILITARY/GOVERNMENT(] 4 OTHER[J-5
NAME (Print Clearly) TITLE
ADDRESS
CITY STATE I
(Fill in the following only if you circle any BLUE numbers below) SB 567
NAME (Print Clearly) TITLE
COMPANY NAME
COMPANY ADDRESS
CITY STATE_____ZIP CODE —

Please send me additional information on products | have circled.
(Key numbers for advertised products also appear in Advertisers Index.)
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ONE MILLION OHMS PER VOLT

V=-0-M

Model 630-M
VOLT-OHM-MICROAMMETER

$210.00

Suggested U.S.A. user net

Triplett Model 630-M features the input irmped-
ance of a VTVM with the convenience of a V-O-M.
The 630-M's sensitivity is derived from the singular
achievement of its basic 0-1 D.C. microarnpere
movement. The 630-M incorporates no amplifiers,
no warm-up, and no power requirements. lModel
630-M is a true V-O-M whose engineering excell-
ence is based on 60 years of instrument manufac-
turing, and contains the top quality associated
only with Triplett,

i 1 1,000,000 ohms per volt D.C. for graater

HIGH \ ¢ . [ 4 Y accuracy on high resistance circuits.
:gLoT“ N\ Y ol 20,000 ohms per volt A.C.

R\ \“'riuéwx'uo&;! Wk 7 2 1 ua Suspension Meter Movemert. No

CAUTION )/ L v) pivots, bearings, or rolling fn.c.thn. Ex-

iy L4 vnh tremely rugged. Greater sensitivity and

. repeatability.

3 61 ranges, usable with frequencies

- through 100KC. Temperature coripen-

- sated. 1%4% D.C. accuracy, 3% A.C. in

horizontal position.
TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO

CIRCLE NO. 95 ON READER SERVICE CARD
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Customer satisfaction...and consequently your service reputation. ..
can very often depend on the quality of the replacement parts you use.
When it comes to replacement picture tubes, you can depend on an RCA
HI-LITE for picture brightness and color fidelity at its finest. Install them
and you literally ‘““up-date’’ your customer’s set with the same quality...
the same tubes. .. that.go into today’s original equipment sets.

Enjoy the confidence of offering the finest. Rely on RCA picture
tubes to protect your service reputation. They are designed to
protect the biggest reputation in the Color TV industry

RCA Electronic Components and Devices, Harrison, N.J.

The Most Trusted Name in Electronics

MIAMI

T — —

e

SEAQUARIUM |
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